WESTINGHOUSE 1.L.41-681.1Q

AL DN
MDD I=

ASEA BROWN BOVERI

RELAY TYPE CVE, CVE-1, CVE-2 AND CVE-3
SYNCHRO-VERIFIER RELAYS

CAUTION

Before putting the Synchro-Verifier into service, remove all blocking inserted for the purpose of
securing all parts during shipment. Make sure that all moving parts operate freely. Inspect the

contacts to see that they are clean and close properly. Operate the relay to check the settings and
electrical connections.

APPLICATION

The Types CVE, CVE-1, CVE-2 and CVE-3, Figures 1,2 and 3, synchro-verifier relays are used to check that the voltages
on both sides of a breaker are approximately the same in magnitude and phase. The synchro-verifier relays are not
automatic synchronizers and should not be used as such. Automatic synchronizers are available which permit closing
ahead of synchronism at an angle of phase-advance proportional to the beat frequency and determined by the speed of
operation of the circuit breaker so that the two systems are connected at synchronism.

The CVE type relays supervise the automatic or manual closing of a circuit breaker. A common application of the
synchro-verifier relay is in conjunction with automatic reclosing equipment or loop systems fed by generating stations
at two or more points. When a line section trips out, the synchro-verifier is used at one terminal to check synchronism
after the remote terminal isreclosed. Ifthe two systems are in synchronism, the synchro-verifier permits that automatic
equipment to reclose the breaker.

The CVE-1 has the CVE unit and is additionally equipped with line and bus voltage sensing, telephone type relays. These
permit the relay reclosing to be initiated when the bus is hot and the line is dead (HBDL) or vice versa (HLDB). When
both the line and the bus are live and in synchronism, the synchro-verifier relay permits the automatic reclosing equipment
to reclose the breaker.

The CVE-2 relay is comprised of three (3) telephone type relays and two (2) over or under voltage toggle-type relays
in addition to the CVE unit and is used for selective initiation of reclosures. The reclosing is modified by the nature of
the trip: highspeed relay trips initiate high speed and delayed time reclosures; time-delayed relay trips initiate only time-
delayed synchronism reclosures; and manual trips which do not initiate reclosures.

All possible contingencies which may arise during installation, operation, or main-
tenance, and all details and variations of this equipment do not purport to be covered
by these instructions. If further information is desired by purchaser regarding his
particular installation, operation or maintenance of his equipment, the local ASEA
BROWN BOVERI representative should be contacted.

SUPERSEDES I.L.41-681.1P EFFECTIVE JANUARY 1988
DATED FEBRUARY 1984
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The CVE-3 relay also has the CVE unit. A telephone relayis added for the purpose of sealing-in the CVE contacts once

they have closed. The CVE-3 relayis capable of being energized with the CVE unit contacts closed and will carry current
continuously.

CONSTRUCTION
A. Operating Element (Rear Element) Fig.1

An “E” type laminated electromagnet is part of the operating element of the synchro-verifier relays. The center leg has
two main coils and the left leg contains a lag coil. A variable resistor or a potentiometer connected across the lag coil
provides adjustment for the different operating circles of the relay. Increasing or decreasing the amount of resistance
effectively decreases or increases the contact closing torque of the relay.

When the relay is energized with two voltages, a flux is produced that is proportional to the sum of the applied voltages.
This flux divides and returns through the outer legs of the electromagnet. The lag coil on the left leg causes the flux in
that leg to lag the main pole flux. The out-of-phase fluxes thus produced in the disc gap cause a contact closing torque.

B. Restraining Element (Front Element) Fig. 2

The restraining element is comprised of an “E” type laminated electromagnet with two main coils on its center leg and
a lag coil on its left leg.

A flux is produced that is proportional to the difference of the applied voltages. This flux divides and returns through
the outer legs of the electromagnet. The lag coil causes the flux through the left leg to lag the main pole flux. The out-
of-phase fluxes thus produced in the disc gap cause a contact opening torque.

C. Indicating Contactor Switch Unit (ICS) - (When Used)

The dc indicating contactor switch is a small clapper-type device. A magnetic armature, to which leaf-spring mounted
contacts are attached, is attracted to the magnetic core upon energization of the switch. When the switch closes, the
moving contacts bridge two stationary contacts, completing the trip circuit. Also, during this operation, two fingers on
the armature deflect a spring located on the front of the switch, which allows the operation indicator target to drop.

The front spring, in addition to holding the target, provides restraint for the armature and thus controls the pick-up value
of the switch.

D. AC Indicating Contactor Switch (ACS) - (When Used)

The ACS is similar in construction to the ICS. It is used where the ac current is too large for the ICS to handle or when
the ICS will have to carry the ac current for too long a period.

OPERATION
A. CVE Operation With External Voltage Relays (Fig. 4)

Figure 4 shows the external connections of the CVE relay with two type SG relays for the line and bus voltage relays.
Connected in this manner, the scheme will provide the following operations:

1. Hot line - Dead Bus, HLDB

Close the breaker when the bus is hot and the line dead, through the bus 59B make contact and the line 27L break
contact.
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2. Hot Bus - Dead line, HBDL

Close the breaker when the line is live and the bus dead, through the line 59L make contact and the bus 27B break
contact.

3. Synchronism check

Close the breaker when the line and the bus are both live, and when their respective voltages are approximately
normal, equal in phase and of the same frequency, through the CVE contact.

In the CVE with external relay arrangement, it is recommended that the number of reclosures be limited by using
a single-shot or multi-shot reclosing relay in the scheme,

B. CVE-1 Operation (Fig. 5)

The CVE-1relay shown in Fig. 5 operates as the CVE described above and with its internal telephone relays, V4 and
V,, it performs the same functions as the external SG relays described above.

Like the CVE, it is recommended that the number of reclosures be limited by using either a single-shot or a multi-shot
reclosing relay in conjunction with the CVE-1 relay.

C. CVE-2 Operation

The CVE-2 relay has two low drop-out telephone relays which have buffered contacts. Also, the CVE-2 relay has two
SX auxiliary relays where one is used to initiate high-speed reclosure and the other initiates time-delayed reclosures. The
reclosing action is dictated by the nature of the trip, i.e., a high speed relay trip will initiate high speed and time-delayed
reclosures; time delayed relay trips will initiate only time delayed synchronism check reclosures; and manual trips do not
initiate reclosures.

D. CVE-3 Operation

The CVE-3 relay, Fig. 6, incorporates a circuit to seal-in the CVE function of the relay. This circuit is comprised of a
SPDT CVE contact and a DPST telephone relay contact.

CHARACTERISTICS

The relays containing the type CVE units can be adjusted for operating circles from 20 to 60 degrees as shown in Fig.
7. As shipped from the factory, the relay is calibrated for the 20 degree circle. These circles apply when one side has
rated voltage. The relay operates if the other voltage falls within the appropriate circle.

The operating time of the CVE element of the relay is shown in Fig. 8. These time curves are obtained from the number
11 time-dial setting when the applied voltages are equal to rated voltage, of the same frequency anc% the pha§e angle
between the voltages is varied for three typical settings. Shorter operating times can be obtained at different time-dial
settings for values of voltage which are-equal and in-phase as shown in Fig. 9.
Fig. 10 shows the maximum slip frequency for which operation of the CVE element can occur. The maximum slip
frequency is a function of the circle and time-dial settings. This characteristic is of interest in estimating the worst-case
angular difference at the instant of breaker closure, for cases where the two systems are slipping slowly.
Fig. 11 shows typical CVE reset times for the 20, 40 and 60 degree circle settings.
A. Burden

1. CVE Unit

The burden imposed on each potential source by the CVE relay, withrated voltage applied to both circuits of the
relay is as follows:



I.L.41-681.1Q

60 Hertz 50 Hertz
Volt-Amperes 154 233
Power Factor 422 .309
Watts 6.5 7.2

The burden of the CVE relay with rated voltage applied to one circuit is as follows:

60 Hertz 50 Hertz
Volt-Amperes 10.8 13.8
Power Factor 422 309
Watts 4.6 42

2. Auxiliary Relays

For the CVE-1 relay, the additional burden of each telephone relay at 120 Vac is as follows:

60 Hertz 50 Hertz
Volt-Amperes 10.62 13.29
Power Factor 0.64 0.47
Watts 6.8 6.2

For the CVE-2 relay, the additional burden of each at 120 Vac is as follows:

60 Hz S0 Hz 60 Hz 50Hz
Volt-Amperes 3.36 4.16 7.92 9.80
Power Factor 997 733 997 733
Watts 3.35 3.05 7.90 7.18

3. SX Units (CVE-2)

The SX auxiliary relay units contained in the CVE-2 each has a dc burden of 5.5 watts at rated voltage and one
(1) watt at rated current.

4. Continuous Ratings

These relays will continuously stand 110% of rated voltage applied to the line and bus circuits, either separately
or simultaneously.

SETTINGS

A. Disc Unit

As shipped from the factory the relays are calibrated for a 20 degree circle. Other operating circles from 20 degrees to
60 degrees can be obtained by adjusting the left hand resistor or potentiometer (front view). The procedure is described
under Adjustments and Maintenance.

Set the time-dial so that the relay will not operate when the systems are swinging too fast. The number 11 time-dial setting
is recommended when the 60 degree circle setting is used. A setting of number 4 or higher on the time-dial is
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r§commended with the 40 degree circle. A setting aslowas 1/2 on the time-dial should be satisfactory with the 20 degree
circle. From Fig. 9 note that the relay will operate in 1.4 seconds in the 1 /2 time-dial position and with the 20 degree
setting. If a longer delay is desired a higher time-dial setting may be used.

To evaluate the effect of time-dial and circle settings on the worse-case phase-angle difference between the two systems
at the instant of breaker closure, refer to Fig. 8. For example, assume that the systems are slipping at a frequency of 0.048
hertz which is the maximum slip for which the relay will operate at a 1 /2 time-dial position and a 20 degree setting,

This means that the voltage vector moves out of the circle an indication that the systems would be 40 degrees out-of-phase
at the instant that the breaker close circuit is energized. The phase angle at the instant of breaker closure is:

0 = 40 deg. + 0.048 x 350Tg = 40 deg + 17.3Tg
where Ty = breaker closing time in seconds
Let Ty = 0.5 seconds

Then 40 deg. + 17.3 x .05 = 48.6 deg

B. Indication Contactor Switch (ICS) - (When Used)

Tap settings of either 0.2 or 2.0 amperes are required on the ICS unit. Selection is made by connecting the lead located
in the front of the tap block to the desired setting by means of the connecting screw.

INSTALLATION

The relays should be mounted on switchboard panels or their equivalent ina location free from dirt, moisture, excessive
vibration and heat. Mount the relays verticallyby means of the four mounting holes on the flanges for semi-flush mounting
or by means of the rear mounting stud or studs for projection mounting. Either a mounting stud or the mounting screws
may be utilized for grounding the relay. The electrical connections may be made directly to the terminals by means of
screws for steel panel mounting or the terminal studs furnished with the relay for thick panel mounting. The terminal
studs may be easily removed or inserted by locking two nuts on the stud and then turning the proper nut with a wrench.
See Figs. 32 and 33 for the Outline and Drilling Plan. For detailed FT Case informationrefer to 1.L.41-076. For mounting
hardware information, see Technical Data sheet No. 41-020.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct operation of this relay have been made at the factory. Uponreceipt of the relay,
no customer adjustments, other than those covered under “Settings” should be required.

ACCEPTANCE CHECK
A. General
It is recommended that upon receipt of a synchro-verifier relay, the following checks be made to assure it is in proper

working order. Although some of the checks appear to be and are the same, care should be taken that the test set-up
used is for the unit under test.

B. CVE (Fig. 12)

1. Indicating Contactor Switch (ICS) - (When Used)

Close the main relay contacts and pass sufficient dc current through the disc unit contact circuit to close the
contacts of the ICS. This value of current should not be greater than the value marked on the nameplate. The
operation indicator target should drop freely.

The contact gap should be approximately 0.047 inches between the bridging moving contact and the adjustable
stationary contacts. The bridging moving contact should touch both stationary contacts simultancously.
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2. AC Contactor Switch - (When Used)

The core screw, which is adjustable from the top of the ACS unit, determines the pickup value. The making of
the contacts and target indication should occur at approximately the same instant. Position the stationary contact
for a wipe of 1/64 to 3/64 inches with the armature against the core pin. For units with double trip contacts, the
adjustment procedure is the same as with the single trip unit.

Close the main relay contacts and pass sufficient ac current through the trip circuit to close the ACS contacts no
later than 98 percent of the value given on the relay nameplate. Dropout must occur at 90 percent of that rating,

3. Disc Unit

a. Contacts (Mechanical) - The index mark on the movement frame will coincide with the “0” mark
onthetime-dial when the stationary contact has moved through approximately one-half of it normal
deflection. Therefore, with the stationary contact resting against the backstop, the index mark is
offset tothe right of the “0” mark by approximately 0.020 inches. The placement of the various time-
dial positions in line with the index mark will give operating times as shown on the time curve.

b. Operating Circle - Set up the CVE relay per the test diagram in Fig.12. When 'V, = V| = rated voltage
and their phase difference is between 18 degrees and 22 degrees, (either leading or lagging), the
contactsshouldjust close. Another condition for the contacts tojust closeis when V, =ratedvoltage
and V, is in increased from a low value to 94 4 volts.

¢. Time Curve - The contacts should close when with the time-dial set at position 11 and V,and V,are
equal to rated voltage and in phase, the contacts should close in 20+ 1 seconds.

C. CVE-1 (Figs.13 and 14)

1. Indicating Contactor Switch (ICS) - (When Used)

Close the main relay contacts and pass sufficient dc current through the disc unit contact circuit to close the
contacts of the ICS. This value of current should not be greater than the value marked on the nameplate. The
operation indicator target should drop freely.

The contact gap should be approximately 0.047 inches between the bridging moving contact and the adjustable
stationary contacts. The bridging moving contact should touch both stationary contacts simultaneously.

2. AC Contact Switch (ACS) - (When Used)

The core screw, which is adjustable from the top of the ACS unit, determines the pickup value. The making of
the contacts and target indication should occur at approximately the same instant. Position the stationary contact
for a wipe of 1/64 to 3/64 inches with the armature against the core pin. For units with double trip contacts, the
adjustment procedure is the same as with the single trip units.

Close the main relay contacts and pass sufficient ac current through the trip circuit to close the ACS contacts no
later than 98 percent of the value given on the relay nameplate. Dropout must occur at 90 percent of that rating.

3. Disc Unit

a. Contacts (Mechanical) - The index mark on the movement frame will coincide with the “0” mark on
the time-dial when the stationary contact has moved through approximately one-half of its normal
deflection. Therefore, with the stationary contact resting against the backstop, the index mark is
offset tothe right of the “0” mark by approximately 0.020 inches. The placement of the various time-
dial positions in line with the index mark will give operating times as shown on the time curve.

b. Operating Circle - Set up the CVE relay per the test diagram in Figs. 13 and 14. WhenV, = V; =
rated voltage and their phase difference is between 18 degrees and 22 degrees, (either leading or
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lagging), the contacts should just close. Another condition for the contacts to just close is when V,
= rated voltage and V, is increased from a low value to 94 4 volts in phase with V.

¢. Time Curve - With the time-dial set at position 11, the contacts should close in20 AC= 1 second when
V, and V,, equal to the rated voltage at zero phase angle, are applied.

4. Telephone Relays

Apply an ac voltage to each telephone relay circuit. The telephone relay must pickup when 95 volts is applied.

D. CVE-2 (Fig. 15)

1. Indicating Contactor Switch (ICS) - (When Used)

Close the main relay contacts and pass sufficient dc current through the disc unit contact circuit to close the
contacts of the ICS. This value of current should not be greater than the value marked on the nameplate. The
operation indicator target should drop freely.

The contact gap should be approximately 0.047 inches between the bridging moving contact and the adjustable
stationary contacts. The bridging moving contact should touch both stationary contacts simultaneously.

2. AC Contactor Switch (ACS) - (When Used)

The core screw, which is adjustable from the top of the ACS unit, determines the pickup value. The making of
the contacts and target indication should occur at approximately the same instant. Position the stationary contact
for a wipe of 1/64 to 3/64 inches with the armature against the core pin. For units with double trip contacts, the
adjustment procedure is the same as with the single trip unit.

Close the main relay contacts and pass sufficient ac current through the trip circuit to close the ACS contacts no
later than 98 percent of the value give on the relay nameplate. Dropout must occur at 90 percent of that rating.

3. Disc Unit

a. Contacts (Mechanical) - The index mark on the movement frame will coincide with the “0” mark on
the time-dial when the stationary contact has moved through approximately one-half of its normal
deflection. Therefore, with the stationary contact resting against the backstop, the index mark is
offset tothe right of the “0” mark by approximately 0.020 inches. The placement of the various time-
dial positions line with the index mark will give operating times as shown on the time curve.

b. Operating Circuit - Set up the CVE-2 relay per the test diagram in Fig. 15. When V,, = V; = rated
voltage and their phase difference is between 18 degrees and 22 degrees, (either leading or lagging),
the contacts should just close. Another condition for the contacts to just close is when V; = rated
voltage and V, is increased from a 10W value to 94+ 4 volts in phase with V.

c. Time Curve - With the time-dial set at position 11, the contacts should close in 20+ 1 seconds when
V, and V,, equal to the rated voltage at zero phase angle, are applied.

4. Telephone Relays

a. A rated d-c voltage applied to terminals 17 (positive) and 19 (negative) will check telephone ﬁelay
“X”. The telephone relay should pickup at 80% of rated voltage and dropout when de-energized.

b. Telephone relay V, can be checked by applying an ac voltage to terminals 12 and 14. The u'nit
should pickup between 72 and 96 volts and dropout between 64 to 84 volts. Pickup can be varied
by adjusting the middle left hand resistor (front view).

c. Telephone relay unit V, is checked by applying an ac voltage to terminals 16 and 15. The unit should
pickup between 36 and 38 volts and dropout between 6 to 30 volts. Pickup of the unit canbe varied

7
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byadjusting the upper left hand resistor (front view) of the relay. The pickup should not be adjusted
for values of voltage less than 36 volts a-c to avoid exceeding the continuous rating of the circuit.

E. CVE-3 (Fig. 16)

1. Indicating Contactor Switch (ICS) - (When Used)

Close the main relay contacts and pass sufficient dc current through the disc unit contact circuit to close the

contacts of the ICS. This value of current should not be greater than the value marked on the nameplate. The
operation indicator target should drop freely.

The contact gap should be approximately 0.047 inches between the bridging moving contact and the adjustable
stationary contacts. The bridging, moving contact should touch both stationary contacts simultaneously.

2. Disc Unit

a. Contacts (Mechanical) - The index mark on the movement frame will coincide with the “0” mark
on the time-dial when the stationary contact has moved through approximately one-half of its
normal deflection. Therefore, with the stationary contact resting against the backstop, the index
mark is offset to the right of the “0” mark by approximately 0.020 inches. The placement of the

various time-dial positions in line with the index mark will give operating times as shown on the time
curve,

b. Operating Circle - Set up the CVE-3 relay per the test diagram in Fig. 16. A dc power source
supplying 125 volts must be connected to terminal 10 (positive) and 2 (negative). A light or trip-
coil type indicator is to be connected between terminals 1 (positive) and 2 (negative).

After the above set-up is accomplished, the contacts should just close when either of the following
two conditions is applied.

1) WhenV, = V; = rated voltage and their phase difference is between 18 degrees and 22 degrees,
(either leading or lagging).

2) When V; = rated voltage and V, is increased from a low value to 94-% 4 volts in phase with V.

c. Time Curve - With the time-dial set at position 11, the contacts should close in 20+ 1 seconds when
V, and V,, equal to the rated voltage at zero phase angle, are applied.

3. Telephone Relay

Inorder to check the pickup of the CVE-3 telephone relay, the time-dial must be turned to zero to close the CVE
contact continuously. Then apply a dc voltage across terminal 10 (positive) and 2 (negative). Pickup should occur
at 80% of rated voltage and dropout when de-energized.

ROUTINE MAINTENANCE

Allrelays should be inspected periodically and the time of operation should be checked at least once every two years or
at such other time intervals as may be dictated by experience to be suitable to the particular application.

All contacts should be periodically cleaned. A contact burnisher Style #182A836H01 is recommended for this purpose.
The use of abrasive materials for cleaning contacts is not recommended, because of the danger of embedding small
particles in the face of the soft silver contact and thus impairing the contact.
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CALIBRATION

Use the following procedure for calibrating the relayif the relay has been taken apart for repairs or the adjustments have

been disturbed. This procedure should not be used until it is apparent that the relay is not in proper working order (See
Acceptance Check).

A. Contacts

The index mark on the movement frame coincides with the “0”” mark on the time-dial when the stationary contacts has
moved through approximately one-half of its normal deflection. Therefore, with the stationary contact resting against
the backstop, the index mark is offset to the right of the “0” mark by approximately 0.020 inches. The placement of the
various time-dial positions in line with the index mark will give operating times as shown on the respective time curves.

B. Preliminary Adjustments

Remove the permanent magnet from the relay and set the time-dial on the number 11 position. Next unwind the spring
for zero tension on the number 11 position. This can best be noticed by unwinding the spring until the contact will not
move when the time-dial is moved a small distance beyond the number 11 position.

The spring convolutions may touch during this operation and the outer convolutions may hit other surfaces of the relay.
This interference should be disregarded because its effect on the final calibration will be negligible. The purpose for
unwinding the spring is that the amount of tension on the resct spring affects the diameter of the circle. Hence, the spring
tension has to be removed initially so that only the left hand resistor will affect the operating circle.

C. Spurious Torque Adjustments

With the relay set as per the preliminary adjustments, open the lag coil circuit of the rear electromagnet. This is done
by opening the screw connection on the lag coil or by inserting a piece of insulating material under the adjustable point
of the left hand potentiometer or resistor (front view). Connect the relay per the following test circuits:

CVE Fig 12
CVE-1 Figs. 12 and 14
CVE-2 Fig. 15
CVE-3 Fig. 16

Apply rated voltage at zero phase angle on both circuits. With the right hand plugged all the way in, adjust the left hand
plug of the rear electromagnet such that the disc does not move from the number 11 time-dial position. This can be
determined by no movement of the disc when the time-dial is moved beyond the number 11 position.

D. Centering Circle

Close the lag coil circuit of the rear electromagnet and set the left hand resistor at approximately one-third of its
resistance. Adjust the phase shifter in the lagging direction until the contacts just close the V, and V, equal to rated
voltage. If the latter angle is not within—£ 1 degree of the former angle, adjust the right hand resistor (front view) until

the two angles are within—* 1 degree of each other.
E. Spring Adjustment

Adjust the left potentiometer or resistor (front view) such that the moving contact just leaves and returns to the backstop
of the time-dial at the number 11 position between 40 degrees and 41 degrees, with rated voltage on both sides. Change
the angle to 20 degrees and adjust the reset spring until the contacts just make. Rotate the phase shifter to move V,
through zero phase angle to an angle where the contacts just make. The contacts should just close at an_angle of20 +/
- 2 degrees with V; and V, equal to rated voltage. With V; equal to rated voltage the contacts s.houl.d just c.l(‘)se when
V, is increased to 94— 4 volts in phase with V. If necessary, readjust the spring slightly to obtain this condition. The
relay is now calibrated for a 20 degree circle.
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F. Time Curve

Install the permanent magnet on the relay. Adjust the permanent magnet keeper until the operating time of the relay
from the number 11 time-dial position is 20 <+ 0.6 seconds with V, and V, equal to rated voltage at zero phase angle.

G. Circles Other Than 20 Degrees

This adjustment should not be attempted until the adjustments for a 20 degree circle have been completed.
Ifacircle other than 20 degrees is desired, adjust the left hand potentiometer or resistor (front view) to obtain the desired
circle. For example, if a 40 degree circle is desired, adjust the left hand resistor until the contacts just close with V, and
V, equal to rated voltage at 40 degree phase angle. It may be necessary to readjust the right hand resistor to position

the desired circle symmetrically about the zero degree line. See Paragraph 4, “Circle Centering” for the procedure.
The time of operation will be shown in the time curves of Fig. 8.

ELECTRICAL CHECKPOINTS
A. Approximate voltage across coils (Figures 12 thru 16).

With V; equal to rated voltage, the following approximate voltages should be obtained across the coils of the 120 volt
relay. The relay is set for a 20 degree circle.

With 120 volts applied to V, circuit only.

60 Hz 50 Hz

Operating Electromagnet

Upper terminals 59 volts 61 volts

Lower terminals 57 volts 59 volts

Lag coil circuit 22 volts 24 volts
Restraint Electromagnet

Upper terminals 58 volts 61 volts

Lower terminals 54 volts 58 volts

With V;, equal to rated voltage, the following approximate voltages should be obtained across the coils of the 120 volt
relay. The relay is set for a 20 degree circle.

With 120 volts applied to V, circuit only.

60 Hz S50 Hz
Operating Flectromagnet
Upper terminals 5Tvolts 58.5volts
Lower terminals S59volts 61volts
Lag coil circuit 22 volts 24 volts

10
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Restraint Electromagnet S0Hz 60 Hz
Upper terminals 54 volts S7volts
Lower terminals 58 volts 61volts

B. Approximate dc resistances of the coils are as follows:

Operating Electromagnet

Upper terminals 59 ohms
Lower terminals 80 ohms
Lag coil-open circuit 245 ohms

Restraint FElectromagnet

Upper terminals 66 ohms
Lower terminals 92 ohms

C. Approximate resistance values of the left hand resistor for various operating circles.

Resistance values can vary appreciably between relays.

20 deg circle 4800 ohms

40 deg circle 2250 ohms

60 deg circle 890 ohms
RENEWAL PARTS

Repair work can be done most satisfactorily at the factory. However, interchangeable parts can be ordered by customers
equipped for doing repair work. When ordering parts, always furnish complete data from the nameplate.

11
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FIGURES FOR CVE IL
Figure 1 CVE Relay Without Case
Figure 2 CVE-1 Relay Without Case
Figure 3 CVE-3 Relay Without Case
Figure 4 External Schematic of CVE 184A863
Figure 5 External Schematic of CVE-1 3527A76
Figure 6 External Schematic of CVE-3 9646A85
Figure 7 Curves 184A997
Figure 8 Curves 184A998
Figure 9 Curves 184A999
Figure 10 Curves 185A123
Figure 11 CVE Reset Time 619457
Figure 12 Test Connections CVE Relay 185A001
Figure 13 Test Connections CVE-1 Relay 775B995
Figure 14 Test Connections CVE-1 Relay T715B99%4
Figure 15 External Schematic CVE-2 Relay 1609C06
Figure 16 Test Connections CVE-3 Relay 1497B86
Figure 17 Internal Schematic CVE Relay 184A540
Figure 18 Internal Schematic CVE Relay 185A122
Figure 19 Internal Schematic CVE-1 880A624
Figure 20 Internal Schematic CVE-1 878A184
Figure 21 Internal Schematic CVE-1 880A496
Figure 22 Internal Schematic CVE-2 188A389
Figure 23 Internal Schematic CVE-3 9646A84
Figure 24 Curve 471191
Figure 25 Curve 471192
Figure 26 External Schematic CVE-1 3511A01
Figure 27 External Schematic CVE-1 408C823
Figure 28 External Schematic CVE1 188A515
Figure 29 Internal Schematic CVE-1 188A029
Figure 30 Internal Schematic CVE-1 880A495
Figure 31 Internal Schematic CVE-1 880A759
Figure 32 Outline & Drilling Diagram 57D7901
Figure 33 Outline & Drilling Diagram 57D7903
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Fig. 2 CVE-1 Relay Front & Rear View Out of Case
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Fig. 3 CVE-3 Relay Front & Rear Views, Out of Case

14
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Fig. 5 External Schematic of CVE-1
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Fig. 11

Typical CVE Reset Times. Return of Contact to Backstop Fosition
with One Voltage at Rated Voltage and the Other Suddenly reduced
from Rated in Phase Voltage to Zero Voltage.
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Fig 12 Diagram of CVE Test Connections
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Fig. 13 Diagram of CVE-1 Test Connections without Commoned Potential Coils.
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Fig 14 Diagram of CVE-1 Test Connections with Commoned Potential Coils.
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Fig. 16 Test Connections CVE-3 Relay




1.L.41-681.10Q

INTERNAL SCHEMATIC

LEFT HAND ——OPERATING
POTENTIOMETER— | | | | ELECTROMAGNET
(FRONT VIEW) (REAR)

e

— RIGHT HAND
[ RESISTOR
(FRONT VIEW)

-

|

CVE

ELECTROMAGNET
(FRONT)

o &

®lo—o
1Y

| — RED HANDLE

Q9 0 Il test switcn
9.4 0 0 9 0 o o |
®®® ‘“ | sERMINAL

FRONT VIEW

L

s

9
Q2.0
®

WITH RELATIVE INSTANTANEOUS POLARITY
AS SHOWN, THE CONTACTS CLOSE

184A540 Sub 5

INTERNAL SCHEMATIC

INDICATING
CONTACTOR —|
SWITCH

J

OPERATING
| — ELECTRQMAGNET
(REAR)

LEFT HAND —
RESISTOR
(FRONT VIEW)
— RIGHT HAND
RESISTOR
(FRONT VIEW)

—RESTRAINT
ELECTROMAGNET
{FRONT)

. —RED HANDLE

H-—TEST SWITCH

- TERMINAL

FRONT VIEW

WITH RELATIVE INSTANTANEOUS POLARITY
AS SHOWN. THE CONTACTS CLOSE

185A122 Sub 6

Fig. 17 Internal Schematic CVE Relay
without ICS unit

Fig. 18 Internal Schematic CVE Relay
with ICS unit
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Figure 19 Internal Schematic CVE-1 for use with
RC Reclosing (See Fig. 27 for external
schematic) With commonend Voltage coils, use
with phase to phase connected vt’s.

Figure 20 Internal Schematic CVE-1 with internal Switch

for HBDL or HLDB. (See Fig. 26 External

Schem.). With commoned voltage coils, use
with phase to phase connected vi;s
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Fig 21 Internal Schematic CVE-1 without Commoned Potential Coils (See Fig. 5
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Fig. 22 Internal Schematic CVE-2
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Fig. 23 Internal Schematic CVE-3
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Fig. 26 External Schematic CVE-1



1.L.41-681.1Q

FAVIAIWUILNG
oL

%z§° H

Z6L

J‘UTO/Tﬂwmz

T -ao0—"s04

e

a~

2
T~

-nm

sn8 NolLVLS

‘AINO 3S071D M23IHO
HONAS ¥04 LNOXJ07T ILVIGIWYILNI
HO4 ¥4 LOVINOD 40 ONILLIS TVID3dS

(310N
- HWOLIMS MOALNSD 1oL
- “MS "LNOD FIJNUAVD 0058
- AVYI33d 3AILD3108d dNAIVE nd
- AVI3W BAILIDLONL "S'H SH
= AVI3¥ _1N0%I07 38
1SPNES]T (LTNDZ) Ava33 95 v-eL
8LINVSI AVIES XS ZeL
r81~sse! AVI3E O L
- SAUANE 102D 2s
- ‘MS_das0o3x £+
[a¥ldti ANI3A 1-3AD s2
u_.uruﬂwmz‘_wz_ 3Di1A3a ‘ON 3d1A3g

a3ZIDWINT 0D A0 0350TD SIDVINOD SILVIIANI INIT AAVIH
AN3IWJO13A3d NOILISOd LDVINOD

408C823 Sub 5

-

e [4 8 VvO9)
asva v
T sano3S \ﬁ EEREIEY !I_
> oS ot SE (=13 o7 St ot o9 o o
T R )
19
q HOLIMG
“xnv
DD | w3vaug
3 ©
g
&%
—r—] 4INo
8% x
-
1A
i
LA
o 1iNn
EX IS
=
SA
e
hdl
=
¥
| S9vANDD
£ WvD
gy
z
e
\
—~or—
r 6010W
ﬁ \Ll» a Zo q \v&q:l\%—/
49 < ¢ < 327 < 8% < FEETITE
72 c A c [AH c 58 c PO QoRY ¢
Rz Z 3o F 11 H B R2E, 1
42 P8 5 L1 r nd c Ap ZNQ ol SADVANOD
I [ a af2 1 wm 14 me mmnm anv §1102
0
63 2 g m mum m ob m ~E 6
Teom =)
h s 7 @ ° oh o Nollsod
ABVAS
Niwoag

Fig. 27 External Schematic CVE-1

27



1.L.41-681.1Q

INTERNAL SCHEMATIC

INTERNAL .SCHEMATIC
OPERATING RIGHT HAND
PoLTEEFJT%::ETER ELECTROMAGNET RESISTOR (F.V.)
(F.v.) = (REAR)
OPERATING
I ELECTROMAGNET
_ RIGHT HAND LEFT HAMD ———n_ {REAR) -
RESISTOR POTENTIOMETER {F.V.)
[(AD]
RESTRAINT
~|— ELECTROMAGNET
(FRONT) RESTRAINT
VOLTAGE UNIT ELECTROMAGNET
TELEPHONE (FRONT)
TYPE RELAY —==—""T|
_—-RED HANDLE
! | TEST.SWITCH
—TEST SWITCH RED HAWDLE ~e=—m| 1
— TERMINAL |_TERMINAL
FRONT VIEW

FRONT VIEW
WITH RELATIVE IKSTANTANEQOUS POLARITY

ik N !
WITH RELATIVE . |NSTANTANEOUS AS SHOWN, THE COWTACTS CLOSE

POLARITY .AS SHOWN THE CONTACTS
CLOSE

188A515 Sub3 188A029 Sub 2

Fig. 28 Internal Schematic of CVE Synchro-Verifier Fig 29 Internal Schematic of CVE-1 with CVE Contacts
DPST Contacts Supervised By Voltage Contacts.

INTERNAL SCHEMATIC

INTERNAL SCHEMATIC RIGHT HAND
" RESISTOR (EV.)
INDI CATOR ——__| ~RIGHT HAND LEFT HAND S|
CONTACTOR RESISTOR (F.V. ) POTENTIOMETERIEVI K |
SHITCH
- OPERATING meve
ELECTROMAGNET VOLTAGE UNITS
REAR TELEPHONE
(REAR) TYPE RELAY OPERATING
LEFT HAND — R |~ ELECTROMAGNET
POTENT I OMETER I~ REAR
(Fove) RESTRAINT
ELECTROMAGNET |~ RESTRAINT
(FRONT) | 1~ ELecTROMAGNET
(FRONT)
T=VOLTAGE UNIT BUS:LINE
TELEPHONE SWITCH =
TYPE RELAY c?/ f;
|~ RED HANDLE
f
<— RED HANDLE i I I I i I I I ___i_—-—— TEST SWITCH
| 1
e g oJ
| TTEST swiTcH ! (g ® é ® é) ® é ® ‘ ,|— TERMINAL
— TERMINAL (9
FRONT VIEW
FRONT VIEW
880A759 Sub 1
880A495 Sub 1

Fig. 30 Internal Schematic of CVE-1 without Commoned  Fig. 31 Internal Schematic of CVE-1 with DPDT Switch,
Potential Coils, with ICS. without Commoned Potential Coils

28




1.L.41-681.1Q

PANEL CUTOUT 8 DRILLING
FOR SEMI~- FLUSH MTG.
.563

{14.30)
1,594~ |+ 6,063

(40.49) 154.00
¢ !
5.219
I 132.56)
. 4.4

&
10,438
(265.13)
b

hagt 3.188

(

DIMENSIONS N INCHES =———g= =6.375
S ———

DIMENSIONS IN MM tiGho3) PANEL LOCATION

B ikl
SEMI-FLUSH MTG.

PROJECTION MTG.

5.56 3+
(141,30)
2.781 -
(70.64) 4

+250 pia, 4 HOLES FOR

goptmme
D0TH “WASHER 2063 ( o
vy {230.20) (246,08)
S i F
0 4,531 4,8
WASHERS {15.09) ¢‘ llzs.o?)
190-32 SCREW b =t
025
PANEL ; 2,938
CASE (318 ~L5.a75~— {74.63)
{149.23)

PANEL CUTOUT B DRILLING
FOR SEMI~ FLUSH MTG,

SPAGERS FOR
THIN PANELS
5/16-18 SCREW

FOR THICK PANELS
USE 5/16-18 STUDS)

INTERNAL-EXTERNAL
TOOTHED WASHERS

PANEL DRILLING OR GUTOUT FOR
PROJECTION MTG.(FRONT VIEW)

RMINAL AND ~
h.ll.l(E)UNTING DETAILS L J

USE_.190-32 STUDS

NOTE :
e P

N | FET
SEPARATELY. _ P ———- @fﬂ@ﬂ

DIMENSIONS IN INCHES — AN
DIMENSIONS IN MM\ ] N

N\ 687 =[N 563 DIAL(2 REGL)
(142D :

AT TR
(34.14) 28l s
| 1i36.53) |
" —z oo 250 +.016(,397)
" (6.:35)-0 Lo
1344 1,031 +}=1.031 =1+ 1,03 ~=1,03! :
26.19) [[26.19) |(26.19) (26.19)

N

TERMINAL

750
(15.05) DA« NUMBER

|0 HOLES OR
GUTOUT

03[ +{=1.03] ~|e-1 03|~ 03] ~
(26.19) 126.19) (26.19) (26.19)

(6:35),190.32 MTQ. SCREWS,

57D7901 Sub 15

Fig. 32 Outline & Drilling Diagram for Relay Case Type FT-21

29



I.L.41-681.1Q

PANEL CUTOUT 8 DRILLING
FOR SEMI=FLUSH MTG,

DIMENSIONS IN MM——— (161.93)

1.594 6.063
{40.49) (154,00)
h y
8,250 —F
{209,55)
A N | I
P
563 —f
Z 16.500 U“-ﬂl_ar_
(4101} B
e T '—*.1' :
-] 3108, n h
DIMENSIONS IN INCHES — .. |, 6,375 (80.9 u L

PANEL LOCATION
SEMI-FLUSH MTG.
PROJECTION MTG,

641
(i6.28) OA

5,563 250 pla, 4 HOLES FOR
2,781 141.30) (6:351,130-32 MTG, SCREWS
(70.64 ). 4
g
15.125 15.750
TOOTH WASHER (35438 £ sors (400,08
SMALL — 49 23,
==Y EYTERNAL 1 ! f‘ﬁ_‘ !
| TOOTHED
WASHERS 7,563 7.875
190-32 SCREW (192.10) 1200.03 }
cAsE PANEL 125 fia :
Q 3 s 2,938
(348 )R _‘4 (74,63 )
SPAGCERS FOR
CASE /PANEL PANEL DRILLING OR CUTOUT FOR
’ Slls_l;“'s'lﬂ’; ‘\‘:ELS PROJECTION MTG.(FRONT VIEW)
(FOR THICK PANELS NOTE
USE 5/16-18 STUDS) NOTE
N ‘ PROJECTION HARDWARE
I INTERNAL-EXTERNAL MUST BE ORDERED
TOOTHED WASHERS SEPARATELY.
Hi 190-32 SCREW
! FOR THICK PANELS
H USE_.190-32 STUDS TERMINAL AND
] MOUNTING DETAILS

DIMENSIONS IN INCHES
DIMENSIONS IN MM\
\ 594 fl\
! 2.688 > 563 Dl (ZREO.P
4,375 [—— 2688 N, A. )
l68.28) . ¢ (425 .

]

(136.53)

P

250 +016(.397)

—— -

594
(15:09)

1.813
(46.04)

41375 1,031 <4+ .03 —{= 1,03 (6‘:33%1 ;373
(13)  k2618) ((26.19) |26.19) 26.19) (553 R
| ——

1.0

.{
5 DICD

750 —)
(19.05) DA

20 _HOLES OR [-1.0 103
CUTOUT (26.19) (26.18)

57D7903 Sub 15

Fig 33 Outline & Drilling Diagram for Relay Case Type F1-32

30



ABB Power T&D Company Inc.
Relay Division  Coral Springs, FL 33065 Printed in US.A.





