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INST ALLA TlON • OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE Cl SYNCHRO-VERIFIER I 

CAUTION Before putting the Synchro-Verifier 

into service, remove all blocking inserted for 

the purpose of securing the parts during ship­

ment. Make sure that all moving parts operate 

freely. Inspect the contacts to see that they 

are clean and close properly, and operate it 

to check the settings and - electrical con­

nections. 

APPLICATION 

The type CI synchro-verifier is used to 

verify the condition of synchronism existing 

between two system voltages. The contacts 

will close when these voltages are equal, 

within set limits, in phase, and of the same 

frequency. If the two systems have been split 

apart, so that a beat frequency exists across 

the open circuit breaker used to tie the two 

systems together, the synchro-verifier will 

not close its contacts unless this beat fre­

quency is approximately 1/45 cycle or less. 

The type CI 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 synch­

ronism. 

A common application of the synchro-verifier 

is in conjunction with automatic reclosing 

equipment on loop systems fed by generatinE 

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 sys­

tems are in synchronism the synchro-verifier 

permits the automatic reclosing equipment to 

NEW INFORMATION 

reclose the breaker. 

CONSTRUCTION AND OPERATION 

The type CI Synchro-Verifier consists of two 

induction disc elements and two phasing re­

sistors. The rotating elements consist of two 

copper discs fastened on a steel shaft. The 

shaft is supported en the lower end by a steel 

ball riding between concave sapphire jewel 

surfaces, and on the upper end by a stainless 

steel pin. 

The moving dlscs are rotated by two electro­

magnets designated A an d  B. Eleme:-tt A oper­

ates on the back half of the upper disc, and 

element B on the back half of the lower disc. 

The disc is damped by a permanent magnet 

mounted in front cf the upper element. 

The p hasing coils of each element are wound 

on the upper poles, and the potential coils en 

the lower pole. Each phasing resistor is con­

nected in series with a phasing c oil . 
The movlng contact is mounted on a counter­

shaft which is geared to the shaft of the main 

rotating element. A hardened and pClllshed 

steel pin ir. the lower end of the counter­

shaft runs on a jewel bearing. The upper 

bearlng is of the pin :ype. The cc�tersha ft 

is covered with a moulded insula�ior. hub 

around I'Jhich the mcvir:g ccr.ts�t arm is 

clamped. Normally the moving contact is held 

against the stationary contact by the spiral 

spring, except in adjustment #2 wher. this 

sprlng is reversed. 

The inner end of thls sp ring is f a stened, tc 

the moving contact arm and the cuter end is 

fastened to a spring ad juster. The spring ad­

juster allows the initia l tension on the 

spring to be changed without changing the 

strength of the spring. To change the spring 
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TYPE CJ SYNCHRO-VERIFIER ________________ _ 

TRIP CIRCUIT 
INTERLOCK FOR 
DETACHABLE� RELAYS�---� f-- -®---cr-ol-:+il'-_-----------;-; 

RES\STOR 

POTENTIAL COl LS 
ON LOWER POLES 

94-D-299 

Fiq. 1-Intemal Schematic of the Double Contact Type CI 
Synchro-Verifier tn the Standard Case. The Sinqle 
Contact Synchro-Verifier Has Terminal 3 and Asso­
ciated Circuits Omitted. 

tension it is necessary to loosen one screw, 

rotate the adj�ster until the desired tension 

is obtained, and then tighten the screw again. 

The moving contact, countershaft, bearings 

and bearing bracket, and the spiral spring and 

spring adjuster can be removed as a unit by 

removing three screws and disconnecting the 

lead to the moving contact. 

The stationary contact is mounted on a flat 

spring with a stop screw for ad justing the 

contact pressure. The travel of the moving 

contact is limited by a small stop riveted on 

the disc. The maximum contact opening is 

approximately 1/8". 

OPERATION AND CHARACTERISTICS 

The type cr synchro-verifier �lUSes its con­

tacts when the bus voltage E1, and the line 

E2, within set limits, are equal, in phase and 

of the same frequency. The potential coil of 

element A is energized by the voltage E1, the 

potential coil of element B is energized by 

the voltage E2, and the phasing coils of both 

elements are energized by the difference be­

tween these two voltages .. With the spiral 

spring wound up in the direction to close the 

contacts ( adjustment #l ) the contacts will 

close when E1 and E2 are equal, in phase, and 

of the same frequency. Under this condition 

the difference between these two voltages is 

zero and no electrical torque will be produced 

because neither element will produce any 

2 

TEST SWlfCH 

LOWER E.LEMENT 

Fiq. 2-lntemal Schematic of the Double Contact Type CI 
Synchro-Verifier in the Type FT Case. The Single 
Contact Synchro-Verifier Has Terminal 3 and Asso­
ciated Circuits Omitted. 

torque unless its potential coil and phasing 

coil are both energized. 

there is no difference 

across the phasing coil 

will be closed by the 

spring alone. 

Consequently when 

voltage impressed 

circuit, the contacts 

action of the spiral 

The two electro-magnets, A and B, produce 

opposing torques on the two discs and these 

torques increase as the voltage difference be­
tween the two voltages E1 ana E2 increases. 

The net electrical torque acting on the discs 

is always in the contact opening direction and 

increases as the voltage difference increases, 

so that ·when the voltage difference exceeds a 

predetermined amount the net electrical torque 

becomes greater than the torque exerted by the 

spiral spring so that the contacts will be 

opened. 

Typical operating curves for the type CI 

Synchro-Verifier are shown in Figures 3 and 4. 
The normal ad j ustment of the synchro-verifier 

( adj ustment #l ) is shown in Figure 3 for five 

values of spring tension. A spring tension of 

one whole turn is about the maximum which can 

be used without distorting the spring, while 

l/8 turn is the minimum to give reliable oper­

ation. 
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Adjustment 
Both Voltages Zero 
One Voltage Zero 
Both Voltages Within 

No. l - Elements 
- Contacts 
- Contacts 

Circle - Contacts 

Balanced 
Closed 
Open 
Closed 

Fig. 3-Typical Operating Characteristic ol the Type CI 
Synchro-Verilier with Adjustment No. 1. 

Adjustment No. 2 - Elements Unbalanced 
Both Voltages Zero - Contacts 
One Voltage Zero - Contacts 
Both Volta�es W.thin Circle - Contacts 

By Voltage 
Opened 
Opened 
Closed. 

Fig. 4-Typical Operating Characteristic ol the Type CI 
Synchro-Verifier with Adjustment No. 2. 
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TYPE Cl SYNCH RO-VERIFI ER _______________ _ 

The curves of Fifure 3 were t�tken with a 

constant bus voltage E1 and represent the lo­

cus of the line voltage E2 which will just 

produce a balance condition in the synchro­

verifier. The contacts will not move in 

either direction if the line voltage E2 term­

inates on any point of the circle for which 

the spring 

voltage E2 
has been adjusted. If th� line 

terminates within the circle and 

remains there for a sufficient length of time 

the contacts will close. 

If E2 is equal, in phase, and of the same 

frequency as E1 so that the two vectors E1 and 

E2 coincide, the synchro-verifier will close 

its contacts with 1 turn spring tension (curve 

5) from the full open position in approxi­

mately 5 seconds. Under the same conditions 

but with less sprinr tension (curves 1 to 4) 
the contacts will close at a slower rate. 

If E 2 is equal 1n magnitude to E 1 but of a 

different frequency the vector E 2 will move 

thru the operating circle. With a uniform 

rate of speed so that approximately 5 seconds 

are required for E2 to move from 20° lagging 

to 20 ° leading with respect E1, the 

synchro-verifier contacts will not close if 

operating circle 5 is being used. This is be­

cause the net contact closing torque (spring 

tension minus electrical torque ) is zero when 

E 2 is approximately 20° out of phase with E1 
and is at its maximum when E2 is in phase with 

El· Since 5 .seconds are required for the con­

tacts to close when E2 is equal to E1 and is 

exactly in phase 

opening torque ) a 

for the contacts 

with it, (zero electrical 

longer time will Je required 

to close if E2 is of differ-

ent frequency than El• The time of 5 seconds 

required 

circle 

for E2 to move through the operating 

5 at a uniform rate of speed corres-

pond3 to a beat frequency of approximately 

1/45 cycle so that a beat frequency of less 

than 1/45 cycle is required before the con­

tacts will close if operating circle 5 is 

being used and correspondingly lower beat fre­

quencies are required if operating circles 

with small diameter than 5 are being used. 

The vector diagram on the curve illustrates 

the condition where the bus voltage E1 is used 

a� the reference voltage and is equal to 115 

4 

volts, the line voltage E2 is 123 volts and 

leads the bus voltage by 12° and the differ­

ence voltage E3 is equal to 26 volts and leads 

the bus voltage by 78°. If the system condi­

tions are such that these voltages will remain 

fixed approximately at these values the con­

tacts will close if either of the operating 

circles 3, 4 or 5 are used and will not 

if either circles l or 2 are used. 

close 

The radius of the operating circle wil1 re­

main constant for variations in the reference 

voltage E1 as long as the over-voltage ad­

justers have been adjusted properly for these 

characteristics. 

For applications where the contacts should 

remain open when the synchro-verifier is de­

energized adjustment No. 2 should be used. 

The spiral spring is given a slight amount of 

tension in the contact opening direction, and 

the radius of the operating circle obtained by 

means of the over-voltage adjustment on 

element A. This is described in more detail 

under Adjustments. Typical operating curves 

for this adjustment are shown in Figure 4. It 

will be noted that the center of the operating 

circles do not coincide with the end of the 

reference voltage E1 and that the radius of 

the operating circle decre�ses as the refer­

ence voltage E1 is decreased. Both of these 

effects are inherent in the design of the 

synchro-verifier when this type of adjustment 

is used. 

Synchro-Verifier In Type FT Case 

The type FT cases are dust-proof enclosures 

combining the synchro-verifier elements and 

knife-blade test switches in the same case. 

This combination provides a compact flexible 

assembly 

adjust. 

type FT 

easy to maintain, inspect, test and 

There are three main units of the 

case: the case, cover and chassis. 

The case is an all welded steel housing con­

taining the hinge half of the knife-blade test 

switches and the terminals for external con­

nections. The cover is a drawn steel frame 

•ith a clear window which fits over the front 

of the case with the switches closed. The 

chassis is a frame that houses the synchro­

verifisr elements and supports the contact jaw 
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TYPE Cl SYNCH RO-VERI F I ER ___ ______________ 
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BUS Cl RCUIT BREAKER LINE A A 

D B B 
c c 
[] PHASE ROTATION A,B,C LJ 

b 

SV·I 1 
10-.l-�:01 I IIJH-01 1 
I I 1 

--h:-�.Q}.J 

SCHEMATIC DIAGRAM 

E, 
Cl CV 

CONTROL CIRCUITS 

� TOCLOSING 

�v 
-�.c;

-�C\RCUITS SV-2 I 
-� �-.J 

94-D-330 

Fiq. S--Extemal Connections of the Type Cl Synchro-Ver­
ilier in the Standard Case. 

half of the te s t  s w:Ltc he s .  This s lide s in and 

out of the case. The e le c tric al connec ti on s  

be tween the ba se and cha s sis are comple ted 

thro ugh the closed knife -blade s .  

Re moving Cha s s is 

To remove the cha s s is ,  fi rs t remove the 

cover by un s c re wing the captive nuts at the 

four corners. This e xpose s the e lements and 

all the te s t  s witc he s for in spe c tion and 

te sting. The next s tep is to open the te s t  

s witc he s .  Always open the e longated red 

handle s witc he s  first be fore any of the black 

handle s witc he s or the c am ac tion latche s .  

This opens the c ontac t c ircuit 

accidental ope ration. Then open 

ma ining s witches. The orde r of 

to prevent 

all ,the r�­

opening the 

re maining s witc he s is 

ope ning the te s t  s witche s 

all the way back again s t  

n o t  impo rtan t. In 

they should be moved 

the s top s .  With all 

the s witche s  fully opened, grasp the two cam 

ac tion latc h arms and pull outward. This re­

le a s e s  the c ha s s is from the c as e .  Using the 

A BUS CIRCUIT BREAKER LINE 

��----------�0��;�����-=--=---�-d-----��--� 
B 
c 
[] PHASE ROTATION A,B,C 

SV-l 1-o--·f-0-1 
iO'...V-DI 
I I 1 I 

-t_Q:_"�".9.:Jl 
I 

---- ___ ..J 

SCHEMATIC DIAGRAM 

A B 

sv�v-2 
-"v'�"..-.J Cl POTENTIALLJ,/\/'­

COILS 

b 

IOI�C 

S\'-2 
ro:,I-Dl 
I o-.�,�-o I 
I I ' I r��-

1 
L----

CONTROL CIRCUITS 
± �� TO CLOSING -,+f':_ �CIRCUITS SV-2: -� �-.J 

9-D-8294 

Fiq. 6-Extemal Connections of the Type Cl Synchro-Ver­
ifier in the Type FT Case. 

latch arms as handles ,  pull the chas s i s  nut of 

the case. T he cha s s i s  c an be set on a tes t 

benc h in a normal upright p o s i ti on as well as 

on its top, back or s ide s for ea sy inspection, 

maintenance and te s t. 

Afte r 

chas s i s  

blade 

re moving 

may be 

the 

ins erted 

c has s i s  

in the 

a duplic ate 

case or the 

p ortion of the 

and the cove r put 

c ha s sis. 

swi tche s c an be c lo s ed 

in plac e without the 

When the cha s s is is to be put bac k in the 

case, the above procedure i s  to be followed in 

che re versed order. The e longated red handle 

s witch s hould not be c lo s ed unti l after the 

c ha s s i s  has been latched in p lac e and all o f  

the blac k handle s w�tche s c lo s ed. 

E le c trical Circuits 

Each terminal in the base connec ts thru a 

te s t  s wi tch to the 

in the cha s s i s  as 

s ynchro-verifie r elements 

s hown on the internal 
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TYPE Cl SYNCH RO-VERIFI ER _______________ _ 

� TE.sTFOR ADJUSiWIE.NT DF DPE.R.A'TlNGo 
C'"'"R. .... C.TE.�ISTIC� 

2-D-1686 

Fig. 7-Diagram of Test Connections for the Type CI Syn· 
chro-Verifier in the Standard Case. 

diagrams. The synchro-verifier schematic 

terminal is identified by numbers marked on 

both the inside and outside of the base. The 

test switch positions are 

letters marked on the top 

identified by 

surface of the 

moulded block. These letters can be seen when 

the chassis is removed from the case. 

The potential and control circuits thru the 

synchro-verifier are disconnected from the ex­

ternal circuit �Y opening the associkted test 

switches. 

A cover operated switch can be supplied with 

its contacts wired in series with the contact 

circuit. This switch opens this circuit when 

the cover is removed. This switch can be 

added to the existing type FT case at any 

time. 

Testing 

The synchro-verifj_er can 

service in the case but with 

eircuits isolated, 

follows: 

6 

or out of 

be tested in 

the external 

the case as 

Fus£S 

NoN-INDUCTIVE: Fbr£NTIOM£TER tOP./l OR Less. 

PHAStN<f COIL ON UPPER Po<.rs 

Fig. 8-Diagram of Test Connections for the Type Cl Syn· 
chro-Verifier in the Type FT Case. 

Testing In Service 

Voltages between the potential circuits can 

be measured conveniently by clamping #2 clip 

leads on the projecting clip lead lug on the 

contact jaw. 

Testing In Case 

With all blades in the full open position, 

the ten circuit test plug can be inserted in 

the contact jaws. This connects the synchro­

verifier elements to a set of binding posts 

and completely isolates the synchro-verifier 

circuits from the external connections by 

means of an insulating barrier on the plug. 

The external test circuits are connected to 

these binding posts. The plug is inserted in 

the bottom test j aws with the binding posts 

up. 

The external test circuits may be made to 

the synchro-verifier elements by #2 test clip 

leads in�tead of the test plug. 
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TYPE Cl SYNCHRO-VERI F I ER ________________ 1_· L_. 4_1 -_21_7·1 

Testing Out Of Case 

With the chassis removed from the base, 

synchro-verifier elements may be tested by 

using the ten circuit test plug or by #2 test 

clip leads as described above. The factory 

calibration is made with the chassis in the 

case and removing the chassis from the cas€ 

will change the calibration values by a small 

percentage. It is recommended that the 

synchro-verifier be checked in position as a 

final check on the calibration. 

INSTALLATION 

The synchro-verifier should be mounted on 

switchboard panels or their equivalent in a 

location free from dirt, mois�ure, excessive 

vibration and heat. Mount the synchro­

verifier vertically by means of the two mount­

ing studs for the standard cases and the type 

FT projection 

mounting holes 

flush type FT 

case or by means of the four 

on the flange for the semi­

case. Either of the studs or 

the mounting screws may be utilized for 

grounding the synchro-verifier. The electri­

cal connections may be made direct to the 

terminals by means of screws for steel panel 

furnished with mounting or to 

the relay for 

mounting. The 

terminal studs 

ebony-asbestos or slate panel 

terminal studs may be easily 

removed or inserted by locking two nuts on the 

studs and then turning the proper nut with a 

wrench. 

Connections 

The external connections of the type CI 

Synchro-Verifier are shown in Figures 5 and 6. 

The synchro-verifier is connected around the 

circuit breaker and is connected to the line 

and bus voltage whenever the breaker opens by 

b switches. When the line is energized from 

the remote breaker, voltage will be applied to 

the synchro-verifier, If this voltage as 

well as the bus voltage is approximately 

normal and the system has not pulled apart, 

the type CI Synchro-Verifier will close its 

contacts to energize the Type CV Timing Relay, 

which in turn will close the breaker thru 

suitable reclosing relays. 

The synchro-verifier with adjustment No. 1 
has its contacts closed when de-energized. 

The type CV relay is used to prevent the 

synchro-verifier from initiating the closing 

circuit when it is first energized and before 

it has had time to open its contacts. 

Another function of the type CV relay is to 

provide additional time delay when the 

synchro-vertfier is operating at a frequency 

difference. If the frequencies of the two 

systems are erratic, and the synchro-verifier 

is adjusted to close at a wide phase displace­

ment angle, for example 20 degrees, it is 

possible that without the type CV relay the 

breaker closing relay may be energized 20 
degrees late and at an i,nstantaneous frequency 

considerably higher than 1/45 cycle. Thus 

when the breaker contacts finally close, the 

phase displacement may be too large. With the 
. 

type CV relay, the highest frequency differ-

ence at which the breaker could be closed 

would be considerably lower than 1/45 cycle, 

and the probability of obtaining breaker 

closure 

For this 

type CV 

off synchronism would be 

reason it is recommended 

relay be used with the 

minimized. 

that the 

type CI 

Synchro-Verifier as shown, with either adjust­

ment No. 1 or 2, if the transmission system is 

such that the two sides of the breaker can be 

connected to two independent systems. Summing 

up, the Type CV relay- should be applied except 

when the synchro-verifier is adjusted for 

operating characteristics as per adjustment 

No. 2, and at the same time the system layout 

is such that a frequency difference cannot be 

expected between the two sides of the breaker. 

The connections shown in Figures 5 and 6 

using the type SV voltage relays will provide 

the following operation: 

1. Close the breaker when the bus is alive 

and the line is dead. 

2. Close the breaker when the line is alive 

and the bus is dead. 

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. 

Referring to the diagram, it will be seen 

that the type CI Synchro-Verifier functions 
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TYPE C l  SYNCHRO-VERI F I ER ----------------

only under the third condition while the type 

SV relays, with under and over voltage con­

tacts, function under the other two condi­

tions. 

ADJUSTMENTS AND MAINTENANCE 

The proper adjustments to insure correct 

operation of the synchro-verifier have been 

made at the factory and should not be dis­

turbed after receipt by the customer. If the 

adjustments have been changed, the synchro­

verifier taken apart for repairs, or if it is 

desired to check the adjustments at 

maintenance periods, the instructions 

should be followed. 

regular 

below 

All contacts should be periodically cleaned 

with a rine file. S#l002110 file is recom-

nded for this purpose. The use of abrasive 

;.,aterial for cleaning contacts is not recom­

mended, because of the danger of embedding 

small particles in the face of the soft silver 

and thus impairing the contact. 

A slip contact on the breaker control switch 

should be used to open the line potential 

transformer secondary leads in order to pre­

vent energizing the dead line thru the poten­

tial transformers of the synchro-verifier. 

�he upper bearing screw should be screwed 

down until there is only two or three thous­

andths inch clearance between it and the shaft 

and then. securely locked in position with the 

lock nut. This adjustment can be made best by 

carefully screwing down the top bearing screw 

until the disc fails to turn freely and then 

backing up a fraction of a turn. Great care 

must be taken in making this adjustment to 

prevent damage to the bearings. 

Balancing Elements A or B 

Level the synchro-verifier before making any 

test. Remove the gear and contact assembly 

and connect the elements as shown in the upper 

l1alf of Figures 7 and 8. Close switches A and 

B, and close switch D to the left hand side. 

This places 115 volts on the potential coil of 

element A and short-circuits the phasing coil 

circuit of element A. Adjust the over-voltage 

adjustment on element A so that the stop on 

the disc balances at a point mid-way of its 

travel. The over-voltage adjuster is the 

sliding lag plate which is mounted on the 

movement frame and extends into the air-gap 

8 

between the lower potential pole and the disc. 

It may be moved to the right or left by means 

of the adjusting screw provided for this pur­

pose. The two locking screws which hold the 

over-voltage adjuster in place should not be 

loosened when this adjustment is made. Moving 

the over-voltage adjuster to the right of the 

center line of the potential poles as the 

synchro-verifier is viewed from the front 

causes it to lag a part of the potential coil 

flux so that a contact opening torque is pro­

duced, while moving it to the left of the 

center line of the potential pole causes a 

contact closing torque to be developed. This 

test is made to balance out all torque which 

may be caused by voltage on the potential coil 

only. 

Open switch B, close switch C and close 

switch E to the left-hand side. This places 

115 volts, 60 cycles on the potential coil of 

element B and short-circuits the phasing coil 

circuit of element B. The over-voltage ad­

juster of element B should be adjusted in a 

similar manner to that of element A so that 

tHe disc will balance at a point mid-way of 

its travel. 

Leaving switch A and switch C closed, close 

switch B and close switch D and E to the 

right-hand side. This places 115 volts, 60 

cycles on each potential coil and places the 

voltage Ea and Eb on the phasing coil cir­

cuits. Set the voltage Ea to 15 volts by 
means of the potentiometers and then adjust Eb 

by means of its potentiometer until the disc 

just balances with its stop mid-way in its 

travel. If the two electro-magnets do not 

produce an equal amount of torque under the 

same conditions then the voltage Eb will 

differ from the voltage Ed by an amount de­

pending upon the unbalance between the two 

electro-magnets. When this balance has been 

obtained the electro-magnet which shows �he 

lowest voltage reading for 

strongest torque. The two 

should balance within 1/2 

Ea or Eb has the 

electro-magnets 

volt at 15 volts, 

that is, when Ea is set for 15 volts, Eb 

should read between the limits of 14. 5  and 

15. 5 volts. If the two electro-magnets do not 

balftnCe within these limits they should be re­

adjusted with respect to each other by raising 

or lowering the upper pole assemblies by means 

of the adjustment provided for this purpose. www . 
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TYPE Cl SYNCH RO-VERI FI ER _____ ___________ 
t_L_41_-21_7.1 

Raising or lowering the upper pole assembly 

will disturb the over-voltage adjustment which 

has been made previously, and consequently 

each time the upper pole assembly is raised or 

lowered it will be necessary to reset the 

over-voltage adjuster so that no torque is 

produced. That is, the disc must balance in 

the mid-way position when the voltage coil 

alone is energized and the phasing coil cir­

cuit is short-circuited. Since this adju�t-

ment 

method 

must be 

d.nd may 

made by 

have to be 

the "cut and try" 

repeated several 

times the first adjustments may be made more 

roughly than the final adjustment. The two 

electro-ma[nets may be considered balanced 

with respect to each other when at the end of 

the test they will perform as follows: 

L The disc will remain in a position mid­

way of its travel when element A is en­

ergized with 1 15 volts, 60 cycles on the 

potential coil and the phasing coil 

circuit is short-circuited. 

2. The disc will remain at a point mid-way 

of its travel when element B potential 

coil is energized at 1 15 volts, 60 

cycles and element B phasing coil cir­

cuit is short-circuited. 

3. With bot,h potential coils energized at 

1 15 volts, 60 cycles and with 15 volts 

impressed across the phasing circuit of 

element A the torque of elements A and 

B should be balanced so that the disc 

will remain at a point mid-way of its 
travel when the voltage impressed across 

the phasing coil circuit of element B 

falls at some value between the limits 

of 14.5 and 15.5 volts. 

Replace the gear and contact mechanism on 

the synchro-verifier after making sure that 

all adjustments which were made in the pre­

vious test will remain unchanged or, in other 

words, see that all screws which lock the ad­

justments in place are tight 

Operating Circle Radius 

Adjust the position of the stationary con­

tact so that the contacts make when the stop 

on the disc is between 111 and 1-1/4" from the 

movement frame on the right-hand side. When 

the stop on the disc is at the extreme right 

end of its travel the stationary contact 

should not be de�lected to such an extent 

that it rests against its own back stop. If 
this adjustment is not readily obtained the 

gear and contact assembly may be loosened 

from the movement frame and the mesh between 

the pinion and gear changed by one tooth. 

See that the synchro-verifier is free from 

friction and then adjust the spring adjuster 

so that it exerts no torque tending to move 

the contacts one way or the other just at the 

point where the contacts make. Reference 

marks should then be placed on the spring ad­

juster and its supporting piece in pencil to 

indicate the position of the 

which gives zero initial 

spiral spring. 

spring adjuster 

tension on the 

Connect the synchro-verifier as shown in the 

bottom half of Figures 7 and 8. Close switch 

A. This places 115 volts, 60 cycles, (E ) on 
1 

the potential coil circuit of element A. 

Close switch B to the left-hand side. This 

places a variable voltage E2 on the potenti,•,l 

coil of ele1:1ent B and the difference between 

E2 and E1 is thP voltage impressed on the two 

phasing coil circuits. Adjust the poten­

tiometer until E2 reads 145 volts, which is 

30 volts greater than E1• Then adjust the 

spiral 

wind up 

tends to 

spring adjuster in the direction to 

the spiral control spring so that it 

close the contacts. The tension on 

the spring should be increased until the con­

tacts will close from the extreme open posi­

tion when E2 is 145 volts and will not close 

from the extreme open position when E2 is 147 
volts. A two volt limit is thus allowed on 

the voltage difference adjustment. Approxi­

mately one-half turn initial tension on the 

spring should be sufficient to make this ad­

j�stment, although this will vary some with 

different synchro-verifiers. Securely lock 

the spring adjuster in position by means of 

the locking screw provided and then change 

switch B to the right-hand position. Then 

adjust the potentiometer so that E2 reads 

approximately 85 volts, which is 30 volts 

less than E1. The contacts should close from 

the extreme open position when the voltage 

difference between E2 and E1 is not more than 
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TYPE C l  SYNCH RO-VERI F I ER _______________ _ 

32 volts nor less than 28 volts. 

An adjustment for 30 volts difference be-

tween E1 

different 

and E2 has been specified. If a 

value for this voltage difference 

adjustment is desired, it may be made in the 

same way with the same limiting value of plus 

or minus 2 volts on the check test made with 

E2 '-,ss E1. 

a further check on the correct operation 

vf ohe relay, E2 should be made equal to E1 

-�d under this condition the relay should de­

·elop a positive contact closing torque, and 

'th E2 radicB.lly more than 30 volts different 

.n El the relay should develop a strong con­

ct opening torque. 

'IThen the adjustments have been made as out­

. ned above, the contacts of the synchro-

verifier �-ill close when the operating coils 

are totally de-energized. 

As previously stated, the contacts may be 

made to remain open when the operating cir­
cuits are de-energized (adjustment #2j by 

giving the spiral control spring a slight 

amount of tension in the contact opening di­

rection and obtaining the desired radius of 

operating curve by means of the over-voltage 

adjustment on element A. Operating circles as 

shown in Figure 4 are obtained in this manner 

and the two elements are balanced at the de­

sired voltage difference by means of the over­

voltage adjuster on element A instead of by 

means of adjusting the tension on the spiral 

control spring as previously outlined. The 

negative spring tension used should be just 

sufficient to insure that the contacts will 

alvays open when the operating coils are de­

energized • 

ENERGY REQUIREMENTS 

The burden of the relay at 115 volts, 60 cycles is as follows: 

z R Ohms X Volt 
Ohms a-c Ohms Wa tts Amperes P. F. 

Poter -- i a1 ::oil 385 57 380 5.14 34.4 81.4° Lag 

Phasing Coil & Resistor 1660 1536 628 7. 4 8.0 22° Lag 

The potential coil will operate satisfactorily on any voltage between 100 and 135 volts. 
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I.L. 41-207 A 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE CAM 

PERCENTAGE DIFFERENT�L RELA�\ 

CAUTION Before putting relays int� service, 

remove all blocking which may have\ been in­

serted 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 properly, 
and operate the relay to check the settin� 
and electrical connections. 

APPLICATION 

The type CAM Relay is a percentage dif­
ferential rel�y of the induction type designed 
for the differential protecf1.on of a regulat­
ing transformer. 

CONSTRUCTION AND OPERATION 

The type CAM Relay has, tw�.�lectromagnets in 
the relay acting upon a\ common disc as shown 
in Figure 1. The rear' electromagnet .:l.s the 
operating electromagnet, �ich tends to, rotate 
the disc clockwise as viewed from the top and 
thus close the contacts. The front electro­
magnet furnishes restraint, tending to prevent 
the contacts from closing. Both electro­
magnets are energized from small transformers, 
T0 and TR. These jre saturating transformers 
so designed as t'o control the time curve as 
well as the percentage characteristic. Part 
of the magnetic circuit of the right-hand 
transformer, TR, has an air gap in order to 
properly proportion the restraint circuit with 
respect to the operating circuit. 

The relay element is provided �rith a time 
lever in order that the time of operation may 
be varied as required to provide satisfactory 
operation on magnetizing inrush. Two damping 
magnets are provided, one on either side of 
the disc, to slo�r the operation of the relay 
disc. 

SUPERSEDES I.L. 41-207 

•, 

The , {)p�ation indicatp'�� i� a s�all solenoid 
c0il lcrnected in the trir kircuit. ·, When the 

!coil is_ energized, a sprt£g�restrai�eq arjna­
\ture releases the white�arget which ll� by I l \ gPavity to indicate c pletion of f t!'�e trip 

'circuit. The indicato7' is rese_: f��· outside 
of the case �Z a p/h rod in i(h€1_' cover or 
cover stud. ·, r ., 

\ ! 

\ � The d-e. copt,ctor switch in the, relay is a 
small so enoid/ typE\ switch. \A cylindrical 
plunger wi1 silver disc ymqunted on its 
lower in the oore·,�f the solenoid. 
As the pl. ger t,ravels u�rard, \the disc 

\ �.J ' \  bridges three silver stationary con'tacts. The 
coil is in series wit the main contacts of '--• 
the relay and with ,_ry trip coil of the 
breaker. When the relay_ contacts close, the 
coil becomes energized and closes the switch 
contacts. This shunts the main relay con� 
tacts, thereby re,lieying them of the duty of 
carrying tripph�:; '\,_ current. The contacts 

I ' 

remain closed unti� the trip circuit is opened 
by the auxiliary s�itch on the breaker. 

CHARACTERISTICS 

The typical operating characteristics of the 
relay are shown by Figures 3 and it. As sho�rn 
by Figure 3, the relay operates at a minimum 
of one ampere in the operating circuit when no 
current is flo,,ing in the restraint circuit. 
At 5 amperes restraint, the operating current 
required is 5.75 amperes, representing a 15% 
unbalance. At higher restraint current 
values, the relay characteristic has a slight 
"flare" as indicated by the curve. 

The time curve of the relay at the No. 5 
time lever setting with no restraint current 
is sho�rn by Figure it. The time of operation 
is approximately proportional to the time 
lever setting. 
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TYPE CAM RELAY _____________________ _ 

FRONT VIEW 

" - -lr---
11 

I I TWfP' CJICU\1 
JN1E:RLOCK 
FOR J)li:T .... CH 
REL�Y.S, 

Fig. 1-Internal Schematic ol the Type CAM Relay in the 
Standard Case. 

RELAYS IN TYPE FT CASE 

The t�e FT cases are dust-proof enclosures 

combining relay elements and knife-blade test 

s'•'itches in the same case. This combination 

provides a compact flexible assembly easy to 

maintain, inspect, test and adjust. There are 

three main units of the type FT case: the 

case, cover, and chassis. The case is an all 

,,,elded steel housing containing the hinge half 

of the knife-blade test switches and the term­

inals for external connections. The cover is 

a dra'•'Il steel frame with a clear window which 

fits over the front of the case with the 

S"'itches closed. The chassis is a frame that 

supports the relay elements and the contact 

jaw half of the test switches. This slides in 

and out of the case. The electrical connec­

tions between tne base and chassis are com­

pleted through the closed knife-blades. 

Removing Chassis 

To remove the chassis, first remove the 

cover by unscre'•'ing the captive nuts at the 

2 

OPERATION INDICATOR 

FOR TRIP CURRENTS 
LfSS THAN 2.25 AMP5., 
DISCONNECT & DEAOEND 

THIS LEAD 

TEST SWITCH 

TO BASE TE"RM5 

Fig. 2-lntemal Schematic of the Type CAM Relay in the 
Type F.T Case. 

corners. This exposes the relay elements and 

all the test switches for inspection and test­

ing. The next step is to open the test 

S'•'itches. Always open the elongated red 

handle sr·•itches first before opening any of 

the black handle switches or the cam action 

latches. This opens the trip circuit to pre­

vent accidental trip out. Then open all the 

remaining s"ritches. The order of opening the 

remaining switches is not important. In open­

ing the test S'•'itches they should be moved all 

the "'ay back against the stops. With all the 

switches fully opened, grasp the two cam 

action latch arms and pull outward. This 

releases the chassis from the case. Using the 

latch arms as handles, pull the chassis out of 

the case. The chassis can be set on a test 

bench in a normal upright position for test as 

well as on its back or sides for easy inspec­

tion and maintenance. 

After removing the chassis a duplicate chas­

sis may be inserted in the case or the blade 

portion of the switches can be closed and the 

cover put in place 'l'ithout the chassis. The 
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TYPE CAM RELAY 
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2 4 6  8 10 12 14 
AMPERES IN RESTRAINT CIRCUIT 

Fiq. 3-Typical Operatinq Curves of the Type CAM Relay. 

chassis operated shorting switch located be­

hind the current test switch prevents open 

circuiting the current transformers when the 

current type test switches are closed. 

When the chassis is to be put back in the 

case, the above procedure is to be followed in 

the reversed order. The elongated red handle 

s"�<•itch should not be closed until after the 

chassis has been latched in place and all of 

the black handle switches closed. 

ELECTRICAL CIRCUITS 

Each terminal in the base connects thru a 

test switch to the relay elements in the 

l.l. 41-207 A 

chassis 

diagrams. 

as shown on the internal schematic 

The relay terminal is identified by 

numbers marked on both the inside and outside 

of the base. The test s;.•itch positions are 

identified by letters marked on the top and 

bottom surface of the moulded blocks. These 

letters can be seen when the chassis is re­

moved from the case. 

The potential and control circuits thru the 

relay are disconnected from the external cir­

cuit by opening the associated test switches. 

Opening the current test switch short-circuits 

the current transformer secondary and dis­

connects one side of the relay coil but leaves 

the other side of the coil connected to the 

external circuit thru the current test jack 

ja'•'s. This circuit can be isolated by insert­

ing the current test plug ( without externa] 

connections ) , by inserting the ten circuit 

test plug, or by inserting a piece of insulat­

ing material approximately 1/32" thick into 

the current test jack jaws. Both sw�tches of 

the current test st-ritch pair must be opeu when 

using the current test plug or insulating 

material in this manner to short circuit the 

current transformer secondary. 

A cover operated switch can be supplied with 

its contacts ,.,ired in series with the trip 

circuit. This S'"itch opens the trip circuit 

;.rhen the cover is removed. This switch can be 

added to the existing type FT cases at any 

time. 

Testing 

The relays can be tested in service, in the 

case but with the external circuits isolated 

or out of the case as follows: 

Testing In Service 

The ammeter test plug can be inserted in the 

current test ja;.rs after opening the knife­

blade switch to check the current thru the 

relay. This plug consists of ti'•O conducting 

strips separated by an insulating strip. The 

ammeter is connected to these strips by 

terminal scre"rs and the leads are carried out 

thru holes in the back of the 

handle. 

insulated 
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TYPE CAM RELAY __ 
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Fig. 4-Typical Time Curve of the Type CAM Relay. 

:�-

R.M.S. AMPERES 
·----------·-

Fig. 5--Typical BurdeQ Curve of the Type CAM Relay. 
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TYPE CAM RELAY _______________________________________________ u __ ·4_1-_20 __ 7A 

Voltages between the potential circuits can 

be measured conveniently by clamping #2 clip 

leads on the projecting clip lead lug on the 

contact jaw. 

Testing In Case 

With all blades in the full open position, 

the ten circuit test plug can be inserted in 

the contact jaws. 

elements to a set 

pletely isolates the 

This connects the relay 

of binding posts and com­

relay circuits from the 

external connections by means of an insulating 

barrier on the plug. The external test 

circuittl are connected to these binding posts. 

The plug is inserted in the bottom test ja"rs 

"'ith the binding posts up and in the top test 

sr·•itch jaws "'1th the binding posts down o 

The external test circuits may be made tc 

the relay elements by #2 test clip leads 

instead of the te�t plug. When connecting an 

external test circuit to the current elements 

using clip leads, care sh ould be taken to see 

that they current test jack jaws are open so 

that the relay is completely isolated from the 

external circuits. Sugge�ted means for 

isolating this circuit, are outlined above 

UDder "Electrical Circuits." 

Testing Out of Case 

With the chassis removed from the base, 

relay elements may be tested by using the ten 

circuit test plug or by #2 test clip leads as 

described above. The factory calibration is 

made '"'ii;h the chassis in the case and removing 

the chassis from the case will change the 

calibration values by a small percentage. It 

is recommended that the relay be checked in 

position as a final check on calibration. 

INSTALLATION 

The relays should be mounted on switchboard 

panels or their equivalent in a location free 

from dirt, moisture, excessive vibration and 

heat 0 Mour.t the relay vertically by means of 

the t"ro mounting studs for the standard cases 

and the type FT projection case or by means of 

the four mounting holes on the flange for the 

semi-flush type Fr case. Eith"r or th" stu·:J '" 
or the ElOunting sc:ner··s may be util1.Z'cd .:'::.>r· 
grounding the relay. The ,�1ectri.of.l -.r,r•ncc­

sions may be made direct to th·• ;;, "''•":CrJtl" l:;y 
means of screws for steel pan:'·l mc:-untJ.nrY or to 
terminal studs furnished �"1 th the r-r 1·1.�r for 
ebony-asbestos or slate panel mountin�. Tb� 
terminal studs may be e a 8 ily r�movecl ,.:;-;:) 1IJ-
serted by locking t"•o c-.uts on th<-: :1h:l.1:: a••-! 
then turning the prop::er nut '·•ith R. wr<o·r>Cho 

ADJUSTMENTS AND MAINTENANCE 

The proper a.djust."lents to :!nsur•e corr•cec0 

operation of this rrJlay hav8 b<".en mG.U"' '' --:.:1" 
factory and sho·..lld YJot be d:!.sturb"'ci a:'t" r r-

celpt by the custor1e2. If the 

hav8 be<-Jn changed, the relay t:1"�'-'ll fm·,.�t f'n" 

repaiPs, 01.., if it is cle�irPd t{_ c�·�-;,�\�· -r.�. 

justments at regular maint enance perJ :)·',_.. 
instructions below should be foi ",,,_. ... .-; 

All contacts should bee P•·rior�l · 'i 1 .• • cJ, ''·' 

"rith a fine file. S#1002lJC f'I 1- :l:· . -'0''1-· 

mended for this purposf.•. Th·, uc."" nf ·cr;;-"i.:�iv-­
material for cleaning contact :c; nDf- rc•nCJr:-­

mended, because of the dangc' l' of •'r•beddlnr· 

small particles in the face of the sof't Ti.J.·.- .1· 

and thus impairing the contact" 

A diagram of test connections is c;iv<c:n in 
Figure 6. This may be used for checking thf' 

minimum operating current as well as other 

points on the operating curve. The only ad­

justment "'hich can be made is that for spring 

tension to control the minimum tripping point. 

The adjustment for other points on the curve 
has been made at the factory by varying the 

amount and type of punchings in the two small 

transformers, and should not be disturbed. In 

checking the minimum tripping point, see that 
the moving contact resets the full 1 80° to th<; 

No. 10 time lever position �·hen the relay is 
totally deenergized. If it does not, look for 

foreign particles in the air gaps of the 

electromagnets and permanent magnets, 

other sources of friction. 

Contactor Switch 

or 

Adjust the stationary core of the switch for 

a clearance between the stationary core a.nci 
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TYPE CAM RELAY __________________________________________ ___ 

the moving 
picked up . 

core of 1/6 4 "  when the swit ch is 
This can be done by turning the 

relay up-side -down or by disconnecting the 
swit ch and t urning it up-side -down . Then 
screw up the core screw until the moving core 
starts rotating . Now , back off the core screw 
until the moving core stops rotating . This 
indicates the points where the play in the 
assembly is taken up , and where the moving 
core just separates from the stationary core 
screw . Back off the core screw approximately 
one turn and lock in place . This prevents the 
moving core from striking and st icking to the 
stationary core be cause of residual magnetism . 
Adjust the contact clearance for 3/32 11 by 
means of the two small nuts on either side of 
the Mi11arta disc . 
at 2 amperes d-e . 

Th& swit ch should pick up 
Test for sticking after 3 0  

amperes have been passed through the coil . 

liS V. 60 ;A;;;-

Operation Indicator 

Adjust the indicator to operate at 0 . 25 
ampere d-e gradually applied by loosening the 
two screws on the underside of the assembly, 
and moving the bracket forward or backward . 
If the tw c helical springs which rese t the 
armature are rep laced by new springs , they 
should be weakened slightly by stretching to 
obtain the 0 . 25 ampere calibration . The coil 
resistan ce is approximately 2 . 8  ohms . 

ENERGY REQUIREMENTS 

The burden of the relay is variable depend­
ing upon the amount of current flowing , and is 
best sho�m by Figure 5 .  

125 v., o-c 

OPERRT/N(i COIL 

I?EST/?R/NIN� 
COIL 

TOP NO. FO� FL.EXITEST CRSE 
BOTTOM NO. FOR STHNOI9RD CRSE 

Fiq. 6--Diagram of Test Connections of the type CAM Relay. 
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I.L. 4 1 -2 1 7  A 

I N S T A L L A T I O N  • OPERATION • MAINTEN ANCE 

I N S TRUCTION S 
TYPE Cl SYNCHRO-VERIFIER 

CA�ON Before putting the Synchro -Verifier 

into service , remove all blocking inserted for 

the purpose of securing the part s during ship ­

ment . Make sure that all moving parts operate 

freely . Inspect the contact s to see that they 

are c lean and close properly, and operate it 

to check the settings and e le ctrical con­

nections . 

APPUCATION 
The type C I  synchro -verifier i s  used t o  

verify the condition o f  synchronism existing 

between two system volta�e s .  The contact s 

will close when the se voltage s are equal , 

within set limit s ,  in phase , and of the same 

frequency . If the two systems have been split 

apart , so that a beat frequency exist s acros s  

the open c ircuit breaker used t o  t ie the two 

systems t ogethe r ,  the synchro -verifier will 

not close it s contact s unle s s  thi s beat fre ­

quency i s  approximately 1/45 cycle or le s s . 

The type CI synchro -verifier is not an aut o ­

mat ic synchronizer and should not be used as 

such. Aut omat ic Synchronizers are available 

which permit closing ahead of synchronism at 

an angle of pha se advance proport ional to the 

beat frequencie s and determined by the speed 

of operat ion of the circuit breaker so that 

the two systems are conne cted right on synch­

roni sm . 

A common application of the synchro-verifie r 

is in conjunct ion with aut omat ic re closing 

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 t o  check synchronism after the 

remote terminal is re t losed . If the two sys ­

tems are in synchroni sm the synchro -verifier 

permit s the aut omat ic reclo sing equipment t o  

SUPERSEDES I.L. 41-217 

reclose the breaker .  

CONSTRUCTION AND OPERATION 
The type C I  Synchro -Verifier consist s of two 

inducti on disc e lement s .  The rotat ing e l e ­

ment s c onsist o f  t w o  copper d i s c s  fastened on 

a steel shaft . The shaft is supported on the 

l ower end by a steel ball riding between con­

cave sapphire j ewel surface s ,  and on the upper 

end by a stainless steel pin . 

The moving discs are rotated by two elect ro­

magnets de s ignated A and B .  Element A oper­

ates on the back half of the upper disc , and 

element B on the back half of the lower dis c .  

The disc i s  damped by a permanent magnet 

mounted in front of the upper e lement . 

The phasing coils of each e lement are wound 

on the upper pole s ,  and the potential coils on 

the lower pole . 

The moving contact is mounted on a counter­

shaft which is geared to the shaft of the main 

rotating element . A hardened and polished 

steel pin in the lower end of the counter-

shaft runs on a jewe l bearing . The upper 

bearing is of the pin type . 
i s  covered with a moulded 

The countershaft 
insulat ion hub 

around which the moving contact arm i s  

clamp�d . Normally the moving contact is held 

against the stati onary contact by the spiral 

spring, except in adjustment #2 when thi s 

spring i s  reversed . 

The inner end of thi s spring is fastened t o  

the moving contact arm and the outer end is 

fastened t o  a spring adjuster . The spring ad­

juster allows the initial tension on the 

spring t o  be changed without changing the 

st rength of the spring . To change the spring 
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TYPE Cl SYNCHRO-VERI F I ER __ �--------------

TRIP CIRCUIT 
IIIITERLOCK FOR ------------... DETACHABLE � 
""""'----; c - �  ">---..-[�....,j-f.:;---<: 

POTENTIAL COILS 
ON LOWER POLES 

I 
LCM/ER ELEMI::NT 

UPPER ELEMENT 

PHASING COILS ON 

UPPER POLES 

Fiq. 1-Intemal Schematic of the Double Contact Type CI 
Synchro-Verifier in the Standard Case. The Sinqle 
Contact Synchro-Verifier Has Terminal 3 and Asso­
ciated Circuits Omitted. 

tension it is neces sary to loosen one screw , 

rotate the ad juster until  the de sired tension 

is obtained , and then t ighten the screw again . 

The moving contact , 

and bearing bracke t ,  

spring ad juster can 

countershaft. , bearings 

and the spiral spring and 

be removed as a unit by 

removing three screws and disconnect ing the 

lead t o  the moving contact . 

The stationary contact is mounted on a flat 

spring with a st op screw for adjusting the 

cont act pre ssure . The t rave l of the moving 

contact is limited by a small stop riveted on 

the disc . The maximum contact opening is  

approximately l/8 " . 

OPERATION AND CHARACTERISTICS 

The type C I  synchro-ve rifier �Luses  it s con­

tacts when the bus voltage E1 , and the l ine 

E2 , within set l imit s ,  are e qual , in phase and 
of �he same frequency . The potential coil of 

element A is energized by the voltage E 1 ,  the 

potential coil of element B i s  energized by 

the voltage E2 , and the phasing coils of both 

e lement s are energized by the difference be ­

tween the se two voltage s .  With the spiral 

spring wound up in the direction t o  c lose the 

contact s (adjustment #l ) the c ontact s wi ll  

c lose when E1 and E2 are equal , in phase , and 

of the same frequency . Under thi s condition 

the difference between the se two voltage s is  

zero and no elect rical t orque will  be  produced 

be cause neither element wi l l  produce any 

2 

COViR OP1UtA'T&D 
·SW:Wtftt USED. 

LOWE.2 ELEMENT -----

FROtH 'IIEW 

TEST SWITCI-l. 

PoTENTIAL CC»L ON LOWE52 POLE 

UPPE.l2 ELEMENT 

Fiq. 2-Intemal Schematic of the Double Contact Type CI 
Synchro-Verifier in the Type FT Case. The Sinqle 
Contact Synchro-Verifier Has Terminal 3 and Asso­
c!ated Circuits OmiHed. 

torque unle ss  it s potent ial coil and phasing 

coil are both energized . Consequent ly when 

there is no difference voltage impre ssed 

across the phasing c oil circuit , the contact s 

will  be closed by the act ion of the spiral 

spring alone . 

The two e lectro-magnet s ,  A and B ,  produce 

opposing t orque s on the two discs  and the se 

t orque s increase as the voltage dirrerence be ­

tween the two voltage s E1 and E2 increase s .  

The net e lect rical t orque acting on the discs  

i s  always in the contact opening direction and 

in crease s as the volt age difference increases , 

so that when the voltage difference exceeds a 

predete rmined amount the net elect rical t orque 

become s greater than the t orque exerted by the 

spiral spring so that the contact s will be 

opened . 

Typical operating curve s for the type C I  

Synchro-Verifier are shown i n  Figure s 3 and 4. 

The normal adjustment of the synchro -verifier 

(adjustment #1 ) is shown in Figure 3 for five 

value s of spring tension . A spring tension of 

one whole turn is  about the maximum which can 

be used without distort ing the spring, while 

1/8 turn is  the minimum t o  give rel iable ope r­

ation . 
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Adjustment No . l 
Both Volt age s Z e ro 
One Volt age Z e r o  
B o t h  Vo J tage s Within Circle 

- Element s Ba lanced  
- Contact s Closed  
- Contact s Ope n  

Contac t s  C l o se d  

Fig. 3-Typical Operating Characteristic of the Type Cl 
Synchro-Verifier with Adjustment No. 1. 

A d j ustment No . 2 - Element s 
Both Volt age s Z e r o  
One Voltage Z e r o  
B o t h  Voltage s Within Cir c le 

Unbalanced 
- Contac t s 

Contac t s 
Contact s 

By Voltage 
Opened 
Opened 
C l o se d . 

Fig. 4-Typical Operating Characteristic of the Type CI 
Synchro-Verifier with Adjustment No. 2. 

Bia c 

� 
., 
Ill 
n -

� 
% 
n 
% 
s I 
< 
Ill =-' -
"'II -
Ill =-' 

r-
� 
� 
'-4 
,.. 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE C l  SYNCHRO-VERI F I E R  ________________ _ 

The curve s or Figure 3 were taken with a 

con stant bus voltage E1 and repre sent the lo­

cus of  the line voltage E2 which wi l l  just 

produce a balance condit ion in the synchro ­

ve rifier . The contacts  wi ll  not move in 

e ithe r direction if the line voltage E2 t erm­

inat e s  on any point or the circle for which 

the spring has been adjusted . If the line 

vo ltage E2 terminates  within the circle and 

remains there f or a sufficient length of t ime 

the contact s w i l l  c lose . 

If E2 i s  e qual , in phase , and of the same 

frequency as E 1 so that the two vect ors E 1 and 

E2 coincide , the synchro -verifier wi l l  close 

it s c ont act s with l turn spring tension ( curve 

5) from the ful l  open posit ion in approxi ­

mately 5 seconds . Under the same condit ions 

but with l e s s  spring tension ( curve s l t o 4 )  

the contac t s  wi l l  c lose at a slower rate . 

If' E 2 i s  equal in magnitude t o  E 1 but o f'  a 
dif'f'erent 
thru the 

f'requency 
operating 

the ve ctor E 2 wi l l  move 
circle . With a unif'orm 

approximately 5 seconds rate of' speed so that 
are required f'or E2 t o  move f'rom 20 °  lagging 
to 20 ° leading with respect E 1 , the 
synchro-verif'ier contact s wi l l  not cl ose if' 
operating circle 5 is being used. This is be­
cause the net contact c l osing torque ( spring 
tension minus electrical t orque ) is zero when 
E 2 i s  approximately 20 °  out of' phase with E1 

and i s  at its maximum when E2 i s  in phase with 

E l •  Since 5 se conds are required f'or the con ­

tacts t o  c l o se when E 2  i s  equal t o  E 1 and i s  

exact ly i n  phase 
opening torque ) a 
f'or the contact s 

with it , ( zero e lectrical 
l onger time will Je required 
to c l ose if' E2 is of' dif'f'er-

ent f'requency than E 1 • The t ime of' 5 seconds 

required f'or E2 t o move through the operating 
circle 5 at a unif'orm rate of' speed corre s -
ponds 
1/45 

to a beat f'requency of' approximately 
cycle s o  that a beat f'requency of' less 

than 1/45 cycle i s  required bef'ore the con­
tacts wil l  c l o se if' operating circle 5 is 
being u sed and corre spondingly l ower beat f're­
quencie s are required if' operating circles 
with smal l diameter than 5 are being used . 

The vect or d iagram on the curve i l lustrat e s  

the condition where the bus voltage E 1 i s  used 

as the ref'erence vo ltage and is  e qual t o  1 15 

4 

volt s ,  the line voltage E2 i s  123 volt s and 

lead s  the bus voltage by 12 ° and the differ­

ence voltage E3 is  e qual t o  26 volt s and leads 

the bu s voltage by 78 ° .  If the system condi­

tion s  are such that these voltage s wil l  remain 

fixed approximate ly at the se value s the con­

tact s wi l l  c l ose if either or the operating 

circle s 3 ,  4 or 5 are used and wi l l  not c l o se 

if' e ither circ les  l or 2 are used . 

The radius or the operating circle wi l 1  re ­

main constant for variati ons in the reference 

vo ltage E 1 as  long as  the over-voltage ad ­

justers have been adjusted properly for the se 

characterist ic s .  

For applicat i ons where the contact s should 

remain open when the synchro -verifier i s  de ­

energized adjustment No . 2 should be used . 

The spiral spring i s  given a s light amount or 

tension in the contact opening dire ction ,  and 

the radius or the operating circle obtained by 

means or the over•voltage adjustment on 

e lement A .  Thi s  i s  de scribed in more detai l 

under Adjustment s .  Typical operating curve s 

for thi s adjustment are shown in Figure 4. It 

wi l l  be noted that the center or the operating 

circ l e s  do not coincide with the end of the 

reference vo ltage E1 and that the radius or 

the operating circle decrease s as the refer ­

ence voltage E 1 i s  decreased . Both o r  the se 

effe ct s are inherent in the de sign or the 
synchro -verifier when this type or adjustment 

is used . 

Synchro-Verifier In Type FT Case 

The type FT case s are dust -proof enc losure s 

c ombining the synchro-verifier e lement s and 

knife -blade t e st switche s in the same case . 

Thi s  combinati on provide s a compact flexib le 

as semb ly 

adjust . 

type FT 

easy t o  maintain, 

There are three 

inspe c t ,  test and 

main uni t s  of the 

case : the case , cover and cha s s i s . 

The case i s  an all  welded stee l  hou sing con­

taining the hinge half of the knife -blade te st 

swit che s and the terminal s  for ext ernal con­

necti ons . The cover i s  a drawn stee l frame 

with a c lear window which fit s over the front 

or the case with the swit che s c l o sed . The 

chas s i s  i s  a frame that houses  the synchro ­

verifisr element s and support s the contact jaw 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE Cl SYNCH RO-VE R I F I ER ________________ 
�_LL_4_1 -_2 1_7 A 

BUS CIRCUIT BREAKER LINE A A 

D B B 
c c 6 PHASE ROTATION A,B,C [] 

b 

SV-1 1 
1041-<:Jl I I C?:H'-01 1 I I 1 

-- k->t_dJ 

SCHEMATIC DIAGRAM CONTROL CIRCUITS 

cv 
SY;I � TO CLOSING -1 r--�c-+--: 
SV:I SV-2 : CIRCUITS 

-�-� :--J 

Fig. S-Extemal Connections of the Type Cl Synchro-Ver­
ifier in the Standard Case. 

half o f  the te st switche s .  T his s lide s in and 

out of the case . T he e le c tric al c onne c tions 

be tween the base and chas sis are comp le ted 

through the c lo sed knife -b lade s .  

Removing C ha s s is 

To re move the c has s is ,  fir s t  remove the 

c over by unscrewing the c ap tive nuts at the 

four corne r s . T his exp o s e s  the e le ments and 

all the te s t  switche s for in spe c tion and 

te s ting . The ne xt s tep is 

switche s .  Always open the 

handle switche s firs t be fore 

to open the te s t  

e longated red 

any of the b lac k 

hand le switc he s or the c am action l atche s .  

T his opens the c onta c t  c ircuit 

accidental operation . Then open 

maining switche s .  T he order of 

to p revent 

all the re ­

opening the 

re maining switche s is not important. In 

opening the te s t  switche s they s hould be moved 

all the way b ac k  again s t  the s top s .  With all 

the switche s fully opened, grasp the two c am 

ac tion latch arms and pull outward . T his re ­

lease s the c has s is from the c ase . Using the 

A 
B 
c 

BUS 

6 

CIRCUIT BREAKER 
L.I NE A 

�----------�0�---------d--T- � 
PHASE ROTATION A,B,C 

SCHEMATIC DIAGRAM 

b 

1015C 

sv-2 
r-o:,�:Ol I 0-;',f-0 I I I ' I r t::Q::'�-1 

'- - - - -

CONTROL CI RCUITS 
± 

Fig. 6-Extemal Connections of the Type Cl Synchro-Ver­
ifier in the Type FT Case. 

latc h arms as handle s ,  pull the c has s is nut of 

the case . The chas sis c an be s e t  on a te s t  

bench in a normal upr ight p o s ition as we ll as 

on its top , back or s ide s for e asy inspec tion ,  

maintenance and te s t. 

After re moving the c has s is a duplic ate 

c ha s s is may be inserted in the c ase or the 

b lade portion of the switche s c an be closed 

and the c over put in p lace without the 

c ha s s is .  

When the chas s is is to b e  put b ac k  in the 

c ase , the above procedure is to be followed in 

the rever sed orde r .  T he e l ongated red hand le 

switch s hould not be c losed until after the 

c has s is has been latched in p lace and all of 

the b lack handle switche s closed. 

E le c tric al Cir cuits 

Each terminal in the b ase conne c ts thru a 

te s t  switch to the syn c hr o -verifier e le ments 

in the c ha s s i s  as s hown on the internal 
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TYPE C l  SYNCH RO-VERIFI ER _______________ _ 

tiS VOLTS GO CYCL.£.5 

LOIN R.ESI�TA.NC.E 
Jo40N• IN.'DUC.TW£ POT­
"-N.T\OME:TE.R 100..0... 
OR L.E.SS. 

-T�sTFOR AllJvSTI'II'IE.NT � ()pER.A.TtN.Gi 
CH,tr,.R�tr�.C,.ERlSTIC.'S 

Fig. 7-Diagram of Test Connections for the Type CI Syn­
chro-Verifier in the Standard Case. 

s chemat ic diagrams . The synchro �veririer 

terminal is ident iried by numbers marked on 

both the inside and out side or the base . The 

t e st swit ch position s  are identiried by 

letters marked on the t op surface or the 

moulded block .  The se letters can be seen when 

the cha s s i s  is removed from the case . 

The potential and control  circuit s thru the 

synchro -veririer are disconnected rrom the ex­

ternal circuit by opening the associated t e st 

switche s . 

A cover ope rated switch can be supplied with 

it s c ontact s wired in serie s with the contact 

circuit . This  swit ch opens this circuit when 

the cover is removed . Thi s swit ch can be 

added t o  the exi sting type FT case at any 

t ime . 

Testing 

The synchro-veririer can be tested in 

service in the case but with the external 

uircuit s i s olated,  

rollows : 

6 

or out of the case as 

PoT£NTIAL 
COIL ON LOIA/ER 
PoLe .. --r-;-� 

Fuses 

Lo""' RE3JSTANCC 
Por£NTIOMETER3 
EACH 15"0 Jl_ .,,,.----.., 
OR Lcs3. 

Low RrSISTANcC 
NoN- INDuCr/Vc 
A:lTFNT/OMFT,£'R IOD..JL. OH lcs•-

PHASt!Vt:f CotL ON UPPER Penes 
TFsr Fo� �o.:ru:sTM�!f.I 01"' OPcRATIN� C'I-IAT?Acrr�JSTJCS'. 

Fig. 8-Diagram of Test Connections for the Type CI Syn­
chro-Verifier in the Type FT Case. 

Testing In Service 

Vo ltage s between the potential circuit s can 

be measured c onvenient ly by c lamping #2 clip 

lead s  on the projecting clip lead lug on the 

contact jaw . 

Testing In Case 

With all blade s in the ful l open posit ion, 

the ten circuit test p lug can be inserted in 

the c ontact jaw s . Thi s c onnec t s  the synchro ­

veririer e lement s t o  a set o r  binding post s 

and c omp letely i solat e s  the synchro -veririer 

circuit s rrom the external c onne ct ions by 

means or an insulat ing barrier on the p lug . 

The external t e st c ircuit s are c onnected t o  

these binding p o st s .  The p lug i s  inserted in 

the bot t om t e st jaw s  with the binding p o s t s  

up . 

The external test  circuit s may be made t o  

the synchro -verifier e l ement s by #2 t e st c l ip 

leads instead or the test  p lug . 
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TYPE Cl SYNCHRO-VERI F I ER ________________ 
1_-L_4_1 •2_1 7

_
A 

Testing Out Of Case 

With the chas sis removed from the base, 

synchro-verifier elements may be tested by 

using the ten circuit test plug or by #2 test 

clip leads as described above . The factory 

calibration i s  made with the cha s sis in the 

case and removing the cha s si s  from the case 

will change the calibration value s by a small 

percentage. It i s  recommended that the 

synchro-verifier be checked in position as a 

final check on the calibration. 

INSTALLATION 

The synchro-verifier should be mounted on 

switchboard panels or their equivalent in a 

location free from dirt , moisture, exces sive 

vibration and heat. Mount the synchro­

verifier vertically by means of the two mount ­

ing studs for the standard cases and the type 

FT projection 

mounting hole s 

flush type FT 

case or by means of the four 

on the flange for the semi­

case. Either of the studs or 

the mounting screws may be utilized for 

grounding the synchro-verifier. The electri­

cal connections may be made direct to the 

terminals by means of screws for steel panel 

mounting or to terminal studs furni shed with 

the relay for ebony-asbestos or slate panel 

mounting. The terminal studs may be easily 

removed or inserted by locking two nut s on the 

studs and then turning the proper nut with a 

wrench . 

Connection s 

The external connections of the type CI 

Synchro-Verifier are shown in Figures 5 and 6. 
The synchro-verifier is connected around the 

circuit breaker and is connected to the line 

and bus voltage whenever the breaker opens by 

b switches. When the line i s  energized from 

the remote breaker, voltage will be applied to 

the synchro-verifier , If this voltage as 

well as the bus voltage is approximately 

normal and the system has not pulled apart , 

the type C I  Synchro-Verifier will close its 

contacts to energize the Type CV Timing Relay, 

which in t urn will close the breaker thru 

suitable reclosing relays. 

.190 -32. 5C. 

Fig. 9-0utline and Drilling Plan for the External Resistor. 
For Reference Only. 

The synchro -verifier with adju stment No. 1 
has its contact s closed when de -energized. 

The type CV relay is used to prevent the 

synchro-verifier from initiating the closing 

circuit when it is fir st energized and before 

it has had time to open its contacts. 

Another function 

provide additional 

of the type CV relay is to 

time delay when the 

synchro-verifier is operating at a frequency 

difference. If the frequencies of the two 

systems are erratic , and the synchro-verifier 

i s  adjusted to close at a wide phase di splace­

ment angle, for example 20 degrees ,  it is 

pos sible that without the type CV relay the 

breaker closing relay may be energized 20 

degrees late and at an instantaneous frequency 

considerably higher than 1/45 cycle , Thus 

when the breaker contacts finally clo s e ,  the 

phase displacement may be too large , With the 

type CV relay, the highest frequency differ­

ence at which the breaker could be closed 

would be con siderably lower than 1/45 cycle, 

and the probability of obtaining breaker 

closure off synchronism would be minimized , 

For this reason it is recommended that the 

type cv relay be used with the type C I  

Synchro-Verifier as shown , with either adjust-

ment No . 1 or 2 ,  if the transmission system is 
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TYPE Cl SYNCH RO-VERI F I ER ________________ _ 

such that the two s ide s of the breake r can be 

c onne cted t o  two independent systems . Summing 

up , the Type C V  re l ay should be app l ie d  e x cept 

when the synchro-ve ri f ie r is adjusted f o r  

ope rat ing charact e r i s t i c s  a s  p e r  adjus tment 

No . 2 ,  and at the s ame t ime the system l ayout 

i s  such that a frequency difference cannot be 

expe c t e d  between the two s ide s o f  the breake r .  

The c onne c t i on s  shown i n  Figure s 5 and 6 

u s ing the type SV voltage re lays w i l l  provide 

the f o l l owing operat ion : 

1. C l o se the breaker when the bus i s  a live 

and the l ine is dead . 

2 .  C l o s e  the breaker when the l ine i s  a l i ve 

and the bu s i s  dead . 

3. C l o se the breaker when the l ine and bus 

are both al ive and when the ir re spe ct ive 

v o l t age are approximat ely norma l ,  equa l ,  

i n  pha se , and o f  the same frequency . 

Re ferring t o  the diagram, it wi l·l be seen 

that the type C I  Synchro -Verifier fun c t i on s  

only under the third c ondi t i on while the type 

SV re l ays , with under and o ve r  volt age con­

t act s ,  funct ion under the othe r  two c ondi­

t i on s . 

ADJUSTMENTS AND MAINTENANCE 

The p roper ad j u s tment s t o  insure c o rre ct 

operat ion of the synchro-verifier have been 

made at the factory and should not be d i s ­

turbed a ft e r  r e c e ipt b y  the cust ome r .  I f  the 

adjustment s have been changed ,  the synchr o ­

verifier t aken apart for repai r s ,  o r  if it i s  

de s ired t o  check the ad j u stment s a t  regular 

maintenance p e r i od s ,  the instru c t i on s  be l ow 

should be f o l lowe d . 

Al l c ont act s should be period i c a l ly c l e aned 

w i th a fine f i l e . 3#10021 1 0  f i l e  is r e c om­

mended for thi s purp o se . The use o f  abrasive 

mat e rial for c le aning c ontact s is not re com­

mende d ,  be cau s e  of the danger o f  embedding 

small part i c le s in the face of the s oft s i lver 

and thus impairing the c ont act . 

A s l ip c ontact on the breaker c on t r o l  swit ch 

should be u s e d  to open the l ine potential 

t r an sf o rme r s e c ondary l e ad s  in order to p re ­

vent energiz ing the dead l ine thru the p oten­

t ial t rans fo rme r s  o f  the synchro -verifie r .  

The upp e r  b e aring s c rew should b e  s c rewed 

8 

down unt i l  there i s  only two or thre e thou s ­

andths inch c le arance between it and the shaft 

and then se curely l o cked in p o s i t ion with the 

l o ck nut . Thi s  ad justment can be made be s t  by 

carefu l ly s c rewing down the t op bearing s c rew 

unt i l  the di s c  fai l s  to turn free ly and then 

backing up a frac t i on of a turn . Great care 

mu st be t aken in making thi s adjustment 

prevent damage to the bearing s . 

Balancing E lement s A or B 

t o  

Le ve l the synchro - verifier be fore making any 

t e st . Remove the gear and c ont act a s sembly 

and c onne ct the e l ement s as shown in the upper 

half of Figure s 7 and 8 .  C l o se switche s  A and 

B ,  and c l o s e  swi t ch D t o  the left hand s ide . 

Thi s  p lace s 115 volt s on the p otential c o i l  of 

e l ement A and short - c i rcuit s the pha s ing c o i l  

c i rcuit of e lement A .  Ad j u s t  the over-voltage 

ad jus tment on e l ement A so t hat the s t op on 

the d i s c  balance s at a p o int mid -way of i t s  

t rave l . The ove r -vo ltage ad j u s t e r  i s  the 

s l iding lag p lat e which i s  mount e d  on the 

movement frame and extends int o the air -gap 

b e tween the lower potential p o l e  and the d i s c . 

It may be moved t o  the right or left by means 

of the adjusting s c rew provided for thi s pur ­

p o se . The two l o cking s crews which h o ld the 

over -voltage ad juster in p lace should not be 

l o o sened when this adjus tment is made . Moving 

the ove r -volt age adju s t e r  to the right of the 

cent e r  l ine of the pot ent ial p o l e s  as t he 

synchro-verifier is viewed from the front 

c au s e s  it to lag a part of the p ot e nt i a l  c o i l  

f lux s o  that a c ont act opening t o rque i s  p r o ­

du c e d ,  whi le moving i t  t o  the l e f t  of the 

center l ine of the pote nt ial p o l e  cau s e s  a 

c ontact c l o s ing t o rque t o  be deve l oped . Thi s 

t e st is made t o  balance out a l l  t orque which 

may be c aused by volt age on the potential c o i l  

only . 

Open sw i t ch B, c l o s e  sw i t ch C and c l o s e  

switch E t o  the left -hand s ide . Thi s  p l ac e s  

1 1 5  volt s ,  6 0  cyc le s o n  the pot ent ial c o i l  o f  

e l ement B and short - c i rcuit s the pha s ing c o i l  

c ircuit o f  e l ement B .  The over -voltage ad­

juster of e l ement B should be adjusted in a 

s imilar manne r t o  that of e l ement A so that 

tHe d i s c  w i l l  balance at a p o int mid -way of 

i t s  t rave l . 

Leaving switch A and swit ch C c l o s e d ,  c l o s e  
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TYPE C l  SYNCH RO-VERI FI ER _________________ 1._L. _41_-2_1 7_A 

swit ch B and c l o s e  swit ch D and E t o  the 

right -hand s ide . Thi s p lace s 115  volt s ,  6 0  

cyc l e s  o n  each potential c oi l  and p lace s the 

vo ltage Ea and Eb on the pha sing coil c i r ­

cuit s .  S e t  the voltage E a  t o  15  volt s b y  

means of the potent i ome t e r s  and then adj u s t  E b  

by means of it s potent i omet e r  unt i l  the d i s c  

j u st balance s with it s stop mid -way i n  it s 

t rave l .  If the two e le ct r o -magnet s  do not 

p roduce an e qual amount of t orque under the 

same condit ions then the voltage Eb wi l l  

differ from the voltage E d  b y  an amount de ­

pending upon the unbalance between the two 

e le ct r o -magne t s .  When thi s balance has been 

obtained the e le ct ro -magnet which shows �he 

l owe st voltage reading for Ea or Eb has the 

s t ronge st t orque . The two 

should balance within 1/2 

e le c t ro -magnet s 

volt at 15 volt s ,  

that i s ,  when Ea i s  set for 15 volt s ,  Eb 

should read between the l imit s of 14 . 5  and 

15 . 5  vo l t s .  I f  the t w o  e le ct ro -magnet s  d o  not 

balance within the se l imit s they should be re ­

adjusted with re spect t o  each other by rai s ing 

or l owering the upper p o l e  a s semb l i e s  by means 

of the adju stment provided for thi s purp o s e . 

Rai s ing or lowering the upper p o l e  a ssemb l y  

w i l l  di sturb the ove r -voltage adjustment which 

has been made previously,  and consequently 

each t ime the upper pole as s embly is raised or 

l owered it wil l  be nece s s ary to re set the 

ove r-voltage ad juster s o  that no t orque i s  

produce d .  That i s , the d i s c  mus t  balance in 

the mid -way p o s i t i on when the voltage coil 

al one is energized and the pha s ing c o i l  c i r ­

cuit i s  short - c ircuited. Since thi s adju3t ­

ment mu st be made by the " cut and t ry 11 

method dnd may have t o  be repeated seve ra l  

t ime s  the f i r s t  adju stment s may be made more 

roughly than the fina l adjustment . The two 

e le c t r o -magne t s  may be c on sidered balanced 

with re spe ct to each other when at the end of 

the te st they wi l l  perform as f o l l ow s : 

1 .  The di s c  wi l l  remain in a p o s i t i on mid ­

way o f  i t s  t rave l when e lement A i s  en­

e rgized with 1 15 volt s ,  6 0  cyc l e s  on the 

p otential c o i l  and the pha s ing c o i l  

c i rcuit i s  short -circuited . 

2 . The di s c  wi l l  remain at a point mid -way 

of i t s  t rave l when e l ement B p otent ial 

coi l is energized at 115  volt s ,  60 

cyc l e s  and e lement B phas ing c o i l  cir­

cuit is short -circuited . 

3 .  With b oth p otential coi l s  energized at 

1 15 volt s ,  6 0  cyc le s and with 15 volt s 

impre s sed acro s s  the phasing c ircuit of 

e lement A the t orque of e l ement s A and 

B should be balanced so that the di s c  

w i l l  remain at a p oint mid -way o f  it s 

t rave l when the voltage impre s sed acro s s  

the phas ing c o i l  circuit of e lement B 

fal l s  at s ome value between the l imi t s  

o f  14 . 5  and 15 . 5  volt s .  

Rep lace the gear and c ontact me chani sm on 

the synchro -ve rifier aft er making sure that 

a l l  ad j ustment s which were made in the pre ­

viou s  t e st w i l l  remain unchanged o r ,  in other 

word s ,  see that a l l  s crew s which l ock the ad ­

j u stment s in p lace are t i ght 

Operating Circle Radius 

Ad just the po s i t ion of the stat i onary con­

tact s o  that the c ontact s make when the s t op 

on the di s c  i s  between 1 "  and 1 - 1/4 "  from the 

movement frame on the right -hand s ide . When 

the s t op on the di s c  i s  at the ext reme right 

end of it s t rave l the stat i onary c ontact 

should not be deflected to such an ext ent 

that it re s t s  against it s own back s t op .  If 

thi s ad ju s tment is not readily obtained the 

gear and c ontact a s semb l y  may be l oo sened 

ENERGY REQUIREMENTS 

The burden of the re lay at 115  volt s ,  6 0  cyc le s i s  as f o l l ow s : 

P otential Coil 

Phasing Coil & Re s i s t o r  

z 
Ohms 

385 

1660 

R Ohms 
a-c 

57 

1536 

X 
Ohms 

380 

628 

Wat t s  

5 . 14 

7 . 4 

Vo lt 
Ampere s 

34 . 4  

8 . 0  

P . F. 

81 . 4  ° Lag 

22 ° Lag 

The potent ial coil wi l l  operate sat i s fact orily on any voltage between 100 and 135 volt s .  
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TYPE Cl SYNCH RO-VERIFI ER ----------------

from the movement frame and the mesh between 

the pinion and gear changed by one t o oth . 

See that the syn chro -verifier i s  free f'rom 

f r i ct ion and then adjust the spring adj u s t e r  

s o  that i t  exert s n o  t orque t ending t o  move 

the c ont act s one way or the other just at the 

p oint where the cont act s make . Reference 

marks should then be placed on the spring ad­

juster and it s support ing pie ce in pencil t o  

indicate the p o s it ion o f  the spring adjuster 

which give s z e r o  initial tens ion on the 

spiral spring . 

C onne ct the s yn chro-verifier as shown in the 

bot t om hal f  of Figures 7 and 8 .  C l o s e  switch 

A. This p l aces 115 vo lt s ,  60 cycle s ,  (E1 ) on 

the poten t i al coil c i r cuit o f  e l ement A .  

C l o s e  swit ch B t o  the left -hand s ide . This 

place s a variable voltage E2 on the potent ial 

c o il of e l ement B and the difference between 

E2 and E1 is the volt age imp re s s e d  on the two 

phas ing c o i l  circuit s .  Adjust the p oten­

t i omet e r  unt i l  E2 reads 145 volt s ,  which i s  

30  v o l t s  great e r  than E1 • Then adjust the 

sp iral spring adjuster in the dire c t i on t o  

wind up the spiral cont r o l  spring s o  that i t  

t end s t o  c l o se the contact s .  The tens ion on 

the spring should be increased unt i l  the con­

t a ct s will c l o se from the ext reme open p o s i ­

t i on when E2 is 145 volt s and w i l l  not c l o se 

from the ext reme open p o sit ion when E2 i s  147 
v o lt s .  A two volt l imit i s  thus a l l owed on 

the voltage diffe rence ad justment . Approxi ­

mat e ly one -hal f  turn init ial tension on the 

spring should be suffic ient t o  make thi s ad­

j � stment , although thi s will vary some with 

diffe rent synchr o -verifie r s .  Securely l ock 

the spring ad jus t e r  in p o s ition by means o f  

the l o cking s crew provided and then change 

swit ch B t o  the right -hand p o s it ion . Then 

adjust the potent i ome t e r  s o  that E2 reads 

approximately 85 volt s ,  which i s  30 vo l t s  

10 

l e s s  than E1 • The contact s should c l o s e  from 

the ext reme open p o s it ion when the volt age 

difference between E2 and E1 i s  not more than 

32 volt s nor le s s  than 28 volt s . 

An adjustment for 30 volt s difference be ­

tween E1 and E2 has been spe cifie d .  If a 

different value for this voltage difference 

adjustment is de s ired , it may be made in the 

s ame way with the s ame l imiting value of plus 

o r  minus 2 volt s on the check t e s t  made with 

E2 le s s  E1 • 
As a furthe r check on the corre ct operation 

o f  the relay ,  E2 should be made equal to E1 
and unde r thi s condition the relay should de­

ve l op a p o s it ive contact c l o s ing t o r que , and 

with E2 radica.lly more than 30  volt s di ffe rent 

from El the relay should develop a s t r ong con­

tact opening t o rque . 

When the ad justment s have been made as out ­

l ined above , the contact s of the synchro­

ve rifier wil l c l o s e  when the operating c o i l s  

are t ot al l y  de -energized . 

As previou s ly stated, the contact s may be 
made t o  remain open when the operating c i r ­

cuit s a r e  de -energized ( ad justment #2 ) by 
giving the spiral cont r o l  spring a s l i ght 
amount of tension in the c ont act opening d i ­
rect i on and obtaining the de s ired radius o f  
operating curve b y  means of the ove r -vo ltage 
adjustment on e lement A .  Ope rating c ir c le s as 
shown in Figure 4 are obtained in thi s manne r 
and the two element s are balanced at the de ­
s ired volt age difference by means of the ove r ­
voltage adju s t e r  o n  e lement A in s t e ad of by 
means of adjust ing the Len s i on on the sp iral 
cont rol spring as pre viously out l ine d .  The 
negative spring tens ion used should be just 

suf f i cient to insure that the cont act s  wil l 

always open when the operating c o i l s  are de­

energiz e d .  
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