INSTALLATION

Westinghouse I.L. 41-681.1
OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE CVE SYNCHRO-YERIFIER RELAY

CAUTION Before putting the Synchro-Verifier into
service, remove all blocking inserted for the purpose
of securing the parts during shipment. Make sure
that all moving parts operate freely. Inspect the
contacts to see that they are clean and close proper-
ly, and operate the relay to check the settings and
electrical connections.

APPLICATION

The type CVE synchro-verifier is used to verify
the condition of synchronism existingbetween two
system voltages. The contacts will close when these
voltage are equal, within set limits, in phase, and
of the same frequency.

The type CVE synchro-verifier is not an auto-
matic synchronizer and should not be usedas ‘such.
Automatic Synchronizers are available which permit
closing ahead of synchronism at an angle offphase-
advance proportional to the beat frequeneies“and
determined by the speed of operation 4f the ‘@ircuit
breaker so that the two systems are connected right
on synchronism.

A common application of 'the ‘synchro-verfier is
in conjunction with automati¢” reelosing equipment
on loop systems fed byjpgenerating stations at two
or more points. When a 41ine see¢tion trips out the
synchro-verifier is used” at one terminal to check
synchronism after the remote terminal is reclosed.
If the two systems arfepin synchronism the synchro-
verifier permits the dutomatic reclosing equipment
to reclose theybreaker.

CONSTRUCTION AND OPERATION

The type CVE relay consists of an operating
element and a restraining element mounted on a
common dise. The principal parts of the relay and
theifmlocation are shown in Figs. 1, 2, 3, and 4.

Operating Element

The operating unit consists of an ‘‘E’’ type
lamination electromagnet with two main coils on the
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center leg and a lag coil omithe left leg. A resistor is
connected across the shading coil.

When thefrelay is energized with two voltages,
a flux is préduced ‘that is proportional to the sum of
the appliedyvoltages. This flux divides and returns
through thefouter legs of the electromagnet. The lag
coil' . “on the left leg causes the flux in that leg to lag
the main“pele flux. The out-of-phase fluxes thus pro-
duced, in the disc gap causesacontact closingtorque.

The resistor connected across the shading
coil of the electromagnet provides adjustment for
different operating circles of the relay. Increasing
or decreasing the amount of resistance effectively
decreases or increases the contact closing torque of
the relay.

Restraining Element

The restraining element consists 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 pro-
duced that is proportional to the difference in the
applied voltages to the relay. 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 causes a contact opening
torque.

Indicating Contactor Switch Unit (ICS) - When Used

The d-c indicating contactor switch is a small
clapper-type device. A magnetic armature, to which
leaf-spring mounted contacts are attached, is at-
tracted to the magnetic core upon energization of the
switch. When the switch closes, the moving con-
tacts 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.
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Fig. 1. Type CVE Relay, without Case (Front View)

Fig. 2.

Operating
=
Electromagnet

Type CVE Relay, without Case (Rear View)
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Fig. 3. Internal Schematic of CVE, without ICS Unit.

The front spring, in addition to holding the tar-
get, provides restraint for the armature and ‘thus ‘con-
trols the pick-up value of the switch.

Operation With Voltage Relays

The connections shown indFigh5 using type SG
voltage relays will provide thejyfollowing operation:

1. Close the breaker_when,the bus is alive and
the line is dead; through the 59B make con-
tact and 27L breakycontact.

2. Close the breaker{when the line is alive and
the bus is, dead;ythrough the 27L make con-
tactand 59B break contact.

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

It is recommended that the number of reclosures
be limited by using either a single-or a multi-shot
reclosing relay in conjunction with the CVE and SG
relays.

Fig. 4. Internal Schematic of CVE, with ICS Unit.

CHARACTERISTICS

The type CVE relay can be adjusted for operat-
ing circles from 20 to 60 degrees as shown in Fig. 6.
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 relay is shown in Fig.
7. These time curves are obtained from the #11 time
dial setting when the applied voltages are equal
to rated voltage and of the same frequency. Shorter
operating times can be obtained at different time
dial settings as shown in Fig. 8.

Fig. 9 shows how high a slip frequency will
cause operation. The maximum slip frequency is a
function of the circle and time dial settings. This
characteristic is of interest in estimating the angu-
lar difference at the instant of breaker closure, for
cases where the two systems are slipping slowly.

Burden

The burden imposed on each potential source
by the CVE relay with rated voltage applied to both
circuits of the relay is as follows:
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Voltages Voltages 180

in Phase Degrees Out of Phase
Volt-amperes 15.4 13.5
Power Factor .422 .422
Watts 6.5 5.7

The burden of the CVE relay with tatedWvoltage
appli ed to one circuit is as follows:

Volt-amperes 10.8
Power Factor .422
Watts 4.6

Continuvous Rating

These relays will continuously stand 110% of
rated voltage appliedf to the two circuits, either
separately or simultaneously.

SETTINGS
Disc Unit

As ¢ shipped from the factory the relays are
calibrated) for a 20 degree circle. Other operating
circlesy from 20 to 60 degrees can be obtained by
adjusting) the left hand resistor in the relay. The

procedure is described under Adjustments and Main
tenance.

Set the time dial so that the relay will not oper-
ate when the systems are swinging too fast. The
#11 time dial is recommended when the 60° circle
setting is used. A setting of #4 time dial or higher
recommended with the 40° circle. A setting as low
as the % time dial should be satisfactory with the
20° circle. Note from Fig. 8 that the relay will oper-
ate in 1.4 seconds in the % time dial positions and
with the 20° 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 phase-angle difference between the
two systems at the instant of breaker closure, refer
to Fig. 9. For example, assume a 40° circle and #4
time-dial setting. Also assume that the systems are
slipping at a frequency of 0.048 cycles per second,
which is the maximum slip for which the relay will
operate. This means that the relay contacts close
just as the one voltage vector moves out of the circle.
This would mean that the systems would be 40° out-
of-phase at the instant that the breaker close circuit
is energized. The phase angle at the instant of
breaker closure is:

e
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Fig. 6. Typical Voltage — Angle Characteristic of CVE(ffor

Various Closing Angle Settings. Rated Voltage on
One Circuit.

6=40°+ 0.048 x 360 Tp=40°+ 178 Ty
where Tg= breaker closing,time,in/seconds

Let Tg=0.5 seconds

Then 6+17.3x0.5=48.6°

Indicating Contactor Switch (ICS) — When Used

No setting is,required on the ICS unit except the
selection of the 0.2y0r 2.0 ampere tap setting. This
selection( is made oy connecting the lead located in
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 in a location free from
dirt,) moisture, excessive vibration, and heat. Mount
the relay vertically by means of the four mounting
holes on the flangs for semi-flush mounting or by
means of the rear mounting stud or studs for pro-
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Fig. 7. Typical Time — Phase Angle Curves of CVE. Rated
Voltage on Both Circuits. No. #11 Time Dial Setting.

jection 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.

For detailed FFT Case information refer to I.L. 41-076.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct opera-
tion of this relay have been made at the factory.
Upon receipt of the relay, no customer adjustments,
other than those covered under ‘*Settings’’ should be
required.

Acceptance Check

The following check is recommended to insure
that the relay is in proper working order:
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Fig. 8. Operating Time Variations with Changes in Time-Dial
Settings. Rated In-Phase Voltage on Both Circuits,
20 Degree Circle Setting.

Indicating Contactor Switch (ICS) — When Used

Close the mainrelay contacts and pass siffi cient
d-c current through the disc-unit contdet circuit)to
close the contacts of the ICS. This value“of current
should be not greater than the partieular ICS tap
setting being used. The operation)indicator target
should drop freely.

The contact gap should be_approximately .047’’
between the bridging moving /contaet and the adjust-
able stationary contacts.§Thelbridging moving con-
tact should touch both stationary contacts simultan-
eausly.

Disc Unit

1. Contacts — Thegindex mark on the movement
frame will cdincide with the '’O’’ mark on the time
dial when ¢the “stationary contact has moved through
approximately, one'-half of its normal deflection.There-
fore, with the’stationary contact resting against the
backstop, ‘the index mark is offset to the right of the
Q2 _mark by approximately 0.020’'. The placement
of Wthe various time dial positions in line with the

Fig.'9. 4 Approximate Maximum Slip Frequency for which

Operation Occurs — Rated Voltage on Both Sides.

index mark will give operating times as shown on
the time curve,

2. Operating Circle — Connect the relay per the
test diagram of Fig. 10, The contacts should just
close when Vgis within: 4 volts of the values shown
in Fig. 6 for different angles on the 20 degree
circle when V1 is equal to rated voltage.

3. Time Curve — With the time dial set at position
11, the contact should close in 20 : 1 seconds
when V; and V, are equal to rated voltage at
zero phase angle.

Routine Maintenance

All relays 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 S#182A836H01 is recommended for
this purpose. The use of abrasive material for clean-
ing contacts is not recommended, because of the
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danger of embedding small particles in the face of
the soft silver contact and thus impairing the contatct.

Calibration

Use the following procedure for calibrating the
relay if the relay has been taken apart foryrepairs,
or the adjustments have been disturbed.Z\This pro-
cedure should not be used until it is“apparent that
the relay is not in proper working order (See ‘‘Accept-
ance Check’’).

1. Contact — The index mark4on the“movement frame
coincides with the ‘‘O’’ mark onjythe time dial when
the stationary contact hassmoveddthrough approximate-
ly-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 “O”
mark by approximately 0.020°’. The placement of the
various time dial ‘pesitions in line with the index
mark will £givel operating times as shown on the
respective time curyes.

2. Preliminary "Adjustments — Remove the perma-
nent magnet from the relay and set the time dial on the
number 11 position. Next unwind the spring for 2zero
tension on the number 11 position. This can best be
noticed) by unwinding the spring until the contact
willhnot 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 re-
lay. This interference should be disregarded because

its effect on the final calibration will be negligible.
The reason for unwinding the spring is that the
amount of tension on the reset 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.

3. Spurious Torque Adjustments — With the relay set
as per the preliminary adjustments, open the lag
coil circuit of the rear electromagnet. Connect the
relay to test circuit of Fig. 10 and apply rated vol-
tage at zero phase angle on both circuits. 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 move-
ment of the disc when the time dial is moved beyond
the number 11 position.

4, Centering Circle — Reconnect the lag coil cir-
cuit 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 with Vi and V2equa1 to rated
voltage. Note the angle at which the contacts just
close. Then adjust the phase shifter in the leading
direction until the contacts just close with Vi and Vs
equal to rated voltage. If the latter angle is not with-
in + 1 degree of the former angle, adjust theright
hand resistor (front view) until the two angles are
within + 1 degree of each other.

5. Spring Adjustment — Adjust the left resistor such
that the moving contact just leaves and returns to




TYPE CVE RELAY

the backstop at the number 11 position between 37°
and 38°, 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
in the leading direction until the contacts are just
equal to rated voltage. The contacts should just
close at an angle of 20 + 2 degrees.

The relay is now calibrated for a 20 degree circle.
Other points of the circle may be checked by apply-
ing the proper value of V2 at the proper angle. The 20
degree circle should be within + 4 volts of the curve
value,

6. Circles other than 20 degrees — This adjustment
should not be done until the above adjustments for a
20 degree circle have been completed.

If another circle other than 20 degrees is desired,
adjust the left hand resistor 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 V1 and Vzequal to rated voltage at 40
degrees phase angle. It may be necessary to readjust
the right-hand resistor to position the desired circle
symmetrically about the zero degree line. See ‘‘Cen-
tering Circle’’ above for procedure. The time of
operation will be as shown in the time curves of Fig.
1.

ELECTRICAL CHECKPOINTS

With V1 in Fig. 10 equal to rated voltage/ the
following approximate voltages should be obtain-
ed across the coils of the 120 volt relay. Relay et
for 20 degree circle.

Operating Electromagnet
Upper terminals 59 volts
Lower terminals 57
Lag coil circuit 22

Restraint Electromagnet
Upper terminals 58
Lower terminals 54

With 120 volts applied to V2 circuit only
Operating Electromagnet

Upper terminals 57

Lower terminals 59

Lag coil circuit 22

Restraint Electromagnet
Upper terminals 54
Lower terminals 58

Approximate d.c. resistances“of the coils are as fol-
lows:
Operating Electromagnet
Uppenterminals 59 ohms
Lower terminals 80 ohms
Lag coil—open circuit —245 ohms

Restraint Electromagnet
Upper terminals 66 ohms
Lower terminals 92 ohms

Approximate resistance values of left hand resistor
for/various operating circles. Resistance values can
vary'appreciably between relays.

20 degree circle 4800 ohms
40 degree circle 2250 ohms
60 degree circle 890 ohms

RENEWAL PARTS

Repair work can be done most satisfactorily at
the factory. However, interchangeable parts can be
furnished to the customers who are equipped for do-
ing repair work, When ordering parts, always give the
complete nameplate data.
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INSTALLATION

Westinghouse 1.L. 41-681.1A
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE CVE SYNCHRO-VERIFIER RELAY

CAUTION Before putting the Synchro-Verifier into
service, remove all blocking inserted for the purpose
of securing the parts during shipment. Make sure
that all moving parts operate freely. Inspect the
contacts to see that they are clean and close proper-
ly, and operate the relay to check the settings and
electrical connections.

APPLICATION

The type CVE synchro-verifier is used to verify
the condition of synchronism existingbetween two
system voltages. The contacts will close when these
voltage are equal, within set limits, in phase, and
of the same frequency.

The type CVE synchro-verifier is not an auto-=
matic synchronizer and should not be used ag’'such.
Automatic Synchronizers are available whichypepmit
closing ahead of synchronism at an anglé%f phase-
advance proportional to the beat frequencies, and
determined by the speed of operation offthefjcircuit
breaker so that the two systems are connected right
on synchronism.

A common application of theqsynehro-verfier is
in conjunction with automatic  reclosing equipment
on loop systems fed by generating stations at two
or more- points. When a line“section trips out, the
synchro-verifier is usedfat one terminal to check
synchronism after the remete ferminal is reclosed.
If the two systems aré inysynchronism, the synchro-
verifier permits ghe '‘aufomatic reclosing equipment
to reclose the bpeaker.

CONSTRUCTION AND OPERATION

The type CVE relay consists of an operating
element and a restraining element mounted on a
common disc. §The principal parts of the relay and
their 1ocation are shown in Figs. 1, 2, 3, and 4.

Operating E lement

The operating unit consists of an ‘“E’ type
Jaminated electromagnet with two main coils on the

SUPERSEDES I.L. 41-681.1

*Denotes change from superseded issuve

center leg and a lag coillon(thedeft leg. A resistor is
connected across the Shadinggdcoil.

When the relayis energized with two voltages,
a flux is produced that is proportional to the sum of
the appliedfvoltages. This flux divides and returns
through,the’otiter Tegs of the electromagnet. The lag
coil on'the l'eft'leg causes the flux in that leg to lag
the main‘polerflux. The out-of-phase fluxes thus pro-
duced inmthe disc gap causesacontact closingtorque.

The resistor connected across the lag coil of
thelyelectromagnet provides adjustment for different
operating circles of the relay. Increasing or decreas-
ing the amount of resistance effectively decreases
or increases the contact closing torque of the relay.

Restraining Element

The restraining element consists 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 pro-
duced that is proportional to the difference in the
applied voltages to the relay. 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 causes a contact opening
torque.

Indicating Contactor Switch Unit (ICS) = When Used

The d-c indicating contactor switch is a small
clapper-type device. A magnetic armature, to which
leaf-spring mounted contacts are attached, is at-
tracted to the magnetic core upon energization of the
switch. When the switch closes, the moving con-
tacts 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.

EFFECTIVE JANUARY 1962
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%* Fig. 3. Internal Schematic of CVE, without ICS Wnit;

The front spring, in addition to holding thejtar-
get, provides restraint for the armature and,thus, con-
trols the pick-up value of the switch.

Operation With Voltage Relays

The connections shown in,Fig. Syusing type SG
voltage relays will providefjthe following operation:

1. Close the breakergwhen“the bus is alive and
the line is dead, through the 59B make con-
tact and 27L break contact.

2. Close the,breaker when the line is alive and
the bus is“dead, through the 27L make con-
tact@and 59B break contact.

3. Close‘the bfeaker when the line and bus are
both alivel'and when their respective voltage
are approximately normal, equal, in phase,
and of the same frequency, through the CVE
contact.

It)is recommended that the number of reclosures
be limited by using either a single-or a multi-shot
reclosing relay in conjunction with the CVE and SG
relays.

% Fig. 4. Internal Schematic of CVE, with ICS Unit.

CHARACTERISTICS

The type CVE relay can be adjusted for operat-
ing circles from 20 to 60 degrees as shown in Fig. 6.
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 relay is shown in Fig.
7. These time curves are obtained from the #11 time
dial setting when the applied voltages are equal
to rated voltage and of the same frequency. Shorter
operating times can be obtained at different time
dial settings as shown in Fig. 8.

Fig. 9 shows how high a slip frequency will
cause operation. The maximum slip frequency is a
function of the circle and time dial settings. This
characteristic is of interest in estimating the angu-

ll;l‘ difference at the instant of breaker closure, for

cé.ég?s where the two systems are slipping slowly.

Burden

The burden imposed on each potential source
by the CVE relay with rated voltage applied to both
circuits of the relay is as follows:
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% Fig5. External Schematic of the CVE with SG Relay for Dead-Lirie-Hot Bus and Hot Line-Dead Bus Reclosing.

Voltages Voltages 180

in Phase Degrees Out of Phasé
Volt-amperes 15.4 13.5
Power Factor .422 .422
Watts 6.5 5.7

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

Volt-amperes 10.8
Power Factor .422
Watts 4.6

Continuvous Rating

These relays gwill seontinuously stand 110% of
rated voltage applied to s4he two circuits, either
separately or simultaneously.

SETTINGS

Disc Unit

As@, shipped from the factory the relays are
calibrated) for a 20 degree circle. Other operating
circles) from 20 to 60 degrees can be obtained by
adjusting the left hand resistor in the relay. The

procedure is described under Adjustments and Main-
tenance.

Set the time dial so that the relay will not oper-
ate when the systems are swinging too fast. The
#11 time dial is recommended when the 60° circle
setting is used. A setting of #4 time dial or higher
recommended with the 40° circle. A setting as low
as the Y time dial should be satisfactory with the
20° circle. Note from Fig. 8 that the relay will oper-
ate in 1.4 seconds in the % time dial positions and
with the 20° 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 phase-angle difference between the
two systems at the instant of breaker closure, refer
to Fig. 9. For example, assume a 40° circle and #4
time-dial setting. Also assume that the systems are
slipping at a frequency of 0.048 cycles per second,
which is the maximum slip for which the relay will
operate. This means that the relay contacts close
just as the one voltage vector moves out of the circle.
This would mean that the systems would be 40° out-
of-phase at the instant that the breaker close circuit
is energized. The phase angle at the instant of
breaker closure is:

A

=



TYPE CVE RELAY

l.L. 43-681.1A

30° 20° 10° 20° 30°

o
=3

400

50°

60°

T0°

80°

90°

i
1

2040 . 80\ 120 160 200 240 280 320 360 400 440 480

\) 50°

VOLTAGE APPLIED

€0°

; ; 700

80°

90°

18L4A99T,

Fig. 6. Typical Voltage — Angle Characteristic of CVE for

Various Closing Angle Settings. Rated Voltage on
One Circuit.

6=40°+ 0,048 x 360 TB=4O° +17.3 TB
where Tg= breaker closing time,in seconds

Let Tg=0.5 seconds

Then 6 +17.3x0.5=48.6°

Indicating Contactof Switch (ICS) — When Used

No setting isyrequired on the ICS unit.

INSTALLATION

The relaysi'should be mounted on switchboard
panels or their equivalent in a location free from
dirt, moisture, excessive vibration, and heat. Mount
theWrelay vertically by means of the four mounting
HolesWon the flangs for semi-flush mounting or by
means - of the rear mounting stud or studs for pro-
jection mounting. Either a mounting stud or the
mounting screws may be utilized for grounding the
relay. The electrical connections may be made
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Fig. 7. Typical Time — Phase Angle Curves of CVYE. Rated

Voltage on Both Circuits. No. #11 Time Dial Setting.

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,

For detailed FT Case information refer to I.L.. 41-076.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct opera-
tion of this relay have been made at the factory.
Upon receipt of the relay, no customer adjustments,
other than those covered under ‘‘Settings’’ should be
required.

Acceptance Check

The following check is recommended to insure
that the relay is in proper working order:

Indicating Contactor Switch (ICS) = When Used

Close the mainrelay contacts and pass sufficient
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d-c current through the disc-unit contact circuit to
close the contacts of the ICS. This value of cuprent
should be not greater than the value marked on the
name plate. The operation indicator garget should
drop freely.

The contact gap should be approximately .047’’
between the bridging moving contaetyandythe adjust-
able stationary contacts. The bridging \moving con-
tact should touch both stationary ‘€entacts simultan-
eously.

Disc Uni?’

1. Contacts — TheWindexd mark on the movement
frame will coincide withithe ’’O’’ mark on the time
dial when the stationary contact has moved through
approximately one -half of its normal deflection.There-
fore, with thé stationary cantact resting against the
backstop, the Index mark is offset to the right of the
‘O’ mark by approximately 0.020’’. The placement
of the Wariéus) time dial positions in line with the
indexpymark will give operating times as shown on
the time curve.

Voltage on Both Circuits,

Operation Occurs — Rated Voltage on Both Sides.

2. Operating Circle — Connect the relay per the
test diagram of Fig. 10. The contacts should just
close when V2 is within #4 volts of the valuesshown
in Fig. 6 for different angles on the 20 degree circle
when v, is equal to rated voltage.

3. Time Curve — With the time dial set at position
11, the contact should close in 20 + 1 seconds when
\4 and V, are equal to rated voltage at zero phase
angle.

* 4. Single Phase Test — Where a phase shifter and

phase angle meter is not available, the relay can be
tested with in-phase voltages. Connect the inputs of
the variable auto-transformers of figure 10 to a com-
mon source. To check the operating circle, apply V,
equal to rated voltage and vary Vs. The relay con-
tacts should just close when V2 is raised to 94 + 4
volts and should just open when Vo is increased to
190 + 4 volts.

To check the time curve, set the time dial in
position 11 and apply V1 and V2 equal to rated vol-
tage. The contacts should close in 20 + 1 seconds.

AR,

o



.

TYPE CVE RELAY

1L, 41-6810A
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Fig. 10, Diagram of,CVE{Test Connections.

Routine Maintenance

All relays 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 periodi€allyycleaned. A
contact burnisher S#182A836HO01 is recommended for
this purpose. The use of abrasive material for clean-
ing contacts is not recommendedj because of the
danger of embedding small’ particles in the face of
the soft silver contact and thus impairing the contact.

Callbration

Use the following procedure for calibrating the
relay if the relay ‘hasgbeen taken apart for repairs,
or the adjustmentsyhave been disturbed. This pro-
cedure should notgbe used until it is apparent that
the relay is‘not in'proper working order (See ‘‘Accept-
ance Check'’).

1. Contactp— The index mark on the movement frame
coincides with the ‘“‘O’’ mark on the time dial when
the stationary contact has moved through approximate-
lysone-half of its normal deflection. Therefore, with
the“stationary contact resting against the backstop,
the index mark is offset to the right of the ‘‘O”
mark by approximately 0.020’'. 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.

2. Preliminary Adjustments — Remove the perma-
nent 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 re-
lay. This interference should be disregarded because
its effect on the final calibration will be negligible.
The reason for unwinding the spring is that the
amount of tension on the reset 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.

3. Spurious Torque Adjustments — With the relay set
as per the preliminary adjustments, open the lag coil
circuit of the rear electromagnet. This can be done by
opening the screw connection on the lag coil of the
rear electromagnet or by inserting a piece of insulating
material under the adjustable point of the left hand
resistor (front view). Connect the relay to test circuit
of Fig. 10 and apply rated voltage at zero phase angle
on both circuits. With the right hand plug all the way
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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 move-
ment of the disc when the time dial is moved beyond
the number 11 position.

4. 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 with V1 and V2 equal to rated
voltage. Note the angle at which the contacts just
close. Then adjust the phase shifter in the leading
direction until the contacts just close with V1 and V2
equal to rated voltage. If the latter angle is not with-
in + 1 degree of the former angle, adjust the right
hand resistor (front view) until the two angles are
within + 1 degree of each other.

5. Spring Adjustment — Adjust the left 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 37° and 38°, 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 V2 through zero
phase angle to an angle where the contacts just make.
The contacts should just close at an angle of 20 + 2
degrees with V1 and V2 equal to rated voltage.

The relay is now calibrated for a 20 degree circlé.
Other points of the circle may be checked by apply-
ing the proper value of V2 at the proper angle. The 20
degree circle should be within + 4 volts of the curve
value.

6. Time Curve — Install the permanent magnet on the
relay. Adjust the permanent magnet k€eper until the
operating time of the relay from thg number 11 time
dial position is 20 * 6 seconds with V1 and V2 equal
to rated voltage at zero phase angle?

7. Circles other than 20, degreesi=sThis adjustment
should not be done until the,above adjustments for a
20 degree circle have ‘beendcompleted.

If another circle other thanf20 degrees is desired,
adjust the left hand resistor to obtain the desired
circle. For example, if a 40 degree circle is desired,
adjust the leftdand resistor until the contacts just
close with Vjand Voequal to rated voltage at 40
degrees phasetangle. It may be necessary to readjust
the right-handwaresistor to position the desired circle
symmetrically about the zero degree line. See ‘‘Cen-
tering Circle’ above for procedure. The time of

operation will be as shown in the time curves of Fig.
T.

Calibration With-in Phase Voltages

If a phase angle meter and a phase shifter aregnot
available, the relay can be calibrated with in phase
voltages for approximate circles, in (theffellowing
manner:

1. Preliminary Adjustments -4 Remove the perma-
nent magnet from the relay and Sef 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, thejnumber 11 position. The
spring convolutions maytouch during this operation
and the outer eonvolutions may hit other surfaces of
the relay. ThisWinterference should be disregarded
because itsWeffect, on the final calibration will be
negligible., The reason for unwinding the spring is
that the amount of tension on the reset spring affects
the diameter of the circle. Hence, the spring tension
has tepbe “removed initially so that only the left hand
resistor will affect the operating circle.

2.“Spurious Torque Adjustments — With the relay
set as per the preliminary adjustments, open the lag
¢oil circuit of the rear electromagnet. This can be
done either by opening the screw connection on the
lag of the rear electromagnet or by inserting a piece
of insulating material under the adjustable point of
the left hand resistor (front view). Apply rated voltage
at zero phase angle to both circuits of the relay.(This
can be done by connecting the inputs of the variable
auto-transformers of Fig. 10 to a common source. With
the right hand plug all the way in, adjust the left
hand plug 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.

3. Centering Circle — To center the circle, set
the right hand resistor (front view) between one-third
to one-half of its adjustment. This will set the center
of the circle within two degrees of zero.

4. Spring Adjustment — Adjust the left hand re-
sistor (front view) such that the moving contact just
leaves the backstop of the time dial at the number 11
position with V1 equal to 120 volts and V2 equal to
64 volts. Then adjust the reset spring such that the
contacts will just close with \2 equal to 120 volts
and V2 equal to 94 volts.

P
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The relay is now calibrated for approximately a 20
degree circle. Check the other in phase point of the
circle by applying V1 equal to 120 volts and increas-

ing the value of V2 until the contacts are just making.

V2 should be 190 * 8 volts.

4. Time Curve — Install the permanent magnet
on the relay. Adjust the permanent magnet keeper
until the operating time of the relay from the 11 time
dial position is 20 + 6 seconds with V1 and V2 equal
to rated voltage at zero phase angle.

5. Circles Other Than 20 Degrees — This adjust-
ment should not be done until the above adjustment
for a 20 degree circle has been completed.

Set V1 equal to noted voltage and apply V2 to a value
as determined by Fig. 11. Adjust the left hand resistor
until the contacts just close.

Check the circle by timing the relay with \21 and Vo
equal to rated voltage. The relay should operate from
the number 11 time dial position within + 7 percent of
the times shown in Fig. 12.

ELECTRICAL CHECKPOINTS

With A% in Fig. 10 equal to rated voltage the
following approximate voltages shouldbeobtain-
ed across the coils of the 120 volt relay. Relay set
for 20 degree circle.

Operating Electromagnet
Upper terminalg 59°volts
Lower terminals 57
Lag coil circuit 22

Restraint [Electromagnet
Upper terminals 58
Lowger terminals 54

With 120 volts applied to V2 circuit only:
Operating Electromagnet

Upper terminals 57

Lower terminals 59

Lag coil circuit 22

Restraint Elec¢tromagnet
Uppernterminals 54
Lower tetminals 58

Approximate d.cfyresistances of the coils are as fol-
lows:
Operating Electromagnet
Upper terminals 59 ohms
Lower terminals 80 ohms
Lag coil —open circuit — 245 ohms

Restraint Electromagnet
Upper terminals 66 ohms
Lower terminals 92 ohms

Approximate resistance values of left hand resistor
for various operating circles. Resistance values can
vary appreciably between relays.

20 degree circle 4800 ohms
40 degree circle 2250 ohms
60 degree circle 890 ohms

RENEWAL PARTS

Repair work can be done most satisfactorily at
the factory. However, interchangeable parts can be
furnished to the customers who are equipped for do-
ing repair work, When ordering parts, always give the
complete nameplate data.

-
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INSTALLATION

W

Westinghouse I.L. 41-681,1B
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE CVE SYNCHRO-VERIFIER RELAY

CAUTION Before putting the Synchro-Verifier into
service, remove all blocking inserted for the purpose
of securing the parts during shipment. Make sure
that all moving parts operate freely. Inspect the
contacts to see that they are clean and close proper-
ly, and operate the relay to check the settings and
electrical connections.

APPLICATION

The type CVE synchro-verifier is used to verify
the condition of synchronism existingbetween two
system voltages. The contacts will close when these
voltage are equal, within set limits, in phase, and
of the same frequency.

The type CVE synchro-verifier is not an auto-
matic synchronizer and should not be used as sueh.
Automatic Synchronizers are available whi¢h permit
closing ahead of synchronism at an angle, of ‘phase-
advance proportional to the beat frequencies ‘and
determined by the speed of operation offthe citcuit
breaker so thdt the two systems are connected’right
on synchronism.

A common application of the symnchro-verfier is
in conjunction with automaticgreclesing equipment
on loop systems fed by generating Stations at two
or more points. When a liney section trips out, the
synchro-verifier is used¢”at one terminal to check
synchronism after the remote)terminal is reclosed.
If the two systems aremin Synchronism, the synchro-
verifier permits  the( automatic reclosing equipment
to reclose the breaker.

CONSTRUCTION AND OPERATION

The type CGME relay consists of an operating
element and a restraining element mounted on a
common disc.,, The principal parts of the relay and
their docation are shown in Figs. 1, 2, 3, and 4.

Operating Element

The operating unit consists of an “E’ type
laminated electromagnet with two main coils on the

SUPERSEDES I.L. 41-681.1A

*Denotes change from superseded issve

center leg and a lag coil on'the left 1eg. A resistor is
connected across thegshading coil.

When the relay, is energized with two voltages,
a flux is produeed that is proportional to the sum of
the applied™eltages. This flux divides and returns
through the outerrlegs of the electromagnet. The lag
coil “ompthe'left 1eg causes the flux in that leg to lag
the main pele flux. The out-of-phase fluxes thus pro-
duceduin the disc gap causesacontactclosing torque.

The resistor connected across the lag coil of
the electromagnet provides adjustment for different
operating circles of the relay. Increasing or decreas-
ing the amount of resistance effectively decreases
or increases the contact closing torque of the relay.

Restraining Element

The restraining element consists of an ‘'E'’ type
laminated electromagnet with two main coils on its
center leg and a lag coil on its left l1eg. A flux is pro-
duced that is proportional to the difference in the
applied voltages to the relay. 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 causes a contact opening
torque.

Indicating Contactor Switch Unit (ICS) - When Used

The d-c indicating contactor switch is a small
clapper-type device. A magnetic armature, to which
leaf-spring mounted contacts are attached, is at-
tracted to the magnetic core upon energization of the
switch. When the switch closes, the moving con-
tacts 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.

EFFECTIVE OCTOBER 1962
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Fig. 3. Internal Schematic of CVE, without ICS Unit.

The front spring, in addition to holding the tar-
get, provides restraint for the armature and thus, con-
trols the pick-up value of the switch.

Operation With Voltage Relays

The connections shown in‘Eig.%6fusing type SG
voltage relays will provide ghe following operation:

1. Close the breakeriéwhen the bus is alive and
the line is dead;through the 59B make con-
tact and 27L break contact.

2. Close the breaker when the line is alive and
the bus, is\'dead, through the 27L make con-
tactand 59B break contact.

3. Closesthe breaker when the line and bus are
bothialivei'and when their respective voltage
are approximately normal, equal, in phase,
and of the same frequency, through the CVE
congact.

It¥is recommended that the number of reclosures
bewlimited by using either a single-or a multi-shot
reclosing relay in conjunction with the CVE and SG
relays.

%* Fig. 4. Internal Schematic of CVE, with ICS Unit.

CHARACTERISTICS

The type CVE relay can be adjusted for operat-
ing circles from 20 to 60 degrees as shown in Fig. 6.
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 relay is shown in Fig.
7. These time curves are obtained from the #11 time
dial setting when the applied voltages are equal
to rated voltage and of the same frequency. Shorter
operating times can be obtained at different time
dial settings as shown in Fig. 8.

Fig. 9 shows how high a slip frequency will
cause operation. The maximum slip frequency is a
function of the circle and time dial settings. This
characteristic is of interest in estimating the angu-
lar difference at the instant of breaker closure, for
cases where the two systems are slipping slowly.

Burden

The burden imposed on each potential source
by the CVE relay with rated voltage applied to both
circuits of the relay is as follows:
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Fig 5. External Schematic of the CVE with SG Relay for Dead-L ine-Het Bus and Hot L ine-Dead Bus Reclosing.

Voltages Voltages 180

in Phase Degrees Out of Phase
Volt-amperes 15.4 13.5
Power Factor .422 .422
Watts 6.5 5.7

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

Volt-amperes 10.8
Power Factor .422
Watts 4.6

Continvous Rating

These relays will{continieusly stand 110% of
rated voltage applied tof the,two circuits, either
separately or simultaneously.

SETTINGS
Disc Unit

As shipped®from the factory the relays are
calibrated) forma, 20 degree circle. Other operating
circlesgfrom 20 to 60 degrees can be obtained by
adjusting, the left hand resistor in the relay. The

procedure is described under Adjustments and Main-

tenance.

Set the time dial so that the relay will not oper-
ate when the systems are swinging too fast. The
#11 time dial is recommended when the 60° circle
setting is used. A setting of #4 time dial or higher
recommended with the 40° circle. A setting as low
as the % time dial should be satisfactory with the
20° circle. Note from Fig. 8 that the relay will oper-
ate in 1.4 seconds in the % time dial positions and
with the 20° 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 phase-angle difference between the
two systems at the instant of breaker closure, refer
to Fig. 9. For example, assume a 40° circle and #4
time-dial setting. Also assume that the systems are
slipping at a frequency of 0.048 cycles per second,
which is the maximum slip for which the relay will
operate. This means that the relay contacts close
just as the one voltage vector moves out of the circle.
This would mean that the systems would be 40° out-
of-phase at the instant that the breaker close circuit
is energized. The phase angle at the instant of
breaker closure is:
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184A997

Fig. 6. Typical Voltage — Angle Characteristic of CVE for

Various Closing Angle Settings. Rated Voltagefon
One Circuit.

6=40°+ 0.048 x 360 TB=40° +173 Ty
where Tg= breaker closing time in seconds

Let Tg=0.5 seconds

Then 6+17.3x0.5=48.6°

Indicating Contactor Switeh (ICS) — When Used

No setting is required on the ICS unit.

INSTALLATION

The relays should be mounted on switchboard
panels or theirvequivalent in a location free from
dirt, moisture, excessive vibration, and heat. Mount
the relay vértically by means of the four mounting
holes, on the flangs for semi-flush mounting or by
meéansyof the rear mounting stud or studs for pro-
jection mounting. Either a mounting stud or the
mounting screws may be utilized for grounding the
relay. The electrical connections may be made
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Fig.7. Typical Time — Phase Angle Curves of CVE. Rated
Voltage on Both Circuits. No. #11 Time Dial Setting.

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.

For detailed F'T Case information refer to I.L. 41-076.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct opera-
tion of this relay have been made at the factory.
Upon receipt of the relay, no customer adjustments,
other than those covered under ‘‘Settings'’ should be
required.

Acceptance Check

The following check is recommended to insure
that the relay is in proper working order:

Indicating Contactor Switch (ICS) —= When Used

Close the main relay contacts and pass sufficient
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Fig. 8. Operating Time Variations with Changes in Time-Dial

Settings. Rated In-Phase Voltage en Both Circuitsj

20 Degree Circle Setting.

d-c current through the disc-unit contact circuit to
close the contacts of the ICS. This value of current
should be not greater than the value marked on ghe
name plate. The operation indicator target should
drop freely.

The contact gap should be approximately».047"’
between the bridging moving contactiand“the adjust-
able stationary contacts. The bridgingmbving con-
tact should touch both stationaryl contacts simultan-
eously.

Disc Unit

1. Contacts — The index smark on the movement
frame will coincide“with thé ’'’O’’ mark on the time
dial when the stationaryfcontact has moved through
approximately one -half of its normal deflection.There-
fore, with the stationary cantact resting against the
backstop, thé)index mark is offset to the right of the
0"’ markgby “approximately 0.020’’. The placement
of the yarious“time dial positions in line with the
index ‘mark™will give operating times as shown on
the time ‘eurve.

Fig. 9%, Approximate Maximum Slip Frequency for which
Operation Occurs — Rated Voltage on Both Sides.

2. Operating Circle — Connect the relay per the
test diagram of Fig. 10. The contacts should just
close when V2 is within *4 volts of the values shown
in Fig. 6 for different angles on the 20 degree circle
when vy is equal to rated voltage.

3. Time Curve_ — With the time dial set at position
11, the contact should close in 20 + 1 seconds when
V1 and V2 are equal to rated voltage at zero phase
angle.

4. Single Phase Test — Where a phase shifter and
phase angle meter are not available, the relay can be
tested with in-phase voltages. Connect the inputs of
the variable auto-transformers of figure 10 to a com-
mon source. To check the operating circle, apply Vl
equal to rated voltage and vary V2. The relay con-
tacts should just close when Vy is raised to 94 + 4
volts and should just open when V2 is increased to
190 + 4 volts.

To check the time curve, set the time dial in
position 11 and apply V1 and V2 equal to rated vol-
tage. The contacts should close in 20 + 1 seconds.
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CVE RELAY (FRONT VIEW)
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Fig. 10, Diagram of CVE Test"Connections.

Routine Maintenance

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

All contacts should be periodically cleaned. A
contact burnisher S#182A836H01 is fecommended for
this purpose. The use of abrasive, material for clean-
ing contacts is not recommended,ybecause of the
danger of embedding small, particles in the face of
the soft silver contact and thus,impairing the contact.

Callbration

Use the following procedure for calibrating the
relay if the relay has{been taken apart for repairs,
or the adjustmentsWhave been disturbed. This pro-
cedure should not’ be “Used until it is apparent that
the relay is*netdn proper working order (See ‘‘Accept-
ance Check’’).

1. Contact — The index mark on the movement frame
coincides with the ‘‘O’’ mark on the time dial when
the stationary contact has moved through approximate-
ly-one=half of its normal deflection. Therefore, with
theystationary contact resting against the backstop,
the index mark is offset to the right of the “O”’
mark by approximately 0.020°’. 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.

2. Preliminary Adjustments — Remove the perma-
nent 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 re-
lay. This interference should be disregarded because
its effect on the final calibration will be negligible.
The reason for unwinding the spring is that the
amount of tension on the reset 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,

3. Spurious Torque Adjustments — With the relay set
as per the preliminary adjustments, open the lag coil
circuit of the rear electromagnet. This can be done by
opening the screw connection on the lag coil of the
rear electromagnet or by inserting a piece of insulating
material under the adjustable point of the left hand
resistor (front view). Connect the relay to test circuit
of Fig, 10 and apply rated voltage at zero phase angle
on both circuits. With the right hand plug all the way
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in, adjust the left hand plug of the rear electromagnet
such that the disc does not move from the number 11
timedial position. This can be determined by no move-
ment of the disc when the time dial is moved beyond
the number 11 position.

4. 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 with V; and Vy equal to rated
voltage. Note the angle at which the contacts just
close. Then adjust the phase shifter in the leading
direction until the contacts just close with V1 and V2
equal to rated voltage. If the latter angle is not with-
in + 1 degree of the former angle, adjust the right
hand resistor (front view) until the two angles are
within + 1 degree of each other.

5. Spring Adjustment — Adjust the left resistor front
view such that the moving contact just leaves and
retums to the backstop of the time dial at the number
11 position between 37° and 38°, 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 V2 through zero
phase angle to an angle where the contacts just make.
The contacts should just close at an angle of 20 + 2
degrees with V1 and V2 equal to rated voltage.

The relay is now calibrated for a 20 degree circle.
Other points of the circle may be checked by apply=
ing the proper value of V2 at the proper angle. Thé 20
degree circle should be within + 4 volts of f#he curve
value.

6. Time Curve — Install the permanent,magnet,on the
relay. Adjust the permanent magnetykeeper until the
operating time of the relay from the number 11 time
dial position is 20 + 0.6 seconds with V1 and V2equal
to rated voltage at zero phase angle.

7. Circles other than 20, degrées ,— This adjustment
should not be done until theyabove adjustments for a
20 degree circle haye beelt completed.

If another circle other,than 20 degrees is desired,
adjust the left hand resistor to obtain the desired
circle. For example, if a 40 degree circle is desired,
adjust the left hand4resistor until the contacts just
close with Vi and Vzequal to rated voltage at 40
degrees phase angle. It may be necessary to readjust
the right-hand resistor to position the desired circle
symmetrically“about the zero degree line. See ‘‘Cen-
teringwCircle’’ above for procedure. The time of

operation will be as shown in the time curves of Fig.
1.

Calibration With.in Phase Voltages

If a phase angle meter and a phase shifter are not
available, the relay can be calibrated with in“phase
voltages for approximate circles im*“the following
manner:

1. Preliminary Adjustments Remove the perma-
nent magnet from the relay and seththe time dial on
the number 11 position. Next unwind the spring for
zero tension on the numberil position. This can
best be noticed by unwinding the spring until the
contact will not movefwhen the time dial is moved a
small distance beyond, the number 11 position. The
spring convolutionsymay“touch during this operation
and the outer convglutions may hit other surfaces of
the relay. This, interference should be disregarded
because, its effecty on the final calibration will be
negligibles, “The reason for unwinding the spring is
that thefamount of tension on the reset spring affects
the di@metero0f the circle. Hence, the spring tension
has tojybe removed initially so that only the left hand
rgsistor will affect the operating circle.

24 Spurious Torque Adjustments — With the relav

'set as per the preliminary adjustments, open the lag

coil circuit of the rear electromagnet. This can be
done either by opening the screw connection on the
lag of the rear electromagnet or by inserting a piece

cof in_sulating material under the adjustable point of

the left hand resistor (front view). Apply rated voltage
at zero phase angle to both circuits of the relay. (This
can be done by connecting the inputs of the variable
auto-transformers of Fig. 10 to a common source. With
the right hand plug all the way in, adjust the left
hand plug 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.

3. Centering Circle — To center the circle, set
the right hand resistor (front view) between one-third
to one-half of its adjustment. This will set the center
of the circle within two degrees of zero.

4. Spring Adjustment — Adjust the left hand re-
sistor (front view) such that the moving contact just
leaves the backstop of the time dial at the number 11
position with V1 equal to 120 volts and V2 equal to
64 volts. Then adjust the reset spring such that the
contacts will just close with \2 equal to 120 volts
and V2 equal to 94 volts.
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The relay is now calibrated for approximately a 20
degree circle. Check the other in phase point of the
circle by applying V1 equal to 120 volts and increas-

ing the value of V2 until the contacts are just making.

V2 should be 190 + 8 volts.

4. Time Curve — Install the permanent magnet
on the relay. Adjust the permanent magnet keeper
until the operating time of the relay from the11l time
dial position is 20 + 0.6 seconds with vy and \D)
equal to rated voltage at zero phase angle.

5. Circles Other Than 20 Degrees — This adjust-
ment should not be done until the above adjustment
for a 20 degree circle has been completed.

Set V1 equal to noted voltage and apply V2 to a value
as determined by Fig. 11. Adjust the left hand resistor
until the contacts just close.

Check the circle by timing the relay with V, and V,
equal to rated voltage. The relay should operate from
the number 11 time dial position within + 7 percent of
the times shown in Fig. 12.

ELECTRICAL CHECKPOINTS

With V1 in Fig. 10 equal to rated voltagemythe
following approximate voltages should be obtain-
ed across the coils of the 120 volt relay. Relay set
for 20 degree circle.

Operating Electromagnet
Upper terminals 59 wolts
Lower terminals 57
Lag coil circuit 22
Restraint Electromagnet

Upper terminals 58
Lower terminals 54

With 120 volts applied to Vj circuit only
Operating Electromagnet

Upper terminals 87

Lower terminals 59

Lag coil circuit 22

Restraint Electromagnet
Upperiterminals 54
Lower termindals 58

Approximate d.c. resistamnces of the coils are as fol-
lows:
OperatingiElectromagnet
Upper terminals 59 ohms
Liower terminals 80 ohms
Lag coil—open circuit — 245 ohms

Restraint Electromagnet
Upper terminals 66 ohms
Lower terminals 92 ohms

Approximate resistance values of left hand resistor
for various operating circles. Resistance values can
vary appreciably between relays.

20 degree circle 4800 ohms
40 degree circle 2250 ohms
60 degree circle 890 ohms

RENEWAL PARTS

Repair work can be done most satisfactorily at
the factory. However, interchangeable parts can be
furnished to the customers who are equipped for do-
ing repair work, When ordering parts, always give the
complete nameplate data.
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Fig. 12. Operating Times from the No. 11 Time Dial Posi-
tion for the Type CVE Relay set for Different
Operating Circles. V7 and V; equal to rated vol-
tage at zero phase angle. (Curve 471192)
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INSTRUCTIOMNS

TYPE CVE AND CVE-I
SYNCHRO-VERIFIER RELAYS

CAUTION Before putting the Synchro-Verifier into
service, remove all blocking inserted for the purpose
of securing the parts during shipment. Make sure
that all moving parts operate freely. Inspect the
contacts to see that they are clean and close proper-
ly, and operate the relay to check the settings and
electrical connections.

APPLICATION

The synchro-verifier is used to verify the con-
dition of synchronism existing between two system
voltages. The contacts will close when these voltage
are equal, within set limits, in phase, and of the
same frequency.

The synchro-verifier is not an automatic syn-
chronizer and should not be used as such. AutGmatic¢
Synchronizers are available which permit closing
ahead of synchronism at an angle of phase=advance
proportional to the beat frequencies and“@etermined
by the speed of operation of the circuitgpbreaker so
that the two systems are connected right on‘synchro-
nism.

A common application of “the ‘Synchro-verfier is
in conjunction with automati¢” reclosing equipment
on loop systems fed by pgenerating stations at two
or more points. When a line, seetion trips out, the
synchro-verifier is use@ at, one terminal to check
synchronism after the remote terminal is reclosed.
If the two systems aregin “Synchronism, the synchro-
verifier permits the autématic reclosing equipment
to reclose the,breaker.

CONTENTS

This instruc¢tion leaflet applies to the following

types of relays:
CVE - Synchro-Vertifier Relay
CVI-1Synchro-Vertifier Relay

CONSTRUCTION AND OPERATION

The type CVE relay consists of an operating

SUPERSEDES I.L. 41-681.1B
CompleteRevision to include Type CVE-1

element and a restraining “element mounted on a
common disc. The prineipal parts of the relay and
their location are shewnuin'Figs. 1, 2, 3, and 4.

The CVE-1 relay'consists of two telephone type
relays in addition, to the components of the CVE
Relay. The principal parts of the relay are connected
as per figureds.

Operating Etement

The operating unit consists of an ‘““E’ type
laminated electromagnet with two main coils on the
center leg and a lag coil on the left leg. A resistor is
connected across the shading coil.

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 pro-
duced in the disc gap causes acontact closingtorque.

The resistor connected across the lag coil of
the electromagnet provides adjustment for different
operating circles of the relay. Increasing or decreas-
ing the amount of resistance effectively decreases
or increases the contact closing torque of the relay.

Restraining Element

The restraining element consists 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 pro-
duced that is proportional to the difference in the
applied voltages to the relay. 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 causes a contact opening
torque.

Indicating Contactor Switch Unit (ICS) — When Used

The d-c indicating contactor switch is a small

EFFECTIVE MARCH 1964
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Fig. 3. Internal Schematic of CVE, without ICS Unit.

clapper-type device. A magnetic armature, ‘tofwhich
leaf-spring mounted contacts are attached, isyat-
tracted to the magnetic core upon energizationioef the
switch. When the switch closes, the moving con-
tacts bridge two stationary contactssmcompleting the
trip circuit. Also, during this operation{i\two fingers
on the armature deflect a springylocated on the front
of the switch, which allows the operation indicator
target to drop.

The front spring, infaddition to holding the tar-
get, provides restraint for the)armature and thus con-
trols the pick-up valuewof the*switch.

Telephone Relay

The teleplone “felay units are fast operating
types energized by £he application of an a-c voltage.
In these relays, an electromagnet energized by a-c
voltage, attracts a right angle armature which oper-
ates a set of contacts.

Opetation With Voltage Relays

The connections shown in Fig. 6 using type SG
Vvoltage relays will provide the following operation:

1. Close the breaker when the bus is alive and
the line is dead, through the 59B make con-

Fig. 4. Internal Schematic of CVE, with ICS Unit.

tact and 27L break contact.

2. Close the breaker when the line is alive and
the bus is dead, through the 59L. make con-
tact and 27B break contact.

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

It is recommended that the number of reclosures
be limited by using either a single-or a multi-shot
reclosing relay in conjunction with the CVE and SG
relays.

CVE -1 Operation

The connections shown in Figure 7 using the
type CVE-1 relay will provide the following operation:

1. Close the breaker when the bus is alive and
the line is dead, through the V2 make con-
tact and V1 break contact.

2. Close the breaker when the line is alive and
the bus is dead, through the V{ make con-
tact and Vg break contact.
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Fig. 5. Internal Schematic of CVE-1

3. Close the breaker when the line and bus ate
both alive and when their respective voltage
are approximately normal, equal, in phdse;
and of the same frequency, through the CVE
contact.

It is recommended that the number of ‘fecloSures
be limited by using either a single - ompya multi-shot
reclosing relay in conjunction with the CVE-1 Relay:

CHARACTERISTICS

The type CVE relay and [CVE-4 can be adjusted
for operating circles from“20 tef60 degrees as shown
in Fig. 8. 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 appro-
priate circle.

The operating timeé of the relay is shown in Fig.
9. These time‘eurves are obtained from the # 11 time
dial setting“when) the applied voltages are equal to
rated voltage 'and of the same frequency. Shorter
operating 3times can be obtained at different time
dial settings as shown in Fig. 10.

Fig. 11 shows how high a slip frequency will
cause operation. The maximum slip frequency ispa
function of the circle and time dial settings. [(This
characteristic is of interest in estim=ting the angu-
lar difference at the instant of breaker closure, for
cases where the two systems are slipping slowly.

Burden

The burden imposed on eachiypotential source
by the CVE relay and CVE-1 rel@y, with rated volt-
age applied to both circuits of the gelay is as follows:

Voltages Voltages 180

in Phase “Degrees Out of Phase
Volt-amperes 15.4 13.5
Power Factor 422 .422
Watts 6.5 5.7

The burdentef the CVE relay and CVE-1 relay
with ratedmvoltage applied to one circuit is as follows:

Voltsamperes 10.8
Power Pactor .422
Watts 4.6

The burden of each telephone relay at 120 volts
is as“follows:

10.62 volt-amperes Power Factor 0.64

Continvous Rating

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

SETTINGS

Dise Unit

As shipped from the factory the relays are
calibrated for a 20 degree circle. Other operating
circles from 20 to 60 degrees can be obtained by
adjusting the left hand resistor in the relay. The
procedure is described under Adjustments and Main-
tenance.

Set the time dial so that the relay will not oper-
ate when the systems are swinging too fast. The
#11 time dial is recommended when the 60° circle
setting is used. A setting of #4 time dial or higher
recommended with the 40° circle. A setting as low
as the % time dial should be satisfactory with the
20°-circle. Note from Fig. 10 that the relay will oper-
ate in 1.4 seconds in the % time dial positions and
with the 20° setting. If a longer delay is desired a
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Fig. 6 External Schematic of the CVE withgSG, Relay for Dead-Line-Hot Bus and Hot Line-Dead Bus Reclosing.

higher time-dial setting may be used.

To evaluate the effect of time-dialyand¥circle
settings on the phase-angle difference /between the
two systems at the instant of breaker closure, refer
to Fig. 9. For example, assume @ 40°Seircle and #4
time-dial setting. Also assumefjthatythe systems are
slipping at a frequency of 0.048 cycles per second,
which is the maximum slip forwhich the relay will
operate. This means that the relay contacts close
just as the one voltage yectornmoves out of the circle.
This would mean that the systems would be 40° out-
of-phase at the instant that the breaker close circuit
is energized.qThe\phase angle at the instant of

breaker closiire is:

6=40%+ 0.048 x 360 TB=4O° +17.3 TB
where Ty= breaker closing time in seconds

Let TB = 0.5 seconds
Then 40° +17.3 x 0.5 = 48.6°

Indicating Contactor Switch (ICS) ~ When Used

No setting is required on the ICS unit.

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in a location free from
dirt, moisture, excessive vibration, and heat. Mount
the relay vertically by means of the four mounting
holes on the flangs for semi-flush mounting or by
means of the rear mounting stud or studs for pro-
jection 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.

For detailed FT Case information refer to I.L. 41-076.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct opera-
tion of this relay have been made at the factory.
Upon receipt of the relay, no customer adjustments,
other than those covered under ‘‘Settings’’ should be
required.
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Acceptance Check

The following check is recommended to insure
that the relay is in proper working order:

Indicating Contactor Switch (ICS) = When‘Used

Close the mainrelay contacts and pasSs sufficient
d-c current through the disc-unit cemtactdeircuit to
close the contacts of the ICS. This_value ©f current
should be not greater than the value marked on the
name plate. The operation indicater target should
drop freely.

The contact gap should“be approximately .047"’
between the bridgingdmoving contact and the adjust-
able stationary contacts{” The bridging moving con-
tact should touch both stationary contacts simultan-
eously.

Disc Unit

1. Contacts'==, The index mark on the movement
frame willgcoincide with the ’’O’’ mark on the time
dial when, the “stationary contact has moved through
approximately one -half of its normal deflection. There-
forefmwith the stationary cantact resting against the

backstop, the index mark is offset to the right of the
‘“O" mark by approximately 0.020’°. The placement
of the various time dial positions in line with the
index mark will give operating times as shown on
the time curve.

2. Operating Circle Connect the relay per the
test diagram of Fig. 12. The contacts should just
close when V9 is within *4 volts of the values shown
in Fig. 8 for different angles on the 20 degree circle
when V1 is equal to rated voltage.

3. Time Curve — With the time dial set at position
11, the contact should close in 20 + 1 seconds when
V1 and V2 are equal to rated voltage at zero phase
angle.

4. Single Phase Test — Where a phase shifter and
phase angle meter are not available, the relay can be
tested with in-phase voltages. Connect the inputs of
the variable auto-transformers cf figure 12 to a com-
mon source. To check the operating circle, apply V4
equal to rated voltage and vary V2. The relay con-
tacts should just close when V, is raised to 94 + 4
volts and should just open when V4 is increased to
190 + 4 volts.
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One Circuit.

To check the time curve, set the time dial in
position 11 and apply V1 and V2 equalgte rated vol-
tage. The contacts should close in 20 & 1/sec¢ends.

Telephone Relays (CVE-1 only)

Apply a-c. volts to each@telephone relay cir-
cuit. The telephone relay ,Shouldypickup when 95
volts a.c. is applied.

Routine Maintenance

All relays should beypinspected periodically and
the time of operation/should be checked at least
once every tw@yyears or/at such other time intervals
as may be dictated, by experience to be suitable to
the particular application.

All contacts #Sshould be periodically cleaned. A
contact burnisher S#182A836H01 is recommended for
this purpose. The use of abrasive material for clean-
ing contacts is not recorpmended. because of the
danger of embedding small particles in the face of
theysoft silver contact and thus impairing the contact.

Calibration

Use the following procedure for calibrating the
relay if the relay has been taken apart for repairs,
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Fig. 9 Typical Time-Phase Angle Curves of CVE. Rated
Voltage on Both Circuits No.#11 Dial Time Setting.

or the adjustments have been disturbed. This pro-
cedure should not be used until it is apparent that
the relay is not in proper working order (See ‘‘Accept-
ance Check’’).

1. Contact — The index mark on the movement frame
coincides with the ‘‘O’’ mark on the time dial when
the stationary contact has moved through approximate-
ly-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 “O'’
mark by approximately 0.020°’°’. The placement of the
varlous time dial positions in line with the index
mark will give operating times as shown on the
respective time curves.

2. Preliminary Adjustments — Remove the perma-
nent magnet from the relay and set the time dial on the
number 11 position. Next unwind the spring for 2zero
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 re-
lay. This interference should be disregarded because
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Fig. 10 Operating Time Variations with Changes in Time-
Dial Settings. Rated In-Phase Voltage on Both
Circuits, 20 Degree Circle Setting.

its effect on the final calibration will be negligible.
The reason for unwinding the spring is that” the
amount of tension on the reset 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.

3. Spurious Torque Adjustments —gWith“the relay set
as per the preliminary adjustments, opén the lag coil
circuit of the rear electromagnets Thisg€an be done by
opening the screw connection on the lag coil of the
rear electromagnet or by inserting afpiece of insulating
material under the adjustableyppoint of the left hand
resistor (front view). Connect he relay to test circuit

of Fig. 12 and apply rated veltage at zero phase angle
on both circuits. With the right hand plug all the way
in, adjust the left hand plug of the rear electromagnet
such that the,disc does net move from the number 11
time dial positien. This can be determined by no move-
ment of the discywhen the time dial is moved beyond
the numbergllyposition.

4. Centering Circle — Close the lag coil circuit of
themrean, electromagnet and set the left hand resistor

Figt 11/ Approximate Maximum Slip Frequency for which
Operation Occurs- Rated Voltage on Both Sides.

at approximately one-third of its resistance. Adjust
the phase shifter in the lagging direction until the
contacts just close with V; and Vy equal to rated
voltage. Note the angle at which the contacts just
close. Then adjust the phase shifter in the leading
direction until the contacts just close with vy and V
equal to rated voltage. If the latter angle is not with-
in + 1 degree of the former angle, adjust the right
hand resistor (front view) until the two angles are
within. + 1 degree of each other.

5. Spring Adjustment — Adjust the left 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 37° and 38°, 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 V2 through zero
phase angle to an angle where the contacts just make.
The contacts should just close at an angle of 20 + 2
degrees with V1 and V2 equal to rated voltage.

The relay is now calibrated for a 20 degree circle.
Other points of the circle may be checked by apply-

L
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Fig. 12 Diagram of CV.EyTest, Connections.

ing the proper value of V2 at the proper angle. The 20
degree circle should be within + 4 volts of the,curve
value.

6. Time Curve — Install the permanent magnetfon the
relay. Adjust the permanent magnet keeperjuntilpthe
operating time of the relay from the number 1% time
dial position is 20 + 0.6 seconds with Vi and Vzequal
to rated voltage at zero phase angle,

7. Circles other than 20 degreeSy— ThiS adjustment
should not be done until the above adjustments for a
20 degree circle have been“edmpleted.

If another circle other than 20%degrees is desired,
adjust the left hand resistor)to obtain the desired
circle. For ex.ample, ifa, 40"degree circle is desired,
adjust the left hand resistor until the contacts just
close with Vjand,Vsequal to rated voltage at 40
degrees phage angle.Wlt may be necessary to readjust
the right-hand resistor to position the desired circle
symmetrically about the zero degree line. See ‘‘Cen-
tering Circle’’ “above for procedure, The time of
operation will be as shown in the time curves of Fig.
9.

Calibration With-in Phase Voltages

If a phase angle meter and a phase shifter are not
available, the relay can be calibrated with in phase

voltages for approximate circles in the following
manner:

1. Preliminary Adjustments — Remove the perma-
nent 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 reason for unwinding the spring is
that the amount of tension on the reset 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.

2. Spurious Torque Adjustments — With the relay
set as per the preliminary adjustments, open the lag
coil circuit of the rear electromagnet. This can be
done either by opening the screw connection on the
lag of the rear electromagnet or by inserting a piece
of insulating material under the adjustable point of
the left hand resistor (front view). Apply rated voltage
at zero phase angle to both circuits of the relay.(This
can be done by connecting the inputs of the variable
auto-transformers of Fig. 12 to a common source. With
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the right hand plug all the way in, adjust the left
hand plug 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.

3. Centering Circle — To center the circle, set
the right hand resistor (front view) between one-third
to one-half of its adjustment. This will set the center
of the circle within two degrees of zero.

4, Spring Adjustment — Adjust the left hand re-
sistor (front view) such that the moving contact just
leaves the backstop of the time dial at the number 11
position with V1 equal to 120 volts and V2 equal to
64 volts. Then adjust the reset spring such that the
contacts will just close with V1 equal to 120 volts
and V2 equal to 94 volts.

The relay is now calibrated for approximately a 20
degree circle. Check the other in phase point of the
circle by applying V1 equal to 120 volts and increas-
ing the value of V2 until the contacts are just making.
V2 should be 190 £ 8 volts.

4. Time Curve — Install the permanent magnet
on the relay. Adjust the permanent magnet keeper
until the operating time of the relay from thell time
dial position is 20 + 0.6 seconds with V1 and V2
equal to rated voltage at zero phase angle.

5. Circles Other Than 20 Degrees — This adjusts
ment should not be done until the above adjustment
for a 20 degree circle has been completed.

Set V1 equal to noted voltage and apply V2 to'a, value

as determined by Fig. 13. Adjust the left h@ndWresistor
until the contacts just close.

Check the circle by timing the relay,with V1 and V2
equal to rated voltage. The relay shouldhoperate from
the number 11 time dial position_within# 7 percent of
the times shown in Fig. 14.

ELECTRICAL CHECKPOINTS

With V; in FigiQl2 equal”to rated voltage the
following approximate “woltages should be obtain-
ed across the coils of the 120 volt relay. Relay set

10

for 20 degree circle.

Operating Electromagnet
Upper terminals 59 volts
Lower terminals 57
Lag coil circuit 22

Restraint Electromagnet
Upper terminals 58
Lower terminals 54

With 120 volts applied to Vy circuig only
Operating Electromagnet

Upper terminals 57

Lowerfterminals 59

Lagycoil circuit 22

Restraint Electromagnet
Upper terminals 54
Lower terminals 58

Approximate die, resistances of the coils are as fol-
lows:
Operating Electromagnet
Upper terminals 59 ohms
Lower terminals 80 ohms
Lag coil —open circuit — 245 ohms

Restraint Electromagnet
Upper terminals 66 ohms
Lower terminals 92 ohms

Approximate resistance values of left hand resistor
for various operating circles. Resistance values can
vary appreciably between relays.

20 degree circle 4800 ohms
40 degree circle 2250 ohms
60 degree circle 890 ohms

RENEWAL PARTS

Repair work can be done most satisfactorily at
the factory. However, interchangeable parts can be
furnished to the customers who are equipped for do-
ing repair work, When ordering parts, always give the
complete nameplate data.
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INSTALLATION

Westinghouse I.L. 41-68 TR
OPERATION ¢ MAINTENANCE

INSTRUCTI OIS

TYPE CVE AND CVE-1
SYNCHRO-VERIFIER RELAYS

CAUTION Before putting the Synchro-Verifier into
service, remove all blocking inserted for the purpose
of securing the parts during shipment. Make sure
that all moving parts operate freely. Inspect the
contacts to see that they are clean and close proper-
ly, and operate the relay to check the settings and
electrical connections.

APPLICATION

The synchro-verifier is used to verify the con-
dition of synchronism existing between two system
voltages. The contacts will close when these voltages
are within set limits.

The synchro-verifier is not an automatic syn-
chronizer and should not be used as such. Afitomatic
Synchronizers are available which permit closing
ahead of synchronism at an angle of phase-advance
proportional to the beat frequencies and determined
by the speed of operation of the circuit9breaker so
that the two systems are connected right /n s¥nchro-
nism.

A common application of théysynehro-verifier is
in conjunction with automati¢ reclesing equipment
on loop systems fed by ‘generating stations at two
or more points. When a linefsection trips out, the
synchro-verifier is used at @ne terminal to check
synchronism after the remote terminal is reclosed.
If the two systems @re/ih, synchronism, the synchro-
verifier permits, the,@automatic reclosing equipment
to reclose th€ breaker.

CONTENTS

This instruction leaflet applies to the following

types of relays:
CVE-. Synchro-Verifier Relay

CVE-1 Synchro-Verifier Relay
CONSTRUCTION AND OPERATION

The type CVE relay consists of an operating

SUPERSEDES I.L. 41-681.1E

*Denotes change from superseded issve.

element and a restraining element mounted on a
common disc. The principal parts of the relay and
their location are shewn in Figs. 1, 2, 3, and 4.

The CVE=Iyrelay consists of two telephone type
relays in addition®to the components of the CVE
Relay. Theyprineipal parts of the relay are connected
as per figure ‘on

Operating, Element

The operating unit consists of an ‘“E’’ type
laminated electromagnet with two main coils on the
center leg and a lag coil on the left leg. A resistor is
connected across the shading coil.

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 pro-
duced in the disc gap causesacontactclosingtorque.

The resistor connected across the lag coil of
the electromagnet provides adjustment for different
operating circles of the relay. Increasing or decreas-
ing the amount of resistance effectively decreases
or increases the contact closing torque of the relay.

Restraining Element

The restraining element consists 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 pro-
duced that is proportional to the difference in the
applied voltages to the relay. 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 causes a contact opening
torque.

Indicating Contactor Switch Unit (ICS) = When Used

The d-c indicating contactor switch is a small

EFFECTIVE OCTOBER 1965
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Fig. 3. Internal Schematic of CVE, without ICS Unit.

clapper-type device. A magnetic armature, to which
leaf-spring mounted contacts are attached, i1 at-
tracted to the magnetic core upon energizationvof the
switch. When the switch closes, the gnoying con-
tacts bridge two stationary contactSy completing the
trip circuit. Also, during this, operation, two fingers
on the armature deflect a springplocated on the front
of the switch, which allows,'the operation indicator
target to drop.

The front spring, in addition to holding the tar-
get, provides restraint for the armature and thus con-
trols the pick-up val@ejof the switch.

Telephone Relay

Theftelephone “relay units are fast operating
types energized by the application of an a-c voltage.
In these relayss an electromagnet energized by a-c
voltage, attracts a right angle armature which oper-
ates a set of contacts.

Operation With Voltage Relays

The connections shown in Fig. 6 using type SG
Vveltage relays will provide the following operation:

1. Close the breaker when the bus is alive and
the line is dead, through the 59B make con-

Fig. 4. Internal Schematic of CVE, with ICS Unit.

tact and 27L break contact.

2. Close the breaker when the line is alive and
the bus is dead, through the 59L make con-
tact and 27B break contact.

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

It is recommended that the number of reclosures
be limited by using either a single-or a multi-shot
reclosing relay in conjunction with the CVE and SG
relays.

CVE -1 Operation

The connections shown in Figure 7 using the
type CVE-1 relay will provide the following operation:

1. Close the breaker when the bus is alive and
the line is dead, through the V2 make con-
tact and V; break contact.

2. Close the breaker when the line is alive and
the bus is dead, through the V;{ make con-
tact and Vo break contact.
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Fig. 5. Internal Schematic of CVE-1

3. Close the breaker when the line and bus are
both alive and when their respective voltage
are approximately normal, equal, in phaSe,
and of the same frequency, through the CVE
contact.

It is recommended that the number of,reelosures
be limited by using either a single - or§a multi*shot
reclosing relay in conjunction with the . CVE=l Relay:

CHARACTERISTICS

The type CVE relay and CVE-#can be adjusted
for operating circles from 20, tol60_degrees as shown
in Fig. 8. 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 appro-
priate circle.

The operating time of the relay is shown in Fig.
9. These time @urves are obtained from the #11 time
dial setting 'wheén)the applied voltages are equal to
rated voltagepand of the same frequency. Shorter
operating “times can be obtained at different time
dial ,settings’as shown in Fig. 10.

Fig. 11 shows how high a slip frequency will
cause operation. The maximum slip frequency iswa
function of the circle and time dial settings. This
characteristic is of interest in estimating the angu=
lar difference at the instant of breaker closure, for
cases where the two systems are slipping slowly.

Burden

The burden imposed on each“potemtial source
by the CVE relay and CVE-1 relayy with rated volt-
age applied to both circuits of the relay’is as follows:

Voltages Voltages 180

in Phase, Degrees Out of Phase
Volt-amperes 1504 13.5
Power Factor 422 .422
Watts 65 5.7

The burden ‘of, . the CVE relay and CVE-1 relay
with rated®weltageyapplied to one circuit is as follows:

Volt-amperes 10.8
Powér Faetor .422
Watts 4.6

The burden of each telephone relay at 120 volts
is as follows:

10.62 volt-amperes Power Factor 0.64

Continvous Rating

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

SETTINGS

Dise Unit

As shipped from the factory the relays are
calibrated for a 20 degree circle. Other operating
circles from 20 to 60 degrees can be obtained by
adjusting the left hand resistor in the relay. The
procedure is described under Adjustments and Main
tenance.

Set the time dial so that the relay will not oper-
ate when the systems are swinging too fast. The
#11 time dial is recommended when the 60° circle
setting is used. A setting of #4 time dial or higher
recommended with the 40° circle. A setting as low
as the % time dial should be satisfactory with the
20°-circle. Note from Fig. 10 that the relay will oper-
ate in 1.4 seconds in the % time dial positions and
with the 20° setting. If a longer delay is desired a
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Fig. 6 External Schematic of the CVE with <SG, Reldy

higher time-dial setting may be used.

To evaluate the effect of time-dialgandycircle
settings on the phase-angle difference /oetween the
two systems at the instant of breaker closure, refer
to Fig. 9. For example, assume @ 40°¢eircle and #4
time-dial setting. Also assumegthatythe systems are
slipping. at a frequency of 0.048 “¢ycles per second,
which is the maximum sSlip for,which the relay will
operate. This means that the relay contacts close
just as the one voltage yector,moves out of the circle.
This would mean that the systems would be 40° out-
of-phase at the instanththat the breaker close circuit
is energized.o The phase angle at the instant of
breaker closure is;

6&40°4% 0.048 x 360 TB=40° +17.3 TB
where T = breaker closing time in seconds

Let TB = 0.5 seconds
Then"40° +17.3 x 0.5 = 48.6°

Indicating Contactor Switch (ICS) —~ When Used

No setting is required on the ICS unit.

for Dead-Line-Hot Bus and Hot Line-Dead Bus Reclosing.

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in a location free from
dirt, moisture, excessive vibration, and heat. Mount
the relay vertically by means of the four mounting
holes on the flangs for semi-flush mounting or by
means of the rear mounting stud or studs for pro-
jection 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.

For detailed FT Case information refer to I.L. 41-076.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct opera-
tion of this relay have been made at the factory.
Upon receipt of the relay, no customer adjustments,
other than those covered under ‘‘Settings’® should be
required.
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Fig. 7 External Schematic of CVE-1 for Dead-Line-Hot{ and Hot Line-Dead-Bus Reclosing.

Acceptance Check

The following check is recommended to insdre
that the relay is in proper working order:

Indicating Contactor Switch (ICS) — When dsed

Close the main relay contacts and pass’ sufficient
d-c current through the disc-unit cdmtactieircuit to
close the contacts of the ICS. This value of“current
should be not greater than the value marked on the
name plate. The operation indicator target should
drop freely.

The contact gap should“be approximately .047’’
between the bridging moving contact and the adjust-
able stationary contacts./ Thedbridging moving con-
tact should touch both statienary contacts simultan-
eously.

Disc Uni'_

1. Contacts¢é, ‘The index mark on the movement
frame will,_coincidé with the ''O’’ mark on the time
dial when, theWwstationary contact has moved through
approximately one -half of its normal deflection. There-
fore,,, with the stationary cantact resting against the

backstop, the index mark is offset to the right of the
‘O’ mark by approximately 0.020’’. The placement
of the various time dial positions in line with the
index mark will give operating times as shown on
the time curve.

2. Operating Circle — Connect the relay per the test
diagram of Fig. 12. The contacts should just close
under the following two conditions:

1) When Vo = Vj .= rated voltage and their phase
difference is between 18° and 22° (either leading
or lagging).

2) When V; = rated voltage and V, is increased to
94 + 4V. in phase with Vi

3. Time Curve — With the time dial set at position
11, the contact should close in 20 + 1 seconds when
V1 and V2 are equal to rated voltage at zero phase
angle.

To check the time curve, set the time dial in
position 11 and apply V1 and V2 equal to rated vol-
tage. The contacts should close in 20 + 1 seconds.
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Fig. 8 Typical Voltage - Angle Characteristic of CVEgfor
Various Closing Angle Settings. Rated Voltdge on
One Circuit.

Telephone Relays (CVE-1 only)

Apply a-c. volts to each telephonenprelay cir-
cuit. The telephone relay should/pickup “when 95
volts a.c. is applied.

Routine Maintenance

All relays should ,be 4nspected periodically and
the time of operation ;shouldybe checked at least
once every two yearsgor at“such other time intervals
as may be dictated (by experience to be suitable to
the particular applications

All contaets “‘should be periodically cleaned. A
contact/burnisheryS#182A836H01 is recommended for
this purpose. The use of abrasive material for clean-
ing contaets 4is not recommended, because of the
danger of embedding small particles in the face of
the soft silver contact and thus impairing the contact.

Calibration

Use the following procedure for calibrating the
relay if the relay has been taken apart for repairs,
or the adjustments have been disturbed. This pro-
cedure should not be used until it is. apparent that

20°
CIRCLE
30 I
28 \

26

24

. A\ Y

20

OPERATING TIME IN SECONDS
@
| ot
bt

: N . L /
N V

. " | 60°
CIRCLE
. |

0
60 S50 40 30 20 10 O 0O 20 30 40 50 60
PHASE ANGLE (DEGREES) BETWEEN VOLTAGES

184A998

Fig. 9 Typical Time-Phase Angle Curves of CVE. Rated
Voltage on Both Circuits No. #11 Dial Time Setting.

the relay is not in proper working order (See ‘‘Accept-
ance Check'’).

1. Contact — The index mark on the movement frame
coincides with the ‘‘O’* mark on the time dial when
the stationary contact has moved through approximate-
ly-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 ‘O’
mark by approximately 0.020’’. 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.

2. Preliminary Adjustments — Remove the perma-
nent 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 re-
lay. This interference should be disregarded because
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Fig. 10 Operating Time Variations with Changes in Time-
Dial Settings. Rated In-Phase Voltage on Both
Circuits, 20 Degree Circle Setting.

its effect on the final calibration will be negligible.
The reason for unwinding the spring is that (the
amount of tension on the reset spring affect§™the
diameter of the circle. Hence, the spring gension has
to be removed initially so that only the ‘left “hand
resistor will affect the operating circle.

3. Spurious Torque Adjustments — With“the,relay set
as per the preliminary adjustments/ opengthe lag coil
circuit of the rear electromagnet. This_can be done by
opening the screw connection on ghe lag coil of the
rear electromagnet or by inSertingfa piece of insulating
material under the adjusStableypoint of the left hand
resistor (front view). £onnéct the'relay to test circuit

of Fig. 12 and apply rated voltage at zero phase angle
on both circuits. With the right hand plug 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 move-
ment of the @isc*when the time dial is moved beyond
the number, 11 “position.

4. Centering Circle — Close the lag coil circuit of
the rearjyelectromagnet and set the left hand resistor

Figr 11 Approximate Maximum Slip Frequency for which
Operation Occurs- Rated Voltage on Both Sides.

at approximately one-third of its resisitance. Adjust
the phase shifter in the lagging direction until the
contacts just close with Vl and V2 equal to rated
voltage. Note the angle at which the contacts just
close. Then adjust the phase shifter in the leading
direction until the contacts just close with V1 and V2
equal to rated voltage. If the latter angle is not with-
in + 1 degree of the former angle, adjust the right
hand resistor (front view) until the two angles are
within. + 1 degree of each other.

5. Spring Adjustment — Adjust the left resistor front
view such that the moving contact just leaves and
retums to the backstop of the time dial at the number
11 position between 40° and 41°, 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 V2 through zero

phase angle to an angle where the contacts just make.
The contacts should just close at an angle of 20 +2

degrees with V| and Vg equal to rated voltage. With
Vy equal to rated voltage the contacts should just
close when Vj is increased to 94 * 4V. in phase
with Vi If necessary, readjust spring slightly to

ﬁ*
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Fig. 12 Diagram of CV.E Test Connections.
obtain this condition. The relay is now calibrated Operating Electromagnet
Upper terminals 59 volts

for a 20 degree circle.

6. Time Curve — Install the permanent fhagnet on the
relay. Adjust the permanent magnet keeperpuntil the
operating time of the relay from the number “P1 time
dial position is 20 + 0.6 seconds with V1 and Vzequal
to rated voltage at zero phase anglg.

7. Circles other than 20 degrees,— This adjustment
should not be done until the @bove ‘adjustments for a
20 degree circle have been)completed.

If another circle other s#han 20 degrees is desired,
adjust the left hand resistor to obtain the desired
circle. For examplegfifya 40 degree circle is desired,
adjust the left hand s#esistor until the contacts just
close with Vi and V2equal to rated voltage at 40
degrees phdase angleynlt may be necessary to readjust
the right<hand{resistor to position the desired circle
symmetrically,about the zero degree line. See ‘‘Cen-
tering Circle'"“above for procedure. The time of
operation will be as shown in the time curves of Fig.
9.

ELECTRICAL CHECKPOINTS

With Vi in Fig. 12 equal to rated voltage the
following approximate voltages should be obtain-
ed across the coils of the 120 volt relay. Relay set
for 20 degree circle.

Lower terminals 57
Lag coil circuit 22

Restraint Electromagnet
Upper terminals 58
Lower terminals 54

With 120 volts applied to Vy circuit only
Operating Electromagnet

Upper terminals 57

Lower terminals 59

Lag coil circuit 22

Restraint Electromagnet
Upper terminals 54
Lower terminals 58

Approximate d:c. resistances of the coils are as fol-
lows:
Operating Electromagnet
Upper terminals 59 ohms
Lower terminals 80 ohms
Lag coil—open circuit — 245 ohms

Réstraint Electromagnet
Upper terminals 66 ohms
Lower terminals 92 ohms
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Approximate resistance values offleft hand resistor
for various operating circles. Resistance values can
vary appreciably between relays.

20 degree,circle £4800 ohms
40 degree circle 2250 ohms
60‘degree circle 890 ohms

10

Fig. 14 Operating Times from the No. 11 Time Dial Posi-
tion for the Type CVE Relay set for Different
Operating Circles. Vjand V3 equal to rated vol-
tage at zero phase angle. (Curves471192)

RENEWAL PARTS

Repair work can be done most satisfactorily at
the factory. However, interchangeable parts can be
furnished to the customers who are equipped for do-
ing repair work, When ordering parts, always give the
complete nameplate data.




TYPE CVE AND CVE-1 RELAYS

l.L. 41-681.1F

CASE

P T o
32 16
e 1
: ‘Trsﬁ‘o el 4
JT lo* e — ]
| ~= 16 .
e | ' i

TERMINAL AND
NOUNTING DETAILS

PAREL CUTOUT)& DRILLIN
FOR SEM} FLUSH MTG.

TR

32

I_l.‘,.lg—i

32

-4

+190-32 SCREW

FOR "“98! PANEL
USE .190~32 STUD

PANEL DRILLING OR CUTOUT FOR
PROJECTION MTG.

{ FrORT Vi EW)

57-D-T7901

Fig. 15 Outline and Drilling Plan for the CVE and CVE-1 in FT21 case.

n



WESTINGHOUSE ELECTRIC CORPORATION
RELAY-INSTRUMENT DIVISION NEWARK, N. J.

Printed in U.S.A.



INSTALLATION

Westinghouse I.L. 41-681.1G
e OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE CVE AND CVE-1
SYNCHRO-VERIFIER RELAYS

CAUTION Before putting the Synchro-Verifier into
service, remove all blocking inserted for the purpose
of securing the parts during shipment. Make sure
that all moving parts operate freely. Inspect the
contacts to see that they are clean and close proper-
ly, and operate the relay to check the settings and
electrical connections.

APPLICATION

The synchro-verifier is used to verify the con-
dition of synchronism existing between two system
voltages. The contacts will close when these voltages
are within set limits.

The synchro-verifier is not an automatic syn-
chronizer and should not be used as such. Automatie
Synchronizers are available which permit €losing
ahead of synchronism at an angle of phasefadvanee
proportional to the beat frequencies and determined
by the speed of operation of the circuit breaker so
that the two systems are connected right on synghro-
nism.

A common application of the synehro=werifier is
in conjunction with automatic reclosing equipment
on loop systems fed by genetatingistations at two
or more points. When a linegsection trips out, the
synchro-verifier is used at one(\terminal to check
synchronism after the remoteyterminal is reclosed.
If the two systems arefin Synchronism, the synchro-
verifier permits the, autématic reclosing equipment
to reclose the breaker:

CONTENTS

This instruction leaflet applies to the following

types of relays:
CVE-- Synchro-Verifier Relay

CVE-1 Synchro-Verifier Relay
CONSTRUCTION AND OPERATION

The type CVE relay consists of an operating

SUPERSEDES |I.L. 41-681.1F

*Denotes change from superseded issue.

element and a restraining/ element mounted on a
common disc. The principal parts of the relay and
their location are shown in Figs. 1, 2, 3, and 4.

The CVE-1gelay consists of two telephone type
relays in addition to “the components of the CVE
Relay. The pfificipalyparts of the relay are connected
as per figure 54

Operating\Element

The “operating unit consists of an ‘“E’ type
laminated, electromagnet with two main coils on the

centeridleg and a lag coil on the left leg. A resistor is
connected across the shading coil.

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 pro-
duced in the disc gap causes acontact closingtorque.

The resistor connected across the lag coil of
the electromagnet provides adjustment for different
operating circles of the relay. Increasing or decreas-
ing the amount of resistance effectively decreases
or increases the contact closing torque of the relay.

Restraining Element

The restraining element consists of an ‘‘E’’ type
laminated electromagnet with two main coils on its
center leg and a lag coil on its left 1eg. A flux is pro-
duced that is proportional to the difference in the
applied voltages to the relay. 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 causes a contact opening
torque.

Indicating Contactor Switch Unit (ICS) = When Used

The d-c indicating contactor switch is a small

EFFECTIVE JULY 1967
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Fig. 3. Internal Schematic of CVE, without ICS Unit.

clapper-type device. A magnetic armaturefjto which
leaf-spring mounted contacts are attached, “is at-
tracted to the magnetic core upon energizationyof the
switch. When the switch closes, the moving con-
tacts bridge two stationary contacts, /£ompleting the
trip circuit. Also, during this operation, two fingers
on the armature deflect a spring located®en the front
of the switch, which allows the, operation indicator
target to drop.

The front spring, in addition to holding the tar-
get, provides restraint for the armature and thus con-
trols the pick-up value6f the switch.

Telephone Relay

The teléephone relay units are fast operating
types energizedyy thé application of an a-c voltage.
In these relays, “anl electromagnet energized by a-c
voltage, attracts a right angle armature which oper-
ates a set of contacts.

Operation With Voltage Relays

Theteonnections shown in Fig. 6 using type SG
voltage yrelays will provide the following operation:

1. Close the breaker when the bus is alive and
the line is dead, through the 59B make con-

Fig. 4. Internal Schematic of CVE, with ICS Unit.

tact and 27L break contact.

2. Close the breaker when the line is alive and
the bus is dead, through the 59L. make con-
tact and 27B break contact.

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

It is recommended that the number of reclosures
be limited by using either a single-or a multi-shot
reclosing relay in conjunction with the CVE and SG
relays.

CVE -1 Operation

The connections shown in Figure 7 using the
type CVE-1 relay will provide the following operation:

1. Close the breaker when the bus is alive and
the line is dead, through the V2 make con-
tact and Vi break contact.

2. Close the breaker when the line is alive and
the bus is dead, through the V; make con-
tact and Vo break contact.
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3. Close the breaker when the line and busyare
both alive and when their respective voltage
are approximately normal, equal, in/phase,
and of the same frequency, through the/CVE
contact.

It is recommended that the number “6f, reclosures
be limited by using either a single 4 or a multi-shot
reclosing relay in conjunction withithe GV E-1 Relay:

CHARACTERISTICS

The type CVE relay and{CVE-1 can be adjusted
for operating circles, from 20,tof60 degrees as shown
in Fig. 8. As shipped from, the factory the relay is
calibrated for the 20fdegree circle. These circles
apply when one side hag rated voltage. The relay
operates, if the other voltage falls within the appro-
priate circle.

The operating time of the relay is shown in Fig.
9. These time curves are obtained from the # 11 time
dial setting™when the applied voltages are equal to
rated) voltage and of the same frequency. Shorter
operating times can be obtained at different time
dialNsettings as shown in Fig. 10.

Fig. 11 shows how high a slip frequency will
cause operation. The maximum slip frequene¥vis“a
function of the circle and time dial settings. This
characteristic is of interest in estimating the“amgu-
lar difference at the instant of breaker closure, for
cases where the two systems are slippinggslowly.

Burden

The burden imposed on eagh pétential source
by the CVE relay and CVE-4 relay,with rated volt-
age applied to both circuits of thejrelay is as follows:

Voltages Voltages 180
indPhase™ Degrees Out of Phase
Volt-amperes 15.4 13.5
Power Factor .422 .422
Watts 6.5 5.7

The burden of the CVE relay and CVE-1 relay
with rated, voltage applied to one circuit is as follows:

Volt-amperes 10.8
PoweryFactor .422
Watts 4.6

The burden of each telephone relay at 120 volts
is as follows:

10.62 volt-amperes Power Factor 0.64

Continvuous Rating

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

SETTINGS

Disc Unit

As shipped from the factory the relays are
calibrated for a 20 degree circle. Other operating
circles from 20 to 60 degrees can be obtained by
adjusting the left hand resistor in the relay. The
procedure is described under Adjustments and Main-
tenance.

Set the time dial so that the relay will not oper-
ate when the systems are swinging too fast. The
#11 time dial is recommended when the 60° circle
setting is used. A setting of #4 time dial or higher
recommended with the 40° circle. A setting as low
as the % time dial should be satisfactory with the
20°-circle. Note from Fig. 10 that the relay will oper-
ate in 1.4 seconds in the % time dial positions and
with the 20° setting. If a longer delay is desired a



TYPE CVE AND CVE-1 RELAYS

1.L. 41-681.1TG

) ‘ D.C. CONTROL 8B
\ STATION BUS ‘ 05 ROL BUS
? 2 2 101
3 3 A0
L
% 5¢
[
%
0
52
4
CLOSING CIRCUIT OF 52
123 NEG. =t

DEVICE NUMBER CHART

25 = SYNCHRO-VERIFIER RELAY - TYPE CVE

-2—65- = OPERATING ELECTROMAGMET } OF
TYPE
% = RESTRAINT ELECTROMAGNET CVE

y;__“ - UNDER AND OVERVOLTAGE BUS RELAY, TYPE SG

E’# - UNDER AND OVERVOLTAGE LINE RELAY, TYPE $G

52°=, POWER CIRCUIT BREAKER
b - BREAKER AUXILIARY CONTACT
1019=4CIRCUIT BREAKER CONTROL SWITCH, TYPE W

18144863

Fig. 6 External Schematic of the CVE with SG4Relay

higher time-dial setting may be used.

To evaluate the effect of time-dial amd, cirele
settings on the phase-angle difference (between the
two systems at the instant of breakerselosure, refer
to Fig. 9. For example, assume,a 40° circle and #4
time-dial setting. Also assume that theys¥stems are
slipping- at a frequency of 0.048 cycles per second,
which is the maximum slip%er which the relay will
operate. This means that the“relay contacts close
just as the one voltage vector maves out of the circle.
This would mean that the systems would be 40° out-
of-phase at the instantfthat the breaker close circuit
is energized. The phaSe )angle at the instant of
break er closurefis:

0 =402+ 06048 %360 Tp=40°+17.3Tg
where Tg= breaker closing time in seconds

Let TB = 0.5 seconds
Then™(0%#* 17.3 x 0.5 = 48.6°

Indicating Contactor Switch (ICS) - When Used

No setting is required on the ICS unit.

for Dead-Line-Hot Bus and Hot Line-Dead Bus Reclosing.

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in a location free from
dirt, moisture, excessive vibration, and heat. Mount
the relay vertically by means of the four mounting
holes on the flangs for semi-flush mounting or by
means of the rear mounting stud or studs for pro-
jection 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.

For detailed FT Case information refer to I.L.. 41-076.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct opera-
tion of this relay have been made at the factory.
Upon receipt of the relay, no customer adjustments,
other than those covered under ‘‘Settings’® should be
required.
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Acceptance Check

The following check is recommended tofinsure
that the relay is in proper working order:

Indicating Contactor Switch (ICS) — When Used

Close the mainrelay contacts and(passjysufficient
d-c current through the disc-unityecontact circuit to
close the contacts of the ICS. ThisWwalue of current
should be not greater than the value marked on the
name plate. The operation indicator target should
drop freely.

The contact gap’ should be approximately .047"’
between the bridging mévingicontact and the adjust-
able stationary contaets. 4The bridging moving con-
tact should touch bothystationary contacts simultan-
eously.

Disc Unit

1. Contdets. = The index mark on the movement
frame gwilljcoincide with the ''O’’ mark on the time
dial ‘when“the stationary contact has moved through
approximately one -half of its normal deflection, There-
fore, Wwith the stationary cantact resting against the

backstop, the index mark is offset to the right of the
“O’’ mark by approximately 0.020’’. The placement
of the various time dial positions in line with the
index mark will give operating times as shown on
the time curve.

2. Operating Circle — Connect the relay per the test
diagram of Fig. 12. The contacts should just close
under the following two conditions:

1) When Vo = V; .= rated voltage and their phase
difference is between 18° and 22° (either leading
or lagging).

2) When V; = rated voltage and Vg is increased to
94 + 4V. in phase with Vi

3. Time Curve — With the time dial set at position
11, the contact should close in 20 + 1 seconds when
V1 and V2 are equal to rated voltage at zero phase
angle.

To check the time curve, set the time dial in
position 11 and apply Vi and V2 equal to rated vol-
tage. The contacts should close in 20 + 1 seconds.
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Fig. 8 Typical Voltage - Angle Characteristic of CVE for
Various Closing Angle Settings. Rated Voltage on
One Circuit.

Telephone Relays (CVE-1 only)

Apply a:-c. volts to each telephone“pelay cir-
cuit. The telephone relay should pickup, when 95
volts a.c. is applied.

Routine Maintenance

All relays should be inspected periodically and
the time of operation shoeuld“be checked at least
once every two years ormat such other time intervals
as may be dictated by experience to be suitable to
the particular application:
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Fig. 9 Typical Time-Phase Angle Curves of CVE. Rated
Voltage on Both Circuits No. #11 Dial Time Setting.

the relay is not in proper working order (See ‘‘Accept-
ance Check"’).

1. Contact — The index mark on the movement frame
coincides with the ‘‘O’’ mark on the time dial when
the stationary contact has moved through approximate-
ly-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 ‘O’
mark by approximately 0.020°’. The placement of the
various time dial positions in line with the index
mark will give operating times as shown on the

All contacts should be periodically cleaned. A
contact burnisher ‘S#182A836H01 is recommended for
this purpose. Thepuse of abrasive material for clean-
ing contacts i not recommended, because of the
danger of embedding small particles in the face of
the soft silver contact and thus impairing the contact.

respective time curves.

2. Preliminary Adjustments — Remove the

nent magnet from the relay and set the time dial oam the
number 11 position. Next unwind the spring for zero

perma-

Callibration

Use the following procedure for calibrating the
relay if the relay has been taken apart for repairs,
or the adjustments have been disturbed. This pro-
cedure should not be used until it is. apparent that

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 re-
lay. This interference should be disregarded because



TYPE CVE AND CVE-1 RELAYS

24

22
20°

20 /

OPERATING TIME IN SECONDS
~
N

’———_-

[\ N
\

o] | 2 3 4 6 T (-] 9 10 n
TIME DIAL SETTING

184A999

.30 \ “\
2 .
N
A15~—-§ ----- '—“—_MXQH" --------------------
60°
—~ 10 \ \\‘
] ) \\ ‘\\
: 08— ~
i i
N Aost\
2 .04
i \ S~Jla0°
o 03
g \ \\\
a 02 —
a N\
s .0|5--~»4——><—--- ————— T e T el SR
2
X ol \\
= oo08 <
006 N
005 T~
: =]
I
004 J
.003 i
i\ 2 3 4 5 6 7 8 9 10
TIME DIAL
185A123

% Fig. 10 Operating Time Variations with Changes in Time-
Dial Settings. Rated In-Phase Voltage on Both
Circuits, 20°, 40° and 60° Circle Setting.

its effect on the final calibration will be negligible:
The reason for unwinding the spring is that the
amount of tension on the reset 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.

3. Spurious Torque Adjustments —gWithWthe relay set
as per the preliminary adjustments, op€n the lag coil
circuit of the rear electromagnet. This€an be done by
opening the screw connectiofi on the lag coil of the
rear electromagnet or by insertifig a/piece of insulating
material under the adjustable, point of the left hand
resistor (front view). Comnect,.the relay to test circuit

of Fig. 12 and apply rated veltage at zero phase angle
on both circuits. With the“right hand plug all the way
in, adjust the left hand plug of the rear electromagnet
such that the disc dees not move from the number 11
time dial position. This can be determined by no move-
ment of the'dis¢, when the time dial is moved beyond
the numper, 1 position.

4. Centering Circle — Close the lag coil circuit of
the, rear electromagnet and set the left hand resistor

Figl 11} Approximate Maximum Slip Frequency for which
Operation Occurs - Rated Voltage on Both Sides.

at approximately one-third of its resistance. Adjust
the phase shifter in the lagging direction until the
contacts just close with V1 and V2 equal to rated
voltage. Note the angle at which the contacts just
close. Then adjust the phase shifter in the leading
direction until the contacts just close with V1 and V2
equal to rated voltage. If the latter angle is not with-
in + 1 degree of the former angle, adjust the right
hand resistor (front view) until the two angles are
within. + 1 degree of each other.

5. Spring Adjustment — Adjust the left 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° and 41°, 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 V2 through zero

phase angle to an angle where the contacts just make.
The contacts should just close at an angle of 202

degrees with Vy and Vo equal to rated voltage. With
Vi equal to rated voltage the contacts should just
close when Vg is increased to 94 + 4V. in phase
with Vi If necessary, readjust spring slightly to
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Fig. 12 Diagram of CVE#TesthyConnections.
obtain this condition. The relay is now calibrated Operating Electromagnet
for a 20 degree circle. Upper terminals 59 volts

6. Time Curve — Install the permanent magnetion the
relay. Adjust the permanent magnet keeper<until“the
operating time of the relay from the nymber 17 time
dial position is 20 + 0.6 seconds with V1 and V2equa.l
to rated voltage at zero phase angley

7. Circles other than 20 degrees® This adjustment
should not be done until the above adjustments for a
20 degree circle have been completed.

If another circle other than 20“degrees is desired,
adjust the left hand resistor/to obtain the desired
circle. For example, df @40 degree circle is desired,
adjust the leftshand résistor until the contacts just
close with VjandyVoequal to rated voltage at 40
degrees phase angle.It may be necessary to readjust
the right-hand sgesistor to position the desired circle
symmetrically“about the zero degree line. See ‘‘Cen-
tering Circle’’ above for procedure. The time of
operation will be as shown in the time curves of Fig.
9.

ELECTRICAL CHECKPOINTS

With V; in Fig. 12 equal to rated voltage the
following approximate voltages should be obtain-
ed across the coils of the 120 volt relay. Relay set
for 20 degree circle.

Lower terminals 57
Lag colil circuit 22

Restraint Electromagnet
Upper terminals 58
Lower terminals 54

With 120 volts applied to ) circuit only
Operating Electromagnet

Upper terminals 57

Lower terminals 59

Lag coil circuit 22

Restraint Electromagnet
Upper terminals 54
Lower terminals 58

Approximate d:c. resistances of the coils are as fol-
lows:
Operating Electromagnet
Upper terminals 59 ohms
Lower terminals 80 ohms
Lag coil—open circuit — 245 ohms

Réstraint Electromagnet
Upper terminals 66 ohms
Lower terminals 92 ohms
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(Curve 471191)

Approximate resistance values of lefth\hand resistor
for various operating circles. Resistance values can
vary appreciably between relays:

20 degree,cirele’ 4800 ohms
40fdegree circle 2250 ohms
60, degree eircle 890 ohms

10

Fig. 14 Operating Times from the No. 11 Time Dial Posi-
tion for the Type CVE Relay set for Different
Operating Circles. Vjand Vy equal to rated vol-
tage at zero phase angle. (Curves471192)

RENEWAL PARTS

Repair work can be done most satisfactorily at
the factory. However, interchangeable parts can be
furnished to the customers who are equipped for do-
ing repair work, When ordering parts, always give the
complete nameplate data.
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INSTALLATION

Westinghouse L. 41-681.1H
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE CVE AND CVE-1
SYNCHRO-VERIFIER RELAYS

CAUTION Before putting the Synchro-Verifier into
service, remove all blocking inserted for the purpose
of securing the parts during shipment. Make sure
that all moving parts operate freely. Inspect the
contacts to see that they are clean and close proper-
ly, and operate the relay to check the settings and
electrical connections.

APPLICATION

The synchro-verifier is used to verify the con-
dition of synchronism existing between two system
voltages. The contacts will close when these voltages
are within set limits.

The synchro-verifier is not an automatic syn-
chronizer and should not be used as such. Automatic
Synchronizers are available which permit &losing
ahead of synchronism at an angle of phase-advance
proportional to the beat frequencies and determined
by the speed of operation of the circuit breakem,so
that the two systems are connected right on synehro-
nism.

A common application of the“synchro-verifier is
in conjunction with automatic rgelosing equipment
on loop systems fed by generating stations at two
or more points. When a linedsectionytrips out, the
synchro-verifier is used af one ‘terminal to check
synchronism after the remote terminal is reclosed.
If the two systems aregdmusynéhronism, the synchro-
verifier permits the autematic reclosing equipment
to reclose the breaker.

CONTENTS

This instruction leaflet applies to the following

types of relays:
CVE-- Synchro-Verifier Relay

CVE-1 Synchro-Verifier Relay

CONSTRUCTION AND OPERATION

The type CVE relay consists of an operating

SUPERSEDES I.L. 41-681.1G

*Denotes change from superseded issue.

element and a restraininghelement mounted on a
common disc. The principal parts of the relay and
their location are shownyin“Rigs. 1, 2, 3, and 4.

The CVE-1_elayleensists of two telephone type
relays in addition ‘te, the components of the CVE
Relay. The principal parts of the relay are connected
as per figure 5.

Operating Element

The, ‘eperating unit consists of an ‘““E’’ type
laminated electromagnet with two main coils on the
center leg and a lag coil on the left leg. A resistor is
connected across the shading coil.

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 pro-
duced in the disc gap causes acontact closingtorque.

The resistor connected across the lag coil of
the electromagnet provides adjustment for different
operating circles of the relay. Increasing or decreas-
ing the amount of resistance effectively decreases
or increases the contact closing torque of the relay.

Restraining Element

The restraining element consists 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 pro-
duced that is proportional to the difference in the
applied voltages to the relay. 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 causes a contact opening
torque.

Indicating Contactor Switch Unit (ICS) = When Used

The d-c indicating contactor switch is a small

EFFECTIVE NOVEMBER 1968
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Fig. 3. Internal Schematic of CVE, without ICS Unit.

clapper-type device. A magnetic armature, toiwhich
leaf-spring mounted contacts are attached),is“at-
tracted to the magnetic core upon energization ofythe
switch. When the switch closes, the moyingwcon-
tacts bridge two stationary contacts,_ecoempleting the
trip circuit. Also, during this operation, two fingers
on the armature deflect a spring located.on the front
of the switch, which allows thé operation indicator
target to drop.

The front spring, in addition¥to holding the tar-
get, provides restraint for the armature and thus con-
trols the pick-up valueofithe®switch.

Telephone Relay

The telephone relay units are fast operating
types energizeddby thé application of an a-c voltage.
In these relays;pan electromagnet energized by a-c
voltage, attracts a right angle armature which oper-
ates a set of contacts.

Operdtion With Voltage Relays

The\connections shown in Fig. 6 using type SG
yoltage relays will provide the following operation:

1. Close the breaker when the bus is alive and
the line is dead, through the 59B make con-

Fig. 4. Internal Schematic of CVE, with ICS Unit.

tact and 27L break contact.

2. Close the breaker when the line is alive and
the bus is dead, through the 59L make con-
tact and 27B break contact.

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

It is recommended that the number of reclosures
be limited by using either a single-or a multi-shot
reclosing relay in conjunction with the CVE and SG
relays.

CVE -1 Operation

The connections shown in Figure 7 using the
type CVE-1 relay will provide the following operation:

1. Close the breaker when the bus is alive and
the line is dead, through the V2 make con-
tact and V1 break contact.

2. Close the breaker when the line is alive and
the bus is dead, through the V{ make con-
tact and Vg break contact.
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3. Close the breaker when the line and buspare
both alive and when their respective voltage
are approximately normal, equal, in /phase,
and of the same frequency, through the CVE
contact.

It is recommended that the number of reélosures
be limited by using either a single 4or a multi-shot
reclosing relay in conjunction withithe GVE-1 Relay:

CHARACTERISTICS

The type CVE relay and ,£ViE-1 can be adjusted
for operating circles from 20(to 60 degrees as shown
in Fig. 8. As shipped from the factory the relay is
calibrated for the 20 #egree circle. These circles
apply when one sidé hasfrated voltage. The relay
operates, if the other violtage falls within the appro-
priate circle.

The operating“time of the relay is shown in Fig.
9. These time curves are obtained from the #11 time
dial setting®™when the applied voltages are equal to
ratedg voltage and of the same frequency. Shorter
operating times can be obtained at different time
dialisettings as shown in Fig. 10.

Fig. 11 shows how high a slip frequency will
cause operation. The maximum slip frequencymisa
function of the circle and time dial settings. This
characteristic is of interest in estim=ting the“angu-
lar difference at the instant of breaker closure, for
cases where the two systems are slipping ,slowly.

Burden

The burden imposed on eaeh petential source
by the CVE relay and CVE-lgfelay, Wwith rated volt-
age applied to both circuits of the telay is as follows:

Voltages Voltages 180

in PhaseWygDegrees Out of Phase
Volt-amperes 15.4 13.5
Power Factor .422 .422
Watts 6.5 5.7

The burden of'the CVE relay and CVE-1 relay
with rated voltage'applied toone circuit is as follows:

Velt-amperes 10.8
RoweryFactor .422
Waitts 4.6

The burden of each telephone relay at 120 volts
is“as follows:

10.62 volt-amperes Power Factor 0.64

Continuvous Rating

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

SETTINGS

Disc Unit

As shipped from the factory the relays are
calibrated for a 20 degree circle. Other operating
circles from 20 to 60 degrees can be obtained by
adjusting the left hand resistor in the relay. The
procedure is described under Adjustments and Main-
tenance.

Set the time dial so that the relay will not oper-
ate when the systems are swinging too fast. The
#11 time dial is recommended when the 60° circle
setting is used. A setting of #4 time dial or higher
recommended with .the 40° circle. A setting as low
as the % time dial should be satisfactory with the
20°-circle. Note from Fig. 10 that the relay will oper-
ate in 1.4 seconds in the % time dial positions and
with the 20° setting. If a longer delay is desired a
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% Fig. 6 External Schematic of the CVE with SG Reldy for Dead-Line-Hot Bus and Hot Line-Dead Bus Reclosing.

higher time-dial setting may be used.

To evaluate the effect of time-dial and™eircle
settings on the phase-angle difference /between the
two systems at the instant of breaker cloSurg, refer
to Fig. 9. For example, assume a 40° ciccle and #4
time-dial setting. Also assume4thatithe systems are
slipping- at a frequency of 0.048)c¥yeles per second,
which is the maximum slip fofiwhich“the relay will
operate. This means that the relay contacts close
just as the one voltage vectormmoves out of the circle.
This would mean that thel systéms would be 40° out-
of-phase at the instant_thatathe” breaker close circuit
is energized. The phase ¢angle at the instant of
breaker closure is:

0 =40°+ 04048 x 360 Tp=40°+17.3 Ty
where Tg= breaker closing time in seconds

Let Tg = 0.5 §econds
Thenw40% + 17.3 x 0.5 = 48.6°

Indicating Contactor Switch (ICS) = When Used

No setting is required on the ICS unit.

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in a location free from
dirt, moisture, excessive vibration, and heat. Mount
the relay vertically by means of the four mounting
holes on the flangs for semi-flush mounting or by
means of the rear mounting stud or studs for pro-
jection 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.

For detailed FT Case information refer to I.L. 41-076.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct opera-
tion of this relay have been made at the factory.
Upon receipt of the relay, no customer adjustments,
other than those covered under ‘‘Settings’’ should be
required.
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Acceptance Check

The following check is recommended to instre
that the relay is in proper working order:

Indicating Contactor Switch (ICS) — When Used

Close the main relay contacts and pass,sufficient

d-c current through the disc-unit contact circuit to
close the contacts of the ICS. Thisjvalueyof current
should be not greater than the g/@lue “marked on the
name plate. The operation indicator) target should
drop freely.

The contact gap ,shoeuld“be approximately .047’’
between the bridging movingycontact and the adjust-
able stationary centacts. The bridging moving con-
tact should touch both stationary contacts simultan-
eously.

Disc Unit

1. Contacts = The index mark on the movement
frame willceincide with the ’’O’’ mark on the time
dial whenythe stationary contact has moved through
approximately one -half of its normal deflection. There-
fore,, with) the stationary cantact resting against the

backstop, the index mark is offset to the right of the
“O’” mark by approximately 0.020’'. The placement
of the various time dial positions in line with the

index mark will give operating times as shown on
the time curve.

2. Operating Circle — Connect the relay per the test
diagram of Fig. 12. The contacts should just close
under the following two conditions:

1) When Vy = V; .= rated voltage and their phase
difference is between 18° and 22° (either leading
or lagging).

2) When V;{ = rated voltage and Vy is increased to
94 * 4V. in phase with V;

3. Time Curve — With the time dial set at position
11, the contact should close in 20 + 1 seconds when
V1 and V2 are equal to rated voltage at zero phase
angle.

To check the time curve, set the time dial in
position 11 and apply V1 and V2 equal to rated vol-
tage. The contacts should close in 20 *+ 1 seconds.
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One Circuit.

Telephone Relays (CVE-1 only)

Apply a:c. volts to each telephoneyrelay cir-
cuit. The telephone relay should pi€kup When 95
volts a.c. is applied.

Routine Maintenance

All relays should be inspected,periodically and
the time of operation shéuldybe checked at least
once every two years or_at“suchother time intervals
as may be dictated by experience to be suitable to
the particular application.

All contaets ‘should be periodically cleaned. A
contact burnisher'S#182A836H01 is recommended for
this purpose.fThe ,use of abrasive material for clean-
ing contaets isfnot recommended, because of the
danger of embedding small particles in the face of
the soft silver contact and thus impairing the contact.

Calibration

Use the following procedure for calibrating the
relay if the relay has been taken apart for repairs,
or the adjustments have been disturbed. This pro-
cedure should not be used until it is. apparent that

) \ [oreis
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Fig. 9 Typical Time-Phase Angle Curves of CVE. Rated
Voltage on Both Circuits No.#11 Dial Time Setting.

the relay is not in proper working order (See ‘‘Accept-
ance Check”’).

1. Contact — The index mark on the movement frame
coincides with the ‘“O’’ mark on the time dial when
the stationary contact has moved through approximate-
ly-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 ‘O’
mark by approximately 0.020’’. 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.

2. Preliminary Adjustments — Remove the perma-
nent 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 re-
lay. This interference should be disregarded because
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Fig. 10 Operating Time Variations with Changes in Time-
Dial Settings. Rated In-Phase Voltage on Both
Circuits, 20°, 40° and 60° Circle Setting.

its effect on the final calibration will be negligible.
The reason for unwinding the spring is that the
amount of tension on the reset spring affects the
diameter of the circle. Hence, the spring tension ‘has
to be removed initially so that only the, lefty,hand
resistor will affect the operating circle.

3. Spurious Torque Adjustments — With, the relay set
as per the preliminary adjustments, open the lag coil
circuit of the rear electromagnet. This ¢an be done by
opening the screw connection onr the lag coil of the
rear electromagnet or bydnserting a piece of insulating
material under the adjustable "point of the left hand
resistor (front view){ Confrect the relay to test circuit

of Fig. 12 and apply rated voltage at zero phase angle
on both circuits. With theyight hand plug 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 move-
ment of the,dise when the time dial is moved beyond
the number 1)1 position.

4. Centering Circle — Close the lag coil circuit of
the rear“electromagnet and set the left hand resistor

Eig{ 11 "Approximate Maximum Slip Frequency for which
OperationOccurs - Rated Voltage on Both Sides.

at approximately one-third of its resistance. Adjust
the phase shifter in the lagging direction until the
contacts just close with V1 and V2 equal to rated
voltage. Note the angle at which the contacts just
close. Then adjust the phase shifter in the leading
direction until the contacts just close with V1 and V2
equal to rated voltage. If the latter angle is not with-
in + 1 degree of the former angle, adjust the right
hand resistor (front view) until the two angles are
within. + 1 degree of each other.

5. Spring Adjustment — Adjust the left resistor front
view such that the moving contact just leaves and
retumns to the backstop of the time dial at the number
11 position between 40° and 41°, 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 Vy through zero
phase angle to an angle where the contacts just make.
The contacts should just close at an angle of 20 +2
degrees with V; and Vy equal to rated voltage. With
Vi equal to rated voltage the contacts should just
close when Vo is increased to 94 + 4V. in phase
with Vi If necessary, readjust spring slightly to
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Fig. 12 Diagram of CVE JestyConnections.
obtain this condition. The relay is now calibrated Operating Electromagnet
for a 20 degree circle. Upper terminals 59 volts

6. Time Curve — Install the permanent magnethon the
relay. Adjust the permanent magnet keeperduntilithe
operating time of the relay from the nuniber 1ytime
dial position is 20 + 0.6 seconds with V1 and Vzequal
to rated voltage at zero phase angle.

7. Circles other than 20 degreesi— This adjustment
should not be done until the above adjustments for a
20 degree circle have been ‘¢ompleted.

If another circle other thaw 20“dégrees is desired,
adjust the left hand resistorito obtain the desired
circle. For example, ifsa,408degree circle is desired,
adjust the left hand resistor until the contacts just
close with Vi and Vzequal to rated voltage at 40
degrees phasé angle.lt may be necessary to readjust
the right-hand résistor to position the desired circle
symmetrically¥@about the zero degree line. See ‘‘Cen-
tering Circle’’ “above for procedure. The time of
operation will be as shown in the time curves of Fig.
9.

ELECTRICAL CHECKPOINTS

With Vy in Fig. 12 equal to rated voltage the
following approximate voltages should be obtain-
ed) across the coils of the 120 volt relay. Relay set
for 20 degree circle.

Lower terminals 57
Lag coil circuit 22

Restraint Electromagnet
Upper terminals 58
Lower terminals 54

With 120 volts applied to Vycircuit only
Operating Electromagnet

Upper terminals 57

Lower terminals 59

Lag coil circuit 22

Restraint Electromagnet
Upper terminals 54
Lower terminals 58

Approximate d:c. resistances of the coils are as fol-
lows:
Operating Electromagnet
Upper terminals 59 ohms
Lower terminals 80 ohms
Lag coil—open circuit — 245 ohms

Reéstraint Electromagnet
Upper terminals 66 ohms
Lower terminals 92 ohms
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Approximate resistance values ©f left hand resistor
for various operating circles. Resistance values can
vary appreciably between relays.

20 degree circle 4800 ohms
407 degreeteircle 2250 ohms
60 degree circle 890 ohms

10

Fig. 14 Operating Times from the No. 11 Time Dial Posi-
tion for the Type CVE Relay set for Different
Operating Circles. Vjand V; equal to rated vol-
tage at zero phase angle. (Curves471192)

RENEWAL PARTS

Repair work can be done most satisfactorily at
the factory. However, interchangeable parts can be
furnished to the customers who are equipped for do-
ing repair work, When ordering parts, always give the
complete nameplate data.
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INSTALLATION

Westinghouse 1I.L. 41-681.1)
OPERATION ¢ MAINTENANCE

INSTRUCTIO NS

TYPE CVE AND CVE-1
SYNCHRO-VERIFIER RELAYS

CAUTION Before putting the Synchro-Verifier into
service, remove all blocking inserted for the purpose
of securing the parts during shipment. Make sure
that all moving parts operate freely. Inspect the
contacts to see that they are clean and close proper-
ly, and operate the relay to check the settings and
electrical connections.

APPLICATION

The synchro-verifier is used to verify the con-
dition of synchronism existing between two system
voltages. The contacts will close when these voltages
are within set limits.

The synchro-verifier is not an automatic syn-
chronizer and should not be used as such. Autematic
Synchronizers are available which permitd closing
ahead of synchronism at an angle of phasesadvance
proportional to the beat frequencies and“determined
by the speed of operation of the circuit_breaker so
that the two systems are connected right on“Synchro-
nism.

A common application of the synchro=verifier is
in conjunction with automaticgreelosing equipment
on loop systems fed by generating stations at two
or more points. When a lineysectien trips out, the
synchro-verifier is usedg@at oneéfterminal to check
synchronism after the remotelterminal is reclosed.
If the two systems aremin Syrchronism, the synchro-
verifier permits the audtomatic reclosing equipment
to reclose the breaker.

CONTENTS

This instruction leaflet applies to the following

types of relays:
CVE-- Synchro-Verifier Relay

CVE-1 Synchro-Verifier Relay

CONSTRUCTION AND OPERATION

The type CVE relay consists of an operating

SUPERSEDES I.L. 41-681.1H

*Denotes changes from superseded issue.

element and a restraifiing ‘€lement mounted on a
common disc. The principal¥parts of the relay and
their location are shown inF'igs. 1, 2, 3, and 4.

The CVE-1 relay consists of two telephone type
relays in additiompto the components of the CVE
Relay. The principal parts of the relay are connected
as per figure 5.

Operating Elé@ment

The, operating unit consists of an ‘““E?» type
laminated electromagnet with two main coils on the

center‘leg and a lag coil on the left leg. A resistor is
connected across the shading coil.

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 pro-
duced in the disc gap causes acontact closing torque.

The resistor connected across the lag coil of
the electromagnet provides adjustment for different
operating circles of the relay. Increasing or decreas-
ing the amount of resistance effectively decreases
or increases the contact closing torque of the relay.

Restraining Element

The restraining element consists 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 pro-
duced that is proportional to the difference in the
applied voltages to the relay. 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 causes a contact opening
torque.

Indicating Contactor Switch Unit (ICS) —= When Used

The d-c indicating contactor switch is a small

EFFECTIVE JULY 1974
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Fig. 3. Internal Schematic of CVE, without ICS Unit.

clapper-type device. A magnetic armature,/to which
leaf-spring mounted contacts are attached,Wis at-
tracted to the magnetic core upon energization ofthe
switch. When the switch closes, the gnowing%con-
tacts bridge two stationary contacis, completing the
trip circuit. Also, during this operation, tweo’ fingers
on the armature deflect a spring located ‘on the front
of the switch, which allows the@eperation indicator
target to drop.

The front spring, in addition“to holding the tar-
get, provides restraint forfthe armature and thus con-
trols the pick-up value of the switch.

Telephone Relay

The teléphoneyrelay units are fast operating
types energized by thevapplication of an a-c voltage.
In these relays, anfelectromagnet energized by a-c
voltage, attractsya right angle armature which oper-
ates a set of contacts.

Operation With Voltage Relays

The connections shown in Fig. 6 using type SG
voltage relays will provide the following operation:

1. Close the breaker when the bus is alive and
the line is dead, through the 59B make con-
tact and 27L break contact.

Fig. 4. Internal Schematic of CVE, with ICS Unit.

2. Close the breaker when the line is alive and
the bus is dead, through the 59L make con-
tact and 27B break contact.

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

It is recommended that the number of reclosures
be limited by using either a single-or a multi-shot
reclosing relay in cornjunction with the CVE and SG
relays.

%« CVE-1 Operation

The connections shown in Figure 7 using the
type CVE-1 relay will provide the following operation:

1. Close the breaker when the bus is alive and
the line is dead, through the Vi make con-
tact and Vo break contact.

2. Close the breaker when the line is alive and
the bus is dead, through the v2 make con-
tact and V1 break contact.

3. Close the breaker when the line and bus are
both alive and when their respective voltage
are approximately normal, equal, in phase,
and of the same frequency, through the CVE
contact.
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It is recommended that the number of reclosdires
be limited by using either a single - or a multi-shot
reclosing relay in conjunction with the CVE-1 Relay:

CHARACTERISTICS

The type CVE relay and CVE-1 can be adjusted
for operating circles from 20 to 60 _degrees as»shown
in Fig. 8. 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_fallsywithin the appro-
priate circle.

The operating time ofithe“rfélay is shown in Fig.
9. These time curvés are obtained from the # 11 time

dial setting when the applieﬁ voltages are equal to
trated voltage and of “thed'same frequency. Shorter
operating times can be obtained at different time
dial settings as shown in Fig. 10.

¥ Fig. 11 'shows how high a slip frequency will
cause operatien, The maximum slip frequency is a
function®™ef the circle and time dial settings. This
characteristic'is of interest in estimating the angular
differenee) at the instant of breaker closure, for
cdses Wwhere the two systems are slipping slowly.

Fig. 15 shows typical CVE reset times for 208,
40°, and 60° circle settings.

Burden

The burden imposed on each potential source
by the CVE relay and CVE-1 relay, with rated volt-
age applied to both circuits of the relay ispas follows:

Voltages Voltages 180

in Phase Degrees Out of Phase
Volt-amperes 15.4 13.5
Power Factor .422 .422
Watts 645 5.7

The burden of the?CVE relay and CVE-1 relay
with rated voltage applied to one circuit is as follows:

Volt4amperes 10.8
Power Factor .422
Waitts 4.6

Theyburden of each telephone relay at 120 volts
is as follows:

10.62 volt-amperes Power Factor 0.64

Continuous Rating

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

SETTINGS

Disc Unit

As shipped from the factory the relays are
calibrated for a 20 degree circle. Other operating
circles from 20 to 60 degrees can be obtained by
adjusting the left hand resistor in the relay. The
procedure is described under Adjustments and Main-
tenance.

Set the time dial so that the relay will not oper-
ate when the systems are swinging too fast. The
#11 time dial is recommended when the 60° circle
setting is used. A setting of #4 time dial or higher
recommended with the 40° circle. A setting as low
as the ¥ time dial should be satisfactory with the
20°-circle. Note from Fig. 10 that the relay will oper-
ate in 1.4 seconds in the % time dial positions and
with the 20° setting. If a longer delay is desired a
higher time-dial setting may be used.
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To evaluate the effect of time-dial and (gircle
settings on the phase-angle difference“between the
two systems at the instant of breaker closure, refer
to Fig. 9. For example, assume a 40% circle and #4
time-dial setting. Also assume that the/systems are
slipping at a frequency of 0.048 cycles, per second,
which is the maximum slip for which the relay will
operate. This means that theprelay contacts close
just as the one voltage vector‘moves out of the circle.
This would mean that the systems)would be 40° out-
of-phase at the instant that theWwbreaker close circuit
is energized. The phase angle at the instant of
breaker closure is:

6 = 40° $90.048x 360 Tp=40°+17.3Tg
where Tp= breaker closing time in seconds

Let TB = 0.5 seconds

Then 40° +97.3 x 0.5 = 48.6°

Indieating Contactor Switch (ICS) - When Used

No setting is required on the ICS unit.

x INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in a location free from
dirt, moisture, excessive vibration, and heat. Mount
the relay vertically by means of the four mounting
holes on the flanges for semi-flush mounting or by
means of the rear mounting stud or studs for pro-
jection 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 F'igure 16 for Outline and Drilling
Plan. For detailed F'T Case information refer to
I.L. 41-076.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct opera-
tion of this relay have been made at the factory.
Upon receipt of the relay, no customer adjustments,
other than those covered under ‘‘Settings’’ should be
required.
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Acceptance Check

The following check is recommended to imsure
that the relay is in proper working order:

Indicating Contactor Switch (ICS) — Whe Used

Close the mainrelay contacts and pass ‘sufficient

d-c current through the disc-unitfeentaet circuit to
close the contacts of the ICS. This value of current
should be not greater than the galuegmarked on the
name plate. The operation indieator/ target should
drop freely.

The contact gap &hould, be®™approximately .047"’
between the bridging moying contact and the adjust-
able stationary contacts. The bridging moving con-
tact should touch both¥stationary contacts simultan-
eously.

Disc Unit

1. Contactsy—") The index mark on the movement
frame will coincide with the ''O’’ mark on the time
dial when the stationary contact has moved through
approximately one -half of its normal deflection. There-
fore, with“the stationary cantact resting against the

backstop, the index mark is offset to the right of the
‘“O’”" mark by approximately 0.020’°. The placement
of the various time dial positions in line with the
index mark will give operating times as shown on
the time curve.

2. Operating Circle — Connect the relay per the test
diagram of Fig. 12. The contacts should just close
under the following two conditions;

1) When Vo = V; .= rated voltage and their phase
difference is between 18° and 22° (either leading
or lagging).

2) When V; = rated voltage and Vo is increased to
94 £ 4V. in phase with V;

3. Time Curve — With the time dial set at position
11, the contact should close in 20 + 1 seconds when
V1 and V2 are equal to rated voltage at zero phase
angle.

To check the time curve, set the time dial in
position 11 and apply V1 and V2 equal to rated vol-
tage. The contacts should close in 20 + 1 seconds.
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Telephone Relays (CVE-1 only)

Apply a:-c. volts to each telephoneWrelay cir-
cuit. The telephone relay should pickup. when 95
volts a.c. is applied.

Routine Maintenance

All relays should be ifispected periodically and
the time of operation shouldbe checked at least
once every two years orsat suc¢h other time intervals
as may be dictated by experience to be suitable to
the particular applications:

All contacts should be periodically cleaned. A
contact burnisher $#182A836H01 is recommended for
this purpose. Thepuse of abrasive material for clean-
ing contaets i§ not recommended, because of the
danger of embedding small particles in the face of
the soft silver contact and thus impairing the contact.

Calibration

Use the following procedure for calibrating the
relay if the relay has been taken apart for repairs,
or the adjustments have been disturbed. This pro-
cedure should not be used until it is. apparent that
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Fig. 9 Typical Time-Phase Angle Curves of CVE. Rated
Voltage on Both Circuits No. #11 Dial Time Setting.

the relay is not in proper working order (See ‘‘Accept-
ance Check’’).

1. Contact — The index mark on the movement frame
coincides with the ‘‘O’’ mark on the time dial when
the stationary contact has moved through approximate-
ly-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 ‘O’
mark by approximately 0.020’’. 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.

2. Preliminary Adjustments — Remove the perma-
nent 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 re-
lay. This interference should be disregarded because
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its effect on the final calibration will be negligible,
The reason for unwinding the spring is that“the
amount of tension on the reset spring affeéts the
diameter of the circle. Hence, the springbtension has
to be removed initially so that only the “left hand
resistor will affect the operating circle.

3. Spurious Torque Adjustments — With therrelay set
as per the preliminary adjustments, open the lag coil
circuit of the rear electromagnet..Thisyean be done by
opening the screw connection onfthe lag coil of the
rear electromagnet or by inserting a piece of insulating
material under the adjustablefjpoint of the left hand
resistor (front view)d Connect the relay to test circuit

of Fig. 12 and apply rated voltage at zero phase angle
on both circuits. With the right hand plug all the way
in, adjust the left hand plug of the rear electromagnet
such that the disc doés not move from the number 11
time dial position. This can be determined by no move-
ment of the“dise when the time dial is moved beyond
the numbéryl 1 position.

4. Centering Circle — Close the lag coil circuit of
thearearjelectromagnet and set the left hand resistor

Fig.[11 [Approximate Maximum Slip Frequency for which
Operation Occurs- Rated Voltage on Both Sides.

at approximately one-third of its resistance. Adjust
the phase shifter in the lagging direction until the
contacts just close with VvV, and v, equal to rated
voltage. Note the angle at which the contacts just
close. Then adjust the phase shifter in the leading
direction until the contacts just close with V1 and V2
equal to rated voltage. If the latter angle is not with-
in + 1 degree of the former angle, adjust the right
hand resistor (front view) until the two angles are
within. + 1 degree of each other.

5. Spring Adjustment — Adjust the left resistor front
view such that the moving contact just leaves and
retumms to the backstop of the time dial at the number
11 position between 40° and 41°, 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 V2 through zero

phase angle to an angle where the contacts just make.
The contacts should just close at an angle of 20 +2

degrees with V{ and V5 equal to rated voltage. With
V1 equal to rated voltage the contacts should just
close when V9 is increased to 94 + 4V. in phase
with Vi If necessary, readjust spring slightly to
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Fig. 12 Diagram of CVE Fest Connections.
obtain this condition. The relay is now calibrated Operating Electromagnet
for a 20 degree circle. Upper terminals 59 volts

6. Time Curve — Install the permanent magnet omythe
relay. Adjust the permanent magnet keeper until the
operating time of the relay from the number<il time
dial position is 20 *+ 0.6 seconds with V1 and Vzequal
to rated voltage at zero phase angle.

7. Circles other than 20 degre¢s —'This adjustment
should not be done until the, above adjustments for a
20 degree circle have been completed.

If another circle other than 20) degrees is desired,
adjust the left hand resistorsto obtain the desired
circle. For example, if a/40 degree circle is desired,
adjust the left hand tesistor until the contacts just
close with Vjand Vpequal to rated voltage at 40
degrees phase angle. It‘may be necessary to readjust
the right-handyresistor to position the desired circle
symmetrically about the zero degree line. See ‘‘Cen-
tering Circle’’ above for procedure, The time of
operation will be as shown in the time curves of Fig.
9.

ELECTRICAL CHECKPOINTS

With vy in Fig. 12 equal to rated voltage the
following approximate voltages should be obtain-
ed across the coils of the 120 volt relay. Relay set
for 20 degree circle.

Lower terminals 57
Lag coil circuit 22

Restraint Electromagnet
Upper terminals 58
Lower terminals 54

With 120 volts applied to V2 circuit only
Operating Electromagnet

Upper terminals 57

Lower terminals 59

Lag colil circuit 22

Restraint Electromagnet
Upper terminals 54
Lower terminals 58

Approximate d:c. resistances of the coils are as fol-
lows:
Operating Electromagnet
Upper terminals 59 ohms
Lower terminals 80 ohms
Lag coil—open circuit — 245 ohms

Restraint Electromagnet
Upper terminals 66 ohms
Lower terminals 92 ohms




TYPE CVE AND CVE-1 RELAYS

120

100

o\

IN VOLTS
/]

. X
o A

Vo

20

(o] 20 40 60
CIRCLE IN DEGREES
Curve A71197

20 ,

IN SECONDS
~

TIME
P

. N\

0 20 40 60
CIRCLE IN DEGREES

Curve L71192
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Approximate resistance values of leftahand resistor
for various operating circles. Resistance values can
vary appreciably between relays.

20 degree circle’ 4800 ohms
40/degree circle 2250 ohms
60 degree circle 890 ohms

10

Fig. 14 Operating Times from the No. 11 Time Dial Posi-
tion for the Type CVE Relay set for Different
Operating Circles. Vjand V, equal to rated vol-
tage at zero phase angle. (Curves471192)

RENEWAL PARTS

Repair work can be done most satisfactorily at
the factory. However, interchangeable parts can be
furnished to the customers who are equipped for do-
ing repair work, When ordering parts, always give the
complete nameplate data.
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INSTALLATION

Westinghouse I.L. 41-681.1K
OPERATION ¢ MAINTENANCE

INSTRUCTIO NS

TYPE CVE AND CVE-1
SYNCHRO-VERIFIER RELAYS

CAUTION: Before putting the Synchro-Verifier into service,
remove all blocking inserted for the purpose of securing the
parts during shipment. Make sure that all moving parts
operate freely. Inspect the contacts to see that they clean and
close properly, and operate the relay to check the settings and
electrical connections.

APPLICATION

This instruction leaflet applies to the following types of
relays:
CVE Synchro-Verifier Relay
*CVE-1 Synchro-Verifier Relay with
line and bus voltage
sensing relays

The synchro-verifier is used to verify the conditiengef
synchronism existing between two system voltagés. The
contacts will close when these voltages are within setdimits.

The synchro-verifier is not an automatic synchronizegand
should not be used as such. Automatic Synchlironizess are
available which permit closing ahead of synchronism/at an
angle of phase-advance proportional to the beat frequencies
and determined by the speed of operationm, of the circuit
breaker so that the two systems argh connected right on
synchronism.

A common application ofgathe “sysichro-verifier is in
conjunction with automatic feclosing equipment or loop
systems fed by generating_stationsgdt two or more points.
When a line section tripsfoutd the synchro-verifier is used at
one terminal to checkisynchronism after the remote terminal
is reclosed. If the two“systems are in synchronism, the
synchro-verifief permits the automatic reclosing equipment to
reclose the breaker.

CONTRUCTION AND OPERATION

Thetype CVE relay consists of an operating element and
a restraining element mounted on a common disc. The
pfingipal parts of the relay and their location are shown in
Figs. 1,73, and 4.

SUPERSEDES |I.L. 41-681.1J, dated July 1974

*denotes changes from superseded issue.

The CVE-! relay, Figuref,“¢ensists of two telephone type
ac voltage sensing relays in‘addition’to the components of the
CVE relay. The principdlipartsyof the relay are connected as
per Figure 5.

Operating Element

The operating“unit consists of an “E” type laminated
electromagnet withytwo main coils on the center leg and a lag
coil ofi the leftileg/A resistor is connected across the shading
coil.

When ‘the relay is energized with two voltages, a flux is
produced that is proportional to the sum of the applied
voltages¥T his flux divides and returns through the outer legs
of theWlectromagnet. 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 causes a contact closing
torque.

The resistor connected across the lag coil of the electro-
magnet provides adjustment for different operating circles of
the relay. Increasing or decreasing the amount of resistance
effectively decreases or increases the contact closing torque of
the relay.

Restraining Element

The restraining element consists 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 in the applied voltages to the relay. This flux
divides and returns through the outer legs of the electromag-
net. 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 causes a contact opening torque.

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.

EFFECTIVE AUGUST 1975
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Fig. 3 Internal Schematic of CVE, without ICS Unit.

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

Telephone Relay—CVE-1 Only

The telephone relay units are fast operdting, types
energized by the application of ana-cvoltage. Inthese relays,
an electromagnet energized by a-c voltagegattractsga right
angle armature which operates a set @f comtacts.

Operation With External VoltageiRelays

The connections shown in Fig)& usingexternal type SG
voltage relays will provide the fellowinggoperation:

I. Close the breaker when ‘the bus is live and the line is
dead, through the #9B make contact and 27L break
contact.

2. Close the breakerwhen the line is live and the bus is
dead, throughdthe 59L. make contact and 27B break
contact.

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

[t iSmrecommended that the number of reclosures be
limited by using either a single-or a multi-shot reclosing relay
indconjunction with the CVE and SG relays.

Fig. 4 Internal Schematic of CVE, with ICS Unit.

*CVE-1 Operation

*In the CVE-I, the internal V, and V, perform the
functions of external 59B and 27L relays respectively.

The connections shown in Figure 9 using the type CVE-1
relay will provide the following operation:

. Close the breaker when the bus is live and the line is
dead, through the V, make contact and V. break
contact.

2. Close the breaker when the line is alive and the bus is
dead, through the V. make contact and V, break
contact.

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

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

CHARACTERISTICS

The type CVE and CVE-I relays can be adjusted for
operating circles from 20 to 60 degrees as shown in Fig. 10.
As shipped from the factory the relay is calibrated for the 20
degree circle. These circles apply when one side has rated
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Fig. 5 Internal Schematic of CVE-1 for use with RC Reclosing
Relay. (See Fig. 19 for External Scheme)

voltage. The relay operates if the other voltage falls within the
appropriate circle.

The operating time of the relay is shown in Fig. 11. These
time curves are obtained from the #11 time dial settingywhen
the applied voltages are equal to rated voltage and of ‘the
same frequency. Shorter operating times can be obtdined, at
different time dial settings as shown in Fig. 12.

*Fig. 13 shows the maximum slip frequengy foriwhich
operation of the CVE element can occur. Thgmaximum 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. 17 shows typical CVEfreset times for 20°, 40°, and
60° circle settings.

Burden

*The burden imposed onfeach potential source by the
CVE relay, with rated voltage applied to both circuits of the
relay is as follows:

Voltages Voltages 180

in Phase  Degrees Out of Phase
Volt-amperes 15.4 13.5
Power,Factor 422 422
Watts 6.5 57

Fig. 6<nternal Schematic of CVE-1 with Internal Switch for
HBBIlyor HLDB. (See Fig. 18 for External Scheme)

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

Voltage-amperes 10.8
Power Factor 422
Watts 4.6

For the CVE-I relay, additional burden of each telephone
relay at 120 volts is as follows: 10.62 volt-amperes, Power
Factor 0.64.

Continuous Rating

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

SETTINGS

Disc Unit

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

Set the time dial so that the relay will not operate when
the systems are swinging too fast. The #11 time dial is
recommended when the 60° circle setting is used. A setting of
#4 time dial or higher recommended with the 40° circle. A
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Fig.7 Internal Schematic of CVE-1 without commoned Potential
Coils, with ICS. (See Fig. 9 for External Scheme)

setting as low as !4 time dial should be satisfactory with the
20° circle. Note from Fig. 12 that the relay will operate in.l.4
seconds in the ' time dial position and with the 20° setting. If
a longer delay is desired a higher time-dial setting“may/be
used.

To evaluate the effect of time-dial and circlé settings“on
the worst-case phase-angle difference between/'the  two
systems at the instant of breaker closure, reférto Figel 1. For
example, assume a 40° circle and #44time-dial setting. Also
assume that the systems are slipping at,a‘frequéncy of 0.048
hertz which is the maximum slip for, whichythe relay will
operate. This means that the relay{contaets close just as the
one voltage vector moves out ofsthe cigele. This would mean
that the systems would be 40° gut-of “phase at the instant that
the breaker close circuit is energizeds The phase angle at the
instant of breaker closurg is:

0=40° + 01048x360TB=40° +17.3TB
wheré kB Zbreakér closing time in seconds
Let T =0.5 seconds
Then 40° + 17.3%0.5 = 48.6°

Indicating Contactor Switch (ICS)—When Used

Notsetting is required on the ICS unit.

INSTALLATION

The relays should be mounted on switchboafd’panels or
their equivalent in a location free from dirt, moisture,
excessive vibration, and heat. Mount the relay vertically by
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 greuinding the relay. The
electrical connections may be madedirectly to the terminals
by means of screws for steel panel“mounting or the terminal
studs furnished with the relay forithick panel mounting. The
terminal studs may be easily rgmoved or inserted by locking
two nuts on the stud and then turning the proper nut with a
wrench. See Figure 20yfor Qutline and Drilling Plan. For
detailed FT Case gnformation refer to 1.L. 41-076.

ADJUSTFMENTS AND MAINTENANCE

Theproper adjustments to insure correct operation of this
relay hayedbeen made at the factory. Upon receipt of the
relay, no“eustomer adjustments, other than those covered
undeg, “Settings” should be required.

Acceptance Check

The following check is recommended to insure that the
relay is in proper working order:

Indicating Contactor Switch (ICS)—When Used

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

The contact gap should be approximately .047” between
the bridging moving contact and the adjustable stationary
contacts. The bridging moving contact should touch both
stationar contacts simultaneously.

Disc Unit.

1. Contacts—The index mark on the movement frame will
coincide with the “O” 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 “O” mark by approximately 0.020”. The
placement of the various time dial positions in line with the
index mark will give operating times as shown on the time
curve.

*2. Operating Circle—Connect the CVE relay per the test
diagram of Fig. 14. CVE-I relays should be connected in a
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Fig. 10 Typical Voltage-Angle Characteristic of CVE for Various
Closing Angle Settings. Rated Voltage on One Circuit.

similar manner to correspond with the wiring of the
particular style CVE-1. The contacts should just cloSeyunder
the following two conditions:

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

*2) When V, = rated voltage and V, isgincreased from a low
value to 94 + 4V in phase with V.

3. Time Curve—With the time diab setyat position 11, the
contact should be close in 20 + 1 seconds when V; and V;,
equal to rated voltage at zero phase angle, are applied.

Telephone Relays (CVE—1/only)

Apply ac voltage “to, each telephone relay circuit. The
telephone relay should pickup when 95 volts ac is applied.

Routine Maintenance

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

All%eontacts should be periodically cleaned. A contact
burnisher’S#182A836H01 is recommended for this purpose.
Ehejuse of abrasive material for cleaning contacts is not
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Eig. 11 Typical Time-Phase Angle Curves of CVE. Rated Voltage
on Both Circuits No. #11 Dial Time Setting.

recommended, because of the danger of embedding small
particles in the face of the soft silver contact and thus
impairing the contact.

Calibration

Use the following procedure for calibrating the relay if 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).

I. Contact—The index mark on the movement frame
coincides with the “O” 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 “O” mark by approximately 0.020”. 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.

2. 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 !l position.
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Fig. 12 Operating Time Variations with Changes in Time-Dial
Settings. Rated In-Phase Voltage on Both Circuits, 20°,
40° and 60° Circle Setting.

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 effegyon
the final calibration will be negligible. The reason, for
unwinding the spring is that the amount of tensionfon/the
reset spring affects the diameter of the circle. Hence, the
spring tension has to be removed initially so thatfonly theleft
hand resistor will affect the operating circle.

3. Spurious Torque Adjustments—Withthejselav set as per
the preliminary adjustments, open the 4agycoil “¢ircuit of the
rear electromagnet. This can be don€ by opening the screw
connection on the lag coil of the rear electromagnet or by
inserting a piece of insulating m@tesialinder the adjustable
point of the left hand resistor (front view). Connect the relay
to test circuit of Fig. 14 for CME, emsimilar circuit for CVE-1,
and apply rated voltage atzero phase angle on both circuits.
With the right handiplugfall thé way in, adjust the left hand
plug of the rear electromagndet such that the disc does not
move from the number 1I¥time dial position. This can be
determined by no movement of the disc when the time dial is
moved beyond the number 11 position.

4. 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;

Figh13 Approximate Maximum Slip Frequency for which
Operation Occurs—Rated Voltage on Both Sides.

equal to rated voltage. Note the angle at which the contacts
just close. Then adjust the phase shifter in the leading
direction until the contacts just close with 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 + | degree of each other.

S. Spring Adjustment—Adjust the left 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° and 41°, 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 V2
through zero phase angle to an angle where the contacts just
make. The contacts should just close at an angle of 20 + 2
degress with V; and V; equal to rated voltage. With V, equal
to rated voltage the contacts should just close when V; is
increased to 94 + 4V in phase with V. If necessary, readjust
spring slightly to obtain this condition. The relay is now
calibrated for a 20 degree circle.

6. 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.
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Fig. 14 Diagram ofyCVEnTest Connections.
7. Circles other than 20 degrees—This adjustment should not With 120 volts applied to V2 circuit only
be done until the above adjustments for a 20 degree cipcle Operating Electromagnet
have been completed. Upper terminals 57 volts
Lower terminals 59 volts
If another circle other than 20 degrees is désired,/adjust Lag coil circuit 22 volts
the left hand resistor to obtain the desired circle. For Restraint Electromagnet
example, if a 40 degree circle is desired, adjust the leftthand Upper terminals 54 volts
resistor until the contacts just close with Vi@and, V,"€qual to Lower termainsl 58 volts

rated voltage at 40 degrees phase angle. Itimay benecessary
to readjust the right-hand resistor togpositiongthe desired
circle symmetrically about the zero degree line. See “Center-
ing Circle” above for procedure. Theéltime'ofsiéperation will be
as shown in the time curves of Fig. 115

ELECTRICAL,CHECKPOINTS

With V! in Figyl4“€qal to rated voltage the following
approximate voltages'sho td b obtained across the coils of the
120 volt telay/Relaysset for 20 degree circle.

Qperating Electromagnet

Upper terminals 59 volts

Lower terminals 57 volts

Lag coil circuit 22 volts
Restraint Electromagnet

Upper terminals 58 volts

Lower terminals 54 volts

Approximate d.c. resistances of the coils are as follows:

Operating Electromagnet

Upper terminals 59 ohms

Lower terminals 80 ohms

Lag coil—open circuit—245 ohms
Restraint Electromagnet

Upper terminals 66 ohms

Lower terminals 92 ohms

Approximate resistance values of left hand resistor for
various operating circles. Resistance values can vary appre-
ciably between relays.

20 degree circle 4800 ohms
40 degree circle 2250 ohms
60 degree circle 890 ohms

RENEWAL PARTS

Repair work can be done most satisfactorily at the
factory. However, interchangeable parts can be furnished to
the customers who are equipped for doing repair work. When
ordering parts, always give the complete nameplace data.
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RETURN OF CONTACT TO BACKSTOP POSITION
WITH ONE VOLTAGE AT 120 V.A.C. AND THE
OTHER SUDDENLY REDUCED FROM (20 V.A.C.
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INSTALLATION

Westinghouse I.L. 41-681.1M
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE CVE AND CVE-1
SYNCHRO-VERIFIER RELAYS

CAUTION: Before putting the Synchro-Verifier into service,
remove all blocking inserted for the purpose of securing the
parts during shipment. Make sure that all moving parts
operate freely. Inspect the contacts to see that they clean and
close properly, and operate the relay to check the settings and
electrical connections.

APPLICATION

This instruction leaflet applies to the following types of
relays:
CVE Synchro-Verifier Relay
CVE-I Synchro-Verifier Relay with
line and bus voltage
sensing relays

The synchro-verifier is used to verify the condition of
synchronism existing between two system voltagés. The
contacts will close when these voltages are within&et limits.

The synchro-verifier is not an automatic synchronizer and
should not be used as such. Automatic Synchfonizersyare
available which permit closing ahead of synchronism¥at an
angle of phase-advance proportional to thesbeat frequencies
and determined by the speed of operation offithe circuit
breaker so that the two systems arefconneeted right on
synchronism.

A common application of “the, synchro-verifier is in
conjunction with automatic freclosing equipment or loop
systems fed by generating stations/at two or more points.
When a line section tripsfouty the synchro-verifier is used at
one terminal to check synchronism after the remote terminal
is reclosed. If the twe systems are in synchronism, the
synchro-verifief permits théjautomatic reclosing equipment to
reclose the breakef.

Some provision,isdch as a reclosing relay, must be used
to control closing through the CVE(-1) contacts to avoid
the possibility of pumping when closing into a fault.

CONTRUCTION AND OPERATION

The type CVE relay consists of an operating element and
a restraining element mounted on a common disc. The
principal parts of the relay and their location are shown in
Figs. 1, 3, and 4.

The CVE-I relay, Figure 2, consists of two telephone type
ac voltage sensing relay§in addition to the components of the
CVE relay. The principal pasts of the relay are connected as
per Figure 5.

Operating Element

The operating unit consists of an “E” type laminated
electromagneét with two main coils on the center leg and a lag
coil onytheleftleg. A resistor is connected across the shading
coil.

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 causes a contact closing
torque.

The resistor connected across the lag coil of the electro-
magnet provides adjustment for different operating circles of
the relay. Increasing or decreasing the amount of resistance
effectively decreases or increases the contact closing torque of
the relay.

Restraining Element

The restraining element consists 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 in the applied voltages to the relay. This flux
divides and returns through the outer legs of the electromag-
net. 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 causes a contact opening torque.

All possible contingencies which may arise during
installation, operation, or maintenance, and all
details and variations of this equipment do not
purport to be covered by these instructions. If
further information is desired by purchaser re-
garding his particular installation, operation or
maintenance of his equipment, the local West-
inghouse Electric Corporation representative
should be contacted.

SUPERSEDES I.L. 41-681.1L, DATED MARCH 1978
© DENOTES CHANGES FROM SUPERSEDED ISSUE. EFFECTIVE DECEMBER 1978
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Fig. 1. CVE Relay, Without Case

DAMPING
MAGNET

STATIONARY
CONTACT
MOVING
RIGHT HAND
Al
CONTACT RESISTOR
(FOR CENTERING
CIRCLES)
RESTRAINT
ELECTROMAGNET
T

YOLTAGE
VOLTAGE UNIT vy : ELEPHONE
TELEPHONE TYPE RELAY

Front View

Fig. 2. CVE-1 Relay, Without Case

Operating
Electromagnet

Rear View

RIGHT HAND (Fv)
RESISTOR
FOR CENTERING

CIRCLES)

Rear View



TYPE CVE AND CVE-1 RELAYS

I.L. 41-§81.1M

INTERNAL SCHEMATIC

OPERATING
ELECTROMAGAET
(REAR)

r:‘

LEFT MAND —
RESISTOR
Fov.

¥
NS

ﬂ

RianT BAND
RESISTOR
F.¥.

B A AATTTTTTUA AR

RESTRAINT
‘ ™ TheC TROMANAET
! {FRONT)
T80 {— RED NANOLE
i $ e ° b TEST smiTcn
L__C%__Q__Q__Q__Q__ é) s
@ /IEMIIAL
(ORONION
FRONT VIEW
WITH RELATIVE INSTANTANEOUS
POLARITY AS SHOWN THE
COMTACTS CLOSE
184A540

INTERNAL SCHEMATIC

INDICATING
CONTACTOR
switeh ——— L ffca)

LEFT HAND | — OPERATING
}—"T ELECTROMAGNET
(REAR)

RESISTOR t
(FRONT VIE—I]———‘

/J, RIGHT HAND
- RESISTOR
(FRONT VIEW)

L“\L* RESTRAINT

ELECTROMAGNET
(FRONT)

{ - RED HANOLE
f/ TEST SWITCH

i
Q-4
©® | TERMIRAL

1Y

FRONT VIEW

WITH, RELATIVERINSTANTANEOUS POLARITY
AS SHOWN, THE CONTACTS CLOSE

185A122

Fig. 3 Internal Schematic of CVE, without ICS Unit.

Indicating Contactor Switch Unit (ICS)—When_Used

The dc indicating contactor switch is a small clappertype
device. A magnetic armature, to which leaf-spring“mounted
contacts are attached, is attracted to the magneticigore upon
energization of the switch. When the switehigcloses, the
moving contacts bridge two stationary contacts/ completing
the trip circuit. Also, during this operationgtwo fingers on the
armature deflect a spring located on the front of the switch,
which allows the operation indicatorqtarget,to drop.

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

Telephone Relay—CVE-1 Only

The telephone reldy amits are fast operating types
energized by the application of an a-c voltage. In these relays,
an electromagnet energized by a-c voltage, attracts a right
angle armatire which operates a set of contacts.

Operation With External Voltage Relays

The connections shown in Fig. 8 using external type SG
voltage relays will provide the following operation:

1.9Close the breaker when the bus is live and the line is
dead, through the 59B make contact and 27L break
contact.

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

Fig. 4 Internal Schematic of CVE, with ICS Unit.

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

It is recommended that the number of reclosures be
limited by using either a single-or a multi-shot reclosing relay
in conjunction with the CVE and SG relays.

CVE-1 Operation

In the CVE-I, the internal V, and V: perform the
functions of external 59B and 27L relays respectively.

The connections shown in Figure 9 using the type CVE-1
relay will provide the following operation:

1. Close the breaker when the bus is live and the line is
dead, through the Vv, make contact and V: break
contact.

2. Close the breaker when the line is alive and the bus is
dead, through the V, make contact and V, break
contact.

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

It is recommended that the number of reclosures be
limited by using either a single—or a multi-shot reclosing
relay in conjunction with the CVE-1 Relay.
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O Fig. 5. Internal Schematic of CVE-1 for use with RC Reclosing

Relay. (See Fig. 21 for External Scheme), with commoned
voltage coils, use with phase-to-phase connected vt's.

CHARACTERISTICS

The type CVE and CVE-I relays can be adjusted for
operating circles from 20 to 60 degrees as shown in Figy10.
As shipped from the factory the relay is calibrated for the 2Q
degree circle. These circles apply when one side hasgrated
voltage. The relay operates if the other voltage falls withinthe
appropriate circle.

The operating time of the relay is shown in¢Eig. ‘hlsThese
time curves are obtained from the #11 time dial setting when
the applied voltages are equal to ratedyvoltage and of the
same frequency. Shorter operating times can be obtained at
different time dial settings as shownfin Fig, 12.

*Fig. 13 shows the maximumfslip) frequency for which
operation of the CVE elemengcantoécur. The maximum slip
frequency is a function ofgthe citcle and time dial settings.
This characteristic isjof ifiterestdin estimating the worst-case
angular difference at thelinstant of breaker closure, for cases
where the two systems are slipping slowly..

Fig. 19 shows typical CVE reset times for 20°, 40°, and
60° circle settings.

Burden

The, burden imposed on each potential source by the
CVE relay, with rated voltage applied to both circuits of the
relay. 15, as follows:

O Fig. 6.fInternalgSchematic of CVE-1 with Internal Switch for

HBDL or HLDB. (See Fig. 20 for External Scheme), with
commoned voltage coils, use with phase-to-phase
connected vt's.

Voltages Voltages 180

in Phase  Degrees Out of Phase
Volt-amperes 15.4 13.5
Power Factor 422 422
Watts 6.5 5.7

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

Voltage-amperes 10.8
Power Factor 422
Watts 4.6

For the CVE-I relay, additional burden of each telephone
relay at 120 volts is as follows: 10.62 volt-amperes, Power
Factor 0.64.

Continuous Rating

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

SETTINGS

Disc Unit

As shipped from the factory the relays are calibrated fora
20 degree circle. Other operating circles from 20 to 60 degrees
can be obtained by adjusting the left hand resistor (front
view) in the relay. The procedure is described under Adjust-
ments and Maintenance.

Set the time dial so that the relay will not operate when
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(%] Fig. 7. Internal Schematic of CVE-1 without commoned Potential

Coils. (See Fig. 9 for External Scheme)

the systems are swinging too fast. The #11 time_dial is
recommended when the 60° circle setting is used. A'setting of
#4 time dial or higher recommended with the 40° circle. A
setting as low as ' time dial should be satisfdetory with the
20° circle. Note from Fig. 12 that the relay will operate i 1.4
seconds in the %4 time dial position and with the 202 setting. If
a longer delay is desired a higher time-dial sétting' may be
used.

To evaluate the effect of time-dial,anducircle settings on
the worst-case phase-angle difference4between the two
systems at the instant of breakef’closure, refer to Fig. 11. For
example, assume a 40° circle.andyt4,time-dial setting. Also
assume that the systems ar€ slipping at a frequency of 0.048
hertz which is the maximum slip for which the relay will
operate. This means thatthe relay contacts close just as the
one voltage vector moyes out of the circle. This would mean
that the systems would be 40° out-of-phase at theinstant that
the breaker/closef€ircuit’is energized. The phase angle at the
instant of breaker clgsure is:

0=40° + 0.048x360TB=40° +17.3TB
whefe TB =breaker closing time in seconds
Let T =0.5 seconds
Then 40° + 17.3x0.5 = 48.6°

Indicating Contactor Switch (ICS)—When Used

No setting is required on the ICS unit.

INSTALLATION

The relays should be mounted on switchboard Jpanels or
their equivalent in a location free from dirt] moisture,
excessive vibration, and heat. Mount the relay vertically by
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. Eithef"@mounting stud or.the
mounting screws may be utilized for grounding the relay. The
electrical connections maygsbe 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 studyand then turning the proper nut with a
wrench. See FKigure, 22 for Outline and Drilling Plan. For
detailed FT Case information refer to I.L. 41-076.

ADJUSTMENTS AND MAINTENANCE

Thejproper adjustments to insure correct operation of this
relay have been made at the factory. Upon receipt of the
relayyno customer adjustments, other than those covered
under “Settings” should be required.

Acceptance Check

The following check is recommended to insure that the
relay is in proper working order:

Indicating Contactor Switch (ICS)—When Used

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

The contact gap should be approximately .047” between
the bridging moving contact and the adjustable stationary
contacts. The bridging moving contact should touch both
stationar contacts simultaneously.

Disc Unit.

1. Contacts—The index mark on the movement frame will
coincide with the “O” 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 “O” mark by approximately 0.020”. The
placement of the various time dial positions in line with the
index mark will give operating times as shown on the time
curve.

2. Operating Circle—Connect the CVE relay per the test
diagram of Fig. 14. CVE-I relays should be connected in a
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Fig. 10 Typical Voltage-Angle Characteristic of CVE for Various 184A998
Closing Angle Settings. Rated Voltage on One Circuit.

Fig. 11 Typical Time-Phase Angle Curves of CVE. Rated Voltage
on Both Circuits No. #11 Dial Time Setting.

similar manner to correspond with the wirifig of/ the
particular style CVE-1 using Figures 15 and 46. The con-
tacts should just close under the following two conditions:

recommended, because of the danger of embedding small
particles in the face of the soft silver contact and thus
impairing the contact.

1) When V; = V) = rated voltage and their phase/differénce is Calibration

between 18° and 22° (either leading oFlagging). Use the following procedure for calibrating the relay if 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
3. Time Curve—With the time“dial setat position 11, the (See Acceptance Check).

contact should be close in 20+ | seconds when V, and V,,
equal to rated voltage at zero, phase angle, are applied.

*2) When V, = rated voltage and V: iShincreaseéd from a low
value to 94 + 4V in phase with,\V.

1. Contact—The index mark on the movement frame
coincides with the “O” mark on the time dial when the
stationary contact has moved through approximately-one-

Telephone Relays, (CVE—1 only) half of its normal deflection. Therefore, with the stationary

Apply ac yoltage topeach telephone relay circuit. The contact resting against the backstop, the index mark is offset
telephone relay should pickup when 95 volts ac is applied. to the right of the “O” mark by approximately 0.020”. The
placement of the various time dial positions in line with the

Routine Maintenance index mark will give operating times as shown on the

All relays should be inspected periodically and the time of respective time curves.

operation should be checked at least once every two years or

at such other time intervals as may be dictated by experience 2. Preliminary Adjustments—Remove the permanent magnet
tofbe,stlitable to the particular application. from the relay and set the time dial on the number 11
position. Next unwind the spring for zero tension on the

Albcontacts should be periodically cleaned. A contact number 11 position. This can best be noticed by unwinding
burnisher S#182A836H0I is recommended for this purpose. the spring until the contact will not move when the time dial
The use of abrasive material for cleaning contacts is not is moved a small distance beyond the number 11 position.
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Fig. 12 Operating Time Variations with Changes in Time-Dial
Settings. Rated In-Phase Voltage on Both Circuits, 20°,
40° and 60° Circle Setting.

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 reasonf for
unwinding the spring is that the amount of tension on the
reset spring affects the diameter of the circle. Hénce, the
spring tension has to be removed initially so that only the left
hand resistor will affect the operating circle.

3. Spurious Torque Adjustments—With theyrelayiset as per
the preliminary adjustments, open the dag’coil*circuit of the
rear electromagnet. This can be done'by opening the screw
connection on the lag coil of therear, eléctromagnet or by
inserting a piece of insulating material Uinder the adjustable
point of the left hand resistor (frontiview). Connect the relay
to test circuit of Fig. 44 for CVE, or Figs. 15 or 16 for
CVE-1, and apply ratéd voltage at,zero phase angle on both
circuits. With the right hand plag 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 mp movement of the disc when the
time dial is moved beyond the number 11 position.

4. Centering “Circle—Close the lag coil circuit of the rear
electromagnetand set the left hand resistor at approximately
one-third of its resistance. Adjust the phase shifter in the
laggingdirection until the contacts just close the V; and V:

Fig.13 Approximate Maximum Slip Frequency for which

Operation Occurs—Rated Voltage on Both Sides.

equal to rated voltage. Note the angle at which the contacts
just close. Then adjust the phase shifter in the leading
direction until the contacts just close with 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.

5. Spring Adjustment—Adjust the left 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° and 41°, 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 of 20 + 2
degress with V; and V; equal to rated voltage. With V; equal
to rated voltage the contacts should just close when V; is
increased to 94 + 4V in phase with V,. If necessary, readjust
spring slightly to obtain this condition. The relay is now
calibrated for a 20 degree circle.

6. 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.



LL. 41-681.1M

TYPE CVE AND CVE-1 RELAYS

CVE RELAY {FRONT VIEW)

3 PHASE
120 VOLTS
T 4 t - ADJUST. TO GIVE FULL LOAD
123 ON PHASE ANGLE METER dii}” “
cvE
PHASE
ANGLE I ”
METER
TIMER I —
rr.yey SO N B D H I
START 6 o9 (§~576786" %
© —Joz t| 1d oo oo
° Tl [OPNEPROPNLRN
srop
20 @"H"6TE

D.PS.T.
SWITCH

PHASE F { @

1 \sHiIFTER
VARIABLE
AUTO - TRANSFORMER
230 VOLTS }J@

NS

185A001
Fig. 14. Diagram of CVE Test Connections:
‘CME-I RELAY (FRONT ViEw)
— ﬂu i
120 vours
Ty - ADJUST TO GIVE FULL LOAD ki D“ f
ON PHASE ANGLE METER i L }
T 0
i 1
TIMER 8 J'
START. 5 )() ’.
$TOP
D.RST
SWITCH
VaRReLE
AUTO - TRANSFORMER
230 VOLTS ad
o O
Sub 2
775B995
Fig. 15. ,Diagram of CVE-1 Test Connections without Commoned Potential Coils.
CVE-l RELAY (FRONT VIEW)
3 PHase % T
120 vOLTS eve :|.
R PR S 42 ||
(]
Iy
TIMER " jl'
}
OTOJ® " ®
SvaTCH ]
PHASE o2 }r
) 3@
AUVOVVY“E"GLE
230 VOLTS
F) E:j
Sub 1
775B994
Test Connections with Commoned Potential Coils.

Fig. 16. Diagram of CVE-1



TYPE CVE AND CVE-1 RELAYS

120

100

80

IN VOLTS
i

) A\

40 \

Vo

20

0 20 40 60
CIRCLE IN DEGREES

CURVE 471191

T

TIME 1IN 3Ttuunus

AN

»

0 20 40 60
CIRCLE IN DEGREES'

CURVE 471192

Fig. 17. V4 Voltage for Different Operating Circle. V, equal to
rated voltage at zero phase angle.

7. Circles other than 20 degrees—This adjustment should not
be done until the above adjustments for a 20 degree circle
have been completed.

If another circle other than 20 degrees is desired, adjust
the left hand resistor to obtain the desired circle.gFor
example, if a 40 degree circle is desired, adjust the left hand
resistor until the contacts just close with V| and Vyequal to
rated voltage at 40 degrees phase angle. It may be necessary
to readjust the right-hand resistor to positiofthetdesired
circle symmetrically about the zero degree line. See¥:Center-
ing Circle” above for procedure. The timeof operation will be
as shown in the time curves of Fig. 11.

ELECTRICAL CHECKPOINTS

With V| in Fig. 143315 or 16 equal to rated voltage the
following approximate voltagés should be' obtained across
the coils of the 120 volt relay. Relay set for 20 degree circle.

Operating Electromagnet

Upper terminals 59 volts

I ower terminals 57 volts

Lag coil circuit 22 volts
Restraint Electromagnet

Upper terminals 58 volts

Lower terminals 54 volts

10

Fig. 18. {Operating Times from the No. 11 Time Dial Postion for
the Type CVE Relay set for Different Operating Circles.
V; and V, equal to rated voltage at zero phase angle.

With 1207 volts applied to V2 circuit only
Operating Electromagnet e,

Upper terminals 57 volts

Lower terminals 59 volts

Lag coil circuit 22 volts
Restraint Electromagnet

Upper terminals 54 volts

Lower terminals 58 volts

Approximate d.c. resistances of the coils are as follows:

Operating Electromagnet

Upper terminals 59 ohms

Lower terminals 80 ohms

Lag coil-—open circuit—245 ohms
Restraint Electromagnet

Upper terminals 66 ohms

Lower terminals 92 ohms

Approximate resistance values of left hand resistor for
various operating circles. Resistance values can vary appre-
ciably between relays.

20 degree circle 4800 ohms
40 degree circle 2250 ohms
60 degree circle 890 ohms

RENEWAL PARTS

Repair work can be done most satisfactorily at the
factory. However, interchangeable parts can be furnished to =
the customers who are equipped for doing repair work. When
ordering parts, always give the complete nameplace data.
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INSTALLATION

Westinghouse I.L. 41-681.1N
OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE CVE AND CVE-1
SYNCHRO-VERIFIER RELAYS

CAUTION: Before putting the Synchro-Verifier into service,
remove all blocking inserted for the purpose of securing the
parts during shipment. Make sure that all moving parts
operate freely. Inspect the contacts to see that they clean and
close properly, and operate the relay to check the settings and
electrical connections.

APPLICATION

This instruction leaflet applies to the following types of
relays:
CVE Synchro-Verifier Relay
CVE-1 Synchro-Verifier Relay with
line and bus voltage
sensing relays

The synchro-verifier is used to verify the condition of
synchronism existing between two system voltagés §lhe
contacts will close when these voltages are withindset limits.

The synchro-verifier is not an automatic synchrenizefand
should not be used as such. Automatic Synchsonizess are
available which permit closing ahead of syn¢hronism, at an
angle of phase-advance proportional to the beat frequencies
and determined by the speed of operdtion @f the circuit
breaker so that the two systems age comneeted right on
synchronism.

A common application of“the symchro-verifier is in
conjunction with automaticgfréclosing equipment or loop
systems fed by generating Stations)at two or more points.
When a line section tripssout, the*synchro-verifier is used at
one terminal to check synghrdnism after the remote terminal
is reclosed. If ,theQgwoisystems are in synchronism, the
synchro-verifiér permitsthe automatic reclosing equipment to
reclose the breaker.

Some provision, stich as a reclosing relay, must be used
to control closing through the CVE(-1) contacts to avoid
the possibility of pumping when closing into a fault.

CONSTRUCTION & OPERATION

iLhe'type CVE relay consists of an operating element and
a ‘Festraining element mounted on a common disc. The
principal parts of the relay and their location are shown in
Figs. 1, 3, and 4.

The CVE-I relay, Figure/2ieensists of two telephone type
ac voltage sensing relays injaddition to the components of the
CVE relay. The principalyparts of the relay are connected as
per Figure 5.

Operating Element

The operating“unit consists of an “E” type laminated
electromagnet with two main coils on the center leg and a lag
coil'onithe leftfleg. A resistor is connected across the shading
coil.

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 causes a contact closing
torque.

The resistor connected across the lag coil of the electro-
magnet provides adjustment for different operating circles of
the relay. Increasing or decreasing the amount of resistance
effectively decreases or increases the contact closing torque of
the relay.

Restraining Element

The restraining element consists 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 in the applied voltages to the relay. This flux
divides and returns through the outer legs of the electromag-
net. 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 causes a contact opening torque.

All possible contingencies which may arise during
installation, operation, or maintenance, and all
details and variations of this equipment do not
purport to be covered by these instructions. If
Sfurther information is desired by purchaser re-
garding his particular installation, operation or
maintenance of his equipment, the local West-
inghouse Electric Corporation representative
should be contacted.

SUPERSEDES I.L. 41-681.1M, DATED DECEMBER 1978

© DENOTES CHANGES FROM SUPERSEDED ISSUE.

EFFECTIVE JANUARY 1980
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Fig. 1. CVE Relay, Without Case
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Fig. 2. CVE-1 Relay, Without Case
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Fig. 3 Internal Schematic of CVE, without ICS Unit.

Indicating Contactor Switch Unit (ICS)—When_Used

The dc indicating contactor switch is a small clapper=type
device. A magnetic armature, to which leaf-springymounted
contacts are attached, is attracted to the magnetie,corejupon
energization of the switch. When the switeh, closes, the
moving contacts bridge two stationary contacts, completing
the trip circuit. Also, during this operationgtwo fingers on the
armature deflect a spring located on the fronthof 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,

Telephone Relay—CVE-1 Only

The telephone relay Junits are fast operating types
energized by the@pplication of an a-c voltage. In these relays,
an electromagnet energized by a-c voltage, attracts a right
angle armature which operates a set of contacts.

Operation With External Voltage Relays

The connections shown in Fig. 8 using external type SG
voltage relays will provide the following operation:

I3, Close the breaker when the bus is live and the line is
dead, through the 59B make contact and 27L break
contact.

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

Fig. 4 Internal Schematic of CVE, with ICS Unit.

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

It is recommended that the number of reclosures be
limited by using either a single-or a multi-shot reclosing relay
in conjunction with the CVE and SG relays.

CVE-1 Operation

In the CVE-1, the internal V, and V; perform the
functions of external 59B and 27L relays respectively.

The connections shown in Figure 9 using the type CVE-1
relay will provide the following operation:

1. Close the breaker when the bus is live and the line is
dead, through the V, make contact and V. break
contact.

2. Close the breaker when the line is alive and the bus is
dead, through the V,; make contact and V, break
contact.

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

It is recommended that the number of reclosures be
limited by using either a single—or a multi-shot reclosing
relay in conjunction with the CVE-1 Relay.
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Fig. 5. Internal Schematic of CVE-1 for use with RC Reclosing
) Relay (See Fig. 21 for External Scheme). With commoned
voltage coils, use with phase-to-phase connected vt’s.

CHARACTERISTICS

The type CVE and CVE-I relays can be adjusted for
operating circles from 20 to 60 degrees as shown in Fig, 10"
As shipped from the factory the relay is calibrated for the20
degree circle. These circles apply when one side has sated
voltage. The relay operates if the other voltage falls within the
appropriate circle.

The operating time of the relay is shown i Fighl. These
time curves are obtained from the #11 time dial setting when
the applied voltages are equal to rated voltage and of the
same frequency. Shorter operating times '¢an be‘obtained at
different time dial settings as showngn Fig, 12.

Fig. 13 shows the maximumgslip) frequency for which
operation of the CVE elemeni camoecur. The maximum slip
frequency is a functioh’ of the“¢ircle and time dial settings.
This characteristic i§ of interestjin estimating the worst-case
angular difference at the instant of breaker closure, for cases
where the two systems are“slipping slowly.

Fig. 19 shows typical CVE reset times for 20°, 40°, and
60° circle settings.

Burden

The burden imposed on each potential source by the
CVEuelay, with rated voltage applied to both circuits of the
relayis as follows:

Fig. 6. (Internal Schematic of CVE-1 with Internal Switch for HBDL
Qor HLDB. (See Fig. 20 for External Scheme). With com-
menaed voltage coils, use with phase-to-phase connected

ut's.
in Phase  Degrees Out of Phase
Volt-amperes 154 13.5
Power Factor 422 422
Watts 6.5 5.7

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

Voltage-amperes 10.8
Power Factor 422
Watts 4.6

For the CVE-I relay, additional burden of each telephone
relay at 120 volts is as follows: 10.62 volt-amperes, Power
Factor 0.64.

Continuous Rating

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

SETTINGS

Disc Unit

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

Set the time dial so that the relay will not operate when

e
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Fig. 7. Internal Schematic of CVE-1 without commoned Potential
Coils. (See Fig. 9 for External Scheme)

the systems are swinging too fast. The #11 time dial(is
recommended when the 60° circle setting is used. Asetting of'
#4 time dial or higher recommended with the 40° circle. A
setting as low as !4 time dial should be satisfactory Wwith the
20° circle. Note from Fig. 12 that the relay will operate inyl.4
seconds in the !4 time dial position and with the202 setting. If
a longer delay is desired a higher time-dial setting ‘may be
used.

To evaluate the effect of time-dialjandigin€le settings on
the worst-case phase-angle diffetence @between the two
systems at the instant of breakerslosuse, refer to Fig. 11. For
example, assume a 40° circle and¥4 time-dial setting. Also
assume that the systems arefslipping at a frequency of 0.048
hertz which is the maximum slip for which the relay will
operate. This means that the relay contacts close just as the
one voltage vector, movesfout of the circle. This would mean
that the system$ would, be'40° out-of -phase at the instant that
the breaker glose gircuit'is energized. The phase angle at the
instant of breaker clostire is:

0=40° + 0.048x360Tp=40° +17.3TB
wherg, TB =breaker closing time in seconds
Let Tp =0.5 seconds
Then)40° + 17.3x0.5 = 48.6°

Indicating Contactor Switch (ICS)—When Used

No setting is required on the ICS unit.

INSTALLATION

The relays should be mounted on switchboard panels or
their equivalent in a location free from difteMmoisture,
excessive vibration, and heat. Mount the relay vertically by
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. Eitheraymounting 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 stéel 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 studiand then turning the proper nut with a
wrench. See Figirey22“for Outline and Drilling Plan. For
detailed FT Case information refer to I.L. 41-076.

ADJUSTMENTS AND MAINTENANCE

The'proper adjustments to insure correct operation of this
relay have been made at the factory. Upon receipt of the
relay,;yno customer adjustments, other than those covered
under“Settings” should be required.

Acceptance Check

The following check is recommended to insure that the
relay is in proper working order:

Indicating Contactor Switch (ICS)—When Used

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

The contact gap should be approximately .047” between
the bridging moving contact and the adjustable stationary
contacts. The bridging moving contact should touch both
stationar contacts simultaneously.

Disc Unit.

1. Contacts—The index mark on the movement frame will
coincide with the “O” 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 “O” mark by approximately 0.020”. The
placement of the various time dial positions in line with the
index mark will give operating times as shown on the time
curve.

2. Operating Circle—Connect the CVE relay per the test
diagram of Fig. 14. CVE-I relays should be connected in a
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184A997

Fig. 10 Typical Voltage-Angle Characteristic of CVE for Various
Closing Angle Settings. Rated Voltage on One Circuit.

similar manner to correspond with the wiring of /the
particular style CVE-1 using Figures 15 and 16. “Thefcon-
tacts should just close under the following two conditions:

1) When V, =V, = rated voltage and their phase difference is
between 18° and 22° (either leading orglagging).

*2) When V, = rated voltage and V:'isjincreased from a low
value to 94 + 4V in phase with ¥i.

3. Time Curve—With the timeddial setyat position 11, the
contact should be close in 204#¥] seconds when V, and Va2,
equal to rated voltage at zero phase angle, are applied.

Telephone Relays (CVE~1 only)

Apply ac voltage“to, each telephone relay circuit. The
telephone reldy sheiild pickup when 95 volts ac is applied.

Routine Maintenance

All relays should be inspected periodically and the time of
operation should be checked at least once every two years or
at su¢h other time intervals as may be dictated by experience
togbe suitable to the particular application.

All contacts should be periodically cleaned. A contact
burnisher S#182A836H01 is recommended for this purpose.
The use of abrasive material for cleaning contacts is not
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Fig. 11 Typical Time-Phase Angle Curves of CVE. Rated Voltage
on Both Circuits No. #11 Dial Time Setting.

recommended, because of the danger of embedding small
particles in the face of the soft silver contact and thus
impairing the contact.

Calibration

Use the following procedure for calibrating the relay if 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).

I. Contact—The index mark on the movement frame
coincides with the “O” 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 off'set
to the right of the “O” mark by approximately 0.020”. 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.

2. 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.
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Fig. 12 Operating Time Variations with Changes in Time-Dial
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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 reasongfor
unwinding the spring is that the amount of tension on the
reset 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.

3. Spurious Torque Adjustments—With the relayyset as per
the preliminary adjustments, open the lagycoiligircuit of the
rear electromagnet. This can be done (by opéning the screw
connection on the lag coil of the rear ‘electfomagnet or by
inserting a piece of insulating material under the adjustable
point of the left hand resistori{front'view). Connect the relay
to test circuit of Fig. |4 for CVE, or Figs. 15 or 16 for
CVE-1, and apply rated voltage at zero phase angle on both
circuits. With the right ‘hand plug 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.

4. Centering Cirele—Close the lag coil circuit of the rear
electromagnétand 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:

Fig. _13“Approximate Maximum Slip Frequency for which
Operation Occurs—Rated Voltage on Both Sides.

equal to rated voltage. Note the angle at which the contacts
just close. Then adjust the phase shifter in the leading
direction until the contacts just close with 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.

5. Spring Adjustment—Adjust the left 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° and 41°, 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 of 20 + 2
degress with V, and V: equal to rated voltage. With V, equal
to rated voltage the contacts should just close when V; is
increased to 94 + 4V in phase with V,. If necessary, readjust
spring slightly to obtain this condition. The relay is now
calibrated for a 20 degree circle.

6. 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.

T,
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7. Circles other than 20 degrees—This adjustment should not
be done until the above adjustments for a 20 degree circle
have been completed.

If another circle other than 20 degrees is desired, adjust
the left hand resistor to obtain the desired circlegkor
example, if a 40 degree circle is desired, adjust the left hand
resistor until the contacts just close with Vi and Vasequal to
rated voltage at 40 degrees phase angle. It may be neceSsary
to readjust the right-hand resistor to position_the,desired
circle symmetrically about the zero degree lifne. See,“Center-
ing Circle” above for procedure. The time of operation will be
as shown in the time curves of Fig. 11!

ELECTRICAL CHECKPOINTS

With V| in Fig."14, 15 or 16 equal to rated voltage the
following approximate voltages should be obtained across
the coils of the 120 volt relay. Relay set for 20 degree circle.

Operating Electromagnet

Upper terminals 59 volts

Lower terminals 57 volts

Lag coil circuit 22 volts
Restraint Electromagnet

Upper terminals 58 volts

Lower terminals 54 volts

10

Fig. 18 Operating Times from the No. 11 Time Dial Postion for
theyType CVE Relay set for Different Operating Circles.
Vy and V, equal to rated voltage at zero phase angle.

With 120 volts applied to V2 circuit only
Operating Electromagnet

Upper terminals 57 volts

Lower terminals 59 volts

Lag coil circuit 22 volts
Restraint Electromagnet

Upper terminals 54 volts

Lower terminals 58 volts

Approximate d.c. resistances of the coils are as follows:

Operating Electromagnet

Upper terminals 59 ohms

Lower terminals 80 ohms

Lag coil-—open circuit—245 ohms
Restraint Electromagnet

Upper terminals 66 ohms

Lower terminals 92 ohms

Approximate resistance values of left hand resistor for
various operating circles. Resistance values can vary appre-
ciably between relays.

20 degree circle 4800 ohms
40 degree circle 2250 ohms
60 degree circle 890 ohms

RENEWAL PARTS

Repair work can be done most satisfactorily at the
factory. However, interchangeable parts can be furnished to
the customers who are equipped for doing repair work. When
ordering parts, always give the complete nameplace data.

e,
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Westinghouse I.L. 41-681.1P

TYPE CVE AND CVE-1
SYNCHRO-VERIFIER RELAYS

CAUTION

Before putting the Synchro-Verifier into service,
remove all blocking inserted for the purpose of
securing the parts during shipment. Make sure
that all moving parts operate freely. Inspect the
contacts to see that they clean and close prop-
erly, and operate the relay to check the settings
and electrical connections.

APPLICATION

This instruction leaflet applies to the following
types of relays:

CVE Synchro-Verifier Relay
CVE-1 Synchro-Verifier Relay with lingfand) bus
voltage sensing relays

The synchro-verifier is used to verify, théycondi-
tion of synchronism existing between two,system
voltages. The contacts will close when these volt-
ages are within set limits.

The synchro-verifier is ngt am, automatic syn-
chronizer and should ngt_ bejused as such. Auto-
matic Synchronizers are™ayailable which permit
closing ahead of syn€hroniSm at an angle of
phase-advance proportionalto the beat frequen-
cies and determined=by the speed of operation of
the circuit breaker 40 fthat the two systems are
connected rightlen synchronism.

A common application of the synchro-verifier
is in conjunctionfwith automatic reclosing equip-
ment or loop systems fed by generating stations
at two or more points. When a line section trips,
out, the syinchro-verifier is used at one terminal

to check synchronism| afterethe remote terminal
is reclosed. If the twie,systems are in synchronism,
the synchro-verifier petmits the automatic reclos-
ing equipment to reelose the breaker.

Some provision, such as a reclosing relay, must
be used t6 coentrol closing through the CVE(-1)
contacts toavoid the possibility of pumping when
closing into‘afault.

CONSTRUCTION AND OPERATION

The type CVE relay consists of an operating
element and a restraining element mounted on a
common disc. The principal parts of the relay and
their location are shown in Figs. 1, 3 and 4.

The CVE-1 Relay, Fig. 2, consists of two tele-
phone type a-c voltage sensing relays in addition
to the components of the CVE relay. The princi-
pal parts of the relay are connected as per Fig. S.

OPERATING ELEMENT

The operating unit consists of an “E” type
laminated electromagnet with two main coils on
the center leg and a lag coil on the left leg. A
resistor is connected across the shading coil.

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 re-
turns through the outer legs of the electromag-
net. 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 causes
a contact closing torque.

Al possible contingencies which may arise during installation, operation, or maintenance, 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 Westinghouse Electric Corporation representative should be contacted.

SUPERSEDES I.L. 41-681.1N DATED JANUARY 1980

EFFECTIVE FEBRUARY 1984
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The resistor connected across the lag coil of
the electromagnet provides adjustment for dif-
ferent operating circles of the relay. Increasing
or decreasing the amount of resistance effectively
decreases or increases the contact closing torque
of the relay.

RESTRAINING ELEMENT

The restraining element consists 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
in the applied voltages to the relay. 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 causes a contact opening torque.

Indicating Contactor Switch Unit (ICS) —
When Used

The d-c 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 energiza-
tion of the switch. When the switch closes, the
moving contacts bridge two stationary contacts,
completing the trip circuit. Also, during thisgop-
eration, 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 t@*holding the
target, provides restraint for the ‘ammature and
thus controls the pick-up value of‘the switch.

TELEPHONE RELAY — CVE:l ONLY

The telephone relay units are fast operating
types energized by he“applieation of an a-c volt-
age. In these relays, an eléetromagnet energized
by a-c voltage,“attracts & right angle armature
which operates a set‘ef gontacts.

OPERATION WITH EXTERNAL
VOLTAGE RELAYS

The conmneetions shown in Fig. 8 using exter-
nal typeaSG voltage relays will provide the follow-
ing operation:

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

2. Close the breaker when the line is live and the
bus is dead, through the S9L make contact
and 27B break contact.

3. Close the breaker when the line amd bus are
both live and when their respective voltage are
approximately normal, equaly in*phase, and of
the same frequency, thréughtthe CVE contact.

It is recommended _thatWthe number of reclo-
sures be limited by(using, either a single- or a
multi-shot reclosing “telay in conjunction with
the CVE and SG gelays.

CVE-1 OPERATION

In the"@VE=k)the internal V] and V) perform
the functions, of external 59B and 27L relays
respegtively

The, connections shown in Fig. 9 using the type
CVE-1)relay will provide the following operation:

1. Close the breaker when the bus is live and the
line is dead, through the V| make contact and
V7 break contact.

2. Close the breaker when the line is alive and the
bus is dead, through the V2 make contact and
V1 break contact.

3. Close the breaker when the line and bus are
both alive and when their respective voltage
are approximately normal, equal, in phase, and
of the same frequency through the CVE con-
tact.

It is recommended that the number of reclo-
sures be limited by using either a single—or a
multi-shot reclosing relay in conjunction with the
CVE-1 Relay.

CHARACTERISTICS

The type CVE and CVE-1 relays can be ad-
justed for operating circles from 20 to 60 degrees
as shown in Fig. 10. As shipped from the factory
the relay is calibrated for the 20 degree circle.
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These circles apply when one side has rated volt-
age. The relay operates if the other voltage falls
within the appropriate circle.

The operating time of the relay is shown in
Fig. 11. These time curves are obtained from the
#11 time dial setting when the applied voltages
are equal to rated voltage and of the same fre-
quency. Shorter operating times can be obtained
at different time dial settings as shown in Fig. 12.

Fig. 13 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. 19 shows typical CVE reset times for 20°,
4009, and 60° circle settings.

BURDEN
The burden imposed on each potential source

by the CVE relay, with rated voltage applied to
both circuits of the relay is as follows:

60 Hertz 50 Hertz
Volt-Amperes . ... ... 15.4 2373
Power Factor. .. ... .. 422 .309
Watts. . ............ 6.5 7.2

The burden of the CVE relay witli*ratedolt-
age applied to one circuit is as follows:

60 Hertz 50 Hertz
Voltage-Amperes. . . . . 10.8 13.8
Power Factor. .. ... .. 4722 .309
Watts. . .......... & 4.6 4.2

For the CVE-1 gelayy additional burden of each
telephone relay atyl20 volts, 60 Hz, is as follows:
10.62 volt-amperes, Pewer Factor 0.64.

For 120 volts, 50 Hz, is as follows: 13.29 volt-
amperes, Power Factor .47.

CONTINUOUS RATING

These relays will continuously stand 110% of
rated "woltage applied to the two circuits, either
separately or simultaneously.

SETTINGS
DISC UNIT

As shipped from the factory the relays are cali-
brated for a 20 degree circle. Other operating'ir-
cles from 20 to 60 degrees can beg®btained by
adjusting the left hand resistor {frontg¥icw) in the
relay. The procedure is describedyunder Adjust-
ments and Maintenance.

Set the time dial so that“he Telay will not op-
erate when the systems ase swinging too fast. The
#11 time dial is recommended ' when the 60° cir-
cle setting is used. Al 'setting of #4 time dial or
higher recommended With the 40° circle. A set-
ting as low as 1/2'time dial should be satisfactory
with the 208,cirelg. Note from Fig. 12 that the
relay will operate in”1.4 seconds in the 1/2 time
dial position and with the 200 setting. If a longer
delay is desired®a higher time-dial setting may be
used.

To ewaluate the effect of time-dial and circle
seftings, on the worst-case phase-angle difference
between the two systems at the instant of breaker
closure, refer to Fig. 11. For example, assume a
400 circle and #4 time-dial setting. Also assume
that the systems are slipping at a frequency of
0.048 hertz which is the maximum slip for which
the relay will operate. This means that the relay
contacts close just as the one voltage vector
moves out of the circle. This would mean that the
systems would be 40° 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°+0.048 x 350TB =40° + 17.3TB
where TB = breaker closing time in seconds
Let TB = 0.5 seconds

Then 40°+17.3 x 0.5 = 48.6°

INDICATING CONTACTOR SWITCH
(ICS) — WHEN USED

No setting is required on the ICS unit.
INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in a location free from
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dirt, moisture, excessive vibration, and heat.
Mount the relay vertically by 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 mount-
ing stud or the mounting screws may be utilized
for grounding the relay. The electrical connec-
tions 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 Fig. 22 for Outline and Drilling Plan.
For detailed FT Case information refer to
I.L. 41-076.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct op-
eration of this relay have been made at the fac-
tory. Upon receipt of the relay, no customer ad-
justments, other than those covered under “Set-
tings’’ should be required.

ACCEPTANCE CHECK

The following check is recommended to insure
that the relay is in proper working order:

INDICATING CONTACTOR SWITCH
(ICS) — WHEN USED

Close the main relay contacts andgpass,suffi-
cient d-c current through the discfunitycontact
circuit to close the contacts lofythe, ICS. This
value of current should be not greater’than the
value marked on the name plate. The operation
indicator target should drop freely.

The contact gapqshould be approximately
.047" between thegbridging“moving contact and
the adjustable stdtiondry contacts. The bridging
moving contact “should gtouch both stationary
contacts simultaneoushy

DISC UNIT
1. Contacts
The 1ndex mark on the movement frame will

coincide, with the “O” 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 offsetito
the right of the “O” mark by approximately
0.020”. The placement of the various time dial
positions in line with the index mark will ‘give
operating times as shown on the timeg’¢urye.

2. Operating Circle

Connect the CVE relay per/the“test diagram
of Fig. 14. CVE-1 relays should ‘beconnected in a
similar manner to correspond \With the wiring of
the particular style CVE:1 using Figs. 15 and 16.
The contacts should,just €lose under the follow-
ing two conditions;

1) When V=% Sgated voltage and their phase
difference is Between 18° and 22° (either
leading,orlagging).

*2) When V4 ;= rated voltage and V7 is increased
from, a low value to 94 £ 4V in phase with V1.

3 Time*Curve

With the time dial set at position 11, the con-
tact should be close in 20 + 1 seconds when V|
and V2, equal to rated voltage at zero phase
angle, are applied.

TELEPHONE RELAYS (CVE-1 ONLY)

Apply a-c voltage to each telephone relay cir-
cuit. The telephone relay should pickup when 95
volts a-c is applied.

ROUTINE MAINTENANCE

All relays should be inspected periodically and
the time of operation should be checked at least
once every two years or at such other time inter-
vals as may be dictated by experience to be suit-
able to the particular application.

All contacts should be periodically cleaned. A
contact burnisher S#182A836H01 is recom-
mended for this purpose. The use of abrasive ma-
terial for cleaning contacts is not recommended,
because of the danger of embedding small par-
ticles in the face of the soft silver contact and
thus impairing the contact.



IL.41-681<1P
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CALIBRATION

Use the following procedure for calibrating, the
relay if the relay has been taken apart for repairs,
or the adjustments have been disturbed. This pro-
cedure should not be used until it is appasent“that
the relay is not in proper working ‘erder (See
Acceptance Check).

1. Contacts

The index mark on the movement frame coin-
cides with the “O” marK on‘the time dial when
the stationary contactswhaswyamnoved through ap-
proximately one-half{lof its normal detlection.
Therefore, with the Stationary contact resting
against the backstopf the index mark is offset to
the right of “the Q' mark by approximately
0.020". The placement of the various time dial
positiong{in dine with the index mark will give
operating tiles 4s shown on the respective time
curves.

2. 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 tensionyon the
number 11 position. This can best befnoticed by
unwinding the spring until the contagt will not
move when the time dial is moved a small dis-
tance beyond the number 11 position.

The spring convolutions mray touch during this
operation and the outer (cofivolutions may hit
other surfaces of the TelayasThis interference
should be disregarded®because its effect on the
final calibration will be/negligible. The reason for
unwinding the spring isythat the amount of ten-
sion on the reset spring affects the diameter of
the circle. Hence,“th€ spring tension has to be
removed initially%so that only the left hand re-
sistor will affeet, the operating circle.

3. Spurious Torque Adjustments

Withy the relay set as per the preliminary ad-
justments, open the lag coil circuit of the rear
electromagnet. This can be done by opening the
scréw’ connection on the lag coil of the rear elec-
tromagnet or by inserting a piece of insulating
material under the adjustable point of the left
hand resistor (front view). Connect the relay to
test circuit of Fig. 14 for CVE, or Figs. 15 or 16
for CVE-1, and apply rated voltage at zero phase
angle on both circuits. With the right hand plug
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.

4. Centering Circle

Close the lag coil circuit of the rear electro-
magnet and set the left hand resistor at approxi-
mately one-third of its resistance. Adjust the
phase shifter in the lagging direction until the
contacts just close the V1 and V) equal to rated
voltage. Note the angle at which the contacts just
close. Then adjust the phase shifter in the leading
direction until the contacts just close with V]
and V9 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.
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Fig. 14. Diagram of CVE Test Connections;
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Fig. 16. Diagram of CVE-1 Test Connections with Commoned Potential Coils.
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Fig. 17. V1 Voltage for Different Operating Circle. V2

Equal to Rated Voltage at Zero Phase Angle.

5. Spring Adjustment

Adjust the left resistor (front view)%such%that
the moving contact just leaves and gé€turns‘o the
backstop of the time dial at the numbern 11 posi-
tion between 40° and 41°, withsfatedwoOltage on
both sides. Change the angle,to 20 degrees and ad-
just the reset spring until the“eontaéts just make.
Rotate the phase shifter toqmove™¥7 through zero
phase angle to an angle)whete, the contacts just
make. The contacts sheuldyjust close at an angle
of 20 + 2 degrees with V j9and V2 equal to rated
voltage. With V| equalytofrated voltage the con-
tacts should just{clese, when V7 is increased to
94 + 4V in phase'with'V 1. If necessary, readjust
spring slightly to%ebtain this condition. The relay
is now calibrated for a 20 degree circle.

6. Time Curve

Install the permanent magnet on the relay. Ad-
just the permanent magnet keeper until the op-

Fig.“18. Operating Times from the No. 11 Time Dial
Position for the Type CVE Relay set for
Different Operating Circles. V1 and V2 Equal

to Rated Voltage at Zero Phase Angle.

erating time of the relay from the number 11
time dial position is 20 + 0.6 seconds with V1 and
V2 equal to rated voltage at zero phase angle.

7. Circles Other Than 20 Degrees

This adjustment should not be done until the
above adjustments for a 20 degree circle have
been completed.

If another circle other than 20 degrees is de-
sired, adjust the left hand resistor 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 V2 equal to
rated voltage at 40 degrees phase angle. It may be
necessary to readjust the righ-hand resistor to
position the desired circle symmetrically about
the zero degree line. See “Centering Circle” above
for procedure. The time of operation will be as
shown in the time curves of Fig. 11.

1
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ELECTRICAL CHECKPOINTS

With V1 in Figs. 14, 15 or 16 equal to rated
voltage the following approximate voltages should
be obtained across the coils of the 120 volt relay.
Relay set for 20 degree circle.

60Hz 50 Hz

Operating Electromagnet
Upper terminals . .....
Lower terminals ... ...
Lag coil circuit .. .....

Restraint Electromagnet
Upper terminals ... ...
Lower terminals . .. ...

59 volts 61 volts
57 volts 59 volts
22 volts 24 volts

58 volts 61 volts
54 volts 58 volts

With 120 volts applied to V7 circuit only.

60Hz 50H:z

Operating Electromagnet
Upper terminals . .. ...
Lower terminals ... ...
Lag coil circuit .......

Restraint Electromagnet
Upper terminals ... ...
Lower terminals ... ...

57 volts 58.5 volts
59 volts 61 volts
22 volts 24 volts

54 volts 57 volts
58 volts 61 volts

Q
o
¥

L 4

N
>
&

Approximate d-c resistances of the coils are as

follows:
Operating Electromagnet

Upper terminals — 59 ohms

Lower terminals — 80 ohms L 4

Lag coil — open circuit — 245 oh
Restraint Electromagnet ’%

Upper terminals 66 ohms \

Lower terminals 92 ohms

Approximate resistance @f left hand
resistor for various operating-gircles. Resistance
values can vary appreci

20 degree circle — 48
40 degree circle —
60 degree cir,

WAL PARTS

Repm an be done most satisfactorily at
the faCtorymwHowever, interchangeable parts can
be fur ed to the customers who are equipped
fo i repair work. When ordering parts,
1 ve the complete nameplate data.



RETURN OF CONTACT/ TO BACKSTOP POSITION
WITH ONE VOLTAGEWAT 120 V.A.C. AND THE
TYPICAL CVE RESET TIME OTHER SUDDENLY REDUCED FROM 120 V.A.C.
IN PHASE VOLTAGE TO ZERO VOLTAGE.

— 60° SETTING

/ —40° SETTING

/ e
/ /\— 20° SETT|NG
///

RESET TIME - SEC.

=

L5Y619 9rnD

2 3 4 5 6 7 8 Q 10 ]|
TIME DIAL SETTING

€l

Fig. 19. Typical CVE Reset Times. Return of Contact to Backstop Position with One Voltage at Rated Voltage and the
Other Suddenly Reduced from Rated in Phase Voltage to Zero Voltage.
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Fig.'20. External Schematic for CVE-1 with HLDB/HBDL Selector Switch, Internal Scheme 878A 184.
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Fig. 21.  External Schematic for CVE-1, Int. Scheme 188A624, with RC Reclosing Relay. Referto RC /.L. 41-661
for additional data.

dI 1891+ "T'1



IL. 41-681.1P

INTERNAL SCHEMATIC

LEFT UnD oPERATING
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Fig. 22. Internal Schematic of CVE Synchro-Verifier,

Fig:23. Internal Schematic of CVE-1 with CVE
Contacts Supervised by Voltage Contacts.
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Fig. 24. Internal Schematic of CVE-1 without
Commoned Potential Coils, with ICS.
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Fig. 25. Internal Schematic of CVE-1 with DPDT
Switch, without Commoned Potential
Coils.
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Fig. 26. Outline and Drilling Plan for the CVE and CVE-1 in FT21 Case.
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