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TYPE CI SYNCHRO-VERIFIER

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

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 con-
tacts unless this beat frequency is approximately
1/45 cycle or less.

The type CI synchro-verifier is not an automatic
synchronizer and should not be used as such. Auto-
matic Synchronizers are available which permit closing
ahead of synchronism at an angle of phase advance
proportional to the beat 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 generating stations attwoor
more points. When a line section trips out the synch-
ro-verifier is used at one terminal to check synch-
ronism after the remote terminal is reclosed. If the
two systems are in synchronism the synchro-verifier
permits the automatic reclosing equipment to reclose
the breaker.

CONSTRUCTION AND OPERATION

The Type CI Synchro-Verifier consists of two
copper discs fastened on a steel shaft. The shaft is
supported on the lower end by a steel pball riding be-
tween concave sapphire jewel surfaces, and on the
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upper end by a stainless steel pin.

The moving discs are rotated by two electro-
magnets designated A and B. Element A operates
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 of the upper
element.

The phasing coils of each element are wound on
the upper poles, and the potential coils on the lower
pole. Each phasing resistor is connected in series
with a phasing coil.

The moving contact is mounted on a countershaft
which is geared to the shaft of the main rotating
element. A hardened and polished steel pin in the
lower end of the countershaftruns on a jewel bearing.
The upper bearing is of the pin type. The counter-
shaft is covered with a moulded insulation hub around
which the moving contact arm is clamped. Normally
the moving contact is held against the stationary
contact by the spiral spring, except in adjustment
#2 when this spring is reversed.

The inner end of this spring is fastened, to the
moving contact arm and the outer end is fastened to
a spring adjuster, 'The spring adjuster allows the
initial tension on the spring to be changed without
changing the strength of the spring. To change the
spring tension it is necessary to loosen one screw,
rotate the adjuster until the desired tension is ob-
tained, and then tighten the screw again. The mov-
ing contact, countershaft, bearings and bearing brack-
et, 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 ona flat spring
with a stop screw for adjusting 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 CI synchro-verifier closes its contacts

EFFECTIVE APRIL 1957
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Fig. 1. Internal Schematic of the Type Cl Synchro-Verifier
in the FT3] Case. Adjustment No. 1. For the
Single Trip Relay the Circuit Associated with
Terminal 2 is Omitted.

when the bus voltage El' and the line Ez, within set
limits, are equal, in phase and of the same frequency.
The potential coil of element A is energized by the
voltage El' the potential coil of element B is ener-
gized by the voltage Ez, 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 #1) 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
torque unless its potential coil and phasing coil are
both energized. Consequently when there is no dif-
ference voltage impressed across the phasing coil
circuit, the contacts will be closed by the action
of the spiral spring alone.

The two electro-magnets, A and B, produce op-
posing torques on the two discs and these torques
increase as the voltage difference between the two
voltages E{ and E, increases. The net electrical
torque acting on the discs is always in the contact
opening direction and increases as the voltage dif-
ference increases, so that when the voltage differ-
ence exceeds a predetermined amount the net elec-
trical torque becomes greater than the torque exerted
by the spiral spring so that the contacts will be
opened,

Fig. 2. Internal Schematic of the Type Cl Synchro-Verifier
in the FT3] Case., Adjustment No. 2. For the
Single Trip Relay the Circuit Associated with
Terminal 2 is Omitted.

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)
is shown in Figure 3 for five values of spring ten-
sion. A spring tension of one whole turn is about
the maximum which can be used without distorting
the spring, while 1/8 turn is the minimum to give
reliable operation.

The curves of Figure 3 were taken with a con-
stant bus voltage E, and represent the locus 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
terminates on any point of the circle for which the
spring has been adjusted. If the line voltage E2
terminates within the circle and remains there for a
sufficient length of time the contacts will close.

If Ez is equal, in phase, and of the same fre-
quency as El 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 approximately 5 seconds. Under
the same conditions but with less spring tension
(curves 1 to 4) the contacts will close at a slower
rate.

If E2 is equal in magnitude to E1 but of a dif-
ferent frequency the vector E2 will move thru the
operating circle. With a uniform rate of speed so

o
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that approximately 5 seconds are required for E2 to
move from 20° lagging to 20° leading with respect
El’ the synchro-verifier contacts will not close if
operating circle 5 is being used. This is because
the net contact closing torque (spring tension minus
electrical torque) is zero when E, is approximately
20° out of phase with El and is at its maximum when
E2 is in phase with El' Since 5 seconds are re-
quired for the contacts to close when E2 is equal to
E1 and is exactly in phase with it, (zero electrical
opening torque) a longer time will be required for the
contacts to close if E2 is of different frequency than
El' The time of 5 seconds required for E2 to move
through the operating circle 5 at a uniform rate of
speed approximately 1/45 cycle so that a beat fre-
quency of less than 1/45 cycle is required before
the contacts will close if operating circle 5 is being
used and correspondingly lower beat frequencies 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 as the
reference voltage and is equal to 115 volts, the
line voltage E2 is 123 volts and leads the bus volt-
age by 12° and the difference voltage E3 is equal
to 26 volts and leads the bus voltage by 78°. If the
system conditions 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 close if either circles 1
or 2 are used.

The radius of the operating circle will remain
constant for variations in the reference voltage E;
as long as the over-voltage adjusters have been
adjusted properly for these characteristics.

For applications where the contacts should re-
main 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 is obtained by means of the over-voltage adjust-
ment on element A. This is described in more de-
tail 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
El and that the radius of the operating circle de-
creases as the reference voltage E] is decreasea.
Both of these effects are inherent in the design of
the synchro-verifier when this type of adjustment is
used,

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in a location free from
dirt, moisture, excessive vibration, and heat. Mount
the relay vertically by means of the four mounting
holes on the flange for semi-flush mounting or by
means of the rear mounting stud or studs for projec~
tion mounting. Either a mounting stud or the mount-
ing screws may be utilized for grounding the relay.
The electrical connections may be made directly to
the terminals by means of screws for steel panel
mounting or to the terminal studs furnished with the
relay for thick panel mounting. The terminal studs
may be easily removed or inserted by locking two
nuts on the stud and then turning the proper nut with
a wrench.

For detailed FT case information refer to IL.L.
41-076.

Connections

The external connections of the type CI Synchro-
Verifier are shown in Figure 5. The synchro-verifier
is connected around the circuit breaker and is con-
nected to the line and bus voltage whenever the
breaker opens by b switches. When the line is ener-
gized from the remote breaker, voltage will be ap-
plied 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 inturn will close the break-
er 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 pro-
vide additional time delay when the synchro-verifier
is operating at a frequency difference. If the fre-
quencies of the two systems are erratic, and the
synchro-verifier is adjusted to close at a wide phase
displacement 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
al ap instantaneous 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

e



TYPE Cl SYNCHRO-VERIFIER

LL. 41-681

STATION BUS
1 =g 1
2 - 2
3 3
52b Sooedl
L YYY L g
AT
25 27-59  27-59 27-59
9 25 8 B 9
25X a8x 2% 25
52 7 25% 8 1 25 10
- O——OHtE %0
101 ) 27-59
$C 3
52 27-59
T
27-59 25
2 5
1 23
pos. DC CONTROL BUS DEVICE NUMBER CHART
OR 25 - SYNCHRO-VERIFIER RELAY - TYPE CI
NEG. 26X - OVERVOLTAGE RELAY - TYPE CV
3-§§§ - UNDER AND OVERVOLTAGE BUS RELAY
TYPE SV
27-59 . yuDER AND OVERVOLTAGE BUS RELAY
TYPE SV
2 - PONER CIRCUIT BREAKER
101 - CIRCUIT BREAKER CONTROL SWITCH ~
TYPE W
b - BREAKER AUXILIARY CONTACT
L 4
T0 CLOSING
CIRCUITS 180480l

Fig. 5. External Schematic of the Type Cl Synchro-Verifier and CV Voltage Relay, with SV Units for Dead Line — Hot Bus and

Hot Line — Dead Bus Reclosing.

difference at which the breaker could be closed
would be considerably 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 CI Synchro-Verifier as shown, with
either adjustment 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 char-
acteristics .as per adjustment No. 2, and at the same
time the system layout is such that a frequency dif-
ference cannot be expected between the two sides
of the breaker.

The connections shown in Figure 5 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.

9. 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 only under the
third condition while the type SV relays, with under
and over voltage contacts, function under the other
two conditions.




TYPE CI SYNCHRO-VERIFIER

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct opera-
tion of the synchro-verifier have been made at the
factory and should not be disturbed 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 regular mainten-
ance periods, the instructions below should be fol-
lowed.

All contacts should be periodically cleaned.
S#182A836H01 burnisher is recommended for this
purpose. The use of abrasive material for cleaning
contacts is not recommended, because of the danger
of embedding small particles in the face of the soft
silver dnd 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 prevent energizing the
dead line thru the potential transformers of the
synchro-verifier.

The upper bearing screw should be screwed down
until there is only two or three thousandths inch
clearance between it and the shaft and then securely
locked in position with the lock nut. This adjust-
ment 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 pre-
vent 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 left half of
Figure 6, 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 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

6

coil flux so that a contact opening torque is produced,
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 poten-
tial 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 adjuster of element B should be adjust-
ed 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 po-
tential coil and places the voltage Ea and Eb on the
phasing coil circuits. 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 the lowest voltage read-
ing for Ea or Eb has the strongest torque. The two
electro-magnets should balance within 1/2 volt at
15 volts, that is, when Ea is set for 15 volts, Eb
should read between the limits of 14.5and 15.5 volts.
If the two electro-magnets do not balance within
these limits they should be readjusted with respect
to each other by raising or lowering the upper pole
assemblies by means of the adjustment provided for
this purpose. 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 lower-
ed 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
circuit is short-circuited. Since this adjustment
must be made by the “cut and try” method and may
have to be repeated several times the first adjust-
ments may be made more roughly than the final ad-
justment. The two electro-magnets may be consider-
ed balanced with respect to each other when at the
end of the test they will perform as follows:

1. The disc will remain in a position mid-way of

i,
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Fig. 6. Diagram of Test Connections for the Type ClI Synchro-Verifier.

its travel when element A is energized with
115 volts, 60 cycles on the potential coil and
thie 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 115 volts, 60 cycles and element
B phasing coil circuit is short-circuited.

3. With both potential coils energized at 115
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 previous test will remain
unchanged or, in other words, see that all screws
which lock the adjustments in place are tight.

Operating Circle Radius

Adjust the position of the stationary contact so
that the contacts make when the stop on the disc is
between 1” 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 con-
tact should not be deflected 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
adjuster and its supporting piece in pencil to indi-
cate the position of the spring adjuster which gives
zero initial tension on the spiral spring.

Connect the synchro-verifier as shown in the

7
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right half of Figure 6. Close switch A. This
places 115 volts, 60 cycles, (El) on the potential
coil circuit of element A. Close switch B to the
left-hand side. This places a variable voltage E2 on
the potential coil of element B and the difference
between E2 and El is the voltage impressed on the
two phasing coil circuits. Adjust the potentiometer
until E2 reads 145 volts, which is 30 volts greater
than El' Then adjust the spiral spring adjuster in
the direction to wind up the spiral control spring so
that it tends to close the contacts. The tension on
the spring should be increased until the contacts
will close from the extreme open position when E2
is 145 volts and will not close from the extreme open
position when Eq is 147 volts. A two volt limit is
thus allowed on the voltage difference adjustment.
Approximately one-half turn initial tension on the
spring should be sufficient to make this adjustment,
although this will vary some with different synchro-
verifiers. Securely lock the spring adjuster in posi-
tion 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 approxi-
mately 85 volts, which is 30 volts less than El' The
contacts should close from the extreme open position
when the voltage difference between E2 and E1 is
not more than 32 volts nor less than 28 volts.

An adjustment for 30 volts difference between
El and E2 has been specified. If a different 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 less El'

As a further check on the correct operation of the
relay, E2 should be made equal to E1 and under this
condition the relay should develop a positive con-
tact closing torque, and with _E2 radically more than
30 volts different from E1 the relay should develop a
strong contact opening torque.

When the adjustments have been made as out-
lined above, the contacts of the synchro-verifier will
close when the operating coils are totally de-ener-
gized.

As previously stated, the contacts may be made
to remain open when the operating circuits are de-
energized (adjustment #2) by giving the spiral con-
trol spring a slight amount of tension in the contact
opening direction and obtaining the desired radius
of operating curve by means of the over-voltage ad-
justment on element A, Operating circles as shown
in Figure 4 are obtained in this manner and the two
elements are balanced at the desired voltage differ-
ence 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 desired voltage difference by means
of the over-voltage adjuster on element A instead of
by means of adjusting the tension on the spiral con-
trol spring as previously outlined. The negative
spring tension used should be just sufficient to in-
sure that the contacts will always open when the
operating coils are de-energized.

ENERGY REQUIREMENTS

The burden of the relay at 120 volts, 60 cycles is as follows:

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

X Volt
Ohms Watts Amperes P.F.
380 5.6 37.3 81.4° Lag
628 8.06 8.7 22° Lag

The relay will operate satisfactorily on any voltage between 100 and 135 volts.

o,
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TYPE CI SYNCHRO-VERIFIER

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

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 con-
tacts unless this beat frequency is approximately
1/45 cycle or less.

The type CI synchro-verifier is not an automatic
synchronizer and should not be used as such. Auto-
matic Synchronizers are available which permit closing
ahead of synchronism at an angle of phase advance
proportional to the beat 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 generating stations at two or
more points. When a line section trips out, the synch-
ro-verifier is used at one terminal to check synch-
ronism after the remote terminal is reclosed. If the
two systems are in synchronism the synchro-verifier
permits the automatic reclosing equipment to reclose
the breaker.

CONSTRUCTION AND OPERATION

The Type CI Synchro-Verifier consists of two
copper discs fastened on a steel shaft. The shaft is
supported on the lower end by a steel ball riding be-
tween concave sapphire jewel surfaces, and on the

upper end by a stainless steel pin.

SUPERCEDES I.L. 41-681

*Denotes change from superseded issue.

The moving discs are rotated by two electro-
magnets designated A and B. Element A operates
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 of the upper
element.

The phasing coils of each element are wound on
the upper poles, and the potential coils on the lower
pole. Each phasing resistor is connected in series
with a phasing coil.

The moving contact is mounted on a countershaft
which is geared to the shaft of the main rotating
element. A hardened and polished steel}in in the
lower end of the countershaft runs on a jéwel bearing.
The upper bearing is of the pin type. The counter-
shaft is covered with a moulded insulation hub around
which the moving contact arm is clamped. Normally
the moving contact is held against the stationary
contact by the spiral spring, except in adjustment
#2 when this spring is reversed.

The inner end of this spring is fastened, to the
moving contact arm and the outer end is fastened to
a spring adjuster. The spring adjuster allows the
initial tension on the spring to be changed without
changing the strength of the spring. To change the
spring tension it is necessary to loosen one screw,
rotate the adjuster until the desired tension is ob-
tained, and then tighten the screw again. The mov-
ing contact, countershaft, bearings and bearing brack-
et, 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 adjusting 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 CI synchro-verifier closes its contacts
when the bus voltage Eq, and the line Eq, within set
limits, are equal, in phase and of the same frequency.

EFFECTIVE MARCH 1960
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Fig. 1. Internal Schematic of the Type Cl Synchro-Verifier
in the FT3] Case. Adjustment No. 1. For the
Single Trip Relay the Circuit Associated with
Terminal 2 is Omitted.

The potential coil of element A is energized by the
voltage El' the potential coil of element B is ener-
gized 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 #1) the contacts will close when El and
Es 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
torque unless its potential coil and phasing coil are
both energized. Consequently when there is no dif-
ference voltage impressed across the phasing coil
circuit, the contacts will be closed by the action
of the spiral spring alone.

The two electro-magnets, A and B, produce op-
posing torques on the two discs and these torques
increase as the voltage difference between the two
voltages E; and Eq increases. The net electrical
torque acting on the discs is always in the contact
opening direction and increases as the voltage dif-
ference increases, so that when the voltage differ-
ence exceeds a predetermined amount the net elec-
trical 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)

Fig. 2. Internal Schematic of the Type Cl Synchro-Verifier
in the FT31 Case. Adjustment No. 2. For the
Single Trip Relay the Circuit Associated with
Terminal 2 is Omitted.

is shown in Figure 3 for five values of spring ten-
sion. A spring tension of one whole turn is about
the maximum which can be used without distorting
the spring, while 1/8 turn is the minimum to give
reliable operation.

The circles of Figure 3 were taken with a con-
stant bus voltage E; and represent the locus 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
terminates on any point of the circle for which the
synchro-verifier has been adjusted. If the line voltage
E2 terminates within the circle and remains there for
a sufficient length of time, the contacts will close.

The vector diagram of Figure 3 illustrates a
system condition wherein the bus voltage, Ey, is
used as the reference voltage and is equal to 115
volts, and the line voltage, E2, is 123 volts and leads
the bus voltage by 12°. The difference voltage, Ey,
is then equal to 26 volts and leads the bus voltage
by 78°. If the system is such that these voltages are
maintained, the synchro-verifier contacts will close
if either of the operating circles 3, 4, or 5 are used
but will not close its contacts if either circles 1 or 2
is used.

If E2 is equal, in phase, and of the same fre-
quency as El so that the two vectors E; and By
coincide,the synchro-verifier will close its contacts
from the full open position in approximately 5 seconds

;
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when adjusted for curve 5. Under the same conditions
but when adjusted for curves 1 to 4, the closing time
of the contacts will be greater than 5 seconds.

It E2 is equal in magnitude to E;, but of a dif-
ferent frequency, the vector E2 will move thru the
operating circle. If 5 seconds are required for E2 to
move at a uniform rate of speed from 20° lagging to
20° leading with respect to E;, the synchro-verifier
will not close its contacts. This is because the con-
tacts will not close when E2 is 20° out of phase with
E; and will close at its fastest rate of 5 seconds
when E2 and E; are equal and in phase. Hence, the
operating time of the synchro-verifier will be greater
than 5 seconds when E2 moves at a uniform rate from
20° lag to 20° lead with respect to El in a time of 5
seconds. This time of 5 seconds for E2 to move from
20° lag to 20° lead at a uniform rate of speed cor-
responds to a beat frequency of 1/45 cycle between
E; and Es. Hence, the synchro-verifier will not close
its contacts unless the beat frequency is less than
1/45 cycle. Correspondingly, lower beat frequencies
are required to close the contacts if an operating
circle other than 5 is used.

The radius of the operating circle will remain
constant for variations in the reference voltage El
as long as the over-voltage adjusters have been
adjusted properly for these characteristics.

For applications where the contacts should re-
main 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 is obtained by means of the over-voltage ad-
justment on element A. This is described in more de-
tail 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
El and that the radius of the operating circle de-
creases as the reference voltage El is decreased.
Both of these effects are inherent in the design of
the synchro-verifier when this type of adjustment is
used.

INSTALLATION

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

means of the rear mounting stud or studs for projec-
tion mounting. Either a mounting stud or the mount-
ing screws may be utilized for grounding the relay.
The electrical connections may be made directly to
the terminals by means of screws for steel panel
mounting or to the terminal studs furnished with the
relay for thick panel mounting. The terminal studs
may be easily removed or inserted by locking two
nuts on the stud and then turning the proper nut with
a wrench.

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

Connections

The external connections of the type CI Synchro-
Verifier are shown in Figure 5. The synchro-verifier
is comnected around the circuit breaker and is con-
nected to the line and bus voltage whenever the
breaker opens by b switches. When the line is ener-
gized from the remote breaker, voltage will be ap-
plied 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 break-
er 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 pro-
vide additional time delay when the synchro-verifier
is operating at a frequency difference. If the fre-
quencies of the two systems are erratic, and the
synchro-verifier is adjusted to close at a wide phase
displacement 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 instantaneous 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
difference at which the breaker could be closed
would be considerably 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 CI Synchro-Verifier as shown, with
either adjustment No. 1 or 2, if the transmission
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# Fig. 5 External Schematic of the Type Ci Synchro-Verifier and CV Voltage Relay,

Hot Line - Dead Bus Reclosing.

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 char-
acteristics as per adjustment No. 2, and at the same
time the system layout is such that a frequency dif-
ference cannot be expected between the two sides
of the breaker.

The connections shown in Figure 5 using the
type SG 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.

with SG Units for Dead Line - Hot Bus and

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 only under the
third condition while the type SG relays, with under
and over voltage contacts, function under the other
two conditions.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct opera-
tion of the synchro-verifier have been made at the
factory and should not be disturbed after receipt by

the customer. If the adjustments have been changed,
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the synchro-verifier taken apart for repairs, or if it is
desired to check the adjustments at regular mainten-
ance periods, the instructions below should be fol-
lowed.

All contacts should be periodically cleaned.
S#182A836H01 burnisher is recommended for this
purpose. The use of abrasive material for cleaning
contacts is not recommended, 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 prevent energizing the
dead line thru the potential transformers of the
synchro-verifier.

The upper bearing screw should be screwed down
until there is only two or three thousandths inch
clearance between it and the shaft and then securely
locked in position with the lock nut. This adjust-
ment can be made best by carefully screwing down
the top bearing screw until the dise fails to turn
freely and then backing up a fraction of a turn, Great
care must be taken in making this adjustment to pre-
vent 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 left half of
Figure 6. 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 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
vwhen 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 openingtorque is produced,
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 poten-
tial 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 adjuster of element B should be adjust-
ed 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 po-
tential coil and places the voltage Ea and Eb on the
Dhasing coil circuits. 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 Ea by an amount de-
pending upon the unbalance between the two electro-
magnets. When this balance has been obtained the
electro-magnet which shows the lowest voltage read-
ing for Ea or Eb has the strongest torque. The two
electro-magnets should balance within 1/2 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 balance within
these limits they should be readjusted with respect
to each other by raising or lowering the upper pole
assemblies by means of the adjustment provided for
this purpose. 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 lower-
ed 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
circuit is short-circuited, Since the adjustment
must be made by the ‘‘cut and try’’ method and may
have to be repeated several times the first adjust-
ments may be made more roughly than the final ad-
justment. The two electro-magnets may be consider-
ed balanced with respect to each other when at the
end of the test they will perform as follows;

1. The disc will remain in a position mid-way of
its travel when element A is energized with
115 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 115 volts, 60 cycles and element
B phasing coil circuit is short-circuited.
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Fig. 6. Diagram of Test Connections for the Type Cl Synchro-Verifier.

3, With both potential coils energized at 115
volts, 60 cycles and with 15 volts impressed
across the phasing circuit of element A, the
torque of elements A and B should be bal-
anced so that the disc will remain at a point
mid-way of its travel when the voltage impress-
ed 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 adjust-
ments which were made in the previous test will re-
main unchanged or, in other words, see that all
screws, which lock the adjustments in place are tight.

Operating Circle Radius

Adjust the position of the stationary contact so
that the contacts make when the stop on the disc is
between 1'’ 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 deflected to such an extent
that it rests against its own back stop. If this
adjustment is not readily obtained the gear and con-
tact 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
adjuster and its supporting piece in pencil to indi-
cate the position of the spring adjuster which gives
zero initial tension on the spiral spring.

Connect the synchro-verifier as shown in the
right half of Figure 6. Close switch A, This places
115 volts, 60 cycles, (Eq) on the potential coil
circuit of element A. Close switch B to the left-hand
side. This places a variable voltage Eq on the po-
tential coil of element B and the difference between
Eqg and Eq is the voltage impressed on the two phas-
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ing coil circuits. Adjust the potentiometer until E,
reads 145 volts, which is 30 volts greater than El.
Then adjust the spiral spring adjuster in the direc-
tion to wind up the spiral control spring so that it
tends to close the contacts. The tension on the
spring should be increased until the contacts will
close from the extreme open position when Eq is 145
volts and will not close from the extreme open
position when E,_ is 147 volts. A two volt limit is
thus allowed on the voltage difference adjustment,.
Approximately one-half turn initial tension on the
spring should be sufficient to make this adjustment,
although this will vary some with different synchro-
verifiers. Securely lock the spring adjuster in posi-
tion by means of the locking screw provided and then
change switch B to the right-hand position. Then
adjust the potentiometer so that Eqo reads approxi-
mately 85 volts, which is 30 volts less than E{. The
contacts should close from the extreme open position
when the voltage difference between E2 and Eq is
not more than 32 volts nor less than 28 volts.

An adjustment for 30 volts difference between
E; and Eg has been specified. If a different 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 Eq less E;.

As a further check on the correct operation of the
relay, E5 should be made equal to E1 and under this
condition the relay should develop a positive con-
tact closing torque, and with Eq radically more than
30 volts different from Eq the relay should develop a
strong contact opening torque,

When the adjustments have been made as out-
lined above, the contacts of the synchro-verifier will
close when the operating coils are totally de-ener-
gized.

As previously stated, the contacts may be made
to remain open when the operating circuits are de-
energized (adjustment #2) by giving the spiral con-
trol spring a slight amount of tension in the contact
opening direction and obtaining the desired radius
of operating curve by means of the over-voltage ad-
justment on element A. Operating circles as shown
in Figure 4 are obtained in this manner and the two
elements are balanced at the desired voltage differ-
ence by means of the over-voltage adjuster on ele-
ment 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 always
open when the operating coils are de-energized.

ENERGY REQUIREMENTS
The burden of the relay at 120 volts, 60 cycles is as follows:

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

X Volt P.F.
Ohms Watts Amperes P.F.

380 5.6 37.3 81.4° Lag

628 8.06 8.7 22° Lag

The relay will operate satisfactorily on any voltage between 100 and 135 volts.
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Fig. 7. Outline and Drilling Plan for the Type Cl Synchro-Verifier in the Type FT31 Case.
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