
Westinghouse 1. L. 41-681. 1 
INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE CVE SYNCHRO-VERI Fl ER RELAY 

CAUTION Be fore 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. 

A P P L I C A T I O N  

The type CVE synchro-verifier is used to verify 
the condition of synchronism existing between two 
system voltages.  The contacts will close when these 
voltage are e qual, 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 such. 
Automatic 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 circuit 
breaker so that the two systems are connected right 
on synchronism. 

A common application of the synchro-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 used at one terminal to c heck 
synchronism after the remote terminal is reclosed. 
If the two systems are in synchronism the synchro­
verifier permits the automatic reclosing equipment 
to reclose the breaker. 

C O N S T R U C T I O N A N D  O P E R A T I O N  

The type CVE relay consists o f  an op erating 
element and a restraining element mounted on a 
common di sc. The p rincip al parts o f  the rel ay and 
their location are shown in Figs. 1, 2, 3, and 4. 

O p erat i n g  E l e m en t  

The operating unit consists of a n  "E" type 
lamination electromagnet with two main coils on the 

N EW INFORMATION 

center l e g  and a l ag coil on the l eft l eg.  A resistor is 
connected acro ss the shading coil . 

When the rel ay is energized with two voltages, 
a fl ux is produced that is proportional to the sum o f  
the applied voltages. This fl ux divides and returns 
thro ugh the outer l egs of the electromagnet. The l ag 
coil on the l eft l eg cause s the fl ux in that l e g  to l ag 
the main pol e flux. The out-of-ph ase fl uxes thus pro­
duced in the disc gap c auses a contact closing torque. 

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 o f  
the relay. 

R e stra i n i n g  E l em e nt 

The restraining element consists of an "E" type 
l aminated electromagnet with two m ain coils on its 
center l eg and a l ag coil on its l eft l eg. A fl ux is pro­
duced that i s  proportional to the difference in the 
applied voltages to the rel ay. This fl ux divides and 
returns through the outer l egs of the electromagnet. 
The lag coil causes the flux through the left leg to 
l ag the m ain pole flux. The out-o f-phase fluxes thus 
produced in the disc gap causes a contact op ening 
torque. 

I nd i c a t i n g  Contactor Swit c h  U n i t  ( I C S )  - W h e n  U se d  

The d-e 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 c ircuit. 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) 
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TYPE CVE RELAy ----------------------------__:_::'·.::.L.:_4:..:1·_:6.::.81::.:...1 

IiilTH RELATIVE IMSTAMTAIIiOIJS 
I'OLA.RITY AS SHOWKTHE 
CONTACTS CLOSE 

INT£RNAL SCHEMATIC 

FRONT VIEW 

184A540 
Fig. 3. Internal Schematic of CVE, without ICS Unit. 

The front spring, in addition to holding the tar­

get, provide s restraint for the armature and thus con­

trols the pick-up value of the switch. 

Oper a t i o n  W it h  Vo It age R ei ay s 

The connections shown in Fig. 5 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. 

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 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. 

INDICATING 
COJITACTOR 
SWI TCH----

LEFT llANO 

��:�:i0:m:c--,l:----+--+----l.---' 
--OPEUTUIG 

ELECTRONAIDIET 
(REAR) 

R I GHT llANO 
RESI STOR 
( FRONT VIEW) 

�-+�f- RESTII:AIMT 

WITH REUTIYE I MSTAMTAIIEOUS POLARITY 
AS SHOWN, THE CONTACTS CLOSE 

ELECTROMAGNET 
( FRDNT) 

REO HANDLE 

TEST SWITCH 

TERMINAL 

185Al22 

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

C H A R AC T E R I S T I C S  

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 1tll time 
dial setting when the applied voltages are equal 
to rated voltage and of the same frequency. Shorter 
operating ti mes 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. 

B urden 

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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TYPE CVE RELAY----------------------------------------------------------

STATION BUS 

25 If �  
Clc 

I 2 3 

CLOSING CIRCUIT Of 52 

21 l" 
27-59 
-3-
27-59 -15-
� 
l 

NEG . ......,._ ______ _ 

DEY ICE NUMBER CHART 

25 • SYNCitRO·VERI Fl ER RELAY • TYPE CVE � • OPERATING ELECTROMAGNET } OF 
TYPE � • RESTRAINT ELECTROMAGNET CVE 

27;59 • UNDER AND OVERVOLTAGE BUS RELAY, TYPE SG 

�l� · UNDER AND OVER VOLTAGE Ll NE RELAY, TYPE SG 

52· POWER CIRCUIT BREAKER 

b • BREAKER AUX ILl ARY CONTACT 
101 • Cl RCU IT BREAKER CONTROL SWITCH, TYPE W 

184A863 

Fi g 5. External Schematic of the CVE with SG Relay for Deaa-L lne-Hot Bus ana Hot Line-Deaa S us Reclosi ng. 

Volt-amperes 

Power Factor 

Watts 

Voltages Voltage s 1 80 

in Phase Degrees Out of Phase 

15.4 

.422 

6 . 5  

1 3 . 5  

.422 

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  

Contin uous R at i n g  

These relays will continuously stand 1 10% of 

rated voltage applied to the two circuits , either 
separately or simultaneously, 

S E T T I NGS 

Disc Un i t  

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 

4 

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 
# 1 1  time dial is recommended when the 60° eire! e 
setting is used. A setting of #4 time dial or higher 
recommended with the 40° circl e. A setting as low 

as the Yz ti me dial should be satisfactory with the 
20o circl e.  Note from Fig. 8 that the relay will oper­
ate in 1.4 seconds in the Yz 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° circl e 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 

break er closure is: 
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TYPE CVE RELAY __________________________________________________________ ,_.L_ ._4 1_-6_s __ 1.1 

184A997 

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

Various Closing Angle Settings. Rated Voltage on 

One Circuit. 

where TB =breaker clo sing tim e in seconds 

L et TB = 0.5 seconds 

Then 8+ 17. 3 x 0. 5 =48. 6 °  

Indic a t i n g  C ontactor  Switch ( I C S) - When U s ed 

No setting is required on the ICS unit e xcept the 
sel ection of the 0 . 2  or 2.0 ampere tap setting. This 
selection is made by connecting the lead located in 
front of the tap block to the desired setting by means 
of the connecting screw. 

I N S T A L L A T I O N  

The relays should be mounted on switchboard 
panels or their equivalent in a location free from 
dirt, moisture , e xc essive 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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184A998 

Fig. 7. Typical Time - Phase Angle Curves of CVE. Rated 

Voltage on Both Circuits. No. 1t 1 1  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 n ut 
with a wrench. 

For detailed FT Case information refer to I.L. 4 1-076. 

A D J U S T M E N T S  A N D  M A I N T E N A N C E  

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

A cc e p tance C h e c k  

The following check i s  recommended to insure 
that the relay is in proper working order: 
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TYPE CVE RELAY __________________________________________________________ __ 
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Fig. 8. Operating Time Variations with Changes In Time-Dial 

Settings. Rated In-Phose Voltage on Both Circuits, 

20 Degree Circle Setting. 

Ind i c a ti n g  Contactor S w i tc h  ( IC S )  - W h e n  U s e d  

Close the main r e l ay  c ontacts and pass sufficient 
d-e current through the disc-unit contact circuit to 
close the contacts of the ICS. This value of current 
should be not greater than the particular ICS tap 
setting being used. The operation indicator target 
should drop fre ely. 

The contact gap should be approximately . 047" 
between the bridging moving contact and the adjust­
able stationary contacts. The bridging moving con­

tact should touch both stationary contacts simultan­
e<iusly. 

D i sc Unit  

1. Contacts - The index mark on the movement 
frame will coincide with the "0" mark on the time 
dial when the stationary contact has moved through 
approximately one -half of its normal deflection. There­
fore , with the stationary c ontact resting against the 
backstop, the inde x mark is offset to the right of the 
"0" mark by approximately 0 . 020 " .  The placement 
of the various time dial positions in line with the 
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Fig. 9. Approximate Max/mum Slip Frequency ;or which 

Operation Occurs - Rated Voltage on B oth Sides. 

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

2. Operating Circle - Connect the relay p er the 
test diagram of Fig, 10. The contacts should just 
close when VB is within± 4 volts onhe values shown 
in Fig. 6 for different angles on the 20 degree 
cir cle when v1 is equal to rated voltage . 

3 .  Time Curve - With the time dial set at position 
1 1, the contact should close in 20 ± 1 s econds 
when V 1 and v2 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�t 182A836HO 1 is recommended for 

this purpose. The use of abrasive material for clean­

ing contacts is not recommended, because of the 
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TYPE CVE RELAY----------------------------------------------------------
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230 VOLTS 0 -� 185A001 
Fig. 10. Diagram of CVE Test Connections. 

danger of embedding small particles in the f ace of 
the soft silver c ontact and thus impairing the contact. 

Call bratlon 

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

1. Contact - The index mark on the movement frame 

c oincides with the "0" mark on the time dial when 
the stationary contact has moved through approximate­

ly-one-half of its normal deflection. Therefore, with 

the stationary c ontact resting against the backstop, 
the index mark is offset to the right of the "0" 
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 1 1  position. Next unwind the spring for zero 

tension on the number 11 position. Thi s c an 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 1 1  position. The spring 

convolutions may touch during this operation and the 

outer c onvolutions may hit other surfaces of the re­

lay. This interfe rence 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 circ uit 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 1 1  time 
dial position. This can be determined by no move­

ment of the disc when the time dial is moved beyond 
the numbe r 1 1  position. 

4. Centering Circle - Rec onnect the lag c oil 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 c ontacts just close with v1 and v2 equal to rated 

voltage. Note the angle at which the c ontacts just 

close. Then adjust the phase shifter in the leading 

direction until the c ontacts just close with V 1 and V 2 
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 such 
that the moving c ontact just leaves and returns to 
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TYPE CVE RELAY ____________________________ ______________________________ __ 

the backstop at the number 1 1  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 

e qual 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 v2 equal to rated voltage at 40 
degrees phase angle. It may be necessary to r eadjust 

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, 
7.  

E L E CTR I CA L  C H E C K P O I N T S  

With v1 in Fig. 10 e qual 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. 

8 

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 2 2  

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 

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 

R E N E W A L  P A R TS 

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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TYPE CVE RELAY 

SPACER FOR 
THIN PANELS 

�-IBSCRE.W IG (FOR \HICK 
PANEL USE �-IB C:.TUD) 
o�qo·?.C. SCREW 

TERMINAL AND 
MOI.JNTINco.- DE:i�IL& 

NOTE: ALL. DIMENSIONS 
IN INCHES 

I.L. 41-681.1 

l OIJ>...-4-I-IOLE.S FO"R 4- .190·3'l. MTC:r. SCREW$ 

P.t>.NEL CUTOUT t DRILLIWG­
r:""OR SEI-.41-FLU&I-I \.ATG-. 

_-...>.;) �====::::::::::::::::::::::E::::::.::-------::::__ 
5 � I 9 K, c:a.-... � H0\.1!5 

I I 13l. 1i"2. 
PANE\.. t>R.\LL\ NG OR CUTOUT FOR 

PROJE.C.T\0� MTGr. 
(rRO�T V\£W) 

57-0-7901 

F/g. ll. Outline anc/ Drilling Plan for the CVE In FT21 case. 
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INSTALLATION 
Westinghouse I.L. 41-681.1A 

• OPERATI.ON • MAINTENANCE 

INSTRUCTIONS 
TYPE CVE SYNCHRO-VERI Fl ER 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. 

A P P L I C A T I O N  

The type CVE synchro-verifier is used to verify 

the condition 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 type CVE synchro-verifier is not an auto­

matic synchronizer and should not be used as such. 

Automatic Synchronizers are available which permit 

closing ahead of synchronism at an angle of phase­

advance proportional to the beat frequencies and 

determined by the speed of operation of the circuit 

breaker so that the two systems are connected right 

on synchronism. 

A common application of the synchro-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 used at one terminal to check 

synchronism after the remote terminal is reclosed. 

If the two systems are in synchronism, the synchro­

verifier permits the automatic reclosing equipment 

to reclose the breaker. 

C O N S T R U C TI O N  A N D  O P E R A T I O N  

The type CVE relay consists of an oper ating 

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. 

O p erat i n g  Ele ment  

The operating unit consists o f  a n  " E "  type 

laminated electromagnet with two main coils on the 

SUP ERSEDES I . L. 41-681. 1 
*Denotes change from superseded issue 

center leg and a lag coil o n  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 l ag 

coil on the left leg causes the flux in that leg to l ag 

the m ain pole flux. The out-of-ph ase fluxes thus pro­

duced in the disc gap causes a contact closing torque. 

The resistor c onnected 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. 

R e stra i n i n g  El e m e n t  

The restraining element consists of an "E" type 

l aminated electromagnet with two main coils on its 

center leg and a l ag 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 m ain pole flux. The out-of-phase fluxes thus 

produced in the disc gap causes a contact op ening 

torque. 

I ndic a t i ng Cont actor Swit c h  U nit ( I C S )  - W h e n  U se d  

The d-e 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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TYPE CVE RELAY 

INTERNAL SCHEMATIC 

LEFT NAMD 

��:��o:,=E'f�l ----11--+------+-..,1, 

Wlltl IELATI'IE IISTUTAIIEOUS I'OUIITY AS SHOW, THE COIITACTS CLOSE 

GPERATIMG 
ELECTROMAGNET 

(REAR) 

Rl&f!T HAND 
RESISTOR 
{FRONT VIEW) 

ununn 
ELECTROMAGIIET 

{FOONT) 

RED HANDLE 
TEST SWITCH 

TERIIIIU.l 

184A540 
* Fig. 3. Internal Schematic of CVE, without I CS 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. 

O p erati on W i th V o l tage R elay s 

The c onnections shown in Fig. 5 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. 

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 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. 

I.L. 41-681.1-' 

IIWIC.UOR 
COli TACT 
SWITeH 

lEFT HAND 
RESISTOR 
(FROIIT'i'IE'i) 

INTERNAL SCHEMATIC 

OPERATIIIG 
LECTROMAGIET 

(REAR) 

RIQKT HAND 
RESISTOR 
(FROIH VIEW) 

C --r---+--1-;�:i�:�GIET 

WITH lt£LATI¥E IIIST.lMTAMEOUS POLARITY 
AS SHOWN, THE COMTACTS CLOSE 

(FRONT) 

RED HANDLE 

TEST SWITCH 

TERMIUL 

185Al22 
* Fig. 4. Internal Schematic of CVE, with I CS Unit. 

C H A R A C T E R I S T I C S  

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 c alibrated for 

the 20 de gree c ircle. 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 ttll time 

dial setting when the applied voltages are equal 
to rated voltage and of the same frequency. Shorter 
operating ti mes 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-

.1� difference at the instant of breaker closure , for 

cas.es where the two systems are slipping slowly. 

B u rden 

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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TYPE CVE RELAY------------------------------------------------------------

25 6� 
I 2 3 

CLOSING CIRCUIT Of 52 

n .. 
2f·SI 
-----r 
2H9 -��-
9 
L 

NEG.-�-------

DEY I CE NUMBER CHART 

2 5 - SYNCHRD-VER I F I ER RELAY ·TYPE CVE 
�

O 
- OPERATING ELECTRONAGIIET } OF 

TYPE � - RESTRAI NT ELECTRONAGIIET CVE 27;58 - 1110£1 AID OYEIVOLTA&E BUS RELAY, TYPE SG 

� - UIIDER AIID OVERVOLTAGE L I ME RELAY, TYPE SG 

52 • POWER Cl RCUI T BREAKER 
b- BREAKER AUXI LIARY CONTACT 

101 • CI RCU I T  BREAKER CONTROL SWI TCH, TYPE W 

184A863 

* Fig 5. External Schematic of the CVE with SG Relay for Deat:I-L ine-Hot Bus ant:/ Hot L ine-Dead B us Reclos lng. 

Voltages Voltages 1 80 
in Phase Degrees Out of Phase 

Volt-amperes 1 5.4 1 3.5 
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 

Power Factor 

Watts 

Cont inuous R at i n g  

1 0.8 
.422 
4.6 

These relays will continuously stand 1 1 0% of 
rated voltage applied to the two circuits , e ither 
separately or simultaneously. 

S E T T I NGS 

D i s c U n i t  

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 

4 

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 
If 1 1  time dial is recommended when the 60° eire! e 
setting is used. A setting of �t4 time dial or higher 
recommended with the 40° circl e. A setting as low 
as the ¥2 ti me dial should be satisfactory with the 
20° eire! e. Note from Fig. 8 that the relay will oper· 
ate in 1 .4 seconds in the Yz 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 clo sure , refer 
to Fig. 9. For example,  assume a 40° circl e and �t4 
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 clo sure is:  
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TY P E CV E R ELAY----------------------------------------------------------�1-=L-�4�1�-6�8�1-�1A 

184A99'7 

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

Various Closing Angle Settings. Rated Voltage on 

One Circuit. 

where TB =breaker closing time in seconds 

Let TB = 0.5 seconds 

Then etl7.3x0.5=48.6o 

Ind i c at i n g  C o ntoctor Switch ( I C S) - When U s ed 

No setting is required on the ICS unit. 

IN S T A L L ATIO N 

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 

l I d����k 
\ I 

3 2  

30 

28 

26 

4 

2 
1\ I 
\ -; 

I I -.a-t--
CIRCLE 

8 \ 6 

4 \ -- II 

20 

\ \ j J \ \ '/ 1/ 
1 2  

10 

['.. / 
"' v .......... .._ --V so• 

CIRCLE 

0 
60 50 40 30 20 10 0 10 20 30 40 50 60 

PHASE ANGLE {DEGREES} BETWEEN VOLT AGES 

184A998 

Fig. 7. Typical Time - Phase Angle Curves of CVE. Rated 

Voltage on Both Circuits. No. 1t1 1 Time Dla/ 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. 4 1-076. 

A DJU S T M E N T S  A N D  M AIN T E N A N C E  

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. 

A c c e ptance C h e c k  

The following check i s  recommended t o  insure 
that the relay is in proper working order: 

Ind icat in g C ontactor Switc h ( IC S) - W h en U se d  

Close the main relay c ontacts and pass suffic ie nt 
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TYPE CVE RELAY __________________________________________________________ __ 

!; 
w ::; i= "' z 
i= " 0: w Q_ 0 
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4 
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0 
0 

I / 
/ 

/ v 
� /v 

/ v 

/ 
/ 

L v 

3 4 5 6 7 8 9 10 II 

TIME DIAL SETTING 

l84A999 

Fig. 8. Operating Time Variations with Changes In Time-Dial 

Settings. Rated In-Phase Voltage on Both Circuits, 

20 Degree Circle Setting. 

d-e current through the disc-unit contact circuit to 

close the contacts of the ICS. This value of current 

* shouW. 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. The bridging moving con­

tact should touch both stationary contacts simultan­

eously, 

Di sc  Unit  

1 .  Contacts - The index mark on the movement 

frame will coincide with the "0" mark on the time 

dial when the stationary contact has moved through 

approximately one -half of its normal deflection. There­

fore, with the stationary contact resting against the 

backstop, the index mark is offset to the right of the 

"0" 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. 

6 

.30 

.20 

.15 

.10 

u .06 
.05 

>-� .04 w ::l � .03 
0: "­
Q. .02 :J (/) 
::; 

.015 
::l ::; � .0 I 
::; .008 

.006 

.005 

.004 

.003 

\ \ ---

\ \ 
l 

- - -

""" 
........ � --- ---

i\ 
'\. "" "' 

b--. 

1\ 
\ -- -K --- ---

r--.. 
["-.., 

2 3 4 

� --- --- --- --- ---
� � 

['--.. �· -� ----
--- -- --- --- - -- - -

� --C----t:---- r--r--
6 7 8 9 10 II 

TIME DIAL 

l85Al23 

Fig. 9. Approximate Max/mum 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 V 1 is equal to rated voltage. 

3. Time Curve - With the time dial set at position 

1 1 , the contact should close in 20 ± 1 seconds when 

v 1 and v 2 are equal to rated voltage at zero phase 

angle. 

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

phase angle meter is not a vailable, 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 V 2 . The relay con­

tacts should just close when V 2 is raised to 94 ± 4 
volts and should just open wh en v 2 i s  increased to 

1 90 ± 4 volts. 

To check the time curve, set the time dial in 

position 11 and apply v1 and V 2 equal to rated vol­

tage. The contacts should close in 20 ± 1 seconds. 
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TYP E CV E  R E L AY __________________________________________________________ �I.L=·�4�1-�68�1�.1=A 

3 PHASE 
120 VOLTS 

C V E  R E L AY ( F RONT VIE W )  

� t - ADJUSt TO G IVE FULL LOAD I 2 3 

dl]ii;l:� ON PHASE A N G L E  M ET E R  

TIMER 

START 

fo 
S606 

D.P. S.T. I � SWITCH �o-
� --

v 

') 

PHASE 
ANGLE 
METER 

±60 � ,--fo+ fo-

-;3 ® 

CVE 

Qllll1 
L.___ 

r -o--o-o_o __ 
I 

-- -- - ---, 
' 
I ' 0 0 0 0 � 

l- ---- ----- -- -- -- - - -- ..J lcp®®@®®+ 7.(� 9,+� 

VA R I A B L E  
AUTO - TRANSFORMER � 

230 VOLTS � "j 185A00 1 
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 periodically cleaned, A 
contact burnisher S�t 182A836HO 1 is recommended for 

this purpose. The use of abrasive material for clean­
ing contacts is not recommended, because of the 
danger of embedding small particles in the f ace of 
the soft silver contact and thus impairing the contact. 

Call brat I on 
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 
the relay is not in proper working order (See "Accept­
ance Check"). 

1 .  Contact - The index mark on the movement frame 

coincides with the "0" 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 "0" 
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

nert magnet from the relay and set the time dial on the 
number 1 1  position. Next unwind the spring for zero 

tension on the number 1 1  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 1 1  position, The spring 
convolutions may touch during this operation and the 

outer convolutions may hit other surfaces of the re­
lay, This interfe rence 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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TYP E CV E R E LAY __________________________________________________________ __ 

in, adjust the left hand plug of the rear electromagnet 

such that the disc does not move from the number 1 1  
time dial position. This can be determined by n o  move-

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

7. 

ment of the disc when the time dial is moved beyond * C alibra t i o n  With-in Ph a s e  V o l tage s  

the number 1 1  position. 

ilf 4. Centering Circle - Close the lag coil circuit of 

the rear electromagnet and set the 1eft 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 V 1 and V 2 
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 

1 1  position between 37° and 38°, with rated voltage 

on both sides. Change the angle to 20o degrees and 

adjust the reset spring until the contacts just make. 

Rotate the phase shifter to move V 2 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 1 and V 2 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 V 2 at the proper angle. The 2 0 
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 keeper until the 

operating time of the relay from the number 1 1  time 

dial position is 20 ± 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 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 V 2 equal 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 

8 

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 1 1  position. Next unwind the spring for 

zero tension on the number 1 1  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 1 1  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 diame ter of the circle. Hence, the sprin�tension 

has to be removed initially so that only the left hand 

resistor will affect the operating circle. 

2 . Spurious T orque Adjustments - With the relay 

set as per the preliminary adjustments, open the lag 

coil circuit of the rear electromagnet. This can be 

d one 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 1 1  time dial position. This can be determined 

by no movement of the disc when the time dial is 

moved beyond the number 1 1  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 tw o 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 1 1  
position with v1 equal to 1 20 volts and V 2 equal to 

64 volts. Then adjust the reset spring such that the 

contacts will just close with v 1 equal to 120 volts 

a nd V 2 equal to 94 volts. 
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TYP E CV E R E L AY _____________________________ ,_. L_.-'4-'-1 ·-'-68�1--'. 1-A 

The relay is now calibrated for approxima tely a 20 
degree circle. Check the other in phase point of the 

circle by a pplying V 1 equal to 1 20 volts and increas­

ing the value of V 2 until the contacts are just making. 

V 2 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 1 1  time 

dial position is 20 ± 6 seconds with V 1 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 com pleted . 

Set V 1 equal to noted voltage and a pply v2 to a value 

as determined by Fig. 1 1 . Adjust the left hand resistor 

until the contacts just close. 

Check the circle by timing the relay with V 1 and V 2 
equal to rated voltage. The relay should operate from 

the number 1 1  time dial position within ± 7 percent of 

the times shown in Fig. 1 2 . 

E L E C T RIC A L  C H E C K P O I N T S  

With v1 in Fig. 10 e qual 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 .  

Operating Electromagnet 
Upper terminals 59 volts 

Lower terminals 57 
Lag coil circuit 22 

Restraint Electromagnet 
Upper terminals 58 
Lower terminals 54 

With 1 20 volts applied to v2 circuit only 
Ope rating 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 Electromagn�t 
Upper terminals 59 ohms 
Lower terminals 80 ohms 
Lag coil - open circuit - 245 ohms 

Restraint Electromagnet 
Uppe r 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 
40 degree circle 

60 degree circle 

4800 ohms 

2250 ohms 

890 ohms 

R E N E W A L  P A R T S  

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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Curve 471191 

* Figo 1 1 . V2 Voltage for Different Operating Circleso V 7 
equal to rated voltage at zero phase angle. 
(Curve 4 7 1 1 9 1 )  
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* Fig. 12. Operating Times from the No. 1 1  Time D ial  Pos i· 
tion for the Type CVE Relay set for D i fferent 
Operating Circ les. V 7 and V2 equal to rated vol­
tage at zero phase angle. (Curve 47 1 1 92) 
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TYPE CVE RELAY 

. 1�0-32. SCREW 
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* F ig. 13. Outline and Dri l l ing Plan for the C VE in FT2 1 case. 
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Westinghouse I . L. 41-681. 1 B  

INSTALLATION • OPERATION • MAINTENANCE 

INST R UCTIONS 
TYPE CVE SYNCHRO-VERI Fl ER 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. 

A P P L I C AT I O N  

The type CVE synchro-verifier is used to verify 
the condition of synchronism existing between two 
system voltages. The contacts will close when these 
voltage are e qual, within set limits, in phase , and 
of the same fre que ncy. 

The type CVE synchro-verifier is not an auto­
matic synchronizer and should not be used as such. 
Automatic Synchronizers are available which permit 
closing ahead of synchronism at an angle of phase­
advance proportional to the beat frequencies and 
determined by the speed of operation of the circuit 
breaker so that the two systems are connected right 
on synchronism. 

A common application of the synchro-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 used at one terminal to check 
synchronism after the remote terminal is reclosed. 
If the two systems are in synchronism , the synchro­
verifier permits the automatic reclosing e quipment 
to reclose the breaker. 

C O N S T R U C T I O N  A N D  O P E R A T I O N  

The typ e CVE relay consists of  an op erating 
element and a restraining element mounted on a 
common disc. The p rincip al p arts of the rel ay and 
their location are shown in Figs. 1 ,  2, 3 ,  and 4. 

O p erat i n g  E l e m ent 

The operating unit consists of an "E" type 
laminated electromagnet with two main c oils on the 

SU PERSEDES I . L. 41-681 . 1 A 
*Denotes ch ange from sup erseded issue 

center leg and a l ag coil on the l eft l eg. A resistor is  
connected acro ss 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 l egs of the electromagnet. The l ag 
coil on the l eft l eg causes the flux in that l e g  to l ag 
the main pol e flux. The out-of-phase fluxes thus pro­
duced in the disc gap c auses a contact closing torque. 

The resistor c onnected across the lag coil of 
the el ectromagnet 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. 

R e stra i n i n g  Ele m e nt 

The restraining element consists of an "E" type 
l aminated electromagnet with two main coils on its 
center l eg and a l ag coil on its l eft l eg. A flux is pro­
duced that is proportional to the difference in the 
applied voltages to the rel ay. This flux divides and 
returns through the outer l egs of the electromagnet. 
The l ag coil causes the flux through the l eft l eg to 
l ag the m ain pole flux. The out-of-phase fluxes thus 
produced in the disc gap causes a contact op ening 
torque. 

I n d i c a t i n g  Contactor Switch U n i t  ( I C S )  - W h e n  U sed 

The d-e 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 c ircuit. 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. 7.  Type CVE Relay, without Case (Front VIew) 
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F ig. 2. Type CVE Relay, without Case (Rear View) 
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TYPE CVE RELAY 

INTERNAL SCHEMATIC 

LEFT HAIID 

��:�:�o:,= .. �J -t-+----1-...) 

CVE 

WITH RELATIVE UISTAITAAEOUS I'OUIITY 
AS SHOW, THE COMTACTS CLOSE 

OPERATING 
ELECTROMAa.IET 

(REAR) 

RIGHT HAND 
RESISTOR 
(FRONT VIEW) 

t --+----+---1-- RESTitAI NT 
ELECTROMAQIIET 

(FOOtOT) 

RED HANDLE 
TEST SWITCH 

TERMINAL 

184A540 
Fig. 3. Internal Schematic of CVE, without I CS 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. 

Operat ion W i th V o ltage R e l ay s  

The c onnections shown in Fig. 5 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. 

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 breaker when the line and bus are 
both alive and when their respective voltage 
are approx imate ly 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 e ither a single-or a multi-shot 
reclosing relay in conjunction with the CVE and SG 
relays. 

I .L. 4 1-681. 1 8  

LEFT lAID 
RESISTOI: 
{FROIT VIEW) 

INTERNAL SCHEMATIC 

Ol'£1lTIH 
LECTIGIM-T 

(lUI) 

RlttiT IWID 
RESISTOR 
(FOOIT VIEW) 

c--r---+----!-:�:��:l.er 

'lftTII tniTift IISTAITAIEOUS I'OUIITY 
AS ,_,., TIE COIUCTS CLOSE 

(FIOIT) 

ED IU.IDLE 

TEST SWITCH 

185Al22 
* Fig. 4. Internal Schematic of CVE, with I CS Unit. 

C H A R A C T E R I S T I C S  

The type CVE relay can be adjusted for operat­
ing circles from 20 to 60 degrees as shown in Fig. 6 .  
A s  shipped from the factory the relay is cal ibrated for 
the 20 degree c irc le . These circles apply when one 
side has rated voltage . The relay operates , if the 
other voltage falls within the appropriate c ircle. 

The operating time of the relay is shown in Fig. 
7. These time curves are obtained from the # l l  time 
dial setting when the applied voltages are equal 
to rated voltage and of the same fre quency. Shorter 
operating ti mes can be obtained at different time 
dial settings as shown in Fig. 8. 

F ig. 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 slipp ing slowly. 

B u rden 

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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TYPE CVE RELAY----------------------------------------------------------

25 6 �  
I 2 3 

CLOSING CIRCUIT Of 52 

tT T 
tf·U � 
U::M 15  
» 
L 

NEG. -�-------

DEV I CE IIUMBER CIIART 

25 - SYNCH RD-VER I FI ER RELAY - TYPE CVE 
§.
0 

- OPERATIIIG ELECTROM6GIIET } OF 
TYPE � - RESTRAINT ELECTROMAGIIET CVE 27;51 - UIDiR AIID OV£1VOLTAGE BUS RELAY, TYPE SG 

� - UIIDER AID OVERVOLTAGE L l ll£ RELAY, TYPE S& 

52 - POWER Cl RCIII T  BREAKER 
b- IREAIER AUX I L I ARY CONTACT 

101 - Cl RCU I T  BREAKER COIITROL SWI TCII , TYPE W 

184A863 

Fig 5. External Schematic of the CVE with SG Relay for Oead-Line-Hot Sus and Hot L ine-Dead B us Rec:losln9. 

Voltages Voltages 1 80 

in Phase Degrees Out of Phase 

Volt-amperes 1 5 . 4  1 3 . 5  

Power Factor .422 . 422 

Watts 6 . 5  5 . 7  

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

Volt-amperes 10.8  

Power Factor . 422 

Watts 4 . 6  

Conti n u o u s  R at i n g  

These relays will continuously stand 1 10% of 
rated voltage applied to the two circuits , either 
separately or simultaneously. 

S E T T I N G S  

D i s c  U n i t  

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 

4 

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 1 1  time dial is recommended when the 60° circl e 
setting is used . A setting of lf4 time dial or higher 
recommended with the 40° circl e. A setting as low 
as the � ti me dial should be satisfactory with the 
20° circl e .  Note from Fig. 8 that the relay will oper­
ate in 1 . 4  seconds in the � time dial p ositions and 
with the 20° setting. If a longer delay is desired a 
higher time-dial setting m ay be used. 

To evaluate the effect of time-dial and circl e  
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° circl e and lf4 
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 

break er cl osure is: 
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TYP E CV E R EL AY ________________________________________________________ �•�. L�·�4�1·�68�1�. 1  __ B 

184A99'7 

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

Various Closing Angle Settings. Rated Voltage on 

One Circuit. 

where TB = breaker closing time in seconds 

L at TB = 0. 5  seconds 

Then 8 + 17.3 x 0 . 5 =  48. 6 °  

I n d i cating C o ntactor Switch ( I C S) - When U s ed 

No setting is required on the ICS unit. 

I N S T A L L AT I O N  

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 

2 \ I d����� 
-\ I 30 

28 l rr 
26 

4 

1\ J \ 7 22 

20 
I I Cl�g�E 

18 

16 

4 
\ 1 /  

I 1\ I 1 \ \ 1/ 1/ 
1 2  

10 

� v _j_ " v -...... t-- --v 60' 
CIRCLE 

0 
60 50 40 30 20 10 0 10 20 30 40 50 60 

PHASE ANGLE ( DEGREES) BETWEEN VOLTAGES 

184A998 

Fig. 7. Typical Time - Phose Angle Curves of CVE. Rated 

Voltage on Both Circuits. No, 1tl l 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. 4 1-076. 

A D J U S T M E N T S  A N D  M A I N T E N A N C E  

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. 

A c c e ptance C h ec k  

The following check i s  recommended t o  insure 
that the relay is in proper working order: 

In dicatin g C o ntactor Switch  ( I C S )  - W h en U se d  

Close the main relay c ontacts and pass sufficie nt 
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TYPE CVE RELAY-----------------------------------------------------------

""' 
UJ :=;; >= "' z 
>= <t 0: UJ a. 
0 

26 

24 

22 

20 
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16 

14 

12 

10 

8 

6 

4 

2 

0 
0 

/ 
v 

/ 

/ / 
/ 

L' v 
/ / 

/ 
/ 

L_ v 

3 4 5 6 7 8 9 10 I I  

T IME DIAL SETTING 

184A999 

Fig. 8. Operating Time Variations with Changes In Time-Dial 

Settings. Rated In-Phase Voltage on Both Circuits, 

20 Degree Circle Setting. 

d-e current through the disc-unit contact circuit to 

close the contacts of the ICS. This value of current 

shouW. be not greater than the value marked on the 

name plate. The operation indicator target sh ould 

drop fr eely. 

The contact gap should be approximately .047" 
between the bridging moving contact and the adjust­

able stationary contacts. The bridging moving con­

tact should touch both stationary contacts simultan­

eously, 

D i sc Unit 

1 .  Contacts - The index mark on the movement 

frame will coincide with the "0" mark on the time 

dial when the stationary contact has moved through 

approximately one -half of its normal deflection. There­

fore, with the stationary contact resting against the 

backstop, the index mark is offset to the right of the 

"0" 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. 

6 
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:=;; .008 
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.004 

.003 

\ 
\ ---

1\ 
\ 
\ 

1\ \ - - - - -

""' 
"' � - - - f::::. --- --- --- --- ---

� r:-
-

'\. '\. !'-... 
........... r----... � -,___ ----

K -- - - - - --- -- - - - --- - -- - -

r--... 
" 

-..... �o· r-- -r--
3 4 5 6 7 8 9 10 I I  

TIME DIAL 

185Al23 

Fig. 9. Approx imate 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 V 2 is within ±4 volts of the values sh own 

in Fig. 6 for different angles on the 20 degree circle 

when v 1 is equal to rated voltage. 

3 .  Time Curve - With the time dial set at position 

1 1 , the contact should close in 20 ± 1 seconds when 

v 1 and v 2 are equal to rated v oltage at zero phase 

angle. 

* 4. Single Ph ase 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, app ly V 1 
equal to rated voltage and vary v 2 . The relay con­

tacts should just close when V 2 is raised to 94 ± 4 
volts and should just open when V 2 is increased to 

1 90 ± 4 volts. 

To check the time curve, set the time dial in 

position 1 1  and apply v1 and V 2 equal to rated vol­

tage. The contacts should close in 20 ± 1 seconds. 
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TYP E CV E  R E LAY------------------------------------------------------���·�L�·�41�·6=8�1.�1�B 

3 P H ASE 
1 20 VOLTS 

C V E  R E L AY ( F RONT VIE W )  

� t - ADJUST TO GIVE FULL LOAD I 2 3 d[}ll � f� ON P H A S E  A N G L E  M E T E R  

PHASE 
ANGLE 
METER 

TIMER 

,
�TART ±6 o-� �f.o + f.o fo-

5�06 
D. P. S.T. I SWITCH � La-o- � � �J ') 

CVE l) l  
1..--

: -0--0 - 0 _0  __  - -
I I �  

- - - - - .,  
' 
I ' 0 0 0 0 ::> ��- - - - - - - - - -- -- - - - - - - � ® ® 7 9 +  ® (3:) I ®+ I (a) I� 

VARIABLE 
AUTO - TR A N SFORMER � 

230 VOLTS � "'j 185A00 1 -
Fig. 70, 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 periodically cleaned,  A 

contact burnisher SII 182A836HO 1 is recommended for 

this purpose. The use of abrasive material for clean­

ing contacts is not recommended, because of the 

danger of embedding small particles in the f ace of 
the soft silver contact and thus impairing the contact. 

Call brat I o n  

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

1 .  Contact - The index mark on the movement frame 

coincides with the "0" 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 "0" 
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 1 1  position. Next unwind the spring for zero 
tension on the number 11 position. Thi s 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 Adj ustments - With the relay set 
as per the preliminary adj ustments , open the lag coil 
circuit of the rear el ectromagnet. This can be done by 
opening the screw connection on th e l ag coil of th e 
rear el ectroma gnet or by inserting a piece of insul atin g 
material under th e adj ustable point of the l eft hand 
resistor (front view).  Connect the relay to test circuit 
of Fig, 10 and apply rated voltage at zero phase an gl e 
on both circuits. With the right hand pl ug a l l  the way 
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TYP E CV E R ELAY __________________________________________________________ __ 

in, adjust the left hand plug of the rear electromagnet 
such that the disc does not move from the number 1 1  
time dial position. This can be determined by n o  move­
ment of the disc when th e time dial is moved beyond 
the number 1 1  position. 

4. Centering Circl e - 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 clos e  with v1 and v 2 equal to rated 
volta ge.  Note the angle at which the contacts just 
clos e .  Then adjust the phase shifter in the leading 
direction until the contacts j ust close w ith V 1 and V 2 
equal to rated voltag e. If the latter angl e is not with­
in ± 1 degree of the former angl e ,  adjust the right 
hand resistor (front view) until the tw o angles are 
within ± 1 de gree of each other. 

5 .  Spring Adj ustment - Adjust the l eft resistor front 
view such that the moving contact just leaves and 
returns to the backstop of the time dial at the number 
1 1  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 phas e shifter to move v 2 through zero 
phase angle to an an gle where the contacts j ust make. 
The contacts should j ust close at an angle of 20 ± 2 

degrees with V 1 and V 2 equal to rated voltage. 

The relay is now calibrated for a 20 degree circle. 
Other points of th e  circle may be checked by apply­
ing the proper value of V 2 at the proper angle. Th� 20 
degree circle should be within ± 4 volts of the curve 
value. 

* 6. Tim e curve - Install the p ermanent magnet on the 
relay. Adj ust the permanent magnet keep er until the 
op erating time of the rel ay  from the number 1 1  time 
di al po sition is 20 ± 0 . 6  seconds with V 1 and V 2 e qu al 
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. For example , if a 40 degree circle is desired, 

adjust the left hand resistor until the contacts just 

close with v1 and V 2 e qual 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 

8 

operation will be as shown in the time curves of Fig. 
7. 

C alibration W i th- i n  P h a s e  Voltage s  

I f  a phase angle meter and a phase shifter are not 
availabl e ,  the relay can be cal ibrated with in phase 
voltages for approximate c ircles in the following 
manner: 

1 .  Preliminary Adjustments - Remove the perma­
nent magnet from the relay and set the time dial on 
the number 1 1  position. Next unwind the spring for 
zero tension on the number 1 1  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 1 1  position. The 
spring convolutions may touch during this o peration 
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 
negligibl e.  The reason for unwinding the spring is 
that the amount of tension on the reset spring affects 
the diame ter of the circle.  Henc e,  the spring, tension 
has to be removed initially so that only the left hand 
resistor will affect the operating circl e. 

_ _  2 .  Spurious Torque Adjustments - With the relay 
set as per the preliminary adjustments, open the lag 
.�oil circuit of the rear e lectromagnet. This can be 
done either by opening the screw connection on the 
lag of the rear electromagnet or by insertin g a piece 

.;..o_f in�ulating material under the adjustabl e point of 
the left hand resistor (front vi ew) . Apply rated voltage 
at z ero phase angl e 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 l eft 
hand plug such that the disc does not move from the 
number 1 1  time dial position. This can be determined 
by no movement of the disc when the time dial is 
moved beyond the number 1 1  position. 

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

4.  Sprin g Adjustment - Adjust the l eft hand re­
sistor (front view) such that the moving contact just 
leaves the backstop of the time dial at the number 1 1  
position with v1 equal to 1 20 volts and V 2 equal to 
64 volts. Then adjust the reset spring such that the 
contacts will  just close with v 1 equal to 1 20 volts 
and V 2 equal to 94 volts. 
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TYP E CV E R EL AY __________________________________________________________ 1 ·_L_. 4_1_-6_&_1._1 B_ 

The relay is now calibrated for approximately a 20 
degree circle.  Check the other in phase point of the 
circle by applying V 1 equal to 1 20 volts and increas­
ing the value of v2 until the contacts are just making. 
V 2 should be 190 ± 8 volts . 

* 4 .  Time Curve - Install the permanent magnet 
on the rel ay. Adjust the permanent magnet keeper 
until the op erating time of t he relay from the 1 1  time 
dial position is 20 ± 0. 6 seconds with V 1 and V 2 
e qual to rate d voltage at zero phase angle.  

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

Set V 1 equal to noted voltage and apply V 2 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 1 and V 2 
equal to rated voltage. The relay should operate from 
the number 1 1  time dial position within ± 7 percent of 
the times shown in Fig. 1 2 .  

E L E C T R I C A L  C H E C K P O I N T S 

With v1 in Fig. 10 e qual 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. 

Operating Electromagnet 
Upper terminals 59 volts 

Lower terminals 57 
Lag coil circuit 22 

Restraint Electromagnet 
Upper terminals 58 
Lower terminals 54 

With 120 volts atJplied 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 

Upper terminals 59 o hms 
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 

R E N E W A L  P A R T S  

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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TYP E CV E R ELAY __________________________________________________________ __ 
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Curve 471191 

Fig" 1 1 . V2 Voltage for Different Operating Circ les" V 7 
equal to rated voltage at zero phase angle. 
(Curve 4 7 1 7 9 1 )  
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Fig. 12. Operating Times from the No. 1 7 Time D ial  Pos i­
tion for the Type CVE Relay set for D i fferent 
Operating Circ les. V 7 and V2 equal to rated vol­
tage at zero phase angle. (Curve 4 7 1 1 92) 
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T Y P E  CV E R EL AY 
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F ig. 73.  Outline and Dri l l ing Plan for the CVE in FT2 7 case. 
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INSTALLATION 
Westinghouse I .L. 4 1 -681 . 1 C  

• OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE CVE AND CVE-1 

SYNCH RO-VERIFI ER RELAYS 

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

A P P L I C A T I O N  

The synchro-v erifier is used to v eri fy the con­
dition of synchronism existing between two system 
voltages . The contacts will close when these voltage 
are equal ,  within set limits , in  phas e ,  and of the 
same frequency. 

The synchro- verifier is not an automatic syn­
c hronizer and should not be used as such.  Auto matic 
Synchronizers ar e available which p ermit closing 
ahead of  sync hronism at an angle of  p has e-advance 
proportio nal to the be at frequenci es and determined 
by the speed of op eration of  the circuit breaker so 
that the two systems are connected right on synchro­
ni s m .  

A common application o f  the synchro-verfier is 
in conjunction with automatic reclosing equipment 
on loop systems fed by generating stations at two 
or more points . When a line s ection trips out, the 
synchro-verifier is used at one terminal to ch e ck 
synchronism after the remote terminal is recl osed . 
If th e two systems are in synchronism ,  the synchro­
verifier permits the automatic reclosing equipment 
to reclose the breaker. 

C O N T E N T S  

This instruction l eaflet applies to the following 
types of relay s :  

CVE - Synchro-Vertifier Relay 
CVE- 1 S:y nc hro- Vertifier I-lel ay 

C O N S T R U C T I O N  A N D  O P E R A T I O N  

The typ e CVE relay consists o f  an op erating 

SUPERSE DES I . L .  4 1 -681 . 1 B  
Comp l ete Revi s i on to i n c l ude  Type CV E - 1 

element and a restraining element mounted on a 
common disc. The principal p arts of the rel ay and 
their location are shown in Figs. 1, 2, 3, and 4. 

The CVE- 1 relay consi sts of two telephone typ e 
relays in addition to the components of the CVE 
Relay. The principal parts of the relay are connected 
as per fi gure 5 .  

O p erat i n g  Element 

The operating unit c onsists of an "E" type 
laminated electromagnet with two m ain c oil s on the 

center leg and a l ag coil on the l eft l eg.  A re sistor is 
connected acro ss the shading coil. 

When the rel ay is energized with two voltages, 
a fl ux is produced that is proportional to the sum of 
the applied voltages. This flux divides and returns 
thro ugh the outer l egs of the electromagnet. The l ag 
coil on the l eft l eg causes the flux in that leg to l ag 
the main pol e flux. The out-of-phase fluxes thus pro­
duced in the disc gap c auses a contact clo sing torque. 

The resistor c onnected across the lag coil of 
the el ectromagnet provides 'l.d jus tment for different 
operating circles of the relay. Increasing or dec reas­
ing the amount of resistanc e effectively decreases 
or increases the contact c l osing torque of the relay. 

R e stra inin g  E l em e nt 

The restraining el ement consists of an "E" typ e 
1 aminated electromagnet with two main coils on its 
center l eg and a l ag coil o n  its l eft l eg. A flux is pro­
duced that 'is proportional to the difference in the 
applied voltages to the rel ay. This flux divides and 
returns through the outer leg s  of the electromagnet. 
The l ag coil causes the flux through the l eft leg to 
l ag the m ain pole flux. The out-of-phase fluxes thus 
produced in the disc gap causes a contact op ening 
torque. 

I n d i c at i n g  Cant actor Switch U n it ( I C S )  - W h e n  U se d  

The d-e indicating contactor switch is a small 
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(far centering circles) 

Fi g. 7. Type CVE Relay, without Case (Front View) 
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Fig. 2. Type CVE Relay, without Case (Rear View) 
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T Y P E  CVE AN D C V E - 1  R E LAYS--------------------------------------------�•-=L-�4�1-�6�81�.1�c 

� I T H  REU.T i i'E IHSTAIHAMt:OUS 
POLARITY AS SHOWN THE 
CONTACTS CLOSE 

184A540 

Fig. 3. Internal Schematic of CVE; without I CS Unit. 

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. 

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. 

T elep h o n e  R elay 

The telephone relay units 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 armature w hich oper­
ates a set of contacts . 

O p e ration With V o l t a g e  R e l a y s  

The connections shown i n  Fig . 6 using type SG 

voltage relays will provide the following operation: 

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

INDICATING 
CONUCTOR 
SWI TCH - -- --

LEFT HAND 
R.ESI STOR 
( FRONT V I EW) 

W I TH RELATIVE I NSTUTANEOUS POLAR ITY 
AS SHOWN, THE CONTACTS CLOSE 

.-- OPERATING 
El£CTROMAGN£T 

(REAR) 

- RIGHT HAND 
RESISTOR ( FRONT V I EW) 

- RESTRAINT 
ELECTROMAGNEJ 

(FRONT) 

TERMINAL 

185Al22 

Fig. 4. Internal Schematic of CVE, with I CS Unit. 

tact and 27L break contact. 

2.  Clo se the breaker w hen the line is alive and 
the bus is dead,  through the 59L m ake con­
tact and 27B break contact . 

3 .  Close  the break er when the line and bus are 
both alive and when their resp ective 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. 

C V E - 1 O p e ra tion 

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 1 break contact . 

2 .  Close the breaker when the line is alive and 
the bus is dead , through the V1 make con­
tact and V2 break contact. 
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T Y P E  CV E AND CV E - 1  R E LAYS -------------------------

LHT 11.1.110 
RESI STOR( F.Y.} 
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TELEPHOIIE 
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VOLTAGE UNIT 
TELEPHOIIE 
TYPE RELAY _./'. I I GIIT KAJID(F.V . )  

tiGHT HAND 
RESI STOR(F.V, ) � ,  

..---

OPERATING 
ELECTROMAGNET 

( lEAR) 

RESTRAINT 
ELECTROMAGNET 

{FROIIT) 

RED HUDLE 

TEST SWITCH 

TERMINAL .....-

188A624 

Fig. 5. Internal Schematic of C V E- 1  

3 .  Close the breaker when the line and bus are 
both alive and when their respective voltage 
are approximately normal, equal , in phas e,  
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: 

C H A R A C T E R I S T I C S  

The typ e CVE relay and CVE- 1 can be adj usted 
for operating circles from 20 to 60 degrees as shown 
in Fig. 8 .  A s  shipp ed 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 circl e .  

The operating time of the relay i s  shown i n  Fig. 
9 .  These time curves are obtained fro m the tt 11 time 

di al 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 s ettings as shown in Fig. 1 0 .  

4 

Fig .  1 1  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 estiw.,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 each potential source 
by the CVE relay and CVE- 1 relay, with rated volt­
age applied to both circuits of the relay is as follows:  

Voltages Voltages 1 80 
in Phase Degrees Out of Phase 

Volt-amperes 15.4 1 3 . 5  

Power Factor .422 . 422 

Watts 6.5 5 . 7  

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

Volt-amperes 10. 8 

Power Factor 

Watts 

. 422 

4 . 6  

The burden o f  each telephone relay at 1 20 volts 
is as follows :  

10 . 62 volt-amp eres Power Factor 0 . 64 

Conti n uo u s R at i n g  

These relays will continuously stand 1 10% of 
rated voltage applied to the two circuits , either 
separately or simultaneously. 

S E T T I N G S  

D i sc U n i t  

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 

11'1 1  time dial is recommended when the 60° circle 

setting is used. A setting of lf4 time dial or higher 

recommended with .the 40° circl e. A setting as low 
as the Yz time dial should be s atisfactory with the 
20° · circle.  Note from Fig. 10 that the relay will oper­
ate in 1 .  4 seconds in the Yz time dial positions and 
with the 20° setting. If a longer delay is desired a 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



T Y P E C V E  AN D C V E - 1  R E L AYS 

STAT I O N  B U S  

2 5  T 
ZT-59 19 
27 ·59 
-

L
-

2 7·59 -1 8-

I 2 3 

21-59 - 8 -

25 25 

27-59 -9-

R �  
LJ [  

25 
+9 

I.L. 4 1-68 1. 1 C  

P O S .  
D .  C .  C ONTROL BUS 

1 0 1  
0 
1 0 1  
sc 
25 10 

21 
25 l" 
2 5  2 7·59 T -r 

27 · 59 
-1 5-

� L 

CLO SING C IRCUIT  Of 52 

N E G .  

DEV I CE NUMBER CHART 
25 - SYNCitRQ-VERI Fl ER RELAY - TYPE CVE � - OPERATI NG ELECTROMAGNET } OF 

• TYPE � - RESTRAI NT ELECTROMAGNET CVE 
27-59 - UIIDER AND OVERVOLTAGE BUS RELAY , TYPE SG 8 

� - UNDER AND OVERVOLTAGE Ll NE RELAY, TYPE SG 
52 - POWER C I RCU I T BREAKER 

b • BREAKER AUX I L l ARY CONTACT 
101 - CI RCU IT BREAKER CONTROL SWI TCH , TYPE W 

184A863 

Fig. 6 External Sch em ati c  o f  th e C V E  with SG Relay fo r Dead- L in e-Hot Bus and Hot L in e- Dead B u s  Recio sin g. 

higher time-dial setting m ay 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 clo sure, refer 

to Fig, 9. For example, assume a 40° circl e and �t4 
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 cl o sure is: 

where TB = breaker closing tim e in second s 

L et TB = 0 . 5  sec onds 

T hen 40° + 1 7 . 3  x 0 . 5  = 48 . 6 °  

I n d i c a t i n g  C o ntactor S w i tch ( I CS) - Wh•n U s ed 

No setting is required on the ICS unit. 

I N S T A L L AT I O N 

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. 4 1-076. 

A D J U S T M E N T S  A N D  M A I N T E N A N C E  

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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TY P E  C V E  AN D C V E - 1  R E LAY S ________________________ _ 

CLOS I NG CI RCU I T  OF 52 

I 2 3 NEG. ---+------

DEVI CE HUMBER CHART 

25 - SYHCHRO VER I F I ER RELAY-TYPE CVE-1 
0 - OPERAT I NG ELECTROMAGNET J R - RESTRAINT ELECTROMAGNET 
V

1 
- VOLTAGE BUS UN I T  

V2 - VOLTAGE � I NE UN I T  

OF 
TYPE 

CVE-1 

52 - POWER C I RCU I T  BREAKER 
b - BREAKER AUU t i ARY CONTACT 

1 0 1  - C I RCUIT BREAKER COIHROL SW I TCH 

629A086 

Fig. 7 External Schemati c of C V E- 1  for D ead- L i n e-Hot an d Hot L in e- Dead- B u s  R eclo sing. 

A c c e ptance C h e c k  

The following check i s  recommended t o  insure 

that the relay is in proper working order: 

I n d i c a t i n g  C o n ta c tor S w i tc h  ( I C S )  - W h en U se d  

Close the main relay c ontacts and pass suffi cient 

d-e current through the disc-unit contact circuit to 
close the contacts of the ICS. This value of current 
should be n ot 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. The bridging moving con­
tact should touch both stationary contacts simultan­
eously. 

D i sc Unit 

1.  Contacts - The index mark on the movement 
frame will coincide with the "0" mark on the time 

dial when the stationary contact has moved through 
approximately one -half of its normal deflection. There­

fore , with the stationary contact resting against the 

6 

backstop, the index mark is offset to the right of the 

"0" 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.  1 2 . The contacts should just 
close when V2 is within ±4 volts of the values shown 
in Fig .  8 for different angles on the 20 degree circle 
w hen V 1 is equal to rated voltage. 

3 .  Time Curve - With the time dial set at position 
1 1 , the contact sho uld close in 20 ± 1 seconds when 
v1 and v2 are equal to rated voltage at zero phase 
angle .  

4.  Single Ph ase Test - Where a phase shifter and 
phase angle meter are not availabl e,  the rel ay can b e  
tested with in-phase voltages.  Connect the inputs of 
the variable auto-transformers of figure 1 2 to a com­
mon source .  To check the operating circle ,  apply V 1 
e qual to rated voltage and vary v2 . The relay con­
tacts should just close when V 2 is raised to 94 ± 4 
volts and should just open when V 2 is increased to 
1 90 ± 4 volts. 
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T Y P E  CVE AN D C V E - 1  R E LAY S ______________________________________________ I ._L_. _4 1_- 6_B_l.�l c_ 

184A99'7 

Fig. 8 Typ i cal Voltage - Angle Characteri stic of CVE fo r 
Various Clo sin g Angle Settin gs. Rated Voltage on 

One Circuit. 

To check the time curve , set the time dial in 
position 1 1  and apply v1 and V 2 equal to rated vol­
tage. The contacts should close in 20 ± 1 seconds . 

T e l e p ho n e  R e l a ys ( C V E - 1  o n l y )  

Apply a�c .  volts to each telephone relay cir­
cuit . The telep hone 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 intervals 
as may be dictated by experience to be suitable to 
the particular application. 

All contacts should be periodically cleanedo A 

contact burnisher SII 182A836HO 1 is recommended for 

this purpose. The use of abrasive material for clean­

ing contacts is not reco�mended, because of the 

danger of embedding small particles in the f ace of 

the soft silver contact and thus impairing the contact. 

Calibration 

Use the following procedure for calibrating the 
relay if the re lay has been taken apart for repairs, 

\ I d,���� 
• _\ I 

32 

30 

26 

4 
2 1\ I \ J 

I 1 40' CIRCLE 
• 

20 

6 

4 1 /  
2 _\ 1\ I I 
• \ \ L 1/ 
6 

!'-.. - __ / '\. v 

10 

4 .......... v 60' - - CIRCLE 
2 

0 
w � w m w w o w w m � � � 

PHASE ANGLE (DEGREES) BETWEEN VOLTAGES 

184A998 

Fig. 9 Typ i cal Tim e - P hase Angle Curves of C VE. Rated 
Voltage on Both Circuits No. # 1 1  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 "0" mark on the time dial when 

the stationary contact has moved through approximate­
ly-one-half of its normal deflectiono Therefore , with 
the stationary contact resting against the backstop, 
the index mark is offset to the right of the "0" 
mark by approximately 0. 020 ". 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 1 1  position. Next unwind the spring for zero 

tension on the number 1 1  position. Thi s 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 positiono The spring 
convolutions may touch during this operation and the 

outer convolutions may hit other surfaces of the re­
laYo This interference should be disregarded because 
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TYP E C V E  AND C V E - 1 R E LAY S-------------------------
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184A999 

Fig. 10 Operating Time Variations with Changes in Time­

Dial Settings. R ated In-Ph ase Voltage on Both 
Circuits, 20 Degree Circle Settin g. 

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 el ectromagnet. This can be done by 
opening the s crew connection on the lag coil of the 
rear electroma gnet or by inserting a pie c e  of insulating 
material under the adj ustab l e  point of the l eft hand 
resistor ( front vie w ). Connect the relay to test circuit 

of Fig . 1 2  and appl y  rated voltage at zero phase angl e 
on both circuits . With the right hand plug all the way 

in, adjust th e l eft hand plug of the rear el ectromagnet 
such that the disc does net move from the number 1 1  
time dial position .  This can be  determined by no mo ve­
ment of the disc when the time dial is  moved beyond 
the number 11 position. 

4. Centering Circl e - Close the lag coi l  circuit of 
the rear electromagnet and set the left hand resistor 
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Fig. 1 1  Approximate M axim um Slip Frequen cy for which 
Op eration O ccurs - R ated Voltage on Bo th Sides. 

at approximately one-third of its resistance.  Adjust 
the phase  shifter in the lagging direction until the 
contacts j ust clos e  w ith v1 and v2 equal to rated 
voltage. Note the angle at which the contacts j ust 
clos e .  Then adjust the phase s hifter in the l eading 
direction until the contacts j ust close w ith V 1 and V 2 
e qual to rated voltage. If the latter angl e is not with­
in ± 1 degree of the former angle,  adjust the right 
hand resistor (front view ) until the two angl e s  are 
withirt ± 1 degree of each other. 

5. Spring Adjustment - Adjust the l eft resistor front 
view such that th e m o ving contact j ust l eave s  and 
returns to the backstop of the time dial at the number 
1 1  position between 37° and 38°, with rated volta ge 
on both sides . Change the angle to 20o degrees  and 
adjust the reset s prin g  until the contacts j ust make.  
Rotate the phas e shifter to  move V 2 through zero 
phas e angl e  to an an gl e  where the contacts j ust make. 
The contacts should j ust  close at an angl e  of 20 ± 2 

degrees with V 1 and V 2 equal to rated voltage, 

The relay is now calibrated for a 20 degree circle .  
Other points of  the circ le may be  checked by apply-
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TY P E  CV E AN D C V E - 1  R E L AYS -------------------------'':.:.:·L=:.·_:_4.:..1-�68:..:l·:...:.l.:::_C 

3 PHASE C V E  R E L AY ( FRONT VIE W )  1 2 0  VOLTS 

� t - ADJUST TO GIVE FULL LOAD I 2 3 d[)tl � l:� ON PHASE A N G L E  M E T E R  

PHASE 
ANGLE 
METER 

TINER 

START ±0 o-� --o± 
-o -o 

STOP 
0 0  

D. P. S.T. I � SWITCH 

""'-<J-cr- ® � --
� I) I; 

VA RIABLE 

CVE Qll l lt 
'----

r - -- - - - - - - - - - - - -
I 

0 0 0 0 ' 0 0 0 0 > _ _  � - - - - - - - -- -- - -

- - 1 

- -
' I 

- - ...J 19 ® ® 7 g + 
® ® ' 0\ (e) · �  

AUT O - TRANSFORMER� 
230 VOLTS 0J l 185A001 

Fig. 12 Diagram o f  CVE Test Conn ections. 

ing the proper value of V 2 at the proper angle. The 20 
degree circle should be within ± 4 volts of the curve 
value. 

6.  Time curve - Install the p ermanent magnet on the 
rel ay .  Adjust the permanent m agnet keep er until the 
op erating time of the relay from the number 1 1  time 
dial po sition is 20 ± 0 . 6  seconds with V 1 and V 2 e qu al  
to rated voltage at zero phase angle .  

7 .  Circles other than 2 0  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 ex!lmple, if a 40 degree circle is desired, 

adjust the left hand resistor until the contacts j ust 

close with v1 and v2 e qual 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. 
9 .  

C a l ibrat ion  With-in P h a se V o l tage s  

If a phas e angle meter and a phase shifter are not 
available,  the relay can be cal ibrated with in phase 

voltages for approximate c ircles in the following 
manner: 

1. Preliminary Adjustments - Remove the perma­
nent magnet from the relay and set the time dial on 
the number 1 1  position. Next unwind the spring for 
zero tension on the number 1 1  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 1 1  position. The 
spring convolutions may touch during this o peration 
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 
negligibl e.  The reason for unwinding the spring is 
that tl].e amount of tension on the reset spring affects 
the diame ter 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 - W ith 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 adjustabl e point of 
the left hand resistor (front vi ew) . Apply ra te d  voltage 
at zero phas e angl e 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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TYP E C V E  AND C V E - 1 R E LAYS------------------------

the right hand plug all the way in,  adjust the l eft 
hand plug such that th e disc does not move from the 
number 1 1  time dial position. This can be determined 
by no movement of the disc when the time dial is 
moved beyond the number 1 1  position. 

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

4 .  Sprin g Adjustment - Adjust the l eft hand re­
sistor ( front view) such that th e moving contact just 
leaves the backstop of the time dial at the number 1 1  

position with v1 equal to 1 20 volts and V 2 equal to 
64 volts . Then adjust the reset spring such that the 
contacts will just cl ose with v1 equal to 1 20 volts 
and V 2 equal to 94 volts . 

The relay is now calibrated for approximately a 20 
degree circle.  Check the other in phas e point of the 
circle by applying V 1 e qual to 1 20 volts and increas­
ing the value of V 2 until the contacts are just making. 
V 2 should be 190  ± 8 volts . 

4 .  Time curve - Install the permanent magnet 
on the relay. Adjust the permanent magnet k e eper 
until the operating time of t he rel ay from the 1 1  time 
dial position i s  20 ± 0. 6 seconds with V 1 and V 2 
e qual to rate d voltage at zero phase angle. 

5. Circles Other Than 20 D e grees - This adjust­
ment should not be done until th e above adj ustment 
for a 20 degree circle h as been completed. 

set V 1 equal to noted vol tage and apply v2 to a value 

as determined by Fig. 13.  Adjust the left hand resistor 
until the contacts just close . 

Ch eck th e circl e by timin g the relay with V 1 and V 2 
equal to rated voltage. The relay should operate from 
the number 1 1  time dial position within ± 7 p ercent of 
the times s hown in Fig .  1 4 .  

E L E C T R I C A L  C H E C K P O I N T S 

With v1 in Fig .  1 2 equal to rated voltage the 
following approximate voltages should be obtain­

ed across the coils of the 120 volt relay. Relay set 

1 0  

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 a);lplied to v2 circuit only 
Operating Electromagnet 

Upper terminals 5 7  

Lower terminals 59 

Lag coil circuit 22 

Restraint Electromagnet 

Upper terminals 54 

Lower terminals 58 

Approximate d.c .  resistances of the coil s  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 
40 degree circle 
60 degree circle 

4800 ohms 
2250 o hms 

890 ohms 

R E N E W A L  P A R T S  

Repair work can be done most satisfactorily at 
the factory. However, interchangeable parts can be 
furnished ta the customers who are equipped for do­

ing repair work, When ordering parts , always give the 

complete nameplate data. 

-
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C I R C L E  I N  D E GR E E S  

Curve 471191 

Fig. 13 V2 Voltage for Different Operating Circles. V 1 
equal to rated voltage at zero phase angle. 
(Curve 47 1 1 9 1) 
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Fig. 14 Op.,.ating Time s  from th e No. 1 1  Time Dial P osi­
tion for th e Type CVE R elay set for Different 
Op erating Circles. V1 and V2 equal to rated vol­
tage at zero phase angle. ( Curve 4 7 1 192) 
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T Y P E  C V E  AND C V E - 1 R E LAY S ________________________ _ 
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Fig. 15 Outline and Drillin g P lan for the CVE and C V E- 1 in F T2 1  case. 

W E S T I N G H O U S E E L E C T R I C  C O R P O R A T I O N  
R E LAY- I N STR U M E NT D IVI S I O N  N EWAR K, N .  J.  

Printed i n  U.S.A. 
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Westinghouse I.L. 41-68 1 . 1 F  

INSTALLATION • OPERATION • MA INTENANCE 

INSTRUCTIONS 
TYPE CVE AND CVE-1 

SYNCHRO-VERIFIER RELAYS 

CAUTION Before putting the Synchro-Verifier into 
servic e ,  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. 

A P P L I C A T I O N  

The synchro- verifier i s  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 closing 
ahead of  synchronism at an angle of  p hase-advance 
proportional to the beat frequencies and determined 
by the speed of  op eration of  the circuit breaker so 
that the two systems are connected right on synchro­
nis m .  

A common applicatio n of  t h e  synchro-v erifier i s  
in conj unction with automatic reclosing equip ment 
on loop systems fed by generating stations at two 
or more point s .  When a line section trip s out , the 
synchro-verifier i s  used at one terminal to check 
synchronism after the remote t erminal is reclosed. 
If the two systems are in synchronism,  the synchro­
verifier permits the automatic reclosing equip ment 
to reclose the breaker. 

C O N T E N T S  

This instruction leafl et applies to the following 
types of  relay s :  

CVE-- Synchro- Verifier Relay 
CVE- 1 Synchro- Verifier Relay 

C O N S T R U C T I O N  A N D  O P E R A T I O N 

The type CVE rel ay consists of an op erating 

SUP ERSEDES I . L. 4 1 -68 1 . 1 E  
*Denotes change from sup erseded i ssue. 

element and a restraining element mounted on a 
common disc. Th e principal p arts of the rel ay and 
their location are shown in Figs. 1, 2, 3, and 4. 

The CVE- 1 relay consists of two telephone typ e 
relays in addition to the components of the CVE 
Relay .  The principal parts of  the relay ar e connected 
as per fi gure 5 .  

O p e r a t i n g  E l e m ent 

The operating unit consist s  of an "E" ty pe 
laminated electromagnet with two main c oils on the 

center 1 eg and a 1 ag co.il on the 1 eft 1 eg. A resistor is 
connected acro ss the shading coil . 

When the rel ay 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 l egs of the electromagnet. The l ag 
coil on the l eft l eg causes the flux in that l eg to l ag 
the main pol e flux. The out-of-phase fl uxes thus pro­
duced in the disc gap causes a contact closing torque. 

The resistor c onnected across the lag coil of 
the el ectromagnet provides adjustment for different 
operating circles of the relay. Increasing or decreas­
ing the amount of resistance effectively decreases 
or increases the contac t clos ing torque of the relay. 

R e stra i n i n g  E l e m e n t  

The restraining el ement consists o f  an " E "  typ e 
l aminated electromagnet with two main coils on its 
center l eg and a l ag coil on its left l eg. A flux is pro­
duced that is proportional to the difference in the 
applied voltages to the rel ay. This fl ux divides and 
returns through the outer l egs of the electromagnet. 
The l ag coil causes the flux through the l eft leg to 
l ag the main pole flux. The out-of-phase fluxes thus 
produced in the disc gap causes a contact op ening 
torque. 

I n d i c a t i n g  Cantactar S w i t c h  U n i t  ( I C S) - When U sed 

The d-e indicating contactor switch is a small 
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Fi g. 1. Type CVE Relay, without Case (Front V iew) 
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T Y P E  CVE AN D C V E - 1  R E LAYS _____________________________________________ I_. L_. _41_- 6_B_L_1 F __ 

I - evE 
LEFT hAIID- --f-------1-- _ 
RES I S TOR 

F . V .  

WITH RELAT I VE INSTANTANEOUS 

POLARITY AS SHOWN THE 
CONTACTS CLOSE 

INTERNAL SCHEMATIC 

OPERATlltG 

184A540 

Fig. 3. Internal Schematic of CVE; without I CS Unit. 

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. 

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. 

T e l e p h o n e  R elay 

The telephone relay units 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 armature which oper­
ates a set of contacts .  

O p e ration With Volt a g e  R ela y s  

The connections shown i n  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-

INDICATING 
CONUCTOR 
SWITCH -

LEFT HAND 
R,ESISTOR 
( FRONT V I EW) 

WITH RELATIVE I NSTANTANEOUS POLARITY 
AS SHOWN, THE CONTACTS CLOSE 

- OPERATING 
ElECTRONAGNET 

(REAR) 

-- R I GHT HAND 
RESISTOR 
( FRONT V I EW) 

- RESTRAIIIT 
ELECTROMAGN£1 

(FRONT) 

REO HANDLE 
--TEST SWITCH 

T£RioiiNAL 

185Al22 

Fig. 4. Internal Schematic of CVE, with I CS Unit. 

tact and 27L break contact .  

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

3 .  Clo se the breaker when the line and bus are 
both alive and when t heir respective voltage 
are approximately normal, equal , in p has e ,  
and of the same frequency, through t h e  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. 

C V E - 1 O p eration 

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

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

2 . Clo se the breaker when the line is alive and 
the bus is dead , through the V 1 make con­
tact and V2 break contact. 
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T Y P E  CVE AN D C V E - 1  R E LAY S  _______________________ _ 

l[FT HAIID 
IIESI STOR( F , Y . )  

VOLTAGE U II I T  
TELEPHONE -­
TYPE RELAY 
LE" HAND( f.Y. )  

VOLTAGE UN IT  
TELEPHOME 
TYPE RELAY 
I I GIIT HAMD(F . V . )  

R,IGHT HAMD 
____ --- RESISTOII{F.V. ) 

OPERATIIIG  
-1'+-+--t--ELECTROMAGMET 

(REAR} 

RESTRAINT 
--l<+-+---r--ELEt�::�)MET 

REO HAIIDLE 

TEST SWITCH 

TEIIMIIIAL 

188A624 

Fig. 5. Internal Schem atic of C V E- 1 

3 .  Close the break er 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: 

C H A R A C T E R I S T I C S  

The type CVE relay and CVE- 1 can b e  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 falls within the appro­
priate circle .  

The operating time of the relay i s  sho wn in Fig. 
9 .  These time curves are obtained from the # 1 1  time 

dial setting w hen the applied voltages are equal to 
tated voltage and of the same frequency. Shorter 
operating times can be obtained at different time 
dial settings as shown in Fig. 1 0 .  

4 

Fig .  1 1  shows how high a slip frequency will 
cause operation .  The maximum slip frequency is a 
function of the circle and time dial settings.  T his 
characteristic is of interest in estiw.,ting the angu­
lar difference at the instant of breaker closure , for 
cases w here the two systems are slipping slowly. 

B u rden 

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 is as follows :  

Voltages Voltage s 1 80 

in Phase Degrees Out of Phase 

Volt-amperes 1 5 . 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 

Power Factor 

Watts 

. 422 

4.6 

The burden of each telephone relay at 1 20 volts 
is as follows : 

1 0 . 62 volt-amperes Power Factor 0 . 64 

C o n t i n uo u s R at i n g  

These relays will continuously stand 1 10% of 

rated voltage applied to the two circuits , either 
separately or simultaneously. 

S E T T I N G S  

D i s c U n i t  

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 

tt l l  time dial is recommended when the 60° circle 

setting is used. A setting of tt4 time dial or higher 

recommended with .the 40° circl e. A setting as low 
as the Y2 time dial should be satisfactory with the 
20° " circl e .  Note from Fig. 10 that the relay will oper­
ate in 1 .  4 seconds in the Y2 time dial positions and 
with the 20° setting. If a longer delay is desired a 
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TYP E C V E  AND C V E - 1  R E LAYS 
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CLOS ING  C I R C U I T  OF 52  
I 2 3 NEG . _.._ _______ _ 

DEV I CE NUMBER CHART 

25 - SYNCHRD-YER I FI ER RELAY - TYPE CYE 

205 - OPERATI NG ELECTROMAGNET } OF 
TYPE 

2: - RESTRAI NT ELECTROMAGNET CYE 

27·59 - UID£R AND OVERVOLTAGE BUS RELAY , TYPE SG 
B 

� - UNDER AND OYERYOLTAGE L I NE RELAY, TYPE SG 

52 - POWER C I RCU I T  BR�AK ER 

b - BREAKER AUX I L I ARY CONTACT 

10 1 � CI RCU I T  BREAKER CONTROL SWI TCH , TYPE W 

l84A863 

Fig. 6 External Sch em ati c  o f  the C V E  with SG Relay fo r Dead- L in e-Hot B u !<  and Hot L i n e- Dead B u s  R ecio sin g. 

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° circl e and 114 
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 cl o sure is: 

where TB = breaker closing time in second s 

L et TB = 0 . 5  seconds 

Then 40° + 1 7 . 3  x 0 . 5 = 4 8 . 6 ° 

Ind i c a t i n g  C o ntactor Sw i tch ( I CS)  - When U s ed 

No setting is required on the ICS unit. 

I N S T A L L A T I O N 

The relays should be mounted on switchboard 
panels or their equivalent in a location free from 

dirt, moisture , exc essive 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. 4 1-076. 

A D J U S T M E N T S  A N D  M A I N T E N A N C E  

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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TY P E  C V E  A N D  CV E- 1 R E LAY S ________________________ _ 

CLOSIIG C I RCU I T  OF 52 

1 2 3 1£6, __ ..._ _____ _ 

OEVI CE lUMBER CHART 

21 • SYICJIIO VEI I f i EI RELAY-TYPE CYt·l 
0 • OPUAT 1 111 ELECTIOMAIIIET ] I • I !STU lilT ELECTRCIIAGII ET 
Y1 • VOLTAGE IUS UII IT 
Y2 • VOLTAGE U I II E  UII I T  

OF 
TYPE 
CVE·I 

52 • POWER C IRCU IT  BREAKER 
b • BREAKER AUI I U I ARY COIITACT 101 • C I RCUIT BRUl£1 COIITROL SW I TCII 

629A086 

Fig. 7 External Schemati c of C V E- 1 fo r Dead- L i n e-Hot and Hot L in e- Dead- B u s  R eclo sing. 

A c c e p t a n c e  C h e c k  

The following check i s  recommended t o  insure 

that the relay is in proper working order: 

Ind i c a t i n g  C ontactor  Sw i tc h  ( I C S )  - W h e n  U se d  

Close the main relay c ontacts and pass sufficient 

d-e 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 o peration indicator target should 
drop freely. 

The contact gap should be approximately . 047" 
between the bridging moving contact and the adjust­

able stationary contacts. The bridging moving con­
tact should touch both stationary contacts simult�­
eously. 

D i sc Unit  

1 .  Contacts - The index mark on the movement 

frame will coincide with the "0" mark on the time 
dial when the stationary contact has moved through 
approximately one -half of its normal deflection. There­
fore , with the stationary contact resting against the 

6 

backstop, the index mark is offset to the right of the 

"0" 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. 1 2 . The contacts should just close 
under the following two conditions: 

1) When v2 = v1 .= rated voltage and their p hase 
difference is between 18° and 22° (either leading 
or l agging). 

2) When v1 = rated voltage and v2 is increased to 

94 ± 4V. in phase with V1 

3 .  Time Curve - With the time dial set at position 
1 1 , the c ontact should clos e 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 1 1  and apply v1 and V 2 equal to rated vol­
tage. The contacts should close in 20 ± 1 seconds . 
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T Y P E  CVE AN D C V E - 1  R E LAY S --------------------------------------------�� -�L�. 4�1�-6�8�1 .�1 F 

184A997 

Fig. 8 Typical Voltage - Angl e Characteristic o f  CVE for 
Various Clo sing Angle Settings. Rated Voltage on 

One Circuit. 

T e l e p ho n e  R e l a ys ( C V E - 1  o n l y )  

Apply a�c .  volts to each telephone relay cir­
cuit . The telephone relay should pickup w hen 9 5  
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 intervals 
as may be dictated by experience to be suitable to 
the particular application. 

All contacts should be periodically cleaned" A 
contact burnisher Stt 182A836HO 1 is recommended for 
this purpose. The use of abrasive material for clean­
ing contacts is not recommended, because of the 

danger of embedding small particles in the f ace 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 

• \ d,���� 
0 1 
• 

6 

4 

• \ I 
0 \ J 

I / •o• 
CIRCLE 

• 

6 

4 

. \ 1\ I I \ \ v 1/ • "- v 
10 

6 " v 
4 '-1-- -__..- &o• 

CIRCLE • 
0 
60 50 40 30 20 10 0 10 20 30 40 50 60 

PHASE ANGLE { DEGREES) BETWEEN VOLTAGES 

184A998 

Fig. 9 Typ i cal Tim e - P hase Angle Curves of C VE. R ated 
Voltage on Both Circuits No. # 1 1  Dial Time Settin g. 

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

1. Contact - The index mark on the movement frame 
coincides with the "0" 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 " 0 "  
mark by apt�roximately 0. 020 ". The placement o f  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

nert magnet from the relay and set the time dial 011 the 

number 1 1  position. Next unwind the spring for zero 

tension on the number 1 1  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 1 1  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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TYP E C V E  AN D C V E - 1  R E LAY S-------------------------
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184A999 

Fig. 10 Operatin g Time Variation s  with Changes in Tim e­
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 Adj ustments - With the relay set 
as per the preliminary adj ustments , open the lag coil 
circuit of the rear el ectromagnet. This can be done by 
opening the s crew connection on the lag coil of the 
rear electroma gnet or by inserting a piec e  of insulating 
material under the adjustable  point of the left hand 

resistor ( front vie w ). Connect the relay to test circuit 

of Fig. 1 2  and apply rated voltage at zero phase angl e 
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 1 1  

time dial position . Thi s  can b e  determined by n o  move­
ment of the disc when the time dial is  moved beyond 
the number 11 position. 

4. Centering Circl e - Close the lag coil circuit of 
the rear electromagnet and set the left hand resistor 

8 
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ui .08 

u .06 
.05 ,_ � .04 "' ::J � .03 

0: u. 
Q. .02 :::; (/) 
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I .0  
.008 

.006 
.005 

.004 

.003 

\ \ 

\ 
\ 

- -

""" 
........ � --- - - -

\ 
� " '-., 

I'-. 

\ \ -- -� -- - ---
" 

I' 

2 3 4 

...::.::::. --- --- --- --- ---
� --

-

............. � ..._ --� � 
--- - - --- --- - - - --

---�o· 
r-- --

6 7 8 9 10 I I  
TIME DIAL 

185Al23 

Fig. 1 1  App roximate Maximum Slip Frequency for whi ch 
Op eration O ccurs - R ated Voltage on Both Sides. 

at approximately one-third of its res isi,auce. Adjust 
the phase shifter in the lagging direction until the 
contacts j ust clos e  w ith v1 and v2 equal to rated 
voltage. Note the angle at which the contacts just 
clos e .  Then adjust the phase shifter in the l eading 
direction until the contacts j ust close w ith V 1 and v2 
equal to rated voltage .  If the latter angl e is not with­
in ± 1 degree of the former angl e ,  adjust the right 
hand resistor (front view) until the two angles are 
withir1 ± 1 degree of each other. 

5 .  Spring Adjustment - Adjust the left re sistor front 
view s uch that the moving contact j ust leaves  and 
returns to the backstop of the time dial at the number 
1 1  position between 40° and 4 1 °,  with rated voltage 
on b oth sides . Change the angle to 20° degrees and 
adjust the reset spring until the contacts just make.  
Rotate the  phas e shifter to  move V 2 through zero 
phas e angle to an an gle where the contacts j ust make. 
The contacts should j ust close at an angle of 20 ± 2 

degrees with v1 and v2 equal to rated voltage. With 

V 1 equal to rated voltage the contacts should j ust 

close when v2 is increased to 94 ± 4 v. in phase 

with v1 . If necessary, readjust spring slightly to 
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TY P E  CV E AN D C V E -. 1  R E L AYS _______________________ ..:.1 -:.::L� • ..:..41:....-6:.:8:..:.:l .:.:.l :.._F 

:3 PHASE 
1 20 VOLTS 

� 
I 2 3 t · ADJUST TO G IVE F U L L  LOAD 

ON P H A SE A N G L E  M E T E R  

D. P. S.T. 
SWITCH 

PHASE 
A N G L E  
M E T E R  

>-�\----�-a----o--o----�1) � 
VA R I A B L E  

AUTO · TRANSFORMER � r-
230 VOLTS J-'-_ 

C V E  R E L AY ( F RONT VIE W )  

C V E  

Fig. 1 2  Diagram o f  C V E  Test Conn ections. 

Operating Electromagnet 

185A001 

obtain this condition. The relay is now calibrated 
for a 20 degree circle .  Upper terminals 59 volts 

6. Time curve - Install the p ermanent magnet on the 
relay. Adjust the p ermanent m agnet keeper until the 
operating time of the relay from the number 1 1  time 
dial position is 20 ± 0 . 6  seconds with v 1 and v 2 e qual 

to rated voltage at zero p hase angle .  

7 .  Circles other than 2 0  degrees - This adjustment 

should not be done until the above adjustments for a 

20 degree circle have been completed. 

Lower terminals 57 
Lag coil circuit 22 

Restraint Electromagnet 
Upper terminals 58 

Lower terminals 54 

With 1 20 volts applied to v2 circuit only 
Operating Electromagnet 

Upper terminals 57 
Lower terminals 
Lag coil circuit 

Restraint Electromagnet 

59 
22 

Upper terminals 54 

Lower terminals 58 

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 V 2 equal 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. 
9 .  

Approximate d.-c.  resistances of the coils are a s  fol­

lows: 

E L E C T R I C A L  C H E C K P O I N T S 

With v1 in Fig. 1 2 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. 

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 
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T Y P E  C V E  AND C V E - 1 R E LAYS -------------------------

(/) 
� _J 
0 
> 

1 2 0  

1 0 0  

8 0  

z 6 0  

"' 
> 

4 0  

2 0  

i\ \ 1\ \ r\ \ 1\ \ 

20 4 0  6 0  

C I RC L E  IN  D E GR E E S  

Curve 471191 

Fig. 13 V2 Voltage for Different Operating Circles. V 1 
equal to rated voltage at zero phase angle. 
(Curve 47 1 19 1) 

Approximate resistance values of left hand resistor 

for various operating circles. Resistance values can 
vary appreciably between relays, 

1 0  

20 degree circ le 
40 degree circle 

60 degree circle 

4800 ohms 
2250 ohms 

890 ohms 

(I) 0 z 

2 0  

1 6  

0 1 2  (,) 1&.1 (I) 
z 

8 

4 

� 
� \  
\ 
\ ' 

\ \ 
"" "" 

20 40 60 

C I RC L E  I N DEGR E E S  

Curve 471192 

Fig. 14 Operating Times from the No. 1 1  Time Dial Posi­
tion for th e Typ e C V E  R elay set for Different 
Operating Circl es. V1 and V2 equal to rated vol­
tage at zero phase angle. ( Curve "S" 4 7 1 1 92) 

R E N E W A L  P A R T S  

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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T Y P E  CVE AND C V E - 1  R E LAY S--------------------------------------------�'·�L.�4�1-�6�81�.1�F 

• 190-32 SCREW 
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Fig. 15 Outlin e and Drilling P l an for the CVE an d C VE- 1 in F T2 1  case. 
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INSTALLATION 
Westinghouse I .L. 4 1 -6B l . 1 G  

• OPERATION • MA INTENANCE 

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. 

A P P L I C A T I O N  

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 closing 
ahead of synchronism at an angle of phase-advance 
proportional to the beat frequencies and determined 
by the speed of operation of the circuit break er so 
that the two systems are connected right on synchro­
nism.  

A common application of the synchro-verifier 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  used at one terminal to check 
synchronism after the remote t erminal is reclos ed. 
If the two systems are in synchronism,  the synchro­
verifier permits the automatic reclosing equipment 
to reclose the breaker .  

C O N T E N T S  

This instruction leaflet applies to the following 
types of relays: 

CVE-- Synchro-Verifier Relay 
CVE- 1 Synchro-verifier Relay 

C O N S T R U C T I O N A N D  O P E R A T I O N  

The typ e CVE relay consists of an op erating 

SUPERSEDES I. L. 4 1 - 68 1 . 1  F 
*Denotes change from sup erseded i ssue. 

el ement and a restraining element mounted on a 
common disc. Th e princip al p arts of the rel ay and 
their location are shown in 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 figure 5 .  

O p erat i n g  E l e m ent 

The operating unit consists of an "E" type 
laminated electromagnet with two main c oils on the 

center 1 eg and a I ag co.il on the 1 eft 1 eg. A resistor is 
connected acro ss the shading coil .  

When the rel ay 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 l egs of the el ectromagnet. The l ag 
coil on the l eft l eg causes the flux in th at leg to l ag 
the main pol e flux. The out-of-p hase fluxes thus pro­
duced in the disc gap causes a contact clo sing torque. 

The res is tor c onnected across the lag coil of 
the el ectromagnet 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. 

R e stra i n i n g  E l em e n t  

The restraining el ement consists o f  an "E" typ e 
l aminated el ectromagnet with two main coils on its 
center leg and a l ag coil on its l eft l eg. A flux is pro­
duced that i s  proportional to the difference in the 
applied voltages to the relay. This fl ux divides and 
returns through the outer l egs of the el ectromagnet. 
The l ag coil causes the flux through the left leg to 
l ag the main pole flux. The out-of-phase fluxes thus 
produced in the disc gap causes a contact op ening 
torque. 

I n d i c a t i ng Contactor S w i t ch Un i t  ( I CS)  - When U se d  

The d-e indicating contactor switch is a small 
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Restraint Electromagnet 

- Right Hand Resistor 
(lor centering circles) 

Fi g. 1. Type CVE Relay, without Case (Front View) 

Lag Coil 

Main Coils 
Operating 
Electromagnet 

Fig. 2. Type CVE Relay, without Case (Rear View) 
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T Y P E  CVE AND CY E - 1  R E LAYS _______________________ I . L_._4_1 -_6 B_l_. l_G 

LEFT nAIID- --­
ilESI STOR 

F.� • 

�ITH RELAT IVE IHSUIHANEVIJ S 

POLA.RITY AS SHQjjH THE 

CONTACTS CLOSE 

INTERNAL SCHEMATIC 

OPERAT I N G  

ELf.CTROI-lAiJJIIET (REAR) 

Rl"hT hAMD 

RESI STOR 

F.'/.  

RESTII:AIIIT 
ELECTROHA"IIET �.f.Ji:OIIT) 

REO HANDLE 

-TEST SWITCn 

TERMIIIAL 

184A540 

Fig. 3. Internal Schematic of CVE, without I CS Unit. 

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. 

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. 

T e l e p h o n e  R e l o y 

The telephone relay units 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 armature which oper­
ates a set of contacts .  

O p erat i o n W i th V o l t a g e  R e l a y s  

The connections shown in Fig . 6 using typ e 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-

I N D I CATING 
COMTACTOR 
SWITCH -

LEFT HAND 
R.ESI STOR 
(fRONT V I EW) 

WITH RELATIVE IIISTAIITAIIEOUS POLAR ITY 
AS SHOWN, THE CONTACTS CLOSE 

�OPERATING 
_ _ __.-- ELECTROMAGNET 

(REAR) 

_ - R I GHT HAND 
RESI STOR 
(FRONT VIEW) 

-- - RESTRA INT 
ELECTROMAGIIEJ 

( FRONT) 

REO HANDLE 
-- TEST SWITCH 

TERMINAL 

185Al22 

Fig. 4. Internal Schematic of CVE, with I CS Unit. 

tact and 27L break contact .  

2 .  Close  the breaker when the line is alive and 
the bus is dead, through the 59L m ake 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. 

C V E - 1 O p erat i o n  

T h e  connections shown i n  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 mak e  con­
tact and V 1 break contact . 

2 .  Close the breaker when the line is alive and 
the bus is dead, through t he V 1 make con­
tact and V2 break contact. 
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T Y P E  C V E  AND C V E - 1  R E LAYS-------------------------
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188A624 

Fig. 5. Internal Schematic of C VE- 1 

3 .  Close the break er when the line and bus are 
both alive and when their respective voltage 
are approximately normal , equal , in phas e ,  
and of t h e  same frequency, through t h e  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: 

C H A R A C T E R I S T I C S  

The typ e  CVE relay and CVE- 1 can be adj usted 
for operating circles from 20 to 60 degrees as shown 
in Fig. 8 .  A s  shipped from the factory the relay is 
calibrated for the 20 d egree circle .  These circles 
apply  w hen one side has rated voltag e .  The relay 
op erates ,  if the other voltage fall s  within the appro­
priate circl e .  

The  operating time of the  relay is  shown in  Fig .  
9 .  These time curves are obtained from the  tt 1 1  time 

dial setting w hen 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. 1 0 .  

4 

Fig .  1 1  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 estirr>.,ting the angu­
lar difference at the instant of breaker closure, for 
cases w here the two systems are slipping slowly. 

B u rden 

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 is as follows:  

Voltages Voltage s 1 80 
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 and CVE- 1 relay 
with rated voltage applied to one circuit is as follows:  

Volt-amperes 

Power Factor 

Watts 

10. 8  

. 422 

4.6 

The burden of each telephone relay at 1 20 volts 
is as follows:  

1 0 . 62 volt-amperes Power Factor 0 . 64 

Conti n u o u s  R at i n g  

These relays will continuously stand 1 10% of 
rated voltage applied to the two circuits , either 
separately or simultaneously. 

S E T T I N G S  

D i s c U n i t  

A s  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 

1tll time dial is recommended when the 60° circle 

setting is used. A setting of lt4 time dial or higher 

recommended with .the 40° circl e. A setting as low 
as the Y2 time dial should be satisfactory with the 
20° · circ l e .  Note from Fig. 10 that the relay will oper­
ate in 1 .  4 seconds in the Y2 time dial positions and 
with the 20° setting. If a longer delay is desired a 
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TY P E  C V E  AND C V E - 1  R E L AY S  

I 2 3 

27- 59 
-9 -

CLOSING C IRCU IT  OF 5 2  

I . L .  41 -68 1 . 1  G 

27  T 
27-fl9 ,.---
2 7 - 59 _1_5_ 
� 
L 

MEG . _..._ _______ _ 

DEV I CE NUMBER CHART 

25 - SYMCHRo-VER I FI ER RELAY - TYPE CVE 
2
0
5 - OPERAT I N G  ELECTROMAGIIET } OF 

TYPE 25 - RESTRAI NT ELECTROMAGNET CVE 
R 

27•58 - UIO£R AND OVERVOLTAGE BUS RELAY , TYPE SG B 

� - UNDER AND OVERVOLTAGE L I NE RELAY , TYPE SG 

52 - POWER C I RCU I T  BREAKER 

b - BREAKER AUX I L I ARY CONTACT 
101 - CI RCU I T  BREAKER CONTROL SWI TCH ,  TYPE W 

184A863 

Fig. 6 External Sch em atic of th e CVE with SG Relay fo r Dead- L i n e-Hot Bus and Hot L in e- Dead Bus R eclo sing. 

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 clo sure, refer 
to Fig. 9. For example, assume a 40° circl e and �t4 

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 

break er cl osure is: 

where TB = breaker closing time in seconds 

L et TB = 0 . 5  seconds 

Then 40° + 1 7 . 3  x 0 . 5  = 48 . 6° 

I n d i c a t i n g  C o ntactor Sw i tch ( I C S) - Wh•n U s ed 

No setting is required on the ICS unit. 

I N S T A L L AT I O N 

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. 4 1-076. 

A D J U S T M E N T S  A N D  M A I N T E N A N C E  

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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CLOSING C I RCU IT OF 52 

1 2 3 NEG. __ ...._ _____ _ 

DEV I CE lUMBER CHART 

25 - SYICIIIO YEI I F. I ER RELAY-TYPE CW£-1 
0 - OPEIAT 1 16 ELECTROIIAGIIET ] I - IESTU IIIT ELECTROJIAGIIET 
V1 - VOLTAGE BUS UN I T  
Y2 - VOLTAGE U I I E  UN I T  

OF 
TYPE 
CYE-1 

52 - POWER CIRCU IT BREAKER b - BREUER AUU U I ARY CONTACT 
101 - C I RCUIT BREAkER CONTROL SWITCH 

629A086 

Fig. 7 Extern al S ch em ati c of C VE- 1 for Dead- L ine-Hot-Bus and Hot-L ine-Dead- B u s  R e closing. 

A cce p t a n c e  C h e c k  

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

I n d i c a t i n g  C on t a c to r  Sw i tc h  ( I CS)  - W h en U s e d  

Close the main relay c ontacts and pass sufficient 

d-e 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 adjust­
able stationary contacts. The bridging moving con­
tact should touch both stationary c ontacts simultan­
eously. 

D i sc Unit  

1 .  Contacts - The index mark on the movement 
frame will coincide with the "0" mark on the time 
dial when the stationary c ontact has moved through 
approximately one -half of its normal deflection. There­
fore , with the stationary contact resting against the 

6 

backstop , the index mark is offset to the right of the 
"0" 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. 1 2 . The contacts should just close 
under the following two conditions: 

1 )  When v2 = v1 . =  rated voltage and their p hase 
difference i s  between 1 8° and 22° (either leading 
or lagging) .  

2)  When V1 = rated voltage and V2 is  increased to 

94 ± 4V. in phase with v1 

3 .  Time Curve - With the time dial set at position 
1 1 , the contact sho uld clos e  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 1 1  and apply v1 and V 2 equal to rated vol­
tage. The contacts should close in 20 ± 1 seconds . 
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T Y P E  CVE AN D CV E - 1  R E LAY S--------------------------------------------��-�L-�4�1���8l�.l�G 

184A997 

Fig. 8 Typical Voltage - Angl e Characteristic of CVE for 

Vario us Closing Angle Settings. Rated Voltage on 

One Circuit. 

T e l e phon e R e l ays ( C V E - 1  o n l y }  

Apply a7c .  volts to each telephone relay cir­
cuit . The telephone relay should pickup w hen 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 intervals 
as may be dictated by experience to be suitable to 
the particular application. 

All contacts should be periodically cleaned. A 
contact burnisher SII 182A836H0 1 is recommended for 
this purpose. The use of abrasive material for clean­
ing contacts is not recommended, because of the 

danger of embedding small particles in the f ace of 

the soft silver contact and thus impairing the contact. 

Calibration 

Use the following procedure for calibrating the 
relay 1f 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 

2 I 
0 \ 
8 

6 

4 

2 

0 

I 8 I 

6 
4 I 
2 \ 1\ 0 \ \ 
8 1"---
6 "' 4 '-.. 1'--
2 

1\ ) 
\ IJ 

I d,���� 

40' 
CIR�LE 

1/ 
/ I 1/ i/ 

v J v V so• -- CIRCLE 

0 
60 50 40 30 20 10 0 10 20 30 40 50 60 

PHASE ANGLE ( DEGREES) BETWEEN VOLT AGES 

184A998 

Fig. 9 Typical Tim e - P hase Angle Curves of C VE. Rated 

Voltage on Both Circuits No. tt 1 1  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 "0" 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 "0" 
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
nert magnet from the relay and set the time dial oR the 

number 1 1  position. Next unwind the spring for zero 

tension on the number 1 1  position. Thi s c an  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 1 1  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 

7 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TY P E  CVE AND C V E - 1  R E LAY S-------------------------

26 

24 
22 
20 
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16 

� 14 "' :II 1 2  0::: 
� 10 
� a: 8 "' 0.. 0 6 

4 
2 
0 0 

zo• 

/ / 

v 
/ v 

/ v 

/ 
/ 

/ 4� 

/ )._...-f.--J....--
v )..--v 6£:. 

-I v .....-""'�-" 2 3 4 !1 6 7 8 9 10 1 1 
TIME DIAL SETTING 

184A999 

* Fig. 10 Operatin g  Time Variations with Changes in Time­
Dial Settings. R atecl In-Phase Voltage on Both 
Circui ts, 20°, 40° ancl 60° Circle Settin g. 

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 el ectromagnet. This can be done by 
opening the s crew connection on the lag coil of the 
rear electroma gnet or by inserting a pie c e  of insulating 
material under the adjustab l e  point of the l eft hand 
resistor ( front vie w ). Connect the relay to test circuit 

of Fig. 1 2 and apply rated voltage at zero phase angl e 
on both circuits.  With the right hand plug all the way 

in ,  adjust the left hand plug of the rear el ectromagnet 
such that the disc does not move from the number 1 1  
time dial  position .  Thi s  can be determined by no move­
ment of the disc when the time dial is moved beyond 
the number 1 1  position. 

4 .  Centering Circl e - Close the lag coil c ircuit of 
the rear electromagnet and S€t the left hand resistor 

8 
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\ � r--
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" ....... 1"-, t'---., -........... � 
\ --r----

\ 
- - -K - - - - - - - - - - - - - - - - - - - - - -

!"-., 

..!OU' 
t--- -r--

2 3 4 5 6 7 8 9 10 I I  
TIME OIAL 

185Al23 

Fig. 1 1  Appro ximate Maximum Slip Frequency for which 
Op eration Occurs - Ratecl Voltage on Both Sicles. 

at approximately one-third of i ts res i stance.  Adjust 
the phase shifter in the lagging direction until the 
contacts j ust clos e  w ith v1 and v2 equal to rated 
voltage. Note the angle at which the contacts just 
clos e .  Then adjust the phase s hifter in the l eading 
direction until the contacts j ust close w ith V 1 and V 2 
equal to rated voltage. If the latter angl e is not with­
in ± 1 degree of the former angl e ,  adjust the right 
hand resistor (front view) until the two angl e s  are 
within. ± 1 degree of each other. 

5. Spring Adjustment - Adjust the left resistor front 
view such that the moving contact jus t  l eaves  and 
returns to the backstop of the time dial at the number 
1 1  position between 40° and 4 1 ° ,  with rated voltage 
on b oth sides . Change the angle to 20° degrees and 
adjust the reset spring until the contacts just make.  
Rotate the phas e shifter to  move V 2 through zero 
phase angle to an angle where the contacts j ust make.  
The contacts should j ust close at an angle of 20 ± 2 

degrees with v1 and v2 equal to rated voltage.  With 

V 1 equal to rated voltage the contacts should j ust 

close when v2 is increased to 94 ± 4 v. in phase 

with v1 . If necessary, readjust spring slightly to 
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TY P E  CV E AN D CVE-.1  R E L AYS _______________________ I ._L_. _4 1_-6_B_L_1 G 

3 PHASE 
1 20 V O LT S  

� 
I 2 3 t · ADJUST TO GIVE FULL LOAD 

O N  P H A S E A N G L E  M E T E R  

T I M E R  

START .-----�K:: 

D. P. S.T. 
SWITCH 

VA R I A B L E  
AUTO - T R A N S F O R M E R  

2 3 0  VOLTS 

CVE R E L AY ( F RONT VIEW ) 

C V E  

185A001 

Fig. 12 Diagram of CVE Test Conn ections. 

obtain this condition. The relay is now calibrated 
for a 20 degree circle .  

6.  Time curve - Install the p ermanent magnet on the 
relay. Adjust the p ermanent m agnet keeper until the 
operating time of the relay from the number 1 1  time 
dial position is 20 ± 0 . 6  seconds with V 1 and V 2 e qual 
to rated voltage at zero p hase angle .  

7 .  Circles other than 2 0  degrees - This adjustment 

should not be done until the above adjustments for a 

20 degree circle have been completed. 

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 

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 V 2 equal 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.  
9 .  

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

lows : 

E L E C T R I C A L  C H E C K P O I N T S  

With v1 in Fig. 1 2 equal t o  rated volt age the 
following approximate voltages should be obtain­

ed across the coils of the 120 volt relay. Relay set 
for 20 degree circ le. 

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 
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TYP E C V E  AND C V E - 1  R E LAYS --------------------------

(/) 
� ...J 
0 
> 

1 20 

1 0 0  

8 0  

z 6 0  

4 0  

2 0  

\ \ \ \ i\ \ 1\ \ 

2 0  4 0  60 

C I RC L E  IN DEGR E E S  

Curve 471191 

Fig. 1 3  V2 Voltage for D i fferent Operating Circl es. v 1 
equal to rated vo ltage at zero phase angle. 
(Curve 47 1 1 9 1) 

Approximate resistance values of left hand resistor 
for various operating circles. Resistance values can 

vary appreciably between relays. 

1 0  

20 degree circle 

40 degree circle 

60 degree circle 

4800 ohms 
2250 ohms 

890 ohms 

(/) 0 z 

20 

1 6  

0 1 2  (,) 
"' (/) 
z 

8 

4 

1\ 
1 
\ 
\ 

\ 
I\ 

\ \ 
I"' 

� 
20 40 60 

C I RC L E  I N  DEGR E E S  

Curve 471192 

Fig. 14 Operating Times from th e No. I I  Time Dial Posi­
tion fo r th e Typ e C V E  Relay set for D i fferent 
Operating Circl es. VI an d V2 equal to rated vol­
tage at zero phase angle. ( Curve� 47 1 19 2) 

R E N E W A L  P A R T S  

Repair work can b e  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. 15 Outline and Dril l ing P l an for the CVE and C VE- 1 in FT2 1 case. 
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INSTAL L  A Tl 0 N 
Westinghouse 1. L .  4 1 -68 1 .  1 H 

• OPERATI ON • MAINTENANCE 

INSTRUCTIONS 
TYPE CVE AND CVE-1 

SYNCHRO-VERIFI ER 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. 

A P P L I C A T I O N 

The synchro-verifier is used to verify the con­
dition of synchronism existing between two system 
voltages.  The contacts will close w hen 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 closing 
ahead of synchronism at an angle of phas e-advance 
proportional to the beat frequencies and determined 
by the speed of operation of the circuit break er so 
that the two systems are connected right on synchro­
nism.  

A common application of the synchro-verifier i s  
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  used at one terminal to check 
synchronism after the remote terminal is reclosed. 
If the two systems are in synchronism,  the synchro­
verifier permits the automatic reclosing equipment 
to reclose the breaker. 

C O N T E N T S  

This instruction leaflet applies to the following 
types of relays: 

CVE-- Syn chro-Verifier Relay 
CVE- 1 Synchro- Verifi er Relay 

C O N S T R U C T I O N  A N D  O P E R A T I O N  

The type CVE relay consists of an op erating 

SU PERSEDES I . L .  4 1 -68 1 . 1 G  
* Den otes change from superseded i ssue .  

el ement and a restraining element mounted on a 
common disc. The princip al p arts of the rel ay and 
their location are shown in 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 figure 5 .  

Operat ing  E l e m ent 

The operating unit consists of an " E "  type 
laminated electromagnet with two main c oils on the 

center leg and a l ag coil on the l eft l eg. A re sistor is 
connected acro ss 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 l egs of the electromagnet. The l ag 
coil on the l eft l eg causes the flux in that leg to l ag 
the main pol e flux. The out-of-phase fluxes thus pro­
duced in the disc gap causes a contact closing torque. 

The resistor c onnected across the lag coil of 
the el ectromagnet provides adjustment for different 
operating circles of the relay. Increasing or decreas­
ing the amount of resistance effectively decreases 
or increases the contact clos ing torque of the relay. 

R e stra i n i n g  E l em e n t  

The restraining el ement consists o f  an "E" type 
l aminated el ectromagnet with two main coils on its 
center leg and a l ag coil on its l eft l eg. A flux is pro­
duced that is proportional to the difference in the 
applied voltages to the rel ay. This flux divides and 
returns through the outer l egs of the electromagnet. 
The l ag coil causes the flux through the l eft leg to 
l ag the main pole flux. The out-of-phase fluxes thus 
produced in the disc gap causes a contact op ening 
torque. 

I n d i c at i n g  Contactor S w i tch U n i t  ( I C S )  - When U sed 

The d-e indicating contactor switch is a small 

EF FECT I V E  NOVEMBER 1 968 
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___- Damping Magnet 

Right Hand Resistor 
(for centering circles) 

Fi g. 1. Type CVE Relay, without Case (Front V iew) 

Lag Coil 

Main Coils 
Operating 
Electromagnet 

Fig. 2. Type CVE Relay, without Case (Rear View) 
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T Y P E  CVE AND C V E - 1  R E LAYS ---------------------------------------------'�- L=-�4�1 -�68�1 .�1�H 

INTERNAL SCHEMATIC 

�� �. : / OPERAT IIIIi 

- m  I . t • i �/ El.f.CTROMAiiiiET 
(REAR) 

���Js��;o - -
� - -t:l ll rl l' r " F • �. v�l  .. nT IIAJrl!) 

RESISTOR 

i nli ]llt�r F . 'l. 

� �f�g�b!I .. r�n 
ff.B:OtriT) l_':"t 1 1 1 

! ' ' ' 'fi -

- ':1 
-IIED iiAIIDLE 

L_&_Q_® __ Q_�-- -&-- --, �---� -TEST SWITCn 

0 0 6 +  ' c0Y-;_..-TEIIHIIIAL 

FRONT VIEW 

WITK RELAT IVE IIISTANTAMtDIIS 
POLARITI AS SHOWIII TME 
CONTACTS CLOSE 

184A540 

Fig. 3. Internal Schematic of CVE, without I CS Unit. 

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. 

The front spring, in addition to holding the tar­

get, provides restraint for the armature and thus con­
trols the pick-up val ue of the switch. 

T e l e p h o n e  R e l a y  

The telephone relay units 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 armature which oper­
ates a set of contacts .  

O p erat i o n  W i th V o l t a g e  R e l a y s  

The connections shown i n  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-

I IID ICATIMG 
COIITACTOR 
SWITCH -

LEFT HAND 
II,ESI STOII 
( FRONT VIEW) 

ICS)'---------, 

W I TH RELATIVE I NSTANTANEOUS POLARI TY 
AS SHOWN, THE CONTACTS CLOSE 

� OPEUTIIIG 
ELECTROMAGII£T 

(REAR) 

R I GHT HUD 
RESI STOR 
( FRONT V I EW) 

- RESTRAINT 
ELECTROMAGMEJ 

{FRONT) 

RED HANDLE 
TEST SWITCH 

TERMINAL 

185Al22 

Fig. 4. Internal Schematic of CVE, with I CS Unit. 

tact and 27L break contact .  

2 .  Close the breaker w hen 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 w hen 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. 

C V E  • 1 O p e r a t i o n  

The connections s hown 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 mak e  con­
tact and V 1 break contact . 

2 .  Close the breaker w hen the line is alive and 
the bus is dead , through the V1 make con­
tact and V2 break contact. 
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T Y P E  C V E  AN D C V E - 1  R E LAYS-------------------------
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188A624 

Fig. 5. Internal Schematic of C VE- 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 reclosures 
be limited by using either a single - or a multi -shot 
reclosing relay in conjunction with the CVE- 1 Relay: 

C H A R A C T E R I S T I C S  

The type CVE relay and CVE- 1 can b e  adjusted 
for operating circles from 20 to 60 degrees as shown 
in Fig.  8 .  As  shipped from the factory the relay i s  
calibrated for t h e  20 d egree circle .  These circles 
apply when one side has rated voltage .  The relay 
operates ,  if the other voltage falls within the appro­
priate circl e .  

The  operating time of the  relay i s  shown in Fig. 
9. These time curves are obtained fro m the tt 1 1  time 

dial setting w hen 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. 10 .  

4 

Fig. 1 1  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 estiw'�ting the angu­
lar difference at the instant of breaker closure, for 
cases w here the two systems are slipping slowly. 

B u rd en 

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 is as follows : 

Voltages Voltages 180 
in Phase Degrees Out of Phase 

Volt-amperes 1 5 . 4  13 .5  

Power Factor . 422 . 422 

Watts 6 . 5  5 . 7  

T h e  burden o f  t h e  C V E  relay and CVE- 1 relay 
with rated voltage applied to one circuit is  as follows :  

Volt-amperes 

Power Factor 

Watts 

10. 8 

. 422 

4 . 6  

The burden of each telephone relay at  1 20 volts 
is as follows :  

1 0 . 62 volt-amperes Power F actor 0. 64 

C o n t i n u o u s  R at i n g  

These relays will continuously stand 1 10% of 
rated voltage applied to the two circuits , either 
separately or simultaneously. 

S E T T I N G S  

D i s c U n i t  

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 
1t 1 1  time dial is recommended when the 60° circle 
setting is used, A setting of �t4 time dial or higher 
recommended with .the 40° circl e. A setting as low 
as the Y2 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 Y2 time dial positions and 
with the 20° setting. If a longer delay is desired a 
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TY P E  C V E  AND CVE- 1 R E L AY S  

�7-59 27-59 -8- --B-

I.L. 41 -68 1 . 1 H  

+-------0------)11-----" '--JE----o-----.--11� 
27 

25 25 
T 
2 7-S9 
-r 
27-59 -1 5-

0 +6 

I 2 3 

25 25  6 �  � L 

CLOS ING C IRCU IT  OF 52  
MEG .  -11----------

DEY I CE IIUMBER CIIART 

25 - SYIICHIO-VEI I F I EI RELAY - TYPE CYE 

:l5 - OPEIAT I I6 El.ECTIOMUIIET } OF 0 TYPE II - IEJTIAIIIT ELECTIIMAGMET CVE 

27-11 - -· A110 -tfUVOLTAGE .,S IELAY , TYPE SG • 

� - UIIDER AID OVERVOLTAGE L I IIE RELAY, TYPE SG 

52 - POWER C I RCU I T  BREAKER 
b - BREAKER AUX I LI ARY COIITACT 

101 � C I RCU I T  BREAKER COIITROL SWI TCII , TYPE W 

184A863 

* Fig. 6 Extern al Schematic of the CVE with SG Relay fo r Dead- L in e-Hot Bus and Hot Line- Dead B u s  Reclo sin g. 

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 clo sure, refer 
to Fig. 9. For example , assume a 40° circl e and tt4 
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 cl osure is: 

where TB = breaker closing tim e in seconds 

L et TB = 0 . 5  seconds 

Then 40° + 17 . 3  x 0 . 5  = 48 . 6 ° 

Ind i c a t i n g  C ontactor Sw i tch ( I C S) - Whan U s ed 

No setting is required on the ICS unit. 

I N S T A L L A T I O N 

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. 4 1-076. 

A D J U S T M E N T S  A N D  M A l  N T E N A N C E  

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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TY P E  C V E  A N D  CV E - 1  R E LAY S ________________________ _ 

CLOSIIIG C I RCU I T  OF 52 

1 2 3 NEG. __ ....._ _____ _ 

DEV I C E  NUMBER CHART 

25 - SYIICHRO VER I F I ER RELAY-TYPE CY£-1 

0 - OPEIAT I IIG ELECTROMAGNET 1 
R - RESTIA I NT ELECTROMAGNET 

V 1 - VOLTAGE BUS UN I T  

V
2 

- VOLTAGE U I N E  Ull r T  

OF 

TYPE 

CYE-1 

52 - POWER C I RCU I T  BREAKER b - BREAKER AUU U I ARY CONTACT 
101 - C I RCUIT BREAKER COIITROL S W I TCH 

629A086 

* F i g. 7 Extern al  Schem ati c of C VE- 1 for Dead- L ine-Hot- B us and Hot-L ine-De ad- B u s  Reclosing. 

A c c e p ta n c e  C h e c k  

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

I n d i c a t i n g  C o n t a c to r  Sw i tc h  ( IC S )  - W h e n  U s e d  

Close the main relay c ontacts and pass suffi cient 

d-e 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 adj ust­
able stationary contacts. The bridging moving con­
tact should touch both stationary contacts simultan­
eously . 

D i sc Unit  

1. Contacts - The index mark on the movement 
frame will coincide with the "0" mark on the time 
dial when the stationary contact has moved through 
approximately one -half of its normal deflection. There­
fore , with the stationary contact resting against the 

6 

backstop, the index mark is offset to the right of the 
"0" 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. 1 2 .  The contacts should just close 
under the following two conditions: 

1 ) When v2 = v1 . =  rated voltage and their p hase 
difference is between 1 8° and 22° (either leading 
or l agging) .  

2 )  When v1 = rated voltage and v2 is increased to 

94 ± 4V. in phase with V1 

3 .  Time Curve - With the time dial set at position 
1 1 , the contact should close in 20 ± 1 seconds when 
v1 and v2 are equal to rated voltage at zero phas e 
angl e .  

To check the time curve ,  set the time dial in 
position 1 1 and apply v1 and V 2 equal to rated vol­
tage. The contacts should close in 20 ± 1 seconds. 
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T Y P E  CVE AN D CV E - 1  R E LAY S--------------------------------------------�'�-L�-�4�1-=68�1.�1H 

184A99'7 

Fig. 8 Typical Voltage - Angl e Characteristic of CVE fo r 

Various Clo sing Angl e Settings. Rated Voltage on 
One Circu it. 

T e l e p h o n e R e l a ys ( C V E - 1  o n l y )  

Apply a�c .  volts t o  each telephone relay cir­
cuit. The telephone relay should pickup when 95 
volts a. c .  is applied . 

Routine M a i nten ance 

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# 182A836HO 1 is recommended for 
this purpose.  The use of abrasive material for clean­

ing contacts is not recommended, because of the 
danger of embedding small particles in the f ace of 

the soft silver contact and thus impairing the contact. 

Calibratio n 

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 

32 I I d����� 
1 I I I 1/ 

30 

29 

26 

4 

2 1\ J \ lj 
I 40' 

CIRCLE 

20 

19 

16 

4 I I 
I 1\ I ··-f \ \ v 

1 2  

10 

!'=.. v L '\, v 
4 

'i- v 60' _.. CIRCLE 

0 
60 50 40 30 20 10 0 10 20 30 40 50 60 

PHASE ANGLE (DEGREES ) BETWEEN VOLTAGES 

184A998 

Fig. 9 Typi cal Tim e - Phase Angle Curves of C VE. Rated 
Voltage on Both Circuits No. # 1 1 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 "0" 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 "0" 
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 re lay and set the time dial 011 the 
number 1 1  position. Next unwind the spring for zero 

tension on the number 11 position. This can best be 

notice d  by unwinding the spring until the contact 

will not move when the time dial is moved a small 
distance beyond the number 1 1  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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TYP E CVE AND C V E - 1  R E LAY S-------------------------
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Fig. 10 Operating Time V ariations with Changes in Time­
Dial Settings. R atecl In-Phase Voltage on Both 
Circuits, 20°, 40° ancl 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 - With the relay set 
as per the preliminary adj ustments , open the lag coil 
circuit of the rear el ectromagnet. This can be done by 
opening the s crew connection on the lag coil of the 
rear electromagnet or by inserting a pie c e  of insulating 
material under the adj ustable point of the l eft hand 
resistor ( front vie w ). Connect the relay to test circuit 

of Fig. 1 2 and apply rated voltage at zero p hase 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 1 1  
time d ial position.  Thi s  can be determined by no move­
ment of the disc when th e time dial is  moved beyond 
the number 1 1  position. 

4.  Centering Circl e - Close the lag coil  c ircuit of 
the rear electromagnet and set the left hand resistor 

8 
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Fig. 1 1  App roximate Maximum Slip Frequency for which 
Op eration O c curs - R atecl Voltage on Both Sicles. 

at approximately one-third of its res istance.  Adjust 
the phase shifter in the lagging direction until the 
contacts j ust clos e  w ith v1 and v2 equal to rated 
volta ge .  Note the angl e  at which the contacts just 
clos e .  Then adjust the phase s hifter in the leading 
direction until the contacts j ust close with V 1 and V 2 
equal to rated voltage. If the latter angl e 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 l eft resistor front 
view such that the moving contact j ust leaves  and 
returns to the backstop of the time dial at the number 
1 1  position between 40° and 41° ,  with rated voltage 
on b oth sides . Change the angle to 20° degrees and 
adjust the reset spring until the c ontacts just make.  
Rotate the phas e shifter to move V 2 through zero 
phase angle to an an gle where the contacts j ust make. 
The contacts should just close at an angle of 20 ± 2 

degrees with v1 and v2 equal to rated voltage . With 

V 1 equal to rated voltage the contacts should j ust 

close when V2 is increased to 94 ± 4V. in phase 

with v1 . If necessary, readjust spring slightly to 
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TY P E  CV E AN D CVE-. 1  R E L AYS -----------------------1 -_L_. 4_1_- 6_a l_. l_:_H 
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C V E  R E L AY ( F RONT V I E W )  

CVE 
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�� �o------++--<�3 -�-�--------------------�4---�-+-4�------------� 

VARIABLE 
A U T O - T R A N S F O R M E R � � 

230 VOLTS --r--.· 
185A001 

Fig. 12 Diagram of CVE Test Conn ections. 

obtain this condition. The relay is now calibrated 
for a 20 degree circle .  

6. Time Curve - Install the p ermanent magnet o n  the 
relay. Adjust the p ermanent m agnet k eep er until the 
op erating time of the relay from the number 1 1  time 
dial position is 20 ± 0 . 6  seconds with V 1 and V 2 e qu al 
to rated voltage at zero p hase angle .  

7 .  Circles other than 2 0  degrees - This adjustment 

should not be done until the above adjustments for a 
20 degree circle have been completed. 

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 
Lag coil circuit 

Restraint Electromagnet 

59 
22 

Upper terminals 54 
Lower terminals 58 

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 j ust 
close with v1 and V 2 equal 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. 
9 .  

Approximate d:c.  resistances of the coils are a s  fol­

lows: 

E L E C T R I C A L  C H E C K P O I N T S  

With v1 i n  Fig .  1 2  equal to rated voltage the 
following approximate voltages should be obtain­

ed across the coils of the 1 20 volt relay. Relay set 
for 20 degree circ le . 

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 
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T Y P E  C V E  AND C V E - 1  R E L AYS -------------------------
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Fig. 13 v2 Voltage for D i fferent Operatin g Circles. V 7 
equal to rated vo ltage at zero phase an gle. 
(Curve 47 1 19 1) 

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

1 0  

20 degree circle 

40 degree circle 

60 degree circle 

4800 ohms 
2250 ohms 

890 ohms 

en 0 z 0 (.) "' (/) 
z 

"' 
2 
... 

20 

1 6  

1 2  

8 

4 

1\ 
\ 
\ 
\ 

' 
\ 

\ \ 
' 

� 
20 40 6 0  

C I RC L E  I N  DEGR E E S  

Curve 471192 

Fig. 14 Operating Times from the No. 1 1  Time Dial P o si­
tion for the Type CVE Relay set for Di fferent 
Operating Ci rcles. V1 an d V2 equal to rated vol­
tage at zero phase angle. ( Curve -; 47 1 19 2) 

R E N E W A L  P A R T S 

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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T Y P E  CVE AND CV E - 1  R E LAY S -----------------------1 -_L_ . .:...41-=- 6.:...8.:..:.1 · c..:.1 H  
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Fig. 15 Outline and Drillin g P l an for the CVE and CVE- 1 in F T2 1  case. 
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Westinghouse I . L .  4 1 -68 1 . 1 J  

INSTALLATION • OPERATION • MAINTENANCE 

INSTR U CTIONS 
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. 

A P P L I C A T I O N  

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 closing 
ahead of synchronism at an angle of phase-advance 
proportional to the beat frequencies and determined 
by the speed of operation of the circuit break er so 
that the two systems are connected right on synchro­
nism.  

A common application of the synchro-verifier is  
in conjunction with automatic reclosing equipment 
on  loop systems fed by generating stations at two 
or  more point s .  When a line section trips out. the 
synchro-verifier is used at one terminal to check 
synchronism after the remote terminal is reclosed. 
If the two systems are in synchronis m ,  th e synchro­
verifier permits the automatic reclosing equipment 
to reclose the breaker. 

C O N T E N T S  

This instruction l e afl et applies to the following 
types of relays :  

CVE-- Synchro- Verifier Relay 
CVE- 1 Synchro-Verifier Relay 

C O N S T R U C T I O N  A N D  O P E R A T I O N  

The type CVE rel ay consists of  an op erating 

SUPERSEDES l . l .  4 l -681 . 1 H 
*Den otes changes from s uperseded i s s u e .  

element and a restraining el ement mounted o n  a 
common disc. Th e principal p arts of the rel ay and 
their location are shown in 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 0f the relay are connected 
as per figure 5 .  

O p e r a t i n g  E l e m en t  

The operating unit c onsis ts of  an  "E" type 
laminated electromagnet with two m ain c oil s on the 

center I eg and a I ag co.il on the I eft 1 eg. A resistor is 
connected across  the shading coil . 

When the rel ay 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 l egs of the electromagnet. The l ag 
coil on the l eft l eg causes the flux in that l eg to l ag 
the main pol e flux. The out-of-phase fluxes thus pro­
duced in the disc gap c auses a contact cl osing torque. 

The res is tor c onnected across the l ag coil of 
the el ectromagnet provides adjustment for different 
operating circles of the relay. Increasin g  or decreas­
ing the amount of resistanc e effectively decreases 
or increases the contact c l osing torque of the relay. 

R e stra i n i n g  E l em e nt 

The restraining el ement consists of an "E" type 
l aminated el ectrom agnet with two main coils on its 
center l eg and a l ag coil on its l eft l eg. A flux is pro­
duced that is proportional to the difference in the 
applied voltages to the rel ay. This flux divides and 
returns through the outer l egs of the electromagnet. 
The l ag coil causes the flux through the left l eg to 
l ag the main pol e flux. The out-of-phase fluxes thus 
produced in the disc gap causes a contact op ening 
torque. 

I n d i c a t i n g  Cont actor S w i t ch Un i t  ( I CS)  - When U se d  

The d-e indicating contactor switch is a small 

E F FE CT I VE J U L Y  1 974 
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T Y P E  CVE A N D  CV E - 1  R E LAYS ______________________________________________ I�. L_. �41���a�1.�1 J  

WITH RELATIVE IIISTAIITA.i.()US rOURI Tl  AS SHO• llfE 
CONTACTS CLOSE 

184A540 

Fig. 3. Internal Schematic of CVE, without I CS Unit. 

clappeF-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 brid ge two stationary contacts , completing the 
trip circuit. Also, during this operation, two fingers 

on the armature deflect a spring located on the front 

of the switch, which allows the operation indicator 
target to drop. 

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

T e l ep h o n e  R e l a y  

The telephone relay units 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 armature which oper­
ates a set of contacts . 

O p erat i o n  W i th Vol tag e R e l a y s  

The connections shown i n  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 .  

INDICATING 
COIITACTOR 
SWITCH ---

LEFT HAMO 
R.ESI STOR 
fFROAT Y I£W) 

INTERNAL SCHEMATIC 

WITH RELATIVE IIISTAtnANEOUS POLAR IT'f 
AS SHOWW, THE CONTACTS CLOSE 

- OPEUTIIIG 
------ £LECTROMAGII£T 

(R£AR) 

- R IGHT HAND 
RESISTOR 
( FRONT VIEW) 

- RESTII.AIIn 
HECTIIOMAGM£1 

( FIIDNT) 

RED HANDLE 

-- TEST SWITCH 

T£1U41Ul 

185Al22 

Fig. 4. Internal Schematic of CVE, with I CS Unit. 

2 . Close  the break er when the line is alive and 
the bus is dead, through the 59L mak e  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 phas e .  
and o f  t h e  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. 

-!C C V E - 1  O p erat ion  

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 V 1 mak e  con­
tact and V2 break contact . 

2 . Close  the breaker when the line is alive and 
the bus is dead ,  through the V2 make con­
tact and V 1 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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TY P E  CV E AND CV E - 1  R E L AY S  _______________________ _ 

LEFT MUD 
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TYPE lEU 
LE" HAIID 
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(f .Y · )  

INTERNAL SCHEMATIC 

v� G' � -
v, �. � 

CVE � qr111 I I  
v ,  v, • 011 II 

� , 
,, ,--- -- -- --- - -- -- -- -- -- � 

L __ -- - - -- -- -- - --- - - - - -� 
I 0 3 0 S <b '· 0 t <if 

FRO!H VIEW 

/ 

� 

1----!--

VOLTAGE UMIT 
TELEPHOIIE 
TYPE RELAY 
I I  GMT HAJID( F .V . )  

RIGHT HAMD 
RESISTOR( f.'/. ) 

OPEIIATIIIG 
ELECTROMAGIIET 

(REAl) 

RESTitliiiT 
ELECTROMAGMET 

{FROIIT) 

IIED HAIIOLE 

TEST SWITCH 

1.----TERMIIIAL 

188A624 

Fig. 5. Internal Schematic of C V E- 1 

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: 

C H A R A C T E R I S T I C S  

The type CVE relay and CVE- 1 can b e  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  2 0  degree circle. These  circles 
apply w hen 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 curves are obtained from the # 11 time 

dial setting w hen 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. 10 . 

� Fig. 1 1  shows how hig h a slip frequency will 
cause operation. The maximum slip frequency is a 
function o f  the circle and time dial settings. This 
characteristic is of interest in es timating the angular 
differ ence at the instant of breaker closur e ,  for 
cases w here the two systems are slipping slowly .  

4 

Fig. 1 5 shows typic al CVE re set times for 20°, 
40°, and 6 0° circle settin gs. 

B u r d en 

The burden imposed on e ach potential source 
by the CVE relay and CVE-1 r elay , with rated volt­
age applied to bo th circuits of the r el ay is as follows: 

Voltages Voltage s 1 80 
in Phase Degrees Out of Phase 

Volt-amperes 15.4 13 . 5  

Power Factor . 42 2  . 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  

Power Factor . 422 

Watts 4 . 6  

T h e  burden o f  each telephone relay at 1 20 volts 
is as follows : 

1 0 . 62 volt-amperes Power Factor 0 . 64 

Cont i n u o u s  R a t i n g  

These relays will continuously stand 1 10% of 

rated voltage applied to the two circuits , either 
separately or simultaneously, 

S E T T I N G S  

D i s c  U n i t  

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 

# 1 1  time dial is recommended when the 60° circle 
setting is used. A setting of #4 time dial or higher 

recommended with .the 40° circl e. A setting as low 
as the V2 time dial should be s atisfactory with the 
20° · circle. Note from Fig. 10 that the relay will oper­
ate in 1 .  4 seconds in the '12 time dial positions and 

with the 20° setting . If a longer delay is desired a 

higher time-dial setting m ay be used. 
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TYP E C V E  AN D C V E - 1  R E LAYS ______________________________________________ I._L ._4�' �-6-8 1-· 1_J 

.------------------------------

- 25 6 �  
I 2 3 

CLOS ING C IRCU IT  Of 52 

21  
T 
21·S9 
..,-
2H9 
-1 5-
� l 

NEG . -�--------
DEV I CE NUMBER CltAIIT 

25 • SYICHID-VEII FI EI IELAY - TYPE CVE � - UIDER AID OYERVOLTAGE L I IE RELAY, TYPE SG ' ·  OPEUTII8 ELECTICIM6.ET } Of 52 - POWER C I RCUI T BREAKER 
TYPE b - BREAKER AUX I L I ARY COITACT • • IUTIAI IT ELECTIIMA.ET CVE 101 • CI RCU I T  IIIEAKER COITROL SWI TCH, TYPE W 

27•11 - -· M10 OWUfOLTAGE .,S RELAY, TYPE SG I • 
184A863 

Fig. 6 External Schematic of the C V E  with SG R elay fo r Dead- L i n e-Hot Bus an d Hot L in e- Dead B u s  R eclosing. 

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° circl e and �t4 
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 

break er clo sure is: 

where TB = breaker closing time in second s 

L et TB = 0 . 5  seconds 

Then 40° + 1 7 . 3  x 0 . 5  = 48 . 6° 

I n d i c a t i n g  C o ntactor S w i tc h  ( I C S )  - When U s ed 

No setting is required on the ICS unit. 

* I N S T A L L AT I O N  

The relays should be moun ted on switchboard 

panels or their equivalent in a lo cation fr ee from 
dirt , moistur e ,  e xc essive vibration , and heat. Mount 
the relay vertically by means of th e four mounting 
holes on the fl anges for semi-flush  mounting or by 
means of the rear mounting stud or studs for pro­
jection mounting. Either a mountin g stud or the 
moun ting 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 furnis hed 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 Figure 1 6  for Outline and Drilling 
Plan . For detailed FT C ase information refer to 

I . L .  4 1 -0 7 6 .  

A D J U S T M E N T S  A N D  M A I N T E N A N C E  

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. 

s www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TY P E  C V E  A N D  CV E- 1 R E LAY S ________________________ _ 

CLO S I NG C I RCU I T  OF 52 

1 2 3 MEG. __ ......_ _____ _ 

DEV I CE NUMBER CHART 

25 - SYMCHRO VER I F I ER RELAY-TYPE CV£-1 

0 - OPERAT I N G  ELECTROIIA6MET 1 
R - IE STU I NT ELECTROMAGNET 

Y 1 - VOLTAGE BUS UN I T  

Y2 - VOLTAGE U I M E  UN I T  

O F  
TYPE 

CVE-1 

52 - POWER C I RCU I T  BREAKER b - BREAKER AUJ I U I ARY CONTACT 
101 - C I RC U I T  BREAKER CONTROL SWI TCH 

629A086 

Fig. 7 External Schematic of C VE- 1 for Dead- L ine-Hot- B us and Hot- L ine-Dead- B u s  Reclosing. 

A c c e p ta n c e  C h e c k  

The following check is rec ommended t o  insure 
that the re lay is in proper working order: 

I n d i c a t i n g  C ontactor  Sw i t c h  ( I C S) - W h e n  U s e d  

Close the main relay c ontacts and pass sufficient 

d-e 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 o peration indicator target s h ould 
drop freely .  

The contact gap should b e  approximately . 047 " 
between the bridging moving contact and the adjust­
able stationary contacts. The bridging moving con­
tact should touch both stationary contacts simultan­
eously. 

D i sc Unit 

1 .  Contacts - The index mark on the movement 
frame will coincide with the "0" mark on the time 
dial when the stationary contact has moved through 
approximately one -half of its normal deflection. There­
fore , with the stationary contact resting against the 

6 

backstop , the index mark is offset to the right of the 
"0" mark by approximately 0 . 0 20". 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 - Conn ect the relay per the test 
diagram of Fig. 1 2 . T he contacts should just clo se 
under the following two conditions:  

1 )  When v2 = v1 .= rated voltage and their phase 
difference is between 18° and 22° ( either leading 
or l agging). 

2) When v1 = rated voltage and v2 is  increased to 
94 ± 4V. in phase with V1 

3 .  Time Curve - With the time dial set at position 
1 1, the c ontact should c l ose in 20 ± 1 seconds whe n 
v1 and v2 are equal to rated v oltage at zero phase 
angle.  

To check the time curve,  set  the time dial in  
position 11  and apply v1 and V 2 equal to rated vol­
tage. The contacts should close in 20 ± 1 seconds. 
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T Y P E  CVE AN D C V E - 1  R E LAY S --------------------------------------------�-' · L_.�4�1 ��s�1 �. 1 J  

184A997 

Fig. 8 Typical Voltage - Angle Characteristic of CVE for 
Various Clo sing Angle Settings. Rated Voltage on 

One Circuit. 

T e l e p h o n e R e l a ys ( C V E - 1  o n l y )  

Apply a:c .  volts t o  each tel ephone 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 intervals 
as may be dictated by experience to be suitable to 
the particular application. 

All contacts should be periodically cleaned. A 
contact burnisher SII182A836HO 1 is recommended for 
this purpose. The use of abrasive material for clean­
ing contacts is not recommended, because of the 

danger of embedding small particles in the f ace 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 

2 I I d,���� 
0 

8 \ 6 

4 

2 
\ I \ J 

0 

I I 40' CIRCLE 
8 I 6 

4 I 
2 \ 1\ I fJ� 0 \ \ v 8 � v J 6 "' v 
4 

'r-- v 60' -- CIRCLE 
2 

0 � � W M W � 0 � W M W � W 
PHASE ANGLE { DEGREES) BETWEEN VOLTAGES 

184A998 

Fig. 9 Typ i cal Time - Phase Angle Curves of C VE. R ated 
Voltage on Both Circu its No. tt l l  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 "0" 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 "0" 
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 011 the 

number 1 1  position. Next unwind the spring for zero 

tension on the number 1 1  position. Thi s 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 1 1  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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TYP E CVE AND C V E - 1  R E LAY S-------------------------
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Fig. 10 Operating Time Variations with Changes in Time­
Dial Settings. R ated 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 - With the relay set 
as per the preliminary adjustments , open the lag coil 
circuit of the rear el ectromagnet. This can be done by 
opening the screw connection on the lag coil of the 
rear electromagnet or by inserting a piec e  of insulating 
material under the adj ustable  point of the left hand 

resistor ( front view) .  Connect the relay to test circuit 

of Fig. 1 2  and apply rated voltage at zero p hase angle 
on both circuits.  With the right hand plug all the way 

in, adjust the left hand plug of the rear el ectromagnet 
such that the disc does not move from the number 1 1  
time dial position . This can be determined by no move­
ment of the disc when the time dial is moved beyond 
the number 1 1  position. 

4 . Centering Circl e - Close the lag coil circuit of 
the rear electromagnet and set the left hand resistor 
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Fig. 7 1 Approximate M aximum Slip Frequency for whi ch 
Op eration O ccurs - R ated Voltage on Both Sides. 

at approximately one-third of its resistance.  Adjust 
the phase shifter in the lagging direction until the 
contacts j ust clos e  w ith v1 and v2 equal to rated 
voltage. Note the angle at which the contacts just 
clos e .  Then adjust the phase s hifter in the leading 
direction until the contacts j ust close w ith V 1 and V 2 
e qual to rated voltage. If the latter angl e is not with­
in ± 1 degree of the former angle,  adj ust the right 
hand resistor (front view) until the two angles are 
withir1 ± 1 degree of each other. 

5. Spring Adjustment - Adjust the l eft resistor front 
view such that the moving contact just leaves  and 
returns to the backstop of the time dial at the number 
1 1  position between 40° and 4 1°, with rated voltage 
on b oth sides . Change the angle to 20° degrees and 
adjust the reset spring until the contacts just mak e .  
Rotate the phas e shifter t o  move V 2 through zero 
phase angle to an an gle where the contacts j ust make. 
The contacts should j ust close at an angle of 20 ± 2 

degrees  with v1 and v2 equal to rated voltage. With 

V 1 equal to rated voltage the contacts should j ust 

close w hen V2 is increased to 94 ± 4V. in p hase 

with V 1 . If necessary, readjust spring slightly to 
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TY P E  CV E AN D CV E-.1 R E L AYS ________________________ 1 ·_L_. _4 1_-6_8_1 ._1 J_ 

3 P H A S E  
1 20 VOLTS 

� 
I 2 3 t - ADJUST TO GIVE FULL LOAD 

ON P H A S E  A N G L E  M E T E R  

T I M E R  

.--------lKll �TART 

D. P. S.T. 
SWI T C H  

fo 

PHASE 
ANGLE 
M E TER 

CVE R E L A Y  ( F RONT VIE W )  

CVE 

�� �·cr---��J � �------------------��--_.--�+-------------� 
VA R I A B L E  

AUTO · T R A N S F O R M E R --/�r-�����_JL-----------------_j 
2 3 0  VOLTS f"-_� C2U 

Fig. 12 Diagram of CVE Test Conn ections. 

Operating Electromagnet 

185A001 

obtain this condition. The relay is now calibrated 
for a 20 degree circle .  Upper terminals 59 volts 

6. Time curve - Install the p ermanent magnet on the 
relay. Adjust the p ermanent m agnet k e ep er until the 
op erating time of the relay from the number 1 1  time 
dial position is 20 ± 0 . 6  seconds with V 1 and V 2 e qual 
to rated voltage at zero p hase angle .  

7 .  Circles other than 2 0  degrees - This adjustment 

should not be done until the above adjustments for a 
20 degree circle have been completed. 

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 

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 V 2 equal 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. 
9 .  

Approximate d.-e. resistances of the coils are a s  fol­

lows: 

E L E C T R I C A L  C H E C K P O I N T S  

With v1 in Fig. 1 2 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 circ le. 

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 
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TYP E C V E  AND C V E - 1  R E L AYS -------------------------

C/) 
� ...J 
0 > 

1 20 

100 

8 0  

z 6 0  

"' 
> 

4 0  

2 0  

1\ \ \ 
\ � \ \ 

\ 

2 0  40 60 

C I RC L E  IN  D E GR E E S  

Curve 471191 

Fig. 1 3  V2 Voltage for Different Operating Circles. v 1 
equal to rated voltage at zero phase angle. 
(Curve 47 1 1 9 1) 

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

1 0  

20 degree circle 

40 degree circle 

60 degree circle 

4800 ohms 
2250 o hms 

890 ohms 

(/) 0 
z 

20 

1 6  

0 1 2  (.) 
..., (I) 
z 

8 

4 

i\ 
1\ 
\ 
\ \ 

1\ 

\ \ 
"" 

� 
20 40 60 

C I RC L E  IN DEGR E E S  

Curve 471192 

Fig. 14 Operating Times from the No. 1 1  Time Dial Po si­
tion fo r the Type CVE Relay set for Different 
Operating Circles. V1 and V2 equal to rated vol­
tage at zero phase angl e. ( Curve -; 4 7 1 1 9 2) 

R E N E W A L  P A R T S  

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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1 2  

TO AUTOMATIC 
RECLOSING 
RELAY WITH 
ASSOCIATED 
CONTROL WIRING 

1 2 3 

DEY ICE NUMBER CHART 
25 - SYiiCIIRO VER I F I ER R ELAY-TYPE CVE-1 
0 - CPERAT i tiG ELECTROH,\GiiET J 

52 - POWER C I RCU I T - BREAKER 
b - BREAKER 'AUX I � I ARY CONTACT 

R - REST R A i tiT ELECTRO:�AGII ET 
OF 

TYPE 
CVE-1 V

1 
- VOLUGE BUS Uti i T  

V
2 

- VOLTAGE U t il E  UN I T  

Fi g. 1 6  E xternal Schematic o f  Type CVE- 1  Syn ch ro- Veri fier Hot L i n e-Hot Bu s, i< 
D ead L in e-Hot Bus and Hot L in e-Dead Bus Recfo sing 

STAT I O II B U S  

I 2 3 

2 5  
t--------o��rr���o-------���� 10 

25 6 �  

DEV I CE NUMBER CHART 

CVE 

2 5  I 

27 
B 

27-59 3 
27-59 

SYNCHRONISM 

TO AUTOMATIC 
RECLOS I N G  
RELAY W I T H  
ASSOCIATED 
CONTROL WIRING 

25 - SY)ICHRO·VER I F I ER RELAY - TYPE CVE � - UNDER AND OVERVOLTAGE LI NE RELAY, TYPE SG � - OPERATIIIG ELECTROi-14G!IET } OF 52 . POWER C I RCU I T  BREAKER TYPE � - RESTRAI NT ELECTRmiAG:IET CVE b - BREAKER AUX I L I ARY CONTACT 
R 

2,7·5� - UNDER AriD OVERVOLTAGE BUS RELAY, TYPE SG 
B 

� Fig. 1 7  External Schematic of th e Type CVE Syn ch ro- Verifi er, an d Two Un it SG R elay 
for Dead L i n e-Ho t Bus and Hot L i n e- Dead Bus R ecfosin g 

6 2 9 A0 8 6  

1 8 4 A8 6 3 
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T Y P E  CVE AND C V E - 1  R E LAYS --------------------------------------------_li.�L�·4£1�-6�8lh.UlJ 

\AI 
U) -c 
u 

� 

a .!. � 
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. I  to-32 SCIOI 

TOOTH£D 
LOCIWASHER 
PUEL =1::: 

!.. -II SCIOI 
I I � THICK 

EL US£ 
I Te -11 STW) 

, 1 90-32 SCIEW 

TERMIIIAL AIID 
tiiUIITIIIG DETA I LS  

a 
- D IA. I O  MOW 01 CUT OUT 

I ' �� ---j .l D IA. II KOL£S ,. 

2 21 ---1 _ l ./' . 1 10-IZ Mfi.ICia& 
12 ¥-

2 ll  
I I  

PAIIEl DR I LLIIIG OR CUTOUT FOil PROJECT fOil MT8. 

( FIDIIT YIDf) 

N 

5 7 - D- 7 9 0 1  
Fi g. 18 Outline and D ri llin g P lan fo r th e CVE and CVE- 1  in F T2 1  case. 
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I N S T A L L A TI O N  • 

Westinghouse I . L  41 -681 . 1 K  

O P E R A T I O N  • M A I N TEN A N C E  

I N S T R U C T I O N S  
TYPE CVE AN D CVE-1  

SYN C H RO-V ER I F I E R  R E LAYS 

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. 

APPLICAT I O N  

This instruction leaflet applies t o  the following types of 

relays: 

CVE Synchro-Verifier Relay 

*CVE- 1 Synchro-Verifi.er Relay with 

line and bus voltage 

sensing relays 

The synchro-verifier is used to verify the condition 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 synchronizer and 

should not be used as such. Automatic Synchronizers are 

available which permit closing ahead of synchronism at an 

angle of phase-advance proportional to the beat frequencies 

and determined by the speed of operation of the circuit 

breaker so that the two systems are connected right on 

synchronism. 

A common application of the synchro-verifier is in 

conjunction with automatic reclosing equipment or loop 

systems fed by generating stations at two or more points. 

When a line section trips out, the synchro-verifier is used at 

one terminal to check synchronism after the remote terminal 

is reclosed. If  the two systems are in synchronism, the 

synchro-verifi.er permits the automatic reclosing equipment to 

reclose the breaker. 

CONTR U CT I O N  AND OPERATI O N  

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. I ,  3, and 4. 

SUPERSEDES I . L. 41 -681 . 1 J ,  dated July 1 974 
*denotes changes from su perseded issue. 

The CVE- 1 relay, Figure 2, consists of two telephone type 

ac voltage sensing relays in addition to the components of the 

CVE relay. The principal parts 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 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 l:lectromagnet. 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 de 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. 
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TYPE CVE AND CVE-1 RELAYS��������������������������-I=.L�-�41��=8�1-=1K 

INTERNAL SCHEMATIC 

I � 
I r--". ,.----1 l T C�E 

LEFT 114110 - -- i- ----'�l . 1 1 · 1  ,. _.. 1 I RESISTOR F.L ' - • I " r i -� � �  n . l ' .  � 
� �� � l �  
I � I , I,T _j ' , ; ; I 

• I , �, , �rr �1 L.� .Q-ct·-Q·�-- -&·····. �t @ 0 ' +  a 10 

FltONT VIEW 
lilT� Rt.L.I.T I �E IMSU.MTAIIi\.li.JS 
POLUITY AS SHQwtj ntE 
COMH.CTS CLOSE 

OPERATING 
ELECTROto4A�MET 
(REAR) 

V I U <ot!T itAIIO 
USISTOR F.Y.  

� �t�l1��:r1111ET 
{HOIIT) 

riiED �AIIDLE 
f.-TEST SWITCII 

�TE!llotiAAL 

1 8 4A S 4 0  
Fig. 3 Internal Schematic o f  C VE, without JCS Unit. 

The front spring, m 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 units 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 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: 

I .  Close the breaker when the bus is live and the line is 

dead, through the 598 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 278 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 C\ :_ 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. 

IND I CATING 
COIIUCTOR 
SWITCH 

lEFT HAND 
R.ES! STOII ­
( FROIH V I EW) 

INTERNAL SCHEMATIC 

W I TH RELA T I VE I IISTUUIIEOUS POLARITY 
AS SHOWM, THE CONTACTS CLOSE 

OPERATIIIG 
£LECTII:OMAGN£l 

(REAR) 

- R I GHT HAND 
RESI STOR 
(FRONT VIEW) 

RESTRAINT 
ELECTROMAGN£1 

( FRONT) 

1 8 S A 1 2 2  
Fig. 4 Internal Schematic of C VE, with ICS Unit. 

*CVE-1 Operation 

* In  the CVE- 1 ,  the internal VI and v2 perform the 

functions of external 598 and 27L relays respectively. 

The connections shown in Figure 9 using the type CVE- 1 

relay will provide the following operation: 

I. Close the breaker when the bus is live and the line is 

dead, through the V1 make contact and Vz 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 contact. 

I t  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. 

CHARACTE R ISTI CS 

The type CVE and CVE- 1 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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TYPE CVE AND CVE-1 RELAYS-----------------------------

lifT MAIID 
IIESI STOit( F.Y. ) -

,, �. 

FRONT VIEW 

1 8 8A6 2 4  
Fig. 5 Internal Schematic of CVE-1 ;or 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 opera�ing time of the relay is shown in Fig. I I . These 

time curves are obtained from the # I I 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. 1 2. 

*Fig. 1 3  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 th� worst-case 

angular difference at the instant of breaker closure, for cases 

where the two systems are slipping slowly. 

Fig. 1 7  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 is as follows: 

4 

Volt-amperes 

Power Factor 

Watts 

Voltages 

in Phase 

1 5 .4 

.422 

6.5 

Voltages 1 80 

Degrees Out of Phase 

1 3 .5  

.422 

5.7 

VOLTAGE UNITS 
TELEPHONE 
TYPE RELAY 

BUS- LINE 

INTERNAL SCHEMATIC 

���z�R ----�==����-t� 

RIGHT HAND 
RESISTOR ( F.IJ.) 

O P E RATING 
ELECTROMAGNET 

(REAR) 

R E S TRAINT 
ELECTROMAGNET 

( F RONT) 

R E D  H A N D L E  

- - T E S T  SWITCH 

TERMINAL 

8 7 8A l 8 4  
Fig. 6 Internal Schematic of CVE-1 with Internal Switch for 

HBDL or 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 1 0.8  

Power Factor 

Watts 4.6 

.422 

For the CVE-1 relay, additional burden of each telephone 

relay at 1 20 volts is as follows: 1 0.62 volt-amperes, Power 

Factor 0.64. 

Continuous Rating 

These relays will continuously stand I I  0% of rated 

voltage applied to the two circuits, either separately or 

simultaneously. 

S ETT I N G S  

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 # I I 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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TYPE CVE AND CVE-1 RELAYS --------------------------.....;I:.:..:.L::..·.:..41�-6�8�1-�1K 

I ND I CATOR ------. 

CONTACTOR 

SWI TCH 

LEFT HAND 

POTENTI OMETER 

( f . Y . )  

R I GHT HAND 
RESI STOR (F . V c ) 
OPERAT I NG 

ELECTROMAGNET ( REAR) 
RESTRA I NT 

ElECTROMAGNET I FRONT) 
VOLTAGE U N I T  

TELEPHONE 

TYPE RELAY 

TEST S W I TCH 

8 8 0 A 4 9 5 
Fig. 7 Internal Schematic of C VE-1 without commoned Potential 

Coils, with ICS. (See Fig. 9 for External Scheme) 

setting as low as Y2 time dial should be satisfactory with the 

20° circle. Note from Fig. 1 2  that the relay will operate in 1 .4 

seconds in the Y2 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 circle settings on 

the worst-case phase-angle difference between the two 

systems at the instant of breaker closure, refer to Fig. I I . For 

example, assume a 40° 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 CJrcuit is energized. The phase angle at the 

instant of breaker closure is: 

0=40° + 0.048x360TB=40° + 1 7 .3TB 

where TB =breaker closing time in seconds 

Let TB =0.5 seconds 

Then 40° + 1 7 . 3x0.5 = 48.6° 

Indicating Contactor Switch ( ICS)-When Used 

No setting is required on the ICS unit. 

I N STALLAT I O N  

The relays should b e  mounted o n  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 projection mounting. Either a mounting stud or the 

mounting screws may be utilized for grounding the relay. The 

electrical connections may be made directly to the terminals 

by means of screws for steel panel mounting or the terminal 

studs furnished with the relay for thick panel mounting. The 

terminal studs may be easily removed or inserted by locking 

two nuts on the stud and then turning the proper nut with a 

wrench. See Figure 20 for Outline and Drilling Plan. For 

detailed FT Case information refer to I. L. 4 1 -076. 

ADJUSTM ENTS AND MAI NTENAN CE 

The proper adjustments t o  insure correct operation o f  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 d-e 

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. 

I .  Contacts-The index mark on the movement frame will 

coincide with the "0" mark on the time dial when the 

stationary contact has moved through approximately one­

half of its normal deflection. Therefore, with the stationary 

contact resting against the backstop, the index mark is offset 

to the right of the "0" mark by approximately 0.020". 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 

d iagram of Fig. 1 4 .  CVE- 1 relays should be connected in a 
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TYPE CVE AND CVE-1 RELAYS -----------------------------

6 

A 8 C 

DEV I CE HUMBER CHART 

' "27 
B 

27-59 3 
�59 

1 5  

SYNCHRONISM 

TO AUTOMAT I C  
RECLO S I N G  
RELAY OR 
BREAKER CONTROL 
CIRCUIT. 

25 - SYtiCHRO-VERI Fl ER RELAY - TYPE CVE * 
£..05 - OPERAT I IIG  ELECTR0!·14G:IET } OF 

TYPE 

� - UNDER AHD OVERVOLTAGE Ll HE RELAY, TYPE SG 

52- POI�ER C I RCU I T  BREAKER � - RESTRAI tiT ELECTRC:IAG:lET CVE 
b - BREAKER AU XI  Ll ARY CONTACT 

]� - UNDER AtiD OV ERVOLTAGE BUS RELAY , TYPE SG 
B 

*= INTERNAL SCHEME 185AI22 WITH ICS (SHOWN) ON CVE CONTACT, 
OR 1 8 4 A540 WITHOUT ICS ON CVE CONTACT 

Fig. 8 External Schematic of the CVE with SG Relay for Dead­
Line-Hot Bus and Hot Line-Dead Bus Reclosing. 

TO AUTOMATIC 
RECLOSING 

1 8 4A 8 6 3 

R E LAY OR BREAKER 
CONTROL CIRCUIT 

A 8 C 

DEV I CE NUMSER CHART 
25 - SYiiCfiRO VER I F I ER RELAY-TYPE CVE-1, INT. 880A495 

0 - OPERAT i tlG ELECTROI�AGNET ] OF 
R - RESTRfd tiT ELECTRQ:�AGHET TYPE 
V 1 - VOLTAGE BUS Ut! I T  CVE-1 
V2 - VOLTAGE U l li E  UH I T  

52  - POWER C I RCU I T  BREAKER 
b - BREAKER AUX I L: I ARY CONTACT 

Fig. 9 External Schematic of CVE-1 for Dead-Line-Hot-Bus and 
Hat-Line-Dead-Bus Reclosing. 

6 2 9 A0 8 6 
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TYPE CVE AND CVE-1 RELAYS 

1 8 4A9 9 7 
Fig. 10 Typical Voltage-Angle Characteristic of CVE for Various 

Closing Angle Settings. Rated Voltage on One Circuit. 

similar manner to correspond with the wmng of the 

particular style CVE-1 . The contacts should j ust close under 

the following two conditions: 

I) When V2 = v, = rated voltage and their phase difference is 

between !8° and 22° (either leading or lagging). 

*2) When V1 = rated voltage and V2 is increased from a low 

value to 94 ± 4V in phase with v , .  

3 .  Time Curve-With the time dial set a t  pos1t10n I I , the 

contact should be close in 20 ± I seconds when V1  and V2, 

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 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# l 82A836HOI is recommended for this purpose. 

The use of abrasive material for cleaning contacts is  not 

I.L. 41-681.1K 

\ I d.���� 
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32 

30 
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26 
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2 
1\ I 
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8 \ 6 
4 \ I 

20 

2 

0 \ \ I I 
8 _\ \ I IL !'--- / 6 " / 
4 ........ v 60" ....._ ,......... CIRCLE 
2 

0 
60 50 40 30 20 10 0 10 20 30 40 50. 60 

PHASE ANGLE ( DEGREES) BETWEEN VOLTAGES 

1 8 4A9 9 8  
Fig. 1 1  Typical Time-Phase Angle Curves of CVE. Rated Voltage 

on Both Circuits No. #1 1 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 adj ustments 

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 "0" mark on the time dial when the 

stationary contact has moved through approximately-one­

half of its normal deflection. Therefore, with the stationary 

contact resting against the backstop, the index mark is offset 

to the right of the "0" mark by approximately 0.020". 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 I I  

position. Next unwind the spring for zero tension on the 

number I I  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 I I  position. 
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TIME DIAL SETTING 

1 8 4A 9 9 9  
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 effec 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. 14 for CVE, or similar circuit for CVE- 1 ,  

and apply rated voltage at zero phase angle o n  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 I I  time dial position. This can be 

determined by no movement of the disc when the time dial is 

moved beyond the number I I  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 j ust close the V1 and Vz 

8 
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0 .06 
.05 >-� .04 

"' ::> 
� .03 
"' u. 
a. .02 
:::; IJ) � .015 
::> 
:::!' � .0 I 

:::!' .00 8 

5 
.006 
00 

004 

.00 3 

\ 
\ - - - ---

1\ 
I \ \ \ 

\ \ - - ---

""" 
"'-, � -- - ' - -- -- - - - - --- ---

� t--- -
' " � I'-.. r--...... �· -r--r--t---

� --- --- - - - - - - - - - -- - -- - -

........ 
I'. 

�u· ---1-- -,...__ 

4 6 7 8 9 10 I I  
T IME DIAL 

1 8 5A 1 2 3 
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 

j ust close. Then adjust the phase shifter in the leading 

direction until the contacts just close with V 1 and V2 equal to 

rated voltage. If  the latter angle is not within ± I degree of the 

former angle, adjust the right hand resistor (front view) until 

the two angles are within ± I degree of each other. 

5. Spring Adjustment-Adjust the left resistor (front view) 

such that the moving contact j ust leaves and returns to the 

backstop of the time dial at the number I I  position between 

40° and 4 J D ,  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 Vz 

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 1 and Vz equal to rated voltage. With V 1  equal 

to rated voltage the contacts should just close when Vz is 

increased to 94 ± 4V in phase with V 1 .  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 I I  time dial position is 20 ± 0.6 

seconds with V1 and Vz equal to rated voltage at zero phase 

angle. 
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3 P H A SE 
1 20 VOLTS 

CVE R E L AY ( F RONT VIE W )  

� 
I 2 3 t · ADJUST TO G IVE FULL LOAD 

O N  P H A S E  A N G L E  M E TE R  

TIMER 

,------+O;:;START 

fo 
STOP 

Q_Q_ I 

PHASE 
ANGLE 
M ETER 

D. P. S.T. 
SWITCH ���Lo--o-o------�i} $ 

VA R I A B L E  
AUTO · TRANSFORMER -_f � 

2 3 0  VOLTS l"'_ 
1 8 5 AO O l  

Fig. 14 Diagram of CVE Test Connections. 

7. Circles other than 20 degrees-This adj ustment 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 j ust close with v, and V2 equal 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 "Center­

ing Circle" above for procedure. The time of operation will be 

as shown in the time curves of Fig. I I .  

ELECTR I CAL C H ECKPOI NTS 

With V1 in Fig. 1 4  equal to rated voltage the following 

approximate voltages sho td b obtained across the coils of the 

1 20 volt relay. Relay set for 20 degree circle. 

Operating Electromagnet 

Upper terminals 

Lower terminals 

Lag coil circuit 

Restraint Electromagnet 

Upper terminals 

Lower terminals 

59 volts 

57 volts 

22 volts 

58 volts 

54 volts 

With 1 20 volts applied to V2 circuit only 

Operating Electromagnet 

Upper terminals 

Lower terminals 

Lag coil circuit 

Restraint Electromagnet 

Upper terminals 

Lower termainsl 

57 volts 

59 volts 

22 volts 

54 volts 

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 

R E N EWAL 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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Fig. 1 6  Operating Times from the No. 1 1  Time Dial Position for 

the Type C VE Relay set for Different Operating Circles. 
v, and Vz equal to rated voltage at zero phase angle. 
( Curves 471 192) 
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Fig. 1 7  Typical C VE 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. 

0 

N 

CURVE 6 1 9 4 5 7  

1 1  www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE CVE AND CVE-1 RELAYS -----------------------------

1 2  

STATION BUS 
A ----.---------------���------------------------- A 
B B 
c c 

L-v·<..AJ�_..,.,_ ... POT. 

LINE 

52 
�--------------------------��.rr��-. TRANSF. 

25 6 t 

�· rTO RECIDS1NG 

CVEl �ELAY OR 

LBREAKER 
CONTROL �g CIRCUIT 

.2.§ _lft.___5 ___ _____. 

A B C 

Fig. 18 External Schematic for C VE-1 with HLDB/HBDL Selec­
tor Switch, Internal Scheme 878A 1 84 

� 'o��.:,,�f-----+++ f--+++-+--+---+---+--f-----+--+----+--f--�+-f-� 

2_S <:.VE-I IlEL"'"( 
•U l'tf.CLC:>E.Il SW 

,, 
7-,. ' S ... �"-'-'"'"�' CJN \T 

LOCKOUT REli\Y 
f.1 5  PR.OHcCT\Yil 1'\I<�Y 
B .... COCVP P�OTI<CTWil lllli...AY 
C ... lllllflR C.ONT. SW. 
CC>NT!<<>l... SWoTc. .. 

Fig. 1 9  External Schematic for C VE-1 ,  Int. Scheme 1 88A624, 
with RC Reclosing Relay. Refer to RC t. L. 4 1 -661 for 
additional data. 
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Fig. 20 Outline and Drilling Plan for the C VE and C VE-1 in FT21 

case. 
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I N STA L L ATI O N  • 

Westinghouse I .L. 41 -&81 . 1 M  
O P E R ATI O N  • M A I N T E N A N C E  

I N S T R U C T I O N S  
TYPE CVE AN D CVE-1 

SYNCHRO-VE R I F I E R  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 t o  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 voltages. The 
contacts will close when these voltages are within set limits. 

The synchro-verifier is not an automatic synchronizer and 
should not be used as such. Automatic Synchronizers are 
available which permit closing ahead of synchronism at an 
angle of phase-advance proportional t

'
o the beat frequencies 

and determined by the speed of operation of the circuit 
breaker so that the two systems are connected right on 
synchronism. 

A common application of the synchro-verifier is in 
conjunction with automatic reclosing equipment or loop 
systems fed by generating stations at two or niore points. 
When a line section trips out, the synchro-verifier is used at 
one terminal to check synchronism after the remote terminal 
is reclosed. If the two systems are in synchronism, the 
synchro-verifier permits the automatic reclosing equipment to 
reclose the breaker. 

Some provision, such 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 o f  a n  operating element and 
a restraining element mounted on a common disc. The 
principal parts of the relay and their location are shown in 
Figs. I ,  3, and 4. 

The CVE-1 relay, Figure 2, consists of two telephone type 
ac voltage sensing relays in addition to the components of the 
CVE relay. The principal parts 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 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 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. 

A ll  possible contingencies which may arise during 
installation, operation, or maintenance, and all 
detail.� 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. 
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2 

(for diff. oper. ci 

RESTRAINT 
ELECTROMAGNET 

Front View 

Front View 

DAMPING 

Lag Coil 

Main Coils 

Fig. 1. CVE Relay, Without Case 

Fig. 2. C VE- 1 Relay, Without Case 

Rear View 

Rear View 

Operating 
Electromagnet 
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TYPE CVE AND CVE-1 RELAYS·��������������������������-
I
.
L
_._

4
_
1
_
�

_
s
_
1

.�
1 M  

� I  Til REllTI YE IMSTAIIU.IIt.OUS 
POllRIT'I' AS St\0"" T11E 
CONTACTS CLOSE 

lED ll.t.IIOU 
TEST S•ITCII 

TE11t411AL 

184A540 

Fig. 3 Internal Schematic of C VE, without ICS Unit. 

I ndicating Contactor Switch Unit ( ICS)-When Used 

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

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

Telephone Relay-CVE-1 Only 

The telephone relay units 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 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: 

I .  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. 

INTERNAL SCHEMATIC 

IIIDICATUIG 
COIITACTOR 
SWITCH -- -- ICS\o-------------, 

-- OPERATIIIG 
ELECTROMAGII£T 

(REAR) 

R I GHT HAIID 
RESI STOR 
(FROIIT VIEW) 

� �+--+---1-- RESTII:A IMT 

WITH RELATI'i'E IKSTAKTAIIEOUS POLARITY 
AS SHOWM, THE COMTACTS CLOSE 

ELECTROMAGtiEJ 
(FRONT) 

RED HAIIOLE 

TEST SWITCH 

TEII:MIUL 

185A 1 22 

Fig. 4 Internal Schematic of C VE, 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 VI and v2 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: 

I .  Close the breaker when the bus is live and the line is 
dead, through the V1 make contact and V2 break 
contact. 

2. Close the breaker when the line is a live and the bus is 
dead, through the V2 make c ontact 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. 

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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LlfT IIAIID 

f'OTENTIOIIIITEA 

VOLTAGE UIIT 

TEU:,MOtiE -- - -
TYPE IEUY 
LEn MAMD( F.J,) 

RIGHT II�M!l 
- USISTO�(F,'I , )  

OPEitHIMG 
ElECT'tC»>AGIIET ( �t:&� ) 
lUSTRAl liT 

- ELECTROMAGIET 
(FIIOIIT) 

.!.O ttAIDLE 

TEST S.ITCJI 

Sub. 3 
1 88A624 

0 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. 

CHARACTER ISTICS 

The type CVE and CVE-1 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 

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

The operating time of the relay is shown in Fig. I I . These 
time curves are obtained from the # I I 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. 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. 1 9  shows typical CVE reset times for 20°, 40°, and 
60° circle settings. 

4 

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: 

VOLTAGE UNITS  
TELEPHONE 
TYPE RELAY 

BUS-LINE 

INTEAAAI.. SCHEMATIC RIGHT HAND 
RESISTOR (F.V.) 

OPERATING 
ELECTROMAGNET 

{REAR) 

RESTRAINT 
ELECTROMAGNET 

(FRC 

����·----=F�==����--�� 

V1 = LINE 
V2 = BUS 

RED HANDLE 

TEST SWITCH 

TERMINAL. 

8 78A 184 

0 Fig. 6. Internal Schematic of CVE- 1 with Internal Switch tor 
HBDL or HLDB. (See Fig. 20 for External Scheme), with 

commoned voltage coils, use with phase-to-phase 
connected vt's. Voltages Voltages 1 80 

Volt-amperes 
Power Factor 
Watts 

in Phase 
1 5.4 
.422 
6.5 

Degrees Out of Phase 
1 3.5 
.422 

5.7 

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

Voltage-amperes 
Power Factor 
Watts 4.6 

1 0.8 
.422 

For the CVE-1 relay, additional burden of each telephone 
relay at 1 20 volts is as follows: 1 0.62 volt-amperes, Power 
Factor 0.64. 

Continuous Rating 

These relays will continuously stand 1 10% 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 
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INTERNAL SCHEMATIC 

t..EFT .... ---f----+--t-t-'-1� 
I"'TEIITIOMETER 
(F.V.) 

.I I.T MAID 
IESISTOI (F.V.) 

IP'liiATIM 
ELECT .... T (lEAl) 

ltiTIA IIfT 
ELEcnw•n 
(FIIGIIT) 

YOL TAlE UIIT 
TELEPHOIE TYPE IELAY 

lED KAIDLE 

TEST SWITCII 

880A496 

0 Fig. 7. Internal Schematic of CVE- 1 without commoned Potential 
Coils. (See Fig. 9 for External Scheme) 

the systems are swinging too fast. The # l l 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 Y2 time dial should be satisfactory with the 
20° circle. Note from Fig. 1 2  that the relay will operate in 1 .4 
seconds in the Y2 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 circle settings on 
the worst-case phase-angle difference between the two 
systems at the instant of breaker closure, refer to Fig. l l .  For 
example, assume a 40° 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° + 0.048x360TB=40° + l 7.3TB 

where TB =breaker closing time in seconds 

Let TB =0.5 seconds 

Then 40° + l7 .3x0.5 = 48.6° 

Indicating Contactor Switch (ICS}-When Used 

No setting is required on the ICS unit. 

INSTALLATION 

The relays should b e  mounted o n  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 projection mounting. Either a mounting stud or the 
mounting screws may be utilized for grounding the relay. The 
electrical connections may be made directly to the terminals 
by means of screws for steel panel mounting or the·terminal 
studs furnished with the relay for thick panel mounting. The 
terminal studs may be easily removed or inserted by locking 
two nuts on the stud and then turning the proper nut with a 
wrench. See Figure 22 for Outline and Drilling Plan. For 
detailed FT Case information refer to I .L.  4 1 -076. 

ADJUSTMENTS AND MAI NTENANCE 

The proper adjustments t o  insure correct operation o f  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 d-e 
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. 

l .  Contacts-The index mark on the movement frame will 
coincide with the "0" mark on the time dial when the 
stationary contact has moved through approximately one­
half of its normal deflection. Therefore, with the stationary 
contact resting against the backstop, the index mark is offset 
to the right of the "0" mark by approximately 0.020". 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-l relays should be connected in a 
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TYPE CVE AND CVE-1 RELAYS ----------------------------

6 

Z5 6 �  
A B C 

&YNCHRONISM 

TQ AUTOMATIC 
RECLOS�G RELAY OR BREAKER CONTROL CIRCUIT. 

DEVICE NUMBEi CHART 

25 - SYIICURO-VERI Fl ER RELAY - TYPE CVE * 
�05 - OPERATIIIG ELECTROM4G.�ET } OF 

TYPE � - RESTRAIIIT ELECTRO�IAGNET CVE 

� • UNDER AND OVERVOLTAGE BUS RELAY• TYP£. SG 
B 

� • UNDER AND OVERVOLtlGE LIHE REUY. TYPE SG. 
&2 • POWER CI RCU I T  BREAUlt 

b • 8REAKER AUX Il. I AitY CONTACT 

*"'INTERNAL SCHEM! I85AI22 WITH ICS (SHOW H) ON CVE CONTACT, 
OR 1.84A:!40 WITHOUT ICS ON CVE CONTACT 

; INTERNAL SCHEME 185 
t 52b REO. IF AUTOMATIC RECLOSE USED 

0 Fig. 8 External Schematic of the C VE with SG Relay for Dead­
Line-Hot Bus and Hot Line-Dead Bus Reclosing. 

A B C 

DEVICE NUMBER CHART 
25 - SYiiCIIRO VER I F I ER RELAY-TYPE CVE-i, INT. 880A495 
0 • OPERATI NG ELECTROI�AGtiET J OF 
R - RESTRA i tiT ELECTRO;�AGfl ET 'TYPE 
V1 • VOLTAGE BUS UN I T  CVE·l 
V2 - VOLTAGE U I H E  UN IT 

TO AUTOMATIC RECLOSING RELAY AND BREAKER CONTROL CIRCUIT 

52 - POWER C I RCU IT BR�AKER b · · a·REAKER 'AUX I t i ART CONTACT 

t 52b REO. IF AUTOMATIC 
RECLOSING USED 

0 Fig. 9 External Schematic of C VE-1 for Dead-Line-Hot-Bus and 
Hot-Line-Dead-Bus Reclosing. 

Sub 8 
184A863 

Sub 7 
629A086 
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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 wmng of the 
particular style CVE- 1 using Figures 1 5  and 16.  The con­
tacts should just close under the following two conditions: 

1 )  When V2 = V1 = rated voltage and their phase difference is 
between 1 8° and 22° (either leading or lagging). 

*2) When V1 = rated voltage and V2 is increased from a low 
value to 94 ±. 4V in phase with V 1 .  

3.  Time Curve-With the time dial set a t  position I I ,  the 
contact should be close in 20 ±. 1 seconds when V 1 and V2, 
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 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#l 82A836H01 is recommended for this purpose. 
The use of abrasive material for cleaning contacts is not 

1 I c11���� 
\ I I 

32 30 28 26 24 1\ I 
\ j_ 

I I 40' CIRCLE 

22 20 18 16 14 1/ 
I \ L L 
\ \ I 1/ 

12 10 
['._ / 

'\ / 4 ........ v CI=��E - -

� � � � w � 0 � w � � � � 
PHASE ANGLE (DEGREES) BETWEEN VOLTAGES 

184A998 

Fig. 1 1  Typical Time-Phase Angle Curves of C VE. Rated Voltage 
on Both Circuits No. #1 1 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). 

l .  Contact-The index mark on the movement frame 
coincides with the "0" mark on the time dial when the 
stationary contact has moved through approximately-one­
half of its normal deflection. Therefore, with the stationary 
contact resting against the backstop, the index mark is offset 
to the right of the "0" mark by approximately 0.020". 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 l l  
position. Next unwind the spring for zero tension on the 
number I I  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 I I  position. 
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TYPE CVE AND CVE-1 RELAYS -----------------------------

26 

24 

2 2  

2 0  

"' 1 8  
0 z 
8 16 
w (/) � 14 

w ::E 1 2  
i= 
� 10 
i= .. 0:: 8 w Q. 0 

6 

4 

0 
0 

/ 

20° 

/ v 
/ 

/ / 
/ / 

/ 
/ 

/ 40° 

I 
I 
� v 

2 

----
--

--f.-..--

3 4 5 6 7 8 
TIME DIAL SETTING 

6£:. 

9 10 I I  
Sub 2 
184A999 

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 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 A djustments-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. 14 for CVE, or Figs. 15 or 1 6  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 I I  time dial position. This 
can be determined by no movement of the disc 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 at approximately 
one-third of its resistance. Adjust the phase shifter in the 
lagging direction until the contacts just close the V1 and V2 

8 

.30 

.20 

.15 

.10 

0 .06 
.D5 ,. � .04 w ::> 0 .03 w 0:: "­

Q. .02 
::::; (/) ::E .015 
::> ::E � .0 I 
::E .008 

.006 

.005 

.004 

.003 

\ \ ---

I \ 
_\ 

--

"" 
" � --- -- -

\ 
" ........ 

1\ \ -- -� -- -

...... 

2 3 

" --- --- --- --- ---
� r-

i"-.... 
.............. �· -r--r--r--

--- --- -- - - - -- - - -- --
....... 

�v· 
r--

4 5 6 7 
TIME DIAL 

--

8 9 10 I I  

185A 1 23 

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 1 and V 2 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 1 1  position between 
40° and 4 1 ° ,  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 V1 and V2 equal to rated voltage. With Yt equal 
to rated voltage the contacts should just close when V2 is 
increased to 94 ± 4V in phase with Yt. 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 1 1  time dial position is 20 ± 0.6 
seconds with V1 and V2 equal to rated voltage at zero phase 
angle. 
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:5 PHASE 
120 VOLTS 

� I 2 3 

3 PHASE: 
1 2 0 VOLTS 

�� 
' ' '  

t - ADJUST TO GIVE FULL LOAD 
ON PHASE ANGLE r.IETER 

CVE 

Fig. 14. Diagram of CVE Test Connections. 

t - AOJUST TO GtV[ FUI..I.. LOAO 
ON PHASE ANGLE METER 

PHASE 
ANGLE 
METER 

CVE•I RELAY ( FRONT VIEW) 

-- -- -- -- -, 
' 

- - _j 
. .  

Fig. 15. Diagram of CVE- 1 Test Connections without Commoned Potential Coils. 

3 PHASE 
tO VOLTS 
,...-"---. 

' . '  

CVE·I RELAY { fRONT VI[W) 

., ' 

f - AOJUST TO GI'J[ FULL LOAD m ....fll ll II 
ON PHASE ANGLE Po![TER ..L. C!:!..J �ts·� =ltrn��m�i =f=t ==�,�!::::=J=.:,.,�··oet:, ,t=�;:f-l:.-r 

?[.5_!----<�,.-c .. >--, .. -"-' --4--l,j '� 
AJJ T Q - fji;.ANSFORMER -Z[:-;:::;=;::=-+-------------f--....J 

t30 VOLTS t'J- 0 

Fig. 16. Diagram of CVE- 1 Test Connections with Commoned Potential Coils. 

185A001 

Sub 2 
7758995 

Sub 1 
7758994 

9 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE CVE AND CVE-1 RELAYS----------------------------

1 2 0  

1 00 

1\ 
8 0  

<f) .... ..J 0 > 

\ \ \ 
� 6 0  

"' \ > 

4 0  
\ \ 

2 0  

20 4 0  6 0  

C I R C L E  IN OEGREES 

CURVE 471 191 

Fig. 1 7. V1 Voltage for Different Operating Circle. 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 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 V2 equal 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 "Center­
ing Circle" above for procedure. The time of operation will be 
as shown in the time curves of Fig. I I .  

ELECTR ICAL CH ECKPOINTS 

With V 1 in Fig. 14,  15 or 16 equal to rated voltage the 
following approximate voltages should be' obtained across 
the coils of the 1 20 volt relay. Relay set for 20 degree circle. 

10 

Operating Electromagnet 
Upper terminals 
Lower .terminals 
Lag coil circuit 

Restraint Electromagnet 
Upper terminals 
Lower terminals 

59 volts 
57 volts 
22 volts 

58 volts 
54 volts 

• > • 

'&0 

1 6  

� 1 2  

� , 
� 
.. 
::1 8 .... 

l \ \ ' 

� \ 
4 I"' � 
0 

0 20 40 60 
C I RCLE I N  DEGR E E S  

I CURVE 4 71 1 92 

Fig. 18. Operating Times from the No. 1 1  Time Dial Postion for 
the Type CVE Relay set for Different Operating Circles. 
v1 and v2 equal to rated voltage at zero phase angle. 

With 1 20 volts applied to V2 circuit only 
Operating Electromagnet 

Upper terminals 57 volts 
Lower terminals 
Lag coil circuit 

Restraint Electromagnet 
Upper terminals 
Lower terminals 

59 volts 
22 volts 

54 volts 
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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TYPE CVE AND CVE-1 RELAYS ------------------------......:I;:. L::... ::..41:.:.-8::8:.:.1.:.:.1�M 
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Fig. 1 9. 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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TYPE CVE AND CVE-1 RELAYS 
--
-------------------------

1 2  

(/) 
::> Ill 
z 
Q � (/) 

LL: (/) u . z  � <t:  0 0::: a.. t-
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�6 
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�}� 

N L() 
�-----------------�._------------------------�-- u 
�-------------------------------------------------�� Ill 
�------------------------------------------------- <t: 

w � ..J 
c::t: m u 

Fig. 20. External Schematic for C VE-1 with HLDBIHBDL Selec­
tor Switch, Internal Scheme 878A 1 84. 
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Fig. 2 1  External Schematic for C VE-1, Int. Scheme 1BBA624, 
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TYPE CVE AND CVE-1 RELAYS 

U:n MAIO jPOTENTIOMETER ,,,,,) 

liTH IEL..l11YE 1 I IITAITAIIEIII 
I'Gt.UIT"f AS 111M Tl[ CGITACTI 
CLOS[ 

INTERNAL SCHEMATIC 

OHIAlll& 
EL£CTIOIU.U£T 
(IW) 

[I IAUU 

188A515 

Fig. 22. Internal Schematic of C VE Synchro- Verifier, DPST. 
Contacts. 

ll&ltT UII> 
IES I STOI (f. f. ) 

I£STUIIT 
ELECTIIMAMET 
(FitiT) 

OLTA&E UI I T  
TELEPHOIE 
TYPE UU.'f 

880A495 

0 Fig. 24. Internal Schematic of CVE- 1 without commoned potential 
coils, with res. 

14 

WITII IELATI'fE IISTAMTAIEODI f'IURITY 
lS:.IHOIII, TH£ COlTACTS CLOSE. 

INTERNAL !SCHEMATIC 

Rlatll KUO 
RESISTOI ,(f.Y. ) 

OPERAT11Q 
UECJROMliiET 

(1£U) 

RiSl:IA IMT 
ELECTRGNl811ET 

(FROIIT) 

TUT ,JWJTCI 

T£RJitllL 

188A029 

0 Fig. 23. Internal Schematic of C VE- 1 with CVE Contacts 
Supervised by voltage contacts. 

VOLTAGE UNITS 
TELEPHONE 
TYPE RELAY 

BUS-LINE 

INTERNAL. SCHEMA TIC 

·��------r==t==i=���+-�-4�A 

RIGHT HAND RESISTOR (F.Y.) 

OPERATING 
ELECTROMAGNET 

(REAR) 

RESTRAINT 
ELECTROJ.IAGNET 

(FRONT) 

RED HANDLE 

TEST S WITCH 

TERMINAL 

880A 759 

O Fig. 25. Internal Schematic of CVE- 1 with DPDT Switch, without 
commoned potential coils. 
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l 
I 

10.438 
(265. 13) 

t 

5.219 
( 132 .56) 

. 563 
( 14.30) 

2.781  
( 70. 6 4 )  

' 
9.063 

(230.188) 

. 250 OIA. 4 HOLES FOR 
(6.35) . 190-32 MTG. SCREWS 

(I�� ) DIA. 2 HOLES 

. 190 -32 SCREW 1 . 344 
SPACERS FOR (3 4. 1 4 ) 
THIN PANELS 

5/16-18 SCREW 
(FOR THICK PANELS · 594 

USE 5/16-18 STUDSl ( I5 .09) 

Fig. 26. Outlined and Drilling Plan for the CVE and CVE- 1 in FT21 
case. 

5707901 
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I N S T A L L A TI O N  • 

Westinghouse I .L. 41 -681 .1 N 

O P E R A T I O N  • M A I N T E N A N C E  

I N S T R U C T I O N S  
TYPE CVE AN D CVE-1  

SYN C H R O-VER I FI E R  R E LAYS 

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. 

APPL I CATI O N  

This instruction leaflet applies t o  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 voltages. The 

contacts will close when these voltages are within set limits . 

The synchro-verifier is not an automatic synchronizer and 

should not be used as such. Automatic Synchronizers are 

available which permit closing ahead of synchronism at an 

angle of phase-advance proportional to the beat frequencies 

and determined by the speed of operation of the circuit 

breaker so that the two systems are connected right on 

synchronism. 

A common application of the synchro-verifier is in 

conjunction with automatic reclosing equipment or loop 

systems fed by generating stations at two or more points. 

When a line section trips out, the synchro-verifier is used at 

one terminal to check synchronism after the remote terminal 

is reclosed. If the two systems are in synchronism, the 

synchro-verifier permits the automatic reclosing equipment to 

reclose the breaker. 

Some provision, such 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. 

CO NSTR UCTI ON & OPE RATI ON 

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. I, 3, and 4. 

The CVE- 1 relay, Figure 2, consists of two telephone type 

ac voltage sensing relays in addition to the components of the 

CVE relay. The principal parts 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 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 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 
.fimher 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. 
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TYPE CVE AND CVE-1 RELAYS 

2 

Left Hand 

RESTRAINT 
ELECTROMAGNET 

Front View 

Front View 

DAMPING 
MAGNET 

Lag Coil 

Main Coils 

Right Hand Resistor 

Fig. 1. C VE Relay, Without Case 

Fig. 2. C VE-1 Relay, Without Case 

Rear View 

Rear View 

Operating 

Electromagnet 
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TYPE CVE AND CVE-1 RELAYS��������������������������-
I
.
L
_._

4
_
1 -_

6
_
�

-·�
1 N  

LEFT 1\Ah O - ­
RESI STOII 

F . W .  

L. 

'l i TH RELATIVE I MSTAIITllltOUS 
POllRITY AS SHOIIIM Tl1E 
CONTACTS CLOSE 

INTDtNAL SCHEMATIC 

OPERATING 
ELE.CTROHAiiiiET 

(REAR) 

lt l lihT IIAIIO 
RESI STOR 

f.�-

RESTIAIIIT 
H.EC TROMhllfT U.aoiiT) 

IIED IIAADI.E 

TEST SIIITCII 

TEitMI IIAL 

184A540 

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

Indicating Contactor Switch U nit (ICS)-When Used 

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

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

Telephone Relay-CVE-1 Only 

The telephone relay units 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 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: 

I .  Close the breaker when the bus is live and the line is 
dead, through the 598 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 278 break 
contact. 

IIIDICATIIIG 
COMTACTOR 
SWITCH -

LEFT HAIID 
R,ESI STOR 
( FROIIT Y I EW) 

INTERNAL SCHEMATIC 

W I TH RELAT IVE IIISTAIITAIIEOUS POLARITY 
AS SHOWN, THE COMTACTS CLOSE 

_.- QPERATIMG 
ELECTROMAGIIET 

(REAR) 

R IGHT HAIID 
RESI STOR 
( FROIH VIEW) 

ltESTUIIn 
£LECTROMAGIIE1 

( FIIOMT) 

RED HAIIOLE 

--TEST SWITCH 

TERMIUL 

185A 122 

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 VI and v2 perform the 
functions of external 598 and 27L relays respectively. 

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

I .  Close the breaker when the bus is live and the line is 
dead, through the V1 make contact and V2 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 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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l[fT IIAID POTIENTI�Tifl 

WOLT.I.C.{ UIIT TELH�OII£ 
TfPE IEL.I.T 
lEn IU.�O( F · ¥ · )  

VOlTAGE U � I T  
TEL� FKO�E 
TYPE �tlAY 
I I GH1' itA,oO( F . v . )  

� I  GMT � U �  
H S I STO�(F,': . )  

OPf�j T I HG tlECHOtd�JIET 
( �tA� ) 

lliSTUIIIT - ElECTROWAGIET 
( F�OIIT) 

Sub. 3 
1 BBA624 

Fig. 5. lnte·rnal  Schematic of C VE- 1 for use with RC Reclosing 

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

CHARACTER ISTICS 

The type CVE and CVE- 1 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 

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

The operating time of the relay is shown in Fig. I I . These 
time curves are obtained from the # I I 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. 1 2. 

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° ,  40° , and 
60° circle settings. 

4 

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: 

VOLTAGE UNITS 
T E LEPHONE 
TYPE R E L AY 

BUS-LINE 

�����R ----=F=t==���� 

V1 = LINE 
V2 = BUS 

_..- OPERATING 
ELECTROMAGNET 

(REAR) 

R E S T R AINT 
ELECTROMAGNET 

(fAC" 

R E O  HAN OLE 

TEST SWITCH 

T E RMINAL 

8 78A 1 84 

Fig. 6. Internal Schematic of C VE- 1 with Internal Switch for HBDL 

0 or HLDB. (See Fig. 20 for External Scheme). With com­
maned voltage coils, use with phase-to-phase connected 
vt's. 

Volt-amperes 
Power Factor 
Watts 

in Phase 
1 5 .4 
.422 
6.5 

Degrees Out of Phase 
1 3. 5  
.422 

5.7 

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

Voltage-amperes 1 0.8 
Power Factor 
Watts 4.6 

.422 

For the CVE-1 relay, additional burden of each telephone 
relay at 1 20 volts is as follows: 1 0.62 volt-amperes, Power 
Factor 0.64. 

Continuous Rating 

These relays will continuously stand I 1 0% 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 
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TY� CVE AND CVE-1 RELAYS _�-�-�-�-�-�-�������������-
I
.
L
_._4_

1 -_&_
�

_.
1
_N 

U:FT HAND 
l'iiTEIITIOMETER 
( F. i . )  

m 

INTERNAL SCHEMATIC 

liMIT MAID 

IESI STOI (F.'I'. ) 

.....- l'fiAT I .  

ELECTIIOM-T (mo) 

IESTIA IIT 

ELECUOIMIIET 
( FIOIOT) 

YOLT.l8E UIIT 
TELEI'ttCMIE 
TYPE IEU.Y 

lED MUDlE 

TEU SWITCI 

880A496 

Fig. 7. Internal Schematic of CVE-1 without commoned Potential 
Coils. (See Fig. 9 for External Scheme) 

the systems are swinging too fast. The # I I 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 Y:z time dial should be satisfactory with the 
zoo circle. Note from Fig. ! Z  that the relay will operate in 1 .4 
seconds in the Y:z time dial ,position and with the zoo 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 worst-case phase-angle difference between the two 
systems at the instant of breaker closure, refer to Fig. I I . For 
example, assume a 40° 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 etrcuit is energized. The phase angle at the 
instant of breaker closure is: 

0=40° + 0.048x360TB=o40° + 1 7.3TB 

where Ts =breaker closing time in seconds 

Let TB =0.5 seconds 

Then 40° + 1 7 .3x0.5 = 48.6° 

Indicating Contactor Switch (ICS)-When Used 

No setting is required on the ICS unit. 

I N STALLATION 

The relays should b e  mounted o n  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 projection mounting. Either a mounting stud or the 
mounting screws may be utilized for grounding the relay. The 
electrical connections may be made directly to the terminals 
by means of screws for steel panel mounting or the terminal 
studs furnished with the relay for thick panel mounting. The 
terminal studs may be easily removed or inserted by locking 
two nuts on the stud and then turning the proper nut with a 
wrench. See Figure ZZ for Outline and Drilling Plan. For 
detailed FT Case information refer to I .L.  4 1 -076. 

ADJUSTM ENTS AND MAINTENAN C E  

The proper adjustments to insure correct operation 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 d-e 
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. 

I .  Contacts-The index mark on the movement frame will 
coincide with the "0" mark on the time dial when the 
stationary contact has moved through approximately one­
half of its normal deflection. Therefore, with the stationary 
contact resting against the backstop, the index mark is offset 
to the right of the "0" mark by approximately O.OZO". The 
placement of the various time dial positions in line with the 
index mark will give operating times as shown on the time 
curve. 

Z. Operating Circle-Connect the CVE relay per the test 
diagram of Fig. 14.  CVE-1 relays should be connected in a 
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f..U] 19 
27·�9 -l -

2 7·59 -,-8-

A B C 

25 T 

DEV I CE HUWBER CliART 

&YNCHRONISM 

TO AUTOMATIC 
RECLOS IIIG 
R£LAY OR 
BREAKER CONTROL 
CIRCUIT. 

25 ,.. SYtiCIIRO-VERI Fl ER RELAY - TYPE CVE � - OPERATI II G  ELECT20MM!IET } OF 
TYPE 

� • UNDER AHD OYEIVDLTAGE LIKE RELAY. TYP'E S(l 

62 - !'OWER CI RCU I T  ORE.U:ER � - RESTR A I IIT  ELECTROHAG!IET CVE 
b • BREAKER lUX II.. I ARY CONTACT 

27-� - UHO�R AND OVERVOLTAGE BUS RELAY • TYP£ SG B * •INTERNAL SCHEMI£ 185AI22 WITH ICS (SHOWN) ON CVE CONTACT, 
OR 184A540 WITHOUT JCS ON CVE CONTACT 

t• 521o REQUIR EO IF HIGH SPEED AUTOMATIC RECLOSING USED. 

A B C 

0 Fig. 8 External Schematic of the C VE with SG Relay for Dead­
Line-Hot Bus and Hot Line-Dead Bus Reclosing. 

� t R 0 

R 0 

25 �------------------------� tr 

DEVICE NUMBER CHART 

ro .tUTOMAm 
R£Cl.OSIHG 
RELAY AND IIREAK£11 
CONTROl CIRQJT 

25- SY�HRO VER IAER RELAY TYPE CVE - I  , NT. 88:lA496 52- P<M'ER ORCUIT BREAKER 
0 - OPERA TIP«> ELECTROMAGNET 
R - RESTRAINT ELECTROMAGNET 
v 1- VO..TAGE BUS !..tilT 
V�- VQTAGE Ll� UNIT 

l OF 
TYPE 
CVE - I  

b - Bf£AKER NJXILIARY <XlNTACT 
t 52b REQ. IF HIGH SPEED 

AUTOMATIC RECLOSING USED. 

0 Fig. 9 External Schematic of C VE-· 1 for Dead-Line-Hot-Bus and 
Hat-Line-Dead-Bus Reclosing. 

Sub 8 
184A863 

Sub. 2 
352 7A 76 
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TYPE CVE AND CV� 1 RE LAYS �������--������������������'-·L_._4_1 -_6_�_.1_N_ 

184A997 

Fig. 10 Typical Voltage-Angle Characteristic of C VE for Various 
Closing Angle Settings. Rated Voltage on One Circuit. 

similar manner to correspond with the wmng of the 
particular style CVE- 1 using Figures 1 5  and 1 6 . The con­
tacts should just close under the following two conditions: 

I )  When V 2 = V 1 = rated voltage and their phase difference is 
between 1 8° and 22° (either leading or lagging). 

*2) When V1 = rated voltage and Vz is increased from a low 
value to 94 ± 4V in phase with V1 . 

3. Time Curve-With the time dial set at position I I , the 
contact should be close in 20 ± I seconds when V1 and V2, 

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 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#l 82A836H01 is recommended for this purpose. 
The use of abrasive material for cleaning contacts is not 

I j c11���� 
\ I \ I 

32 

30 

28 

26 

4 

2 
,, I 
\ J 

I I Cl�g�E 
8 I 6 

4 \ 1 /  

20 

2 

0 I 1\ I 1 
\ \ I 1/ B � / 6 " / 4 ........ V oo• - - CIRCLE 

2 

0 
60 �0 40 30 20 10 0 JO 20 30 40 50 60 

PHASE ANGLE ( DEGREES) BETWEEN VOLTAGES 

184A998 

Fig. 1 1  Typical Time- Phase Angle Curves of C VE. Rated Voltage 
on Both Circuits No. # 1 1  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 p rocedure 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 "0" mark on the time dial when the 
stationary contact has moved through approximately-one­
half of its normal deflection. Therefore, with the stationary 
contact resting against the backstop, the index mark is offset 
to the right of the "0" mark by approximately 0.020". 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 I I  
position. Next unwind the spring for zero tension on the 
number I I  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 I I  position. 
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TYPE CVE AND CVE-1 RELAYS ----------------------------

26 

24 

2 2  

2 0  

Ul 1 8  
c z 8 16 
.... Ul � 14 

!it 1 2  
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� 10 
;:: <( 0:: 8 .... a. 0 

6 

4 

2 / 
0 ,.:; 

0 

20° 

/ 7 
v v / v 

/ 
/ 

/ 
/ 4� 

/ -----
__........ v ------ � -

1...---' v 
2 3 4 5 6 7 8 9 10 I I  

TIME DIAL SETTING 
Sub 2 
184A999 

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 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 adj ustable 
point of the left hand resistor (front view). Connect the relay 
to test circuit of Fig. 14 for CVE, or Figs. 1 5  or 1 6  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 I I  time dial position. This 
can be determined by no movement of the disc when the 
time dial is moved beyond the number I I  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 V1 and V2 
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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 V1 and V2 equal to 
rated voltage. If the latter angle is not within ± I degree of the 
former angle, adjust the right hand resistor (front view) until 
the two angles are within ± I 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 I I  position between 
40° and 4 1 ° ,  with rated voltage on both sides. Change the 
angle to 20 degrees and adjust the reset spring until the 
contacts j ust 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 V1 and V2 equal to rated voltage. With V1 equal 
to rated voltage the contacts should just close when V2 is 
increased to 94 ± 4V in phase with V1 .  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 I I  time dial position is 20 ± 0.6 
seconds with V1 and V2 equal to rated voltage at zero phase 
angle. 
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TYPE CVE AND CVE-1 RELAYS I.L. 41 -881 .1N 
-----------------------------------------------------------

3 PHASE 

120 VOLTS 

� 
I 2 3 

3 PHAS£ 120 VOLTS 

� I 2 3 

t · .AOJUST TO GIVE FUL.L LOAD 
ON PHASE A N G L E  NETER 

Fig. 14. Diagram of CVE Test Connections. 

t · ADJUST TO GIVE FULL LOAD 
ON PHASE ANGLE r,j[T(A 

PHASE 
ANGLE 
METER 

CV£-1 RELAY [ FRONT VI[W) 

--o·· ·1 
I 

L+·������-�0�-�J 

0 Fig. 15. Diagram of CVE- 1 Test Connections without Commoned Potential Coils. 

3 PHASE 
120 VOLTS 
� 

' ' '  t ADJUST TO GIJ[ FULL LOAO 
ON PHASE ANGLE '-I E T E R  

C\1£-1 RELAY ( fRONT YI[W) 

. - - .  & 0 . 

Fig. 16. Diagram of CVE- 1 Test Connections with Commoned Potential Coils. 

185A001 

sub. 3 
7758995 

Sub 1 
7758994 

9 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE CVE AND CVE-1 RELAYS----------------------------

1 2 0  

1 0 0  

80 
U> >-...J 

\ 1\ 0 > \ 
� 6 0  

"' \ > 

4 0  
1\ 

\ 

2 0  

2 0  4 0  6 0  

C I R C L E  IN DEGREES 

CURVE 471 1 91 

Fig. 1 7. V 1 Voltage for Different Operating Circle. V 2 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. 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 right-hand resistor to position the desired 
circle symmetrically about the zero degree line. See "Center­
ing Circle" above for procedure. The time of operation will be 
as shown in the time curves of Fig. I I .  

ELECTR ICAL CH ECKPOINTS 

With V 1 in Fig. 14,  1 5  or 1 6  equal to rated voltage the 
following approximate voltages should be' obtained across 
the coils of the 1 20 volt relay. Relay set for 20 degree circle. 

10 

Operating Electromagnet 
Upper terminals 
Lower .terminals 
Lag coil circuit 

Restraint Electromagnet 
Upper terminals 
Lower terminals 

59 volts 
57 volts 
22 volts 

58 volts 
54 volts 

• , • 

1 6  

� 1 2  
" n 
� 
.. :1 
>- 8 

1 \  l \ 
1\ \ 

4 
I� 

� 
0 0 20 40 60 

C I RC L E  IN DEGR E E S  

I CURV£ 471 1 92 

Fig. 18. Operating Times from the No. 1 1  Time Dial Postion for 
the Type CVE Relay set for Different Operating Circles. 
v1 and v2 equal to rated voltage at zero phase angle. 

With 1 20 volts applied to vz circuit only 
Operating Electromagnet 

Upper terminals 
Lower terminals 
Lag coil circuit 

Restraint Electromagnet 
Upper terminals 
Lower terminals 

57 volts 
59 volts 
22 volts 

54 volts 
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 
60 degree circle 

2250 ohms 
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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TYPE CVE AND CVE-1 RELAYS �������������������������I_. L_. _41_��8�1�. 1�N 

N 

-1 01  
s:: f11 
0 .:>  
)> 
r ()l  
en f11 
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00 
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0 
RESET TI M E - S EC. 
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'� \ \ 

' tv1'\ \..¥1 
r l I 

1\) 01 0 0 0 0 0 0 
(I) (I) en 
11'1 11'1 11'1 
-t -t �--t -t 
z z z 
Cl Cl Cl 

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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1 2  

<t m  
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� m 
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�------------------------------------ <( 

<t m o 

Fig. 20. External Schematic for CVE-1 with HLDBIHBDL Selec­
tor Switch, Internal Scheme 8 78A 184. 
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TYPE CVE AND CVE-1 RELAYS ___________________________ _ 

l!FT IIAID 
!POTENTIOMETER 

, .. .. ) 

liTH IUUIYE . I IITliTAIEOUI 
MH.UITY AS hOWl TIE COIUCTS 
CLOSE 

OPUA1118 
ElECTI .. UET 
(IW) 

IESTIIIIT 
�1.--+----r- ILECT .. J•n (FIDIT) 

El IAIILE 
TilT IIITC:I 

188A515 

Fig. 22. Internal Schematic of  CVE Synchro- Verifier, DPST. 
Contacts. 

I.I CATH 
CMTACTOI 
SWI TCM 

OOERHAL SCHEMATIC 

II &ttl MAID USISTOI (f. ,o ) 

IUTU IIT 
ELEtr..U•ET 
{ flttiT) 

OLTAQE UI I T  
TELEI'MCMIE 
TYPE UUY 

880A495 

Fig. 24. Internal Schematic of CVE-1 without commoned potential 
coils, with ICS. 

1 4  

W illi IEUT I'fE IISTAIITAlEOUS NLARITT 
.lS.IMOil, JHE COtiTAClS CLOSE . 

INTERNAl ,SCHEMATIC 
RIIUIT iiAND 
RESI STOR ( F . V , )  

� OPERATING 
UECTROMAIIIIET 

(REAl) 

RU1UIIIT 
ELECTRQMAQIIET 

(FROIT) 

TUT SWITCM 

l£1tNtiAL 

188A029 

Fig. 23. Internal Schematic of CVE- 1 with CVE Contacts 
Supervised by voltage contacts. 

VOLTAGE UNITS 
TELEPHONE 
TYPE RELAY 

BUS� LINE 

���------r==t==���--+-t-��� 

OPERATING 
ELECTROMAGNET 

(REAR) 

RESTRAINT 
ELECTROMAGNET 

( FRONT) 

RED HANDLE 

TEST SWITCH 

TERMINAL 

880A759 

Fig. 25. Internal Schematic of CVE-1 with DPDT Switch, without 
commoned potential coils. 
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TYPE CVE AND CVE-1 RELAYS ________________________ I_. L_. 4_1_-s_s_1 ._1 N_ 

t_ 
I 

5.2 19 
( 1 32 . 56) 

. 563 
( 1 4.30) . 250 DIA. 4 HOLES FOR 

(6, 3 51 , 190-32 MTG. SCREWS 

+ --1--+----fi=... 

-L6.375 
( 161.93) 

10 . 438 
(265. 13)  

+ 

PAN E L  LOCAT I O N  

' ·  
, ,  1 1 . 125 

(80.98 ) � � 
3 . 1 8 8  �I ( 3. 18 ) R. 

S E M I - FLU S H  M TG .  PAN E L  C U TO U T  8 D R I LL I NG 
PROJ E C T I O N  M T G .  F O R  SE M I - F L U S H  M T G  

. 250 +.gl 6 ( .39� ) � (6. 35 ) - 375 1 .031 -T.:I.031 ---;- 1.031 ---t- 1 . 0 3 1  � (S 5 3 )  R. 
26. 1 9 )  .(26. 1 9 )  (26. 19)  (26 . 19 ) . 

TERMINAL AND 
MOUNTING DETAILS 

Fig. 26. Outline and Drilling Plan for the C VE and C VE- 1 in FT21 
case. 
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Westinghouse I .L. 41 -681 . 1 P  

TYPE CVE AND CVE-1 
SYNCHRO-VERI FIER 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. 

APPL I CATION 

This instruction leaflet applies to the following 
types of relays : 

CVE Synchro-Verifier Relay 
CVE- 1 S ynchro-Verifier Relay with line and bus 
voltage sensing relays 

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

The synchro-verifier is not an automatic syn­
chronizer and should not be used as such. Auto­
matic Synchronizers are available which permit 
closing ahead of synchronism at an angle of 
phase-advance proportional to the beat frequen­
cies and determined by the speed of operation of 
the circuit breaker so that the two systems are 
connected right on synchronism. 

A common application of the synchro-verifier 
is in conjunction with automatic reclosing equip­
ment or loop systems fed by generating stations 
at two or more points. When a line section trips , 
out, the synchro-verifier is used at one terminal 

to check synchronism after the remote terminal 
is reclosed. I f  the two systems are in synchronism , 
the synchro-verifier permits the automatic reclos­
ing equipment to reclose the breaker. 

Some provision, such 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. 

CONSTR UCTI ON AND OPE RAT I ON 

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. 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 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. 

A ll possible con tingencies which may arise during installation, opera tion, or maintenance, and all 
details and variations of this equipment do not purport to be covered by these ins true tions. If further 
information is desired by purchaser regarding his particular installation, operation or maintenance of 
his equipment, the local Westinghouse Electric Corporation represen tative should be con tacted. 

SUPERSEDES I .L. 41 -681 . 1 N  DATED JANUARY 1980 EFFECTIVE FEBRUARY 1 984 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



I.L. 4 1 -681 . 1 P  

The resistor connected across the lag coil of 
the electromagnet provides adjustment for dif­
ferent operating circles of the relay. I ncreasing 
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-e 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 this op­
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 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 units are fast operating 
types energized by the application of an a-c volt­
age. I n  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 exter­
nal type SG voltage relays will provide the follow­
ing operation : 

2 

1 .  Close the breaker when the bus is live and the 
line is dead, through the 5 9B make contact 
and 27L break contact. 

2. Close the breaker when the line is live and the 
bus is dead, through the 5 9L 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 CVE contact. 

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 and SG relays. 

CVE-1 OPERATION 

In the CVE- 1 ,  the internal V 1 and V 2 perform 
the functions of external 59B and 27L relays 
respectively. 

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 I  make contact and 
Y2 break contact. 

2. Close the breaker when the line is alive and the 
bus is dead, through the Y2 make contact and 
V 1 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. 1 0. As shipped from the factory 
the relay is calibrated for the 20 degree circle. 
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Left Hand 

Front View 

Fig. 1. 

DAMPING 

Front View 

Fig. 2. 

Log Coil 

Main Coils 

Right Hand Resistor 

CVE Relay, Without Case, 

C VE- 1 Relay, Without Case. 

Rear View 

Rear View 

I.L. 4 1 -681 . 1 P  

Operating 

El ectromagnet 
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I.L. 4 1 -681 . 1 P  

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. 1 1 . These time curves are obtained from the 
# 1 1  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. 1 2 . 

Fig. 1 3  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. 1 9  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 is as follows : 

Volt-Amperes . . . . . .  . 
Power Factor. . . . . . .  . 
Watts . . . . . . . . . . . . .  . 

60 Hertz 

1 5 .4 
.422 
6 . 5  

5 0  Hertz 

2 3 . 3  
. 3 0 9  
7 .2  

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

Voltage-Amperes . . . .  . 
Power F actor . . . . . . .  . 
Watts . . . . . . . . . . . . .  . 

60 Hertz 

1 0.8  
.422 
4.6 

50 Hertz 

1 3 . 8  
.309  
4 .2  

For the CVE- 1 relay, additional burden of each 
telephone relay at 1 20 volts , 60 Hz, is as follows : 
1 0.62 volt-amperes, Power F actor 0.64. 

For 1 20 volts, 50  Hz, is as follows : 1 3 .29 volt­
amperes, Power Factor .47.  

CONTINUOUS RATING 

These relays will continuously stand 1 1 0% of 
rated voltage applied to the two circuits, either 
separately or simultaneously. 

4 

SETTI NGS 

DISC UNIT 

As shipped from the factory the relays are cali­
brated for a 20 degree circle. Other operating cir­
cles 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 tim e dial so that the relay will not op­
erate when the systems are swinging too fast. The 
# 1 1 time dial is recomm ended when the 60° cir­
cle setting is used. A 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 20° circle. Note from Fig. 1 2  that the 
relay will operate in 1 .4 seconds in the 1 /2 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 circle 
settings on the worst-case phase-angle difference 
between the two systems at the instant of breaker 
closure, refer to F ig. 1 1 . For example, assume a 
40° 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 3 5 0TB = 40° + 1 7 .3TB 

where TB = breaker closing time in seconds 

Let TB = 0.5 seconds 

Then 40° + 1 7 .3  x 0 .5  = 48.6° 

INDICATING CONTACTOR SWITCH 
(ICS) - WHEN USED 

No setting is required on the ICS unit. 

I NSTAL LAT ION 

The relays should be mounted on switchboard 
panels or their equivalent in a location free from 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



WI Ttl REl.I.TI WE I NSTAIIT.f.NtOIIS 
POLARITY AS SHOitl Tllf 
CQIITACTS CLOSE 

184A540 

Fig. 3. Internal Schematic of CVE, without ICS Unit, 
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VOLUG£ UII I T 
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TYPE �tln. 
I I GKi l!i.oO( F . f . ) 

lt l (;lll h U :>  
1 £ 5 1  STO�( F."<'. ) 

0'f<lAfiMG 
tLECHOt4.l�[l 

( �t U )  

USTUIIT 
- E LECTIIOMAGIET 

( FitOrT) 

1�0 II .. OLE 
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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. 

IIDICATIIIG 
COJITACTOit 
SWITCH 

WITH RELATIVE I IISTUTAIIEOUS POLAR ITY 
AS SKOWM, THE COitTACTS CLOSE 

I.L. 4 1 -68 1 . 1 P  

.- QPUATIIIG 
ELECTitOMAGIIET 

(REAl) 

lt16tll HAIIO 
RESISTOR 
( FROMT VIEW) 

- USTlAUIT 
ElECTitCIMAGIIEI (FIOIT) 

liED HANDLE 

- TEST SWITCH 

TUMIUL 

185A 122 

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

VOLTAGE UNITS 
T E L E PHONE 
TYPE R E L A Y  

BUS - L INE 

RIGHT HAND 
RESISTOR (fV.l 

O PERATING 

ELECTROMAGNET 

(REAR) 

R E S TRAINT 
ELECTROMAGNET 

{ FRC 

����� ----�==�====�4-�4----L-1 

Fig. 6. 

V1 = LINE 
V2 = BUS 

R E D  HANDLE 

TEST SWITCH 

TERMINAL 

8 7BA 184 

Internal Schematic 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. 
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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. 
F o r  d e t a i l e d  FT Case information refer to 
I .L.  4 1 -076.  

ADJUSTM ENTS AN D MAI NTENAN C E  

The proper adjustments t o  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 and pass su ffi­
cient d-e 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 stationary 
contacts simultaneously. 

DISC UNIT 

1 .  Contacts 

The index mark on the movement frame will 
coincide with the "0 " mark on the time dial 
when the stationary contact has moved through 

6 

approximately one-half of its normal deflection. 
Therefore, with the stationary contact resting 
against the backstop , the index mark is offset to 
the right of the "0 " mark by approximately 
0 .020". 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. 1 4 . CVE- 1 relays should be connected in a 
similar manner to correspond with the wiring of 
the particular style CVE- 1 using Figs. 1 5  and 1 6 .  
The contacts should just close under the follow­
ing two conditions : 

1 )  When V 2 = V 1 = rated voltage and their phase 
difference is between 1 8° and 22° (either 
leading or lagging) . 

*2)  When V 1 = rated voltage and V 2 is increased 
from a low value to 94 ± 4 V in phase with V 1 . 

3 .  Time Curve 

With the time dial set at position 1 1 , the con­
tact should be close in 20 ± 1 seconds when V 1 
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# 1 82A83 6HO 1 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. 
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lED MAIDlE 

880A496 

Fig. 7. Internal Schematic of CVE- 1 without 

Commoned Potential Coils. (See Fig. 9 for 

External Scheme). 

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 
the relay is not in proper working order (See 
A cceptance Check). 

1 .  Contacts 

The index mark on the movement frame coin­
cides with the "0 " mark on the time dial when 
the stationary contacts has moved through ap­
proximately one-half of its normal deflection. 
Therefore, with the stationary contact resting 
against the backstop, the index mark is offset to 
the right of the "0" mark by approximately 
0 .020". 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 1 1  position. 

I.L. 4 1 -681 . 1 P  

Next unwind the spring for zero tension on the 
number 1 1  position. This can best be noticed by 
unwinding the spring until the contact will not 
move when the time dial is moved a small dis­
tance beyond the number 1 1  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 ten­
sion 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 re­
sistor will affect the operating circle. 

3. Spurious Torque Adjustments 

With 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 
screw 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 F ig. 1 4  for CVE , or Figs. 1 5  or 1 6  
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 1 1  time dial position. This 
can be determined by no movement of the disc 
when the time dial is moved beyond the number 
1 1  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 V 1 and V 2 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 1 
and V 2 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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TO AUTOMATIC 
ftECLOS IIIG 
RELAY OR BREAKER CONTROL CIRCUIT. 

A B C 
DEV ICE HUMBER CHART 

25 ,.. SYIICIIRO-VER I Fl ER RELAY - TYPE CVE �05 • OPERATI IIG ELECTRO.IIAGliET } OF 
TYPE � - RESTRAIIIT ELECTROHAGliET CVE 

� • UNDER AND OVEIVOLf.(GE LIIIE REUY. TYPE SO. 
62 • I'OWU CIRCUIT 'REAlER 

b • 8R[AKER AUX ILIAilY CONTACT 
� • UKOiR AHD OYERYOLTAGE BUS RELAY. TYPE SG B * :<INTERNAL SCHEMe: 185AI22 WITH ICS (SHOWN) ON CVE CONTACT, 

OR 184A540 WITHOUT JCS ON CVI!: CONTACT 
t• 52 .. REOUIR ED IF HIGH SPEED AUTOMATIC RECLOSING USED. Sub 8 

184A863 

Fig. 8. External Schematic of the CVE with SG Relay for Dead-Line-Hot Bus and Hot L ine-Dead Bus Reclosing. 

A 8 C 

DEVICE NUMBER CHART 

25- SYN::HRO VERI AER RELAY TYPE CVE - I ,  NT. IS>A496 
0 - OFERATIP«i ELECTROMAGNET 
R- RESTRAINT ELECTROMAGNET 
v 1- va..TAGE llJS �IT 
V�- VQ..TAGE LINE UNIT 

l OF 
TYPE 
CVE - 1 

TO IIUTOMA11C 
RfCl..OSING 
RELAY AND 111£AI<Eft 
CONTROL CIRQJT 

52 - POWER ORCUIT BREAKER 
b - BI£AKER AUXIL IARY OONTACT 
t 52b REQ. IF HIGH SPEED 

AU'TOMATIC RECLOSING USED. 

Fig. 9. External Schematic of C VE- 1 for Dead-Line-Hot-Bus and Hot-Line-Dead-Bus Reclosing, 

Sub. 2 
3527A76 
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184A997 

Fig. 10. Typical Voltage-Angle Characteristic of CVE 

for Various Closing Angle Settings. Rated 

Voltage on One Circuit. 
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Fig. 12. Operating Time Variations with Changes in 

Time-Dial Settings. Rated In-Phase Voltage 

on Both Circuits, 200, 400 and 600 Circle 

Setting. 
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184A998 

Fig. 1 1. Typical Time-Phase Angle Curves of C VE. 
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Fig. 13. Approximate Maximum Slip Frequency for 

which Operation Occurs - Rated Voltage on 

Both Sides. 
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Fig. 15. 

3 PHASE 

1 2 0  VOLTS 

� 
I 2 3 

t - ADJUST" TO GIVE FULL LOAD 
ON PHASE ANGLE r.rETER 

Fig. 14. Diagram of CVE Test Connections. 

CYE-1 RELAY { FRONT Vt[W) 

'" [511 Jo-
II 

3 PHASE 

r 
[), 20 VOLTS 

� t · ADJUST TO GIVE FULL LOAD 
II 

I 2 3 ON PMASE ANGLE ME TER . ,__ !> r f  ,, 
�HASE -- -- --A NGLE 0 - ,  

llllfTER ' � lTh -&- -' c· - .  : -
' 

. � �� -----ifO li} ' 
VAI<IASL[ -.(� AUTO·HIANSFORNER 
tlO '<'OLTS 

Diagram of CVE- 1 Test Connections without Commoned Potential Coils. 

] PHASE 
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CV[·I RELAY ( fRONT YI[W) 
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Fig. 16. Diagram of CVE- 1 Test Connections with Commoned Potential Coils. 
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:a 8 
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1 \  
j \ 

\ 

1\ \ 
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20 40 60 

C I RC L E  IN DEGR E E S  
CURVE 4 71 191 

Fig. 17. V 1 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 returns to the 
backstop of the time dial at the number 1 1  posi­
tion between 40° and 4 1 °, with rated voltage on 
both sides. Change the angle to 20 degrees and ad­
just 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 1 and V 2 equal to rated 
voltage. With V 1 equal to rated voltage the con­
tacts should just close when V 2 is increased to 
94 ± 4V in phase with V J .  If necessary, readjust 
spring slightly to obtain this condition. The relay 
is now calibrated for a 20 degree circle .  

6.  Time Curve 

I nstall the permanent magnet on the relay. Ad­
just the permanent magnet keeper until the op-

I.L. 4 1 -68 1 . 1 P  

120 

100 

1\ 
80 

"' ... ..J 

\ \ 0 > \ 
! 60 
N \ > 

4 0  1\ 
\ 

2 0  

20 4 0  60 

C I R C L E  IN DEGRE E S  

CURVE 4 71 1 92 

Fig. 18. Operating Times from the No. 1 1  Time Dial 

Position for the Type CVE Relay set for 

Different Operating Circles. V 1 and V2 Equal 

to Rated Voltage at Zero Phase Angle. 

erating time of the relay from the number 1 1  
time dial position is 20 ± 0.6 seconds with V 1 and 
V 2 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. F or example, if a 40 degree circle 
is desired, adjust the left hand resistor until the 
contacts just close with V I  and V2 equal to 
rated voltage at 40 degrees phase angle. I t  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. 1 1 . 
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E LECTR I CAL C H EC KPOI NTS 

With V I in F igs. 1 4, 1 5  or 1 6  equal to rated 
voltage the following approximate voltages should 
be obtained across the coils of the 1 20 volt relay. 
Relay set for 20 degree circle. 

Operating Electromagnet 
Upper terminals . . . . .  . 
Lower terminals . . . . .  . 
Lag coil circuit . . . . . . . 

Restraint Electromagnet 
Upper terminals . . . . .  . 
Lower terminals . . . . .  . 

60 Hz 50 Hz 

59 volts 6 1  volts 
57 volts 59 volts 
2 2 volts 24 volts 

58 volts 6 I volts 
54 volts 58 volts 

With 1 20 volts applied to V 2 circuit only. 

Operating Electromagnet 
Upper terminals . . . . .  . 
Lower terminals . . . . .  . 
Lag coil circuit . . . . . .  . 

Restraint Electromagnet 
Upper terminals . . . . .  . 
Lower terminals . . . . .  . 

12 

60 Hz 50 Hz 

57 volts 5 8 . 5  volts 
59 volts 6 1  volts 
2 2 volts 24 volts 

54 volts 57 volts 
58 volts 6 1  volts 

Approximate d-e 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 appreciably between relays. 

20 degree circle - 4800 ohms 
40 degree circle - 22 50 ohms 
60 degree circle - 890 ohms 

R E N EWAL 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 nam eplate data. 
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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. 22. Internal Schematic of C VE Synchro- Verifier, 

DPST Contacts. 
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Internal Schematic of C VE- 1 without 

Commoned Potential Coils, with ICS. 
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Internal Schematic of C VE- 1 with CVE 

Contacts Supervised by Voltage Contacts. 
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Fig. 26. Outline and Drilling Plan for the CVE and CVE- 1 in FT2 1  Case. 
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