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OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE CVE AND CVE-1 

SYNCHRO-VERIFIER RELAYS 

CAUTION: Before putting the Synchro-Verifier into service, 

remove all blocking inserted for the purpose of securing the 

parts during shipment. Make sure that all moving parts 

operate freely. Inspect the contacts to see that they clean and 

close properly, and operate the relay to check the settings and 
electrical connections. 

APPLICATION 

This instruction leaflet applies to the following types of 
relays: 

CVE Synchro-Verifier Relay 

CVE-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� 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 relar. must be used 

to control closing through the CVE(-1) contacts to avoid 

the possibility of pumping when closing into a fault. 

CONTRUCTION AND OPERATION 

The type CVE relay consists of an operating element and 

a restraining element mounted on a common disc. The 

principal parts of the relay and their location are shown in 

Figs. 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 
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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TYPE CVE AND CVE-1 RELAYS-----------------------------

2 

(for diff. oper. ci 

RESTRAINT ELECTROMAGNET 

Front View 

DAMPING 

Front View 

lag Coil 

Main Coils 

Fig. 1. CVE Relay, Without Case 

Fig. 2. CVE-1 Relay, Without Case 

Rear View 

Rear View 

Operating Electromagnet 
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INTERNAL SCHEMA TlC 

I 
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LEFT hAIID --t-+-----f­
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F.v. 

Willi RELATIVE IMSTAMT.I.IIt:OUS 
POLARIT'I' ASSHOIIMTIIE 
CONTACTS CLOSE 

IIUTIIAIIIT 
EL.ECTiO�ohltET 

{.fJ:OIIT} 

lED IIAIIOL£ 

TEST $11TCII 

184A540 

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

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. 

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. 

IIIDICATIIIG 
CONTACTOR 
SWITCH 

INTERNAL SCHEMATIC 

res""--------� 
..--QPEUTIMG 

ELECTII:OMAGMET 
(REAR) 

RIBHT HAND 
RESISTOR 
(FROIIT VIEW) 

-1-·-t---+- IIESTJtAIU 

WITH RELATIVE UISTAIITAMEOUS POLARITY 
AS SHOWJI, THE CONTACTS CLOSE 

ELECTROMAGII£1 
(FitONTl 

RED HAIIDLE 

TEST SWITCH 

185A122 

Fig. 4 Internal Schematic of CVE, with tCS 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 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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TYPE CVE AND CVE-1 RELAYS 

26 

24 

22 

20 

U> 18 
0 z 8 16 
w "' '!; 14 

� 12 j: 
� 10 j: .. 0: 8 w "-0 6 

4 

2 

0 
0 

I 

zo• 

/ v---
v 

/ v 
v 

/ 
/ 

/ 
/ � 

/ f.--� 1--
/ 
L--:: v 

2 

f.--..--

3 4 5 6 7 8 
TIME DIAL SETTING 

� 

9 10 II 

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 adjustable 

point of the left hand resistor (front view). Connect the relay 

to test circuit of Fig. 14 for CVE, or Figs. 15 or 16 for 

CVE-1, and apply rated voltage at zero phase angle on both 

circuits. With the right hand plug all the way in, adjust the 

left hand plug of the rear electromagnet such that the disc 
does not move from the number 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 V, 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 v, and V2 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 41°, with rated voltage on both sides. Change the 
angle to 20 degrees and adjust the reset spring until the 
contacts just make. Rotate the phase shifter to move V2 

through zero phase angle to an angle where the contacts just 

make. The contacts should just close at an angle of 20 ±. 2 

degress with V1 and V2 equal to rated voltage. With v, 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 11 time dial position is 20 ±. 0.6 

seconds with V, and V2 equal to rated voltage at zero phase 

angle. 
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3 PHASE 12'0 VOLTS 

� 
I 2 > 

'PHASE 
120 VOLTS � 

t ·ADJUST TO GIVE FUI..L LOAD 
ON PHASE ArtGLE METER 

CVE RELAY t FRONT VIEW) 

CVE 

Fig. 14. Diagram of CVE Test Connections. 

t- ADJUST TO GIVE FULL LOAD 
ON PHASE ANGLE METER 

PHASE 
ANGLE 
METER 

CVE•I RELAY {FRONT VIEW) 

Fig. 15. Diagram of CVE-1 Test Connections without Commoned Potential Coils. 
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� '. ' f ·ADJUST TO GrJ£ FULL LOAD 
ON PHASE Aro!GL[ METER 

PHASE 
ANGLE 
METER 

CVE-1 RELAY (FRONT YIEWI 

Fig. 16. Diagram of CVE-1 Test Connections with Commoned Potential Coils. 
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Fig. 17. V1 Voltage for Different Operating Circle. V2 equal to 
rated voltage at zero phase angle. 

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. 

ELECTRICAL CHECKPOINTS 

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 120 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 

16 

.. 
� 8 ... 
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0 0 

1\ 1\ \ \ 
' 

1\ 
\ 

1"'-
� 

20 40 60 
CIRCLE IN DEGREES 

I CURVE 471192 

Fig. 18. Operating Times from the No. 11 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 120 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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for Switch, Internal Scheme 878A 184. 

Sub 1 
3511A01 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



COILS P.,.HD 
C.ONTP...C.T$ 

MOTOft. M 
� 

' I ---?t'-2. 

c .. , 1--H----3 
t.ONTJl.CTS I -I>-4--If--

� 
<!) � ---,11"--y Yoi 

UHIT � Y? 
� --,11"-

® X � 
UNIT p.c:. X9 -If--

a. 
1----BREA.KER a.a. 

AUX. 1----
SWITCH � bb 

CONT- SW. IOIC ---�� 

--

CN 

S!ATION SVS LINE PRVM IN 
$T.._T � ' EJ f"OSITIOM 0 __.... � '0 0 2. b � • �· � ��-- d 0 z " ,; 3 r-'---- % s� Q . 0 § f 8 � �oi gi ::! s·· G � �3 � u1• j N < " . � O�"' u � .. J . " J � � � ... 

� ��8� i! z �� z �:� z z 2.5 2.5 , §� , , � , � . .. • 

lf\r.ft- l ,.. t_�� ,.. " 1 � � ll Vz.l .1- '• 

P=-* 
.. It: b 

10 101/S.C >----- 101/0 

tf.r 

ll ¥ . 

2 
T 

T Z.I:I, ::;t:z.\1 
v, R -q .. 

!1 ' ' 
0 . 

M� lz; � n� 
POS. � 

.. 101/K ,. 
.. 

zoo 

79 XB YS i'f 
. 

0 2.0 40 5 IS 2.0 2.S 30 35 40 4S so 55 1! 10 " 
r·J= jo In 610 

' h CYCLES SE_COMDS .---((,Oru BA.SE) !U TIME 

CONTACT POSITION OE.VELOPMENT 

HeAVY LINE INDICA.Te.S COHT ... C::TS CLOSeD OR COIL ENERGIZED 0-C . 
.$>UPPLY 

DEVICE NO. D II. VICE ��r:.:::"':iic. 
2.5 C.VE-1 RELA."( \88,��rt..(..Z4 

43 RECLOSE.R. 5W. -
•• C.IR.C.UIT BKR.. -
79 �C. REL"Y tee. .... ls4 

79Z sx R.E.L..f/1..'( 184 "s .. 0 7"-4 S� ltEL"Y (Z UNtT 121.3 ...... 457 
•• LOCKOUT f<.E.LAY -
HS H.S. Pf(OTECTIVa f\li.LA.Y -
I'U B"C.ICVP P�OTECTI\olli. lllllL,..Y 

ssco C .. RRII!.R. C.ONT. SW. -'"" CONTA.O\- SW\TC.H -

NOTE: N£6. " 

SPECIA\:!ET'riNG OF CONTACT#-4 FOR 
INTERM. lATE LOCKOUT FOR SYNCH 
CHECK CL.OSE ONLY. 

Fig. 21 External Schematic for CVE-1, Int. Scheme 188A624, 
with RC Reclosing Relay. Refer to RC I.L. 41-661 for 
additional data. 

2.0 ""lh"'" 2.S 2.5 � II 
T 2:' J fC.V& VI VI 

V2. V2. 

2.5 00 

sx = 10 
n_ 17. 10 • 
YL3 .. , .. ,, '1 1 

� { � �· 

8 ... ��1<."£R 1& 
(x • "���-� 

1!:4 n:.• 9 •• ,. 
"' 

101/0 

z 

" 
5 

"! 
. 

" 
b 

' 

R . 
3 

� '• 

HS .. IOI/T 

, .. 8 7,Z 
-,;-•: ® I�· �t•z T ..__..__ 7 ;rsz><. 

�}-INTii:RMEOIAT � �OCKOUT ...LA.�M. 
TIM£R. 

'.; ±!: .. 
+ 

S2. lzi· Q. I 

TO FINAL 
L.OCKOUT 

IJ...\,...ASlh\ TIMER 

Sub 4 
408C823 

-1 -< 'V m 0 < m 
,. z c 0 < m I ... ::u m 
§; -< 0 

!-
� 
... 

I Cl) Cl) ... :.. 31: 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE CVE AND CVE-1 RELAYS--
--------------------------

0 

liTH REhllU(JIUT&IUIIEIUS rtL..liiTY .AS 11M TIE COITACTS 
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INTERNAL SCHEMATIC 
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188A515 

Fig. 22. Internal Schematic of CVE Synchro-Verifier, DPST. 
Contacts. 
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0 Fig. 24. Internal Schematic of CVE-1 without commoned potential 
coils, with ICS. 
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0 Fig. 23. Internal Schematic of CVE-1 with CVE Contacts 
Supervised by voltage contacts. 
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O Fig. 25. Internal Schematic of CVE-1 with DPDT Switch, without 
commoned potential coils. 
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Westinghouse I.L. 41-681.1 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCT IONS 
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. 

APPLI CATION 

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 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 ONST RUCTION AND OPE RATION 

The type CVE relay consists of an operating 
element and a restraining element mounted on a 

common disc. The principal parts of the rel ay and 
their location are shown in Figs. 1, 2, 3, and 4. 

Operat i n g  Ele men t  

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

NEW INFORMATION 

center l eg and a l ag coil on the l eft l eg. A resistor is  
connected acros s  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 
thro ugh the outer l egs of the el ectromagnet. The l ag 
coil on the l eft l eg causes the fl ux in that leg to l ag 
the main pol e flux. The out-of-p hase fl uxes thus pro­
duced in the disc gap causes 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 increase s  the contact closing torque of 
the relay. 

Re strai n i n g  E l eme n t  

T h e  restraining el ement consists o f  an "E" typ e 
l aminated el ectromagnet with two main coils on its 
center l eg and a l ag coil on its l eft l eg. A flux is pro­
duc ed 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 eg s  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 nd icat i n g  C o n tactor Switch Unit ( I CS)  - When U s e d  

The d-e indicating contactor switch i s  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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Stationary 
Contact 

Moving Contact 

' 
I • r-

�Damping Magnet 

Right Hand Resistor 

(lor centering circles) 

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

,) 

Lag Coil 

Main Coils 

' ---" �' �'7',;,-'id" 

Operating 

Electromagnet 

Fig. 2. Type CVE Relay, without Case (Rear View) 
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TYPE CVE RELAY -----------------------------..:..:.•·L=:·:..:":.:.:'·:.:.6B:.:1.:..:.1 

"ITH RELATIVE IIISTANTAIIt.OUS 
'0LARITY AS SHOWN THE 
CONTACTS CLOSE 

INTERMAL SCHEMATIC 

184A540 

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

The front spring, in addition to holding the tar­

get, provides restraint for the armature and thus con­

trols the pick-up value of the switch. 

Operation With Voltage Relays 

The connections shown in 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 
CONTACTOR 
SWITCH ---�-

LEFT HANO 
RESISTOR 
(FRONT VIEW} 

INTERNAL SCHEMATIC 

- 09ERATIMG 
ELECTROMAGNET 

(REAR) 

RIGHT HAND 
RESISTOR 
(FRONT VIEW) 

t�t--t---1-- RESTRAINT 

WITH RELATIVE INSTANTANEOUS POLARITY 
AS SHOWN, THE CONTACTS ClOSE 

ElECTROMAGNET 
(FRONT) 

REO HANDLE 

TEST SWITCH 

TERMINAL 

185A122 

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

CHARACTERISTICS 

The type CVE relay can be adjusted for operat­

ing c ircles 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. 

Burden 

The burden imposed on each potential source 

by the CVE relay with rated voltage applied to both 

circuits of the relay is as follows: 
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TYPE CVE RELAY----------------------------------------------------------

STATION BUS 

I 2 3 

CLOSING CIRCUIT Of 52 

27 l" 27-59 
-3-
27-59 -15-� L 

NEG._....._ ______ _ 

DEY ICE NUMBER CHART 

25 - SYNCttRo-VERI Fl ER RELAY - TYPE CVE � - OPERATING ELECTROMAGNET } OF 
TYPE � - RES TRAINT ELECTROMAGNET CVE 

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

�l� - UNDER AND OVER VOLTAGE Ll ME RELAY, TYPE SG 

52 - POWER C I RCU IT BREAKER 

b - BREAKER AUXI L1 ARY CONTACT 101 - Cl RCU IT BREAKER CONTROL SWITCH, TYPE W 

184A863 

Fig 5. External Schematic of the CVE with SG Rel ay fo r Dead-Line-Hot Sus and Hot L ine-Dead Sus Rec/oslng. 

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 o f  the CVE relay with rated voltage 

appli ed to o.ne circuit is as follows: 

Volt-amperes 10. 8 

Power Factor . 422 

Watts 4 . 6  

C o n ti n uo u s  Rati n g  

These relays will continuously stand 1 10% of 

rated voltage applied to the two circuits, either 

separately or simultaneously. 

SETTINGS 

D i s c Unit 

As shipped from the factory the relays are 

calibrated for a 20 degree circle. Other operating 

circles from 20 to 60 degrees can be obtained by 

adjusting the left hand resistor in the relay. The 

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° circle 

setting is used. A setting of �t4 time dial or higher 

recommended with the 40° eire! e. A setting as low 

as the 72 ti me dial should be satisfactory with the 
20° circle. Note from Fig. 8 that the relay will oper­

ate in 1 . 4  seconds in the 72 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° circle and �t4 
time-dial setting. Also assume that the systems are 

slipping at a frequency of 0.048 cycles per second, 

which is the ma ximum slip for which the relay will 

operate. This means that the relay contacts close 

just as the one voltage vector moves out of the circle. 

This would mean that the systems would be 40° out­

of-phase at the instant that the breaker close circuit 

is energized. The phase angle at the instant of 

breaker closure is: 
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TYPE CVE RELAY -----------------------------I ._L _. 4_1_-6_81_.1 

184A997 

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

Various Closing Angle Settings. Ratec/ Voltage on 

One Circuit. 

where TB = b reak.er closing time in seconds 

Let TB=0.5 seconds 

Then (:1+ 17.3x0.5=48.6° 

Ind icati n g  C a n tactor S w i tch ( I C S) - When U s ed 

No setting is required on the ICS unit except the 

selection 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 NST ALLATI ON 

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-

\ J l2o• l 
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184A998 

Fig. 7. Typical Time - Phase Angle Curves of CVE. Ratec/ 

Voltage on Both Circuits. No. �t11 Time 0/al Setting. 

jection mounting. Either a mounting stud or the 

mounting screws may be utilized for grounding the 
relay. The electrical connections may be made 

directly to the terminals by means of screws for steel 

panel mounting or the terminal studs furnished with 

the relay for thick panel mounting. The terminal 
studs may be easily removed or inserted by locking 

two nuts on the stud and then turning the proper nut 

with a wrench. 

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

ADJUSTMENTS AND MAINTENANCE 

The proper adjustments to insure correct opera­

tion of this relay have been made at the factory. 

Upon receipt of the relay, no customer adjustments, 

other than those covered under "Settings" should be 

required. 

A ccep tance C heck 

The following check is recommended to insure 

that the relay is in proper working order: 
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TYPE CVE RELAY ________________________________________________________ __ 
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w 
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4 
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/ / 
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/ v 
/ / 

/ 
/ 

/ 

2 3 4 5 6 7 8 9 10 II 

TIME DIAL SETTING 

184A999 
Fig. 8. Operc�tlng Time Variations with Changes In Time-Dial 

SeHings. Rated In-Phase Voltage on Both Circuits, 

20 Degree Circle Setting. 

I nd i c ati n g  C o n tactor Sw i tc h  ( IC S) - W h en U s ed 

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 particular ICS tap 

setting being used. 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

ecmsly, 

D i s c  Un i t  

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 

6 
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TIME DIAL 

185Al23 
Fig. 9, Approximate Maximum Slip Frequency ;or which 

Operc�tlon Occurs - Rated Voltage on Both Sides. 

index mark will give operating times as shown on 

the time curve. 

2. Operating Circle - Connect the relay per the 
test diagram of Fig, 10. The contacts should just 
close when VB is within± 4 volts of the values shown 

in Fig. 6 for different angles on the 20 degree 
cir cle 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 v2 are equal to rated voltage at 

zero phase angle. 

R out i ne Maintenan ce 

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 REL AY ----------------------------------------------------------
'
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L
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4
_
1
-_
6B

_
1
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1 

3 P H A S E  C V E  R E L A Y  ( F RONT VIE W )  1 20 VOLTS 

� 
I 2 3 t - ADJUST TO G IVE FULL LOAD dDr ; r:� ON P H A S E  A N G L E  M E T E R  

PHA S E  
A N G L E  
M E T E R  

T I M E R  

S TA R T  ±o o � r-fo ±  fo fo 
STOP 0 0  

D. P. S.T. I 

� SWITCH 

�-o- � 1-- --
� ij I) 

VA R I A B L E  

CVE 
011 1 1 ( 

'------
; · a--o · c, · -o- -
' .... 0 0 0 0 - - - - - - - - - --

- - - -

- - - -
- - - ,  

- -
' 
I 

- - -' cp @ ® 7 g +  ® � C§)+ ' (a)  '@)  

A U TO - TR A N S FORM E R � 230 VOLTS 0 � 185A00 1 

Fig. 10. Diagram of CVE Test Connections. 

danger of embedding small particles in the f ace of 

the soft silver contact and thus impairing the contact. 

Cal l brat lon 
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 11 position. Next unwind the spring for zero 

tension on the number 11 position. This can best be 

noticed by unwinding the spring until the contact 

will not move when the time dial is moved a small 

distance beyond the number 11 position. The spring 

convolutions may touch during this operation and the 

outer convolutions may hit other surfaces of the re­

lay. This interference should be disregarded because 

its effect on the final calibration will be negligible . 

The reason for unwinding the spring is that the 

amount of tension on the reset spring affects the 

diameter of the circle. Hence, the spring tension has 

to be removed initially so that only the left hand 

resistor will affect the operating circle. 

3. Spurious Torque Adjustments - With the relay set 

as per the preliminary adjustments, open the lag 

coil circuit of the rear electromagnet. Connect the 

relay to test circuit of Fig. 10 and apply rated vol­

tage at zero phase angle on both circuits. Adjust 

the left hand plug of the rear electromagnet such 

that the disc does not move from the number 11 time 
dial position. This c an be determined by no move­

ment of the disc when the time dial is moved beyond 

the number 11 position. 

4. Centering Circle - Reconnect the lag coil cir­

cuit of the rear electromagnet and set the left hand 

resistor at approximately one-third of its resistance. 

Adjust the phase shifter in the lagging direction until 

the contacts just close with v1 and v2equal 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 such 

that the moving contact just leaves and returns to 
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TYPE CVE RELAY __________________________________________________________ __ 

the backstop at the number 1 1  po sition between 37° 
and 38°, with rated voltage on both sides. Change 

the angl e to 20° degrees and adjust the reset spring 

until the contacts just make . Rotate the phase shifter 

in the leading direction until the contacts are just 

equal to rated voltage. The contacts should just 

close at an angle of 20 ± 2 degrees. 

The relay is now calibrated for a 20 degree circle. 

other points of the circle may be checked by apply­

ing the proper value of v2 at the proper angle. The 20 

degree circle should be within ± 4 volts of the curve 

value. 

6. Circles other than 20 degrees - This adjustment 

should not be done until the above adjustments for a 

20 degree circle have been completed. 

If another circle other than 20 degrees is desired, 
adjust the left hand resistor to obtain the desired 

circle. lPor 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. 

7.  

E LECTRI CAL CHE C K P OINTS 

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 de gree circ le . 

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 22 

Restraint Electromagnet 

Upper terminals 54 

Lower terminals 58 

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

lows: 

Operating Electromagnet 
Upper terminals 59 ohms 

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

Restraint Electromagnet 

Upper terminals 66 ohms 

Lower terminals 92 ohms 

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 

RENE WAL PARTS 

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

complete nameplate data. 
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TYPE CVE RELAY 

j� l i  ! �  
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1\l O T E : A L \... D \ M E N :5 1 0 N S  I N  I N C H E S 

I.L. 41-681 . 1 
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Fig. J 1 .  Outline ana Drilling Plan for the CVE In FT2 1 case. 
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Westinghouse I . L  4 1- 68 1. 1 B  

INSTALLATION • OPERATION • MAINTENANCE 

INST R UCT IONS 
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. 

AP P LICATION 

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 termina l 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 break er. 

C ONST RUC TION AND OP E RATION 

The type CVE relay consists of an operating 

element and a restraining element mounted on a 

common disc. The principal p arts of the relay and 

their location are shown in Figs. 1,  2, 3, and 4. 

Operat i n g  E l ement 

The operating unit consists of an "E" type 

laminated electromagnet with two main c oils on the 

SU P E RSEDES I . L. 4 1- 68 1 . 1 A  
*Denotes change from sup erseded i ssue 

center leg and a l ag coil on the left leg . A resistor is 

connected acro ss the shading coil. 

When the relay 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 

through the outer legs of the electromagnet. The lag 

coil on the left leg causes the flux in that leg to lag 

the main pole flux. The out-of-phase fluxes thus pro­

duced in the disc gap causes a contact clo sing to rque. 

The res is tor connected across the lag coil of 

the electromagnet provides adjustment for different 

operating circles of the relay. Increasing or decreas­

ing the amount of resistance effectively decrea ses 

or increa ses the contact closing torque of the relay. 

Re s trai n i n g  E l eme nt 

The restraining element consist s  of an "E" type 
laminated 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 leg s  of the electromagnet. 
The lag coil causes the flux through the left leg to 

lag the main pole flux. The out-of-phase fluxes thu s 

produced in the disc gap causes a contact opening 

tor que. 

I n d i c a t i n g  C o n tac to r  S w i t c h  Un i t  ( I CS) - W h e n  U s e d  

The d-e indicating contactor switch i s  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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Fi g. 1. Type CVE Relay, without Case (Front View) 
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Fig. 2. Type CVE Relay, without Case (Rear View) 
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INTERNAL SCHEMATIC 

WITH RELATI'IE INSTAITAUOUS "'l.UITY 
AS SHOWIIt THE CONTACTS CLOSE 

OPEIIATIMG 
ELECTROMAGNET 

(REAR) 

RIGHT HAIID 
RESISTOR 
(FRONT VIEW) 

C�-t--+---+- RESTRAIMT 
ELECTRONAGMET 

( FRONT) 

RED HANDLE 

TEST SWITCH 

TERM I MAL 

184A540 

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

The front spring , in addition to holding the tar­

get, provides restraint for the armature and thus con­

trols the pick-up value of the switch. 

O p er at i o n  W i th V o l tage Re l 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. 

r•rt.mH 
=· 

INTERNAL SCHEMATIC 

1 1 8111 lAID 
1£SI STOR 
( FROIT 'flEW) 

c--r-+----+-:�����.n 

WtTW tnUift IIST&IT&IIEOUS POUlin 
AS SIIO'a. TilE COITACTS CLOSE 

(FIGIT) 

ED MAIDL£ 

TEST SWI TCH 

185A122 

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

CHARACTERISTICS 

The type CVE relay can be adjusted for operat­

ing circles from 20 to 60 degrees as shown in Fig. 6 .  
As shipped from the factory the relay is calibrated for 
the 20 degree circle. These circles apply when one 

side has rated voltage. The relay operates , if the 

other voltage falls within the appropriate circle. 

The operating time of the relay is shown in Fig. 
7. These time curves are obtained from the 11:11 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.  

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 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--
----------------------------------------------------------

Z5 6 �  
CLOSING CIRCUIT Of SZ 

I Z 3 NEG. -�-------
DEVICE IIUMBER CHART 

25 - SYIICHRD-YER I FI ER RELAY - TYPE CYE L05 - OPERATI NG ELECTROM6GIIET } OF 
TYPE � - RESTRAI MT ELECTROMAGNET CYE 

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

� - UIIDER AID OVERYOLTAGE L I IIE RELAY, TYPE S6 

52 - POWER Cl RCUI T BREAKER b - BREUER AUX I LI ARY COIITACT 101 • CI RCU I T  BREAKER COIITROL SWI TCH, TYPE W 

184A863 

Fig 5. External Schematic of the CVE with SG Relay for Dead-Line-Hot Bus and Hot L ine-Dead Sus Redoslng. 

Voltages 

in Phase 

Volt-amperes 1 5 . 4  

Power Factor .422 

Watts 6 . 5  

Voltages 1 80 
Degrees Out of Phase 

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  

C on ti n uo u s  Rat i n g  

These relays will continuously stand 1 10% of 

rated voltage applied to the two circuits, either 

separately or simultaneously. 

SETTINGS 

D i s c  Uni 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° eire! e 
setting is used. A setting of 114 time dial or higher 

recommended with the 40° circle. A setting as low 

as the � ti me dial s hould be satisfactory with the 
20° circle. Note from Fig. 8 that the relay will oper­

ate in 1 . 4  seconds in the � time dial positions and 

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

higher time-dial setting may be used. 

To evaluate the effect of time-dial and circle 

settings on the phase-angle difference between the 

two systems at the instant of breaker closure, refer 

to Fig. 9. For example, assume a 40° 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 sl ip for which the relay will 

operate. This means that the relay contacts close 

just as the one voltage vector moves out of the circle. 

This would mean that the systems would be 40° out­

of-phase at the instant that the breaker close circuit 

is energized. The phase angle at the instant of 

breaker closure is: 
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TYPE CVE R ELAY--------------------------------------------------------�·�-L�-�4�1-�68�1-�1�8 

184A997 

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 e + 17 . 3 x 0. 5 = 48 . 6 °  

I n d ic ating C o n t a c t o r  S w i t c h  ( I C S) - When U s ed 

No setting is required on the res unit. 

INSTALLATION 

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 

2 T 7 d����� 
8 \ I \ 1/ 

30 

6 

4 ,\ I 
2 \ 7 

20 

8 I I Cl�g�E 

6 

4 I 
1 2  

I \ I I 
\ \ I 1/ 

10 

!'-- / 
'\, v 4 ........ __ v Cl�g�E -

0 
60 50 40 30 20 1 0  0 10 20 30 4 0  50 60 

PHASE ANGLE (DEGREES) BETWEEN VOLTAGES 

184A998 

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

Voltage on Both Circuits. No. 1t11 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. 

ADJUSTMENTS AND MAINT E NANC 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 p ta n c e  C h e c k  

The following check is 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 t a c t o r  Sw i t c h  ( I C S )  - W h en U s e d  

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

� 
w 
::; ;:: "' z 
;:: .. c:: w a. 0 

26 

24 

2 2  

2 0  

1 8  

1 6  

1 4  

1 2  

1 0  

8 

6 

4 

2 

0 
0 

/ / 
/ 

./ / 
v 

/v 
/ / 

/ 
/ 

/ 

3 4 5 6 7 8 9 10 II  

TIME 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 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 

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 

. 1 5  

. 10 

u .06 

.05 
,.. � .04 
w 
=> � .03 

c:: "-
a. .02 :::; 
Ul 

::; 
. 0 1 5  

=> ::; � .0 I 

::; 
.008 

.006 

.005 

.004 

.003 

\ 
\ ---
1\ 

I 
\ 

1\ \ - - - - -

""' 
" � --- ..;:.::.:: --- - -- --- - - - ---

� --
'\. '\. 

......... 
r--...... !'----�· 

---r--r--

K -- - --- --- - - - - - - - - - -- - -
!'-.. 

...i:U' ---
r---

--

3 4 5 6 7 8 9 10 1 1 

TIME DIAL 

185Al23 
Fig. 9. Approx imate Maximum Slip Frequency for which 

Operation Occurs - Rated Vo ltage on Both Sides, 

2. Operating Circle - Connect the relay per the 

test d iagram of Fig. 10. The contacts should j ust 

close when v2 is within ±4 volts of the values shown 

in Fi g. 6 for d ifferent angles on the 20 degree circl e 

when V 1 is equal to rated voltage. 

3. Time Curve - With the time d ia l  set at position 

1 1 , the c ontact should close in 20 ± 1 seconds whe n  

v1 and v 2  are equal to rated voltage a t  zero phase 

angl e .  

* 4. Single Ph ase Test - Where a phase s hifter and 

phase angl e meter are not availabl e, the rel ay 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 op erating circ l e ,  app l y  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 

190 ± 4 volts. 

To che ck the time c urve , 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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3 P H A S E  1 20 VOLTS 
C V E  RELAY ( F RONT VIE W )  

� 
I 2 3 t - ADJUST TO GIVE F ULL LOAD 

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

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

T I M E R  

S TA R T  

STOP 

VA R I A B L E  
A U TO - TRANSFORMER 230 VOLTS 

PHA S E  
A N G L E  
M E T E R  

C V E  

185A00 1 

Fig. 10. Diagram of CVE Test Connections. 

Routine Maintenan c e  
All relays should b e  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. 

C a libration 
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 11 position. Next unwind the spring for zero 

tension on the number 11 position. Thi s c an best b e  

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 

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 piece of insul atin g 

material under the adjustable 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 gle 

on both circuits.  With the right hand pl ug all the way 
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TYP E CVE RELAY __________________________________________________________ __ 

in, adjust the l eft hand plug of the rear el ectromagnet 
such that the disc does not move from the number 1 1  
time dial position. This 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 th e lag coil circuit of 
the rear electromagnet an d 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 v2 equal to rated 
voltage. Note the angle at which the contacts just 
clos e .  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 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 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 
11 pos ition 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 v2 through zero 
phas e angle to an angle where the contacts j ust make .  
The contacts shou-ld j ust close a t  a n  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 v2 at the proper angle. Thi 20 
degree circle should be within ± 4 volts of the curve 
value. 

* 6 .  Time Curve - Install the p ermanent magnet on the 
rel ay .  Adj ust the p ermanent magnet 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 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 

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

7. 

C a l i b ration With-in P h o s e  V o l tage s 

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

1. Preliminary Adjustments - Remove the perma­
nent magnet from the relay and set the time dial on 
the number 11 position. Next unwind the spring for 
zero tension on th e 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 surfac es of 
the relay .  This interference s hould be disre garded 
because its effect on th e 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 .  Henc e ,  the spring. tension 
has to be removed initially so that only the l eft hand 
resistor will affect the operating eire! e. 

2. Spurious Torque Adjustments - With the rela:v 
set as per the preliminary adjustments, open the l�g 
}:: oil circuit of the rear electromagnet. This can be 
done either by opening the screw connection on the 
lag of the rear electromagnet or by 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 an gle to both circuits of the relay. (This 
can be done by connecting the inputs of the variabl e 
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 11 position . 

3 .  Centering Circle - To center the circl e ,  s et 
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 left hand re­

sistor ( front view) s uch that the moving contact just 
leaves the backstop of the time dial at the number 1 1  
position with v1 equal to 120 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 
and V 2 equal to 94 volts. 
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Lu t "-

ibrated for approximately a 20 
the other in phase point of the 

1 e qual to 1 20 volts and increas­

until the contacts are just making. 

8 volts . 

1e - Install the p ermanent magnet 

djust the p ermanent magnet keeper 

ng time of t he rel ay from the 11 time 

is 20 ± 0 . 6  seconds with V 1 and V 2 
wltage at zero phase angle .  

5 Other Than 2 0  D e grees - This adjust­

not be done until th e above adjustment 

ee circle h as been compl eted. 

l to noted voltage and apply v2 to a value 

!d by Fig. 11.  Adjust th e l eft hand resistor 

,tacts j ust clos e .  

lrcle b y  timing t h e  relay with V 1 a n d  V 2 
d voltage. The relay should operate from 

1 time dial position within ± 7 percent of 

own in F ig. 1 2 .  
ELECTRICAL CHE C K P OINTS 

With v1 in Fig. 10 equal to rated voltage the 

following approximate voltages should be obtain­

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

for 20 de gree circle. 

Operating Electromagnet 
Upper terminals 59 volts 

Lower terminals 57 

Lag coil circuit 22 

Restraint Electromagnet 
Upper terminals 58 
Lower terminals 54 

I .L.  4 1-68 1. 1 8  

With 1 20 volts applied to v2 circuit only 
Operating Electromagnet 

Upper terminals 57 
Lower terminals 59 
Lag coil circuit 22 

Restraint Electromagnet 

Upper terminals 54 
Lower terminals 58 

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

lows: 
Operating Electromagnet 

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 

RENE WAL PARTS 

Repair work can be done most satisfactorily at 

the factory. However, interchangeable parts can be 
furnished to the customers who are equipped for do­

ing repair work, When ordering parts, always give the 
complete nameplate data. 
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C I RC L E  I N  DEGREES 

Curve 471191 
Fig. 1 7 . V2 Voltage for Different Operating Circ les. V 7  

equal to rated voltage at zero phase angle. 
(Curve 4 7 1 7 9 7 )  
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C I RC L E  IN DEGR E E S  
Curve 471192 

Fig. 12. Operating Times from the No. 1 7  Time D ia l  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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TYPE CVE RELAY 

j;-� l i  i l ���� �JI, 
PA).I E L  LOC.A\\0� � 'SEMI - FLU SH MIG. 
PRO;JECT I 0 N MTC:r. 

1�0-32. SCREW 

SPACE !f!S �� TWIN PAN'E\..C:. 
� -IB SCRE.W 16 (F"OR \1-\ICK W"-NEI.. USE 16-18 <:.TUD) 

o i C)0 · 3'l SCREW 

TERMI NAL �ND MOUNT I N G- Dt:TA.I L� 
NOT E : A l l.. D I M E N5 1 0 N S  I N  I N C H E S  

I .L. 41-611. 11 

l 01,e....4- HOl..E'S FOR + . 190-3'Z. MTC:r. SCREW$ 

PANEL CUTOUT i DRILLIWG­�R SEMI-FLU�\-1 h4T<i. 

I I I :i� 13'2. 
PAWE:\.. CR\LL\NG OR CUTOUT FOR PRO;TEC.T\ON MTGr. 

(F"RO�T VIEW) 

57-D-7901 
F ig. 13. Outline and Dri l l ing Plan for the CVE in FT21 case. 
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