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TYPE CI SYNCHRO-VERIFIER

CAUTION
into service,

Before putting the Synchro-Verifier
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 1is used to
verify the condition of synchronism existing
between two system voltages. The contacts
will <close when these voltages are equal,
within set 1limits, in phase, and of the samé
frequency. If the two systems have been spdit
apart, so that a beat frequency exists acpogs

to tie the two
the synchro-verifier will
this beat fre-
quency is approximately 1/45 cycle orfless.

the open circuit Dbreaker used

systems together,

not close 1ts contacts unless

The type CI synchro-verifier I's /ot an auto-

matic synchronizer and should net be used as

such. Automatic are available
which permit

an angle of phase

Synchreonizers
closing ahgad“ef synchronism at
advance oproportional to the
beat frequencies andidetermined by the speed
of the so that

are connected right on synch-

of operation cireulit breaker
the two systems

ronism.

A commen applleafion of the synchro-verifier

is in ¢gonjunctiop with automatic reclosing

equipment fed by generating
When

section trips out the synchro-verifier 1is used

on Jo6op systems

stations @, 4two or more points. a line
at one terminal to check synchronism after the
If the two sys-

synchro-verifier

is reclosed.
the

automatic reclosing

remote terminal
tems are in
the

synchronism

pérmit s equipment to

NEW INFORMATION

reclose the breaker.

CONSTRUCTION®AND OPERATION

The type CI SynghrofVerifier consists of two

disc
The rotating elements consist of two
steel shaft. The
shaft 1s supported cn the lower end by a steel
ball

surfaces,

induction elements and two phasing re-
sistors.
copper discg fastened on a
riding Dbetween

concave sapphire jewel

and” on the upper end by a stainless

steel pint

The moving discs are rotated by two electro-
magnets designated A and B. Element A
on the back half of the upper disc,
element B on the back half of the lower disc.
The is
mounted in frcent cf the upper element.

oper-
ates and

disc damped by a permanent magnet

The phasing colls of each element are wound
on the upper poles, and the potential colls c¢n
the lower pole. Each phasing resistor is con-

nected in series with a phasing coil.

The moving contact 1s mounted on a counter-
shaft which 1s geared to the shaft of the main
A hardered

lower end cf

rectating element. and polished

ir the the

The upper
ccuntershaft
hub

is
held
the staticnary contact by the spiral

adjustment #2 this

steel cocunter-
shaft

®earing is of the pln type.

pir

runs on a Jjewel bearing.

The
insulation

with a mculded

the

is covered

around which mcvirg cor.t2:t arm

clamped. Normally the moving contact is
against
spring, except in when

spring 1s reversed.

The inner end of this spring is fastened, tc
and the
fastened to a spring adjuster.
the 1initisl

changed without

To change

the moving contact arm cuter erd 1is

The spring ad-
allows tension on the
to Dbe

strength of the spring.

Jjuster
spring changing the

the spring
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Fig. l—Internal Schematic of the Double Contact Type CI
Synchro-Verifier in the Standard Case. The Single
Contact Synchro-Verifier Has Terminal 3 and Asso-
ciated Circuits Omitted.

tension 1t 1s necessary to 1loosen one screw,
rotate the adjuster until the desired tension
1s 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 unilt by
removing three screws and disconnecting the

lead to the moving contact.

The stationary contact 1is mounted on a flag
spring with a stop screw for adjusting the
contact pressure. The travel of the moving
contact 1s limited by a small stop rivetedgon
the disc. The maximum contact openlng 4s

approximately 1/8".

OPERATION AND CHARACTERISTICS

The type CI synchro-verifier €.iouses,its con-
tacts when the bus voltage El’ an@ the line
Eg, within set 1imits, are equal,|in phase and
of the same frequency. [The, potential coil-of
element A 1s energized Bythé voltage El’ the
potential coil of_ elementyBg 1s energized by
the voltage E,, #&nd the“phasing coils of both
elements are en€rgized by the difference be-
With the spiral
spring wound up 1n the direction to close the
contacts (adjustment #1) the contacts will

tween these two “vwoltages.

close when E; and“E, are equal, in phase, and
of the same frequency. Under thils condition
the difflerénce between these two voltages 1is
zerogandyno, electrical torque will be produced
because, nelither element will produce any
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Fig. 2—Internal Schematic of the Double Contact Type CI
Syfichro-Verifier' in the Type FT Case. The Single
Contact Synchro-Verifier Has Terminal 3 and Asso-
ciated Circuits Omitted.

torqu€ \, unless 1its potential coll and phasing
coldMare “both energized. Consequently when
thereg 1® no difference voltage impressed
acrogsdthe phasing coil circult, the contacts
will be <closed by the action of the spiral

spring alone.

The two electro-magnets, A and B, produce
opposing torques on the two discs and these
torques incredse as the voltage difference be-
tween the two voltages E, ana E2 increases.
The net electrical torque acting on the discs
1s 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 adjustment of the synchro-verifier
(adjustment #1) 1s shown in Figure 3 for five
values of spring tension. A spring tension of
one whole turn 1s about the maximum which can
be used without distorting the spring, while
1/8 turn is the minimum to give reliable oper-

ation.
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The curves of Figure 3 were taken with a
constant bus voltage E; and represent the lo-
cus of the 1line voltage E, which will just
produce a balance condition in the synchro-
verifier. The contacts will not move 1n
elther direction if the line voltage E, term-
inates on any point of the circle for which
the spring has been adjusted. If th=2 1line
voltage Ep terminates within the circle and
remalns there for a sufflicient length of time
the contacts will close.

If E2 1s equal, in phase, and of the =ame
frequency as E; so that the two vectors E1 and
E, colncide, 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 1less spring tension (curves 1 to 4)

the contacts will close at a slower rate.

If Epi1s equal in magnitude to E] but of a
different frequency the vector E 2will move
thru the operating circle. With a uniform
rate of speed so that approximately 5 seconds
are requlred for E2 to move from 20° 1lagging
to 20° 1leading with respect E,, the
synchro-verifier contacts will not close 1f
operating circle 5 1s being used. This 1is be-
cause the net contact closing torque (spring
tension minus electrical torque) is zero when
E 51s approximately 20° out of phase with_E{j
and 1s at 1ts maximum when E, 1s in phase with
E,. Since 5 seconds are required for<‘the“con-
tacts to close when Ep 1s equal to Ej and is
exactly i1n phase with 1t, (zero, eleetrical
opening torque) a longer time wddl >eyfequired
for the contacts to close if Es 1s|of differ-
ent frequency than E;, Thé™time of 5 seconds
required for E, to moye through the operating
circle 5 at a uniform rate “of speed corres-
pond3a to a beat Arequency »of approximately
1/45 cycle so thatsa bedat frequency of less
than 1/45 cycle 1s vegiiired before the con-
tacts will close 1f operating circle 5 1s
being used and correspondingly lower beat fre-
quencles are required 1f operating circles
with small, dlameter than 5 are being used.

The vector®dlagram on the curve illustrates

the condition where the bus voltage E; 1s used

as 4bhe “geference voltage and is equal to 115

4

volts, the line voltage Ep is 123 volts and
leads the bus voltage by 12° and the differ-
ence voltage E3 is equal to 2€ volts and leadf
the bus voltage by 78°. If the system condi's
tions are such that these voltages will remain
fixed approximately at these values the con-
tacts will close 1f either of the operating
circles 3, 4 or 5 are used and willgnote.close
1f either circles 1 or 2 are useg.

The radius of the operating fcirele will re-
maln constant for variations "In the reference
voltage E1 as long as the “ever-voltage ad-
justers have been adjustediproperly for these
characteristics.

For applicationsg wheredthe contacts should
remain open when (thé synchro-verifier 1s de-
energlized adjustment No. 2 should be used.
The spiralgspring Ispgiven a slight amount of
tension I1n9the“eontact opening direction, and
the radius of the operating circle obtained by
means Of thed over-voltage adjustment on
element A%, This 1s described 1n more detail
under Adjustments. Typical operating curves
flor this/ad justment are shown in Figure 4. It
will be noted that the center of the operating
¢ircles do not colncide with the end of the
refierence voltage E; and that the radius of
the operating circle decrefses as the refer-
ence voltage E; 1s decreased. Both of these
effects are 1nherent 1in the design of the
synchro-verifier when this type of adjustment
1s 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 1n the same case.

This combination provides a compact flexible
assembly easy to maintain, 1inspect, test and
adjust. There are three main units of the
type FT case: the case, cover and chassis.
The case 1s 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 1s a drawn steel frame
with a clear window which fits over the front
of the <case with the switches closed. The
chassis 1s a frame that houses the synchro-
verifier elements and supports the contact jaw

e
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Fig. 5—External Connections of the Type CI Synchro-Ver-
ifier in the Standard Case.

half of the test switches. This slidespin and
The electrical
between the base and
through the closed knife-blades.

out of the case. connections

chassis__ane completed

Removing Chassis

remove the
nuts at the
elements and

first
by unscrewing thegcaptive

To remove the chasgsls,
cover
four corners. This
all the test

testing.

exposes the
Switches for 1nspection and
THepnext step 1s to open the test
switches. Always open the
handle gwitches first before
handle
This

accldental operation.

elongated red
any of the black

latches.
to prevent

or the cam action
circuit

switches
centact
Then open all .the re-

order of

opens “the
maining switches. The opening the

remaining switches is not important. In
opening the test switches they should be moved
With all
fully opened, grasp the two cam
This re-

Using the

all the way back against
the switches
action latch
leases the chassis from the

the stops.

arms and pull outward.

case.

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

latch arms as handles, pull the chassls out of
the case. The
bench in a normal

chassls can be set ol a test
upright position as well as
on its top, back or sides for easy 1nspectilon,

maintenance and test.

After removing the chassls a duplicate
chasslis may be 1inserted in the case or the
blade portion of the swiltches can be closed
and the cover put 1n place without the
chassis.

When the chassis i1s to be put back 1in the

case, the above procedure 1s to be followed in
The elongated red handle

closed untll after the
and all of

the reversed order.
switch should
chassis

not be
has been latched 1n place
the black handle switches closed.

Electrical Clrcuilts

Each terminal 1in the
test switch to the
in the

thru a
synchro-verifler elements

base connects

internal

9

chassls as shown on the
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Fig. 7—Diagram of Test Connections for the Type CI Syn-
chro-Verifier in the Standard Case.

schematic dlagrams. The synchro-verifiler
terminal 1s identiflied by numbers marked on
both the 1nside and outside of the base. The
test switch positions are i1dentifiedf,by
letters marked on the top surface of the
moulded block. These letters can be seen when

the chassis 1s removed from the case.

The potentlial and control circud®s thru the
synchro-verifier are disconnected from“the ex-
ternal circult by opening the assoeiated test
switches.

A cover operated switcgh can be supplied with
i1ts contacts wiredqin sefles with the contact
circuit. Thils switch “Qepens thils circult when
the cover 1s gremoved. “This switch can be
added to the exisStingl type FT case at any
time.

Testing

The@gsynchro-verifier can be tested in
service 1In the case but with the external
clreudts, isolated, or out of the case as
Follows:

b
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Fig. /8~Diagram of Test Connections for the Type CI Syn-
chro-Veritier in the Type FT Case.

Testing In Service

Voltages between the potential circults can
be measured convenlently by clamping #2 clip
leads on the projecting clip 1lead lug on the

contact jaw.

Testing In Case

With all blades in the full open position,
the ten circult test plug can be inserted in
the contact jaws. Thls connects the synchro-
verifier elements to a set of binding posts
and completely 1solates the synchro-verifier
clrcuits from the external connections by
means of an 1nsulating barrier on the plug.
The external test clircults are connected to
these binding posts. The plug 1s inserted in
the bottom test jaws with the binding posts
up.

The external test cilrcults may be made to
the synchro-verifier elements by #2 test clip
leads instead of the test plug.
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Testing Out Of Case

With the
synchro-verifier

chassis removed from the base,
tested by

using the ten circult test plug or by #2 test

elements may be

clip 1leads as described above. The factory
1s made with the chassis in the
case and removing the

calibration
chassis from the casé
will change the calibration values by a small
percentage. It 1is recommended that the
synchro-verifier

final check on the calibration.

be checked in position as a

INSTALLATION

The synchro-verifier should be mounted on

switchboard panels or thelr equivalent 1n a
from dirt,

and heat.

location free molsture, excessive
Mount the

verifier vertically by means of the two mount-

vibration synchro-

Ing 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-
Either of the studs oz
utilized for
synchro-verifier. The edectril-
made direct to fthe

by means of screws

flush type FT case.

the mounting screws may be
grounding the
cal connections may be
terminals for 4teelipanel
furnished with

ordslate panel

mounting or to terminal studs
the relay for

mounting. The

ebony-asbestos
terminal studs may/ be/ easily

removed or 1nserted 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-Veriflerfare 'shown in Figures 5 and 6.
The synchro®wyerifder/1s connected around the
circuilt breéakerpand 1s connected to the 1line
and bus g40ltage whenever the breaker opens by
b switcheg.( When the 1line
the remote bre@ker, voltage will be applied to
this

voltage 1s

1s energized from

the synchro-verifier. If
the bus
notmal and the system has not pulled apart,
the \Wtype CI Synchro-Verifler will close 1ts
contaets to energize the Type CV Timing Relay,
whieh 1in turn will
sultable reclosing relays.

voltage as

well as approximately

close the breaker thru

The synchro-verifier with adjustment/ No.\1l

has 1ts contacts closed when de-energized.
The type CV

synchro-verifier

relay 1s used to prevent(, the
from 1nitiating the

when 1t 1s first energlzed and before

closing
circult
1t has had time to open 1ts contacts.

Another function of theftype,CV relay 1s to

provide additional time deday when the
synchro-verffier 1s operating at a frequency
difference. If the/ frequenclies of the two

systems are erratic, * and/the synchro-verifier

1s adjusted to closeWat a wide phase displace-

ment angle, fory example 20 degrees, 1t 1s
possible that without the type CV relay the
breaker c¢lo8ing Trelay may be energlzed 20

degrees lateyandrat an Instantaneous frequency
than 1/45 Thus
contacts finally close, the
With the
relay, the highest frequency.differ-
which the

considerably lower than 1/45 cycle,
probability of
synchronism would be
For this 1t 1s recommended that the
type CV with the type CI
Synchro-Verifier as shown, with either adjust-

considerably |higher cycle.

when \, the bréaker
phase ‘dlsplacement may be too large.
type CW:
ence at breaker could be closed
wouldy be
and the

closure off

obtaining breaker
minimized.

reason
relay be used
ment No. 1 or 2, 1if the transmission system is
such that

connected to two independent systems.

the two sldes of the breaker can be
Summing
up, the Type CV relay should be applied except
when the synchro-verifier 1s adjusted for
operating as per
No. 2, and at the same time the
1s such that a frequency difference cannot be

characteristics ad justment

system layout

expected between the two sldes of the breaker.

in Figures 5 and 6
voltage relays will provide

The connections shown
using the type SV

the followlng operation:

1. Close the breaker when the bus 1s alilve
and the line 1s dead.

2. Close the breaker when the line 1s alive
and the bus 1s dead.

3. Close the breaker when the
are both alive and when thelr respective

line and bus

voltage are approximately normal, equal,
inr phase, and of the same frequency.

Referring to the dilagram, 1t will be seen

that the type CI Synchro-Verifier functilons
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only under the third conditlion 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
ad justments have been changed, the synchro-
verifier taken apart for repalrs, or 1f 1t 1s
desired to check the adjustments at regular
malntenance perlods, the 1nstructions below
should be followed.

All contacts should be perlodically cleaned
with a fine file. S#1002110 file 1s recom-

'nded for thils purpose. The use of abrasive
..aterlal for cleaning contacts 1s not recom-
mended, because of the danger of embedding
small particles 1n the face of the soft silver
and thus impairing the contact.

A slip contact on the breaker control switch
should be wused to open the llne potentlal
transformer secondary 1leads in order to pres
vent energlzing the dead line thru the poten-
tial transformers of the synchro-verifier

The upper bearing screw should be screwed
down until there 1s only two or three thous=
andths inch clearance between 1t and the, shaft
and then. securely locked in position withi\the
lock nut. Thils adjustment can be madeQbest by
carefully screwing down the top bearing screw
until the disc faills to turnj) fFreely and then
backing up a fraction of a turny, Great care
must be taken 1n making this adjustment to
prevent damage to the bearings.

Balancing Elements A or B

Level the synchfo-verifler before making any
test. Remove he gear 'and contact assembly
and connect the“glements as shown in the upper
Lialf of Figures 7 andl8. Close switches A and
B, and close switch D to the 1left hand side.
This places 115 wyolts on the potential coll of
element Ajand short-circuilts the phasing coil
circultgpof“element A. Adjust the over-voltage
ad jugstment “on element A so that the stop on
the \\disc®balances at a point mid-way of 1ts
t rave 1 The over-voltage adjuster 1s the
sliding 1lag plate which 1s mounted on the
movement frame and extends 1nto the alr-gap

8

between the lower potentlal 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 1locking screws which hold the
over-voltage adjuster in place should not be
loosened when this adjustment 1s made. Mowxing
the over~voltage adjuster to the_aight of the
center 1line of the potentlal (podes)as the
synchro-verifier 1s viewed from ghe front
causes it to 1lag a part ofgthe, potential coill
flux =o that a contact opening 6rque 1s pro-
duced, while moving it9,toathe left of the
center 1line of the potential pole causes a
contact closing torque togbe developed. This
test 1s made to balancel, out all torque which
may be caused by_voltage on the potential coll
only.

Open swlteh, By close switch C and close
switch E to the “Jleft-hand side. This places
115 voltls, 6@ )\cycles on the potential coil of
element B and short-circuits the phasing coill
circalt “ofpelement B. The over-voltage ad-
justem, of element B should be adjusted in a
81midar manner to that of element A so that
tne disc will balance at a point mid-way of
1ts*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 potentlal coll and places the
voltage Ea and Eb on the phasing coil cir-
cults. Set the voltage Ea to 15 volts by
means of the potentiometers and then adjust Eb
by means of 1ts potentliometer untlil the disc
just balances with 1ts stop mid-way in 1its
travel. If the two electro-magnets do not
produce an equal amount of torque wunder 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 thils balance has been
obtained the electro-magnet which shows *he
lowest voltage reading for Ea or Eb has the
strongest torque. The two electro-magnets
should balance within 1/2 volt at 15 volts,
that 1s, when Ea 1s set for 15 volts, Eb
should read between the 1limits of 14.5 and
15.5 volts. If the two electro-magnets do not
balance within these 1limits they should be re-
adjusted with respect to each other by railsing
or lowering the upper pole assemblles by means
of the adjustment provided for this purpose.
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Ralsling or lowerling the upper pole
wlll disturb the over-voltage adjustment which

aseembly
has been made previously, and consequently
each time the upper pole assembly 1s railsed or
lowered 1t will ©be
over-voltage adjuster so that no torque is
That 1is,
the mid-way posltion when the

necessary to reset the
produced. the disc must balance in
voltage coill
alone 1s energlzed and the phasing coll cir-
cult 1s short-circulted. thls adjust-
ment must be made by the "cut and try"
method
times the first adjustments
final
electro-magnets may be

to each other when at the end of

Since

and may have to be repeated several
may be made more
The two

balanced

roughly than the ad justment.
consldered
wlth respect

the test they willl perform as follows:

1. The disc will remain in a position mid-
way of 1its travel when element A 1s en-
erglized with 115 volts, 60 cycles on the
potentlal coll and the
circult 1s short-circuited.

phasing coil

2. The disc will
of 1ts
coll 1s
cycles and element B phasing
cult 1s short-circulted.

remaln at a point mid-way
travel when element B potential
voltls, 60

collfelir-

energlzed at 115

3. With both potentlal colls energlzéed at
115 volts, 60 cycles and 4fith 15
Impressed across the phasing circult of
element A the torque ,offelements A and
B should be balanced4 so that the disc

at a polnt ‘mid-way of 1ts

volts

will remain
travel when the yo6Ttageyimpressed across
the phasing coll circult of element B
falls between the limlts
of 14.5 .and (1545 Wolts.

at somemyalue

Replace Jthe ggeary, and contact mechanlism on
the synchro-verifder after making sure that
all adjustments dwhich were made in the pre-
vious test will remailn unchanged or, 1in other
words, see that all screws which lock the ad-

Justments 1in place are tight

Operating Circle Radlus

Ad just the position of the
tact so that the contacts
on the disc 1s between 1" and 1-1/4" from the

stationary con-

make when the stop

movement frame on the right-hand side. When

the stop on the disc 1s at the extreme right
end of 1ts travel the stationary contact
should not be deflected to such anmfextent
that 1t rests against its own back stop. If

this adjustment
gear and contact

1s not readily ohtalned the
assembly gmay be loosened
from the movement frame andgthe mesh between

the pinion and gear changed bygone tooth.

See that the synchrosverifier 1s free from
friction and thengadjust/the spring adjuster
so that 1t

the contacts one way or the

exerts no, torque tending to move
other just at the
polnt where ( they contacts make. Reference
marks should“then be placed on the spring ad-
in pencil to

spring adjuster

juster and 1ts supporting plece
Indieate™ the position of the
which) “glives™ zero 1nltial tension on the

Spiral “spring.

Connect the synchro-verifiler as shown 1n the
bottom half of Flgures 7 and 8. Close switch
A. This places 115 volts, 60 cycles, (El) on
the potentlal coll
switch B to the left-hand side. This

a variable voltage E2 on the potenticl

circult of element A.
Close
places
coli of element B and the difference between
E2 and E1 i1s the
phasing coll circults.
tiometer until E, reads 145
30 volts than E,,

spiral

voltage impressed on the two
Ad just the poten-
volts, which 1s
Then adjust the
direction to
spring so that it

greater
spring adjuster 1n the
wind up
tends to close the
the spring should be 1ncreased until the con-
wlll close from the extreme open posi-
is 145 volts and will not
from the extreme open position when E, 1s 147
A two volt 1limit 1s thus allowed on
the voltage ad justment.
mately one-half turn initlal tension on the
spring should be sufficlent to make thils ad-
although this willl vary
synchro-verifiers.

the splral control
contacts. The tension on
tacts
tion when E2 close
volts.

difference Approxi-

justment, some with
different

the spring
the 1locking screw provided and then change
switch B to the right-hand position. Then
adjust the potentiometer so that E,
which 1s 30

The contacts should close from

Securely 1lock

adjuster 1n position by means of

reads
approximately 85 volts, volts
less than El‘
the extreme open positlon when the voitage

1s not more than

9

difference between E2 and E,
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32 volts nor less than 28 volts.

difference be-

1 and E, has been specified. If a
different difference
ad justment the
same way with the same limiting value of plus

An adjustment for 30 volts

tween E

value for this
1s desired, 1t may be made 1n

voltage

or minus 2 volts on the check test made with
Ep 235 E,.
a further check on the correct operation

af the relay, E2 should be made equal to El
this condition the relay should de-

contact closing torque, and

~~d under
relop a positive
"th E, radically more than 30 volts different
n E1 the relay should develop a strong con-

ct opening torque.

have been made as out=-
of the

When the adjustments

.ned above, the contacts synchro-

ENERGY REQ

The burden of the rélay at
Z R m
Ohms -

385
1660

Poter-ial Joll
Phasing Coll & Resistor

The potential coll will operate sa
L 2

Q
o
¥

L 4

115 volts, 60 cy

verifier will close when the operating colls

are totally de-energized.

As previously stated, the
made to remaln open when the operating cir-
cuits are de-energized (adjustment #2) by
giving the spiral control spring a slflght

amount of tenslion 1n the contac ening di-
rection and obtaining the il@us of
operating curve by means ON -voltage
ad justment on element A. Op n ircles as

shown in Figure 4 are obtai thils manner

and the two elements are 1 d at the de-
sired voltage differen by ns of the over-
voltage adjuster on e instead of by
means of adjusting e ion on the spiral
control spring a iously outlined. The
negatlive spring on used should be just
sufflcient hat the contacts will
always open the operating colls are de-
energlz

X Volt

Ohms Watts Amperes P.F.
380 5.14 344 81.4° Lag
628 7.4 8.0 22°  Lag

on any voltage between 100 and 135 volts.

O~

contacts ma)@

A,
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INSTALLATION

I.L. 41-207 A

OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE CAM
PERCENTAGE DIFFERENTIAL RELAY

CAUTION Before puttlng relays int&l service,
remove all blocking which may have?been in-

serted for the purpose of securing the parts
sure that

the contacts tao

during shipment, make

parts operate freely, inspect

see that they are clean and close properly,

check the

and electrical connections. - i
{
1

and operate the relay to

APPLICATION

The type A CAM Relay 1s
ferentlal relay of the induction type designed
for the

Ing transformer.

a percentage dif-

differential protection of ‘a regulaté

CONSTRUCTION AND OPERATION

The type CAM Relay has‘tw&kglectromagnets in
the relay acting upon ai common ddsc/as, shown
in Figure 1. The
operating electromagnet, \hich (tendd to; rotate
the disc clockwlse
thus close the contacts. The

rearl electromagnet/ is the

as viewed, from the top and

magnet furnishes restraidt, tending to prevent
Both
magnets are energized from) small transformers,
To and TR. These

so designed as f{o
well as the
of the
transformer, £ TRg,

the' contacts from closing. electro-
rejpsaturating transformers

control the time curve as
Percentage characteristic. Part
of the right-hand

has an alr gap in order to

magneticyclircuit

properly propértion the restraint circult with
respect to theloperating circuilt.

with a time
In order that the time of operatlion may

The relay element 1s provided
leven
be) varied as requlred to provide satisfactory

operation on magnetizing inrush. Two damping
slde of

relay

magnets are provided, one on elther
the disc, to slow the

disc.

operation of the

SUPERSEDES IL. 41-207

all moving
., grpavity to
‘circuit. The

settingg | of the

front electro-"

L :
it
The , dperation indicatdg\ibia small solenold
coll ‘c7hnected in the trip éircuit.} When the
‘coil ia, energlizéd, a spr; g~restral ed arma-
releasesgthe white tdrget which
indicate oZpletion of \tﬁe trip
Thdicator is reset frd&,outside
by a p%7é rod iﬁ"ﬁhéicover or

‘s\ture

case
cover stud. ' ”\f“

N ’ S
TheWd-c. coptgctor switch in the\relay is a
jtype switch. \A

silver

cylindrical

disc \,mqunted on 1ts

disc
bridges three silver statioﬁgry contacts. The
coll 1s 1n serles wiith\zpe maln contacts of
the relay and wlth \E/'trip coll of the
When the relay contacts close, the
coll becomes energized and closes the switch
This con-
tacts, thereby

breaker.

contacts. shunte the maln

relieging them of the duty of

relay

carrying tripﬂ}ng‘\ current . The contacts

remaln closed untiL the trip clrcult 1s opened

~. by the auxiliary s¥itch on the breaker.

CHARACTERISTICS

The typlcal operating characteristics of the
relay are shown by Figures 3 and 4. As shown
by Flgure 35, the relay operates at a minimum
of one ampere 1n the operating circuit when no
current 1s flowling 1n the restraint cilrcult.
At 5 amperes restraint, the operating current
required 1s 5.75 amperes, representing a 15%
higher

values, the relay

unbalance. At restraint current

characteristic has a slight

"flare" as indicated by the curve.
The time curve of the relay at the No. 5
time 1lever setting with no restralnt current

i1s shown by Figure 4. The time of operation

1s approximately proportional to the time

lever setting.

EFFECTIVE JUNE 1949
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] DI [==——T0 BASE TERMS

FRONT VIEW Lcmssus OPERATED
SHORTING SWITCH

Fig. 1—Internal Schematic of the Type CAM Relay in the
Standard Case.

RELAYS IN TYPE FT CASE

The type FT cases are dust-proof enclosures
comblning relay elements and knife-bladef test
switches 1n the same case. This c¢ombination
provides a compact flexible aSsSembly edsy to
maintain, inspect, test and adju8t.There are
three main units of the type KT case: the
case, cover, and chasslis. The,case 1s an all
welded steel houslng containing, the hinge half
of the knife-blade test switches and the term-
Inals for external comneetions. The cover 1is
a drawn steel frame with a clear window which
fits over the/front, of the case with the
switches clogéd. 4/The chassls 1s a frame that
supports the Telay eglements and the contact
jaw half of the test swiltches. This slides in
and out of the case. The electrical connec-
tions between ghe base and chassls are com-
pleted through the closed knife-blades.

Remowving, Chassis

To, \remove the chassls, first remove the

cover by unscrewing the captive nuts at the

2

Figi2—Internal Schematic of the Type CAM Relay in the
Type ET Case.

corners. Thils exposes the relay elements and
all the test switches for Inspection and test-
Ing. The next step 1s to open the test
switches. Always open the elongated red
handle switches first before opening any of
the black handle switches or the cam actlon
latches. Thils opens the trip circult to pre-
vent accldental trip out. Then open all the
remalning switches. The order of opening the
remalning switches 1s not important. In open-
Ing the test swiltches they should be moved all
the way back agalnst the stops. With all the
switches fully opened, grasp the two cam
action 1latch 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 chassls can be set on a test
bench in a normal upright position for test as
well as on 1ts back or sides for easy 1lnspec-

tlon and malntenance.

After removing the chassis a duplicate chas-
sls may be 1inserted in the case or the blade
portion of the switches can be closed and the
cover put 1n place without the chassis. The

g 3



TYPE CAM RELAY

I.L. 41-207:A

SCALE 2
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AMPERES IN RESTRAINT GiRCUIT

Fig. 3—Typical Operating Curvessof'the Type CAM Relay.

chassls operated shorting swltch located be-
hind the current test
circulting the
current type tegt swltches are closed.

dwitch prevents open

current _transformers when the

When fthe chassis 1s to be put ©back in the
case, the above gprocedure 1s to be followed 1n
The elongated red handle

after the
and all of

the reversed, Order.
switch should not ©be closed until
chassls has been 1latched 1in place
the black'handle switches closed.

ELECTRICAL CIRCUITS

connects thru a
the

Each terminal in the
test switch to the

base

relay elements 1n

as shown on the 1nternal sc¢hematic
The relay terminal 1s identifilied/by
marked on both the 1inside [and outside
The test switch posltions
letters marked on the top
of the moulded blocks.

be seen when the

chassis
dlagrams.
numbers
of the base.
ldentified by
bottom surface

are

and
These
letters can chassls 1s re-

moved from the case.

The potentlal and control@@ircults thru the
relay are disconnecged from the external cir-
cult by opening theva8soclated test switches.
Opening the currentijtest switch short-circults
the
connects one @Slde of the relay coll but leaves
the other 4lde oOf the coll connected to the
external @edrpcult, thru the current test jack
jaws. Thilg clrcult can be 1solated by insert-
ing " the
connections), by inserting the

current transformer secondary and dis-

current test plug (without external
ten circult
testiplug, or by inserting a plece of 1nsulat-
approximately 1/32" thick into
Both switches of

the current test switch palr must be open when

Ing ‘material
the, eurrent test jack jaws.
Insulating
circult the

using the current test plug or
material 1in this
current transformer secondary.

manner to short

A cover operated switch can be supplied with
1ts with the trip
circuilt. This the trip circult
when the cover 1s removed. This switch can be
added to the existing type FT
time.

contacts wired in series

switch opens

cases at any

Testing

The
case but with the external circuilts

relays can be tested 1in service, 1n the
1solated
or out of the case as follows:

Testing In Service

The ammeter test plug can be 1inserted in the

test jaws after knife-
switch to check the current thru the
This plug consists of two conducting
strips separated by an insulating strip. The
these strips by
terminal screws and the leads are carried out
thru holes 1n the back of the
handle.

current opening the
blade

relay.
connected to

ammeter 1s

Insulated
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Voltages Dbetween the potential circuits can
clamping #2 clip
lead lug on the

bte measured convenlently by
on the projecting clip
contact jaw.

leads

Testing In Case

With all blades in the full
the ten clrcuilt test plug
the contact jaws. This
a set of binding posts and com-

open position,

can be 1nserted in
connects the relay
elements to
pletely 1solates the relay circults from the
external connections by means of an insulating
plug. The test
circults are connected to these binding posts.
The plug 1s 1nserted in the
with the binding posts up and in the top test

switch jaws with the binding posts down.

barrier on the external

bottom test jaws

The external test
the relay
Instead of the
external test

circults may be made to
by #2 test
test plug.

elements clip 1leads
When connecting an
circult to the current elements
using clip care should be taken to seg
that they

that the relay 1s completely 1solated from the

leads,
current test jack jaws are open (8o
external circuilts. for
1solating this
under "Electrical Circuits."

Suggested
circuilt, are

means
outdined above

Testing Out of Case

With the
relay elements may be testéd byPusing the ten
circuit test plug or by #2 test cllp leads as
described calibration 1s
made +1th the chassis in the case and removing
the chassls frommgthemease will change the
calibration yalues &y | a small percentage. It
18 recommendedy, thatgthe checked 1in
position &8s a,final check on callbration.

chassls removedy frém the base,

above. Theffactory

relay be

INSTALLATION

The
panels or
from, dirt,
heate ) Mourit the
the), two mounting studs for the standard cases

relays should be mounted on switchboard
thelr equivalent in a location free
molsture, excessive vibration and

relay vertically by means of

and the type FT projectlon case or by means of
the four mounting holes on the flange for the

Elther of the studs

may be utiliz=g,  Zor

semli-flush type FT case.
or the mountlng screws

grounding the relay. The electrich

direct to the termirads by

SO s~
clons may be made
means of screws for steel pan=1 mcunting or to
studa furnished with
ebony-asbestos or

terminal the rolay  for

slate panel mounting. The

terminal studs may be edsllym removed cr in-

serted by locking twohnu¥s om the studs

then turning the propaz nif with a wrench,
ADJUSTMENTS AND MAINTENANCE

The to insure

operatlon of fthis

proper adjustrents cornact
relay have boen msde ab the
factory andighould not be disturbed alter -
ceipt Dbygfthe If the

been/fchanged, the relay taken apsrst

enstomer.

ad justaents

have

repalysy orldf 1t 1s deglred to ol

justments“at regular malntenunce periods, b
Imgtruetions below should bec folicwad

Ally contacts should be veriodi-sail; o

with a fine fille. S#100211C fil= 1=

mended for thls purpose. Th: use of sbrasive
materlal for cleaning contacts Iz not recon-
mended, because of the danger of embedding

small particles 1n the face of the scft =il
and thus impairing the contact.

A dlagram of test connectlons 1s given in

Figure 6. Thils may be used for checklng the
minimum operating current as well as other
polnts on the operating curve. The only ad-

justment which can be made 1s that for spring
tenslon to control the minimum tripping point.
The adjustment

for other polnts on the curve

has been made at the factory by varying the
in the two small
transformers, and should not be disturbed. In
checking the minimum tripping point, see that
the moving contact resets the full 180° to the
No. 10 time
totally deenerglized. If 1t does not, look for
in the

and permanent magnets, or

amount and type of punchings

lever position when the relay 1s

forelgn particles alr gaps of tha
electromagnets

other sources of friction.

Contactor Switch

Ad just the stationary core of the switch for
and

5

a clearance between the stationary core
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core of 1/64" when the switch 1s
This can be done by turning the
relay wup-side-down

the moving
picked up.

or by disconnecting the
Then
screw up the core screw untll the moving core

switech and turning 1t up-side-down.

starts rotating. ©Now, back off the core screw
untll the moving core stops rotating. This
indicates the the play 1n the
assembly 1s taken up, and where the

points where
moving
core just

Back
one turn and lock in place.

separates from the statlonary core
screw. off the core screw approxlmately
This prevents the

sticking to the
statlonary core because of residual magnetlsm.
Adjust the clearance for 3/32" by
means of the two small nuts on elther side of
the Micarta disc. The switch should pick up
at 2 amperes d-c. Test for sticking after 30

amperes have been passed through the coll.

moving core from striking and

contact

Operation Indlcator

Adjust the
ampere d-c

indicator to operate at 0.25
gradually applied by loosenlng the
two screws on the underside of the assembly,

and moving the bracket forward or backward.
If the twc hellcal
armature are replaced by new [Springs, they
slightly“by Stretehing to

The coil

springs which reset "the

should be weakened
obtailn the
resistance 1s approximately 2.8/ chms.

0.25 ampere callbration.

ENERGY REQUIREMENTS

The burden offthe, relay 1s varlable depend-
ing upon the, amount of current flowlng, and 1s
best shown by Flgure 5.

/5 V. 60 RFH

-T 4

RSV, O-Cc

'/ T

/ /

& ©

°
f:?
©
(1]

LIGHT

OPERARTING CO/L

/3 Vid
& ’(/O RESTRAINING
2/ 22 co/se
5 AG‘///7E/
) "
\23 2% _J
FRONT V/EW

70PRP MO. FOR FLEXITEST CASE
BO7TTOM NO. FOR STANOARD CRSE

Fig. 6—Diagram of Test Connections of the type CAM Relay.







L 4
IIIIIIIIIII ° NEWARK, N.J.
Printed in U.S.A.



INSTALLATION

LL. 41-2177A

OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE CI SYNCHRO-VERIFIER

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

Inspect the contacts to see that they

and operate 1t
electrical

ment.
freely.
are clean and close properly,
to check the settings
nections.

and con-

APPLICATION

The type CI 1s used to
verify the condition of synchronism existing
The contacts

are

synchro-verifier
between two
wlll close when these voltages
within set 1imits, in phase, and of the same
frequency. If the two systems have been, splilt
apart, so that a beat frequency exigts aeross
the open circult breaker used to tile the two
the synchro-verifier) will
not close this beat fre-
quency 1s approximately 1/45 cycle orjless.

system voltages.
equal,

systems together,

1ts contacts unless

The type CI synchro-verifier 1s <not an auto-
matlic synchronlzer and shouldinot be used as
such. Automatic Synchronizers, are avallable
which permit closingjahead,of synchronism at

advaneée proportional to the
beat frequenclies and determined by the speed
of operation of thej, clrcult breaker so that
the two systems/ are connected right on s&nch-

an angle of phase

ronlsm.

A common dpplication of the synchro-verifler
automatic

fed by generating
statlons at When a 1line
section trips out the synchro-verifier 1s used

i1s in comjunction with reclosing

equlpment on loop systems

two or more polnts.

at) one terminal to check synchronlsm after the
If the two sys-
synchronism the synchro-verifiler

remote terminal 1s retlosed.
tems are 1n

permits the automatlc reclosing equipment to

SUPERSEDES 1L 41-217 P

reclose the breaker.

CONSTRUCTION AND OPERATION

The type CI Synchro-Verifler consists of two
Induction ddse The rotating ele-
ments consist of two copper discs fastened on
a steel Shaft. ) The shaft
lower end/ /by & steel ball riding between con-
cave, ‘sapphire jewel surfaces, and on the upper

elements.

1s supported on the

end by a“stainless steel pin.

The moving discs are rotated by two electro-
magnets designated A and B.
on the back half of the upper disc, and
€lement B on the back half of the lower disec.
The disc 1is
mounted in front of the upper element.

Element A oper-
ates

damped by a permanent magnet

The phasing colls of each element are wound
on the upper poles, and the potential colls on

the lower pole.

The moving contact 1s mounted on a counter-
shaft which 1s geared to the shaft of the main

rotating element. A hardened and polished

steel pin 1n the 1lower end of the counter-
shaft runs on a jewel bearing. The upper
bearing 1s of the pin type. The countershaft

1s covered with a moulded 1nsulation hub
around which the moving contact arm 1is
clamped. Normally the moving ccntact is held

agalnst the statlionary contact by the spiral
except 1in adjustment #2 when this
spring 1s reversed.

spring,

The inner end of this
contact arm and the

spring 1s fastened to
the moving outer end 1is
fastened to a spring adjuster.
the 1nitial tension
changed wilithout changling the

To change

The spring ad-
allows on the
spring to be

strength of the spring.

juster

the spring

EFFECTIVE NOVEMBER 1951



TYPE CI SYNCHRO-VERIFIER

TRIP CIRCUIT
INTERLOCK FOR
DETACHABLE ( c1
RELAYS ___ 12 | @ H- ®
CI ©
POTENTIAL COILS
/ ON LOWER POLES
A
— VVAAAN \©,
B L
UPPER ELEMENT
LOWER ELEMENT- 8 A
N PHASING COILS ON
UPPER POLES
REAR VIEW
{

Fig. 1—Internal Schematic of the Double Contact Type CI
Synchro-Verifier in the Standard Case. The Single
Contact Synchro-Verifier Has Terminal 3 and Asso-
ciated Circuits Omitted.

tension it 1s necessary to 1loosen one screw,
rotate the adjuster 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 1s mounted on a fldt
spring with a stop screw for adjusting the
contact pressure. The travel of the moving
contact 1s limited by a small stop riveted on
the disc. The maximum contact opening/is

approximately 1/8".

OPERATION AND CHARACTERISTICS

The type CI synchro-verifier_ciuses its con-
tacts when the bus voltage El, and the line
E2, within set 1imits, aregeqgualyg’ in phase and
of the same frequency. [Theg potential coll of
element A 1s energizedy, by the voltage El’ the
potential coll off element, B 1s energized by
the voltage Ej, 4 andfthe phasing coils of both
elements are energized /by the difference be-
tween these twe voltages. With the spiral
spring wound up 1in the direction to close the
contacts (adjustmént #1) the contacts will
close when By and E, are equal, in phase, and
of the 'same,frequency. Under this condition
the difference between these two voltages is
zerpo and no electrical torque will be produced
becauset neither element will produce any

2

COVER OVERATED,

TEST SWITCH
SWWHEN USED. | J ~T

| POTENTIAL COIL ON
[ LOWER POLE

UPPER ELEMENT

LOWER ELEMENT -

N N DL PuAsme COIL. ON
REREN UPPER. POLES
FEST switen RED HANDLE
E : E i E E E T o
70 RASE TERMS
FRONT VIEW

Fig. 2—Internal Schematic of the Double Contact Type CI
Synchre:Verifier in the Type FT Case. The Single
ContactSynchro-Verifier Has Terminal 3 and Asso-
ciated Circuits Omitted.

torgue “unless its potential <coll and phasing
coll jar¥e_ both energized.
there /is no difference voltage Impressed
across the phasing coil circuit, the contacts
will be closed by the action of the spiral
spring alone.

Consequently when

The two electro-magnets, A and B, produce
opposing torques on the two discs and these
torques incredse as the voltage difference be-

tween the two voltages E1 and E increases.

The net electrical torque actinz on the discs
1s always 1n 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 adjustment of the synchro-verifier
(adjustment #1) 1s 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
1/8 turn 1is the minimum to give reliable oper-

ation.

gl



s80° s40° 280"
30° 20" 10" 350° 30" 20 10‘. 4
E_ 380" 840" 130" 10 o o e W et - % 8
0 40° 390
E a0 g 820 9
E. 3 PR CONTACTS CLOSE WHEN LINE VOLTAGE VECTOR, E,, REMAINS
o CONTACTS CLOSE WHEN LINE VOLTAGE VECTOR, Es, REMAINS WITHIN THE OPERATING CIRCLE BEING USED FOR A SUF-
= WITHIN THE OPERATING CIRCLE BEING USED FOR A SUF-/ - FICIENT TIME. . A iy
o FICIENT TIME. c 4
F 0
E 30 310 . o b
s 50° r
1 n
o [ s :
F N 2 5 N
3 a0 o } 3 E e j 7 o
X ; g0 - @
E 3 F DIFFERENCE VOLTAGE, E; RO T BUS VOLTAGE, £
E E LINE VOLTAGE, E,
- 70’ A = 7O 200"
- 200" DIFFERENCE VOLTAGE, E, X C :_ig_o' [ 200 3 0
o i LINE VOLTAGE, E; BUS VOLTAGE, E, F
- 3 - &
o - 50°| A 280"
S o E & 2
o E st } £ 270°
T ! = =] N -+ 270" 4 9 70¢] + o
I e 2 E B0 T 0 28R 80 S 78 § 0° R i=RE=tE e e
E R VOLTS: - =
- : = 100:E 5 2600
I RoE + C as0" < 100°
- 3 il Z A
I e T 10 5 WERE TAKCH WIS THE Sreune E THE SYNCHRO-VERIFIER WAS ADJUSTED FOR THE DIAMETER OF THE OPERATING
C 110 TENSION VARIED AS FOLLOWS: P C 1107 CIRCLES SHOWN BY CURVES 1 AND 2 BY MEANS OF THE OVER VOLTAGE ADJUSTER ON el
i CURVE 1—14 TURNINITIAL'I"ENSION 3 110 E ELEMENT A. CURVES 3 AND 4 WERE TAKEN WITH THE SAME ADJUSTMENTS AS
- v 1—9 " sy ') g - CURVES 1 AND 2, RESPECTIVELY, BUT AT RECUCED VOLTAGE. FOR THESE CURVES
,’: o 3] 4 " " ' I THE SPIRAL CONTROL SPRING WAS ADJUSTED FOR APPROXIMATELY 3.75 CMG.
o] T ¢ " = 190- TORQUE ( " IN THE CONTACT OPENING DIRECTION SO THAT THE CONTACTS 240
1901 B . 280 E i OPEN WHEN THE OPERATING COILS ARE DE-ENERGIZED. [t
E— FOR THESE CURVES THE SPRING TENSION E
[ EXERTS A CONTACT CLOSING TORQUE SO THAT - H
b THE CONTACTS CLOSE WHEN THE SYNCHRO- F b
I— 130" VERIFIER IS DE-ENERGIZED. FOR ANY.BUS 230" 1. T ‘ br-4
280 VOLTAGE THE CENTER OF THE CIRCLES FALLS 180 - o d
*_— ON THE END OF THE BUS VOLTAGEIVECTOR. o 1
I i ] VOLTAGEIVECT -
F t & -
o st =
- H - i
[ 1 1 290" C 90"
F 220 140 - 1 1607
T D -
£ iy S \ C. b A S
170" 180" 190" 150 100° 274 189 ('
i w 1 toor 1100 o ¥ 110 00" 10 180” 1 & 1
|“|,J,L,,_L,,_“_1_.,_,_,|.uiluuj“l.l,”_,[uul,L”I.H,\UL\]“L aal ””““' |_|_|_u|uulm||u_uJ_|uJ~IU|1||lu_lnulju_.l|||||unl||nl|||||n|1|unlnn]
Adjustment lNo. 4" - Elements Balanced Adjustment No. 2 - Elements Unbalanced By Voltage Biacs
Both Voltages Zero - Lfontacts Closed Both Voltages Zero - Contacts Opened
One Voltage Zero # Contacts Open One Voltage Zero - Contacts Opened
Both Voltages Within Circle)f~ Contacts Closed Both Voltages Within Circle - Contacts Closed.
Fig. 3—Typical Operating {Characteristic of the Type CI Fig. 4—Typical Operating Characteristic of the Type CI

Synchro-Verifier with Adjustment No. 1. Synchro-Verifier with Adjustment No. 2.

YIIIYIA-OYHONAS 1D 3dAL

v LTy 7



TYPE Cl SYNCHRO-VERIFIER

The curves of Figure 3 were taken with a
constant bus voltage E; and represent the lo-
cus of the 1line voltage E, which will just
produce a balance condition in the synchro-
verifier. The contacts will not move 1in
either direction 1f the line voltage E, term-
inates on any point of the <circle for which
If the 1line
voltage E, terminates within the circle and

the spring has been adjusted.

remains there for a sufficlent length of time
the contacts will close.

If E2 is equal, in phase, and of the same
frequency as E; so that the two vectors E1 and
E, 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 1less spring tension (curves 1 to 4)

the contacts will close at a slower rate.

If Epi1s equal in magnitude to Ejbut of a
different frequency the vector E owill move
thru the operating circle. With a uniform
rate of speed so that approximately 5 seconds
are required for E2 to move from 20° 1lagging
to 20° 1leading with respect E,, the
synchro-verifier contacts will not close &f
operating circle 5 1s belng used. This 1s be-
cause the net contact closing torque (spring
tension minus electrical torque) 1s zero when

E 51s approximately 20° out of phase with Ej
and 1s at 1ts maxirmum when E, 1s in" phase with
E;. 8ince 5 seconds are required fior the con-
tacts to close when Ep 1s equaly tOQE; and 1s
exactly in phase with 1t, (zeroWelectrical
opening torque) a longer timelwill¢se required
for the contacts to close 1if Bp I8 of differ-
ent frequency than E;, [Thef tdme of 5 seconds
required for E2 to,move, through the operating
circle 5 at a uniform rate of speed corres-
ponds to a beatd{  fréqueney of approximately
1/45 cycle so thatha Beat frequency of less
than 1/45 cycle 1s required before the con-
tacts will close 1f operating circle 5 1s
belng used ,and correspondingly lower beat fre-
quencles _are required 1f operating circles
with small, dlameter than 5 are belng used.

The, veetor diagram on the curve illustrates

thg condition where the bus voltage E; 1s used
as)\the“reference voltage and is equal to 115

4

volts, the line voltage Ep is 123 volts and
leads the bus voltage by 12° and the diffezn=~
ence voltage Ez 1s equal to 26 volts and leads
the bus voltage by 78°. 1If the system condis
tions are such that these voltages will remain
fixed approximately at these values the con-
tacts will close 1if either of the, operating
circles 3, 4 or 5 are used and will n6%) close
if either circles 1 or 2 are used.

The radius of the operating /eirele will re-
main constant for variations dIngdthe reference
voltage E1 as long asg,the \lever-voltage ad-
justers have been adjustedWpzroperly for these
characteristics.

For applications /jwhere the contacts should
remain open ( when the/' synchro-verifier is de-
energized adjustment No. 2 should be used.
The spir@l¥spring is given a slight amount of
tensiony 4gn<the contact opening direction, and
the raddushof the operating circle obtained by
means ‘Cef the over-voltage adjustment on
element AW This 1s 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 E; and that the radius of
the operating circle decreases as the refer-
ence voltage E; 1s decreased. Both of these
effects are i1nherent 1n 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 easy to maintain, 1nspect, test and
adjust. There are three main units of the
type FT case: the case, cover and chassis.
The case 1s 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 1s a drawn steel frame
with a clear window which fits over the front
of the case with the switches closed. The
chassis 1s a frame that houses the synchro-

verifier elements and supports the contact jaw

gt

)
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Fig. 5—External Connections of the Type CI Synchro-Ver=
ifier in the Standard Case.

half of the test switches. This slides In and
The electrical
chassis

out of the case. connections

between the base and are /completed

through the closed knife-blades.

Removing Chassis

To remove the chassis, Vfirst remove the
cover by unscrevwing the captive nuts at the
four corners. ThisV,expOses the elements and

all the test gswitches for inspection and
testing. The next S8Step 1s to open the test
switches. Always  open the elongated red
handle gwitghes first before any of the black
handle “switchee or the cam action 1latches.
This opens‘yfhe contact circuit to prevent

accldental operation. Then open all the re-

maining gwitches. The order of opening the

remaining switches is not 1important. In
opening the test switches they should be moved
With all
fully opened, grasp the two cam
This re-

Using the

all the way back against the stops.
the switches
action latch

leases the chassis from the

arms and pull outward.
case.

Fig. 6—External Connections of the Type CI Synchro-Ver-
ifier in the Type FT Case.

latch arms as handles, pull the chassis onut of

the case. The chassis can be set on a test
bench in a normal upright position as well as
on its top, back or sides for easy inspection,

maintenance and test.

After removing the chassis a duplicate
chassis may be 1inserted 1in the case or the
blade portion of the switches can be closed
and the cover put 1iIn place without the
chassis.

When the chassis is to be put back in the

case, the above procedure 1is to be followed in
The elongated red handle

closed until after the
and all of

the reversed order.
switch should not be
chassis has been latched 1n place
the black handle switches closed.

Electrical Circuits

Each terminal 1n the base connects thru a
test switch to the

in the

synchro-verifier elements
internal

9

chassis as shown on the
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Fig. 7—Diagram of Test Connections for the Type CI Syn-
chro-Verifier in the Standard Case.

schematic diagrams. The synchro-verifier
is identified by numbers marked on
inside and outside of the base. The
identified “by
of the

These letters can be seen/when

terminal
both the
test switch positions are
letters marked on the top surface
moulded block.

the chassis i1s removed from the case.

clrcult sqthru the
synchro-verifier are disconnected “from the ex-

The potential and control

ternal circuit by opening the assoclated test
switches.

A cover operated switchican be supplied with
wired Iny senies with the contact
This swiltch
the cover 1is
added to the
time.

its contacts
clrcuit. opens this circuilt when
remoyed. ,This switch can be

exIsting 4 type FT case at any

Testing

The 4 s¥nchro-verifier can be tested in
but with the
or out of the case as

servdce\) in the case external
circultst?solated,

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

Testing In Service

Voltages Dbetween the potential circults can

be measured conveniently by clamping #2 clip
leads on the projecting clip 1lead lug on the

contact jaw.

Testing In Case

With all ©blades in the full open position,
the ten circuit
the contact jaws.

test plug can be inserted in

This connects the synchro-
verifier elements to a set of binding posts
and completely 1solates the synchro-verifier

circuits from the external connections by
means of an 1nsulating barrier on the plug.
The external test circults are connected to
these binding posts. The plug 1s inserted in
the bottom test jaws with the

up.

binding posts

The external test circuits may be made to
elements by #2 test clip

leads instead of the test plug.

the synchro-verifier

J
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Testing Out Of Case

With the removed from the base,
synchro-verifier may be tested by
using the ten clrcult test plug or by #2 test

chassis
elements

clip 1leads as described above. The factory
calibration 1s made with the chassls In the
case and removing the chasslis from the case

will change the calibration values by a small
percentage. It 1s recommended that the
synchro-verifier be checked 1n position as a

final check on the callbration.

INSTALLATION

The synchro-verifler should be mounted on
switchboard panels or thelr equivalent
location free from dirt, molsture, excessive
vibration and heat. Mount the
verifler vertically by means of the two mount-
Ing studs for the standard cases and the type
case or by means of the
flange for the
Either of the studs gor
utilized for
synchro-verifler. Thefelectri=
made diréet to the
foristeelypanel
furnished with
or slate panel

in a

synchro-

FT projection four

mounting holes on the seml -

flush type FT case.

the mounting screws may be
grounding the
cal connections may be
by means of screws

studs

terminals
mounting or to terminal
ebony-asbestos
mounting. The studs 'may be easily
removed or inserted by locking twognuts on the
studs and then turnling the, proper nut with a

the relay for
terminal

wrench.

Connectlons

The external _connections of the type CI
Synchro-Verifler afe@shown 1n Figures 5 and 6.
The synchrosverifier 1s connected around the
circult preakerfand 1s connected to the 1line
and bu8 volfage,whenever the breaker opens by
b switcheg. When the 1line
the remote Dbreaker, voltage wlll be applled to
this

voltage 1s

1s energized from
the synchro-verifler. If voltage as
the bus
normal and the system has not pulled apart,
the ) type CI Synchro-Verifier willl close 1its
coentacts to energize the Type CV Timing Relay,
which 1in turn will breaker thru
suitable reclosing relays.

well as approximately

close the

——28
L ™
e ] i
w
SLOT HOLE
190-32 5C
1% &
L¥ e}

f [
o8 ni¢ o
© "

,

Figy3—Outline and Drilling Plan for the External Resistor.
For Reference Only.

The synchro-verifler with adjustment No. 1
has 1ts contacts closed when de-energlzed.
The type CV relay 1s wused to prevent the
synchro-verifler from initiating the
circult when 1t 1s filrst energlzed and before

1t has had time to open 1ts contacts.

closing

Another functlon of the type CV relay 1s to

provide additional time delay when the
synchro-verifier 1s operating at a frequency
difference. If the frequencles of the two

systems are erratic, and the synchro-verifler

1s adjusted to close at a wlde phase displace-

ment angle, for example 20 degrees, 1t 1s
possible that without the type CV relay the
breaker closing relay may be energlzed 20

degrees late and at an instantaneous frequency
considerably higher than 1/45 cycle. Thus
when the breaker contacts filnally close, the
phase displacement may be too large. With the
type CV relay, the highest frequency differ-
at whilch the
considerably lower than 1/45 cycle,

ence breaker could be closed

would be

and the probabllity of obtalning breaker
closure off synchronism would be minimized.
For thils reason 1t 1s recommended that the

type CV relay be with the type CI
Synchro-Verifier as shown, with elther adjust-
ment No. 1 or 2, 1f the transmlsslon system 1is

used
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such that the two sides of the breaker can be
connectad to two independent systems. Summing
up, the Type CV relay should be applied except
when the synchro-verifier 1s adjusted for
operating characteristics as per adjustment
No. 2, and at the same time the system layout
1s such that a frequency difference cannot be
expected between the two sides of the breaker.

The connections shown 1n Figures 5 and 6
using the type SV voltage relays will provide
the followlng operation:

1. Close the breaker when the bus 1s alive
and the line 1s dead.

2. Close the breaker when the line 1s alive
and the bus 1s dead.

3. Close the breaker when the 1line and bus
are both alive and when theilr respective
voltage are approximately normal, equal,
in phase, and of the same frequency.

Referring to the diagram, 1t will be seen
that the type CI Synchro-Verifier functions
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 lnsure correct
operation of the synchro-verifler have been
made at the factory and should not be dig-
turbed after receipt by the customer. fIf the
adjustments have been changed, the _ synchro-
verifier taken apart for repalrs, orp IfRit 1is
desired to check the adjustments™at regular
maintenance periods, the I1nstruetionsy below
should be followed.

All contacts should be perloedically cleaned
with a fine file. S#1002110 , file is recom-
mended for this purpoSe. The/use of abrasive
material for cleandng contacts 1s not recom-
mended, because f the danger of embedding
small particles intthe fdaee of the soft silver

and thus impairing thejeontact.

A slip contact on the breaker control switch
should be gused to open the line potential
transformer "8secondary leads iIn order to pre-
vent energlzing the dead line thru the poten-
tial transformers of the synchro-verifier.

The Wupper bearing screw should be screwed

down until there 1s only two or three thous-
andths inch clearance between 1t and the shaft
and then securely locked 1n position with thé€
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 fractlion of a turn. Great care
must be taken 1n making this adjustment to
prevent damage to the bearings.

Balancing Elements A or B

Level the synchro-verifier beflore making any
test. Remove the gear and“eontact assembly
and connect the elements ‘ag, _shown in the upper
half of Figures 7 and 8T Close switches A and
B, and close switch @ .to the 1left hand side.
This places 115 volfig, ondthe potential coil of
element A and _ short-€ireémits the phasing coil
circult of element A. 4 Adjust the over-voltage
adjustment on element A so that the stop on
the disc“balamneces at a point mid-way of 1ts
travel. Thegyover-voltage adjuster 1s the
slidingg lagy, plate which 1s mounted on the
movementhframe and extends 1Iinto the alr-gap
betweenythe” lower potential pole and the disc.
It may be moved to the right or left by means
of thewm&djusting screw provided for this pur-
pose. The two 1locking screws which hold the
over-voltage adjuster in place should not be
loosened when this adjustment 1s made. Moving
the over-voltage adjuster to the right of the
center line of the potential poles as the
synchro-verifier 1s viewed from the front
causes 1t to 1lag a part of the potential coll
flux co that a contact opening torque 1s pro-
duced, while moving 1t to the left of the
center 1line of the potential pole causes a
contact closing torque to be developed. This
test 1s made to balance out all torgque which
may be caused by voltage on the potential coil
only.

Open switch B, close switch C and close
switch E to the 1left-hand side. This places
115 volts, 60 cycles on the potential coil of
element B and short-circults the phasing coill
circult 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
tne disc will balance at a polnt mid-way of
its travel.

Leaving switch A and switch C closed, close
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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-
Set the 15 volts by

means of the potentiometers and then adjust Eb

cuits. voltage Ea to
by means of its potentiometer until the disc
with its

two electro-magnets do not
under the

Eb will
voltage EA by an amount de-

just ©balances stop mid-way in 1ts
If the

produce an equal

travel.
amount of torque
same conditions then the
differ from the

pending wupon the
When this balance has been
electro-magnet which shows *he
Eb has the
electro-magnets

voltage
unbalance between the two
electro-magnets.
obtained the
lowest voltage reading for Ea or
strongest torque. The two
should balance within 1/2 volt at 15 volts,
that 1s, when Ea 1s set for 15 volts, Eb
should read between the 1limits of 14%.5 and
15.5 volts. If the two electro-magnets do not
balance within these 1limits 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 pu¥posefl
Raising or lowering the assembly
will disturb the over-voltage adjustment{ which

upper pole

has been made consequently
each time the upper pole assembly dsWralsed or
lowered 1t will be

ad juster so
That 1s, the disc must| balance in
the mid-way position when, the

previously, and

necessary (to reset the
over-voltage that™ nogtiorque is
produced.
voltage coil
energlzed and the phasing coil cir-
Since this adjust-

the "cut and try”

alone 1is
cuilt 1s short-circuited.

ment must be madé " by
method and may have, to be
times the first adjustments
final adjustment.
electro-magnetsymaysbe considered

repeated several
may be made more
The two

balanced

roughly than the

with respéct gto each other when at the end of

the test“they will perform as follows:

1. The disc will remain in a positien mid-
way of its travel when elemegnt A IS en-
ergized with 115 volts, 60 cyeles/ on the
potential coil and the
circuit is short-circulted.

phasing coil

2. The disc will
of 1ts
coll 1is
cycles and element, B phasing
cuit 1s short=cdrculted.

remadn at a point mid-way
B potential
volts, 60

coll cir-

travel whenyélement
energized, at 115

3. With both@potential coils energized at
115 voltsy 60 cycles and with 15
impréssed aceross the phasing circuit of

volts

element “A the torque of elements A and
Bishould be balanced so that the disc
willlyremain at a point mid-way of 1its

travel when the voltage impressed across
the phasing coill circuilt of element B
falls at some value between the limits
of 14.5 and 15.5 volts.

and contact mechanism on

Replace the gear

the synchro-verifier after making sure that
all adjustments which were made in the pre-
vious test will remain unchanged or, in other
see that all screws which lock the ad-

justments in place are tight

words,

Operating Circle Radius

Ad just the position of the
tact so that the contacts make when the stop
on the disc 1s between 1" and 1-1/4" from the
movement frame on the right-hand side. When

stationary con-

the stop on the disc is at the extreme right
end of 1ts travel the stationary contact
should not ©be deflected to such an extent
that it rests against its own back stop. If

this adjustment 1s not readily obtained the

ENERGY REQUIREMENTS

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

Z R Ohms

Ohms a-c
Potential Coil 385 57
Phasing Coll & Resistor 1660 1536

gear and contact assembly may be loosened
X Volt
Ohms Watts Amperes P.F.
380 5.14 344 81.4° Lag
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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from the movement frame and the mesh between
the plnlon and gear changed by one tooth.

See that the synchro-verifler 1s free from
friction and then adjust the spring adjuster
so that 1t exerts no torque tending to move
the contacts one way or the other just at the
polnt where the contacts make. Reference
marks should then be placed on the spring ad-
juster and 1ts supporting plece 1n pencll to
indicate the position of the spring adjuster
which glves 2zero 1nitial tension on the

spiral spring.

Connect the synchro-verifier as shown 1n the
bottom half of Figures 7 and 8. Close switch
A. This places 115 volts, 60 cycles, (El) on
the potentlial coll cilrcult of element A.
Close switch B to the left-hand side. This
places =@ variable voltage E2 on the potential
coll of element B and the difference between
Ez and E1 1s the voltage impressed on the two
phasing coll circults. Adjust the poten-
tiometer until E, reads 145 volts, which 1is
30 volts greater than El' Then adjust the
spiral spring adjuster in the dilrection to
wind up the spiral control spring so that 4t
tends to close the contaets. The tensiofpon
the spring should be 1ncreased until the con=
tacts wlll close from the extreme open posi-
tion when E5 is 145 volts and will not ‘eYose
from the extreme open positlon when E2 18, 107
volts. A two volt 1limit 1s thus, allowed on
the voltage difference adjustment. Approxi-
mately one-half turn initlal, temsion on the
spring should be suffilclent 4&£oymakeythilis ad-
justment, although this wid1 vary some with
different synchro-verifiers. Securely 1lock
the spring adjuster 1ig position by means of
the 1locklng screw gprovided jand then change
switch B to the xightehand™ positilon. Then
adjust the potgntiometer™ so that E, reads

approximately 88pf0ltsy which 1s 30 volts

10

less than E;. The contacts should close from
the extreme open position when the voltdge
difference between E2 and El 1s not more than

32 volts nor less than 28 volts.

An adjustment for 30 volts difference be-

tween E; and Es has been specifiedt If a
different value for thls voltage difference
adjustment 1s deslred, 1t maygpbe ‘made in the
same way wlth the same 1limitding “walue of plus
or minus 2 volts on the gheck test made wilth

Eo less E,.

As a further checkgon thescorrect operation
of the relay, E; should Be made equal to Ej
and under this con@ltlom the relay should de-
velop a positivel, contact closing torque, and
with E, radicelly more than 30 volts different
from E{ ghe relay should develop a strong con-
tact opening torgue.

When the, ad justments have been made as out-
lined4 above, the contacts of the synchro-
verdfileriwlll close when the operating coils
axe totally de-energlzed.

Asypreviously stated, the contacts may be
made to remaln open when the operating cir-
cults are de-energized (adjustment #2) by
giving the spiral control spring a slight
amount of tension 1n the contact opening di-
rection and obtalning 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 1nstead of by
means of adjusting the tenslon on the spiral
control spring as previously outlined. The
negative spring tension used should be just
sufficlent to insure that the contacts will
always open when the operating coills are de-
energized.

2
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Fig. 11—Outline and Drilling Plan for the M10 Projection or Semi-Flush Type FT Flexitest Case. See the Internal Schematics
for the Terminals Supplied. For Reference Only.
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