PCD2000 et o

Power Control Device

STATUS INDICATION

ABB Power Distribution F &



Precautions ABB PCD2000

Precautions

Take the following precautions when using the Power Control Device 2000 (PCD2000):

1. Connect the current and voltage transformers for proper phase rotation and polarity to ensure
correct measurement of kilowatts and kiloVARs, and for the proper operation of the 46, 67P,
and 67N protection elements.

2. Incorrect wiring may result in damage to the PCD2000 and the recloser and/or electrical
hardware connected to the recloser. Be sure the wiring on the PCD2000 and the recloser
agrees with the electrical connection diagram before energizing.

3. Apply only the rated control voltage as marked on the PCD2000 nameplate.

4. High-potential tests are not recommended. If a control wire insulation test is required, only
perform a DC high-potential test. Surge capacitors installed in the unit do not allow AC
high-potential testing.

5. Follow test procedures to verify proper operation. To avoid personal shock, use caution
when working with energized equipment. Only competent technicians familiar with good
safety practices should service these devices.

6. When the self-checking function detects a system failure, the protective elements are
disabled and the alarm contacts are activated. Replace the unit as soon as possible.

WARNING: Removal of the modules from the case while the unit is energized
exposes the user to dangerous voltages. Use extreme care. Do not
insert hands or other foreign objects into the case.

This instruction booklet contains the information to properly install, operate and test the
PCD2000 but does not purport to cover all details or variation in equipment, nor to provide for
every possible contingency to be met in conjunction with installation, operation or maintenance.
Should particular problems arise which are not sufficiently covered for the purchaser's purposes,
please contact ABB Power T&D Company Inc.

ABB Power T&D Company Inc. has made every reasonable attempt to guarantee the accuracy of
this document, however, the information contained herein is subject to change at any time without
notice, and does not represent a commitment on the part of ABB Power T&D Company Inc.

f
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1 Overview

1 Overview

The Power Control Device 2000 (PCD2000) is an easy to use, very powerful MiCTOProcessor-
based control unit providing extensive recloser protection elements designed for distribution
automation systems. The environmentally hardened unit combines monitoring, control,
protection, reclosing elements and communication in one economical package. Power quality,
accurate metering, load profiling, and condition monitoring provide crucial system information
for managing today's competitive distribution systems. Available for 5- or 1-ampere secondary
current transformers (cts), the PCD2000 uses circuit breaker 52a and 52b auxiliary contacts for
logic input signals. The PCD2000 can be applied with voltage transformers (vts) connected for
operation at 69 or 120 volts ac phase-to-ground (wye), 120 volts ac phase-to-phase (delta or open
delta with phase B grounded) or 208 volts ac phase-to-phase (delta).

The PCD2000 empowers the user to develop distribution automation solutions for the electric
power system without the need of a remote terminal unit (RTU) since it is equipped with DNP
3.0, Modbus® RTU and Modbus® ASCII communication protocols. The PCD2000 can be
operated remotely to allow system reconfiguration, fault analysis, and transfer of protection
settings to make any distribution system more efficient. In addition, the PCD2000 is equipped
with powerful data gathering capability to allow analysis of system loading, planning and future
upgrading. The integrated battery charger monitors and maximizes battery life, remote battery
testing and fault interruption accumulation makes maintenance planning simple and eliminates
time-based maintenance procedures. All of these features save the user time and resources.

The PCD2000 is packaged in a metal case suitable for conventional flush mounting in a pole
mounted cabinet. All connections to the PCD2000 are made at clearly identified terminals on the
rear of the unit. The PCD200 uses a 6-slot card case with the slots defined as follows:

Slot A: Power Supply or UPS Module

Slot B: VR-3S Recloser Actuator Module (Type 2) or Digital /O Module (Type 1)
Slot C: Digital /O Module

Slot D: CPU Module

Slot E: Communications Module

Slot F: PT/CT Inputs Module

Because of its microprocessor capability, the PCD2000 provides the following features in one
integrated package:

e Local human-machine interface (HMI)
» Simple menu-driven programming using four arrow, Enter, and Clear keys

» Lighted liquid crystal display (LCD) displays phase currents (I, Ip, Ic, and Iy) during
normal operation, and fault information after a trip

¢ Front panel LED status indicators for type of fault: Pickup, Phase, Ground, Lockout
 Front panel Open and Close pushbuttons with LED recloser/breaker status indicator

 Front panel pushbuttons and LED status indicators: Remote Blocked, Ground Blocked,
Alternate 1 Settings, SEF Blocked, Reclose Blocked, PROG 1, PROG2

 Front-mounted optically isolated data port for easy download and upload of data on-site

» Password protected settings and controls

PCD2000 1B38-737-3 Page 1-1
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Expanded operating temperature range, from -40°C to 70°C

AC or DC powered for flexibility

Integrated battery charging and monitoring for AC-powered units

Metering: currents, voltages, watts, VARs, watt and VAR-hours, power factor, frequency
Peak demand currents, watts and VARs with time stamp

Load profile capability: watts, VARs and voltage for 40, 80 or 160 days

Summation of recloser interrupting duty and recloser operation counter

Three selectable settings groups: Primary, Alternate 1, and Alternate 2

Phase time and instantaneous overcurrent protection: 51P, 50P-1, 50P-2, 50P-3 (ANSI, IEC,
Recloser and User-Programmable Curves)

Ground time and instantaneous overcurrent protection: 51N, 50N-1, 50N-2, S5ON-3 (ANSI,
IEC, Recloser and User-Programmable Curves)

Negative sequence (I2) time overcurrent protection: 46

Multishot reclosing: 79M

Positive sequence phase directional time overcurrent protection: 67

Negative sequence ground directional time overcurrent protection: 67N

Two load shed, two restoration and two overfrequency elements: 81S-1/2, 81R-1/2, 810-1/2

Single- and three-phase undervoltage and single-phase overvoltage elements: 27-1P, 27-3P,
59-1P and 59-3P

Breaker failure detection

Cold load pickup element

Zone sequence coordination element

Fault locator algorithm estimates fault resistance and distance to fault

Oscillographic data storage captures 64 cycles of current and voltage waveform data
Fault summary and detailed fault records for last 32 trips

Operations (sequence of events) record for last 128 operations

Up to 16 user-programmable binary contact-inputs (depending on configuration ordered)
Up to 15 user-programmable binary contact-outputs (depending on configuration ordered)
Continuous self-diagnostics on power supply, memory elements and microprocessors
Battery backed-up clock maintains date and time during control power interruptions
Isolated dual rear port RS-232 and RS-485 ports (only one active at a time)

Optional fiber optic communications card for superior noise-free communications

ANSI or IEC formatted metering and protection displays

ANSI or IEC configured HMI

Page 1-2
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1.1 Internal Design

The PCD2000 design incorporates a 32-bit microprocessor and a 16-bit microprocessor, which
together create a multi-tasking environment. The capabilities of the microprocessor allow the
PCD2000 to perform many protection, control and monitoring elements.

1.1.1 Processor Specifications

The processing power of the PCD2000 provides a true multi-tasking environment that combines
protection, metering, and control. The hardware components of the unit include:

CPU - 32-bit 63332 Motorola microprocessor, 16 MHz (Type 1) or 20MHz (Type 2)
CPU RAM - 64K of temporary storage for CPU

DSP - a 16-bit analog device digital signal processor handles all analog acquisition and
measurement of input parameters. It also performs all arithmetic iterations of the converted
digital input signals

EEPROM stores all protective element settings

16-bit analog-to-digital (A/D) converter

CPU EPROM stores the CPU’s programming

DSP EPROM - 3K of memory store the DSP operating algorithm

DSP RAM - 16K of memory provide temporary storage of DSP arithmetic values
Real-time battery backed-up clock

1.1.2 Battery Backed-Up Clock

An internal clock time tags the faults in the Fault Record, events in the Operations Record, and
values in the Load Profile record. In normal operation, this clock is powered by the PCD2000.
When the CPU is withdrawn from the PCD2000 case a battery powers the clock. For prolonged
storage, stop the PCD2000 clock to assure long battery life. Turn off the battery backed-up clock
through the front human-machine interface by entering a “0” for the day.

Note: Removal of the battery resets the PCD2000 to factory default settings stored in the CPU

ROM.

PCD2000 I1B38-737-3
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1.2 Dimensions

Figure 1-1. PCD 2000 Dimensions

<— 6.875in./ 175 mm — )
.250in. / 6.4mm —»| 7.750in./ 197 mm —»
= I leg— 7.500in./ 191 mm —5
I I
I I T
I I
£
I I
f I I E
§ | | E
N | >
£ ! Z
2|1 I £
© | | =
| ] N~
I I
o I ‘
<— 7.950in./184mm —> .
FRONT VIEW SIDE VIEW
Figure 1-2. PCD2000 Panel Cutout
S
g
<
[{e]
£
o
N [«— 7.000in./178 mm —»
500 in./ 12.7 mm T» |< >| «— .500in./12.7 mm
-+ -+

.

8.1 in./ 206 mm

“|«— 7.600in./193mm —»]

e——

&+

.250 in./ 6.4 mm PANEL CUTOUT
FOR INSTALLATION

+
¥ .187 in./ 4.7 mm DIA.(4)

Page 1-4 PCD2000 1B38-737-3



ABB PCD2000

1 Overview

1.3

Ratings and Tolerances

Table 1-1. Ratings and Tolerances

Parameter

Value

Current Input Circuits
Input Rating

Input Burden

5 A (16 A continuous, and 450A for 1 second)
1 A (3 A continuous, and 100A for 1 second)

Lessthan 0.1 VA @5 A

Frequency 50 or 60 Hz
Voltage Input Circuit Voltage rating based on the VT connection setting
Burden 0.04 VA for Vpun at 120 VAC

69/120 V Wye 160 V continuous and 480 V for 10 s

120/208 V Delta 260 V continuous and 480 V for 10 s

Frequency 50 or 60 Hz

Binary (Contact) Input Circuits

Burden 0.075 VA at24 VDC

0.140 VA at 48 VDC
0.360 VA at 125 VDC
0.730 VA at 250 VDC

Control Power Burden

120 VAC at 0.17 A, Range = 102 to 132 VAC
24 VDC at 0.70 A, Range = 19 to 28 VDC

48 VDC at 0.35 A, Range = 38 to 56 VDC
125 VDC at 0.16 A, Range = 70 to 150 VDC
250 VDC at 0.8 A, Range = 200 to 280 VDC

Binary Contacts Output Rating

Each Contact At 120 VAC 125 VvDC 250VDC
Tripping 30A 30 A 30 A
Continuous 5A 5A 5A
Break (Inductive) 2A 03A 0.1A
Operating Temperature Range | -40°Cto +70°C

(operating temperatures below —20 °C may reduce LCD display visibility)

Element
51P/51N
50P/50N
46/67P

67N
27/59/81V/79V
81

Ammeter
Voltmeter
Power Meter

Frequency

Tolerances Over Temperature Range of —~30 °C to +70 °C

Pickup Dropout Timing (whichever is greater)
+ 3% of setting 98% of setting + 7% or +16 milliseconds
+ 7% of setting 98% of setting + 7% or +16 milliseconds
+ 3% of 51P setting 98% of setting + 7% or +16 milliseconds
+ 3% of 51N setting 98% of setting + 7% or =16 milliseconds
+ 3% of setting 99.5% of setting + 7% or 16 milliseconds
+0.01 Hz +0.01 Hz + 1 cycle

+ 1% of 51P and 51N time overcurrent pickup setting
x 1% of the VT connection setting
+ 2% of | x V, 51P pickup setting x VT connection setting

+0.01 Hz from 30-90 Hz, at 120 VAC input on VA

PCD2000 1B38-737-3
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Parameter

Value

Transient Immunity

Surge withstand capability

SWC and fast transient tests per ANSI C37.90.1 and IEC80255-22-1 class il for all
connections except communication or AUX ports

Isolated communication ports and AUX ports per ANSI C37.90 using oscillatory SWC
Test Wave only and per IEC80255-22-1 class Ill and 80255-22-4 class Il

Impulse voltage withstand test per IEC80255-5
EMI test per trial use standard ANSI C37.90.2

Humidity

Per ANSI C37.90, up to 95% without condensation

Dielectric

3150 VDC for 1 s all circuits fo ground except communication ports per IEC80255-5
2333 VDC for 1 s for isolated communication ports

Page 1-6
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14  Modules

1.4.1 Rear Terminal Block Connections

Apply rated control voltage as indicated by the catalog number and nameplate of the PCD2000 to
the appropriate terminals. Connect a ground wire from the PS or UPS module ground stud to the
equipment ground bus with at least #12 AWG gauge wire.

If the PCD2000 is installed in a control cabinet, verify that the terminals are correctly connected
as indicated on the enclosed wiring diagram.

Figure 1-3 shows the terminal block layouts.

Figure 1-3. Rear Terminal Block View
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1.4.2 PS — Power Supply Module

The PS Power Supply module accepts only DC voltage and it must be installed in Slot A of the
PCD2000 case.

Depending upon the product catalog number, the PS module is available for operation with three
different voltage levels: 24 VDC, 48 VDC, and 125 VDC. An additional feature of the PS
module is the ability to distribute auxiliary DC voltage from the PS module to other modules
connected within the PCD2000 powering all the binary input and binary output contacts and an
externally mounted radio transceiver. Also, the PS module provides 3 binary output contacts, a
self-check (Form C) relay output, and 4 binary input contacts. Each of the 3 binary output
contacts have factory default settings for normally open (NO). Binary output 1 (Out 1) however
can be configured to be a normally close (NC) contact.

To change Out 1 from a NO to NC configuration, ensure that the PCD2000 is de-energized.

Label and disconnect all wires from the PS module terminal block. Remove the two screws
securing the PS module to the PCD2000 housing. Firmly grasp both terminal blocks and slide the
PS module out of the PCD2000 housing. With the PS module removed locate an orange jumper
labeled J1 on the printed circuit board. Looking at the printed circuit board the orange jumper is
vertically orientated. Carefully remove the orange jumper and re-insert it with a horizontal
orientation. Out 1 is now configured for NC output. Reinsert the PS module into the PCD2000
housing following the procedure in reverse order. Energize the PCD2000 and verify Out 1 is now
a NC contact.

Figure 1-4. PS - Power Supply Module
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14.3 UPS - Uninterruptible Power Supply Module

The UPS Uninterruptible Power Supply module accepts only AC voltage, and must be installed in
Slot A of the PCID2000.

Depending upon the product catalog number PCD2000 is available for operation with two
different voltage levels: 120 VAC or 240 VAC. When 240 VAC is specified a step-down
transformer from 240 VAC to 120 VAC is required in the control cabinet and is connected to the
control voltage input. The UPS module is used primarily in applications with a backed-up battery
system mounted in the Recloser Control Cabinet and maintains a charge on the battery system for
uninterruptible operation in case of main power failure.

An auxiliary Switched DC Out voltage is distributed from the UPS module to other externally
connected devices within the recloser control cabinet. The maximum output of the Switched DC
Out is rated for 5 amps. A recommended connection should be limited to < 0.25 A to allow the
UPS module too properly maintain an adequate charge on the battery system. A typical
application for the Switched DC voltage from the UPS module is to provide power to all the
binary input and binary output contacts, a radio transmitter or dial-up modem.

The battery connection terminals provide a connection point for connection of a battery system to
the PCD2000. For optimum performance the battery system should be a sealed lead-acid type
battery. If the battery system connected to the UPS module discharges below 40 VDC for a 48
VDC battery and 20 VDC for a 24 VDC battery the Switched DC output will be disconnected
from the battery to prevent a potentially damaging deep discharge condition on the battery.

Temperature sensor terminals provide a connection point for a thermistor to monitor the battery
temperature. For accurate battery monitoring this thermistor should have a rating of 10KQ, -
4.40%/°C. To achieve accurate temperature measurement the thermistor should be mounted as
close to the battery as possible. If using an ABB control cabinet, the thermistor can be mounted
directly to the PCD2000 terminal block.

The UPS Module is designed to operate with a nominal AC supply voltage of 120 VAC. The
actual range is 102 to 132 VAC. A 120/240V isolation transformer is required for isolating the
DC ground from the AC and can be used to supply a 120/240 selectable input.

PCD2000 1B38-737-3 Page 1-9
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Figure 1-5. UPS - Uninterruptible Power Supply Module
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144 DI/O Type 1 - Digital /O Module

The DI/O Type 1 Module provides 4 binary (contact) outputs and 6 binary (contact) inputs.
These binary inputs and outputs can be mapped to regulate a variety of logic functions using
WinPCD configuration software. DI/O module is typically used in retrofit recloser applications
with the UPS module. The DI/O module and UPS module are very well suited for battery
systems. The 4 binary (contact) outputs have a factory default configuration of normally open
(NO).

Binary (contact) outputs 2, 3 and 4 can be configured as normally closed (NC) outputs. To
change the configuration from a NO to NC configuration, ensure that the PCD2000 is de-
energized. Label and disconnect all wires from the Digital /O module terminal blocks. Remove
the two screws securing the DI/O module to the PCD2000 housing. Firmly grasp both terminal
blocks and slide the DI/O module out of the PCD2000 housing. With the DI/O module removed
locate three orange jumpers labeled J1, J2 and J3 on the printed circuit board. Looking at the
printed circuit board the orange jumper is vertically orientated. Carefully remove the orange
Jjumpers and re-insert them with a horizontal orientation. Out 2, 3 and 4 are now configured for
NC output. Reinsert the DI/O module into the PCD2000 housing following the procedure in
reverse order. Energize the PCD2000 and verify Out 2, 3 and 4 are now a NC contacts.

The DI/O Type 1 module must be installed in either Slot B or Slot C in the PCD2000 case.

Figure 1-6. DI/O Type 1 - Digital /O Module
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145 DI/O Type 2 - Recloser Actuator Module

The DI/O Type 2 Recloser Actuator Module is specifically designed for use with the VR-3S
recloser. It provides 3 binary (contact) outputs and 3 binary (contact) inputs from the VR-3S.
This Recloser Actuator Module is configured for optimal operation with the PS Module.

The DI/O Type 2 module must be installed in Slot B in the PCD2000 case.

Figure 1-7. DI/O Type 2 - Recloser Actuator Module
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146 CPU Module

The CPU Module is the control center for the PCD2000.

Located on the back panel of the CPU Module is a System Reset pushbutton and a non-isolated
RS-232 communications port. Depressing the System Reset pushbutton resets the PCD2000
microprocessor and re-initiates the internal start-up program. Whenever a system reset is
performed all stored information and settings are saved.

The non-isolated RS-232 port is provided for temporary communication with a local device such
as a laptop PC being used to update the PCD2000 firmware. For permanent connections use a
communications module (Type 3 or Type 4) which can provide an isolated RS-232 or RS-485
and/or fiber optic interface loop communication port. When a communication module is
installed, the non-isolated RS-232 port on the CPU module will be disabled.

The CPU module must be installed in Slot D in the PCD2000 case.

Figure 1-8. CPU Module
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1.4.7

COM Type 3 — Communications Module

The COM Type 3 Communications Module provides an isolated RS-232 port with selectable
RTS/CTS handshaking and RS-485 port on the back panel of the PCD2000.

Please refer to Section 9 for detailed information on the communication ports available on the
PCD2000.

The COM Type 3 module must be installed in Slot E on the PCD2000 platform.

Figure 1-9. COM Type 3 - Communications Module
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1.4.8 COM Type 4 — Communications Module

The COM Type 4 Communications Module provides an isolated RS-232 port, RS-485 port and
fiber optic port on the back panel of the PCD2000.

Please refer to Section 9 for detailed information on the communication ports available on the
PCD2000.

The COM Type 4 module must be installed in Slot E on the PCD2000 platform.

Figure 1-10. COM Type 4 - Communications Module
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1.4.9

PT/CT Module

The PT/CT Module accepts 4 voltage inputs and 4 current inputs as shown in Figure 1-11.
The PT/CT Module is available for use with three CT ratios: 1000:1 and 600:1.
The PT/CT Module must be installed in Slot F on the PCD2000 platform.

Figure 1-11. PT/CT Module
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The PCD2000 PT/CT Module can be configured for two tap settings: HIGH tap and LOW tap.
See Table 1-2 for the pickup range and tap settings.

Table 1-2. CT Module Tap Settings for Phase and Neutral Currents

CT Module Tap Setting Range for Phases Range for Neutral
600:1 Low 50 to 800A Primary 25 to 400A Primary
(Type 1 or 2) High 100 to 1600A Primary 50 to 800A Primary
1000:1 Low 50 to 800A Primary 25 to 400A Primary
(Type 3or4) High 100 to 1600A Primary 50 to 800A Primary
Recloser Low 0.2 to 3.2A Secondary 0.2 to 3.2A Secondary
(Type 5 or 6) High 1 to 16A Secondary 1 to 16A Secondary
600:1 Low 20 to 320A Primary 10 to 160A Primary
(Type 7 or 8) High 100 to 1600A Primary 50 to 800A Primary
1000:1 Low 20 to 320A Primary 10 to 160A Primary
(Type 9 or A) High 100 to 1600A Primary 50 to 800A Primary
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To change the pickup range:

1. Remove the module from the PCD2000 housing and identify four red jumpers as shown in

Figure 1-12. For each phase and neutral you will notice an “L” for low tap and an “H” for
high tap. Insert the jumper across the “H” to configure each phase for high tap and across
the “L” for low tap.

2. For correct operation each phase must be configured with the same setting; however, the

neutral setting can be different.

3. After you are comfortable with your configuration locate the Jjumper labeled “J1” and insert

the phase and neutral jumpers to match your configuration.

Figure 1-12. PT/CT Sensor Module Jumper Locations
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Table 1-3. Settings Describing the Protected Line and CT/PT Connections

HMI Abbreviation | WinPCD Name and Description

SE CT Ratio Specification of the ratio of the current transformer (CT) monitoring the ground
current (for units ordered with the Sensitive Earth Fault option). The setting range is
1 t0 2000 with an increment of 1. The default is 100.

VT Ratio VT Ratio
Specification of the ratio of the potential transformers (VT's or PT's) connected to the
voltage inputs on the CT/CT module. The setting range is 1 to 2000 with an
increment of 1. The default is 100.

VT Conn: VT Connection
Specification of the wiring configuration of the potential transformers (VT's or PT's)
connected to the voltage inputs on the CT/CT module. The choices are 69V or 120V
Wye (phase-to-ground); or 120V or 208V Delta (phase-to-phase). The default is
120V Wye.

Pos Seq X/M Positive Sequence Reactance/Mile
The setting range is 0.001 to 4 Ohms primary with an increment of 0.001. The
default is 0.001.

Pos Seq R/'M Positive Sequence Resistance/Mile
The setting range is 0.001 to 4 Ohms primary with an increment of 0.001. The
default is 0.001.

Zero Seq X'M Zero Sequence Reactance/Mile
The setting range is 0.001 to 4 Ohms primary with an increment of 0.001. The
default is 0.001.

Zero Seq R'M Zero Sequence Resistance/Mile
The setting range is 0.001 to 4 Ohms primary with an increment of 0.001. The
default is 0.001.

Line Length Line Length (Miles)
The setting range is 0.1 to 50 miles. The default is 0.1.

Phase Rotate: Phase Rotation
Specification of phase rotation in use on the protected line. The choices are ABC
(default) or ACB.

Frequency Frequency
Specification of frequency in use on the protected line. The choices are 50Hz or
60Hz (default).
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Figure 1-13. Typical External Connections
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1.5

1.5.1

1.5.2

1.5.2.1

1.5.2.2

Uninterruptible Power Supply Module

UPS Features

The Uninterruptible Power Supply (UPS) Module provides battery backup and maintenance
functions for the PCD2000. Features include:

* Operation from a 120 VAC input
* Supports 24 VDC or 48 VDC lead acid batteries
* Battery float voltage is temperature compensated for maximum battery capacity

* Battery temperature, voltage and charger current are available for display via the PCD2000
HMI

* A battery test can be performed on request from the PCD2000 front panel or via WinPCD
software

* Switched DC Output voltage supports external devices
* Provides a status check single-pole-double-throw (SPDT) relay output

UPS Application and Operation

AC Input and Isolation

The AC input requires a nominal supply of 120 VAC at 80 VA maximum. The operating voltage
range is -15 % to +10 %, or 102 to 132 VAC.

The AC power input is not internally isolated from the Switched DC Qutput, Battery, or
Temperature Sense terminals. Any connection between the AC power inputs and the other UPS
terminals (except for the status check relay outputs, which are fully isolated) will damage the
UPS module. Unwanted connections can occur via a grounded battery, grounded load on the
Switched DC Output, or during testing.

Note: The UPS module AC input should therefore be fed through an isolation transformer. Use
of a 120/240 V dual-primary transformer affords the additional option of 240 VAC
operation.

Battery and Temperature Sensing Thermistor

The UPS charging voltage is optimized for lead acid chemistry and temperature compensated to
maintain full battery charge and life. The UPS module must only be used with lead acid batteries,
preferably of sealed construction.

The UPS module supports 24 and 48 VDC batteries only. To configure the board for the correct
voltage, carefully remove the module from the housing and locate two jumpers, J3 and J11. Both
jumpers must be set to the same position for proper operation. Figure 1-14 shows the
approximate location of these jumpers.

Note: For VR-3S recloser applications the UPS must be configured for 48VDC.
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Figure 1-14. UPS Module Jumper Locations
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The UPS module float voltage temperature compensation scheme results in a higher battery
charging voltage at lower temperatures. For a 48 VDC battery, the nominal float voltage is 54
VDC at 25°C. Over temperature, the voltage will vary from 64.8 VDC at -40°C to 52.8 VDC
above 50°C. The voltages for 24 VDC batteries are half of the 48 VDC values (3241026.4
VDC). Any device connected to the battery or the Switched DC Output terminals must
accommodate the entire temperature compensated voltage range.

Battery temperature is sensed via a 10K Ohm thermistor connected to the “Temp Sensor” input
terminals. For proper operation, the thermistor must be a Keystone Thermometrics type KC003T
or equivalent. Operation without a thermistor installed will cause the UPS to set maximum
output voltage, resulting in possible over-charging of the battery.

The thermistor should be positioned to reflect the temperature of the battery. If the thermistor is
mounted on a cable, twisted shielded pair should be used. The cable shield should be connected
to chassis ground. If the thermistor is mounted directly to the UPS input plug, care should be
taken to avoid damaging the fragile thermistor leads.

1.5.3 Battery Charging and Capacity

Available operation time on battery is affected by the battery‘s capacity rating, charge state,
temperature and age. A fully charged 8 A-h 48 V battery should support an average PCD2000
configuration for one day at room temperature, excluding the effects of additional accessory loads
and breaker operations.

The UPS Module’s battery charger function directly supplies the battery, PCD2000 internal load,
and all other battery loads (including any load connected to the Switched DC Output). The
available battery charging current is therefore the battery charger’s 1 A maximum output minus
all other system loads. An average PCD2000 draws around 0.2 A at 48 V or 0.4 A at 24 V. Care
must therefore be exercised in connecting loads to the battery or to the Switched DC OQutput.
Additional loads will lengthen battery charging time. Excessive loading will result in battery
discharge even with AC on and eventual system shutdown.

To protect the battery from deep discharge during extended operation without AC input, the UPS
module shuts down the PCD2000 and turns off the Switched DC QOutput when the battery voltage
falls to 40 V for a 48 V battery (20 V on a 24 V battery). However, any loads that are externally
connected directly to the battery will continue to discharge the battery. For this reason, loads
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should not be connected directly to the battery in systems that can experience extended outages.
Extended discharge below the UPS cutoff voltage will reduce the battery’s capacity and life.

1.5.4 Operation without a Battery

The PCD2000 with UPS module may be safely operated without a battery connected for testing

and configuration purposes. However, the proper battery should always be connected when the
system is in service.

Note: Do not operate the PCD2000 connected to a VR3S recloser without a battery.

1.5.5 Switched DC Output

The Switched DC Output is provided to power certain PCD2000 accessory loads that benefit
from battery backup power. Examples include wetting of breaker sensing contacts and powering
of a communication radio.

However, since loads connected to Switched DC Output reduce the available current for battery
charging, Switched DC Output loading must be carefully limited. It is recommended that the
total Switched DC Output current be limited to a long time average of 0.35 A. Higher currents up
t0 2.5 A are allowed for short periods. These ratings will support one MDS-2310A radio or the
equivalent using a DC to DC converter to power 12/24V accessories. A 48/12V DC to DC
converter “is available from ABB, contact your ABB sales office for this information.

The Switched DC Output is not protected against short circuits. It is therefore recommended that
an external limiting resistor and fuse be installed in series with the Switched DC Output. The
resistor should be as close to the Switched DC Output terminal as is practical. The recommended
parts are:

Resistor: 3 Ohm, 10%, 25 W wirewound—QOhmite L.25J3R0 or equivalent
Fuse: 2.5 A Fast Acting

1.5.6 Startup

When the proper voltage is applied to the UPS AC input, the UPS module automatically begins
operation. However, if an unpowered UPS is connected to a charged battery, the UPS does not
start automatically. This is a safety feature designed to avoid unexpected startups.

1.5.7 Status Check Relay Output

A SPDT status check relay output is provided to signal proper operation of the PCD2000. When
the PCD2000 is operating normally, the top two terminals will be open. If the PCD2000 is
unpowered or experiences a failure, the bottom two terminals will be open.

The contact ratings of the status check relay are 10 A maximum at 240 VAC and 8 A maximum
at 24 VDC. The minimum recommended load is 12 V and 100 mA.
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1.5.8 Battery Monitoring and Test

The PCD2000 UPS module provides battery monitoring and test functions to facilitate battery
management.

Battery monitoring information is available through the PCD2000 menu system and via the DNP
3.0 or Modbus® communication protocol analog inputs object type. The data includes: battery
temperature, battery voltage and charger current.

1.5.8.1  Battery Temperature

This is the temperature (Celsius) computed from the temperature sensing thermistor.

1.5.8.2  Battery Voltage

This is the battery bus voltage at the UPS module. The status of the UPS AC input must be
considered in interpreting this voltage. If the AC input is on, the battery is under charge. With
AC on, the battery will eventually charge to the float voltage determined by the battery
temperature.

If the AC input is off, the battery is being discharged to support the PCD2000 and accessory
loads. The battery’s discharge voltage is generally lower than the voltage under charge. The
battery is considered completely discharged at 40 V for a 48 V battery or 20 V for a 24 V unit.
The PCD2000 is shut down and the Switched DC Output turned off when battery voltage falls to
the “discharged” point.

1.5.8.3  Charger Current

This is the total current delivered by the UPS charger to the battery, PCD2000 internal circuits,
and any other battery loads (including loads on Switched DC output and any loads directly
applied to the battery). The maximum available current is 1.0 A for either battery voltage setting.

The internal PCD2000 circuits consume approximately 0.2 A at 48 V or 0.4 A at 24 V. The
charging current to the battery is the total indicated current minus the PCD2000 current minus
any accessory current loads.

The status of the AC input is easily determined from the UPS charger current. If AC is off, the
indicated current will be near zero. When AC is on, the current is the amount required to support
the PCD2000.

A battery test function is additionally provided to gauge battery capacity and health. The battery
test function is initiated at the PCD2000 front panel or through the communication protocols. To
initiate the battery test from the HMI, press the PROG 1 pushbutton on the PCD2000.

The battery test function applies a 1-ohm load to the battery for a short time (up to 100
milliseconds). The change in battery voltage during the test (no-load voltage minus loaded
voltage) is reported as “Delta V.” If the battery test fails for any reason, “Delta V” is reported as
99 V.

A valid battery test will return a “Delta V* less than 99 V. Since “Delta V* is proportional to the
battery’s internal impedance, lower “Delta V" results are indicative of healthier batteries. As a
battery ages, the internal impedance gradually increases.

The allowable “Delta V” varies with PCD2000 installation and application. However, it is
suggested that the installation be inspected whenever “Delta V™ exceeds 20 % of the nominal
battery voltage (9.6 V for a 48 V battery, 4.8 V for a 24 V battery).
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1.6 Style Number Interpretation Key

StyleNumber: | _|R 1| |- | o

Faceplate
ANSI
IEC 9

o

Sensor Module
600:1 Current Sensor w/o SEF (replaced by option 7)
600:1 Current Sensor w/SEF (replaced by option 8)
1000:1 Current Sensor w/o SEF (replaced by option 9)
1000:1 Current Sensor w/SEF (replaced by option A)
Recloser (Current Input 1-16A or 0.2-3.2A) w/o SEF
Recloser (Current Input 1-16A or 0.2-3.2A) w/SEF
600:1 Current Sensor w/o SEF
600:1 Current Sensor w/SEF
1000:1 Current Sensor w/o SEF
1000:1 Current Sensor w/SEF
No PT/CT Input Board

Z P> WONOU D WN -

Power Supply
DC 0
AC (120 VAC) 1

Input/Output Module(s)
One Type 1 Module
Two Type 1 Modules
One Type 2 Module
One Type 1 Module and One Type 2 Module

BWN -

Control Voltage
24 VDC
48 VDC
125 VvDC

WN =0

250 VDC

Rear Communications Port
None
Type 2: Isolated RS-232 & RS-485 w/o Handshaking (replaced by Type 3)
Type 1: Radial Fiber Optic Interface (replaced by Type 4)
Type 3: Isolated RS-232 & RS-485 with RTS/CTS Handshaking
Type 4: Isolated RS-232 & RS-485 with RTS/CTS Handshaking plus Fiber Optic Interface (Radial & Loop)

BPON-=O

CPU Board Selection
Type 1 CPU Board
Type 2 CPU Board

-

Software Options
None
Load Profile, Programmable Curves (replaced by choice 3)
Standard Oscillographics, Load Profile, Programmable Curves (replaced by choice 3)
Power Quality, Load Profile, Standard Oscillographics, Programmable Curves

W N = o

Functional Options
None
Single-Phase Tripping

Communications Protocol Option
Standard Modbus® RTU and Modbus® ASCII Protocols (replaced by choice 1)

DNP 3.0 (IEC 870-5), Modbus® RTU, and Modbus® ASCII Protocols
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2 Acceptance

2.1 Precautions

Take the following precautions when using the Power Control Device 2000 (PCD2000):

4. Connect the current and voltage transformers for proper phase rotation and polarity to ensure
correct measurement of kilowatts and kiloVARs, and for the proper operation of the 46, 67P,
and 67N protection elements.

5. Incorrect wiring may result in damage to the PCD2000 and the recloser and/or electrical
hardware connected to the recloser. Be sure the wiring on the PCD2000 and the recloser
agrees with the electrical connection diagram before energizing.

6. Apply only the rated control voltage as marked on the PCD2000 nameplate.

7. High-potential tests are not recommended. If a control wire insulation test is required, only
perform a DC high-potential test. Surge capacitors installed in the unit do not allow AC
high-potential testing.

8. Follow test procedures to verify proper operation. To avoid personal shock, use caution
when working with energized equipment. Only competent technicians familiar with good
safety practices should service these devices.

9. When the self-checking function detects a system failure, the protective elements are
disabled and the alarm contacts are activated. Replace the unit as soon as possible.

WARNING: Removal of the modules from the case while the unit is energized
exposes the user to dangerous voltages. Use extreme care. Do not
insert hands or other foreign objects into the case.

This instruction booklet contains the information to properly install, operate and test the
PCD2000 but does not purport to cover all details or variation in equipment, nor to provide for
every possible contingency to be met in conjunction with installation, operation or maintenance.
Should particular problems arise which are not sufficiently covered for the purchaser's purposes,
please contact ABB Power T&D Company Inc.

ABB Power T&D Company Inc. has made every reasonable attempt to guarantee the accuracy of
this document, however, the information contained herein is subject to change at any time without
notice, and does not represent a commitment on the part of ABB Power T&D Company Inc.
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2.2 Handling Electrostatic Susceptible Devices (ESD)

The electronic circuitry on PCD2000 modules is susceptible to damage from electrostatic
discharge. When handling a module, observe the following guidelines.

* Keep modules in the static-shielding bag until you are ready to install them. Save the bag
for future use.

* Before opening a bag containing electronic circuitry, touch it to a grounded surface to
equalize charges.

* Always wear a grounded wrist strap when handling modules. In the field, connect the wrist
strap to a non-painted grounded component within the enclosure. The grounded component
must be effectively connected to the earth ground for the enclosure.

* When working with modules, use a static dissipating work surface (static mat) connected to
the same ground as the wrist strap.

* Do not touch circuitry. Handle printed circuit board modules by the edges or by the
mounting bracket.

¢ Avoid partial connection of semiconductors. Verify that all devices connected to the
modules are properly grounded before using them.

2.3 Acceptance Testing

The purpose of this section is to provide the user with all of the necessary information on receipt
of the unit, initial power-up, verify settings, initial test, initial tripping and reclose in a new
PCD2000. It is structured to answer most of the question frequently asked by users who are not
familiar with the device. It is recommended that the initial tests performed be done according to
the factory default procedures in this instruction booklet before attempting to test with operational
settings.

2.31 Receipt of the PCD2000

When you receive the PCD2000, examine it carefully for shipping damage. If any damage or loss
is evident, file a claim with the shipping agent and promptly notify the nearest ABB sales office.

2.3.2 Initial Power-up
Before installing the PCD2000 it is suggested that the following procedures be performed:

e Power up the PCD2000. A slight clicking sound should be heard, pressing any arrow key
will illuminate the LCD display. The following LED should illuminate Green: G-Normal
(Self-check). The following LEDs should illuminate Red: SEF Blocked and the Close LED.

¢ The Clear (C) pushbutton operates like the [Esc] key on a PC to get back to the previous
screen or by continued pressing return to the Meter screen.

e The Enter [] pushbutton provides access to the various menus in the PCD it also operates
like the Enter [/] key on a PC to gain access to a menu item or confirm a setting change.

e The Up and Down arrow pushbuttons provide scrolling through the various menu items and
change the characters for entering the Password.
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¢ The Right and Left arrow pushbuttons provide moving the cursor from one position to the
next for entering the Password and for changing the settings within the unit.

2.3.3 Changing the Password

To verify and test the PCD2000 the correct Password must be known. Otherwise there is no
access to the PCD2000. This feature prevents unauthorized users from access to certain metering,
settings, operations, and test menus in the unit. The following table identifies which menu items
require a Password and which menu items do not require a Password.

Table 2-1. When Password is Required

Password Required

Password Not Required

Change Primary Settings

View Load

Change Alt1 Settings

View Demand

Change Alt2 Settings

View Min/Max Demand

Change Counter Settings

Show Primary Settings

Change Alarm Settings

Show Alt1 Settings

Change Clock Settings

Show Alt2 Settings

Change Communication Settings

Show Configuration Settings

Trip Breaker

Show Alarm Settings

Close Breaker

Show Clock

Force Physical Input

Show Communications

Force Physical Output

View Fault Summary

Set/Clear ULO View Fault Record

Force Logical Input View Operations Record
Test Output Contacts View Operations Summary
Function Test Mode Perform Selif Test

Fault Test Mode Test Contact Inputs

Battery Test Mode

The factory preset Password for PCD2000 is four underscore characters.
To set a new Password, write down a 4-digit alphanumeric password that is easy to remember.
1. Press Enter [] to go to the Main Menu.
2. Using the Down arrow key scroll to Settings and press Enter [J].
3. This opens the Setting Menu, scroll down to Change Settings press Enter [].
4

. Scroll down to Configuration press Enter [1], at the Enter Password prompt, press Enter [J]
again for the second time. This is the Change Configuration Setting menu.

5. Scroll down to Relay Password, press Enter [].

6. This is the Change Password screen. The cursor is at the first digit position. Using the Up
or Down arrow pushbuttons change the first digit position (ranging from _ to Z), then use the
Right arrow pushbutton to move to the second digit position and again use the Up and Down
arrow pushbuttons to change this digit. Continue the same process for the third and fourth
digit.

7. When input of the 4-digits for the Password are complete press Enter [].
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8. A new Verify Screen appears with a prompt to Input Password Again. Input the New
Password and press Enter []]. A new screen stating Password Verified appears.

9. Press Clear (C) pushbutton. A screen prompt asks to Save Configuration press Enter [J].

10. Verify the New Relay Password by following the same procedure to change the Test
Password.

11. Write both the Relay and Test Passwords down and keep them in a secure place. If you
forget the password, contact ABB Power T&D Company Inc.

2.34 Verify Settings

1. Using the arrow keys, got to the Main menu, scroll to Setting, press Enter [/], scroll to Unit
Information, press Enter [].

2. Record the PCD2000 serial number and CPU ROM for future reference. Use the Catalog
Number Interpretation Key (see Section 1.6) to verify the options that apply to this serial
number are as ordered.

3. Press Clear [C] to return to the Settings menu, scroll to Show Settings, press Enter [].
Check default settings against the tables supplied in this instruction booklet.

4. If a change to the default settings are necessary, press Enter [I] on the selection to make the
appropriate change, enter the new setting change, press Enter [!] to confirm the change. A
prompt will appear asking if you want to save this setting change, select

5. After checking the default settings, press Clear [C] twice to return to the Main menu. Scroll
to Settings and press Enter []], in the Settings menu, scroll to Change Configuration
Settings and press Enter [{]. In the Change Configuration Settings menu, scroll to Clock
and set the unit clock using the arrow keys.

6. Press Enter [] to enter the correct time and return to the Change Configuration Settings
menu, press Clear [C] twice to return to the Main menu.

235 Initial Test

2.36

The factory default protection elements that are enabled for the PCD2000 are in Primary Settings.
Protection elements 50P, 51P, SON and 51N are enabled. The time overcurrent elements (51P/N)
are set for pick-up at 6 amperes and the instantaneous elements (50P/N) are set for pick-up at 3
times the (51P/N setting) or 18 amperes. The default time overcurrent curve is extremely inverse
with a time dial setting of 5.0. When the device is tested at 12 amperes (2 times S1P pick-up
setting) into one phase and out another phase the PCD2000 should trip the 51P element in
approximately 16 seconds. Refer to Figure 10-1 on page 10-5 of this instruction book for test
connections and procedure.

Initial Tripping and Reclose

These factory default settings for the PCD2000 also ensure that the Recloser Trip Elements 79-1
are enabled. With the 79-1 element enabled the PCD2000 can initiate a trip signal to the recloser
before the first reclose and lockout. This precautionary setting ensures that the PCD2000 has
minimal protection settings prior to being installed into the electric power system. However, this
setting alone is not enough. To ensure that the PCD2000 settings are fully enabled, each Recloser
Trip Elements should be mapped and enabled in the 79-2 and 79-3 element settings. Only the
recloser trip elements that are enabled, or set to lockout, can trip the device during their respective
recloser cycle. For example: The 79-1 element is enabled to send a trip signal to the device
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before the first reclose to lockout. When the 79-2 element is enabled it can send a trip signal to
the device between the first and second reclose to lockout. And with the 79-3 element enabled it
can send a trip signal between the first, second and third reclose to lockout. Elements that are
disabled in any reclose sequence will not operate. Refer to Figure 10-1 in Maintenance and
Testing section of this instruction book for test connections and procedure.
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3 Human-Machine Interface (HMI)

This section describes the front-panel Human-Machine Interface (HMI). The HMI controls can
be used to directly control the recloser/breaker or PCD2000, to change the PCD2000 settings, and
to view information stored within the PCD2000 unit.

Figure 3-1. Front Panel HMI for ANS! Units
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Figure 3-2. Front Panel HMI for IEC Units
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3.1

3.1.1

3.1.2

3.1.3

3.14

3.15

Table 3-1. Settings that Affect the Human Machine Interface (HMI)

HMI Abbreviation | WinPCD Name and Description

Target Mode Target Display

Choice of whether the front panel LED targets display information about only the last
fault or all faults. This is a Configuration Setting, and so is the same for all three
settings sets (Primary, Alternate 1, and Alternate?2.

LCD Light LCD Light

Choice of whether to have the LCD light remain on all the time, or shut off five
minutes after any key or button has been pressed. This is a Configuration Setting,
and so is the same for all three settings sets (Primary, Altenate 1, and Alternate2).

LCD Contrast LCD Contrast Adjustment

Numerical value that specifies the contrast of the LCD display. The range is 0 to 63
with an increment of 1. The defaultis 60. Thisis a Configuration Setting, and so is
the same for all three settings sets (Primary, Alternate 1, and Alternate2).

Relay Password Setting to specify the password to access HMI setting menus that require a
password. The default is four space-characters. The password cannot be changed
using WinPCD. This is a Configuration Setting, and so is the same for all three
settings sets (Primary, Alternate 1, and Alternate2).

Test Password Setting to specify the password to access HMI test menus that require a password.
The default is four space-characters. The password cannot be changed using
WInPCD. This is a Configuration Setting, and so is the same for all three settings

sets (Primary, Altemate 1, and Altemate?).

Status-Indication LED Targets

Pickup

Indicates current on the phase or neutral lines is above the minimum pickup setting as
programmed in any of the PCD2000 overcurrent elements (51P, 51N, 50P-1, 50P-2, 50P-3, 50N-
1, SON-2, 50N-3, 46, 67P or 67N),

Phase

Indicates an overcurrent fault has occurred on one of the phase lines.

Ground

Indicates an overcurrent fault has occurred on the neutral line.

Lockout

Indicates the recloser/breaker has completed its programmed reclosing sequence and has locked
out with the recloser/breaker left in the open position.

Self Check

Indicates the functional status of the PCD2000. Green indicates the PCD has successfully passed
its internal diagnostic test and is functioning properly. Red indicates the PCD has failed its
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internal diagnostic test. When the Self Check target is illuminated, all protection elements are
disabled, the Self-Test dedicated contact on the rear panel (on the Power Supply or UPS module)
will drop out, and alarm contacts are activated. Replace the unit as soon as possible.

3.2 Control Buttons with LED Targets

3.2.1 Remote Blocked

When illuminated, all remote commands received through the rear communication port (e.g.,
from a SCADA system) are being blocked. This includes initiating any contact operations,
functional tests and the downloading of settings. Acquisition of informational quantities such as
meter values, status, etc., will still be available. The Remote Block condition can be enabled
either by pressing the Remote Blocked pushbutton on the front panel OR by using the Remote
Blocked logical input (RBI). The front panel LED will illuminate on any source of block. A
logical output (RBA) is also generated which can be mapped to a physical output using the
programmable I/O (see Section 6). Pressing the Remote Blocked pushbutton will toggle between
Enable/Disable.

SCADA control refers to any supported communications protocol such as Modbus® ASCII,
Modbus® RTU, or DNP3.0.

3.2.2 Ground Blocked

When illuminated, the following ground overcurrent elements are disabled: SON-1, 50N-2, 50N-
3,51N and 67N. Also, the SEF element, if available, is blocked. The Remote Block condition
can be enabled in any of three ways: (1) pressing the Ground Blocked pushbutton on the front
panel, (2) using the Ground Torque Control logical input (GRD), or (3) using the SCADA
Ground Block/Unblock points. Any of these sources will turn on the front panel LED and enable
the blocking.

Note: The front panel control and SCADA control are mutually resetting. In other words if a
block is created by a SCADA block command, a local operator can unblock by pressing
the Ground Blocked pushbutton. The opposite is also true; the SCADA Unblock will clear
a block enabled using the front panel control. The GRD logical input, however, can never
be unblocked by either the SCADA command or by front panel control.

3.2.3 Alt 1 Settings

When illuminated, the Alternate Settings 1 group is active. “A1” will also be displayed in the
lower right corner of the LCD display (“P” will be displayed for Primary settings, and “A2” for
the Alternate Settings 2 group). Using the Alternate Settings 1 can be enabled either by pressing
the Alt 1 Settings pushbutton on the front panel OR by using the Alt Settings 1 logical input
(Altl). This could be used to place “safety” oriented settings in place conveniently during
maintenance operations.

3.24 SEF Blocked

When illuminated, the Sensitive Earth Fault (SEF) element is blocked. The SEF Blocked control
works essentially the same as the Ground Blocked except it effects only the SEF element. The
SEF Blocked condition can be enabled either by pressing the SEF Blocked pushbutton on the
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front panel OR by using the SEF Blocked logical input (SEF). The front panel LED will
illuminate on either source of SEF blocking, and also if Ground Blocked is enabled.

3.25 Reclose Blocked

The Reclose Blocked control is used to disable the 79 (reclose) element. The Reclose Blocked
condition can be enabled in any of three ways: (1) pressing the Reclose Blocked pushbutton, (2)
using the recloser enable logical input (43A), or (3) using the SCADA 43A Block/Unblock
points. The front panel LED will illuminate for any source of blocking.

Note: The front panel control and SCADA control are mutually resetting. In other words if a
block is created by a SCADA block command, a local operator can unblock by hitting the
Reclose Blocked control. The opposite is also true; the SCADA Unblock will clear a block
due to the front panel control.

The 43A logical input, however, can never be unblocked by either the SCADA command or by
front panel control. It is important to note that the blocking affects only the automatic recloser,
79S and 79M. The front panel Close, logical input Close, and HMI menu selection Close are not
blocked. The SCADA Close with 43A, however, is blocked by the 43A logical input.

3.26 PROG 1

Pressing this pushbutton will initiate a battery test sequence (see page 1-23). The LED target will
remain illuminated for the duration of the test.

3.2.7 PROG 2

Pressing this pushbutton will simulate a fault current of 2.0 per unit on all phases and ground.
Although the fault is simulated, the PCD2000 will respond as if a real fault current has been
applied. When the PCD trips on the simulated fault the fault current will automatically £0 to zero
allowing the breaker to properly clear. When breaker-open is detected, the test mode is exited.
Pressing the front panel “C” button will also abort the test. The test will not continue through a
reclose sequence since it is a single shot test only. All operation records will be logged as if a
real fault were applied, however, fault event records will be suppressed.

Note: Units using firmware version 1.15 or later can no longer initiate this test using the Prog 2
button. Instead, choose “Fault Test Mode” from the Test menu.

CAUTION: The simulated fault test will trip the recloser/breaker.

3.3  Recloser/Breaker Status LED and Direct Controls

3.3.1 Close

Pressing the CLOSE pushbutton sends a close signal to the recloser/breaker. ANSI units have a
red close pushbutton; while IEC units have a green close pushbutton. (Whether a unit is ANSI or
IEC is designated by the first digit in the PCD2000 catalog number: 8=ANSI, 9=IEC.)

Units operating with firmware version 1.15 or later have a feature that will allow a fixed time
delay before closing the recloser/breaker. This setting is accessible via the Configuration Settings
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menu of the HMI or the WinPCD software. The Close Delay Time setting will allow a delay of O
to 250 seconds after pressing the close pushbutton before closing the recloser/breaker.

3.3.2 Open

Pressing the OPEN pushbutton sends a trip signal to the recloser/breaker. ANSI units have a
green open pushbutton. IEC units have a red open pushbutton. (Whether a unit is ANSI or IEC
is designated by the first digit in the PCD2000 catalog number: 8=ANSI, 9=IEC.)

3.3.3 Recloser Position LED Target

Indicates the position of the recloser. For both ANSI and IEC units, green signifies the
recloser/breaker is open while red signifies the recloser breaker is closed.

A blinking LED (alternating between red-and-green) indicates that the integrity of the 52a or 52b
circuits have been lost, or that the recloser/breaker is in a failed state.

34  LCD Display and Control Keys

3.4.1 Liquid Crystal Display (LCD)
The Liquid Crystal Display (LCD) of the PCD2000 displays two lines of twenty characters each.

High or low temperature extremes will affect the illuminated visibility of this display. In the
event the display becomes unreadable, increase the LCD contrast by pressing the down-arrow key
while the normal LCD display is in view (which displays the present load current values). The
normal contrast the LCD can also be changed with a setting on the Configuration Menu.

The following displays and menus are available through the HMI:
» Continuous Display—shows currents, voltages and which settings table is enabled

* Post-Fault Display—shows faulted elements, phase(s), and fault currents for last fault until
targets are reset

Figure 3-3 below shows an outline of all the menus available through the front panel HML

3.4.2 Enter Key

Press the Enter key first to enter the menu tree for displaying information or changing settings
(see page ). To move down the menu tree to a sub-menu, scroll to the sub-menu's name using the
up and down arrow keys, then press the Enter key. The Enter key is also used to accept a new
setting value or record choice that has been selected using the left and right arrow keys.

3.4.3 Left and Right Arrow Keys

Use the left and right arrow keys to decrease or increase, respectively, a setting value or record
number. Also use them to move from left to right within the password string. Hold down or
repeatedly press the arrow keys to change the setting value.
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344 Up and Down Arrow Keys

Use the up and down arrow keys to move through the various menus and to change the character
value when you enter the alphanumeric password.

When the normal LCD display is in view (which shows the present load-current values), pressing
the down arrow key will increase the contrast of the LCD display, while pressing the up arrow
key will reduce the LCD display contrast.

3.4.5 Clear Key
The Clear key can be used to:
* Return to the previous menu (i.e., move up the menu tree)
» Reset LED targets and the LCD display after a fault (push “C” once)
 Scroll through all metered values (push “C” twice)
» Reset the peak demand values (push “C” three times)

3.5 PCD2000 System Reset

You can perform a system reset by simultaneously pressing the “C”, “E” and up-arrow keys. A
System Reset resets the microprocessor and re-initiates the software program. During a System
Reset no information or settings are lost.
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Figure 3-3. HMI Menu Map

Main Menu
Meter
Settings
Records
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Test
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Meter Menu
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Demand
Max/Min Demand
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Setting

Show Settings
Change Settings
Unit information
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Operations Summary
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Records Menu
Fault Summary
Fauit Record
Operations Record

PQ Record

Show Settings
Prim Settings
Alt1 Settings
Alt2 Settings
Configuration

Alarm Settings
Clock
Communications
PQ Settings
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o

Change

Prim Settings
Alt1 Settings
Alt2 Settings
Configuration
Counter Settings
Alarm Settings
Clock
Communications
PQ Settings

Setings

Settings

Unit Information

S

CAT XXX300000000XX
SERIAL #  x000x¢
CPUROM: Vx.xx
SUBREV #: Vx.xx
FP ROM: VXXX
COMM ROM: Vix.xx
CT/PT CAL: Vx.xx

Slota ID: XXX XX
Slotb ID: X30¢ XX
Slotc ID: X0¢ XX
Slotd ID: X0¢ XX
Slote ID: XK XX
SlotfID: X0¢ XX

.

Operations Menu

Force Phy. Qutput

Force Logical Input

\

Trip Breaker
Close Breaker
Force Phy. Input

Set/Clear ULO

Test Menu \
Self Test
Contact Inputs
Qutput Contacts
Func. Test Mode
Fault Test Mode
Battery Test Mode

3.6

Optical Port

The optical port on the front panel can be used to connect a computer to the PCD2000.
Additional data ports are located on the rear of the unit (see Section 9).
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4 Using WinPCD

WinPCD is a Windows® based program that provides point-to-point communications with the
PCD2000. By using WinPCD, you can program the settings for the PCD2000’s various functions,
map logical inputs and outputs, and monitor the control’s activity.

You can also use the software without the PCD2000 control to explore the capabilities and
functionality of the control. When your PC is not connected to a PCD2000, the settings and
configurations displayed are the factory default values. You can then change the values and save
them to a database for later download to a PCD2000. When the PC is connected to a PCD2000,
the records can be viewed and printed to a printer or a file. Printing to a file will create a text file
containing the information you are viewing on the screen.

For the Fault Summary and the Operations Record, only the screens you view are saved to the
database. Therefore, to save all the data, you must view all the screens before exiting the record
display.

When changing the Configuration Settings through WinPCD, you must type in the four-digit
password (the factory default password is four spaces) followed by a carriage return.

Use a null modem when you connect a terminal directly to the PCD2000.

To print WinPCD screens with a laser jet printer by using the Print Screen key, you must change
the character set mode of the printer from an ASCII character set to a line character set. Each
printer has its own specific code to accomplish this. What code to use and how to program the
code into the printer are detailed in the printer manual.

The application program on this disk has been carefully tested and performs accurately with most
IBM-compatible personal computers. If you experience difficulty in using WinPCD, contact ABB
Power Distribution.
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4.1

411

WinPCD - Enterprise Explorer

The WinPCD -Enterprise Explorer window is used to create and manage information about one
or more PCD2000 units. It is the first window to appear when you start WinPCD.

Figure 4-1. WinPCD Enterprise Explorer

WainPCD - Enterprise E xploies

Unit Edt Hep

The WinPCD -Enterprise Explorer contains a list of all PCD2000's currently in the database on
the computer. You can select a PCD2000 unit already in the database, or add a new unit.

Add a PCD2000 Unit

To add a unit to your list of PCD2000's select Add from the Unit menu. You will be prompted to
enter information about the unit (a name, the model number, and the catalog number). If the
PCD2000 and the computer are already connected, press the Autodetect button to have WinPCD
search for the unit and download the required information from it.

Figure 4-2. Add Unit Window

Figure 4-3. Set Catalog Number Window

2t Catalog Numbe
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41.2 Local Setup for Data Communication

Before communicating with an actual PCD2000 unit, WinPCD must know how the data
communications channel is configured. (Of course, this is not necessary to work “off line” with
unit data stored in the WinPCD database.). These settings can be different for each PCD2000 in
the WinPCD database. (Configuring the PCD2000's data communication settings are described
in Section 9).

To configure the computer's data communications for a PCD2000 unit, select the unit in the
Enterprise Explorer window, then select Configure from the Edit menu. A dialog window with
three tabs will appear. If the PCD2000 is connected to the computer, you can click the Search
button to search for the device. Otherwise, enter the appropriate information, then click the OK
button.

Figure 4-4. Configure Data Communications Settings Window

Conhigure Setting

Configure Setting:

Modbus ASCH (standard)
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413

414
41.4.1

4.14.2

4143

4144

4145

Start Communicating

To start communicating with a PCD2000 unit (either an actual unit or information about the unit
in the WinPCD database), double-click on the name of the unit in the Enterprise Explorer window
(or select it and choose Manage from the Unit menu). A dialog box will appear asking you
whether you want to communicate with the database-representation of the unit, both the database
and the actual unit (if connected), immediately download fault and operations records (this is a
shortcut that bypasses the Main Menu),or reset the unit's information to the defaults.

Figure 4-5. Manage Unit Window

If you click "Off-line" or "On-line", the Main Menu will open. It is described beginning on page
4-5.

Enterprise Explorer Utilities

Clone a Unit

To clone (make a new copy) of a PCD2000 already in the WinPCD database, choose Clone from
the Edit menu.

Copy One Unit's Information to Another Unit

To copy the information about one PCD2000 in the database to another PCD2000 already in the
database (over-writing the existing information), choose Copy from the Edit menu. In the dialog
box that appears, select a source PCD2000 and a destination PCD2000.

Import and Export Database Data

You can export data from a WinPCD database into a file that can then be imported into another
WinPCD database. To do so, choose Import/Export from the Unit menu and specify a file name
and location.

Delete a PCD2000 Unit

To delete information about a PCD2000 from the WinPCD database, select the unit in the
Enterprise Explorer window, then choose Delete from the Unit menu.

Print Information about a PCD2000 Unit

To print information about a PCD2000 from the WinPCD database, select the unit in the
Enterprise Explorer window, then choose Delete from the Unit menu.
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415 Exit WinPCD

To exit the WinPCD application, choose Exit from the Unit menu.

4.2  WinPCD Main Menu

From the Main Menu (accessed through the Explorer window) you interact with a particular
PCD2000 unit (or information about the unit stored in the database). The sub-menus accessed

through the Main Menu are similar to the menus accessed through the front panel HMI, with
some additional capabilities.

421 Metering Menu

Choices in the Metering menu enable you to view metering data stored in the database and/or data
being communicated from a connected PCD2000 unit. See Section 7 for details.

422 Settings Menu

Choices in the Setting menu enable you to view and/or change the settings of the PCD2000. See
the appropriate section of this manual for the type of setting you wish to view or change.

From any of the settings menus you will have three basic options:
* Receive Data from Unit.
¢ Send Database Data to Unit.
¢ Send Unit Data to Database.

Receive Data will display unit data on the screen only. Send Data will send data from the
database to the unit or vice-versa. Please be aware that choosing a send data option will replace
data at the destination with data from the source.

The Procedure for changing settings is basically the same for all the settings. Follow these steps
to change settings.

1. From the WinPCD -Enterprise Explorer highlight the unit you wish to program and choose
[Manage].

2. From the Manage Unit menu, choose [Database &Unit Values] for online programming or
[Database Values] for offline programming.

3. From the Unit Information menu, choose [Proceed]. If you do not successfully reach this
menu, check your communications link with the PCD2000 and try again.

. From the Main Menu, highlight “Settings “and choose [Detail].
. From the Settings menu highlight the settings group you wish to change and choose [Detail].

. A settings menu will appear showing the settings group you have chosen.

R = S R =N

. At this point, you will see three columns:
a. Setting -lists the setting name

b. Database Value -this column shows the value for the setting stored in the database on
your local PC.

¢. Actual Unit Value -this column shows the actual value stored in the PCD2000.
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Figure 4-6. WinPCD Main Menu Outiine
/ Settings \
Configuration Settings
Primary Settings
Alternate 1 Settings
\ Altemate 2 Settings
Metering Feedback Allocat!on Mask Records
Load Values Counter Settings Fault Summary
Load Values - Currents Programmable Outputs Fault Records
Demand Values Programmable Inputs Operation Records
Min/Max Values FLI Index & User Names Operations Summary
Load Profiles - All UiﬁrLﬁg?gﬁ::an\i;‘::s Unreported Fault Records
Load Profiles - Last ULI/ULO Configuration Unreported Operations Records
Master Trip Output
Register Configuration
Miscellaneous Settings
Alarm Settings
Quick Setup Clock / Operations \

Miscellaneous COmmands\
Unit Information
Reset LED Targets
Reset Max/Min Demands
Reset Relay Status
Reset Energy Meters
Reset Alarms

/ Trip/Close Commands \

Trip Breaker (All Phases)
Close Breaker (All Phases)
Trip Phase A
Trip Phase B
Trip Phase C
Close Phase A
Close Phase B
Close Phase C

N

Programmable Curves
Receive Programmable Curve Data
Transmit Programmable Curve Data

Main Menu
Metering
Settings
Records

Operations
Test
Front Panel Status
Waveform Capture
Programmable Curves
Trip/Close Commands

Miscellaneous Commands

Quick Setup

Waveform Capture
Oscillographics Data Capture
Settings
Oscillographic Records
Start Data Accumulation
Stop Data Accumulation

Acquisition Status

Trip Breaker (All Phases)
Close Breaker (All Phases)
Force Physical Input
Force Physical Qutput
Seal In/User Alarms
Force Logical Input
Tagging Function
Activate Altemate Settings Group
Block/Unblock Function
Trip Phase A
Trip Phase B
Trip Phase C
Close Phase A
Close Phase B
Close Phase C

J

\

-

Test Menu
Physical I/0O Status
Logical Input Status

Logical Output Status
Output Contacts Status
Front Panel Status
Battery Test
Breaker Status

Front Panel Status

8. You now have several options to choose from:

a. [Receive Data from Unit]-this option will download the unit settings values for display

only.
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b. If you have chosen the above option you will now have the option to [Send Unit Data to

Database]- this option will send the unit data to the database and write over the existing
data.

Note: If this is your first time accessing this particular PCD2000,it is highly
recommended that you choose [Send Unit Data to Database] to ensure that the
data-base and the PCD2000 start with the same settings. However, please be aware
that this option replaces your existing database values.

¢. [end Database Data to Unit]-this option will down-load the database values to the unit.
9. To change a setting value:

a. Highlight the setting you wish to change.

b. Choose [Database Value Detail].

c¢. A window will appear allowing you to select the setting value from a list or to scroll the
value up or down.

d. Make your selection and choose [OK].
10. To Save Changes:

a. Changes are automatically saved to the database.

b. Choose [Send Database to Unit] to download the settings to the unit.
11. Choose [Back] to exit the menu for the current setting group.

When editing some settings in off line mode, you will be prompted for the phase and neutral tap
range. This value is determined by jumpers on the PT/CT Module (see page 1-16).

423 Records Menu

Choices in the Records menu enable you to view records data stored in the database and/or
retrieve and view records from a connected PCD2000 unit. See Section 8 for details.
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4.24

4.2.5

Operations Menu

When connected to a PCD2000 unit, choices in the Operations Menu enable you to operate the

PCD2000 through WinPCD. (See also the Trip/Close Commands menu.)

Figure 4-7. Operations Menu
ot -

Name/Modak [SN SB0300 " CatslogNumber [BR121041102001

Close Breakes
Force Physical Input

Seal InfUser Alaims
Force Logical Input
Tagging Fundlion

Force Physical Dutput

Activate Alemate Settings Group
Block/Unblock Function

|

Bedlree Blocked Disatded

Famnte Blacked Digabled

Back

Test Menu

When connected to a PCD2000 unit, choices in the Test Menu enable you to initiate tests of the

PCD200 and view the results through WinPCD.

Figure 4-8. Test Menu

Name/Modet [EF 580300 " CatdogNurber: [IRTZ1041 102001

Logical Input Status

DOutput Contacts
Fiont Panel Status
Batbery Test

Logical Dutpul Status

|
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4.2.6 Front Panel Status Display

When connected to a PCD2000 unit, choosing Front Panel Status from the Main Menu will
retrieve and display information describing the present status of the PCD2000.

Figure 4-9. Front Panel Status

 [Phase A Bredker St
1 Phase B, Breaker Status

4.2.7 Waveform Capture Menu

Choices in the Waveform Capture Menu enable you to specify when and how the PCD2000
should capture waveform data. When connected to a PCD2000 unit, you can send a commands to
collect waveform data. Wave form data is viewed with a separate application, POWERview (see
page 4-12).

Figure 4-10. Waveform Capture Menu

Name/Modsl [SH0000 Cetaing Number. [BRT21041102001

vkt bl Uit Ui & )
Oszcilogaphic Reco
Stait Data Accumulation i
Stop Data Accumulation i
Acquisiion Status |

428 Programmable Curves Menu

Choices in the Programmable Curves Menu enable you to download and upload user-defined
time-overcurrent curves created with the CurveGen application (see page 5-80).
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4.2.9

Miscellaneous Commands Menu

When connected to a PCD2000 unit, choices in the Miscellaneous Commands Menu enable you
to send additional types of commands to the PCD2000 through WinPCD. (See also the

Operations Menu and Trip/Close Commands Menu.)

Figure 4-11. Miscellaneous Commands Menu

4.3

Figure 4-12. Phase Overcurrent Tab of the Quick Setup Window

Miscellancous Commands Menu
Name/Modet |SN.980300 Catalng Mumber jmzmnuzm

Reset LED Tangats
Reset Max/Min Demands
Reset Relay Status
Resat Ensrgy Maters
Re<et dlams

Back

Quick Setup

For applications that mostly use the default settings of the PCD2000, you can choose Quick Setup
from the Main Menu to see and set only those settings for which the appropriate value is usually
application-specific (i.e., not the default). These are NOT a separate set of settings. The Quick

Setup windows are just a faster way of getting to some of the settings.
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[ =0 |
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Figure 4-13. Ground Overcurrent Tab of the Quick Setup Window
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Figure 4-14. Recloser Timers/Configuration Tab of the Quick Setup Window
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44  Waveform Analysis

Waveform analysis is performed by a separate ABB software application. ABB’s POWERview
Oscillographic Analysis Tool software program enhances the fault analysis capabilities of the
ABB controls. The POWERview Oscillographic Analysis Tool displays the waveform data

captured by these units. Besides all analog wave forms, this program shows digital input/output,
pickup, and fault information.

The analog wave forms are displayed simultaneously in individual windows. Each window
contains a trigger indicator, a left cursor, and a right cursor. You can move either cursor to any
position within the window for that wave form. When you move the cursor in one window, it
moves in the other windows as well. Each waveform window can be resized to enhance viewing
and can be deleted individually.

The time location of the left and right cursors and the difference in time between the cursors are
provided in the Main Display window. Other information in the Main Display window includes
the file name from which the waveform records were extracted; the date, time, and trigger
position of the sample taken at the control; the unit ID number; and the catalog number.

You can overlay an individual analog wave form onto any other analog wave form. For example,
you can overlay Va onto Ia to examine the phase relationship.

You can scale all current wave forms with respect to the largest amplitude within that group. This
is called the Actual Scale and is the default setting. But you can also scale wave forms with
respect to the largest amplitude encountered for that wave form only; that is called the
Normalized Scale. The Normalized Scale accentuates noise and other characteristics of the wave
form.

A zoom feature allows you to position the left and right cursors within the wave form and then
“zoom in” to closely examine that section of the wave form.

441 System Requirements and Installation

The POWERUview Oscillographic Analysis Tool requires at least a 386-based PC running
Microsoft® Windows™. It is recommended that you set the screen resolution to 1024 to 768 to
allow all the windows generated by the POWERview Oscillographic Analysis Tool to be seen at
one time.

To install the POWERview Oscillographic Analysis Tool, follow these steps:
1. Start Windows and enter the File Manager program.

2. Create a directory where the program will reside on your hard drive. This may be any
directory name you choose.

3. Place the 3.5 disk in your floppy drive and copy the files name PWRVIEW.EXE and
TEST.CAP from the 3.5 disk to the directory you created. The test file is used to explain
the operation of the Oscillographic Display and Analysis software.

4. Set up the executable application in the Program Manager window:
a. Go to the Main window in the Program Manager window.
b. Double-click on “Windows Setup.”

c. The Windows Setup window appears. Select “Set Up Application” under the Options
menu.

d. Another window appears. Select “Ask you to specify an application,” and click on “OK.”
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e. Enter the application path and filename (e.g., C:ourdir/pwrview.exe), and click on “OK.”
The icon should appear in the Applications window of the Program Manager.

442 Using the POWERview Oscillographic Analysis Tool

The POWERview Oscillographic Analysis Tool is a menu-driven program. A parent window
contains windows for the analog wave forms and for digital information.

To open a file, do the following:
1. Double-click on the icon in the Applications window of the Program Manager.
2. Click on “Continue” at the prompt.
3. Under the File menu, select “Load Graph Data File.”

4. The “Open” window appears. POWERview Oscillographic Analysis Tool files are listed as
*.CAP files, including the TEST.CAP file. Click on the file you want and select “OK.” or
double-click on the filename.

The file loads and the individual analog waveform windows appear.

44.3 Analog Display Windows

The analog waveform windows appear within the Main Display window. The Main Display
window appears to the right of the analog wave forms and lists the file name, date and time the
data was captured at the control, and locations of the trigger point and the left and right cursors.

The left cursor is at the far left side of each analog waveform window, and the right cursor is at
the far right side. You can “drag” the cursors by moving the mouse cursor close to the left or right
cursors. Hold down the left mouse button while dragging the left or right cursor to the desired
position. Release the mouse button.

After you move the left or right cursor, the time value for that cursor changes in the parent
window. Also, the cursor position in all the other analog waveform windows mirrors your cursor
movement. The trigger cursor cannot be moved.

To resize an analog waveform window, move the mouse to the border on that window. A double-
headed arrow appears when the mouse is properly positioned. Hold down the left mouse button
and drag the window border to the desired position. Release the mouse button.

Each analog waveform window can be deleted. Simply click on the DELETE button in the
window. That waveform window disappears, and the other waveform windows shift to take up
the empty space.

444 Menu Commands

Each menu on the POWERview Oscillographic Analysis Tool parent window has specific
features.

4441  Hardcopy Menu

Under the Hardcopy menu is the command “Print Graph.” When you want to print a copy of the
window(s) you are viewing, select this command.
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4442  Assign Colors Menu

Use this menu to assign colors to the analog waveforms. This is especially helpful when you
overlay two wave forms.

When you select Analog Trace, a list of the analog traces appears.

4443  Trace Overlay Menu

Use the Trace Overlay menu to overlay any analog waveform on any other analog waveform.
This way you can directly compare the two. From the Trace Overlay menu, choose “Select From
Existing Traces.” You can also use this menu to remove overlays.

After selecting from the Trace Overlay menu, a window appears that requests you to enter a base
trace and an overlay trace. Enter each trace and select “Enter.” The overlay trace appears in the
window of the base trace. Enter other traces as you desire, and select “Done” when you are
finished.

Note: Only one waveform may be overlaid onto any base trace.

4444  Scale Traces Menu

You can scale analog waveforms to an Actual Scale or a Normalized Scale. Actual Scale shows
an analog waveform in relation to the other six waveforms. When you choose Normalized Scale,
the waveform is scaled with respect to the largest amplitude for that wave form only. In other
words, the peaks expand to fit that individual window. From the Scale Traces menu, select Actual
Scale or Normalized Scale. The program launches in Actual Scale.

4445 Select Status Trace Menu

You can present digital input/output, pickup and fault information in a window by using the
Select Status Trace menu. Follow these steps to display digital information.

1. Select the digital information you want under the menu.

2. A window appears with a list of the different parameters measured. Double click on the
parameters you want. As you double click on a parameter, a digital line appears in the graph
window.

3. When you have selected all the parameters you want, click on Done.

4446 Zoom Menu

Zooming in allows you to enlarge a selected portion of the analog wave form. To do this, set the
left and right cursors to the desired range. Then select “Zoom In” from the “Zoom” menu.

The portion you selected enlarges. Use “Zoom Out” to return to the original size.

445 Math Button

At the top of the Main Display window is a button marked “Math.” Press this button to perform
math functions associated with the analog wave forms.

446 Spectral Analysis

The Spectral Analysis Tool window appears when you click on the Math button. By using this
tool, you can create a spectrum window for a selected region of waveform data.

Follow these steps to perform a spectral analysis:
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- Click on the Math button at the top of the Main Display window.
- The Spectral Analysis Tool window appears.

3. Select the waveform you want by scrolling up or down in the “Wave Form” box. Double-

click on the desired waveform. An extended cursor appears in place of the left cursor in the
window of the selected waveform. (The default is the uppermost waveform.)

- Select the desired sample interval by scrolling up or down in the “Sample Interval” box.

Double-click on the interval you want. The extended cursor in the waveform window
changes size accordingly. (Default = 32 or one cycle for a, 50-Hz wave form.)

- Move the extended cursor over the section of the waveform on which you want to perform

the spectral analysis. Do this by clicking on the left vertical of the cursor and dragging in the
waveform window.

- Click on the FFT (Fast Fourier Transformer) button in the Spectral Analysis Tool window.

The Spectral Analysis Display window appears with the generated spectrum. The harmonic
content as a percentage of the fundamentals (to or 60 Hz) appears in the Spectral Analysis
Tool window for the harmonics (2nd to the 11th).

- As you wish, move the cursor within the Spectral Analysis Display window by clicking the

left mouse button in the region you want. The cursor snaps to that position, and the
frequency appears in the “Frequency” box of the Spectral Analysis Tool window.

- Double-click on the upper left corner of the Spectral Analysis Display window to close it, or

click on “Done” in the Spectral Analysis Tool window to remove the Spectral Analysis
Display and Spectral Analysis Tool windows.
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9>  Protection

5.1 Introduction

Distribution systems are designed to operate safely with protective devices to sense and isolate
faults limiting the time and magnitude of power system interruptions. Protective relaying
elements utilized within the PCD2000 are important toward accomplishing safe and reliable
power to customers by preventing large losses of power due to unnecessary equipment outages or
equipment damage as a result of a fault or overload.

Applying protective relaying elements on a power system is gained from knowledge and
experience since there is a philosophy involved toward making the appropriate selections.
Reading and understanding how the protective relaying elements within PCD2000 operate
together will create a through understanding of the PCD2000. Ensuring maximum protection,
minimum equipment cost, high sensitivity to faults, insensitivity to normal load currents and
selectivity in isolating a small section in the system is the goal of a well-coordinated distribution
system.

For more detailed information on setting up protective elements, refer to the Application Notes in
the last section of this instruction book.

Table 5-1. Configuration Settings for Protection Elements
Setting Description

Protection Mode Protection behavior can be based on either fundamental (default) or RMS (root
mean square) values.

Alternate 1 Settings If you wish to use the first alternate-settings group, this setting must be enabled
(the default is disabled).

Alternate 2 Settings If you wish to use the second alternate-settings group, this seiting must be
enabled (the default is disabled).
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Figure 5-1. PCD2000 Protective Elements - ANS| Designations
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Figure 5-2. PCD2000 Protective Elements - [EC Designations
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Table 5-2. List of PCD2000 Device Element Numbers

Element Device Number | Function

271U< Undervoltage

321 Directional Power

46| Insc > Negative Sequence Current
50131 >> Instantaneous Overcurrent
5113l > Inverse Time Overcurrent
591U> Overvolitage

6713l>— Directional Overcurrent
7910 Recloser

811f Frequency

Table 5-3. List of PCD2000 Suffix Letters

Element Suffix Letter Function
P Phase Protection
N Ground-Fault Protection or Residual CT Circuit
Ol> Over
R Restore
S Shed
1 Recloser Sequence Number 1
2 Recloser Sequence Number 2
3 Recloser Sequence Number 3
4 Recloser Sequence Number 4
< Under
\ Voltage
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5.2 Phase Time-Overcurrent Element 51P (31>)

The phase time overcurrent element 51P contained in the PCD2000 is set based on CT secondary
current as connected to the phase current inputs: L, Iy, Ic. For PCD2000 in VR-3S or Cooper™
Retrofit applications, the 51P setting is expressed in primary amperes. Time overcurrent
protection element is the most commonly used protective element for distribution systems and is
used in both primary and back-up protection. The time overcurrent element provides a time delay
characteristic versus current for tripping using an inverse time curve characteristic is based upon
four factors, pickup value, curve type, time dial setting and reset mode. This inverse characteristic
means that the 51P element operates slowly on small values of current above the pickup value
and faster when current increases significantly above the pickup value. The 51P element is
always Enabled in the Primary, Alternate 1 and Alternate 2 setting groups.

Multiple time curves and time dials are available for the 51P element to closely coordinate with
other protection elements within the PCD2000 and other external devices on the distribution
system. ANSI, IEC and Recloser (hydraulic) time current curves are included in the PCD2000.
A User Programmable curve option is also available allowing the user to create custom time
current curves for more enhanced coordination than the standard curve types provide.

There is another global setting that is also required to be selected, the Reset mode. The Reset
mode can be either instantaneous or time delay. The time delay reset mode applies to the
ANSIIEEE curves. The instantaneous mode is used to coordinate with other instantaneous reset
devices such as a recloser or other protective equipment on the distribution system. In the
instantaneous mode the 51P element will reset instantaneously when the current level measured
by the PCD2000 drops below the pickup setting for one-half cycle.

The 51P element is set by factory default to operate the Trip contact. The 51P element will
always initiate reclosing unless the recloser is disabled.

PCD2000 units ordered with the single-phase option have a separate 51P element for each phase:
51P-A, 51P-B, and 51P-C. All three elements share the same settings. For information about
how they control logical outputs for tripping, see Section 11.

Table 5-4. 51P (31>) Element Settings

51P (3I>) Setting Description

51P Curve Select Selection of the time-overcurrent curve function used to calculate the time

3l> Curve delay between pickup and trip. See Table 5-5 below for choices and details.

51P Pickup Amps The 51P element will pickup when the measured CT secondary current rises

3I> Amps above the specified value. The setting range and increment depend on the
configuration of the PT/CT module (see page 1-16).

51P Time Dial/Delay Value that is a variable in the time-overcurrent curve function. See Table 5-5

3> Time Multiplier below for details.

51P Time-Curve Adder | An additional fixed time delay added to the time delay resulting from the time-
overcurrent curve function. This setting is not available when using an IEC
curve. The setting range is 0.00 to 2.00 seconds with an increment of 0.01
second.

51P Minimum Response | The minimum time delay that will occur between pickup and trip, even if the
time delay would otherwise be shorter. The setting range is 0.00 to 2.00
seconds with an increment of 0.01 second.
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Table 5-5. 51P (31>) Curve-Settings Details

Curve Set* | Curve Ts":fi.?;agg:;? Increment ;Zee
ANSI Extremely Inverse 1.01t0 10.0 0.1 5-47
Very Inverse 1.0to 10.0 0.1 5-48
Inverse 1.0t0 10.0 0.1 5-49
Short Time Inverse 1.0t0 10.0 0.1 5-50
Short Time Extremely Inverse 1.010 10.0 0.1 5-51
Definite Time 1.0t0 10.0 0.1 5-52
Long Time Extremely Inverse 1.0t0 10.0 0.1 5-53
Long Time Very Inverse 1.0t0 10.0 0.1 5-54
Long Time Inverse 1.0t0 10.0 0.1 5-55
Recloser Curve #8 1.01t0 10.0 0.1 5-56
User Curve 1 ** 1.0t0 10.0 0.1 5-80
User Curve 2 ** 1.0t0 10.0 0.1 5-80
User Curve 3 ** 1.0t0 10.0 0.1 5-80
IEC Extremely Inverse 0.05 to 1.00 0.05 5-59
Very Inverse 0.05to 1.00 0.05 5-60
Inverse 0.05t0 1.00 0.05 5-61
Long Time Inverse 0.05 to 1.00 0.05 5-62
Definite Time 0.0t0 10.0 0.1 5-63
User Curve 1 ** 1.0t0 10.0 0.1 5-80
User Curve 2 ** 1.010 10.0 0.1 5-80
User Curve 3 ** 1.0 t0 10.0 0.1 5-80
Recloser Curve A (101) 0.10t0 2.00 0.01 5-64
Curve B (117) 0.1010 2.00 0.01 5-65
Curve C (133) 0.101t0 2.00 0.01 5-66
Curve D (116) 0.10t0 2.00 0.01 5-67
Curve E (132) 0.10t0 2.00 0.01 5-68
Curve K (162) 0.1010 2.00 0.01 5-69
Curve N (104) 0.10t0 2.00 0.01 5-70
Curve R (105) 0.1010 2.00 0.01 5-71
Curve W (138) 0.10t0 2.00 0.01 572
User Curve 1 ** 1.010 10.0 0.1 5-80
User Curve 2 ** 1.0t0 10.0 0.1 5-80
User Curve 3 ** 1.010 10.0 0.1 5-80

* Choice of Curve Set is a Configuration Setiing that applies to all protection elements.

** See page 5-80 for information on how to specify a custom time-overcurrent curve.
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5.3  Ground Time-Overcurrent Element 51N (IN>)

The ground or residual time overcurrent element 51N contained in the PCD2000 is set based on
CT secondary current as connected to the phase current inputs: Iy. For PCD2000 in VR-3S or
Cooper™ Retrofit applications, the SIN setting is expressed in primary amperes. A ground or
residual time overcurrent protection element similar to the S1P is the most commonly used
protective element for distribution systems and are used in both primary and back-up protection.
The time overcurrent element provides a time delay characteristic versus current for tripping
using an inverse time curve characteristic is based upon four factors, pickup value, curve type,
time dial setting and reset mode. This inverse characteristic means that the element operates
slowly on small values of current above the pickup value and faster when current increases
significantly above the pickup value. The SIN element can be Enabled or Disabled in the
Primary, Alternate 1 and Alternate 2 setting groups.

Multiple time curves and time dials are available for the 51N element to closely coordinate with
other protection elements within the PCD2000 and other external devices on the distribution
system. ANSI, IEC and Recloser (hydraulic) time current curves are included in the PCD2000.
A User Programmable curve option is also available in the PCD2000 allowing the user to create
custom time current curves for more enhanced coordination than the standard curve types.

There is another global setting that is also required to be selected, the Reset mode. The Reset
mode can be either instantaneous or time delay. The time delay reset mode applies to the
ANSVIEEE curves. The instantaneous mode is used to coordinate with other instantaneous reset
devices such as a recloser or other protective equipment on the distribution system. In the
instantaneous mode the 51N element will reset instantaneously when the current level measured
by the PCD2000 drops below the pickup setting for one-half cycle.

The 51N element is set by factory default to operate the Trip contact. The 51N element will
always initiate reclosing unless the recloser is disabled. Refer to the Reclosing section for more
details.

PCD2000 units ordered with the single-phase option have a separate 51N element for each phase:
SIN-A, 51N-B, and 51N-C. All three elements share the same settings. For information about
how they control logical outputs for tripping, see Section 11.

Table 5-6. 51N (IN>) Element Settings

51N (IN>) Setting Description

51N Curve Select Selection of the time overcurrent function used to calculate the time delay

IN> Curve between pickup and trip. See Table 5-7 below for details. Note that the Reset
Mode may also affect the time delay (see page 5-44).

51N Pickup Amps The 51P element will pickup when the measured CT secondary current rises

IN> Amp above the specified value. The setting range and increment depend on the
configuration of the PT/CT module (see page 1-16).

51N Time Dial/Delay A specified value that is a variable in the time-overcurrent curve function. See

IN> Time Multiplier Table 5-7 below for details.

51N Time-Curve Adder | An additional fixed time delay added to the time delay resulting from the 51N
Curve Select and 51N Time Dial settings. This setting is not available when
using an IEC curve. The setting range is 0.00 to 2.00 seconds with an
increment of 0.01 second.

51N Minimum Response | The minimum time delay that will occur between pickup and trip, even if the
time delay based on the time-overcurrent curve would be shorter.
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Table 5-7. 51N Curve-Settings Details

Curve Set * | Curve gm:;agg:;y Increment Psa Z‘:

ANSI Extremely Inverse 1.010 10.0 0.1 5-47
Very Inverse 1.0t0 10.0 0.1 5-48
Inverse 1.0t0 10.0 0.1 5-49
Short Time Inverse 1.0t0 10.0 0.1 5-50
Short Time Extremely Inverse 1.010 10.0 0.1 5-51
Definite Time 1.0t0 10.0 0.1 5-52
Long Time Extremely Inverse 1.010 10.0 0.1 5-53
Long Time Very Inverse 1.01010.0 0.1 5-54
Long Time Inverse 1.010 10.0 0.1 5-55
Recloser Curve #8 1.010 10.0 0.1 5-56
User Curve 1 ** 1.0t0 10.0 0.1 5-80
User Curve 2 ** 1.0t0 10.0 0.1 5-80
User Curve 3 ** 1.0t0 10.0 0.1 5-80

IEC Extremely Inverse 0.0510 1.00 0.05 5-59
Very Inverse 0.0510 1.00 0.05 5-60
Inverse 0.05 to 1.00 0.05 5-61
Long Time Inverse 0.05to0 1.00 0.05 5-62
Definite Time 0.01t0 10.0 0.1 5-63
User Curve 1 ** 1.010 10.0 0.1 5-80
User Curve 2 ** 1.0t0 10.0 0.1 5-80
User Curve 3 ** 1.0t0 10.0 0.1 5-80

Recloser Curve 2 (135) 0.10 t0 2.00 0.01 5-73
Curve 3 (140) 0.10t0 2.00 0.01 5-74
Curve 8 (113) 0.10102.00 0.01 5-75
Curve 8* 0.10 to 2.00 0.01 5-76
Curve 8+ (111) 0.10 t0 2.00 0.01 5-77
Curve 9 (131) 0.1010 2.00 0.01 5-78
Curve 11 (141) 0.1010 2.00 0.01 5-79
User Curve 1 ** 1.0to 10.0 0.1 5-80
User Curve 2 ** 1.0t0 10.0 0.1 5-80
User Curve 3 ** 1.010 10.0 0.1 5-80

* Choice of Curve Set is a Configuration Setting that applies to all protection elements.
** See page 5-80 for information on how to specify a custom time-overcurrent curve.

The 51N element can be disabled by pressing the Ground Blocked button on the front panel HMI,
or supervised (torque controlled) by mapping the GRD logical input to a physical input for

external supervision or logical output for internal supervision.
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ABB PCD2000

5.4

Phase Instantaneous Overcurrent Elements 50P-1

The 50P-1 is a phase instantaneous, Level 1, overcurrent element that is a multiple of the S1P
element for accurate coordination. It should be enabled when instantaneous phase tripping is
desired. The operating time the 50P-1 should be set to operate equal to or faster than the 51P
element. The 50P-1 element can be Enabled or Disabled in the Primary, Alternate 1 and
Alternate 2 setting groups.

The phase instantaneous overcurrent element 50P-1 contained in the PCD2000 is set based on CT
secondary current as connected to the phase current inputs: I, I, Ic.

Multiple time curves and time dials are available for the SOP-1 element to closely coordinate with
other protection elements within the PCD2000 and other external devices on the distribution
system. User Programmable curve option is also available in the PCD2000 allowing the user to
create custom time current curves for more enhanced coordination than the standard curve types.

There is another global setting that is also required to be selected, the Reset mode. The Reset
mode can be either instantaneous or time delay. The time delay reset mode applies to the
ANSVIEEE curves. The instantaneous mode is used to coordinate with other instantaneous reset
devices such as a recloser or other protective equipment on the distribution system. In the
instantaneous mode the SOP-1 element will reset instantaneously when the current level measured
by the PCD2000 drops below the pickup setting for one-half cycle.

The 50P-1 element is set by factory default to operate the Trip contact. The 50P-1 element will
always initiate reclosing unless the recloser is disabled. Refer to the Reclosing section for more
details.

The 50P-1 element can be supervised (torque controlled) by mapping the PH3 logical input to a
physical input for external supervision or logical output for internal supervision.

Table 5-8. 50P-1 (31>>1) Elements Settings

50P (3I>>) Setting Description

50P-1 Curve Select Selection of the time overcurrent curve used to calculate the time delay

3I>>1 Curve between pickup and trip (see Table 5-9 below for details). Note that the
Reset Mode may also affect the time delay (see page 5-44).

50P-1 Pickup The 50P-1 element will pickup when the measured CT secondary current

3I>>1/31> rises above the specified value. The value is specified as a multiple of the

51P pickup setting. The setting range 0.5 to 20.0 multiples with an
increment of 0.1.

50P-1 Time Dial/Delay A specified value that is a variable in the time-overcurrent curve function.
t>>1 Time Multiplier See Table 5-9 below for details.

50P-1 Time-Curve Adder An additional fixed time delay added to the time delay resulting from the
50P-1 Curve Select and 50P-1 Time Dial settings. This setting is not
available when using an IEC curve. The setting range is 0.00 io 2.00
seconds with an increment of 0.01 second.

50P-1 Minimum Response | The minimum time delay that will occur between pickup and trip, even if the
3I>>1 Minimum Response time delay based on the time-overcurrent curve would be shorter. The
setting range is 0.00 to 2.00 seconds with an increment of 0.01 second.

50P-1 Curve Block Pickup The 50P-1 element will not pickup if the current is higher than this setting.
Use this setting to allow another protection element to handle higher-
current faults. The setting range is 1 to 20, or disabled (the default).

Page 5-8
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Table 5-9. 50P-1 Curve-Settings Details

Curve Set * | Curve Ts":“ei ’?éagg:;y Increment Psa 3‘;

ANSI Standard Instantaneous 1.0t0 10.0 0.1 5-57
Inverse Instantaneous 1.01t0 10.0 0.1 5-58
Short Time Inverse 1.01t0 10.0 0.1 5-50
Short Time Extremely Inverse 1.01t0 10.0 0.1 5-51
User Curve 1 ** 1.01t0 10.0 0.1 5-80
User Curve 2 ** 1.0t0 10.0 0.1 5-80
User Curve 3 ** 1.0t0 10.0 0.1 5-80

IEC Standard (Instantaneous) - - -
Definite Time 0.0 10 9.99 0.01 5-63
User Curve 1 ** 1.0t0 10.0 0.1 5-80
User Curve 2 ** 1.0t0 10.0 0.1 5-80
User Curve 3 ** 1.0t0 10.0 0.1 5-80

Recloser Curve A (101) 0.10 t0 2.00 0.01 5-64
Curve B (117) 0.10t0 2.00 0.01 5-65
Curve C (133) 0.1010 2.00 0.01 5-66
Curve D (116) 0.1010 2.00 0.01 5-67
Curve E (132) 0.10 t0 2.00 0.01 5-68
Curve K (162) 0.10 t0 2.00 0.01 5-69
Curve N (104) 0.1010 2.00 0.01 5-70
Curve R (105) 0.10t0 2.00 0.01 5-71
Curve W (138) 0.101t0 2.00 0.01 5-72
User Curve 1 ** 1.0t0 10.0 0.1 5-80
User Curve 2 ** 1.010 10.0 0.1 5-80
User Curve 3 ** 1.0t0 10.0 0.1 5-80

* Choice of Curve Set is a Configuration Setting that applies to all protection elements.
** See page 5-80 for information on how to specify a custom time-overcurrent curve.

PCD2000 units ordered with the single-phase option have a separate S0P element for each phase
for each level: 50P-1 becomes S0P-1A, 50P-1B, 50P-1C; 50P-2 becomes 50P-2A, 50P-2B, 50P-
2C; and 50P-3 becomes 50P-3A, 50P-3B, 50P-3C. All three elements for each level share the
same settings. For information about how they control logical outputs for tripping, see Section
11.

For PCD2000 units ordered without the single-phase option, with the default settings the SOP-1
element will trip only when two or three phases exceed the pickup setting and does not operate
for single-phase faults. This is applicable where instantaneous tripping for single-phase-to-
ground faults are not desired. See two-phase S0P tripping on page 5-17.

When the circuit breaker is closed using the CLOSE button on the front panel, or by an external
source such as a control switch or via SCADA, the 50P-1 can be disabled from tripping for a cold
load pickup.

PCD2000 1B38-737-3 Page 5-9
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5.5  Ground Instantaneous Overcurrent Element 50N-1

The 50N-1 is a ground or residual instantaneous, Level 1, overcurrent element that is a multiple
of the SIN element for accurate coordination. It should be enabled when ground or residual
instantaneous phase tripping is desired. The operating time of the SON-1 element should be set to
operate equal to or faster than the 51N element. The SON-1 element can be Enabled or Disabled
in the Primary, Alternate 1 and Alternate 2 setting groups.

The ground or residual instantaneous overcurrent element SON-1 contained in the PCD2000 is set
based on CT secondary current as connected to the phase current inputs: Iy. For applications
using a PCD2000 with a VR-3S or Cooper recloser, see Figure 1-13 for typical connections.

Multiple time curves and time dials are available for the 50N-1 element to closely coordinate with
other protection elements within the PCD2000 and other external devices on the distribution
system. A User Programmable curve option is also available allowing the user to create custom
time current curves for more enhanced coordination than the standard curve types.

There is another global setting that is also required to be selected, the Reset mode. The Reset
mode can be either instantaneous or time delay. The time delay reset mode applies to the
ANSUIEEE curves. The instantaneous mode is used to coordinate with other instantaneous reset
devices such as a recloser or other protective equipment on the distribution system. In the
instantaneous mode the 50N-1 element will reset instantaneously when the current level measured
by the PCD2000 drops below the pickup setting for one-half cycle.

The 50N-1 element is set by factory default to operate the Trip contact. The SON-1 element will
always initiate reclosing unless the recloser is disabled.

PCD2000 units ordered with the single-phase option have a separate 50N element for each phase
for each level: 50N-1 becomes 50N-1A, 50N-1B, 50N-1C; 50N-2 becomes SON-2A, 50N-2B,
50N-2C; and 50N-3 becomes SON-3A, 50N-3B, 50N-3C. All three elements for each level share
the same settings. For information about how they control logical outputs for tripping, see
Section 11.

Table 5-10. 50N-1 (IN>>1) Element Settings

50N (IN>>) Settings Description

50N-1 Curve Select Selection of the time overcurrent function used to calculate the time delay

IN>>1 Curve between pickup and trip. See Table 5-11 below for details. Note that the
Reset Mode may also affect the time delay (see page 5-44).

50N-1 Pickup The 50N-1 element will pickup when the measured CT secondary current

IN>>1/IN> rises above the specified value. The value is specified as a multiple of the
51N pickup setting (range 0.5 to 20.0 multiples, increment 0.1).

50N-1 Time Dial/Delay A specified value that is a variable in the time-overcurrent curve function.

IN>>1 Time Multiplier See Table 5-11 below for details.

50N-1 Time-Curve Adder An additional fixed time delay added to the time delay resulting from the
50N-1 Curve Select and 50N-1 Time Dial settings. This setting is not
available when using an IEC curve. The setting range is 0.00 to 2.00
seconds with an increment of 0.01 second.

50N-1 Minimum Response | The minimum time delay that will occur between pickup and trip, even if the
time delay based on the time-overcurrent curve would be shorter. The
setting range is 0.00 to 2.00 seconds with an increment of 0.01 second.

50N-1 Curve Block Pickup | The 50N-1 element will not pickup if the current is higher than this setting.
Use this setting to allow another protection element to handle higher-
current faults. The setting range is 1 to 20, or disabled (the default).
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Table 5-11. 50N-1 Curve-Settings Details

Curve Set * | Curve TS":t:i r?:g::;aey Increment PS;;ee

ANSI Standard Instantaneous 1.01t0 10.0 0.1 5-57
Inverse Instantaneous 1.0t0 10.0 0.1 5-58
Definite Time 1.0t0 10.0 0.1 5-52
Short Time Inverse 1.01t0 10.0 0.1 5-50
Short Time Exiremely Inverse 1.0t0 10.0 0.1 5-51
User Curve 1 ** 1.0t0 10.0 0.1 5-80
User Curve 2 ** 1.010 10.0 0.1 5-80
User Curve 3 ** 1.01t0 10.0 0.1 5-80

IEC Standard (Instantaneous) - - -
Definite Time 0.0 t0 9.99 0.01 5-63
User Curve 1 ** 1.01t0 10.0 0.1 5-80
User Curve 2 ** 1.010 10.0 0.1 5-80
User Curve 3 ** 1.0t0 10.0 0.1 5-80

Recloser Curve 2 (135) 0.10 10 2.00 0.01 5-73
Curve 3 (140) 0.10 10 2.00 0.01 5-74
Curve 8 (113) 0.10102.00 0.01 5-75
Curve 8* 0.10t0 2.00 0.01 5-76
Curve 8+ (111) 0.1010 2.00 0.01 5-77
Curve 9 (131) 0.1010 2.00 0.01 5-78
Curve 11 (141) 0.1010 2.00 0.01 5-79
User Curve 1 ** 1.010 10.0 0.1 5-80
User Curve 2 ** 1.010 10.0 0.1 5-80
User Curve 3 ** 1.010 10.0 0.1 5-80

* Choice of Curve Set is a Configuration Setting that applies to all protection elements.
** See page 5-80 for information on how to specify a custom time-overcurrent curve.

The 50N-1 element can be disabled by pressing the Ground Blocked button on the front panel, or
supervised (torque controlled) by mapping the GRD logical input to a physical input for external

supervision or logical output for internal supervision.

When the circuit breaker is closed using the CLOSE button on the front panel, or by an external
source such as a control switch or via SCADA, the SON-1 can be disabled from tripping for a cold

load pickup.
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5.6

Phase Instantaneous Overcurrent Element 50P-2

The 50P-2 is a phase instantaneous, Level 2, overcurrent element that is set as a multiple of the
51P element for accurate coordination. It should be enabled when a second level of high-speed
instantaneous phase tripping is desired. The 50P-2 element has a user-defined definite time
characteristic. The operating time the 50P-2 should be set to operate equal to or faster than the
51P-1 element. The phase instantaneous time overcurrent element 50P-2 contained in the
PCD2000 is set based on CT secondary current as connected to the phase current inputs: L, I, Ic.
The 50P-2 element can be Enabled or Disabled in the Primary, Alternate 1 and Alternate 2 setting
groups.

The instantaneous mode is used to coordinate with other instantaneous reset devices such as a
recloser or other protective equipment on the distribution system. In the instantaneous mode the
50P-2 and all other instantaneous overcurrent elements will reset instantaneously when the
current level measured by the PCD2000 drops below the pickup setting for one-half cycle.

The 50P-2 element is set by factory default to operate the Trip contact. The 50P-2 element will
always initiate reclosing unless the recloser is disabled.

The 50P-2 element can be supervised (torque controlled) by mapping the PH3 logical input to a
physical input for external supervision or logical output for internal supervision.

PCD2000 units ordered with the single-phase option have a separate S0P element for each phase
for each level: 50P-1 becomes 50P-1A, 50P-1B, 50P-1C; 50P-2 becomes 50P-2A, 50P-2B, 50P-
2C; and SOP-3 becomes S0P-3A, 50P-3B, 50P-3C. All three elements for each level share the
same settings. For information about how they control logical outputs for tripping, see Section
11

For PCD2000 units ordered without the single-phase option, with the default settings the 50P-2
element will trip only when two or three phases exceed the pickup setting and does not operate
for single-phase faults. This is applicable where instantaneous tripping for single-phase-to-
ground faults are not desired. See two-phase SOP tripping on page 5-17.

If the circuit breaker is closed by pressing the CLOSE button on the front panel, or by an external
source such as a control switch or via SCADA, the 50P-2 element is disabled from tripping for a
period specified by the Cold Load Time setting (see page 5-33).

Table 5-12. 50P-2 (31>>2) Elements Settings

50P-2 (31>>2) Setting Description

50P-2 Select Choice of whether the 50P-2 element is usually enabled or disabled. The

3I>>2 Curve choice can be temporarily changed by the logical input PH3.

50P-2 Pickup The 50P-2 element will pickup when the measured CT secondary current

3i>>2/ 3l> rises above the setting value, which is specified as a multiple of the 51P
pickup setting. The range 0.5 to 20.0 multiples with an increment of 0.1.

50P-2 Time Delay The definite time delay between a 50P-2 pickup and a 50P-2 trip output.

t>>2 The range is 0.00 to 9.99 seconds with an increment of 0.01.

50P-2 Curve Block Pickup | The 50P-2 element will not pickup if the current is higher than this setting.
Use this setting to allow another protection element to handle higher-
current faults. The setting range is 1 to 20, or disabled (the default).
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9.7 Ground Instantaneous Overcurrent Element 50N-2

The 50N-2 is a ground or residual instantaneous, Level 2, overcurrent element that is set as a
multiple of the 51N element for accurate coordination. It should be enabled when a second level
of high-speed instantaneous ground or residual tripping is desired. The 50N-2 element has a user
defined definite-time characteristic. The operating time the 50N-2 should be set to operate equal
to or faster than the 51N-1 element. The ground or residual instantaneous time overcurrent
element 50N-2 contained in the PCD2000 is set based on CT secondary current as connected to
the phase current inputs: Iy. The SON-2 element can be Enabled or Disabled in the Primary,
Alternate 1 and Alternate 2 setting groups.

The instantaneous mode is used to coordinate with other instantaneous reset devices such as a
Recloser or other protective equipment on the distribution system. In the instantaneous mode the
50N-2 element will reset instantaneously when the current level measured by the PCD2000 drops
below the pickup setting for one-half cycle.

The 50N-2 element is set by factory default to operate the Trip contact. The SON-2 element will
always initiate reclosing unless the recloser is disabled.

The 50N-2 element can be disabled by pressing the Ground Blocked button on the front panel, or
supervised (torque controlled) by mapping the GRD logical input to a physical input for external
supervision or logical output for internal supervision. To operate an external lockout relay with
the 50N-2 a programmable output contact must be mapped to operate on the 50N-2 element.

PCD2000 units ordered with the single-phase option have a separate SON element for each phase
for each level: 50N-1 becomes SON-1A, 50N-1B, 50N-1C; 50N-2 becomes SON-2A, 50N-2B,
5S0N-2C; and 50N-3 becomes SON-3A, 50N-3B, 50N-3C. All three elements for each level share
the same settings. For information about how they control logical outputs for tripping, see
Section 11.

If the circuit breaker is closed by pressing the CLOSE button on the front panel, or by an external
source such as a control switch or via SCADA, the SON-2 element is disabled from tripping for a
period specified by the Cold Load Time setting (see page 5-33).

Table 5-13. 50N-2 (IN>>2) Element Settings

50N-2 (IN>>2) Settings Description

50N-2 Select Choice of whether the 50N-2 element is usually enabled or disabled. Stage

IN>>2 Curve 2 is not available on units ordered with the SEF option. The choice can be
temporarily changed by the logical input PH3.

50N-2 Pickup The 50N-2 element will pickup when the measured CT secondary current

IN>>2/ IN> rises above the setting value, which is specified as a multiple of the 51N
pickup setting. The range 0.5 to 20.0 multiples with an increment of 0.1.

50N-2 Time Delay The definite time delay between a 50N-2 pickup and a 50N-2 trip output.

tN>>2 The range is 0.00 to 9.99 seconds with an increment of 0.01.

50N-2 Curve Block Pickup | The 50N-2 element will not pickup if the current is higher than this setting.
Use this setting to allow another protection element to handie higher-
current faults. The setting range is 1 to 20, or disabled (the default).
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9.8  Sensitive Earth Fault (SEF) Option

The sensitive earth fault (SEF) is applicable only to systems where all loads are connected line-
to-line and there is no neutral or earth current flow unless an earth fault occurs. This option is not
recommended for use on 4-wire multi-grounded systems. The SEF element can be Enabled or
Disabled in the Primary, Alternate 1 and Alternate 2 setting groups. The default is disabled.

The SEF element is available as an option with PCD2000 and replaces the standard SON-2
element. If the PCD2000 was ordered without the SEF option, the SEF Blocked target LED on
the front panel will be lit at all times.

All SEF models have a separate SEF current input provided as I0 SEF. This input can be
connected residually in series with the provided phase CT’s (standard) or connected to a separate
window type CT that encloses all three-phase conductors. See Table 5-14 below for applicable
SEF settings. The SEF element has a user-defined definite time characteristic.

Table 5-14. Sensitive Earth Fault (SEF) Settings

SEF Setting Description

SEF Torque Angle Specification of the torque angle. The setting range is 0° to 355° in 5°

SEF Torque Angle steps with a sector width of 180°.

SEF Pickup Amps SEF pickup threshold setting in amperes. The setting range is 0.005 to
SEF Pickup Amps 0.200, increment 0.0005.

SEF Cold Load Time This setting is a separate Cold Load Timer that applies only to the SEF
SEF Cold Load Time element.

The analog and digital filtering provide a rejection ratio of third harmonic greater than 50:1 to
prevent incorrect operation due to the effects of distribution transformer excitation currents.

For loop schemes or ungrounded systems a directional SEF model is available. The directional
unit is polarized by a separate zero sequence voltage input (V,). The potential transformers
should be connected Wye-grounded. The minimum polarization voltage is 2 volts and the torque
angle can be set from 0 to 355° in 5° steps with a sector width of 180°.

The SEF tripping can be enabled or disabled in each step of the reclose sequence. It can also be
supervised torque controlled by mapping the SEF logical input to a physical input for external
supervision or logical output for internal supervision.
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5.9  Phase Instantaneous Overcurrent Element 50P-3

The 50P-3 is a phase instantaneous, level 3, overcurrent element that is set as a multiple of the
51P element for accurate coordination. It should be enabled when a third level of high-speed
instantaneous phase tripping is desired. The S0P-3 element has a user-defined definite time
characteristic. The operating time the 50P-3 should be set to operate equal to or faster than the
51P-2 element. The 50P-3 element is set based on CT secondary current as connected to the

phase current inputs: Ly, Ig, Ic. The 50P-3 element can be Enabled or Disabled in the Primary,
Alternate 1 and Alternate 2 setting groups.

The instantaneous mode is used to coordinate with other instantaneous reset devices such as a
recloser or other protective equipment on the distribution system. In the instantaneous mode the
50P-3 and all other instantaneous overcurrent elements will reset instantaneously when the
current level measured by the PCD2000 drops below the pickup setting for one-half cycle.

The 50P-3 element is set by factory default to operate the Trip contact. The 50P-3 element will
always initiate reclosing unless the recloser is disabled.

The 50P-3 element can be disabled by pressing the Ground Blocked button on the front panel, or
supervised (torque controlled) by mapping the PH3 logical input to a physical input for external
supervision or logical output for internal supervision.

PCD2000 units ordered with the single-phase option have a separate S0P element for each phase
for each level: 50P-1 becomes 50P-1A, 50P-1B, 50P-1C; 50P-2 becomes 50P-2A, 50P-2B, 50P-
2C; and 50P-3 becomes 50P-3A, 50P-3B, 50P-3C. All three elements for each level share the
same settings. For information about how they control logical outputs for tripping, see Section
11.

If the circuit breaker is closed by pressing the CLOSE button on the front panel, or by an external
source such as a control switch or via SCADA, the 50P-3 element is disabled from tripping for a
period specified by the Cold Load Time setting (see page 5-33).

Table 5-15. 50P-3 (31>>3) Elements Settings

S0P-3 (3I>>3) Setting Description

50P-3 Select Choice of whether the 50P-3 element is usually enabled or disabled. The

3I>>3 Curve choice can be temporarily changed by the logical input PH3.

50P-3 Pickup The 50P-3 element will pickup when the measured CT secondary current

3I>>3 / 3I> rises above the setting value, which is specified as a multiple of the 51P
pickup setting. The range 0.5 to 20.0 multiples with an increment of 0.1.

50P-3 Time Delay The definite time delay between a 50P-3 pickup and a 50P-3 trip output.

31>>3 Time Delay The range is 0.00 to 9.99 seconds with an increment of 0.01.
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5.10  Ground Instantaneous Overcurrent Element 50N-3

The 50N-3 is a ground or residual instantaneous, Level 3, overcurrent element that is set as a
multiple of the 51N element for accurate coordination. It should be enabled when a third level of
high-speed instantaneous ground or residual tripping is desired. The SON-3 element has a user
defined definite time characteristic. The operating time the SON-3 should be set to operate equal
to or faster than the SON-2 element. The 50N-3 element can be Enabled or Disabled in the
Primary, Alternate 1 and Alternate 2 setting groups.

The instantaneous mode is used to coordinate with other instantaneous reset devices such as a
Recloser or other protective equipment on the distribution system. In the instantaneous mode the
50N-3 elements will reset instantaneously when the current level measured by the PCD2000
drops below the pickup setting for one-half cycle.

The 50N-3 element is set by factory default to operate the Trip contact. The 50N-3 element will
always initiate reclosing unless the recloser is disabled.

The 50N-3 element can be disabled by pressing the Ground Blocked button on the front panel, or
supervised (torque controlled) by mapping the GRD logical input to a physical input for external
supervision or logical output for internal supervision. To operate an external lockout relay with
the 50N-3 a programmable output contact must be mapped to operate on the 50N-3 element.

PCD2000 units ordered with the single-phase option have a separate 50N element for each phase
for each level: 50N-1 becomes 50N-1A, 50N-1B, S0N-1C: 50N-2 becomes SON-2A, 50N-2B,
50N-2C; and 50N-3 becomes SON-3A, SON-3B, SON-3C. All three elements for each level share
the same settings. For information about how they control logical outputs for tripping, see
Section 11.

If the circuit breaker is closed by pressing the CLOSE button on the front panel, or by an external
source such as a control switch or via SCADA, the SON-3 element is disabled from tripping for a
period specified by the Cold Load Time setting (see page 5-33).

Table 5-16. 50N-3 (IN>>3) Element Settings

S50N-3 (IN>>3) Settings Description

50N-3 Select Choice of whether the 50N-3 element is usually enabled or disabled. The

IN>>3 Curve choice can be temporarily changed by the logical input PH3.

50N-3 Pickup The 50N-3 element will pickup when the measured CT secondary current

IN>>3/ IN> rises above the setting value, which is specified as a multiple of the 51N
pickup setting. The range 0.5 to 20.0 multiples with an increment of 0.1.

50N-3 Time Delay The definite time delay between a 50N-3 pickup and a 50N-3 trip output.

IN>>3 Time Delay The range is 0.00 to 9.99 seconds with an increment of 0.01.
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5.11  Two-Phase 50P Tripping

If two-phase-50P tripping is enabled, the 50P-1, 50P-2, and 50P-3 elements will trip only if two
or three phases exceed the trip setting for phase-to-ground faults. Note that the residual current
must exceed the instantaneous SON-1, SON-2, or SON-3 pickup settings. Note that if two-phase
S0P tripping is enabled, the SOP elements will not respond to single-phase-to-ground faults.

On distribution lines, the phase and ground instantaneous overcurrent elements are often set very
high in order to coordinate with large downstream fuses. B y enabling two-phase-50P tripping,
the SON-1 element can be set to coordinate with the large downstream fuses, while the 50P-1
element can be set below the 50N-1 pickup setting to increase sensitivity and improve clearing
time for three-phase, phase-to-phase, and two-phases-to-ground faults on the main section of
radial distribution lines.

For example, a 100A downstream fuse may require the upstream 50N-1 pickup setting to be
4000A or more. By enabling two-phase-S0P tripping, the SOP-1 element can be set at 2000A.
For three-phase, phase-to-phase, and two-phase-to-ground faults greater than 2000A, a 50P-1
instantaneous trip will occur. No 50P-1 trip occurs for single-phase-to-ground faults when the
fault current is between 2000 and 4000A. For single-phase-to-ground faults where the current is
greater than 4000A, a 50N-1 instantaneous trip will occur.

Table 5-17. Two-Phase 50P Tripping Setting

2-Phase 50P Trip Setting | Description
2 Phase Voting Selection of whether the two-phase 50P tripping is enabled or disabled

2I>> Trip (default).
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5.12 Negative Sequence Time Overcurrent Element 46 (Insc>)

The negative sequence overcurrent element (46, Insc>) measures the amount of unbalanced
current on the distribution line. Since the negative sequence element measures the amount of
negative sequence current in the system, it can be set to pickup just above the maximum negative
sequence current level produced by a single phase load unbalance. This makes the PCD2000
much more sensitive to phase to phase faults. The 46 element can be Enabled or Disabled in the
Primary, Alternate 1 and Alternate 2 setting groups.

The negative sequence overcurrent element can also be used to detect phase to ground and phase
to phase to ground faults, but whenever an unbalance condition occurs in association with ground,
then zero sequence quantities are predominately present and the neutral elements of the PCD2000
can detect these faults. The negative sequence element can be used for backup to these type
faults.

Multiple time curves and time dials are available. See Table 5-19 to closely coordinate with other
devices in the system. User programmable curves are also available. The 46 pickup, curve type
and time dial is all set in the Primary, Alternate 1 and Alternate 2 settings groups. For the 46
element to operate the trip contact, it must be selected in the master trip output mapping as
defined in the programmable master trip contact (see page 6-17). The 46 element is set by factory
default to operate the trip contact. The 46 element is set to initiate reclosing unless the recloser is
disabled.

There are two selectable reset modes available for the 46 element. The instantaneous mode is
used to coordinate with other instantaneous reset devices such as microprocessor based relays. In
the instantaneous mode the 46 will reset when the current drops below the pickup setting for one-
half cycle. The delayed mode simulates the action of an electromechanical induction disk relay.
In this mode the 46 reset follows a slow reset characteristic that depends upon the duration of the
overcurrent condition and the amount of load current flowing after the event (see page 5-44).

If the circuit breaker is closed by pressing the CLOSE button on the front panel, or by an external
source such as a control switch or via SCADA, the 46 element is disabled from tripping for a
period specified by the Cold Load Time setting (see page 5-33).

Table 5-18. 46 (Insc>) Element Settings

46 (Insc>) Setting Description

46 Curve Select Selection of the time overcurrent function used to calculate the time delay

Insc> Curve between pickup and trip. See Table 5-19 below for details. Note that the
Reset Mode may also affect the time delay (see page 5-44).

46 Pickup Amps The 46 element will pickup when the measured CT secondary current rises

Insc> Amp above the specified value. The setting range and increment depend on the
configuration of the PT/CT module (see page 1-16).

46 Time Dial/Delay A specified value that is a variable in the time-overcurrent curve function.

Insc> Time Multiplier See Table 5-19 below for details.

46 Time-Curve Adder An additional fixed time delay added to the time delay resulting from the 46

Curve Select and 46 Time Dial settings. This setting is not available when
using an IEC curve. The setting range is 0.00 to 2.00 seconds with an
increment of 0.01 second.

46 Minimum Response The minimum time delay that will occur between pickup and trip, even if the
time delay based on the time-overcurrent curve would be shorter. The
setting range is 0.00 to 2.00 seconds with an increment of 0.01 second.
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Table 5-19. 46 Curve-Settings Details

Curve Set * | Curve g'gtfn?giagg :lgaey Increment Psazee
ANSI Extremely Inverse 1.0t0 10.0 0.1 5-47
Very Inverse 1.0t0 10.0 0.1 5-48
Inverse 1.0t0 10.0 0.1 5-49
Short Time Inverse 1.0t0 10.0 0.1 5-50
Definite Time 1.010 10.0 0.1 5-52
Long Time Extremely Inverse 1.0t0 10.0 0.1 5-53
Long Time Very Inverse 1.0t0 10.0 0.1 5-54
Long Time Inverse 1.0t0 10.0 0.1 5-55
Recloser Curve #8 1.01t0 10.0 0.1 5-56
IEC Extremely Inverse 0.0510 1.00 0.05 5-59
Very Inverse 0.05to0 1.00 0.05 5-60
Inverse 0.0510 1.00 0.05 5-61
Long Time Inverse 0.05 to 1.00 0.05 5-62
Definite Time 0.0t0 10.0 0.1 5-63
User Curve 1 ** 1.0t0 10.0 0.1 5-80
User Curve 2 ** 1.0t0 10.0 0.1 5-80
User Curve 3 ** 1.010 10.0 0.1 5-80
Recloser Curve A (101) 0.10 to 2.00 0.01 5-64
Curve B (117) 0.10t0 2.00 0.01 5-85
Curve C (133) 0.10t0 2.00 0.01 5-66
Curve D (116) 0.1010 2.00 0.01 5-67
Curve E (132) 0.10 to0 2.00 0.01 5-68
Curve K (162) 0.10 t0 2.00 0.01 5-69
Curve N (104) 0.10 t0 2.00 0.01 5-70
Curve R (105) 0.10 to 2.00 0.01 5-71
Curve W (138) 0.10 to 2.00 0.01 5-72
User Curve 1 ** 1.010 10.0 0.1 5-80
User Curve 2 ** 1.0t0 10.0 0.1 5-80
User Curve 3 ** 1.010 10.0 0.1 5-80

* Choice of Curve Set is a Configuration Setiing that applies to all protection elements.

** See page 5-80 for information on how to specify a custom time-overcurrent curve.
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5.13  Directional Phase Time Overcurrent Element 67P (31>-->)

The directional phase time overcurrent element (ANSI 67P, IEC 3I>-->) provides time
overcurrent protection in one direction of power flow. The user defines which direction that the
67P element should sense (i.e., source or load direction). The 67P element is essentially a logical
AND combination of a 32P element enabling a 51P element.

The 67P element has seven settings (see Table 5-20 below). The 67P settings can be different in
the Primary, Alternate 1 and Alternate 2 setting groups.

The positive sequence voltage V, provides polarizing of the 67P in the power system. It is
sensitive down to 1 volt AC line to line. If the polarizing voltage drops below this level the 67P
will lose direction and will not trip. Then any tripping on the distribution line may be backed-up
by the 51P element which is non-directional. The 67P element works by comparing the positive
sequence voltage V| to the direction of the positive sequence current I;. The torque angle is set
between 0° to 355° in 5° steps (I; leading V) with a sector width of 180°. See Figure 5-3 for
examples of the different positive sequence torque angle settings. It should be noted that when
the voltage seen by the PCD2000 is at or near the minimum sensitivity point of 1-volt AC line to
line the set angle may shift between 10°.

Figure 5-3. 67P Maximum Torque Angles, Example Settings.
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There are two selectable reset modes available for the 67P element. The “instantaneous mode” is
used to coordinate with other instantaneous reset devices such as microprocessor based relays. In
the instantaneous mode the 67P will reset when the current drops below the pickup setting for
one-half cycle. The “delayed mode™ simulates the action of an electromechanical induction disk
relay. In this mode the 67P reset follows a slow reset characteristic that depends upon the
duration of the overcurrent condition and the amount of load current flowing after the event. The
reset mode setting applies to all time overcurrent elements in the PCD2000.

If the circuit breaker is closed by pressing the CLOSE button on the front panel, or by an external
source such as a control switch or via SCADA, the 67P is disabled from tripping for a period
specified by the Cold Load Time setting (see page 5-33).

PCD2000 units ordered with the single-phase option have a separate 67P element for each phase
for each level: 67P becomes 67P-A, 67P-B, and 67P-C. All three elements share the same
settings. A minimum trip time delay of 50 milliseconds is imposed on the single-phase 67P-X
units in order to guarantee directionality is established before the PCD2000 can initiate a trip
signal. For information about how they control logical outputs for tripping, see Section 11.
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Table 5-20. 67P (31>->) Element Settings

67P (3I>—>) Setting Description

67P Select Selection of whether the 67P element is enabled or disabled (default).
3I>-> Select

67P Curve Select Selection of the time overcurrent function used to calculate the time delay
3I>-> Curve between pickup and trip. See Table 5-21 below for details. Note that the

Reset Mode may also affect the time delay (see page 5-44).

67P Pickup Amps

The element will pickup when the measured CT secondary current rises

3I>—> Amp above the specified value. The setting range and increment depend on the
configuration of the PT/CT module (see page 1-16).

67P Time Dial/Delay A specified value that is a variable in the time-overcurrent curve function.

3I>->Time Multiplier See Table 5-21 below for details.

67P Torque Angle Specification of the torque angle. The setting range is 0° to 355° in 5°

3I>—-> Torque Angle

steps with a sector width of 180°.

67P Time-Curve Adder

An additional fixed time delay added to the time delay resulting from the
67P Curve Select and 67P Time Dial settings. This setting is not available
when using an IEC curve. The setting range is 0.00 to 2.00 seconds with
an increment of 0.01 second.

67P Minimum Response

The minimum time delay that will occur between pickup and trip, even if the
time delay based on the time-overcurrent curve would be shorter. The
setting range is 0.00 to 2.00 seconds with an increment of 0.01 second.

PCD2000 1B38-737-3
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Table 5-21. 67P Curve-Settings Details
Curve Set * | Curve T;Z‘;i’?giag::;y Increment ;‘;ee
ANSI Extremely Inverse 1.0t0 10.0 0.1 5-47
Very Inverse 1.0t0 10.0 0.1 5-48
Inverse 1.010 10.0 0.1 5-49
Short Time Inverse 1.0t0 10.0 0.1 5-50
Definite Time 1.0t0 10.0 0.1 5-52
Long Time Extremely Inverse 1.01t0 10.0 0.1 5-53
Long Time Very Inverse 1.010 10.0 0.1 5-54
Long Time Inverse 1.010 10.0 0.1 5-55
Recloser Curve #8 1.0t0 10.0 0.1 5-56
IEC Extremely Inverse 0.0510 1.00 0.05 5-59
Very Inverse 0.0510 1.00 0.05 5-60
Inverse 0.05t0 1.00 0.05 5-61
Long Time Inverse 0.05 10 1.00 0.05 5-62
Definite Time 0.01t0 10.0 0.1 5-63
User Curve 1 ** 1.0t0 10.0 0.1 5-80
User Curve 2 ** 1.01t0 10.0 0.1 5-80
User Curve 3 ** 1.0t010.0 0.1 5-80
Recloser Curve A (101) 0.10 10 2.00 0.01 5-64
Curve B (117) 0.10t0 2.00 0.01 5-65
Curve C (133) 0.10 10 2.00 0.01 5-66
Curve D (116) 0.1010 2.00 0.01 5-67
Curve E (132) 0.101t0 2.00 0.01 5-68
Curve K (162) 0.101t02.00 0.01 5-69
Curve N (104) 0.10 t0 2.00 0.01 5-70
Curve R (105) 0.10 10 2.00 0.01 5-71
Curve W (138) 0.1010 2.00 0.01 5-72
User Curve 1 ** 1.0t0 10.0 0.1 5-80
User Curve 2 ** 1.010 10.0 0.1 5-80
User Curve 3 ** 1.0to 10.0 0.1 5-80

* Choice of Curve Set is a Configuration Setting that applies to all protection elements.

** See page 5-80 for information on how to specify a custom time-overcurrent curve.
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5.14  Directional Ground Time Overcurrent Element 67N (IN>-->)

The directional phase time overcurrent element (ANSI 67N, IEC IN>-->) provides time
overcurrent protection in one direction of power flow. The user defines which direction that the
67N element should sense (i.e., source or load direction). The 67N element can be Enabled or
Disabled in the Primary, Alternate 1 and Alternate 2 setting groups.

Multiple time curves and time dials are available. See Table 5-23 below to closely coordinate
with other devices in the system. User programmable curves are also available.

For the 67N element to operate the trip contact it must be selected in the master trip output
mapping. The 67N element is set by factory default to operate the trip contact. The 67N element
is set to initiate reclosing unless the recloser is disabled. However, The 67N element is disabled
by factory default settings.

The negative sequence voltage V, provides polarizing of the 67N in the power system. It is
sensitive down to 1 volt AC line to line. If the polarizing voltage drops below this level the 67N
will lose direction and will not trip. Then any tripping on the distribution line may be backed-up
by the SIN element which is non-directional.

Note: If the PCD2000 contains a directional sensitive earth unit the 67N element can be polarized
with negative sequence voltage (V) or zero sequence voltage (Vg). The 67N element is
achieved by comparing the negative sequence voltage V, to the direction of the negative
sequence current I,.

The torque angle is set between 0° to 355° in 5° steps (I, leading V) with a sector width of 180°.
See Figure 5-4 for examples of the different negative sequence torque angle settings. It should be
noted that when the voltage seen by the PCD2000 is at or near the minimum sensitivity point of
1-volt AC line-to-line the set angle may shift between +10°.

Figure 5-4. 67N Maximum Torque Angles, Example Settings
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There are two selectable reset modes available for the 67N element. The “instantaneous mode” is
used to coordinate with other instantaneous reset devices such as microprocessor based relays. In
the instantaneous mode the 67N will reset when the current drops below the pickup setting for
one-half cycle. The “delayed mode” simulates the action of an electromechanical induction disk
relay. In this mode the 67N reset follows a slow reset characteristic that depends upon the
duration of the overcurrent condition and the amount of load current flowing after the event.

If the circuit breaker is closed by pressing the CLOSE button on the front panel, or by an external
source such as a control switch or via SCADA, the 67N element is disabled from tripping for a
period specified by the Cold Load Time setting (see page 5-33).
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PCD2000 units ordered with the single-phase option have a separate 67N element for each phase
and for each level: 67N becomes 67N-A, 67N-B, and 67N-C. All three elements share the same
settings. A minimum trip time delay of 50 milliseconds is imposed on the single-phase 67N-X
units in order to guarantee directionality is established before the PCD2000 can initiate a trip

signal.

Table 5-22. 67N (IN>—>) Element Settings

67N (IN>—>) Setting

Description

67N Select Choice of whether the 67N element is enabled or disabled.

IN>--> Select

67N Curve Select Selection of the time overcurrent function used to calculate the time delay
IN>--> Curve between pickup and trip. See Table 5-23 below for details. Note that the

Reset Mode may also affect the time delay (see XXX).

67N Pickup Amps
IN>--> Amp

The 50P-1 element will pickup when the measured CT secondary current
rises above the specified value. The setting range and increment depend
on the configuration of the PT/CT module (see page 1-16).

67N Time Dial/Delay
IN>--> Time Multiple

A specified value that is a variable in the time-overcurrent curve function.
See Table 5-23 below for details.

67N Torque Angle
IN>--> Torque Angle

Specification of the torque angle. The setting range is 0° to 355° in 5°
steps with a sector width of 180°.

67N Time-Curve Adder

An additional fixed time delay added to the time delay resuiting from the
67N Curve Select and 67N Time Dial settings. This setting is not available
when using an IEC curve. The setting range is 0.00 to 2.00 seconds with
an increment of 0.01 second.

67N Minimum Response

The minimum time delay that will occur between pickup and trip, even if the
time delay based on the time-overcurrent curve would be shorter.
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Table 5-23. 67N Curve-Settings Details

Curve Set * | Curve Ts':‘ttei :;agg:;y increment Psa Zee

ANSI Extremely Inverse 1.0to0 10.0 0.1 5-47
Very Inverse 1.0t0 10.0 0.1 5-48
Inverse 1.010 10.0 0.1 5-49
Short Time Inverse 1.0t0 10.0 0.1 5-50
Definite Time 1.0t0 10.0 0.1 5-52
Long Time Extremely Inverse 1.0t0 10.0 0.1 5-53
Long Time Very Inverse 1.0t0 10.0 0.1 5-54
Long Time Inverse 1.01t0 10.0 0.1 5-55
Recloser Curve #8 1.0t0 10.0 0.1 5-56

IEC Extremely Inverse 0.05to0 1.00 0.05 5-59
Very Inverse 0.05t0 1.00 0.05 5-60
Inverse 0.05to0 1.00 0.05 5-61
Long Time Inverse 0.05to 1.00 0.05 5-62
Definite Time 0.0t0 10.0 0.1 5-63
User Curve 1 ** 1.01t0 10.0 0.1 5-80
User Curve 2 ** 1.0t0 10.0 0.1 5-80
User Curve 3 ** 1.0t0 10.0 0.1 5-80

Recloser Curve 2 (135) 0.10 10 2.00 0.01 5-73
Curve 3 (140) 0.10t0 2.00 0.01 5-74
Curve 8 (113) 0.10 t0 2.00 0.01 5-75
Curve 8* 0.10 t0 2.00 0.01 5-76
Curve 8+ (111) 0.10t0 2.00 0.01 5-77
Curve 9 (131) 0.10 10 2.00 0.01 5-78
Curve 11 (141) 0.1010 2.00 0.01 5-79
User Curve 1 ** 1.0t0 10.0 0.1 5-80
User Curve 2 ** 1.0t0 10.0 0.1 5-80
User Curve 3 ** 1.01t0 10.0 0.1 5-80

* Choice of Curve Set is a Configuration Setting that applies to all protection elements.
** See page 5-80 for information on how to specify a custom time-overcurrent curve.
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.15  Positive Directional Power Element 32P (11-->)

The 32P positive directional power element can supervise (torque control) other protection
elements of the PCD2000. The 32P element operates independently of the 67P element.

The 32P element compares the angle of the positive sequence current (I,) to the angle of the
positive sequence voltage (V). Using the voltage angle as the reference (0° degrees) the current
angle is compared to a setting. If the angular difference is within +90° degrees, the logical output
"32P" goes HIGH. Although the 32P element is independent of the 67P element, the angle
setting is defined in the same manner: I, leading V; (see Figure 5-3 on page 5-20).

The 32P element has two settings: (1) whether it is enabled or disabled, and (2) the torque angle.
See Table 5-24 below. The 32P settings can be different in the Primary, Alternate 1 and
Alternate 2 setting groups.

If the breaker is closed by an external source such as a control switch or via SCADA, the 32P
element can be temporarily disabled by the Cold Load Timer function (see page 5-33).

The logical output 32P can be programmed to control a physical output contact, and so supervise
external devices (see Section 6).

Note: If the 32P element is used to supervise the S0P element, a minimum of 50 milliseconds
time delay on the 50P element is required for proper coordination. Also note that the set
angle might shift 10° when the voltage seen by the PCD2000 is at or near the minimum
sensitivity point of 1-volt AC line-to-line.

Table 5-24. 32P (I1-->) Element Settings

32P (11-->) Setting Description

32P Select Selection of whether the 32P element is enabled or disabled (default).
11--> Select

32P Torque Angle Specification of the 32P torque angle. The setting range is 0° to 355° in 5°
I1--> Torque Angle steps with a sector width of 180°.
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2.16  Negative Directional Power Element 32N (12-->)

The 32N negative directional power element can supervise (torque control) other protection
elements of the PCD2000. The 32N element operates independently of the 67N element.

The 32N element compares the angle of the negative sequence current (I2) to the angle of the
negative sequence voltage (V). Using the voltage angle as the reference (0° degrees) the current
angle is compared to a setting. If the angular difference is within +90° degrees, the logical output
"32N" goes HIGH. Although the 32N element is independent of the 67N element, the angle
setting is defined in the same manner: I, leading V, (see Figure 5-4 on page 5-23).

The 32N element has two settings: (1) whether it is enabled or disabled, and (2) the torque angle.
See Table 5-25 below. The 32N settings can be different in the Primary, Alternate 1 and
Alternate 2 setting groups.

If the breaker is closed by an external source such as a control switch or via SCADA, the 32N
element can be temporarily disabled by the Cold Load Timer function (see page 5-33).

The logical output 32N can be programmed to control a physical output contact, and so supervise
external devices (see Section 6).

Note: If the 32N element is used to supervise the 50N element, a minimum of 50 milliseconds
time delay on the 50N element is required for proper coordination. Also note that the set
angle might shift 10° when the voltage seen by the PCD2000 is at or near the minimum
sensitivity point of 1-volt AC line-to-line.

Table 5-25. 32N (12->) Element Settings

32N (I12->) Setting Description

32N Select Selection of whether the element is enabled or disabled (default).
12-> Select

32N Torque Angle Specification of the torque angle. The setting range is 0° to 355° in 5°
12-> Torque Angle steps with a sector width of 180°.
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.17  Frequency Load Shed and Restoration Elements 81 (f)

The PCD2000 provides two independent logical modules contain elements for underfrequency
load shedding (81S) and overfrequency load restoration (81R) alarming (810). The 818, 81R and
810 elements can be Enabled or Disabled in the Primary, Alternate 1 and Alternate 2 setting
groups. These elements use the frequency measured on phase C as their operating quantity.

The 818 is an underfrequency Load Shed unit; when the distribution system frequency drops
below a threshold for a specified period of time an output is generated so that load can be shed.
The inverse element is the 81R; it will restore load after a shed operation occurs when the system
frequency goes above a programmable threshold for a given amount of time.

The logical outputs from these modules can be assigned to physical outputs for tripping and
closing of a circuit breaker based on frequency. The 81 element in general is used to shed load on
a recloser when the distribution system becomes unstable and the frequency begins to decrease.

If the stability of the system is sacrificed due to overloading the frequency will generally drop off
slowly. The time delay of the underfrequency Ioad shed trip element can be set to a toleration
point to allow time for the power system to recover.

The power system frequency is measured from the zero crossing on the V .y voltage input for
Wye connected VTs and V 5. for Delta connected VTs.

Two independent logical frequency elements are provided with separate logical outputs. The first
element has 81S-1, 81R-1 and 810-1 for its logical outputs, while the second module has 81S-2,
81R-2 and 810-2 for its logical outputs. These outputs become active when the frequency pickup
setting has been reached its limit. There is one exception to this which involves the 81V element
where the system voltage is below the voltage block setting (see page 5-29)

When the circuit breaker is closed by an external source such as a control switch or via SCADA
the 818, 81R and 810 are disabled from tripping for Cold Load Time.

The frequency-shed outputs 81S-1 and 81S-2 can be assigned to the same trip output contact with
each set a different frequency threshold and trip time setting. This provides fast tripping response
for severe disturbances and slower trip times for more tolerable system disturbances.

Example: Set 81S-1 to sense a slight underfrequency condition and assign a longer time period.
Set 818-2 to a lower frequency with a shorter time period. This will allow a longer
trip time for slight underfrequency conditions and shorter trip time for more sever
underfrequency conditions.

The restoration elements (81R-1 and 81R-2) can be used to automatically restore load after a
frequency load shed trip of the 81S-1 or 81S-2 element trip the recloser. The PCD2000 senses a
load-shed trip by the operation of 81S-1 or 81S-2 and by the change of the 52A and 52B contacts.
During this condition the 81R-1 and 81R-2 logical outputs are allowed to operate. The 81R
element will activate when the frequency rises above the frequency setting and the associated
timer expires. If the power system frequency falls back below the 81 setting before expiration of
the load restore timer, the timer will reset and begin again when the frequency returns to normal.
The 81R logical outputs remain active until a successful recloser close or until the trip fail time
expires see trip fail timer in the recloser section for more details. The 81R element is not armed
again until the next load shed operation.

Two overfrequency elements are also included (810-1 and 810-2). Their logical outputs activate
when the frequency rises above the 81R setting and the 81R time delay expires. They each can
be used to trip the recloser but they do not initiate an automatic restoration.

The hysteresis or dropout point for the 81S and the 81R logical outputs are 0.02 Hz above the
frequency setting. The hysteresis for the 810 element is 0.02 Hz below the frequency setting.
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Figure 5-5. 81S and 81 R Elements

81R Load Restoration function
activates the programmed
contact output after a load shed
occurs. The frequency is above
the 81R threshold and the time
delay has expired. OQutput is
active until the recloser closes
or close failure time elapses.
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81R Threshold

81S Load Shed function
activates the programmed
contact output when frequency
is below the 81S threshold and
time delay has expired.

5.17.1  Voltage Block Element 81V

This element blocks operation of the logical outputs 81S-1 and 81S-2 when the power system
voltage is below the 81V setting. The 81V element can be Enabled or Disabled in the Primary,
Alternate 1 and Alternate 2 setting groups. Wye connected VTs use V. and Delta connected
VTs use V5 p for their monitoring of the voltage. Operation of the logical outputs is resorted
when the voltage returns to normal. The 81S-1 or 81S-2 elements will de-activate if they are
active at the time when the power system voltage falls below the 81V setting. The range for this
setting is from 40 to 200 VAC.

When the circuit breaker is closed by an external source such as a control switch or via SCADA
the 81V is disabled from tripping for Cold Load Time.
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Table 5-26. 81 (f) Element Settings

5 PROTECTION

81 (f) Setting Description
81 Select Choice of whether the 81 element is enabled or disabled.
f Select

81s-1 Pickup Frequency
f<1 Hz

Specification of frequency at which the 815-1 element will pickup. Setting
range is 56 to 64 Hz for 60Hz models and 46 to 54 Hz for 50 Hz models,
with an increment of 0.01 Hz.

81s-1 Time Delay
tf<1

Time delay between 815-1 pickup and load shed. Setting range is 0.08 to
9.98 seconds, with an increment of 0.02 second.

81r-1 Pickup Frequency
f>1 Hz

Specification of frequency at which the 81R-1 element will pickup. Setting
range is 56 to 84 Hz for 60Hz models and 46 to 54 Hz for 50 Hz models,
with an increment of 0.01 Hz.

81r-1 Time Delay
t>1

Time delay between 81R-1 pickup and load restoration. Setting range is 0
1o 999 seconds with an increment of 1 second.

81s-2 Pickup Frequency
f<2 Hz

Specification of frequency at which the 81S-2 element will pickup. Setting
range is 56 to 64 Hz for 60Hz models and 46 to 54 Hz for 50 Hz models,
with an increment of 0.01 Hz.

81s-2 Time Delay
tf<2

Time delay between 81S-2 pickup and load shed. Setting range is 0.08 to
9.98 seconds, with an increment of 0.02 second.

81r-2 Pickup Frequency
f>2 Hz

Specification of frequency at which the 81R-2 element will pickup. Setting
range is 56 to 64 Hz for 60Hz models and 46 to 54 Hz for 50 Hz models,
with an increment of 0.01 Hz.

81r-2 Time Delay

Time delay between 81R-2 pickup and load restoration. Setting range is 0

t>2 to 999 seconds with an increment of 1 second.
81v Voltage Block If the voltage is below the specified value, the 81-S and 81S-2 elements will
fU< Block be blocked (so load restoration will not be attempted). Setting range is 40

to 200 volts AC with an increment of 1 volt. See Section 5.17.1.
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5.18  Undervoltage Element 27 (U<)

The undervoltage element is provided for alarm and control purposes when the system voltage
drops below a preset threshold. The 27 element can be Enabled or Disabled in the Primary,
Alternate 1 and Alternate 2 setting groups. Two logical outputs are provided with the 27 element:
one for single-phase undervoltage 27P-1 and one for three-phase undervoltage 27-3P. The 27-1P
element will operate when any single phase drops below the undervoltage setting. The 27-3P
element will operate when all three phase drop below the undervoltage setting.

Neither element can operate the main trip contact. Their logical outputs must be mapped to
physical outputs if alarming or tripping is desired. The 27 element can also be used to supervise
torque control other protective elements such as the 51P. Mapping the 27 element to the PH3

logical input via the programmable logic provides a voltage controlled overcurrent protective
element.

When the circuit breaker is closed by an external source such as a control switch or via SCADA
the 27 is disabled from tripping for Cold Load Time.

The 27 element threshold and time delays are set in the Primary, Alternate 1 and Alternate 2
setting groups (see Table 5-27). The time delay range for each element is from 0 to 60 seconds.
If trip times below one second are desired, set the time delay to zero and place the desired trip
time in the physical output timers.

PCD2000 units ordered with the single-phase option have a separate 27 element for each phase
for each level: 27 becomes 27-A, 27-B, and 27-C. All three elements for each level share the
same settings. Two additional logical outputs are provided: 27-1P is the logical OR of the three
separate phases, while 27-3P is the logical AND. For information about how they control logical
outputs for tripping, see Section 11.

Table 5-27. 27 (U<) Element Settings

27 (U<) Setting Description

27 Select Choice of whether the 27 element is enabled (default) or disabled.

U< Select

27 Pickup Voltage Pick will occur if the voltage drops below the specified value. The setting
U< Volts range is 10 to 200 volts with an increment of 1 volt.

27 Time Delay Time delay between pickup and trip. The setting range is 0 to 60 seconds
tU< with an increment of 1 second.
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2.19  Overvoltage Element 59 (U>)

The overvoltage element 59 is provided for alarm and control purposes when the system voltage
rises above a preset threshold. The 59 element can be Enabled or Disabled in the Primary,
Alternate 1 and Alternate 2 setting groups.

The 59 element cannot operate the Main Trip contact. The logical output, for the 59 element
must be connected to a physical output if alarming or tripping is desired.

When the circuit breaker is closed by an external source such as a control switch or via SCADA
the 59 is disabled from tripping for Cold Load Time.

The 59 element threshold and time delays are set in the Primary, Alternate 1 and Alternate 2
setting groups. See Table 5-28. The time delay range for each element is from 0 to 60 seconds.
If trip times below one second are desired set the time delay to zero and place the desired trip
time in the physical output timers.

PCD2000 units ordered with the single-phase option have a separate 59 element for each phase
for each level: 59 becomes 59-A, 59-B, and 59-C. All three elements for each level share the
same settings. Two additional logical outputs are provided: 59-1P is the logical OR of the three
separate phases, while 59-3P is the logical AND. For information about how they control logical
outputs for tripping, see Section 11.

Table 5-28. 59 (U>) Element Settings

59 (U>) Setting Description

59 Select Choice of whether the 59 element is enabled (default) or disabled.

U> Select

59 Pickup Voltage Pick will occur if the voltage drops below the specified value. The setting
U> Pickup range is 70 to 250 volts with an increment of 1 volt.

59 Time Delay Time delay between pickup and trip. The setting range is 0 to 60 seconds
tU>0 with an increment of 1 second.
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9.20 Cold Load Timer

The cold load timer is set in the Primary, Alternate 1 and Alternate 2 setting groups and is used to
block unintentional tripping of protection elements due to inrush currents seen by the PCD2000
after the recloser circuit has been open for a specified period of time. The timer is set from 0 to
254 with a resolution of 1 in either seconds or minutes. During the cold load time delay period a
logical output CLTA is asserted. This logical output can be mapped to a physical output for
alarm and control purposes. The cold load timer is operational only after the recloser has been
closed for the specified period of time. It does not operate during a normal PCD2000 reclose
sequence. The cold load timer is disabled in the factory default settings.

Cold Load Time in the PCD2000 allows for this restoration current to be sensed as cold load
current which may exceed the normal load current of the distribution circuit. Due in part to the
amount of time the circuit has been de-energized along with to the DC resistance of the
downstream circuit. Removal of the DC resistance from the circuit is directly related to the
amount of time necessary for the circuit to normalize at load current. During this time the cold
load current may exceed normal time overcurrent relay settings. Therefore, to restore the circuit
cold load pickup settings allow for restoration of the load and simultaneously protect the circuit.

Cold load time is accomplished by extending both the time and pickup values of the phase and
neutral time overcurrent elements. Whenever the cold load pickup is inactive the phase and
neutral time overcurrent elements operate normally. When cold load time becomes active the
protection elements associated with cold load time are extended while keeping the same time dial
and time overcurrent curves to maintain coordination with other protection devices both upstream
and downstream.

A separate neutral Cold Load Time element is supplied in PCD2000 units ordered with the
sensitive earth fault (SEF) option.

Table 5-29. Cold Load Timer Settings

Cold Load Timer Setting Description ,

Cold Load Timer Mode Choice of the time unit for the Cold Load Timer (seconds or minutes). This
Cold Load Timer Mode is a Configuration setting.

Cold Load Time Duration of Cold Load Timer. Setting is either "disable,” or a value in the
Cold Load Time range 1 to 254. The unit of time is seconds of minutes (see above row).
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5.21 Recloser Element 79 (O->|)

After a fault has occurred, the 79 Reclosing Element closes the unit when the programmed open
time interval expires. Zero to four reclosures may be selected, and each recloser has its own
separate open interval timer. The multishot reclose sequence occurs only if the PCD2000
initiates an overcurrent trip or a programmable 79M input is initiated.

The reset time begins timing down from the Reset Time setting to zero after each reclosure,
provided the phase and ground currents are below the lowest pickup setting of all the elements.
At each step in the reclose sequence, you can enable or disable the SOP-1, 50P-2, S0P-3, 51N,
50N-1, 50N-2 or 50N-3 elements or set the element to lockout reclosing as a result of tripping on
any one of these elements. Disable the reclosing element in the Primary, Alternate 1, and
Alternate 2 Settings by selecting LOCKOUT for the first Reclose Open Interval Time or by
opening the permanently programmed 43A contact input.

A lockout state occurs under any of the following conditions:
e A fault persists for the entire programmed reclosing sequence.
» The unit is manually closed and a fault occurs before the expiration of the reset time.

* A TRIP output occurs and the fault current is not removed or the breaker’s 52a and 52b
contacts do not indicate that the unit opened. Both the removal of the fault current and the
opening of the unit must occur before the Trip Failure Time (5 to 60 cycles) expires, or the
PCD2000 will proceed to lockout.

 The reclose element is programmed to lock out after 1 51P, 50P-1, 50P-2, 50P-3, 51N, 50N-
1, SON-2, 50N-3, 67P or 67N overcurrent trip.

o The 79V element is enabled, the bus voltage is below the voltage block setting, and the
block time delay has expired.

e A Reclose Block is activated from the HMI or via SCADA and an overcurrent trip occurs.

» In addition to a front panel target (LED) indication that the unit is in the Lockout State, a
programmable lockout alarm (79LOA) contact is available. The Lockout State is cleared
when the 52a and 52b contact inputs indicate that the unit has been manually closed and the
reset time has expired.

Figure 5-6. Recloser Sequence
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Table 5-30. 79 (O->I) Element Settings

79 (O->1) Setting

Description

Reclose Mode

For units ordered with the single-phase tripping and reclosing option, this
setting specifies the tripping mode (OPUP or OOAP). See Section 11. This
is a configuration setting.

79 Reset Time

Specification of the recloser reset time. The setting range is 3 to 200
seconds, increment 1 second.

79-1 Mode Select: 51P
79-1 Mode Select: 50P-1
79-1 Mode Select: 50P-2
79-1 Mode Select: 50P-3
79-1 Mode Select: 51N
79-1 Mode Select: 50N-1
79-1 Mode Select: 50N-2
79-1 Mode Select: 50N-3
79-1 Mode Select: 46
79-1 Mode Select: 67P
79-1 Mode Select: 67N

Specification of whether each enabled protection element remains enabled
is disabled, or can cause lockout during Stage 1 of the reclose sequence.
For units ordered with the single-phase tripping option, the choices are:
disable, enable with single-phase operation, enable with three-phase
operation, lockout with single-phase operation, lockout with three-phase
operation, or alarm (which has no effect on the reclose sequence, but
allows alarm logical outputs to operate).

79-1 Open Interval Time

Specification of the Stage 1 open interval time. The setting range is 0.1 to
200.0 seconds, increment 0.1 second.

79-2 Select

Specification of whether Stage 2 reclosing is enabled or disabled.

79-2 Mode Select: 51P
79-2 Mode Select: 50P-1
79-2 Mode Select: 50P-2
79-2 Mode Select: 50P-3
79-2 Mode Select: 51N
79-2 Mode Select: 50N-1
79-2 Mode Select: 50N-2
79-2 Mode Select: 50N-3
79-2 Mode Select: 46
79-2 Mode Select: 67P
79-2 Mode Select: 67N

Specification of whether each enabled protection element remains enabled
is disabled, or can cause lockout during Stage 2 of the reclose sequence.
For units ordered with the single-phase tripping option, the choices are:
disable, enable with single-phase operation, enable with three-phase
operation, lockout with single-phase operation, lockout with three-phase
operation, or alarm (which has no effect on the reclose sequence, but
allows alarm logical outputs to operate).

79-2 Open Interval Time

Specification of the Stage 2 open interval time. The setting range is 0.1 to
200.0 seconds, increment 0.1 second.

79-3 Select

Specification of whether Stage 3 reclosing is enabled or disabled.

79-3 Mode Select: 51P
79-3 Mode Select: 50P-1
79-3 Mode Select: 50P-2
79-3 Mode Select: 50P-3
79-3 Mode Select: 51N
79-3 Mode Select: 50N-1
79-3 Mode Select: 50N-2
79-3 Mode Select: 50N-3
79-3 Mode Select: 46
79-3 Mode Select: 67P
79-3 Mode Select: 67N

Specification of whether each enabled protection element remains enabled
is disabled, or can cause lockout during Stage 3 of the reclose sequence.
For units ordered with the single-phase tripping option, the choices are:
disable, enable with single-phase operation, enabie with three-phase
operation, lockout with single-phase operation, lockout with three-phase
operation, or alarm (which has no effect on the reclose sequence, but
allows alarm logical ouiputs to operate).

79-3 Open Interval Time

Specification of the Stage 3 open interval time. The setting range is 0.1 to
200.0 seconds, increment 0.1 second.

79-4 Select

Specification of whether Stage 4 reclosing is enabled or disabled.
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79 (0->1) Setting

Description

79-4 Mode Select: 51P
79-4 Mode Select: 50P-1
79-4 Mode Select: 50P-2
79-4 Mode Select: 50P-3
79-4 Mode Select: 51N
79-4 Mode Select: 50N-1
79-4 Mode Select: 50N-2
79-4 Mode Select: 50N-3
79-4 Mode Select: 46
79-4 Mode Select: 67P
79-4 Mode Select: 67N

Specification of whether each enabled protection element remains enabled
is disabled, or can cause lockout during Stage 4 of the reclose sequence.
For units ordered with the single-phase tripping option, the choices are:
disable, enable with single-phase operation, enable with three-phase
operation, lockout with single-phase operation, lockout with three-phase
operation, or alarm (which has no effect on the reclose sequence, but
allows alarm logical outputs to operate).

79-4 Open Interval Time

Specification of the Stage 4 open interval time. The setting range is 0.1 to
200.0 seconds, increment 0.1 second.

79-5 Select

Specification of whether Stage 5 reclosing is enabled or disabled.

79-5 Mode Select: 51P
79-5 Mode Select: 50P-1
79-5 Mode Select: 50P-2
79-5 Mode Select: 50P-3
79-5 Mode Select: 51N
79-5 Mode Select: 50N-1
79-5 Mode Select: 50N-2
79-5 Mode Select: 50N-3
79-5 Mode Select: 46
79-5 Mode Select: 67P
79-5 Mode Select: 67N

Specification of whether each enabled protection element remains enabled
is disabled, or can cause lockout during Stage 5 of the reclose sequence.
For units ordered with the single-phase tripping option, the choices are:
disable, enable with single-phase operation, enable with three-phase
operation, lockout with single-phase operation, lockout with three-phase
operation, or alarm (which has no effect on the reclose sequence, but
allows alarm logical ouiputs to operate).

79-5 Open Interval Time

Specification of the Stage 5 open interval time. The setting range is 0.1 to
200.0 seconds, increment 0.1 second.

79 Cutout Time

Specification of the recloser cutout time (see Section 5.21.1 below). The
setting range is 1 to 200 seconds, increment 1 second.

79v Select

Specification of whether the 79V element is enabled or disabled.

79 Pickup Voltage

Specification of the 79V element's pickup voltage. The setting range is10 to
200 volts AC, increment 1 volt.

79v Time Delay Specification of the 79V element's time delay voltage. The setting range is
4 10 200, increment 1. (See next setting concerning the units used.)
79v Timer Mode Specification of whether the 79V time delay is in second or minutes.
79 Cutout Time Element

The 79 Cutout Time (79-CO) element allows for the detection of low-level or intermittent faults
prior to the resetting of the reclose sequence. At the end of the selected cutout time period, all
overcurrent elements are re-enabled based on the 79-1 settings. For example, if the 79-3 reclose
sequence is set for ten seconds and the 79 Cutout Time is set for five seconds, the first five
seconds of the reclose sequence follow the overcurrent element settings for the 79-3 reclose
sequence. But the second five seconds (after the cutout time period) follow the 79-1 settings.
The 79-CO setting is programmable from 1 to 200 seconds. When enabled, the 79-CO setting
must be less than the 79 Reset Time.
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Figure 5-7. 79 Cutout Time
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5.21.2  T79S Single-Shot Reclosure

The programmable 798 input element initiates a single-shot reclosure when the 52a and 52b
contact inputs indicate that the breaker has been externally tripped. The close signal is initiated
after the 79-1 open interval time expires. If the breaker remains closed for the Reset Time

setting, the reclose sequence resets. If the breaker reopens within the Reset Time setting, no other
reclosures are issued.

The front panel Reclose Block Control blocks this element, the 43a logical input and the SCADA
reclose block point.

For PCD2000 units ordered with the single-phase option, when Single Phase Reclosing is enabled
the Single Reclose Initiate function will not be available.

5213  79M Multishot Reclosure

Based on an external device tripping the unit, the programmable 79M input element steps through
the entire reclose sequence. When the 79M input is enabled, the multishot reclose sequence is
initiated or continued when the 52a and 52b contact inputs indicate that the unit has been tripped
by an external device.

The front panel Reclose Block Control blocks this element, the 43a logical input and the SCADA
reclose block point.

For PCD2000 units ordered with the single-phase option, when Single Phase Reclosing is enabled
the Multishot Reclose Initiate function will not be available.

5.21.4  Changing from Single-Phase to Three-Phase Operation

When the global mode control is changed from single-phase to three-phase and the breaker status
is not consistent with a normal three-phase operation, the system will not be ready for normal
three-phase operation. Certain events must occur to obtain pole consistency as detailed in the
table below.
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Breaker state when going into the three-
phase mode.

Actions required acquiring pole consistency
and readiness for normal operation.

All poles open and/or locked out.

None.

All poles closed.

None.

One or two poles open.

Manual or remote open operation.
Manual or remote close operation.

Fault and subsequent trip on closed pole(s).

One or two poles open & locked out.

Manual or remote open operation.
Manual or remote close operation.

Fault and subsequent trip on closed pole(s).

If a fault occurs when the poles are inconsistent all closed poles will be opened and driven to
lockout. The trip criteria will be based on the 79-1 settings.
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5.22 Breaker Failure Element

A Breaker Failure Alarm will occur if a PCD2000 sends a TRIP signal and one or more of the
following occur:

* The fault current fails to drop below at least 5 percent of the lowest pickup setting.
* The unit’s 52a and/or 52b contacts do not indicate that the recloser/breaker opened.

* The unit enters a special failure mode when a Recloser Control Module (DIO Type 2) is
installed.

The drop in the fault current and the opening of the unit must occur before the Trip Failure Time
expires or the Breaker Failure Alarm will activate. The status light for the unit will blink
alternating red and green at this time.

During the Breaker Failure Alarm, the PCD2000 continues to send a TRIP signal until the unit
opens, either through SCADA or manual tripping. When the unit is tripped, the PCD2000 goes
into lockout and the Breaker Failure Alarm is removed.

The BFT and ReTrip logical outputs share the same logic and both require a Breaker Fail Initiate
(BFI) input and a “starter “input. The starter input can be from an internal PCD2000 phase and
ground level detector, 52a contact or a combination of both.

The BFT and Retrip logical outputs must be mapped to physical outputs and the BFI and starter
inputs must be mapped to physical inputs for operation.

Figure 5-8. Breaker Fail Logic
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5.22.1

Table 5-31. Breaker Failure Settings

Setting Description

Trip Failure Time Specification of the time allowed after a trip output for the recloser to report
that it has tripped (via the 52a and 52b contacts). This is a configuration
setting with a range of 5 to 60 cycles with an increment of 1. The default is
18 cycles.

Close Failure Time Specification of the time allowed after a reclose command output for the
recloser to report that it has closed (via the 52a and 52b contacts). This is
a configuration setting with a range of 5 to 60 cycles with an increment of 1.
The default is 18 cycles.

Breaker Fail Mode Choice of what the PCD2000 should attempt to do if a breaker failure is
detected. It can either try fo force all poles open, or it can try to force all
poles to the original state.

Breaker Failure Modes of Operation (DIO Type 2 - Recloser Control Module only)

In PCD2000 units using a Recloser Control Module (DIO Type 2) to drive a VR-3S magnetic
actuator, the breaker fail logic must account for the recloser's unique method of operation. The
recloser is actually three independent single pole units that are driven in unison but operate
independently. If one of the poles were to fail, there would be pole inconsistency. Also, the trip
and close circuits are driven by short term current pulses to cause linear motion, not a continuous
current flow as with a conventional breaker. Therefore, the trip circuit cannot “stand” on the trip,
the trip output must be re-pulsed periodically to continue an attempt to open/close a
malfunctioning pole.

There are two modes of breaker failure which can be programmed within the configuration
settings group; they are the “Open” and “Original” selections. (Note: These will only show up in
the configuration menu when a Recloser Control Module is installed.)

The Open Mode will atiempt to drive a malfunctioning pole to the open state. This is normally
used as the recloser open position is considered the “safe” state when failures occur.

A detail of the Open Mode of operation is given below for clarification:
Starting from the closed state:

1. Trip is issued: trip pulses applied to all three phases.

2. Breaker fail to trip timer is started.

3. If all three poles of the breaker clear before the breaker fail to trip timer expires, the
PCD2000 shall go to the open state. This is normal operation.

4. If any pole remains closed after expiration of the fail to trip timer, a trip pulse is re-applied
after a one-second interval and the fail to trip timer is restarted. The breaker fail alarm will
be asserted and a failure logged.

5. This re-trip operation shall occur up to two times, after which the PCD2000 will give up and
remain in the Failure State.

Starting from the open state:
1. Close pulses are issued on all three poles (ARC, external, manual).
2. Breaker fail to close timer is started.

3. If all poles close before the close timer expires, the PCD2000 shall go to the closed state.
This is normal operation.

4. If any pole(s) remain open once the fail timer expires, a close pulse will be re-applied after
one-second interval and the fail timer restarted.
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5. This reclose operation shall occur up to two times. If any pole(s) remain open at this point

an attempt to drive all the poles open shall be made. The breaker fail alarm shall pickup and
a fail operation logged.

6. This operation, in itself, will make up to three attempts to open after which further
operations will be halted and breaker failure shall be logged.

7. If one of the attempts is successful the breaker fail alarm will expire.

The Original Mode will attempt to drive a malfunctioning pole back to its original state before
the current sequence of events started. In particular, if a failure occurs while trying to trip, but is
not successful after several retries, the PCD2000 will attempt to close the recloser (the original

state). This is useful if you want an upstream recloser to take the system offline due to the
failure.

A detail of the Original Mode of operation is given below for clarification:
Starting from the closed state:

1. Trip is issued: trip pulses applied to all three phases.

2. Breaker fail to trip timer is started.

3. If all three poles of the breaker clear before the breaker fail to trip timer expires, the
PCD2000 shall go to the open state. This is normal operation.

4. If any pole remains closed the after expiration of the fail to trip timer, a trip pulse is re-
applied after a one second interval and the fail to trip timer is restarted.

5. This re-trip operation shall occur up to two times. If any pole(s) remain closed then at this
point an attempt to drive all the poles closed shall be made. The breaker fail alarm shall
pickup and an operation logged.

6. This operation, in itself, will make up to three attempts to close after which further
operations will be halted. Upon every attempt to close an operation will be logged
indicating close attempt.

7. If one of the attempts is successful the breaker fail alarm will expire.

Starting from the open state:
1. Close pulses are issued on all three poles (automatic reclose, external or manual).
2. Breaker fail to close timer is started.

3. If all poles close before the close timer expires, the PCD2000 shall go to the closed state.
This is normal operation.

4. If any pole(s) remain open once the fail timer expires, a close pulse will be re-applied after
one-second interval and the fail timer restarted.

5. This re-close operation shall occur up to two times. If any pole(s) remain open at this point
an attempt to drive all the poles open shall be made. The breaker fail alarm shall pickup and
a fail operation logged.

6. This operation, in itself, will make up to three attempts to open after which further
operations will be halted and breaker failure shall be logged.

7. If one of the attempts is successful the breaker fail alarm will expire.
If a failure drives the recloser to the closed or indeterminate state all protection will be disabled.

Protection will be re-enabled if the breaker status changes to the open state (all poles), or the front
panel Trip/Close buttons are actuated.
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.23 Counter and Alarm-Threshold Settings

The PCD2000 can issue alarms when internal event-counters reach a particular value, or when
monitored system-information values reach a particular threshold. These alarms conirol logical
outputs that can be programmed to control physical outputs, and so communicate with external

devices.

Table 5-32. Alarm Settings

HMI Abbreviation | WinPCD Name and Description

KSI Sum KSI Summation Alarm Threshold
If and when any KSI Sum Counter reaches this setting value, the KSI logical output
will go HIGH. Can be set to “Disable” (default) or to a value in the range 1 to 9999
kA, with an increment of 1.

OC Trip Overcurrent Trip Counter Alarm

If and when any Overcurrent Trip Counter reaches this setting value, the OCTC
logical output will go HIGH. Can be set to “Disable” (default) or to a value in the
range 1 to 9999, with an increment of 1.

79 Counter 1

Reclosure Counter Alarm 1

If and when any Recloser Counter 1 counter reaches this setting value, the 79CA1
logical output will go HIGH. Can be set to “Disable” (default) or 1o a value in the
range 1 to 9999, with an increment of 1.

79 Counter 2

Reclosure Counter Alarm 2

If and when any Recloser Counter 2 counter reaches this setting value, the 79CA2
logical output will go HIGH. Can be set to “Disable” (default) or to a value in the
range 1 to 9999, with an increment of 1.

Phase Demand

Phase Demand Alarm

If the Phase Current Demand of any phase goes above this setting value for 60
seconds, the PDA logical output will go HIGH. Can be set to “Disable” (default) or to
a value in the range 1 to 9999 A, with an increment of 1.

Neutral Dmnd

Neutral Demand Alarm

If the Neutral Current Demand goes above this setting value for 60 seconds, the
NDA logical output will go HIGH. Can be set to “Disable” (default) or to a value in
the range 1 to 9999 A, with an increment of 1.

Dmnd 3P-kVAR

3 Phase kVAR Alarm

If the 3-Phase kVAR Demand goes above this setting value for 60 seconds, the
VarDA logical output will go HIGH. Can be set to “Disable” (default) or to a value in
the range 0 to 99,990 kVar, with an increment of 10.

Low PF Low PF Alarm
If the Power Factor drops below this setting value for 60 seconds, the LPFA logical
output will go HIGH. Can be set to “Disable” (default) or to a value in the range 0.5
to 1.0 (lagging), with an increment of 0.01.

High PF High PF Alarm

If the Power Factor goes above this setting value for 60 seconds, the HPFA logical
output will go HIGH. Can be set to “Disable” (default) or to a value in the range 0.5
to 1.0 (lagging), with an increment of 0.01.

Load Current

Load Current Alarm

If the Load Current of any phase goes above this setting value for 60 seconds, the_
LOADA logical output will go HIGH. Can be set to “Disable” (default) or io a value in
the range 1 to 9999 A, with an increment of 1.
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HMI Abbreviation | WinPCD Name and Description
Pos kVAR Positive kVAR Alarm

If the Positive 3-Phase kVAR Demand goes above this setting value for 60 seconds,
the PVarA logical output will go HIGH. Can be set to “Disable” (default) or to a value
in the range 0 to 99,990 kVar, with an increment of 10.

Neg kVAR Negative kVAR Alarm

If the Negative 3-Phase kVAR Demand goes above this setting value for 60
seconds, the NVarA logical output will go HIGH. Can be set to “Disable” (default) or
to a value in the range 0 to 99,990 kVar, with an increment of 10.

Pos kWatts 1 Pos Watt Alarm 1

If the Positive kWatts level goes above this setting value for 60 seconds, the PWatt1
logical output will go HIGH. Can be set to “Disable” (default) or to a value in the
range 0 to 9999 kWatts, with an increment of 1.

Pos kWatts 2 Pos Watt Alarm 2

If the Positive kWatts level goes above this setting value for 60 seconds, the PWatt2
logical output will go HIGH. Can be set to “Disable” (default) or io a value in the
range O to 9999 kWatts, with an increment of 1.

Table 5-33. Initial Values of Counters Settings
HMI Abbreviation | WinPCD Name and Description

KSI SumA KSI Sum A Counter
KSI SumB KSI Sum B Counter
KSI SumC KSI Sum C Counter

Each setting value will be the initial value of the corresponding counter after a reset
of the counters. Setiing range is 0 (default) to 9999 kA with an increment of 1.

OC Trip Over Current Trip Counter

OC Trip A Overcurrent Trip A Counter
OC Trip B Overcurrent Trip B Counter
OC TripC Overcurrent Trip C Counter
OC Trip N Overcurrent Trip N Counter

Each setting value will be the initial value of the corresponding counter after a reset
of the counters. Setting range is 0 (default) to 9999 with an increment of 1.

Bkr Oper Breaker Operations Counter

Bkr Oper A Phase A Pole Operations Counter
Bkr Oper B Phase B Pole Operations Counter
Bkr Oper C Phase C Pole Operations Counter

Each setting value will be the initial value of the corresponding counter after a reset
of the counters. Setting range is 0 (default) to 9999 with an increment of 1.

79 Cntr 1 Reclose Counter 1

79Cntr1 A Phase A Recloser Counter 1
79Cnir1B Phase B Recloser Counter 1
79Cntr1C Phase C Recloser Counter 1

Each setting value will be the initial value of the corresponding counter after a reset
of the counters. Setting range is 0 (default) to 9999 with an increment of 1.

79 Cntr 2 Reclose Counter 2

79Cntr2 A Phase A Recloser Counter 2
79Cnir2B Phase B Recloser Counter 2
79Cntr2C Phase C Recloser Counter 2

Each setting value will be the initial value of the corresponding counter after a reset
of the counters. Setting range is 0 (default) to 9999 with an increment of 1.

PCD2000 1B38-737-3 Page 5-43

NOILO310Hd S



5 PROTECTION

5 Protection

ABB PCD2000

HMI Abbreviation | WinPCD Name and Description

1st Recl 1st Reclose Counter

1st Recl A Phase A Stage 1 Reclose Counter

1st Recl B Phase B Stage 1 Reclose Counter

1st Recl C Phase C Stage 1 Reclose Counter
Each setting value will be the initial value of the corresponding counter after a reset
of the counters. Setting range is 0 (default) to 9999 with an increment of 1.

2nd Recl 2nd Reclose Counter

2nd Recl A Phase A Stage 2 Reclose Counter

2nd Recl B Phase B Stage 2 Reclose Counter

2nd Recl C Phase C Stage 2 Reclose Counter
Each setting value will be the initial value of the corresponding counter after a reset
of the counters. Setting range is 0 (default) to 9999 with an increment of 1.

3rd Recl 3rd Reclose Counter

3rd Recl A Phase A Stage 3 Reclose Counter

3rd Recl B Phase B Stage 3 Reclose Counter

3rd Recl C Phase C Stage 3 Reclose Counter
Each setting value will be the initial value of the corresponding counter after a reset
of the counters. Setting range is 0 (default) to 9999 with an increment of 1.

4th Recl 4th Reclose Counter

4th Recl A Phase A Stage 4 Reclose Counter

4th Recl B Phase B Stage 4 Reclose Counter

4th Recl C Phase C Stage 4 Reclose Counter
Each setting value will be the initial value of the corresponding counter after a reset
of the counters. Setting range is 0 (default) to 9999 with an increment of 1.

9.24 Time Overcurrent Curves

The PCD2000 is equipped with a comprehensive selection of time overcurrent curves. Standard
ANSUVIEEE curves, IEC curves, and Recloser curves are available. A Configuration setting
determines whether elements set to use ANSI/IEEE curves reset instantaneously, or according to
the corresponding reset curve. In addition, the PCD2000 can store up to three user-defined
curves (see page 5-80)

Table 5-34. Curve Settings that Apply to All Time Overcurrent Elements

HMI Abbreviation

WinPCD Name and Description

Curve Set

Curve Set

Choice of whether the curve-choice setting for the time-overcurrent elements will be
from a list of ANSI, IEC, or recloser curves. (User-defined curves are available for
any Curve Set setting). This is a Configuration Setting, and so affects all three
settings sets (Primary, Alternate 1, and Alternate2.

Reset Mode

Reset Mode

Choice of whether to have time-overcurrent elements reset instantaneously when
they drop out, or reset in a delayed manner that simulates the behavior of an
electromechanical protection element. This choice only applies when the time-
overcurrent curve is an ANSI curve (IEC and Recloser curves always reset
instantaneously). This is a Configuration Setting, and so affects all three settings
sets (Primary, Altemate 1, and Aliemate2).
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5.24.1  ANSI Curves

The ANSI curves are defined by the following equations and table of coefficients. These curves
are plotted beginning on page 5-47.

Trip Time = _A 1+B x(———Mr;SJ

MP —
, D 14n-5
Reset Time = X
|1 -EM | 9
Table 5-35. ANSI Curves
ANSI Curve Value of Constants See
A B C P D E Page

Extremely Inverse 6.407 0.025 1 2.0 3 0.998 5-47
Very Inverse 2.855 0.0712 | 1 2.0 1.346 0.998 5-48
Inverse 0.0086 0.0185 | 1 0.02 0.46 0.998 5-49
Short Time Inverse * 0.00172 0.0037 | 1 0.02 0.092 0.998 5-50
Short Time Extremely Inverse 2 1.281 0.005 1 2.0 0.6 0.998 5-51
Definite Time - - - - - - 5-52
Long Time Extremely Inverse ® 64.07 0.250 1 2.0 30 0.998 5-53
Long Time Very Inverse * 28.55 0.712 1 2.0 13.46 0.998 5-54
Long Time Inverse ® 0.086 0.185 1 0.02 4.6 0.998 5-55
Recloser Curve #8 4.211 0.013 035 | 1.8 3.29 1.5 5-56
Standard Instantaneous - - - - - - 5-57
Inverse Instantaneous - - - - - - 5-58

! Time delay of Short Time Inverse curve is 1/5 that of the Inverse curve.

2 Time delay of Short Time Extremely Inverse curve is 1/5 that of the Extremely Inverse curve.

® Time delay of Long Time Extremely Inverse curve is 10 times that of the Extremely Inverse curve.

* Time delay of Long Time Very Inverse curve is 10 times that of the Very Inverse curve.

® Time delay of Long Time Inverse curve is 10 times that of the Inverse curve.
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5242 IEC Curves
The IEC curves are defined by the following equation and table of coefficients. The reset time of
all IEC curves is instantaneous. These curves are plotted beginning on page 5-59.
Trip Time= = —1 | x(Time Dial)
(GIGb)
Table 5-36. |IEC Curves
IEC Curve Value of Constants See
K 2 Page
Extremely Inverse 80.0 2.0 5-59
Very Inverse 135 1.0 5-60
Inverse 0.14 0.02 5-61
Long Time Inverse 120.0 1.0 5-62
Definite Time - - 5-63
5.243  Recloser Curves

The recloser curves are defined by the following equation and table of coefficients. The reset
time of all recloser curves is instantaneous. These curves are plotted beginning on page 5-64.

Trip Time = (——FA—+ B) X time dial
M -C

Table 5-37. Recloser Curves

Recloser Curve A V;Iue of Constar;;ts o Psae;e
A (101) 0.208242 -0.00237 -1.13281 2.30657 5-64
B (117) 4.22886 0.008933 0.319885 1.7822 5-65
C (133) 8.76047 0.029977 0.380004 1.80788 5-66
D (116) 5.23168 0.000462 0.17205 2.17125 5-67
E (132) 10.7656 0.004284 0.249969 2.18261 5-68
K (162) 11.9847 -0.000324 0.688477 2.01174 5-69
N (104) 0.285625 -0.071079 0.464202 0.911551 5-70
R (105) 0.001015 -0.13381 0.998848 0.00227 5-71

W (138) 15.4628 0.056438 0.345703 1.6209 5-72
2 (135) 11.4161 0.488986 0.239257 1.84911 5-73
3 (140) 13.5457 0.992904 0.379882 1.76391 5-74
8 (113) 1.68546 0.158114 0.436523 1.78873 5-75
8" 1.42302 -0.007846 0.442626 1.42529 5-76
8+ (111) 1.42732 -0.003704 0.366699 1.70112 5-77
9 (131) 2.75978 5.10647 0.614258 1.0353 5-78
11 (141) 21.6149 10.6768 -0.67185 2.69489 5-79
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Figure 5-9. ANSI Extremely Inverse Curve
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Figure 5-10. ANSI Very Inverse Curve
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Figure 5-11. ANSI Inverse Curve
300 ; 24000

20 F .Y - 12000
PCD2000
ANSI Inverse
100 6000
70 4200
50 3000

i

\\ 1200
10 600

[LLEAVANA N
\\ \\\\ \\\ \\
7 N 420
N NN
N\ N
@ 5 NN 30
g 4 \ \\\\ \\\\\ - uw 3
(67 N -a-
3 AN R I ;
3 < ~J 180 @
@ \ ™~ ™ ~— o
£, AN ~L — - 120 £
\.\ \ \\\-\ ﬂ—10—._\
\ ™S~ i \““FB
! \ AN s —~ = )
\ ) ™ P06 e
0.7 \\ N - 42
AN B —
0.5 \\ S~ i . =4 — 30
0.4 \ . s
03 AN =S 18
N I - 15
\\ “'n=2~.\_
0.2 ™~ 12
\ L 50
0.1 = g
0.07 - 4
0.05 3
0.04 )
0.03 .
0.02 ' . 300 400
07 1 2 3 4 5 7 1 20 30 40 50 70 100 200

Current in Multiples of Pickup Setting

PCD2000 IB38-737-3 Page 5-49

NOILO3LOHd S



5 PROTECTION

5 Protection

ABB PCD2000
Figure 5-12. ANSI Short Time Inverse Curve
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Figure 5-13. ANSI Short Time Extremely Inverse Curve
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Figure 5-14. ANSI Definite Time Curve
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Figure 5-15. ANSI Long Time Exiremely Inverse Curve
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Figure 5-16. ANSI Long Time Very Inverse Curve
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Figure 5-17. ANSI Long Time Inverse Curve
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Figure 5-18. ANSI Recloser Curve #3
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Figure 5-19. ANSI Standard Instantaneous Curve
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Figure 5-20. ANSI Inverse Instantaneous Curve
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Figure 5-21. IEC Extremely Inverse Curve
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Figure 5-22. IEC Very Inverse Curve
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Figure 5-23. IEC Inverse Curve
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Figure 5-24. IEC Long Time Inverse Curve
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Figure 5-25. IEC Definite Time Curve
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Figure 5-26. Recloser Curve A (101)
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Figure 5-27. Recloser Curve B (117)
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Figure 5-28. Recloser Curve C (133)
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Figure 5-29. Recloser Curve D (116)
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Figure 5-30. Recloser Curve E (132)
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Figure 5-31. Recloser Curve K (162)
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Figure 5-32. Recloser Curve N (104)
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Figure 5-33. Recloser Curve R (105)
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Figure 5-34. Recloser Curve W (138)

300 . .
' ¥
0 SR
PCD2000
. Recloser Curve W (138)
70
50 1=
i
30-J|:=1;3\\ % lf..:?
i AN §é
n=0.7 = £
10104 \\ NN 600 500
AL AR
SN
o 51 AN 300 250
IANRANY e
3 \\\§‘ \\\\\\\ o 1
2 mn \\
E 2 \ \k \\\\s 120 100
\\\\ \\i\
. NARRAANNN 60 50
TN ANEL S Y
\\ \\ \\\ - \\\ .
07 N\ \\ R NN \\\ 2 %
05 AV N N 0 25
NN o
3 \ \\\\\\ \\\\\ -
15
\ \ \\ \\ \ \ \ 12 :z
02 NN NN
\ \\ \ \s\\\\\ ;_0?7;
\ \ ™~ T is:s
01 \\ \\ N \\\ \\\ Bacs o g
AN D N N N N N D = 547
W EEANE NN N AN I N —4,
007 NN ~C N -4
0.05 AN MNANE- . 3 25
003 \ NN :\\ 2 15
\ \ \\ T — 15
0.02 AN T~
07 1 2 3 4 5 1 10 20 30 40 5 70 100 200 300 400

Current in Multiples of Pickup Setting

Page 5-72 PCD2000 I1B38-737-3



ABB PCD2000 5 Protection

Figure 5-35. Recloser Curve 2 (135)
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Figure 5-36. Recloser Curve 3 (140)
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Figure 5-37. Recloser Curve 8 (113)
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Figure 5-38. Recloser Curve 8*
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Figure 5-39. Recloser Curve 8+ (111)
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Figure 5-40. Recloser Curve 9 (131)
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Figure 5-41. Recloser Curve 11 (141)
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5.25 User-Defined Time Overcurrent Curves

An external PC-based program, CurveGen, can be used to create custom time-overcurrent curves
for the PCD2000. With CurveGen you can program time-overcurrent curves other than the ones
provided in the PCD2000.

The standard curve entered into the PCD2000 has the following form:

Trip Time = (TA-+ B) X (M)
M -C 9

where Mis the current in multiples of the pickup value; A, B, C, and P are coefficients to be
defined by the user; and n is the time dial setting for a particular protection element that is using
the curve..

To define the curve, you must define the coefficients in this equation. There are two ways to do
this:
1. Enter the coefficients by hand: With the CurveGen program you can define all four
coefficients by hand. This is designed for user who do not want curves based on already

established functions, but instead are ready to define curves through mathematical
manipulation.

2. Determine the coefficients via curve fitting: Define a series of time versus current points and
fit them to the standard equation listed above.

For the second method, you use the CurveGen program to enter the series of time versus current
points from an already defined curve. CurveGen then fits the four coefficients to these points.
There are two ways to enter these points into the CurveGen program:

1. Enter all sampled points by hand.
2. File entry: CurveGen can also read files with points defined in them.

The ability to remove, sort, plot, edit and view points gives you total power over the curve to be
generated.

Once all the points are entered, CurveGen fits a curve using the standard equation. After A, p, C
and B have been determined, you can plot the curve against the points given as well as determine
the overall error of the curve versus the plotted points.

After all four coefficients have been determined, you can generate a linear approximation of the
curve. A maximum error criteria must be satisfied before CurveGen can determine the
coefficients needed for the PCD2000. Errors and warnings indicate whether or not the error
criteria can be met or if the number of entries in the curve table is above the maximum value
allowed.

When the curve tables have been defined by CurveGen, download them into the PCD2000. When
you want to use a user defined curve, select “Transmit Programmable Curve Data” from the
Programmable Curves Menu in WinPCD.
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5.251  Using CurveGen

Click on the CurveGen 1.0 icon to run the CurveGen application.
From the Curve Data Worksheet the user has two options for entering the curve coefficients:
1. Manually enter the coefficients

2. Enter time/current points on the curve and let CurveGen calculate the coefficients

5.25.1.1  Manually Entering Coefficients

1. If desired, the user may enter a description in the Description field.
2. Under Standard, select ANSI or [EC.

3. Under Data Entry Method select Manually Enter Coefficients.

4. The user can now enter the known coefficients A, B, C and p.

5. Under Curve Series, select Default. Time Dial 1 through 10 will appear on the screen for ANSI
or 0.05 to 1 for IEC. Any combination of valid time dials can be used.

6. Select Apply. CurveGen will display the graph. Under the Graph menu at the top of the screen
the graph format can be changed and the graph can be printed for a clearer view.

7. If you are satisfied with the results, select Save As under File and type in a filename with a .crv
extension. This file will be used for transmitting to the PCD2000.

8. The user also has the ability to save the worksheet. Select Save Worksheet As under File and
type in a filename with a .wrk extension.

5.25.1.2 Compute Coefficients
1. If desired, the user may enter a description in the Description field.
2. Under Standard, select ANSI or IEC.
3. Under Data Entry Method select Compute Coefficients.
4. Choose the Compute Coefficients tab.
5. Using the mouse, place the cursor in Row 1, Column 1 (Current M).
6. Type in the multiple of tap current, M, and press the TAB key. Type in the corresponding time.

7. Press the TAB key again to enter a second point. Continue until a minimum of 5 data points are
entered or 100 max. Please note that for ANSI or IEC type curves, the points you enter are
equivalent to a time dial of 1.

8. After all points have been entered click on Solve. The computed coefficients will appear on the
screen. To see these points on a graph, click on the [Apply] button.

9. Choose the Relay Data tab and notice that the coefficients previously calculated appear under
Coefficients. Under Curve Series, select default. Time dial 1 through 10 should appear on the
screen for ANSI and 0.05 to 1 for [EC. Any combination of valid time dials can be used.

10.Select Apply. CurveGen will display the graph. Under the Graph menu at the top of the screen
the graph format can be changed and the graph can be printed for a clearer view.

11.If you are satisfied with the results, select Save As under File and type in a filename with a
_crv extension. This file will be used for transmitting to the PCD2000.

12.The user also has the ability to save the worksheet. Select Save Worksheet As under File and
type in a filename with a .wrk extension.
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6  Programming Inputs and Outputs

Using WinPCD, you can individually program the input contacts and output contacts to perform a
variety of protection and control elements with the PCD2000.

6.1  Binary (Contact) Inputs

Binary inputs are either programmable single-ended or programmable double-ended. Single-
ended inputs have one terminal connection marked (+) and share a common terminal marked (-).
Double-ended inputs have two terminal connections, marked “+” and “~”. The recognition time
for the change in state of input is two (2) cycles.

Programmable contact inputs with factory default settings include the following:
¢ 52A Breaker Position: Breaker Closed (input closed)/Breaker Open (input open)
¢ 52B Breaker Position: Breaker Open (input closed)/Breaker Closed (input open)
* 43A Reclose Element: Enabled (input closed)/Disabled (input opened)

Up to 16 user-programmable contact inputs are available. The inputs are programmed via the
WinPCD Program. Some logical inputs default to “HIGH” (activated) if they have not been
mapped to a physical input, specifically: GRD, PH3, 46, 50-1, 50-2, 50-3, 67P, 67N, TCM, ZSC
and SEF*.

The remaining logic inputs must be assigned to physical inputs for those functions to become
operational (Enabled). The user-programmable inputs monitor, initiate, or actuate the logic
functions shown in Table 6-1. The programmable inputs in the table are arranged in alphabetical
order.

Use WinPCD and follow these steps to program the binary (contact) inputs:

1. From the WinPCD Main Menu, select “Change Settings.”

2. From the Change Settings menu, select “Programmable Inputs.”

3. The Programmable Input Map screen will appear (see Figure 6-1).

4. To change the listing of logical inputs:
a. Use the arrow keys to highlight the logical input (leftmost column).
b. Press the spacebar to display a list of possible logical inputs.
c. Scroll through the list until the logical input you want is highlighted.

d. Presses ENTER to change the contact or press ESC to close the list window without
changing the current logical input.

5. To change the logic of a logical input:
a. Use the arrow keys to highlight the logic value of a logical input.
b. Press the spacebar to display a window with logic AND and OR.
c. Highlight AND or OR.

d. Presses ENTER to change the logic or press ESC to close the logic window without any
changes.
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Figure 6-1. Programmable Inputs Screen
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6. To change the conditions of a logical input:

a. Use the arrow keys to highlight the area across from the contact name and underneath the
physical input you want.

b. Press the spacebar to display a window with a blank, a “C,” and an “O” (de-assigned,
closed and open).

c. Highlight the condition you want.

d. Presses ENTER to change the condition or press ESC to close the status window without
any changes.

7. To assign a name to an input:
a. Press F1.
b. Use the right arrow key to highlight the input you want to change and press the spacebar.

c. A window appears prompting you to enter the new name. Type in the new name (up to 8
characters).

d. Presses ENTER to change the name or press ESC to close the input window without any
changes.

8. Save your changes.
a. Press ESC.

b. At the window prompting you to save, highlight the option you want by using the arrow
keys and press ENTER.

The label "C" is used when a dry contact is closed or a wet contact has voltage present enabling
the desired function. The label "O" is used when a dry contact is opened or a wet contact has
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voltage removed enabling the desired function. Place the appropriate label "C" or "O" in the
column under the desired contact input line. For example, based on the factory default settings of
the PCD2000, control power must be applied to Input 1 (IN1) to Enable input logic contact 52A.

Table 6-1. Logical Input Functions

Logical Input | Description

Entry Not Used

43A Reclose Function-Enabled/Disabled
Supervises the PCD2000 reclosing function. When the 43A input is HIGH, the PCD2000 recloser is
Enabled. When 43A is LOW, the recloser is Disabled. If the recloser is Disabled, a red “Recloser Out”
target will illuminate on the front of the PCD2000. 43A defaults to HIGH (Enabled) when not programmed
to a physical input or feedback term

46 Enables 46 Function
Enables the 46 Negative Sequence time overcurrent element. Use to supervise (torque control) the
negative sequence time overcurrent element. When the 46 input is HIGH, negative sequence time
overcurrent protection is Enabled. 46 defaults to HIGH (Enabled) if not assigned to a physical input or
feedback term.

50-1 Instantaneous 50P-1 & 50N-1
Enables the 50P-1 and 50N-1 elements. Use to supervise (torque control) phase and ground
instantaneous overcurrent protection level 1. When the 50-1 input is HIGH, phase and ground
instantaneous overcurrent protection level 1 is Enabled. 50-1 defaults to HIGH (Enabled) if not assigned
to a physical input or feedback term.

50-2 Instantaneous 50P-2 & 50N-2
Enables 50P-2 & 50N-2. Use to supervise (torque control) phase and ground instantaneous overcurrent
protection level 2. When the 50-2 input is a logical 1, phase and ground instantaneous overcurrent
protection level 2 is Enabled. 50-2 defaults to a logical 1 (Enabled) if not assigned to a physical input or
feedback term.

50-3 Instantaneous 50P-3 & 50N-3
Enables 50P-3 & 50N-3. Use to supervise ({torque control) phase and ground instantaneous overcurrent
protection level 3. When the 50-3 input is a logical 1, phase and ground instantaneous overcurrent
protection level 3 is Enabled. 50-3 defaults to a logical 1 (Enabled) if not assigned to a physical input or
feedback term.

52A Breaker Position-Closed/Opened
Assign this input to the physical input that is connected to the recloser 52A auxiliary contact. The
PCD2000 requires this input along with the 52B logical input to determine recloser states for initiation of
recloser close, trip failure, and close failure logical outputs. When 52A are a logical 1 and 52B is a logical
0, the PCD2000 logic assumes a closed recloser. When 52A are a logical 0 and 52B is a logical 1; the
PCD2000 logic assumes an open recloser. If the 52A and 52B are at equal logic states, the PCD2000 will
determine a “CB Status Unknown” state as displayed on the front panel HMI LCD display. 52A defaults to
a logical 0 when not assigned to a physical input.

52aA Phase A 52a

52aB Phase B 52a

52aC Phase C 52a
Assign this input to the physical input that is connected to the tecloser 52a auxiliary contact for the
corresponding pole. (Exists only on units ordered with the single-phase tripping option.)

52B Breaker Position-Opened/Closed
Assign this input to the physical input that is connected to the recloser 52B auxiliary contact. The ‘
PCD2000 requires this input along with the 52A logical input to determine recloser states for initiation of
recloser close, trip failure, and close failure logical outputs. See 52A for valid recloser operating states.
52B defaults to a logical 0 when not assigned to a physical input.
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Logical Input | Description

52bA Phase A 52b

52bB Phase B 52b

52bC Phase C 52b
Assign this input to the physical input that is connected to the recloser 52b auxiliary contact for the
corresponding pole. (Exists only on units ordered with the single-phase tripping option.)

67N Enables 67N Function
Enables the 67N Negative Sequence Directionally Controlled ground time overcurrent function. Use to
supervise (torque control) the 67N time overcurrent element. When the 67N input is a logical 1, the 67N
time overcurrent protection is Enabled. 67N defaulis to a logical 1 (Enabled) if not assigned to a physical
input or feedback term.

67P Enables 67P Function
Enables the 67P Positive Sequence Directionally Controlied phase time overcurrent function. Use to
supervise (torque control) the 67P time overcurrent element. When the 67P input is a logical 1, the 67P
time overcurrent protection is Enabled. 67P defaults o a logical 1 (Enabled) if not assigned to a physical
input or feedback term.

79M Multi-Shot Reclosing
Enables a multi shot of reclosing when the PCD2000 determines that an external device has opened the
recloser. When 79M is a logical 1, multi shot reclosing is Enabled. 79M defaults to logical 0 (Disabled)
when not assigned to a physical input or feedback term. See Section 1 under “Reclosing” for more details.

79S Single Shot Reclosing
Enables a single shot of reclosing when the PCD2000 determines that an external device has opened the
recloser. When 79S is a logical 1, single shot reclosing is Enabled. 79S default is logical 0 (Disabled)
when not assigned to a physical input or feedback term. See Section 1 under “Reclosing” for more details.

ALT1 Enables Alternate 1 Seitings
When ALT1 is a logical 1 the Alternate 1 settings are placed into service if Alternate 1 Setting is set to
“Enable” in configuration settings. ALT1 defaults to a logical 0 (Altemate 1 settings not active) if not
assigned to a physical input or feedback term.

ALT2 Enables Alternate 2 Settings
When ALT2 is a logical 1 the Alternate 2 setiings are placed into service if Alternate 2 Setting is set to
“Enable” in configuration settings. ALT2 defaults to a logical 0 (Aliemate 2 settings not active) if not
assigned to a physical input or feedback term.

ARCI Timed Reclose Block
Automatic Reclose Inhibit. This logical input stops the recloser open timer for the time in whichitis a
logical 1. When ARCI is returned to a logical 0 the open timer will continue where it was stopped. ARCI
does not affect the recloser-reset timer. ARCI defaults to logical 0 (Disabled) when not connected to a
physical input or feedback term.

BFI Breaker Fail Initiate
Assign this input to a physical input or feedback term for initiation of the Breaker Failure Trip logic. See
Section 1 under “Breaker Failure Logic”. It is typically connected to an external protective device with a
BFI output contact. BFI defaults to a logical 0 (no input) when not assigned to a physical input or feedback
term.

CLOSE Close Initiated
Initiates Close Output. Assign this input to a physical input for remote closing of the recloser from a
control switch. When CLOSE is a logical 1, the LOGICAL OUTPUT “CLOSE” is asserted. CLOSE
defaults to a logical 0 (Disabled) when not assigned to a physical input or feedback term.

CLOSEA Direct Close A

CLOSEB Direct Close B

CLOSEC Direct Close C
Initiates Close Output for the corresponding pole.

CLSBLK Close Block
When HIGH, all CLOSE outputs will be blocked.
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Logical Input | Description

CRI Resets Overcurrent Trip and All Reclose Counters
Clear Reclose and Overcurrent Counters. Assign this input to a physical input or feedback term to
remotely clear the Reclose and Overcurrent Counters. When CRI is a logical 1, the reclose and
overcurrent counters are returned to 0. CRI defaults to a logical 0 (no clear) when not assigned to a
physical input or feedback term.

ECI1 Event Capture Initiated
Assign this input to a physical input to capture events from external devices. When ECI1 is a logical 1, an
event called “ECI1” is logged in the operations record. ECI1 defaults to a logical 0 (no event) when not
assigned to a physical input or feedback term.

ECI2 Event Capture Initiated
As with ECI1, assign this input to a physical input to capture events from external devices. When ECI2 is
a logical 1, an event called “ECI2” is logged in the operations record. ECI1 defaults to a logical 0 (no
event) when not assigned to a physical input or feedback term.

ExtBFI External Started Input
This input is used to start the recloser failure tripping sequence. See Section 1 under “Breaker Failure
Logic”. ltis typically assigned to the same physical input as the 52a contact. EXTBFI defaults 1o a logical
0 (no input) when not assigned to a physical input or feedback term.

GRD Ground Torque Control
Enables 51N/50N-1/50N-2. Use to supervise (torque control) all ground overcurrent protection except
50N-3. When the GRD input is a logical 1, all ground overcurrent protection except 50N-3 is enabled.
GRD defaults to a logical 1 (Enabled) if not assigned to a physical input or feedback term.

OPEN Trip Initiated
Initiates Trip Output. Assign this input to a physical input for remote opening of the recloser by a control
switch. When OPEN is a logical 1, a trip is issued at the master trip output. OPEN defaults to a logical 0
(Disabled) when not assigned to a physical input or feedback term.

OPNBLK Open Block
Input to block all OPEN outputs.

PH3 Phase Torque Control
Enables 51P/50P-1/50P-2. Use o supervise (torque control) all phase overcurrent protection except 50P-
3. When the PH3 input is a logical 1, all phase overcurrent protection except 50P-3 is enabled. PH3
defaults to a logical 1 (Enabled) if not assigned to a physical input or feedback term.

RBI Remote Block Input
Input to block all remote operational commands sent through a data port.

SCC Spring Charging Contact
Connect to a physical input to monitor a recioser spring. If the SCC input is a logical 1, a “Spring
Charging” event is logged in the operations record. SCC defaults to a logical 0 (no spring charge event)
when not assigned to a physical input or feedback term. SCC only functions when the PCD2000
determines a recloser open state.

SEF Sensitive Earth Fault Enable
Enables the sensitive earth fault function (available in Sensitive Earth Fault models only). Use to
supervise (torque control) the SEF overcurrent element. When the SEF input is a logical 1, the SEF )
overcurrent protection is Enabled. SEF defaults to a logical 1 (Enabled) if not assigned to a physical input
or feedback term.

TAGMSG Tag Message
Input to cause the Tag Message to appear on the LCD display.
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Logical Input | Description

TARC Initiate Trip and Auto Reclose
This input is used to issue a recloser trip and reclose. It is useful in the testing of the recloser trip and
close circuits as well as the recloser logic and timing settings. When TARC is a logical 1, a trip and
automatic reclose sequence is initiated. If the input is held at a logical 1, the PCD2000 will continue to trip
and reclose through the recloser steps 79-1, 79-2, 79-3, etc., (See Recloser section for reclosing details).
If TARC is pulsed at a iogical 1, the trip and auto reclose will occur once unless TARC is pulsed again.
TARC defaults to logical 0 (Disabled) when not assigned to a physical input or feedback term.

TCM Trip Coil Monitoring
Assign this to the physical input IN7 or IN8 to monitor continuity of the circuit breaker coil. See Figure 6-2
for typical trip coil monitoring connections. When input is a logical 1, TCM logic assumes breaker coil
continuity. If a logical O, recloser trip coil is failed and logical output TCFA (Trip Circuit Failure Alarm) is
asserted. TCM is functional when the PCD2000 determines that the recloser is closed. TCM defaults to a
logical 1 (recloser trip coil healthy) if not assigned to a physical input or feedback term.

TRIPA Direct Trip A

TRIPB Direct Trip B

TRIPC Direct Trip C
Input to cause the corresponding pole to trip. (Exists only in units ordered with the single-phase tripping
option.)

UL User Logical Input Asserts ULO1

ULI2 User Logical Input Asserts ULO2

ULI3 User Logical Input Asserts ULO3

ULI4 User Logical Input Asserts ULO4

ULI5 User Logical Input Asserts ULO5

ULle User Logical Input Asserts ULO6

uLiz User Logical Input Asserts ULO7

uLI8 User Logical Input Asserts ULO8

ULI9 User Logical Input Asserts ULO9
Input is used to enhance the PCD2000 programmable logic capability. See “Advanced Programmable
Logic” later in this section for defails. ULIx defauits to a logical 0 (no input) when not assigned to a
physical input or feedback term.

WClI Waveform Capture Initiated
Assign this input to either a physical input or feedback term for initiation of the oscillographic waveform
capture. WCI can be used to capture waveform for other devices in the system that does not contain
oscillographic capability. When WCl is a logical 1, the oscillographic waveform capture is initiated for the
number of cycles programmed in the oscillographic settings. WCI defaults to a logical 0 (no event) when
not assigned to a physical input or feedback term.

ZSC Zone Sequence Coordination

Enables Zone Sequence Coordination scheme. Allows extemal supervision of the Zone Sequence
scheme. When the ZSC input is a logical 1, zone sequence is Enabled. ZSC defaulis to a logical 1
(Enabled) if not assigned to a physical input or feedback term.
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Figure 6-2. Trip Coil Monitoring
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6.2

6.2.1

6.2.2

Figure 6-3. Programmable Outputs Default Screen

Programmable Outputs

All logical outputs except “ALARM” are a logical 0 when the PCD2000 is in a “no operation”
state.

Programmable Output Contacts

Up to 15 user-programmable output contacts are available. Figure 6-3 shows the Change
Programmable QOutputs menu of the WinPCD program with no mappings. A check mark will
appear where an output contact is mapped.
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OUTPUT TIMERS: Additional time delay can be added to the function by means of the output
timers. The time delay interval is adjustable from 0 to 60 seconds in 0.01 steps.

OUTPUT NAMES: Identifying names can be placed under each of the outputs in the screen
shown in Figure 6-3.

Logical Output Types

The programmable logical outputs are sometimes referred to as alarms as listed below can have
two different types of outputs for the same function. The first type is a non-sealed-in type. This
type of logical output will be a logical 1 (logical output asserted) when the condition is present
and a logical 0 (logical output de-asserted) when the condition ceases. It is sometimes referred to
as a “real-time” output. The second type is a sealed-in type. This type of logical output will be a
logical 1 (logical output asserted) when the condition is present and will remain a logical 1 when
the condition ceases. It is reset by any of the following methods:

1. The front panel HMI “C” (clear) button is depressed once within a 5-second period. The
user will eventually be prompted to reset seal-ins. See Section 5 for details.

2. The WinPCD program is used. Under “Main Menu,” select “Miscellaneous Commands.”
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3. Depending on the communications protocol contained in the PCD2000, a command is issued
to reset the individual seal-in outputs or all seal-in outputs.

An example of where seal-in bits are applied: The PCD2000 is connected directly onto a
Modbus® communications network and a Programmable Logic Controller (PLC) are also on the
network. The PLC obtains fault information from the PCD2000 over the Modbus® network for
certain restoration scheme. Since this is a token passing type network, a fault may occur and
extinguish before the token reaches the PCD2000. If the fault bit 51P for example, sensed by the
PLC were a real time bit, the PLC would never see the change. The seal-in bit, 51P* can be used
to alert the PLC to a fault even after the fault has extinguished. Once the PLC is finished with the
logical output bit 51P*, it can reset the bit to a logical 0 via the communication network. This
eliminates hard contact wiring between the relay and the PLC and assures that the PLC will
always see a fault.

Some of the alarms listed below will have duplicate elements. For example, 50P-1 and 50P-1%*.
Notice that an asterisk (*) follows one of the elements. This is the indication of a logical output
that is of the seal-in type as described above.

Table 6-2. Logical Output Functions

Logical Output | Description

Entry Not Used

27-1P Single Phase Undervoltage Alarm

27-1P* Single Phase Under Voltage Seal In
Goes HIGH when the undervoltage (27) element of any phase trips. 27-1P goes LOW when the voltage of
all phases goes above the dropout level of the 27 element. 27-1P* remains HIGH until all sealed-in
outputs are reset.

27-3P Three Phase Under Voltage

27-3P* Three-Phase Under Voltage Seal In
Goes HIGH when the voltages of all three phases drop below the 27 undervoltage setting.

27A Undervoltage Phase A

27A* Undervoltage Phase A Seal-in

27B Undervoltage Phase B

27B* Undervoltage Phase B Seal-In

27C Undervoltage Phase C

27C* Undervoltage Phase C Seal-in
Each output goes HIGH if the corresponding undervoltage (27) element trips. (Exists only in units ordered
with the single-phase tripping option.)

32N Negative Sequence Polarized Alarming Element

32N* 32N Trip Sealed-in Alarm
Goes HIGH when the negative sequence current is within the 180-degree torque angle sector as set in the
32N-2 settings.

32NA Alarm indicating 67N element is picked up
Goes HIGH when the negative sequence current is within the 180-degree torque angle sector as set in the
67N settings. 32NA does not indicate that the 67N overcurrent element is picked up, it indicates only that
the negative sequence current is in the angular operating zone. 32NA will not operate if the 67N
overcurrent element is Disabled. For ground power directional supervision of other elements intemal or
external, use the 32N-2 logical output.

32P Positive Sequence Polarized Alarming Element

32P* 32P Trip Sealed-in Alarm
Goes HIGH when the positive sequence current is within the 180-degree torque angle seclor as setin the
32P-2 settings.
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Logical Output | Description

32PA Alarm indicating 67P element is picked up
Goes HIQH when the positive sequence current is within the 180-degree torque angle sector as set in the
67P set_tlngs. 32PA does not indicate that the 67P overcurrent element is picked up, it indicates only that
the positive sequence current is in the angular operating zone. 32PA will not operate if the 67P
overcurrent element is Disabled. For phase power directional supervision of other elements internal or
external, use the 32P-2 logical output.

46 Negative Sequence Overcurrent

46* Negative Sequence Overcurrent Seal In
Goes HIGH when the negative sequence time overcurrent element, 46, has timed out and energized.

50-1A Trip 50 1a

50-1A* Trip 50 1a Seal

50-1B Trip 50 1b

50-1B* Trip 50 1b Seal

50-1C Trip 50 1c

50-1C* Trip 50 1c Seal

50-1N Trip 50 1n

50-1N* Trip 50 1n Seal
Each output goes HIGH if the corresponding 50-1 element trips. (Exists only in units ordered with the
single-phase tripping option.)

50-1D 50-1 Element Disable
Goes HIGH when the torque controlied Programmable Input, 50-1, is mapped but not energized. This
alarm indicates that the 50P-1 instantaneous unit is disabled form tripping. 50-1D will not operate if the
50P-1 element is disabled in the protective settings.

50-2A Trip 50 2a

50-2A* Trip 50 2a Seal

50-2B Trip 50 2b

50-2B* Trip 50 2b Seal

50-2C Trip 50 2¢

50-2C* Trip 50 2c Seal

50-2N Trip 50 2n

50-2N* Trip 50 2n Seal
Each output goes HIGH if the corresponding 50-2 element trips. (Exists only in units ordered with the
single-phase tripping option.)

50-2D 50-2 Element Disable
Goes HIGH when the torque control Programmable Input, 50-2, is mapped but not energized. This alarm
indicates that the 50P-2 instantaneous unit is disabled form tripping. 50-2D will not operate if the 50P-2
element is disabled in the protective settings.

50-3A Trip 50 3a

50-3A* Trip 50 3a Seal

50-3B Trip 50 3b

50-3B* Trip 50 3b Seal

50-3C Trip 50 3¢

50-3C* Trip 50 3c Seal

50-3N Trip 50 3n

50-3N* Trip 50 3n Seal
Each output goes HIGH if the corresponding 50-3 element trips. (Exists only in units ordered with the
single-phase tripping option.)

50N-1 1st Neutral Inst Overcurrent

50N-1* 1st Neutral Inst Overcurrent Seal In
Goes HIGH when the low-set (level 1) neutral instantaneous overcurrent element, 50N-1, has timed out
and energized.

50N-2 2nd Neutral Inst Overcurrent

50N-2* 2nd Neutral Inst Overcurrent Seal In
Goes HIGH when the mid-set (level 2) neutral instantaneous overcurrent element, 50N-2, has timed out
and energized.
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Logical Output | Description

50N-3 3rd Neutral Inst Overcurrent

50N-3* 3rd Neutral Inst Overcurrent Seal In
Goes HIGH when the high-set (level 3) neutral instantaneous overcurrent element, 50N-1, has timed out
and energized.

50P-1 1st Phase Inst Overcurrent

50P-1* 1st Phase Inst Overcurrent Seal In
Goes HIGH when the low-set (level 1) phase instantaneous overcurrent element, 50P-1, has timed out
and energized.

50P-2 2nd Phase Inst Overcurrent

50P-2* 2nd Phase Inst Overcurrent Seal In
Goes HIGH when the mid-set (level 2) phase instantaneous overcurrent element, 50P-2, has timed out
and energized.

50P-3 3rd Phase Inst Overcurrent

50P-3* 3rd Phase Inst Overcurrent Seal In
Goes HIGH when the high-set (level 3) phase instantaneous overcurrent element, 50P-1, has timed out
and energized.

51A Trip 51a

51A* Trip 51a*

51B Trip 51b

51B* Trip 51b*

51C Trip 51c

51C* Trip 51c*

51N Trip 1n

51N* Trip 1n*
Each output goes HIGH if the corresponding 51 element trips. (Exists only in units ordered with the single-
phase tripping option.)

51N Neutral Time Overcurrent

51N* Neutral Time Overcurrent Seal In
Goes HIGH when the neutral time overcurrent element, 51N, has timed out and energized.

51P Phase Time Overcurrent

51P* Phase Time Overcurrent Seal In
Goes HIGH when the phase time overcurrent element, 51P, has timed out and energized.

59 Over Voltage

59* Over Voltage Seal In
Goes HIGH when the voltage of any phase rises above the 59 overvoltage setting

59-3P 3 Phase Overvoltage Alarm

59-3P* 3 Phase Overvoltage Alarm Seal-In
Goes HIGH when the voltages of all three phases rise above the 59 overvolitage setting.

59A Phase A Overvoltage Alarm

59A* Phase A Overvoltage Alarm Seal-in

59B Phase B Overvoltage Alarm

59B* Phase B Overvoltage Alarm Seal-In

59C Phase C Overvoltage Alarm

59C* Phase C Overvoltage Alarm Seal-In
Each output goes HIGH if the corresponding voltage rises above the 59 overvoltage setting. (Exists only
in units ordered with the single-phase tripping option.)
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Page 6-11

SINdLNO 2 SINdNI 9



UTS

6 INPUTS &

6 Programming Inputs and Outputs ABB PCD2000

Logical Output | Description

67A Trip 67a

67A* Trip 67a Seal

67B Trip 67b

67B* Trip 67b Seal

67C Trip 67¢

67C* Trip 67¢ Seal
Each output goes HIGH if the corresponding 67 element trips. (Exists only in units ordered with the single-
phase tripping option.)

67N Negative Sequence Polarized Neutral-Overcurrent

67N* 67N Trip Sealed-in Alam
Goes HIGH when the ground directional time overcurrent element, 67N, has timed out and energized.

67P Positive Sequence Polarized Phase-Overcurrent

67P* 67P Trip Sealed-in Alarm
Goes HIGH when the phase directional time overcurrent element, 67P, has timed out and energized.

79CA-1 Recloser Counter 1

79CA1* Recloser Counter 1 Alarm Seal In
Goes HIGH when the recloser has operated beyond the number of counts set in the 79 counter 1 alarm
settings.

79CA-2 Recloser Counter 2

79CA2* Recloser Counter 2 Alarm Seal In
Goes HIGH when the recloser has operated beyond the number of counts set in the 79 counter 2 alarm
settings.
Note: Two recloser counter alamms are provided 79CA1 and 79CA2. They can be set to different
thresholds or as typically applied; one can be reset to 0 on a monthly basis and the other on a yearly
basis, this way recloser operations can be tracked on a monthly and yearly basis.

79DA Recloser Disable
Goes HIGH when the recloser is disabled either by the 43A logical input or when the 79-1 recloser
sequence is set to lockout. This logical output operates in conjunction with the red front panel “Recloser
Out” target.

79LOA Recloser Lockout
Goes HIGH when the PCD2000 recloser is in lockout.

LOCKA Lockout A

LOCKB Lockout B

LOCKC Lockout C
Each output goes HIGH if the corresponding pole is in lockout. (Exists only in units ordered with the
single-phase tripping option.)

810-1 Over Frequency (1st Stage)

810-1* Over Frequency (1st Stage) Seal In
Goes HIGH when the 81R-1 setting has been exceeded and the 81R-1 time delay has expired.

810-2 Over Frequency (2nd Stage)

810-2* Over Frequency (2nd Stage) Seal In
Goes HIGH when the 81R-2 setting has been exceeded and the 81R-2 time delay has expired.

81R-1 Frequency Restore (1st Stage)

81R-1* Frequency Restore (1st Stage) Seal In
Goes HIGH when the frequency setting 81R-1 has been met and the 81R-1 time _delay has expired. §1 R-
1 does not activate the logical output “CLOSE”. 81R-1 can be mapped to the logical input “CLOSE” via
the feedback logic for operation. 81R-1 will only operate afier an 81 S-1 under frequency load shed (trip).
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Logical Output | Description

81R-2 Frequency Restore (2nd Stage)

81R-2* Frequency Restore (2nd Stage) Seal Iin
Goes HIGH when the frequency setting 81R-2 has been met and the 81R-2 time delay has expired. 81R-
2 does not activate the logical output “CLOSE”. 81R-2 can be mapped to the logical input “CLOSE” via
the feedback logic for operation. 81R-2 will only operate after an 81S-2 under frequency load shed (trip).

815-1 Frequency Shed (1st Stage)

81S-1* Frequency Load (1st Stage) Seal In
Goes HIGH when the system frequency has dropped below the 81S-1 setting and the 81S-1 time delay
has expired. 81S-1 does NOT activate the main trip contact of the PCD2000. 81S-1 must be mapped to
the logical input “OPEN" via the feedback logic for operation of the main trip contact. See the Frequency
Load Shed and Restoration section for more details.

81S-2 Frequency Shed (2nd Stage)

81S-2¢ Frequency Shed (2nd Stage) Seal In
Goes HIGH when the system frequency has dropped below the 81S-2 and the 81S-2 time delay has
expired. 81S-2 does not activate the main trip contact of the PCD2000. 81S-2 must be mapped to the
logical input “OPEN” via the feedback logic for operation of the main trip contact. See the Frequency Load
Shed and Restoration section for more details.

ALARM Self Check Alarm
Is normally HIGH, indicating that the PCD2000 is functioning normally. Goes LOW if the PCD2000
internal self-check indicates a problem. This logical output controls the dedicated, physical “Self Check
Alarm” contact and also the front panel “G-NORMAL/R-FAIL” target.

BF Retrip Breaker Failure Re-Trip

BF Retrip* Breaker Failure Re-Trip Seal In
Goes HIGH when the stand-alone Breaker Failure Trip function in the PCD2000 issues a ReTrip signal.

BF Trip Breaker Failure Trip

BF Trip* Breaker Failure Trip Seal In
Goes HIGH when the stand-alone Breaker Failure Trip function in the PCD2000 issues a breaker failure
trip.

BFA Breaker Fail

BFA* Breaker Failure Alarm Seal In
Goes HIGH when the PCD2000 detects that the recloser failed to trip.

BFUA Blown Fuse
Goes HIGH when the voltage of any phase drops below 7 volts and no 51P or 51N overcurrent pickup
condition exists. This Logical Output seals in after a blown fuse condition exists. It must be manually
reset via the HMI or WinPCD after voltage has been restored.

BZA Bus Zone Alarm

CLOSE Fixed Close
Goes HIGH when system conditions and the 79 settings conclude that an attempt should be made to close
the recloser. It also goes HIGH if the logical input CLOSE goes HIGH, if the CLOSE button on the front
panel is pressed, or if a close command is sent using WinPCD. CLOSE will remain HIGH until the Close
Fail Timer expires or the 52A and 52B contacts indicate that the recloser has successfully closed.
NOTE: This logical output must be programmed to control the physical output contact that is connected to
the recloser close coil.

CLOSEA Direct Close A

CLOSEB Direct Close B

CLOSEC Direct Close C
Each output goes HIGH to close the corresponding pole. (Exists only in units ordered with the single-
phase tripping option.)

CLTA Cold Load Timer
Goes HIGH when the Cold Load Timer is counting. Goes LOW when the Cold Load Timer expires.
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Logical Output

Description

FAILA
FAILB
FAILC

Phase A Failure
Phase B Failure
Phase C Failure

Each output goes HIGH to signal that the corresponding pole has failed. (Exists only in units ordered with
the single-phase tripping option.)

GRD-D

Neutral Torque Control Disable

Goes HIGH when a physical input (or feedback function) that has been programmed to control the ground
torque control logical input (GRD) is not energized.

HPFA

High Power Factor

Goes HIGH 60 seconds after the power factor rises above the Power Factor Alam setting. If the
measured value drops below the Alarm setting before the 60-second timer expires, the timer will reset.

KSlI

Kilo Amp Summation
Goes HIGH when the KSI sum has exceeded the KSI Counter Alarm setting.

LOAC
LOAC*

Loss of AC Alarm
Loss of AC Alarm Seal-In

Goes HIGH is AC power is lost.

LOADA

Load Current

Goes HIGH 60 seconds after any single phase of load current rises above the Load Alam setting. If the
measured value drops below the Alarm setiing before the 60-second timer expires, the timer will reset.

LPFA

Low Power Factor

Goes HIGH 60 seconds after the load power factor drops below the Power Factor Alarm setting. If the
measured value drops below the Alarm setting before the 60-second timer expires, the timer will reset.

NDA

Neutral Peak Demand

Goes HIGH 60 seconds after the demand current for the neutral input has exceeded the Neutral Demand
Alarm setting. This alarm is based on the incremental demand values and not the instantaneous values
(as are the load alarms).

Neutral Target Alarm
Goes HIGH when Neutral Target Alarm is activated.

NVArA

Negative Var

Goes HIGH 60 seconds after the negative 3-phase kiloVAR has exceeded the Negative kiloVAR Alarm
setting. If the measured value drops below the Alarm setting before the 60-second timer expires, the timer
will reset.

OCTC

Overcurrent Trip Counter

Goes HIGH when the number of overcurrent trip operations has exceeded the Overcurrent Counter Alam
setting.

PATA

Phase A Target

Goes HIGH when the red front panel phase A target LED is illuminated. Goes LOW when the front-panel
target LED’s are reset either by the front panel pushbutton “Target Reset” or by the WinPCD Program.
This output is useful in remote communications and SCADA applications where faulted phase information
is required.

PBTA

Phase B Target

Goes HIGH when the red front panel phase B target LED is iliuminated. Goes LOW when the front-panel
target LED’s are reset either by the front panel pushbutton “Target Reset” or by the WinPCD P_rogram._
This output is useful in remote communications and SCADA applications where faulted phase information
is required.
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Logical Output

Description

PCTA

Phase C Target

Goes HIGH when the red front panel phase C target LED is illuminated. Goes LOW when the front-panel
target LED’s_ are reset either by the front panel pushbutton “Target Reset” or by the WinPCD Program.
This output is useful in remote communications and SCADA applications where faulted phase information
is required.

PDA

Phase Peak Demand

Gogs HIGI-! 60 seconds after the demand current for any phase has exceeded the Phase Demand Alarm
setting. This alarm is based on the incremental demand values and not the instantaneous values as in the
load alarms.

PH3-D

Phase Torque Control Disable

Goes HIGH when a physical input (or feedback function) that has been programmed to control the phase
torque control logical input (PH3) is not energized.

PTA

Phase Target Alarm
Goes HIGH when Phase Target Alarm is activated.

PUA

Pickup

Goes HIGH when any enabled overcurrent element is in pickup. Hence, it will respond to the overcurrent
element that has the lowest pickup-level setting. It is instantaneous and ignores any overcurrent time-
delays.

PVArA

Positive Var

Goes HIGH 60 seconds after the positive 3-phase kiloVAR exceed the Positive kiloVAR Alarm setting. If
the measured value drops below the Alarm setting before the 60-second timer expires, the timer will reset.

PWatt1

Positive Watt Alarm 1

Goes HIGH 60 seconds after the positive 3 phase kilowatts exceed the Positive Kilowatt Alarm 1 setting. If
the measured value drops below the Alarm setting before the 60-second timer expires, the timer will reset.

PWatt2

Positive Watt Alarm 2

Goes HIGH 60 seconds after the positive 3 phase kilowatts exceed the Positive Kilowatt Alarm 2 setting.
If the measured value drops below the Alarm setting before the 60-second timer expires, the timer will
reset.

Note: Two positive wait alamm logical outputs are provided: Pwatt1 and Pwatt2. If desired one alarm can

be set to a different threshold than the other (for example, one can be used for alamming purposes and the
other for tripping).

RBA

Remote Block Alarm
Goes HIGH when Remote Block Alarm is activated.

SEF
SEF*

Sensitive Earth Fault Trip
Sensitive Earth Fault Trip Seal In

Goes HIGH when the SEF element trips.

STC

Setting Table Change
Goes HIGH when the “Change Settings” menu is entered via front panel HMI or remote WinPCD program.

TAGCLS

Tag Close
Goes HIGH when the breaker/recloser is tagged closed.

TAGOPN

Tag Open
Goes HIGH when the breaker/recloser is tagged open.

TCC

Tap Changer Cutout

Goes HIGH when the PCD2000 recloser begins operation and remains HIGH until the last recloser )
operation is complete (reset time expires or recloser enters lockout state). When HIGH, the recloser in the
PCD2000 is active. TCC can be used to block a tap changer during fault and recovery operations.
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Logical Output | Description

TCFA Trip Circuit Fail
Goes HIGH when the PCD2000 determmines that the recloser trip coil continuity has been broken. ltis
directly tied to the operation of the logical input TCM. When the TCM logical input is LOW, the TCFA
logical output is HIGH, indicating a trip coil failure.

TRIP Fixed Trip
Goes HIGH when any enabled overcurrent protection element trips on any phase. It also goes HIGH if the
logical input OPEN goes HIGH, if the OPEN button on the front panel is pressed, or if an open command
is sent using WinPCD.
NOTE: This logical output must be programmed to conirol the physical output contact that is connected to
the recloser trip coil.

TRIPA Single Pole Trip Phase A

TRIPA* Single Pole Trip Phase A Seal In
Goes HIGH when any enabled overcurrent protection element trips on phase A. Goes LOW when the
measured phase A current drops below 90% of the lowest pickup setting of the enabled overcurrent
elements.

TRIPB Single Pole Trip Phase B

TRIPB* Single Pole Trip Phase B Seal In
Goes HIGH when any enabled overcurrent protection element trips on phase B. Goes LOW when the
measured phase B current drops below 90% of the lowest pickup setting of the enabled overcurrent
elements.

TRIPC Single Pole Trip Phase C

TRIPC* Single Pole Trip Phase C Seal In
Goes HIGH when any enabled overcurrent protection element trips on phase C. Goes LOW when the
measured phase C current drops below 90% of the lowest pickup setting of the enabled overcurrent
elements.

ULO1 User Logical Output 1

ULO2 User Logical Output 2

ULO3 User Logical Output 3

ULO4 User Logical Output 4

ULO5 User Logical Output 5

ULO6 User Logical Ouiput 6

ULo7 User Logical Output 7

uLos User Logical Output 8

ULO9 User Logical Output 9
Goes HIGH when the corresponding User Logical input is HIGH.

VarDA Var Demand
Goes HIGH 60 seconds after the value of the three-phase demand VAR exceeds the Three Phase
Demand Alarm setting. This alamm is based on the incremental demand values and not the instantaneous
values as in the load alarms.

ZSC Zone Sequence Coordination
Goes HIGH when the Zone Sequence function is active. Zone Sequence must enabled in the
“Configuration” menu. If a physical input (or feedback input) is programmed to the ZSC logical input, the
ZSC logical output will go HIGH when the input is energized. If the ZSC logical input has not been
programmed, it is always HIGH, and so the ZSC logical output is always HIGH.
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6.3  Programmable Master Trip Logical Output

The PCD2000 contains a “master trip” logical output. This output is actuated by the protective
elements: 51P, 51N, 50P-1, 50P-2, 50P-3, 50N-1, SON-2, SON-3, 46, 67P, and 67N.

It is possible to eliminate any of the above listed protective elements from activating the master
trip output using the WinPCD Program. Select “Master Trip Contact” from the “Change
Settings” menu and place an “X” next to the elements desired to operate the master trip logical
output and a space next to those not desired. Select “Send Settings” to complete the operation.
Figure 6-4 shows a screen capture of the master trip programming.

These settings are useful where certain elements will be programmed to a different output contact
for operation of a lockout relay or other auxiliary device.

Figure 6-4. Master Trip Contact Programming Window

Master Trip Output

Enable Enable
Enable Enable
Enable Enable
Eneble Enable
Enable Enable
Enable Enable
Enable Enable
Enable Enable
Enable Enable

The master trip logical output will drop out when the fault current on all phases drops to 90% of
the lowest set time overcurrent element pickup AND the 52A and 52B breaker auxiliary contacts
have changed state to the open position. The master trip logical output will stay sealed-in
indefinitely until these cases are met.

PCD2000 1B38-737-3 Page 6-17

S1Nd1NO ® SINdNI 9



PUTS

6 INPUTS &

6 Programming Inputs and Outputs ABB PCD2000

6.4

6.4.1

6.4.2

6.4.3

Advanced Programming

Introduction

The advanced programmable logic features in the ABB PCD2000 series devices are designed to
provide complex and easy to build logic functions. Virtually any desired logic scheme can be
accomplished through the advanced programmable 1/O features in the PCD2000. This section
explains how to build complex logic schemes in the PCD2000.

User Logical Inputs/User Logical Outputs

User Logical Inputs (ULI’s) and User Logical Outputs (ULO’s) are variables in the relay to be
defined by the user. A ULI is an undefined logical input seen in the relay input map. A ULO is
an undefined logical output seen in the relay output map. A ULI in the input map is soft
connected to the corresponding ULO in the output map. They can be considered
“FEEDFORWARD?” logic. When ULII goes HIGH, then ULO1 will automatically go HIGH.

However, User Logical Inputs can also be disconnected from its corresponding User Logical
Output via the “Change Settings” menu under “ULI/ULQO Configuration”. In this case, if ULII is
disconnected from ULO1, and ULI1 goes HIGH, then ULO1 will not be affected. This is used
primarily for applications where the user can SET or RESET a ULO for some control function.
In this case the ULO will act as an S-R Flip Flop. ULO’s can be SET or RESET via the HMI or
through the various communications protocols. When forcing ULO’s HIGH or LOW, it is
recommended that the ULI-ULO connection be broken. Otherwise the ULI can adversely affect
the ULO.

Feedbacks

Feedbacks are similar to ULI/ULO’s but are used for Feedback Purposes. When Feedback
Output 1 (FBO1) goes HIGH, then Feedback Input 1 (FB1) will automatically go HIGH.

The above definitions provide building blocks necessary to describe the logic features of the
PCD2000.
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Figure 6-5. PCD2000 Programmable Logic
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6.4.4 Procedure

A logical function can be made from the Programmable Input and Output tables using the
following procedure:

Draw a logic diagram of the function using only AND and OR gates. Any logic gate can have
eight or more inputs.

Label the gates as either Prog Input or a Prog Output depending on these rules:
* Any physical input (IN-n contact) must go to a Prog Input gate
* Any protection functions must go into a Prog Output gate
* Any physical outputs (contact operation) must come from a Prog QOutput gate

Add gates, CONNECTS, and FEEDBACKs to the diagram so that the following rules are
followed:

 The output of a Prog Output gate connects to the input of a Prog Input gate through a
FEEDBACK. See Figure 6-6 (row a).

» The output of a Prog Input gate can be connected to the input of a Prog Output by making a
CONNECT between the Input gate’s ULIk and ULOk. See Figure 6-6 (row b).

* The output of a Prog Qutput gate must go to the input of another Prog Qutput through a
FEEDBACK-Prog Input CONNECT combination. The logic of the added input gate does
not matter. See Figure 6-6 (row c).

* The output of a Prog Input gate must go to the input of another Prog Input through a
CONNECT-Prog Output-FEEDBACK combination. The logic of the added output gate
does not matter. See Figure 6-6 (row d).
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Figure 6-6. Equivalent Gates
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6.44.1  Programmable Inputs

1. Using WinPCD, place the input gates in the Prog. Inputs Table. Each input gate is a row in
that table. The output of the gate is the ULIk or function in the far left column. The type of
gate, AND or OR, is the second column of each row. The remaining items in the row are
potential inputs to the gate.

2. On the diagram, number the ULIks and ULOks to be joined by a CONNECT, the Feedback,
and any IN-n to correspond to unused values in the table.

3. If they do not already appear there, program the function or ULIk for each gate/row to the
far left column. See Programming Binary Inputs earlier in Section 6.

4. Change the logic function for each row depending on if it represents an AND or an OR gate.

5. For each gate/row, mark the space under the IN-n and Feedback columns that compose the
inputs for that gate. Use a “C” if you want the input contact to be active closed (when
sensing control voltage). Use an “O” if you want the contact active open (no control
voltage). Up to 32 entries can be made in the table. An unmarked space will have no effect
on the gate logic.

Note: Using an “O” in place of a “C” or a “C” in place of an “O” is a way to put a logical
inversion, or NOT gate, in the diagram.

6. Enter a descriptive name for the connected ULIk-ULQk pairs. Use the User Logical Output
Names item on the Change Settings menu.
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6.44.2  Programmable Outputs

1. Again using WinPCD, place the output gates in the Prog. Outputs Table. Each output gate is
a column in that table. The output of the gate is the OUT-n or Feedback in the top row. The
type of gate, logical AND or logical OR, is two rows below the gate output in the LOGIC
row. The remaining items in the column are potential inputs to the gate.

2. If they do not already appear there, program every protection function or ULOk input for
each gate/column to the far left column. See Programming the Qutput Contacts earlier in
this section.

3. Change the logic function for each column depending on if it represents an AND or an OR
gate.

4. For each output contact or Feedback column, mark the spaces across from the ULOk or
protection function, which compose the inputs for that gate. An “X” will mark that function
as an input to the gate. Up to 32 “X’s” can be put in the table. An unmarked space will have
no effect on the gate logic.

5. Enter a descriptive name for each Physical Output and Feedback, OUT-m and FB-j.

6. Enter a value for the timer on the Physical Outputs, if necessary.

6.44.3  User Logical Inputs/Outputs Configuration
Again using WinPCD, connect all of the ULIk and ULOK pairs used in the logic.

1. From the Change Settings Menu, select “ULI/ULO Configuration.”

2. From the User Logical I/0 CEG screen, program connections between all of the ULIk and
ULOK that are connected in the diagram.

6.5  Tagging Function

The tagging function in the PCD2000 is a customizable feature that can be tailored to meet each
utility’s specific needs. All PCD2000’s include the ability to be tagged remotely from SCADA
through one of the available protocols (DNP3.0 or Modbus®), from WinPCD programming
software (which has dial up capability), or through a contact in the back of the control from a
hardwired RTU. Optionally, for local tagging, the PCD2000 control can be supplied with a
toggle switch, which is labeled “Hot Line Tag” and includes a large indicating light. For VR-
3S’s, the option for a local hot line tag switch includes circuitry to isolate any potential closing
signal to the recloser.

With either remote or local tagging, the function is programmable in the device, using WinPCD
software. You can program the unit to and to stay closed or open up upon the activation of
tagging, or even to go to one of the alternate protection settings groups (to use a special curve). A
common example follows — typically called hot line tagging.

Example:

1. The programmable input and output functions must be programmed according to the desired
scheme. After the desired programming is achieved, send the data to the PCD2000 by
pressing the “Send Data to Unit” and the “Send Data to Database” to keep a record in
WinPCD.

2. For the programmable outputs, place a check in one of the feedback logical outputs (for this
example, FB7, or feedback 7 is used). This causes the selected feedback contact to close
when a remote signal to tag is sent to the unit from WinPCD or an RTU (see Figure 6-7).
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Figure 6-7. Programmable Outputs for Tagging Function

f m. Programmable Outpu L 8 nged)

3. The next step is to program the programmable inputs. The FB7 output contact directly
follows the programmable FB7 input contact, so when the output contact for FB7 closes, the
programmable input contact for FB7 closes.

4. Looking at Figure 6-8 below, map the points shown to FB7. This dictates to the unit what
action to take when the FB7 input contact closes.

5. In this example, map CLSBLK (block any close operation) to FB7 input. Finally, map the
TAGMSG (LCD message indicating "Warning - Remote Tag Applied"). The unit will
remain in this state until PCD2000 is untagged from the remote source.

Figure 6-8. Programmable Inputs for Tagging Function

Programmable Inp: - Source: Local (Wnchanged] (Not €

6. If the utility desires to put the unit into Alternate Protection Settings, a third selection is
placed under TAGMSG, called ALT1 and a corresponding checkmark placed under FB7.
There are many other logical functions that can be programmed in the PCD2000.
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6.6  Default Inputs and Outputs

The default programming of the inputs and outputs varies depending on the options that were
specified when the PCD2000 unit was ordered. Each row of Table 6-3 describes the defaults for
the model specified in the first column of the row.

Table 6-3. Default Inputs and Outputs

Model Description Defauit Inputs Default Outputs /0 Connections
XRXxx-000x-xX-XxXX INta: 52a OUT1a: TRIP s O o )
DC Power Supply IN2a: 52b OUT2a: CLOSE ° 2
No I/O Modules IN3a: 43a OUT3a: 79LOA Cl roer
Total Inputs: 4 INda: el o
Total Outputs: 3 £l los
£]  Jous
S L
|
A IRED
Ol fwe
(o B L
Ll [ns
[} |me
[+
SlA © [+] o
SlotA SiotB SbiC
XRxX-001X-XX-XXXX INfa: OUT1a: 79DA p Cor || ;o °
DC Power Supply IN2a: OUT2a: RBA S o =
One Type 1 I/O Module IN3a: OUT3a: GRD-D W
Total Inputs: 10 IN4a: o o £ o
Total Outputs: 7 IN1b: 52a OUT1b: TRIP g o IE ‘E‘I
IN2b: 52b OUT2b: CLOSE g fos §E ¥
IN3b: CLOSE OUT3b: TCC E s
IN4b: TRIP OUT4b: 79LOA
IN5b: 43a Ammn ol
IN6b: GRD ol w2
Ol fme QR ma
Ol (w2 LT Ine
Cl fws Q1 »s
Ol fee HIT  mo
[+]
SdA O [o] ]
SlotA SlotB ShotC
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Model Description Default inputs Default Outputs I/0 Connections
XRxx-002-xx-XxxXX INfa: OUT1a: 79DA [ o ) o
PS o Dio Dio
DC Power Supply IN2a: OUT2a: RBA _° | et
Two Type 1 1/0 Modules IN3a: OUT3a: GRD-D o fow gl leellg] oo
Total Inputs: 16 INda: £ el oo
£ Jom 2
Total Outputs: 11 IN1b: 52a OUT1b: TRIP = o 18 IBUEL I
R
IN2b: 52b OUT2b: CLOSE g lows O1mE
IN3b: CLOSE OUT3b: TCC E s T T
IN4b: TRIP OUT4b: 79LOA ||
IN5b: 43a AnD ol blled e
IN6b: GRD — [ B UY) | Tl I "%
IN1c: OuUT1c: O oiwmt B fesliD] es
IN2c: OUT2c: [ w2 Q0 leefil] oo
IN3c: OUT3c: o e ey e
C ms H[ nsff [[]  [wns]
IN4c: OUT4c: | n ]
IN5c: o
IN6c: o ol o
ShotA Siot B SiotC
XRxx-003-xx-x0xx IN1a: CLOSE OUT1a: 79DA s Coil o o
DC Power Supply IN2a: TRIP OUT2a: RBA ook
One Type 2 I/O Module IN3a: 43a OUT3a: GRD-D ]l lrowr fig
Three-Phase Tripping INda: GRD gl o E
Total Inputs: 6 IN1b: 52a OUT1b: TRIP £l |ouz
Total Outputs: 5 IN2b: 52b OUT2b: CLOSE & Jous
.4
Nl EE
o ®
Y] . ol
|2
o I TS E E
(o I L
[ ms
[l fws
| =
SkiA O o o
SitA SiotB SiotC
XRxx-003-xx-x1xx IN1a: CLOSE OUT1a: 79DA [ i Corll oo o
DC Power Supply IN2a: TRIP OUT2a: RBA °ooh
One Type 2 I/O Module IN3a: 43a OUT3a: GRD-D 'l lrowe E _
Single-Phase Tripping IN4a: GRD e o i
Total Inputs: 12 IN1b: PhA 52a OUT1b: TRIPA gl fou
Total Outputs: 11 IN2b: PhB 52a OUT2b: CLOSEA £ lous
IN3b: PhC 52a OUT3b: TRIPB E =
IN4b: PhA 52b OUT4b: CLOSEB [f .
IN5b: PhB 52b OUT5b: TRIPC Ane [: 3
[
IN6b: PhC 52b OUT6b: CLOSEC
IN7b: 52a OUT7b: TRIP (o I L E
IN8b: 52b OUT8b: CLOSE E w2
b3
[l [we
(<]
SkiA O Q [*]
SotA  SktB  SiC
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Model Description Default inputs Default Qutputs /O Connections
XRxx-004-xx-x0xx IN1a: CLOSE OUT1a: 79DA
DC Power Supply IN2a: TRIP OUT2a: RBA
One Type 1 /O Module, | IN3a: 43a OUT3a: GRD-D
One Type 2 I/O Module INda: GRD
Three-Phase Tripping IN1b: 52a OUT1b: TRIP
Total Inputs: 12 IN2b: 52b OUT2b: CLOSE
Total Outputs: 9 INfe: OUT1c:

IN2c: OuUT2c:

IN3c: OUT3c:

IN4c: OUT4c:

IN5c:

IN6c:
XRxx-004-xx-x1xx INfa: CLOSE OUT1ia: 79DA
DC Power Supply IN2a: TRIP OUT2a: RBA
One Type 1 I/0 Module, IN3a: 43a OUT3a: GRD-D
One Type 2 I/0 Module INda: GRD
Single-Phase Tripping IN1b: PhA 52a OUT1b: TRIPA
Total Inputs: 16 IN2b: PhB 52a OUT2b: CLOSEA
Total Outputs: 15 IN3b: PhC 52a OUT3b: TRIPB

IN4b: PhA 52b OUT4b: CLOSEB

IN5b: PhB 52b OUT5b: TRIPC

IN6b: PhC 52b OUTeb: CLOSEC

IN7b: 52a OUT7b: TRIP

IN8b: 52b OUT8b: CLOSE

IN1c: OUT1c:

IN2¢c: OuUT2c:

IN3c: OUT3c:

iN4c: OUT4c:
XRxx-101X-XX-XXXX IN1b: 52a OUT1b: TRIP
AC Power Supply IN2b: 52b OUT2b: CLOSE
One Type 1 1/O Module IN3b: CLOSE OUT3b: TCC
Total Inputs: 6 IN4b: TRIP OUT4b: 79LOA
Total Outputs: 4 IN5b: 43a

IN6b: GRD
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Model Description Default inputs Default Outputs /0 Connections
XRxx-102-xx-xxxx IN1b: 52a OUT1b: TRIP fups °. 1 T
AC Power Supply IN2b: 52b OUT2b: CLOSE o o ™ et
Two Type 1 I/O Modules | IN3b: CLOSE OUT3b: TCC C gl fellel o
Total Inputs: 12 INdb: TRIP OUT4b: 79LOA o €l jellel o
Total Outputs: 8 IN5b: 43a C o IEl 1¥lE ¥
IN6b: GRD € £ 1% @
IN1c: OUT1c: 79DA E s
IN2¢: OUT2c: RBA °
IN3c: OUT3c: GRD-D = 0 LT
IN4c: OUT4c: ° B kel bl
IN5c: el ]
IN6c: I sl s
O sl ns
Ol feelipl Iee
'l‘==
l .
Skik O [+] o
ShotA ShtB SiotC
XRxx-103-xx-x0xx IN1b: 52a OUT1b: TRIP 0° o
AC Power Supply IN2b: 52b OUT2b: CLOSE o2
One Type 2 /0O Module
Three-Phase Tripping
Total Inputs: 2
Total Outputs: 2
N
B
[
o o
St B StC
XxRxx-103-xx-x1xx IN1b: PhA 52a OUT1b: TRIPA o° o
AC Power Supply IN2b: PhB 52a QUT2b: CLOSEA T2
One Type 2 I/O Module IN3b: PhC 52a OUT3b: TRIPB
Single-Phase Tripping IN4b: PhA 52b OUT4b: CLOSEB
Total Inputs: 8 IN5b: PhB 52b OUT5b: TRIPC
Total Outputs: 8 IN6b: PhC 52b OUTeb: CLOSEC
IN7b: 52a OUT7b: TRIP
INSb: 52b OUT8b: CLOSE x
[]
[
[} o
SoiB  SWC

Page 6-26

PCD2000 1B38-737-3



ABB PCD2000

6 Programming Inputs and Outputs

Model Description Default Inputs Default Outputs I/O Connections
XRxx-104-xx-x0xx IN1b: 52a OUT1b: TRIP rm I
AC Power Supply IN2b: 52b OUT2b: CLOSE Tat
One Type 1 /O Module, IN1c: OUT1c: C 1
One Type 2 I/O Module IN2c: ouT2c: C
Three-Phase Tripping IN3c: OUT3c: r o
Total Inputs: 8 IN4c: OUT4c: € 7
Total Outputs: 6 IN5c: g
INGc: .
? 0 [: 1
comi '] |2
0l [ sl
o B 0
[
r §|
j SiA O [+]
SletC
xRxx-104-xx-x1xx IN1b: PhA 52a OUT1b: TRIPA rm L Y
AC Power Supply IN2b: PhB 52a OUT2b: CLOSEA o of et
One Type 1 I/O Module, IN3b: PhC 52a OUT3b: TRIPB ol e e
One Type 21/0 Module | |N4b: PhA 52b OUT4b: CLOSEB vl e E 3
Single-Phase Tripping INSb: PhB 52b OUTSb: TRIPC (o I~ Y
Total Inputs: 14 IN6b: PhC 52b OUT6b: CLOSEC € ‘
Total Outputs: 12 IN7b: 52a OUT7b: TRIP £l fe
IN8b: 52b OUT8b: CLOSE ofi}y ¥
INtc: OUTic: ] E oall] e
IN2c: ouT2c: ° allr]  fodf
IN3c: OUT3c: FE o s
INdc: OUT4c: o
IN5c: 11
IN6C: Aps
[<]
Sith © o o
SlotA Siot8 SiotC
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/ Monitoring

The PCD2000 contains a complete voltage and current metering package that calculates sequence
components, real and reactive power flow, power factor, demand, and minimum/maximum
values. The proper setting of the Voltage Transformer (VT) and Current Transformer (CT)
configurations and ratios are extremely important for proper metering operation. The VT and CT
configuration (wye or delta) and ratio settings are contained in the “Configuration Settings”
menu. Load magnitudes for current are displayed by default on the LCD display (if applicable).
All metered values using the metering menu in the PCD2000 or by using WinPCD can be
displayed in the WinPCD metering screen. The voltage values displayed are phase to neutral for
wye connected VT’s and phase to phase for delta connected VT’s. A setting is required in the
Configuration Menu to display in either L-L or L-N. Voltage Vo or Vg for delta VT’s is
always shown at 0 degrees and is used as a reference for all other voltage and current phase
angles. The calculated sequence voltage components V1 and V2 are derived from the line
voltages regardless of VT configuration. If a balanced condition is assumed then: in a delta
system, the angle of the positive sequence voltage (V) leads V5 5 by 330 degrees. In a wye
system the angle of the positive sequence voltage (V) equals V. The metering screen can be
used to verify proper and healthy connections to the voltage and current input sensors of the
PCD2000.

7.1 Load Metering

The following load values are contained in the PCD2000 and are accessible via the HMI or Win
PCD program:
All phase angles are referenced to V. that is set to be zero degrees.
¢ Phase Currents: Magnitude and Phase Angle
* Wye - Ian, Isn, Ion
e Delta - Ias, Isc, Ica
e Ground Current: Magnitude and Phase Angle
* Wye-Iy
» Kilovolts: Magnitude and Phase Angle
* Wye-Vuan, Ven, Von
e Delta- Vasg, Vec,Vea
» Kilowatts (or Megawatts):
¢ Single Phase - kW-A, kW-B, kW-C
e Three Phase for Wye and Delta connected VTs - kW-3P
e KiloVARSs (or MegaVARs):
» Single Phase - kVAR-A, kVAR-B, kVAR-C
» Three Phase for Wye and Delta connected VTs - kVAR-3P
» Kilowatt-hours (or Megawatt-hours):
 Single Phase - kWHr-A, kWHr-B, kWHr-C

PCD2000 I1B38-737-3 Page 7-1
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+ Three Phase for Wye and Delta connected VTs - kWHr-3P
KiloVAR-hours (or MegaV AR-hours):

* Single Phase - kVARHr-A, kVARHr-B, kV ARHr-C

¢ Three Phase for Wye and Delta connected VTs - kVARHr-3P

¢ Kilovolt Sequence Components: Magnitude and Phase Angle
» Positive Sequence -kV1
» Negative sequence - kV2

¢ Current Sequence Components: Magnitude and Phase Angle
» Positive Sequence - I1
« Negative Sequence - 12

o Zero Sequence 10

Power Factor
* Leading

¢ Lagging

e Frequency

e 50Hz

e 60Hz

Figure 7-1. Load Metering Window in WinPCD

Load ¥alues ‘ ; l

WYE Connected VT's
Amps Deg Walte \Walt Hours
1A ] 0 kw4, 1] ki/Hr-A 0
1B 1] 0 kWi 0 kKwHrB g
IC 1] 0 kKw-C 0 kKwHr-C a
IN ] 0 KwW-3P 0 KwHr-3P 0
10 1] 0 ;
1 0 0 Vars Yar Hours
12 g 0 Kiar-A 0 kW arHrA 0
: kvarB 0 k¥arHrB 0
Kilovolts Deg k¥ar-C 0 k¥arHr-C a
kKvan 0000 O KVar-3P 0 kvarHr-3P 0
kvbn 00.00 0
Ken  00.00 0 Freq. .00 PF.
kYO 1] 0
kv 0 0
kw2 1] 0
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7.2 Energy Meter Rollover

The Watthour and VARhour energy meters can be set to display Kilowatt-hours or Megawatt-
hours. This setting is made in the Configuration menu.

Depending on the magnitude of the power flow seen by the PCD2000 and the time period
between meter readings, it may be necessary to switch the meter mode to megawatt-hours to
avoid energy meter rollover. Meter rollover is the point at which the PCD2000 watthour meter
has reached its maximum count and returns to zero to begin incrementing again. The roll over
point for the energy meters is 6,000,000 kilowatt-hours (kiloV AR-hours) in the kWHr mode and
2,000,000,000 megawatt-hours (megaV AR-hours) in the MWHr mode.

The energy meters are capable of reading negative power. If the magnitudes are positive, the
meters will increment, if negative they will decrement. Figure 7-2 outlines the metering
conventions used in the PCD2000.

Figure 7-2. Metering Conventions Used in the PCD2000

(+) Vars
90°

Py

180° 0°
(-) Watts ' (+) Watts
] I\

270°
)
Vars

The update rate of the energy meters is based on the “Demand Constant” setting (see Demand
Meter section) as set in the “Configurations” settings. The meters will update every 1/15 of the
Demand Constant. For example: if the Demand Constant is set to 15 minutes the energy meters
will update every 1 minute (15min x 1/15 = 1 min).

The watt-hour and VAR-hour meters can be reset to 0 through the local Human Machine
Interface (HMI) by pressing “C” three times in the “Reset Energy Meters” found in the “Meter”
menu.

PCD2000 I1B38-737-3 Page 7-3

ONIHOLINOW .



7 MONITORING

7 Monitoring PCD2000

7.3  Demand Metering

Demand metering typically is used for analysis of equipment loading and system planning. The
demand values in the PCD2000 are accessible via the HMI or Win PCD program. The following
are the measurements taken by the demand meter:

» Phase Currents: Magnitude
¢ Wye and Delta connections - I, I, I
e Ground Current: Magnitude
* Wye connection - Iy
e Kilowatts:
» Single Phase kW-A, kW-B, kW-C
e Three Phase for Wye and Delta connected VTs - kW-3P
¢ KiloVARs:
» Single Phase - kVAR-A, kVAR-B, kVAR-C
o Three Phase for Wye and Delta connected VTs - kVAR-3P

The demand meter takes a snapshot of the load every 1/15 x Demand Constant minutes. Demand
currents are averaged using a log10 function over the period of the Demand Constant Interval to
replicate thermal demand ammeters. The demand kilowatts and kiloVARs are averaged values
that are calculated by sampling the kilowatt-hours and kiloV AR-hours every “Demand Constant”
interval. The Demand Constant interval is a setting made in the “Configuration” settings and is
the time period between demand meter updates. Current utility or industrial practice usually
dictates the setting of the demand constant interval.

Figure 7-3. Demand Metering Window in WinPCD

WYE Conrected VT's
‘Watts Vars
lowd-A 0 kM ar-A 0
kw'-B 0 kar-B 1]
lew'-C 0 kvar-C ]
Iw/-3P 0 k¥ar-3P 0
Back

74  Minimum and Maximum Metering

During each demand interval described the PCD2000 also captures and stores minimum and
maximum values for the measurements listed below. It functions as a standard minimum and
maximum meter. When a new maximum or minimum value is determined, the old value is
replaced. A time stamp in the following format, (date: month/day/year and time: hour:minute), is
placed with the latest minimum and maximum values.

The minimum and maximum metering can be reset to 0 through the local Human Machine
Interface (HMI) by pressing “C” three times in the “Reset Energy Meters” found in the “Meter”
menu.
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The minimum and maximum meter measures:
¢ Phase Currents: Magnitude
* Wye and Delta connection
e Max IA, Max IB, Max IC
» Min I, Min I, Min I¢
¢ Ground Current: Magnitude
¢ Wye and Delta connection
¢ Max In; Min Iy
« Kilowatts:
« Single Phase
e Max kW-A, Max kW-B, Max kW-C;
e Min kW-A, Min kW-B, Min kW-C
¢ Three Phase for Wye and Delta connected VTs
e Max kW-3P; Min kW-3P
» KiloVARs:
¢ Single Phase
+ Max kVAR-A, Max kVAR-B, Max kVAR-C;
» Min kVAR-A, Min kVAR-B, Min kVAR-C
» Three Phase for Wye and Delta connected VTs
» Max kVAR-3P; Min kVAR-3P

Figure 7-4. Min/Max Demand Metering Window in WinPCD

Min/Max Demand Yalues

WYE Connected
Name | MaxValue| Date | Time | Min¥alue | Date | Time |
1A 744 3/2/00 1219 1 419/00 1436
I8 200 3/2/00 1219 1 419/00 143
IC 1268 3/2/00 1218 1 4419/00 1436
IN 106 3/2/00 1218 0 419/00 143
KA 0 419/00 1430 0 4/19/00 1430
Kw/B 0 4419/00 1430 0 4419/00 1430
Kw/-C 0 418/00 1430 0 4/18/00 1430
kw/-3ph 0 419/00 1430 0 4/19/00 1430
KWard 0 471900 1430 0 4419/00 1430
k¥ar-B 0 413/00  14:30 0 4/19/00 1430
kvarC 0 419/00 1430 0 4419/00 1430
kVar-3ph 0 413/00 1430 0 4415/00 1430

Bint.. l E
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7.5  Power Quality Functions

7.5.1 Voltage Sag Calculation Unit

The voltage sag calculation unit monitors all three-phase voltages independently and records
events where the voltage drops below a threshold for a specified period of time. Voltage sags are
implemented according to the IEEE 1159 standard.

Four non-overlapping time and magnitude regions are defined for voltage sags as shown below in

Figure 7-5.
Figure 7-5. Voltage Sag Operational Regions
Voltage
(PU) A
1.0 >
V3 T §
V2 + l l l
vi + : Temporary
i Momental Overflow
i ; Sag i Sag Sag
Instantaneous
= 7 1
0 4 . Time
. ’ " (cycles)
0. T, T, Ts 1 Hour

The voltage sag element is implemented with separate processing for each sag event. The voltage
sag element for each event processes rms voltage measurements from all three phases
independently every quarter cycle. Pickup thresholds are the same on each phase within an event.

A voltage sag on a particular phase goes into pickup when rms voltage drops below the rms
voltage threshold. This pickup time is also the event start time. Whenever the element is in
pickup (rms voltage is below threshold) the minimum quarter cycle rms voltage detected is stored
for the event. The event ends when the rms voltage returns above the pickup threshold. The
event is triggered (stored permanently) if the duration of the event falls within the lower and
upper time window.

The adjustable rms voltage thresholds adhere to the following relationship:
Vi<V2<V3

The upper time limit of the temporary sag operating region is not adjustable and is set to 1 hour.
Any event longer than the upper coded limit is classified as overflow and the duration of the
event is set equal to the upper limit.
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Table 7-1. Voltage Sag Settings

752

HMI Abbreviation

Description

Sag Unit Choice of whether voltage sag unit is Enabled or Disabled (default).

Sag V1 (pu) Instantaneous pickup voltage magnitude (in pu RMS volis). Range is 0.1 to 0.9,
default is 0.8.

Sag T1 (c) Instantaneous lower trigger threshold (in cycles). Range is 0.5 to 50, default is 3.
Note that if Sag T1 is set higher than Sag T2 or Sag T3, then Sag T2 and Sag T3
are set equal to the new Sag T1.

Sag V2 (pu) Temporary pickup voltage magnitude (in pu RMS volts). Range is the Sag V1 setting
to 0.9, defaultis 0.8.

Sag T2 (c) Upper instantaneous/lower momentary time trigger (in cycles). Range is 10 to 180,
default is 30. Note that if Sag T2 is set higher than Sag T3, then Sag T3 is set equal
to the new Sag T2. If Sag T2 is set lower than Sag T1, the entered Sag T2 is
rejected.

Sag V3 (pu) Temporary pickup voltage magnitude (in pu RMS volts). Range is the Sag V2 setting
10 0.9, default is 0.8.

Sag T3 (s) Upper momentary/lower temporary time trigger (in seconds). Range is 2 to 60,

default is 3. Note that if Sag T3 is set lower than Sag T2, the entered Sag T3 is

rejected.

Voltage Swell Calculation Unit

The voltage swell unit monitors all three phases independently and records any event where the
voltage rises above a user defined threshold for a user specified period of time. Voltage swells
are implemented according to the IEEE 1159 standard.

Four non-overlapping time and magnitude regions are defined for voltage swells as shown below

in Figure 7-6.

Figure 7-6. Voltage Swell Operational Regions

Voltage
PY) A
1.4 l S
Instantaneous l H
Swell Momentary \4 v
T Swell Temporary Overflow
Vi _ Swell Swell
A A
V2 +
V3 +
1.0 P
0 » Time
’ (cycles)
0. T T, Ty 1 Hour
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753

The voltage swell element is implemented with separate processing for each voltage swell event.
The voltage swell element processes rms voltage measurements from all three phases
independently every quarter cycle. Pickup thresholds are the same on each phase within an event.

A voltage swell on a particular phase goes into pickup when rms voltage rises above the rms
voltage threshold. This pickup time is also the event start time. While the element is in pickup
(rms voltage is above threshold) the maximum quarter cycle rms voltage detected is stored for the
event. The event ends when the rms voltage returns below the pickup threshold. The event is
triggered (stored permanently) if the duration of the event falls within the lower and upper time
window.

The tunable rms voltage thresholds must adhere to the following relationship:
Vi=v2>v3

The upper limit on each operating region is limited by saturation that is typically 1.4 pu. The
upper time limit of the temporary swell operating region is not adjustable and is set to 1 hour.
Any event longer than the upper coded limit is classified as overflow and the duration of the
event is set equal to the upper limit.

Table 7-2. Voltage Swell Settings

HMI Abbreviation | Description

Swell Unit Choice of whether voltage swell unit is enabled or disabled (default).

Swell V1 (pu) Instantaneous pickup voltage magnitude (in pu RMS volts). Range is 1.0 to 1.4,
default is 1.2.

Swell T1 (c) Instantaneous lower trigger threshold (in cycles). Range is 0.5 to 50, default is 0.5.

Note that if Swell T1 is set higher than Swell T2 or Swell T3, then Swell T2 and Swell
T3 are set equal to the new Swell T1.

Swell V2 (pu) Temporary pickup voltage magnitude (in pu RMS volts). Range is 1.0 to the Swell V1
setting, default is 1.2.

Swell T2 (c) Upper instantaneous/lower momentary time trigger (in cycles). Range is 10 to 180,
default is 10. Note that if Swell T2 is set higher than Swell T3, then Swell T3 is set
equal to the new Swell T2. If Swell T2 is set lower than Swell T1 the entered Swell
T2 is rejected.

Swell V3 (pu) Temporary pickup voltage magnitude (in pu RMS volts). Range is 1.0 to the Swell V2
setting, default is 1.2.

Swell T3 (s) Upper momentary/lower temporary time trigger (in seconds). Range is 2 to 60,
default is 2. Note that if Swell T3 is set lower than Swell T2, the entered Swell T3 is
rejected.

PQ Oscillographics

Oscillographic records can be triggered for any PQ event type. Oscillographic triggers are set
using the remote tunable parameters program. The trigger point is the time when a PQ functional
unit picks up due to a voltage threshold violation. In other words, the oscillographic record
captures the waveform at the start of the event. In some circumstances it is possible that an
oscillographic record is captured due to the voltage violation but the PQ record is not triggered
because the event does not violate the minimum time constraint for the event type.

Oscillographic records are stored in the same format and structure as fault oscillographic records.

Page 7-8
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7.6  Definitions

The definitions shown in this section are referred to as common terms used in metering. For
additional definitions see the current version of ANSI C12.1 Code for Electricity Metering -

Definitions Section and ANSI/IEEE 100-1988 Standard Dictionary of Electrical and Electronics
Terms.

Active Power - for balanced three-phase systems it is the product of the voltage, the current and
the cosine of the phase angle between them, expressed in watts:

Watts = J§ EL ILcos 0

For unbalanced systems it is the square root of the apparent power squared minus the reactive
power squared:

Watts = [ (VAP — (RVA)

Or the active power can be calculated for each phase to and then added to obtain the total active
power:

Watts= W, + Wy+ We

Ammeter - an instrument for measuring the magnitude of an electric current flow expressed in
amperes.

Ampere - the practical unit of electric current, one-ampere is the current caused to flow through a
resistance of 1 ohm by 1 volt.

Ampere-Hour - the average quantity of electric current flowing in a circuit for one hour.

Apparent Power - the product of the RMS voltage and the RMS current in a balanced three-
phase system, expressed in volt-amperes (VA):

VA= ‘/gELIL

For unbalanced systems apparent power is the square root of the sum of the squares of the active
and reactive powers:

VA= (W)* + (RVA)*

Automatic Meter Reading (AMR) - the reading of meters from a remote location from where
the meter is installed. Wireless radio and telephone are common methods for obtaining this data.
AMR is the initial step to feeder automation.

Balanced Load - the term balanced load is used to indicate equal currents in all phases and
relatively equal voltage between phases and between each phase and neutral with approximately
equal watts in each phase of the load.

Base Load - the normal minimum load of a feeder load that is carried over a 24-hour day.

Burden - the load, expressed in volt-amperes (V A) at a specified power factor placed on
instrument transformer secondary by a connected device.

Capacitance - electric current flow is the movement of electrons in a conductor with voltage
applied to that conductor. As these electrons move current flow produces as long as the voltage is
applied to allow storage of energy whenever two conductors are in close proximity but separated
by an insulator or dielectric material. In an alternating voltage between the conductors the
capacitive energy is transferred to and from the dielectric materials resulting in an alternating
current flow in the circuit.
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Capacitive Reactance - reactance due to capacitance, expressed in ohms. The capacitive
reactance varies indirectly with frequency.

Circular Mil - the area of a circle whose diameter is one mil (1/1000 in.), it is a unit of area equal
to 7/4 or 0.7854 square mil. The area of a circle in circular mils is equal to the square of its
diameter in mils.

Clockwise Rotation - movement of electrical voltage and/or current in the same direction as the
front view as hands on a clock.

Conductance - the ability of a substance or body to pass an electric current, conductance is the
reciprocal of resistance.

Conductor Losses - the watts consumed in the wires or conductors of an electric circuit. Power

that heats wires doing no useful work, it may be calculated for 'R where I is the conductor
current and R is the circuit resistance.

Connected Load - the sum of the continuous ratings of the connected load consuming apparatus.

Counter-Clockwise Rotation - the movement of voltage and/or current in the same direction
opposite that of the front view of hands on a clock.

Cutout - a means of disconnecting an electric circuit, the cutout generally consists of a fuse block
and latching device or switch.

Demand - the average value of power or related quantity over a specified interval of time.
Demand is expressed in kilowatts, kilovolt-amperes, kilovars, or other suitable units. The interval
may be 5, 15, 30 or 60 minutes.

Demand, Maximum - the highest demand measured over a selected period of time also called
peak demand.

Demand, Rolling Interval - a method of measuring power or other quantity by taking
measurements within fixed intervals of the demand period. This method can be used to determine
total demand, average demand, maximum demand, and average maximum demand during the full
interval.

Demand Delay - the programmable amount of time before demand calculations is restarted after
a power outage. Also referred to a Cold Load Pickup and Demand Forgiveness.

Demand Interval Synchronization - physical linking of meters to synchronize the demand
intervals of all meters.

Demand Meter - a metering device that indicates or record the demand, maximum demand or
both. Demand involves both an electrical factor and a time factor with a mechanism responsive
to each of these factors as well as a recording mechanism.

Electrical Degree - the 1/360th part of one complete alternating current cycle.

Electric Meter - a device that measures and record the summation of an electrical quantity over a
period of time.

Energy - the integral of active power with respect to time.

Ground - a conducting connection whether intentional or accidental between an electric circuit or
equipment and earth. It is used for establishing and maintaining the potential of the earth.

Grounding Conductor - a conductor used to connect any equipment device or wiring system
with a grounding electrode or electrodes.

Grounding Electrode - a conductor embedded in the earth used for maintaining ground potential
on conductors connected to it and for dissipating into the earth current conducted to it.
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Hertz - the unit of frequency of an alternating current or voltage, it is the number of cycles
(positive or negative) occurring in one second.

Impedance - the total opposing effect to the flow of current in an alternating current circuit.
Impedance may consist of resistance or resistance and reactance, determined in ohms from the
effective value of the total circuit voltage divided by the effective value of total circuit current.

Inductance - any conductor that is carrying current is cut by the flux of its own field when
current changes in value. A voltage is induced in the conductor by definition of Lenz's law
opposes the change in current in the conductor. Therefore, if current decreases the induced
voltage will try to maintain the current, if current increases the induced voltage tends to keep the
current down. In alternating current circuits the current is constantly changing so the inductive
effect is considerable. Changing current produces changing flux producing induced voltage. The
induced voltage opposes the change in applied voltage consequently the opposition to the change
in current. As current changes more rapidly with increasing frequency the inductive effect also
increases with frequency. Inductance is expressed in henrys (L).

Inductive Reactance - inductance has a definite current limiting effect on alternating current.
This effect is directly proportional to the magnitude of the inductance and is also proportional to
the rate of change of current that is a function of the frequency of the supply voltage. The total
limiting effect of inductance on current may be calculated by the following equation, where X,
inductive reactance is expressed in ohms, f frequency in hertz and L inductance in henrys.

X, =2nfL

Kilo - a prefix meaning one thousand of a specified unit (kilowatt), 1,000 watts = 1 kilowatt.
KVA - the abbreviation for kilovolt-ampere, equal to 1,000 volt-amperes.

Kirchhoff's Laws - Kirchhoff's laws are used in solving for the various unknown values of
current, voltage and resistance of complex circuits. Kirchhoff's laws are used in conjunction with
Ohm's law, where the voltage law is adapted from series circuits and the current law is adapted
from parallel circuits.

Kirchhoff's Voltage Law states; the sum of the voltage drops around a circuit is equal to the
supply voltage or voltages and that the algebraic sum of the voltages around a circuit is equal to
Zero.

ES= E] +IE2+ E3
Es"El_Ez"'E3=0
Kirchhoff's Current Law states; the sum of the currents flowing into a junction point is equal to

the sum of the currents flowing away from the junction point and that any junction of conductors
the algebraic sum of the currents is zero.

I’IDTAL=II+ IZ+I3
Tww—I1,-I,- I,=0
Lagging Current - an alternating current that in each half-cycle, reaches its maximum value a

fraction of a cycle later than the maximum value of the voltage which produces it.

Leading Current - an alternating current that in each half-cycle reaches its maximum value a
fraction of a cycle sooner than the maximum value of the voltage, which produces it.

Lenz's Law - the induced current in a conductor as a result of an induced voltage is such that the
change in magnetic flux due to it is opposite to the change in flux that caused the induced voltage.

Mega - a prefix meaning on million of a specified unit (megawatt), 1,000,000 watts = 1
megawatt.
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Memory - electronic devices that store electronic instructions and data.

Volatile memories can be written to and read from repeatedly. Random access memories (RAM)
require uninterrupted power to retain their contents.

Read Only Memories (ROM) are programmed once and may be read repeatedly. They do not
require constant power to retain their contents. ROMs are typically used to store firmware in
dedicated systems.

Micro - a prefix meaning on millionth part of a specified unit (microhm), 0.000001 ohm = 1
microhm.

Ohm - the unit of electrical resistance, it is the resistance, that allows one ampere to flow when
the impressed electromotive force is one volt.

Ohm's Law - Ohm's law states; the current that flows in an electrical circuit is directly
proportional to the electromotive force impressed on the circuit and inversely proportional to the
impedance in an alternating current circuit.

Optical Port - a communication interface on a metering device that allows the transfer of
information while providing electrical isolation and metering security.

Peak Load - the maximum demand on an electric system during any particular period. Units
may be kilowatts or megawatts.

Percent Error - the percent error of a meter is the difference between its percent registration and
one hundred percent.

Phase Angle - the phase angle or phase difference between a sinusoidal voltage and a sinusoidal
current is defined as the number of electrical degrees between the beginning of the cycle of
voltage and the beginning of the cycle of current.

Phase Sequence - the order in which the instantaneous values of the voltages or currents of a
polyphase system reach their maximum positive values.

Phasor - a complex number associated with sinusoidally varying electrical quantities such that
the absolute value of the complex number corresponds to either the peak amplitude or RMS value
of the quantity and the phase to the phase angle at zero time. Phasors are used to represent
sinusoidal voltages and currents by plotting on rectangular coordinates.

Phasor Diagram - a phasor diagram contains two or more phasors drawn, showing the relative
magnitude and phase, or time, relationships among the various voltages and currents.

Power Factor - for balanced three-phase systems it is the product of the cosine of phase angle
between the voltage and the current:

PF =cos@
In an unbalanced three-phase system it is the ratio of the active power to the apparent power:
pF="
VA

Pulse - an electrical signal, which departs from an initial level for a limited duration of time and
returns to the original level. Example: a sudden change in voltage or current produced by the
opening or closing of a contact.

Q-Hour Meter - an electric meter that measures the quantity obtained by lagging the applied
voltage to a meter by 60 degrees.

Reactance - the measure of opposition to current flow in an electric circuit caused by the circuit
properties of the inductance and capacitance, normally expressed in ohms.
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phase angle between them with the current taken as reference. With non-sinusoidal quantities it
is the sum of all the harmonic componentis each determined as above. In a polyphase circuit it is

Reactive Volt-Amperes - for balanced three-phase systems it is the product of the voltage, the
current and the sine of the phase angle between them, expressed in VARs:

VARs=+3 [ [ sin@

An unbalanced AC circuit reactive volt-amperes is the square root of the apparent power squared
minus the active power squared:

VAR=./(VA) - (W)

Resistance - the opposition offered by a substance or body to the passage through an electric
current. Resistance it the reciprocal of conductance. Resistance in an AC circuit has the same
effect in a DC circuit. Alternating current flowing through a resistance results in a power loss in
the resistor. This loss is expressed the same as in direct current and is equal to ’R.

VAR - the term used for volt-amperes reactive.

VARhour Meter - an electric meter that measures and registers the integral with respect to time
of the reactive power of the circuit in which it is connected, the unit of measure is kilovarhour.

Volt - the unit of electromotive force or potential difference, where one volt will cause one
ampere to flow when impressed across a one-ohm resistor.

Volt-Ampere - volt- peres in a balanced system is the product of volts and the total current that
flows because of the voltage, expressed in VA:

VA=V3E, T,

In an unbalanced circuit VA is equal to the square root of active power squared plus reactive volt-
amperes squared:

VA=\[W) + (RvAy

Watt - the unit of active power that is defined as the rate energy is delivered to a circuit. It is the
power expended when a current of one ampere flows through a resistance of one ohm.

Watthour - a unit of electric energy that is consumed in one-hour when the average power during
the hour is one watt.

Watthour Meter - an electric meter that measures and registers the integral with respect to time
of the active power of the circuit that it is connected. This power integral is the energy delivered
to the circuit during the interval over which the integration extends and the unit in which it is
measured is usually the kilowatthour.
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The PCD2000 provides fault and operations records. It also provides a list of records not yet
reported.

8.1  Fault Summary

The PCD2000 provides a summary of the last 128 faults. The Fault Summary includes the:
+ Record number (most recent listed first as "1")
 Fault number (numbered in order occurred)
« Enabled settings table and recloser sequence number (1, 2, 3, 4 or L for lockout)
» Tripping element
e Date and time
« Phase and neutral currents (magnitude only)

After a fault, the MMI continuously displays the apparent distance to the fault in miles and the
fault currents (magnitude only) until the targets are reset. Save the Fault Summary as a file via
the WinPCD.

Figure 8-1. Fault Summary Window in WinPCD

Rec| Num| Rcl Seq : | Element | Date | Time 1 wl B rk N :-s___l
1 17 Primary-Lockout SON-1  18Apr2000 18:3510.210 1] 0 0 0
2 16 Primary-Lockout 5ON-1 18Apr2000 18:35:08.900 0 i} 0 1]
3 15 Primary-Lockout BON-1 2Mar 2000 12:10:09.810 0 0 D i}
4 14 Primary-Lockout 1P 20Apr1998 154814520 334 a 0 332
5 13 Primany-2 50P-1  204pr1999 19:48:10.430 1] 0 269
& 12 Primary-1 50P-1  20Apri933 15:48:09.860 232 0 0 23
7 11 Primary-Lockout 50P1  20Apr1899 15:47:11.850 21 0 [ 209
8 10 Prmary-Lockout 50P1  20Apr1393 154652350 265 1] ] 265
9 9 Primary-Lockout 5P 204pr1999  15:4%43.160 415 1] 0 103
10 8 Primary-2 BOP1 20Apr1939 15:45:26.550 227 ] 0 226
11 7 Primary-1 50P1  20Apr1398 15:45:265.910 227 i} D 226
12 6 Primary-Lockout 51P 20Apr1999  15:4348.920 446 1] 1] 150
13 5 Primary-1 51P 20Apr1999  15:41:25.840 501 0 0 324
14 4 Primary-Lockout 51P 20Apr1939  15:40:33.030 587 1 0 447
15 3 Primary-Lockout 51P 20Apr1999 15:39.56.660 810 i} 0 464

16 2 Primary-2 50P-1  20Apr1999 15:39.48.850 611 0 0 a52 ~|

Print... ]

£
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Fault Record

The Fault Record contains the last 128 faults. The Fault Record displays one fault at a time and
includes the following information:

Record number

Fault number

Reclose sequence number and enabled settings table
Date and time

Tripping element

Apparent distance to the fault in miles

Fault resistance

Relay operate time

Breaker clearing time

Phase and neutral currents (magnitude and angle)
Positive, negative and zero sequence currents (magnitude and angle)
Phase voltages (magnitude and angle)

Positive and negative sequence voltages (magnitude and angle)

Save the Fault Record as a file by using WinPCD.

Figure 8-2. Fault Record Window in WinPCD

Recl Sequence: Primary-Lockout .
Fault Date: 18 Apr 2000 Fault Time: 18:35:10.210
Fault Element. 50N-1
Distance jmif 0.0 Fault Res: 0
Relay Time: 0 Clear Time: 0.3
1A 0  laAnge 341 kWan 0 Kanhnge 0
IB 0 IBAnge: 340 k¥br 0 k¥bnAngls: ]
IC a IC Angle: 358 k¥en: L] k¥cn Angle: 135
IN 0 IN Angle: 312 kKV1: 0 KVl Angle: 045
b 0 lAnge 315 KVZ 0 KVZ Angle: 0
12 0 I2Ange 135
0 0 10Angle: 345
Latest ] Next Back ‘

Fault Becoids

Fallacod 1 Fauk Number. 17
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8.3  Operations Record

The PCD2000 provides an operations log in which any operation within the PCD2000 is
recorded. This includes internal operations such as logical tripping elements and relay failures.
The operations recorder also logs external events such as settings changes, circuit breaker
operations, and logical input operations. During a fault the operations recorder does not know or
care what element actually tripped and cleared the fault. It only knows that certain logical
element became active and logs them with a time stamp. It is very possible that many elements
may be logged for a specific fault but only one was responsible for fault clearing. See the Fault
Records for the element responsible for fault clearing. A complete listing of all the possible
operations logs is listed along with a description in Table 8-2. For detailed definitions to the
actual logical elements (51P, 27-1P, 81S-1, etc.) see the Programmable Outputs section. It is
important to note that the operations record logs only those elements that change state. These
states can change by actual events or by “forcing” an event to occur via the Operations Menu.
See the Operations Menu section for complete details on forcing events.

Using WinPCD, the existing operations records can be saved to a file on a disk. Simply scroll
down to the least recent operations record, hit ‘ESC’ and select “Save to a Disk.”

Multiple methods can be used to obtain operations information from the PCD2000.
1. The front panel MMI Main Menu item “Records” is accessed.

2. The WinPCD menu item “Records” is accessed. Figure 8-3 shows a sample record obtained
through the WinPCD program.

3. Depending on the communications protocol contained in the PCD2000, a command is issued
to send the operations records.

Figure 8-3. Operations Records Window in WinPCD

—t
[xp]

Rec |Mum |Message | Date | Time | value !ﬂ
1 676  Operation Message 19Ap 2000 10:11:28520 O
2 672  Prmary Set Active 194p 2000 10:11:18.400 0
3 674  Operation Message 18Ap 2000 185244090 O
4 673  Prmary Set Achive 18Ap 2000 185232980 0
5 672  Operation Message 164Ap 2000 185137260 O
6 671  Primary Set Active 18Ap 2000 183820920 O
7 670  Front Panek SEF 18Ap 2000 123549460 O
8 669  Front Panel SEF 184p 2000 183548090 0O
9 668 (B Failed to Trip 18Ap 2000 183510210 O
10 667  Trip Reasserted 18Ap 2000 183508910 O
11 BEB CB Failed to Trip 184Ap 2000 183508800 O
12 665 Tnp Reasserted 184p 2000 183508600 O
13 664  CBFailed to Trip 18Apr 2000 16:35:07.530 0
14 663  Direct Trp 184pr 2000 183507290 O
15 662  Prmary Set Active 18Ap 2000 183433240 O
661 5
SE0

Editor Access 15Mar 2000 18:36:27.050 521
Lditce A 1E bd = 2000 mw____ﬂ

n
ol

:

As can be seen in Figure 8-3, the operations records may contain a value associated with them.
This value is a decimal number that further defines the occurrence. “Editor Access” and “Self
Test Failure” logs will include a value. To interpret this number it must first be converted to
binary. The binary bit pattern when compared to Table 8-1 will show what occurred. Notice in
Table 8-1 that the values for “Editor Access” and “Self Test Failure” mean different things. For

PCD2000 1B38-737-3 Page 8-3
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example: if the Operations Log records an “Editor Access” with a value of 256 it will not mean
the same as a “Self Test Failure” value of 256”.

The Operations Record contains the last 512 operations. The Operations Record includes the:
* Record number (most recent listed as "1")
e Operation number (numbered sequentially in order of occurrence)
» Description of the operation
¢ Date and time of the operation

When the operation number reaches 9999, the screen resets to 0001.

Fault Locator

The PCD2000 fault algorithm is used to calculate estimated fault resistance and apparent distance
to the fault. This calculation is performed by comparing the prefault current and voltage to the
fault current and voltage and by analyzing the positive and zero sequence reactance per mile.
Three to six cycles of fault current are needed to analyze the fault values. The system parameters
are used to estimate the source impedance (known impedance) and source voltage. The fault
values are used to estimate the load impedance (estimated impedance) and determine fault type.
The known impedance and estimated impedance are used to easily calculate the fault impedance.
Once the fault impedance is calculated, the distance to fault can be readily calculated using the
fault impedance, the line impedance and the line length.

The Fault algorithm is designed to be used on a homogenous radial three-phase distribution line
without many taps. Therefore, the unit is not intended to be used on a distribution line with many
different types of conductors because the algorithm will not be as accurate.

Fault data may not be accurate for a close-into-fault condition where there is no prefault power
flow. In the case of closing into a fault during a reclose sequence, the apparent distance to the
fault in miles for the first fault appears on the first line of the LCD for the entire reclose sequence.
The fault records also display the original fault distance in each record of that reclose sequence.
The algorithm for the fault locator is most applicable to a radial three-phase feeder.

Figure 8-4. Fault Locator

Zsource }-——* Zline ‘————* Zline

Rtault
Vsource Zload
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Self-Test Status

The PCD2000 provides continuous self-t
and digital signal processor and its pro

esting of its power supply voltages, its memory elements
gram execution. In the event of a system failure, the

protective functions are disabled and the Self-Check Alarm contacts are actuat
“processor stalled” condition, review the PASS/FAIL status of
the man-machine interface (MMI). Normal status

ed. Except for a
these self-test elements by using
is indicated by a green NORMAL STATUS

light (LED) and system failure is indicated by the red FAIL STATUS light (or by the green
NORMAL STATUS light not being lit in the case of a loss of control power).

Self-Test Failures are recorded as a decimal number in the

Operations Record. After converting

this number to binary, the binary bit pattern indicates the Self-Test Failure or Editor Access
Status involved. The 1s in the bit pattern indicate where a failure has occurred. Count from the
right of the bit pattern (starting with zero) to the position where a "1" occurs. Compare that bit
position with Table 8-1 to reveal the failure. See the examples below for further explanation.

If the self-test fails, the PCD2000 is no longer providing protection. Replace the unit as soon as

possible.

Table 8-1. Operations Record Value Information

Bit Position | Self-Test Failure Editor Access Status Decimal
Value

0 CPU RAM INTERRUPT LOGGING 1

CPU EPROM REMOTE EDIT DISABLE = 1 2
2 CPU NVRAM LOCAL EDIT DISABLED = 1 4
3 CPU EEPROM FRONT MMI EDIT ACTIVE 8
4 NOT USED FRONT COMM PORT EDIT ACTIVE 16
5 NOT USED REAR COMM PORT EDIT ACTIVE 32
6 NOT USED REAR AUX COMM PORT EDIT ACTIVE 64
7 NOT USED REAL TIME CLOCK EDITED 128
8 DSP ROM PROGRAMMABLE I/0 EDITED 256
9 DSP INTERNAL RAM PRIMARY SET EDITED 512
10 DSP EXTERNAL RAM ALTERNATE1 SETTINGS EDITED 1024
11 DSP ANALOG/DIGITAL CONVETER ALTERNATE2 SETTINGS EDITED 2048
12 DSP +/-15, + 12V POWER SUPPLIES | CONFIGURATION SETTINGS EDITED 4096
13 COUNTER SETTINGS EDITED 8192
14 DSP STALL or +5 V POWER SUPPLY ALARM SETTINGS EDITED 16384
15 DSP TO CPU COMMUNICATIONS COMMUNICATIONS SETTINGS EDITED 32768

Examples of bit interpretation are shown below.

8.5.1 Example of a Self-Test Failure

Value : 256 has a binary bit pattern of 0000000100000000 (bit order 15........
The 1 is in bit position 8 as you count from the right. This bit position correlates to DSP ROM

failure.

PCD2000 1B38-737-3
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8.5.2 Example of an Editor Access

Value : 145 has a binary bit pattern of 0000000010010001 (bit order 15......... 0)

The 1s in this bit pattern have the following bit positions and corresponding Editor Access Status:
Bit 0 : Interrupt logging bit (ignore this bit because it will always be set in this example).

Bit 4 : Front communications port initiated the editor access and change.

Bit 7 : Real-time clock settings were changed.

8.6 PCD2000 Settings Tables Diagnostics

Three copies of each settings table are stored in a nonvolatile memory device, preventing data
loss during control power cycling. When you finish editing any settings table, the changed
table’s data is transferred from a temporary edit buffer into three separate locations in the
nonvolatile memory device.

A background diagnostics task continuously runs a checksum on each copy of the settings tables
to verify data consistency. If an invalid copy is detected, the diagnostic task attempts self-
correction by transferring a valid copy to the invalid copy location. If this is unsuccessful, the
task marks the copy as unusable and switches to the next available copy.

When the PCD2000 detects that all three copies of a settings table are not valid, the diagnostic
task adds a self-diagnostic error in the Operations Record, drops the self-check alarm and disables
all protective functions. In addition, the Self Test display under the MMI Test Menu shows the
current status (PASS or FAIL) for all memory devices.

8.7 Operations Log Listing

Table 8-2 lists and describes all possible entries in the Operations Log.

Table 8-2. Operations Log Entry Descriptions

Log Entry Description

27-1P Alarm Indicates that the single phase undervoltage element, 27-1P, has operated. This log
indicates only that the programmable logical output, 27-1P, has operated.

27-3P Alaim Indicates that the three phase voltage element, 27-3P, has operated. This log indicates
only that the programmable logical output, 27-3P, has operated.

32N Trip Indicates that the ground directional power element, 32N, has operated.

32P Trip Indicates that the phase directional power element, 32P, has operated.

46 Trip Indicates that the negative sequence time overcurrent element, 46 has timed out and
operated. Itis possible that this may not have been the actual tripping element.

46 Unit Disabled Indicates that the programmabile input, “46” transitioned from a logical 1 to a logical 0,
disabling the negative sequence time overcurrent element if used. This log indicates the
state of the “46” input only.

46 Unit Enabled Indicates that the programmable input, “46” transitioned from a logical 0 to a logical 1,
enabling the negative sequence time overcurrent element if used. This log indicates the
state of the “46” input only.

50N-1 Trip Indicates that the ground instantaneous overcurrent element, 50N-1 has timed out and
operated. Itis possible that this may not have been the actual tripping element.

50N-2 Trip Indicates that the ground instantaneous overcurrent element, 50N-2 has timed out and
operated. Itis possible that this may not have been the actual tripping element.

Page 8-6

PCD2000 1B38-737-3



ABB PCD2000 8 Records

Log Entry Description

50N-3 Trip Indicates that the ground instantaneous overcurrent element, 50N-3 has operaied. ltis
possible that this may not have been the actual tripping element.

50P/N-1 Disabled Indicates that the “50-1" programmable input was de-asserted and the active 50P-1 and
50N-1 instantaneous overcurrent elements disabled. The “50-1” programmable input must
be assigned to a physical input or feedback term for this record to appear. It will also
appear if the “50-1” logical input is forced open in the Operations Menu. This record
indicates the state of the “50-1” input only. This log will appear even if the 50P-1 and 50N-1
elements are disabled in the active settings group.

50P/N-1 Enabled Indicates that the “50-1” programmable input was asserted and the active the 50P-1 and
50N-1 instantaneous overcurrent elements enabled. The “50-1” programmable input must
be assigned to a physical input or feedback term for this record to appear. It will also
appear if the “50-1” logical input is forced open in the Operations Menu. This record
indicates the state of the “50-1” input only. This log will appear even if the 50P-1 and 50N-1
elements are disabled in the active settings group.

50P/N-2 Disabled Indicates that the “50-2” programmable input was de-asserted and the active the 50P-2 and
50N-2 instantaneous overcurrent elements disabled. The “50-2” programmable input must
be assigned to a physical input or feedback term for this record to appear. It will also
appear if the “50-2” logical input is forced open in the Operations Menu. This record
indicates the state of the “50-2” input only. This log will appear even if the 50P-2 and 50N-2
elements are disabled in the active settings group.

50P/N-2 Enabled Indicates that the “50-2” programmable input was asserted and the active the 50P-2 and
50N-2 instantaneous overcurrent elements enabled. The “50-2” programmable input must
be assigned to a physical input or feedback term for this record to appear. It will also
appear if the “50-2” logical input is forced open in the Operations Menu. This record
indicates the state of the “50-2” input only. This log will appear even if the 50P-2 and 50N-2
elements are disabled in the active settings group.

50P/N-3 Disabled Indicates that the “50-3” programmable input was de-asserted and the active the 50P-3 and
50N-3 instantaneous overcurrent elements disabled. The “50-3” programmable input must
be assigned to a physical input or feedback term for this record to appear. It will also
appear if the “50-3” logical input is forced open in the Operations Menu. This record
indicates the state of the “50-3” input only. This log will appear even if the 50P-3 and 50N-3
elements are disabled in the active settings group.

50P/N-3 Enabled Indicates that the “50-3” programmable input was asserted and the active the 50P-3 and
50N-3 instantaneous overcurrent elements enabled. The “50-3” programmable input must
be assigned to a physical input or feedback term for this record to appear. It will also
appear if the “50-3” logical input is forced open in the Operations Menu. This record
indicates the state of the “50-3” input only. This log will appear even if the 50P-3 and 50N-3
elements are disabled in the active settings group.

50P-1 Trip Indicates that the phase instantaneous overcurrent element, 50P-1 has timed out and
operated. It is possible that this may not have been the actual tripping element.

50P-2 Trip Indicates that the phase instantaneous overcurrent element, 50P-2 has timed out and
operated. It is possible that this may not have been the actual tripping element.

50P-3 Trip Indicates that the phase instantaneous overcurrent element, 50P-3 has operated. ltis
possible that this may not have been the actual tripping element.

51N Trip Indicates that the ground time overcurrent element, 51N has timed out and operated. Itis
possible that this may not have been the actual tripping element.

51P Trip Indicates that the phase time overcurrent element, 51P has timed out and operated. ltis
possible that this may not have been the actual tripping element.

52a Closed Indicates the state of the programmable logic input “52A”. This record indicates the state of
the programmable input “52A” only. It does not imply an actual breaker state. The “52A
Closed” record indicates that the “52A” logical input was at a logical 1 at the time of the
logging.

52a Opened Indicates the state of the programmable logic input “52A”. This record indicates the state of
the programmable input “52A” only. It does not imply an actual breaker state. The “52A
Opened” record indicates that the “52A” logical input was at a logical 0 at the time of the

logging.
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52b Closed Indicates the state of the programmable logic input “52B”. This record indicates the state of
the programmable input “52B” only. It does not imply an actual breaker state. The “52B
Closed” record indicates that the “52B” logical input was at a logical 1 at the time of the
logging.

52b Opened Indicates the state of the programmable logic input “52B”. This record indicates the state of
the programmable input “52B” only. It does not imply an actual breaker state. The “52B
Opened” record indicates that the “52B” logical input was at a logical O at the time of the
logging.

59 Alam Indicates that the overvoltage element, 59, has operated. This log indicates only that the
programmable logical output, 59, has operated.

67 Unit Disabled Indicates that the programmable input, “67N” transitioned from a logical 1 to a logical 0,
disabling the ground directional time overcurrent element if used. This log indicates the
state of the “67N” input only.

67N Trip Indicates that the directional ground time overcurrent element, 67N has timed out and

operated. It is possible that this may not have been the actual tripping element.

67N Unit Enabled

Indicates that the programmable input, “67N” transitioned from a logical O to a logical 1,
enabling the ground directional time overcurrent element if used. This log indicates the
state of the “67N” input only.

67P Trip Indicates that the directional phase time overcurrent element, 67P has timed out and
operated. Itis possible that this may not have been the actual tripping element.

67P-1 67P-1 Fault Issued

67P-2 67P-2 Fault Issued

67P-3 67P-3 Fault Issued

67P Unit Disabled

Indicates that the programmable input, “67P” transitioned from a logical 1 to a logical 0,
disabling the phase directional time overcurrent element if used. This log indicates the state
of the “67P” input only.

67P Unit Enabled

Indicates that the programmable input, “67P” transitioned from a logical 0 to a logical 1,
enabling the phase directional time overcurrent element if used. This log indicates the state
of the “67P” input only.

79 Counter 1 Alarm

Indicates that the number of reclose operations has exceeded the Reclose Counter 1 Alarm
setting.

79 Counter 2 Alarm

Indicates that the number of reclose operations has exceeded the Reclose Counter 2 Alarm
setting.

79M Input Disabled

Indicates the state of the multi shot reclose,“79M”, programmable input. This record will
appear when the “79M” input transitions from a logical 1 to a logical 0.

79M Input Enabled

Indicates the state of the multi shot reclose,“79M”, programmable input. This record will
appear when the “79M” input transitions from a logical 0 to a logical 1.

79S Input Disabled

Indicates the state of the single shot reclose,“79S8”, programmable input. This record will
appear when the “79S” input transitions from a logical 1 to a logical 0.

79S Input Enabled

Indicates the state of the single shot reclose,“79S", programmable input. This record will
appear when the “798” input transitions from a logical 0 to a logical 1.

79V Block

Indicates that one or more phases of voltage fell below the 79V threshold setting. Will log a
79V Block only during a reclose operation.

810-1 Overfrequency

Indicates that the overfrequency module 1 element, 810-1, has timed out and operated.
This log indicates only that the programmable logical output, 810-1, has operated.

810-2 Overfrequency

Indicates that the overfrequency module 2 element, 810-2, has timed out and operated.
This log indicates only that the programmable logical output, 810-2, has operated.

81R-1 Restore

Indicates that the frequency restoration module 1 element, 81R-1, has timed out and
operated. This log indicates only that the programmable logical output, 81R-1, has
operated.

81R-2 Restore

Indicates that the frequency restoration module 1 element, 81R-2, has timed out and
operated. This log indicates only that the programmable logical output, 81R-2, has
operated.
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81S-1 Trip Indicates that the frequency load shed module 1 element, 81S-1, has timed out and
operated. This log indicates only that the programmable logical output, 81S-1, has
operated.

81S-2 Trip Indicates that the frequency load shed module 2 element, 81S-2, has timed out and
operated. This log indicates only that the programmable logical output, 81S-2, has
operated.

81V Block Indicates that one or more phases of voltage fell below the 81V threshold setting.

Accumulated KSI

Indicates that the KSI summation has exceeded the KSI Alarm setting.

Alt 1 Set Active

Indicates that a transition from a Altemate 2 or Primary settings group took place and that
the Alternate 1 settings are active at this point in the record.

Alt 2 Set Active Indicates that a transition from a Aliemate 1 or Primary settings group took place and that
the Alternate 2 setiings are active at this point in the record.

ARC Blocked Indicates that the programmable input Auto Reclose Timer Block, “ARCI", transitioned from
a logical 0 to a logical 1.

ARC Enabled Indicates that the programmable input Auto Reclose Timer Block, “ARCVI”, transitioned from

a logical 1 to a logical 0.

BATRAM Failure

Indicates a failure of the PCD2000 Battery Backed-up Random Access Memory. Contact
ABB technical support at this time.

BFT Operation

Indicates operation of the Breaker Failure Trip (BFT) logical output.

Blown Fuse Alarm

Indicates that “BFUA” programmable logical output has operated.

Breaker Closed

Indicates that a “CLOSE BREAKER” command was entered from the Operations Menu.

Breaker Opened

Indicates that a “TRIP BREAKER” command was entered from the Operations Menu.

CB Failed to Close

Indicates the Close Fail Timer has expired.

CB Failed to Trip

Indicates the Trip Fail Timer has expired.

CB Pops Closed

Indicates that the circuit breaker has closed after a CB fail to close state has occurred. This
could have only occurred extemal to the PCD2000 or a “Close” command issued via the
PCD2000 MMI or WinPCD program.

CB Pops Open

Indicates that the circuit breaker has opened after a CB fail to trip state has occurred. This
open state could have occurred when the breaker finally opened (slow breaker) or when
manually opened.

CB Slow to Trip

Indicates that the “Slow Breaker Time” setting in the configuration settings has expired.

CB State Unknown

Indicates that the 52A and 52B circuit breaker auxiliary contact inputs to the PCD2000 are
in an invalid state.

Cold Load Alarm

Logs when the cold load timer is counting down.

Control Power Fail

Indicates that the control power has dropped below the control power operating threshold
as outlined in the Specifications section

CRI Input Closed

Indicates that the programmable input Clear Reclose and Overcurrent Counters, “CRI”,
transitioned from a logical O to a logical 1.

CRI Input Opened

Indicates that the programmable input Clear Reclose and Overcurrent Counters, “CRJ”,
transitioned from a logical 1 to a logical 0.

DSP Failure Indicates a failure of the PCD2000 Digital Signal Processor. Contact ABB technical support
at this time.
Editor Access Indicates that a settings change has been made.

EEPROM Failure

Indicates a failure of the PCD2000 Non-Volatile Memory. Contact ABB technical support at
this time.

Event Cap 1 Init

Indicates that the programmable input “ECI1” was asserted and an event capture taken.
The data from the event is stored in the Fault Records.

LEvent Cap 1 Reset

Indicates that the programmable input “ECI1” was de-asserted.

PCD2000 1B38-737-3
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’Tog Entry

Description

Event Cap 2 Init

Indicates that the programmable input “ECI2” was asserted and an event capture taken.
The data from the event is stored in the Fault Records.

Event Cap 2 Reset

Indicates that the programmable input “ECI2” was de-asserted.

Ext Close Disabled

Indicates that the programmable input “Close” was de-asserted.

Ext Close Enabled

Indicates that the programmabile input “Close” was asserted. This record indicates the state
of the programmable input “Close” only. It does not imply an actual breaker close.

Ext Trip Disabled

Indicates that the programmable input “Open” was de-asserted.

Ext Trip Enabled Indicates that the programmable input “Open” was asseried. This record indicates the state
of the programmable input “Open” only. It does not imply an actual breaker trip.
Ext. Trip & ARC Indicates that the TARC (Trip and Auto Reclose) logical Input became a logical 1 and the

relay went through the reclose cycle.

Ext. Trip CB Stuck

Indicates that the 52A contact opened and the 52B contact closed but current is still flowing
through the relay.

Extemal Close

Indicates that the PCD2000 saw the breaker close via the 52A and 52B Programmable
Logic inputs, but the relay did not cause the breaker to open.

Extemal Trip

Indicates that the PCD2000 saw the breaker open via the 52A and 52B Programmable
Logic inputs, but the relay did not cause the breaker to open.

Grmd. TC Disabled

Indicates that the “GRD” programmable input was de-asserted and the active ground
overcurrent elements disabled. The “GRD” programmable input must be assigned to a
physical input or feedback term for this record to appear. It will also appear if the “GRD”
logical input is forced open in the Operations Menu. This record indicates the state of the
“GRD” input only.

Grnd. TC Enabled

Indicates that the “GRD” programmable input was asserted and the active ground
overcurrent elements enabled. The “GRD” programmable input must be assigned to a
physical input or feedback term for this record to appear. It will also appear if the “GRD”
logical input is forced Closed in the Operations Menu. This record indicates the state of the
“GRD” input only.

High PF Alarm Indicates that the power factor has risen above the High Power Factor Alarm setting.
KVAr Demand Alarm Indicates that the demand KiloVArs have exceeded the Demand KiloVAr Alarm setting.
Load Alarm Indicates that the load current has exceeded the Load Current Alarm setting.

Low PF Alarm Indicates that the power factor has gone below the Low Power Factor Alarm setting.
Neg. KVAr Alarm Indicates that the negative KiloVArs have exceeded the negative KiloVAr Alarm setting.

Neutral Demand Alarm

Indicates that the neutral demand current has exceeded the Neutral Demand Current Alarm
setting.

OC Trip Counter

Indicates that the Overcurrent Trip Counter has exceeded the Overcurrent Trip Counter
Alarm setting.

Phase Demand Alarm

Indicates that the phase demand current has exceeded the Phase Demand Current Alarm
setting.

Phase TC Disabled

Indicates that the “PH3” programmable input was de-asserted and the active phase
overcurrent elements disabled. The “PH3” programmable input must be assigned to a
physical input or feedback term for this record to appear. It will also appear if the “PH3”
logical input is forced open in the Operations Menu. This record indicates the state of the
“PH3” input only.

Phase TC Enabled

Indicates that the “PH3” programmable input was asserted and the active phase overcurrent
elements enabled. The “PH3” programmable input must be assigned to a physical input or
feedback term for this record to appear. It will also appear if the “PH3” logical input is forced
closed in the Operations Menu. This record indicates the state of the “PH3” input only.

Pos Watt Alarm 1

Indicates that the positive kilowatts have exceeded the Positive Kilowatt Alarm 1 setting.

Pos Watt Alarm 2

Indicates that the positive kilowatts have exceeded the Positive Kilowatt Alarm 2 setting.

Pos. KVAr Alarm

Indicates that the positive KiloVArs have exceeded the Positive KiloVAr Alarm setting. J
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Primary Set Active Indicates that a transition from an Alternate settings group took place and that the Primary
settings are active at this point in the record.

RAM Failure Indicates a failure of the PCD2000 Random Access Memory. Contact ABB technical

support at this time.

Reclose Initiated

Indicates that the PCD2000 has entered into the reclose sequence.

Recloser Disabled

Indicates that the 43A programmabile input became de-asserted or was mapped to a non
active physical input or feedback term. This record indicates the state of the “43A” input
only. This log will appear even if the Recloser is disabled at 79-1 in the active settings
group.

Recloser Enabled

Indicates that the “43A” programmable input became asserted or was unmapped to a
physical input or feedback term. This record indicates the state of the “43A” input only.
This log will appear even if the Recloser is disabled at 79-1 in the active settings group.

Recloser Lockout

Indicates a recloser lockout state.

ReTrip Operation Indicates operation of the ReTrip logical output.

ROM Failure Indicates a failure of the PCD2000 Read Only Memory. Contact ABB technical support at
this time.

SEF Disabled Indicates that the Sensitive Earth Fault programmable logic input, “SEF” has transitioned
from a logical 1 to a logical 0 disabling the SEF element if used. (SEF model only.)

SEF Enabled Indicates that the Sensitive Earth Fault programmable logic input, “SEF” has transitioned

from a logical 0 to a logical 1 enabling the SEF element if used. (SEF model only.)

Self Test Failed

Indicates a failure of the PCD2000 during the self check procedure.

Springs Charged

Indicates the state of the Spring Charging Contact, “SCC”, programmable input. This record
will appear when the “SCC” input transitions from a logical 0 to a logical 1.

Springs Discharged

Indicates the state of the Spring Charging Contact, “SCC”, programmable input. This record
will appear when the “SCC” input transitions from a logical 1 to a logical 0.

Supervisory Disable

Indicates that the logical input “Local/SupV” has transitioned from a logical 1 to a logical 0.

Supervisory Enabled Indicates that the logical input “Locai/SupV” has transitioned from a logical O to a logical 1.

TARC Closed Indicates that the programmable input Trip and Auto Reclose, “TARC”, transitioned from a
logical 0 to a logical 1. Logs when an External Trip and Auto reclose occurred.

TARC Opened Indicates that the programmabile input Trip and Auto Reclose, “TARC”, transitioned from a

logical 1 to a logical 0.

TCM Input Closed

Indicates the state of the Trip Circuit Monitor, “TCM,” programmable input. This record will
appear when the “TCM’ input transitions from a logical 0 to a logical 1.

TCM Input Opened

Indicates the state of the Trip Circuit Monitor, “TCM,” programmable input. This record will
appear when the “TCM” input transitions from a logical 1 to a logical 0.

Trip Coil Failure

Indicates that the logical input “TCM’ indicated a trip coil failure.

ULI1 Input Closed

Indicates that the User Logical Input, ULI1, transitioned from a logical O to a logical 1.

ULI1 Input Opened

Indicates that the User Logical Input, ULI1, transitioned from a logical 1 to a logical 0.

ULI2 input Closed

Indicates that the User Logical Input, ULI2, transitioned from a logical 0 to a logical 1.

ULI2 Input Opened

Indicates that the User Logical Input, ULI2, transitioned from a logical 1 to a logical 0.

ULI3 Input Closed

Indicates that the User Logical Input, ULI3, transitioned from a logical 0 to a logical 1.

ULI3 Input Opened

Indicates that the User Logical Input, ULI3, transitioned from a logical 1 to a logical 0.

ULI4 Input Closed

Indicates that the User Logical Input, ULI4, transitioned from a logical 0 to a logical 1.

ULI4 Input Opened

Indicates that the User Logical Input, UL14, transitioned from a logical 1 to a logical 0.

ULIS Input Closed

Indicates that the User Logical Input, ULI5, transitioned from a logical 0 to a logical 1.

ULI5 Input Opened

Indicates that the User Logical Input, ULI5, transitioned from a logical 1 to a logical 0.

PCD2000 IB38-737-3
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ULI6 Input Closed Indicates that the User Logical Input, ULIS, transitioned from a logical 0 to a logical 1.

ULI6 Input Opened Indicates that the User Logical Input, ULIS, transitioned from a logical 1 1o a logical 0.

ULI7 Input Closed Indicates that the User Logical Input, ULI7, transitioned from a logical 0 to a logical 1.

ULI7 Input Opened Indicates that the User Logical Input, ULI7, transitioned from a logical 1 to a logical 0.

ULI8 Input Closed Indicates that the User Logical Input, ULI8, transitioned from a logical 0 to a logical 1.

ULI8 Input Opened Indicates that the User Logical Input, ULIS, transitioned from a logical 1 to a logical 0.

ULI9 Input Closed Indicates that the User Logical Input, ULI9, transitioned from a logical 0 to a logical 1.

ULI9 Input Opened Indicates that the User Logical Input, ULI9, transitioned from a logical 1 to a logical 0.

Wave Cap Init Indicates that the programmable input “WCI” was asserted and an oscillographic record
stored. The data from the event is stored in the Waveform Capture Records.

Wave Cap Reset Indicates that the programmable input “WCI” was de-asseried.

Zone Seq. Disabled Indicates that the programmabile input “ZSC” was de-asserted and the Zone Sequence

Coordination function was disabled. This record indicates the state of the “ZSC” input only.
This log will appear even if the Zone Sequence Coordination function is disabled in the
Configuration settings.

Zone Seq. Enabled Indicates that the programmable input “ZSC” was asserted and the Zone Sequence
Coordination function was enabled. This record indicates the state of the “ZSC” input only.
This log will appear even if the Zone Sequence Coordination function is disabled in the
Configuration settings.

Zone Step Indicates that a zone sequence coordination operation occurred.
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8.8  Operations Summary

The Operations Summary includes:

* Summation of breaker interruption duty on a per-phase basis in KSI (thousand symmetrical
amperes)

* Number of overcurrent trips
¢ Total number of reclosures (both counters)
* Number of breaker operations (overcurrent, load current and no load)

* Number of successful reclosings by reclosure sequence number (1st, 2nd, 3rd and 4th) Save
the Operations Summary as a file via the WinPCD.

Figure 8-5. Operations Summary Window in WinPCD
Operations Summary |

Mame/Model |SN.980300
Catalog Mumber: |8R 121041102001

Setting I‘Vaiue 5 ﬂ
K5I Sum A Counter 5

KS! Sum B Counter 0 '
K5I Sum C Counter 1]

Ower Cumrent Trip Counber 17

Breaker Operations Counter 48

Reclose Counter 1 B

Reclose Counter 2
1st Reclose Counter
2nd Reclose Counter
3id Reclose Counter
dth Reclose Counter
KSI Sum A Counter
K5I Sum B Counter
K5I Sum C Counter

Ousar Crrant T Cosmtar

o]

HODOMoOooD oD

Back

8.9  Unreported Records

When a SCADA application polls a relay, it sends the fault and operations information to the
Unreported Fault and Operations Records. At the same time the information also appears in the
Fault and Operations Records. Records remain in the Unreported Records until either SCADA
downloads the information, or you physically view the Unreported Records screen. When
SCADA downloads the information, the entire Unreported Records is cleared, the record counter
on the Unreported Records Status screen drops to 0 and access to the Unreported Records is
denied until more information is reported. When you view a screen of Unreported Records, the
record counter decreases by the number of records that fit onto your screen. For example, if your
computer screen can show 15 records, the record counter decreases by 15 when you exit the
Unreported Records screen.
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In this manner, the Unreported Records helps by showing the faults and operations records that
occurred since the last time SCADA downloaded or you viewed the Unreported Records. The
Fault Summary, Fault Record, Operations Summary and Operations Record do not identify which

records were reported and which remain in the Unreported Records.

Figure 8-6. Unreported Fault Records Window in WinPCD

[ Urnepoited Faull Hecords

Figure 8-7. Unreported Operations Records Window in WinPCD

Unreported Operations Records

1 2.Jun 1998 (806,690
2 43 Fimay-2 50P1 2Jun1998  1502:11.860 158 152 843
3 44 Frimany-3 S0P1 2Jun 1998 15:.02:24.540 157 150 741
4 45 Prmary1 30P1 2Jun1838  15:04:27.140 155 152 760
5 46 Frimany-2 50P-1  2Jun1998 15:04:29.310 155 151 764
6 47 Primany-Lockou 50P-1  2Jun 1938  15:04:33.650 157 151 763
T 48 Frmay1 SIN 2Jun 1398 15.05:37.600 167 151 762
8 49 Prmay-2 51N 2Jun 1998 15:05:44.200 157 152 763
9 50 Friman-Lockowt SIN 2Jun 1908 15:05:53.100 156 152 761
10 51 Frmary-Lockout S0F-1 2Juni1998  1508:04440 1218 152 28
11 52 Priman-Lockout SN 2Jun 1938 15:06:27.670 107 600 42

Hac‘ i Num ] Hessa’ge

lbae

ime

1 672  Operation Message H5 18Ap 2000 18:51:37.260
2 673 Primary Set Active 18Apr 2000 185232980
3 674  Operation Message #5 18Ap 2000 18:5244.090
4 E75 Primary Set Active 194pr 2000 10:11:18.400
5 676  Operation Message #5 13 4p 2000 10:11:29520
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9  Communication

9.1 PCD2000 Communication Environment

The PCD2000 is equipped with an optical fiber optic port on the front panel for serial port
communications. An optical communications cable can be connected from the front port or a
standard null modem cable from the rear port to a personal computer running the WinPCD

configuration software for data access and set up. Please contact your local ABB representative
for information on these accessories.

In addition, two serial port modules are provided at the rear of the PCD2000, including a 9-pin
RS-232C and a 3-wire RS-485connection. The rear RS-232C ports can interface with a modem
using a straight through cable and a remotely connected computer. The RS-232C ports can also
interface directly to a PC with the use of a null modem cable. The RS-232C ports are configured
as data terminal equipment. Since non-isolated ports are susceptible to noise, this module, with
its isolation, is recommended for connection to a SCADA system via modems, radios or other
communication devices. In the event this module is installed, the non-isolated port on the CPU
module will be disabled.

The PCD2000 supports various protocols. The command message structure and substructures for
these protocols are available upon request. Contact the nearest ABB sales office or ABB at its
Raleigh, NC technical support office and request the “Protocol Document” for the unit type
(PCD2000 and the specific protocol of interest). The following protocols are available in the
PCD2000 relay:

« Modbus® ASCIL: Industry standard protocol available through the front panel optical port or
communications module.

» Modbus® RTU: Industry standard protocol available through the communications module.
e DNP 3.0: An IEC60870-5 based protocol available through the communications module.
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9.2  PCD2000 Communications Settings

Using the front panel HMI can change the communication settings for the PCD2000. When you
use the local HML, the communication ports are blocked from downloading settings but can still
transmit data. Similarly, when a communications port is downloading settings, the HMI and
other communication ports are blocked from changing settings.

Table 9-1. Communication Settings

HMI Abbreviation

WinPCD Name and Description

Unit Address

Unit Address

This setting is the data-communications address of the PCD2000 unit. The value is
an integer in the range 1 to 65,535. This value is used by the computer (or other
digital device) communicating with the PCD2000 to know which PCD2000 it is
communicating with.

FP Baud
FP Frame

Front Panel Configuration

Two values are specified for digital communication through the front panel data port.
The baud rate: 300, 1200, 2400, 4800, 9600 (default), or 19200 baud; and the frame
pattem: EVEN-7-1, ODD-7-1, NONE-8-1 (default), EVEN-8-1, ODD-8-1, NONE-8-2,
and NONE-7-2. These much match the communications settings of the computer
(or other digital device) communicating with the PCD2000.

RP Baud
RP Frame

Rear Panel Configuration

Two values are specified for digital communication through the front panel data port.
The baud rate: 300, 1200, 2400, 4800, 9600 (default), or 19200 baud; and the frame
pattem: EVEN-7-1, ODD-7-1, NONE-8-1 (default), EVEN-8-1, ODD-8-1, NONE-8-2,
and NONE-7-2. These much match the communications settings of the computer
(or other digital device) communicating with the PCD2000.

RP Protocol

Rear Panel Protocol

This setting specifies which communications protocol to use for data communication
through the rear data port that is communicating with éhe computer connected ®to the
PCD2000. The available choices are: ASCIHl Modbus™ (default), RTU Modbus™, and
DNP 3.0.

Parameter 1

Parameter 25

Rear Port Parameter 1

Reai: Port Parameter 25

This settings affect data communication using the DNP 3.0 protocol. Contact ABB
Power T&D Company Inc. for more information.

Mode Par 1: Rear Port Param Mode 1

Modé Par 8: Rear' Port Param Mode 8

This settings affect data communication using the DNP 3.0 protocol. Contact ABB
Power T&D Company Inc. for more information.

9.21 PCD2000 Communications Module Overview:

The PCD2000 provides two communication module options: Type 3 and Type 4. The module
types are summarized as follows:

» Type 3: Isolated RS-232 and RS-485 communication ports with selectable RTS/CTS flow

control.

» Type 4: Isolated RS-232 and RS-485 ports with RTS/CTS flow control and radial or looped
fiber-optic communication port.
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9.22 Type 3 and Type 4 Communication Module Description

The PCD2000 offers two communication module options, the Type 3 and Type 4 Communication
modules. The Type 3 module has electrically isolated RS232 and RS485 communication ports.
The Type 4 module also has the same RS-232 and RS-485 but with an additional fiber optic
communication port. The only difference between the PCD 2000 Type 3 Communications
module and the PCD 2000 Type 4 Communications module is the addition of a fiber optic
interface port installed on the Type 4 Communications module.

The Type 3 and 4 Communications Modules provide three serial communication paths between
the outside world and the PCD2000’s CPU. Additionally, this module provides RS-232
RTS/CTS handshaking to assist with data flow control that may be needed when interfacing with
radio receiver/transmitters. The RTS/CTS feature may be selected by the placement of jumper
H302. The time in milliseconds that RTS remains asserted past the end of data transmission is
selected by jumper H202. This feature is used to eliminate squelch problems associated with
radio transmission and reception. The module will transmit data on all ports at once but can only
receive but on one port at one time. When data is received then that data is retransmitted over all
ports except for the port were the data was received. This is basically the way all data is handled
by this module.

Type 3 and Type 4 Communication Modules provide either two (Type 3 Module) or three (Type
4 Module) serial communication ports that function as a communication bridge between the RS-
232 (9 pin D shell connector), the RS-485 (green 8 pin terminal connector), or the fiber optic ST
connectors (Type 4 only). When these modules are installed, several PCD2000’s, or other
devices, may be networked together using a multi-dropped RS-485 scheme (Type 3 or Type 4) or
a looped fiber network scheme (Type 4 only).

The modules will communicate at 1200, 2400, 4800, 9600, and 19.2K baud with any character
framing or protocol without setup prior to operation.

9.23 Communication Bridge Feature

As previously described, the Type 3 and Type 4 Communication modules have the unique ability
to re-transmit or echo messages on all ports simultaneously with the restriction that only one port
can be assigned to receive. When data is received, it is re-transmitted over all ports except for the
port where the data was received. The only exception is when the jumper H303 has LOOPED
FIBER selected. In this case all data received by the fiber optic RxD port is re-transmitted back
through the TxD fiber optic port in addition to the RS-232 and RS-485 ports.

This re-transmission ability allows the Type 3 and Type 4 Modules to act as a communication
bridge where conversion from one physical media (i.e., RS-232, RS-485 or fiber) to another can
be achieved on-board. All data transmitted by the module is regenerated to correct for signal
distortion introduced in the transmission medium.

Typical applications would include installations where a single point of remote connection via an
RS-232 based radio would need to be networked over several installed PCD2000’s. This can be
accomplished by attaching the radio’s RS-232 output to one PCD2000, then multi-dropping the
remaining PCD2000s via a RS-485 or looped fiber network connection. In this case, the first
PCD2000 attached to the radio would act as the Communication Bridge, converting the RS-232
to either RS-485 or fiber. Other combinations are possible including 1) fiber to either RS-232 or
RS-485 or 2) RS-485 to fiber either or RS-232.
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Figure 9-1. Type 3 Communications Module
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9.24 RS-232/RS-485 Pin Connections

The pin connections for the various communications ports are shown in Table 9-1 and 9-2.

Table 9-2. RS-485 Port Pin Connections

Pin Description Number

G RS-485 Common/VDC Return
- RS-485 Minus

+ RS-485 Positive

9.241  RS-485 Port and Communications Card Internal Jumper Positioning

The RS-485 standard defines the properties of the electrical signal of the electronic bus interface
that handles this communication. RS-485 differs from the RS-232C standard found on most
devices. RS-<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>