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Introduction

1. The type “CI” synchro-verifier
has been developed to perform a particu-
lar and limited function. It is to be used
to verify the condition of synchronism
existing between two system voltages
and will close its contacts when these
voltages are, within set limits, equal, in
phase, and of the same frequency. If the
two systems have been split apart, so
that a beat frequency exists across the
open circuit breaker used to tie the two
systems together, the synchro-verifier
will not close its contacts unless this beat
frequency is approximately 1/45 cycle or
less.

2. The type ““CI" synchro-verifier is
not an automatic synchronizer and
should not be confused with the type
“XV-11" and “XY-12"" automatic syn-
chronizers. The latter two types have
the feature of closing ahead of synchron-
ism at an angle of phase advance propor-
tional to the beat frequencies and deter-
mined by the speed of operation of the
circuit breaker so that the two systems
are connected right on synchronism.
The type ‘‘CI"” synchro-verifier does not
have this feature and consequently can-
not be used as an automatic synchron-
izer.

Description

3. The type ““CI” synchro-verifier
shown on Figures 1 and 2 operates on the
induction principle. The rotating ele-
ment consists of two solid copper discs
fastened on a hollow steel shaft. There is
an inverted cup-shaped jewel on the
lower end of the shaft which rests on a
hardened and polished steel ball. The
steel ball is carried on another cup-
shaped jewel mounted in the lower bear-
ing screw. The clearance between the
upper jewel support and the lower jewel
bearing screw is very small so as to pre-
vent the shaft from tilting and thus elim-
inate the possibility of the discs binding
in the air gaps under very heavy torque
conditions. Since there is only a few
thousandths of an inch clearance between
the jewel support on the shaft and the
bearing screw, the possibility of dust and
other foreign matter settling on these

jewels is greatly reduced. The upper
jewel and its support can be readily re-
moved from the shaft if replacement is
necessary. The upper bearing is of the
pin type and is constructed so as to re-
duce tilting of the shaft and end play to a
minimum. The upper bearing screw is
screwed down until there is a clearance
of approximately .002" between it and the
upper end of the shaft. It is then locked
securely in place. This bearing design
results in a very rugged construction
with a minimum of wear and friction.
The rotating element is made as light as
possible, yet gives the necessary strength
and operating characteristics, so as to re-
duce the duty on its bearings.

4, The synchro-verifier has single
pole contacts which are made of pure
silver. The moving contact is mounted
on a counter shaft which is geared to the
shaft of the main rotating element. A
hardened and polished steel pin in the
lower end of the counter shaft runs on a
jewel bearing. The upper bearing is of
the pin type. The gear on the counter
shaft and the pinion on the main shaft
have special depth teeth in order to pre-
vent their coming out of mesh and also
to reduce friction to a minimum. The
counter shaft is covered with a moulded
insulation hub around which the moving
contact arm is clamped. When the
synchro-verifier is completely de-ener-
gized, the moving contact is held firmly
against the stationary contact by means
of a spiral spring, except when this spring
may be reversed as discussed in para-
graph %17. 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 only necessary to loosen one screw,
rotate the adjuster until the desired ten-
sion is obtained, and then tighten the
screw again. The moving contact, coun-
ter shaft, 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. This lead is se-

curely fastened to the spring adjuster
by means of a screw and washer and it s,
therefore, not necessary to open any
soldered connections when removing the
moving contact assembly.

5. The stationary contact is moun-
ted on a flat spring and is provided with a
stop screw for adjusting the contact pres-
sure. The travel of the moving contact is
limited by a small aluminum stop riveted
on the disc. The maximum contact open-
ing is approximately 14''. This is suf-
ficient to prevent the contacts acciden-
tally closing should the synchro-verifier
be subjected to extremely heavy jars or
vibration.

6. In order to secure the proper
amount of time delay a certain amount
of damping of the movement of the disc
is necessary. This damping is secured by
means of a permanent magnet mounted
in front of the upper element so as to act
on the front half of the upper disc.

7. The two electro-magnets are
designated as elements A and B. Ele-
ment A operates on the back half of the
upper disc and element B operates on the
back half of the lower disc. The lamin-
ated iron circuit of each electro-magnet
is made in two sections. This construc-
tion is necessary in order to assemble the
form wound coils on the two upper poles.
The two sections are built up and wound
separately. The potential coil, whichis a
machine wound coil, is assembled on the
lower or main pole punchings. It is a nor-
mal 120 volt coil but will operate satis-
factorily on any voltage between 100 and
135. The phasing coils, which are made
up of a large number of turns of small
wire, are machine wound. One of the
phasing coils is placed on each of the two
upper poles of each upper pole assembly
and secured in place. After the potential
and phasing coils have been placed onthe
iron, the two sections of each electro-
magnet are assembled as a unit. The
two complete electro-magnets are then
impregnated with insulating varnish,
thoroughly baked and assembled on the
movement frame. Figure 3 shows the
coils and internal connections of the
synchro-verifier.
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General Application

8. The principal application of the
synchro-verifier will probably be in con-
nection with automatic reclosing equip-
ment on loop systems fed by generating
stations at two or more points. On such
a system, when a section of line goes out,
it is sometimes desirable to reclose on it
and should the section ‘‘stay in’’ when it
is energized from one end, the breaker on
the other end should be reclosed provided
the system has not been pulled apart at
the other connecting points. A system of
relays for such an application is suggested
in Figure 9. This system of relays has
been worked out so that it will fulfill
three conditions. These are:

1. The breaker should close when
the bus is alive and the line is
dead.
The breaker should close when
the line is alive and the bus is
dead.
The breaker should close when
the bus and line are both alive
when their respective voltages
are approximately equal, in
phase, and of the same frequency.
Referring to the diagram, it may be
scen that the type '‘CI” synchro-veri-
fier functions only under the third condi-
tion, while the type “GR” automatic

reclosing relay and the two type ‘‘CV”
relays with undervoltage and overvoltage
contacts function under the other two
conditions. .

9. Another possible application of
the type ‘‘CI" synchro-verifier is shown
on Figure 10. This figure also gives the
correct external connections for the syn-
chro-verifier.

10. Tt will be noted that on both of
these application diagrams a type ““CV”’
time delay relay is used in connection
with the synchro-verifier. The pur-
pose of this ““CV” relay is two-fold.
If the synchro-verifier is adjusted for
operating characteristics as per adjust-
ment No. 1 in Fig. 10, the “CI"” con-
tacts will be in the closed position in the
moment the synchro-verifier is con-
nected to give control. Consequently,
due to the damping of the ‘‘CI"’ synchro-
verifier, the breaker closing relay which
operates instantaneously, would be
energized and the breaker would be
closed independent of how the frequency
and phase-angle conditions might be.
By introducing the time delay of the
“CV” relay in the closing sequence,
faulty breaker closure will not occur
since the ‘‘CI"" contacts will assume the
proper position corresponding to the
phase-angle displacement before the
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“CV” relay would close its contacts.
The other function of the ‘“CV” relay
is to provide additional time delay
when the “CI” synchro-verifier is
operating at a frequency difference.
If the frequencies of the two systems are
erratic, and the synchro-verifier is ad-
justed to close at a wide phase dis-
placement angle, for example 20 degrees,
and assuming that the type ‘“‘CV’’ relay
is not used, it is possible that the breaker
closing relay may be energized 20 de-
grees late and at an instantaneous fre-
quency considerably higher than g
cycle, so that when the breaker contacts
finally close, the phase displacement may
be too large. When the “CV" relay
is being used, the highest frequency dif-
ference at which the breaker would be
closed would be considerably lower than
4% cycle, and the probability of obtain-
ing breaker closure off synchronism
would be considerably minimized. For
this reason it is recommended always
to supply a ‘“‘CV"” relay in connection
with the ““CI’’ synchro-verifier as shown
in figures 9 and 10, whether adjust-
ment No. 1 or adjustment No. 2 is
being used, if the transmission system
layout is such that the two sides of the
breaker can be expected to belong to
two independent systems. Summing up
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these considerations, it will appear that
the “CV" relay should always be ap-
plied except when the ‘‘CI” synchro-
verifier is adiusted for operating char-
acteristics as per adjustment No. 2,
(See Figure 10) and at the same time
the system layout is such that a fre-
quency difference cannot be expected be-
tween the two sides of the breaker.

11. If the application is made in line
with Figure 10, it is not necessary to pro-
tect against potential transformer fuse
failures. If open delta connected poten-
tial transformers are used with a fuse in
the common primary lead, it is necessary
to guard against improper operation, re-
sulting from failure of this fuse, which
may occur if the voltage is low on the
system other than the one where the fuse
failure occurred. This protection is also
necessary when an open delta trans-
former connection is being used even if
no common fuse is applied in the middle
leg, if a three phase load is connected
across the secondaries of the potential
transformers. Type “MC” relays are
recommended as protective relays. The
relays should be adjusted to open if the
voltage drops below 65% normal. One
“MC" relay should be connected across
the secondary of each of the two poten-
tial transformers and the make contacts

Closed when relay
Con ‘L“?L de-energized.
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|
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| Start ’
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of the “MC” relays should be connected
in series with the operating coil of the
breaker closing relay so that it cannot be
closed if the voltage across one potential
transformer is too low. When a type
“CV" relay is being used with the syn-
chro-verifier, as outlined in paragraph
10, one type “MC” relay will be
sufficient. This “MC” relay should
be connected across the potential
transformer to which the “CV'" re-
lay is not connected. The “CV” relay
should be adjusted to close its contacts
at a voltage not lower than 65%, normal
voltage.

12. As the circuit in Figure 9 is ar-
ranged to automatically close the circuit
breaker upon a dead bus or line, it is
obvious that faulty closing of the breaker
could occur upon failure of a fuse in
either the primary or secondary leads of
the potential transformers. The possi-
bility of such incorrect operation may be
greatly reduced by the omission of fuses
in the primary leads, with small hazard
to the potential transformers. The
fuses in the secondary leads of the
potential transformers may also be
omitted; or additional protection
provided, according to conditions en-
countered and protection desired when
applying the synchro-verifier. The pos-
sibility of incorrect operations occuring
upon the failure of the secondary fuses,
may be avoided by connecting type
“MC" relays across the fuses, with the
break contacts of the relays connected in
series with the operating coil of the cir-
cuit breaker closing relay. Relay Style
%423428, or any 110 volt, 60 cycle “MC”
with a suitable contact arrangement may
be used. It should be adjusted to operate
on 40 volts. Only the ungrounded secon-

dary lead of the potential transformer
should be fused. If open delta connected
potential transformers are used, addi-
tional protection, in line with the pre-
ceeding paragraph, should be provided.

~“Installation

13. After the synchro-verifier has
been unpacked, it should be closely ex-
amined to see that none of the parts have
been bent or broken during shipment.
See that it is free from friction and that
the contacts are properly adjusted as
previously described. It is advisable to
make a complete check test of the syn-
chro-verifier as outlined under ‘‘Adjust-
ments and Tests’’ before placing it in
service in order to make sure that none
of the parts have been broken or dam-
aged in shipment and that none of the
fixed adjustments have been changed.

Operation

14. Pigure 4 shows the schematic dia-
gram of connections of the type “crr
synchro-verifier. The synchro-verifier
should close its contacts when the bus
voltage E,, and the line voltage E,, are,
within set limits, equal, in phase and of
the same frequency. The potential coil
of element A is energized by the voltage
E,, the potential coil of element B is en-
ergized by the voltage E,, and the phas-
ing coils of both elements are energized
by the difference between these two vol-
tages. Assuming that the synchro-veri-
fier is being used with the spiral spring
wound up in the direction to close the
contacts, the contacts will close when E,
and E, are equal, in phase, and of the
same frequency. Under this condition
the difference between these two vol-
tages is zero and no electrical torque will
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be produced because neither element will
produce any torque unless its potential
coil and phasing coil are both energized.
Consequently when there is no difference
voltage impressed across the phasing coil
circuit, the contacts will be closed by the
action of the spiral spring alone. In
general, the two electro-magnets A
and B, produce opposing 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 disc as-
sembly is always in the contact opening
direction and increases as the voltage
difference increases so that when the vol-
tage 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.

15. The usual operating character-
istics of the synchro-verifier are shown
on Figure 5 although operating character-
istics as shown on Figure 6 may be ob-
tained if desired. The operating circles
of Figure 5 were obtained by using five
different values of spring tension, respec-
tively. Operating circle # 5 was obtained
by using one whole turn tension on the
spring which is about the maximum
which can be used without distorting the
spring. Operating circle %1 has about
the minimum diameter which can be
used and still give reliable operation of
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the synchro-verifier. This curve was
obtained using 14 turn tension on the
spring.

16. The curves of Figure 5 were taken
with a constant bus voltage E, and re-
present the locus of the line voltage E.
which will just produce a balance con-
dition in the synchro-verifier. Assuming
that curve ¥5 is being used, the contacts
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OF OPERATING

CHARACTERISTICS

will not move in either direction if the
line voltage E, terminates on any point
of this circle. If the line voltage E, ter-
minates within curve %5 and remains
there for a sufficient length of time the
contacts will close. The vector diagram
given on Figure 5 is given as an illustra-
tion and represents the condition where
the bus voltage E; is used as the refer-
ence voltage and is equal to 115 volts,
the line voltage E, is 123 volts and leads
the bus voltage by 12° and the difference
voltage E; is equal to 26 volts and leads
the bus voltage by 78°. Assuming that
the system conditions are such that these
voltages will remain fixed at these values
the contacts will close if either of the
operating circles 3, 4 or 5 are used and
will not close if either curves ¥1 or #2
are used. When the synchro-verifier has
been adjusted for any given radius of
operating circle as shown on Figure 5 by
means of the spiral spring adjuster, the
radius of this circle will not vary regard-
less of variations in the reference voltage
Ey. This statement is true, providing the
overvoltage adjusters have been correct-
ly adjusted for these characteristics as
given under “Adjustment and Tests”.

17.  As previously stated, when char-
acteristics as shown on Figure 5 are used,
the contacts of the synchro-verifier will
be closed when it is completely de-ener-
gized. Should it be essential that the
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contacts remain open when the operating
coils are completely de-energized this
'may be accomplished by giving the
spiral spring a slight amount of tension
in the contact opening direction and ob-
taining the desired radius of operating
circle by means of the overvoltage ad-
justment on element A. (See Adjust-
ments and Tests) When the radius of
the operating circle is obtained in this
way the characteristics of the synchro-
verifier will be as shown on Figure 6.
On this figure it may be noted that the
center of the operating circles do not
coincide with the end of the reference
voltage E, and also that the radius of the
operating circle decreases as the refer-
ence voltage E, is decreased. Both of
these effects are inherent in the design of
the synchro-verifier when this type of
adjustment is used.

18. Referring again to Figure 3, as-
sume that E. is equal to By, is in phase
with E,, and is of the same frequency so
that the two vectors shown for E, and
E, coincide. Under this condition the
synchro-verifier will close its contacts
from the extreme open position in ap-
proximately 5 seconds if operating circle
%5 is being used. Under this condition
no electrical torque is produced and the
maximum closing torque developed by
the spiral spring is effective in closing
the contacts at the greatest possible
speed. Under the same electrical con-
ditions the contacts would close at a

much slower rate if operating circle #1
was being used due to the decrease
amount of spring tension. Assume that
E, is numerically equal to E; but of a
different frequency so that it slowly
moves through operating circle ¥5 at a
uniform rate of speed so that approxi-
mately 5 seconds are required for it to
move from 20° lagging, to 20° leading
with respect to E.. Under this condition
the contacts will not close if operating
circle #5 is being used because the con-
tact closing torque is zero when E, is
approximately 20° out of phase with E,
and is at its maximum when E: is in
phase with E,. Since 5 seconds are re-
quired for the contacts to close when E.
is equal to E; and is exactly in phase with
it, a longer time will be required for the
contacts to close if B, is of different fre-
quency than E;. The time of 5 seconds
required for E; to move through the oper-
ating circle # 5 at a uniform rate of speed
corresponds to a beat frequency of ap-
proximately 45 cycle so that a beat fre-
quency of less than 75 cycle is required
before the contacts will close if operating
circle #5 is being used and correspond-
ingly lower beat frequencies are required
if operating circles with smaller diameter
than %5 are being used.

Adjustments and Tests

19. Ordinarily the only adjustments
which it will be necessary to make or
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check in the field is that for the desired
radius of operating circle as shown on
Pigure 5. In order to check this adjust-
ment it will be necessary to set-up a test
circuit as shown on Figure 7. When the
synchro-verifier is first received from the
factory, the fixed adjustments should be
checked to see that they have not
changed and for this purpose a test set-up
as shown in Pigure 8 is necessary. If it
should ever be necessary to replace one
of the electro-magnets the fixed adjust-
ments would have to be rechecked. An
outline of the complete test procedure is
given here although it will not be neces-
sary to perform the complete tests as
given when checking the adjustments of
the synchroifieevn the field.

20. Carefully level the synchro-veri-
fier before making any tests. Remove
the gear and contact assembly from the
relay. Then set-up a test circuit as
shown on Pigure 8. Close switches A
and B, and close switch D to the left
hand side. This places 115 volts on the
potential coil of element A and short-
circuits the phasing coil circuit of ele-
ment A. Adjust the overvoltage adjust-
ment 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 adjust-
ing screw provided for this purpose.
The two locking screws which hold the
overvoltage adjuster in place should not
be loosened when this adjustment is
made. Moving the overvoltage adjuster
to the right of the center line of the po-
tential pole as the synchro-verifier is
viewed from the front causes it to lag a
part of the potential coil flux so that a
contact opening torque is produced,
while moving it to the left of the center
line of the potential pole causes a con-
act closing torque to be developed.
This test is made to balance out all tor-
que which may be caused by voltage on
the potential coil only.

21. 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. Thd overvoltage ad;uster of element
B should be adjusted in a similar man-
ner to that of element A so that the disc
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will balance at a point mid-way of its
travel,

22. Leaving switch A and switch C
closed, close switch B and close switch
D and E to the right-hand side. This
places 115 volts, 60 cycles on each
potential coil and places the voltage Ea
and Eb on the phasing coil circuits.
Set the voltage Ea to 15 volts by
means of the potentiometers and then
adjust Eb by means of its potentio-
meter 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
depending upon the unbalance between
the two electro-magnets. When this
balance has been obtained the electro-
magnet which shows the lowest voltage
reading for Ea or Eb has the strongest
torque. The two electro-magnets should
balance within 14 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 overvoltage adjustment
which has been made previously and
consequently each time the upper pole
assembly is raised or lowered it will be
necessary to reset the overvoltage ad-
juster so that no torque is produced, that
is, the disc will balance in the mid-way
position when the voltage coil alone
is energized and the phasing coil cir-
cuit is short-circuited. Since this ad-
justment must be made by the “‘cut and
try” method and may have to be re-
peated several times the first adjust-
ments may be made more roughly than
the final adjustment. The two electro-
magnets may be considered 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 ele-
ment B phasing coil circuit is
short-circuited.

3. With both potential coils energized
at 115 volts, 60 cycles and with
15 wvolts 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.

23. Replace the gear and contact
mechanism cn the synchro-verifier after
making sure that all adjustments which
were made in the previous test will re-

main unchanged or, in other words, see
that all screws which lock the adjust-
ments in place are tight.

24, Adjust the position of the sta-
tionary contact so that the contacts
make when the stop on the disc is be-
tween 1’ and 114" 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 contact as-
sembly may be loosened from the move-
ment frame and the mesh between the
pinion and gear changed by one tooth.

25. 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
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contacts make.. Reference marks should
then be placed on the spring adjuster
and its supporting piece in pencil to
indicate the position of the spring ad-
juster which gives zero initial tension
on the spiral spring.

26. Connect the synchro-verifier for
tests as shown on Figure 7. Close switch
A. This places 115 volts 60 cycles, E; on
the potential coil circuit of element A.
Close switch B to the left-hand side.
This places a variable voltage E» on the
potential coil of element B and the
difference between E, and E, is the volt-
age impressed on the two phasing coil
circuits. Adjust the potentiometer un-
til E, reads 145 volts, which is 30 volts
greater than E;. 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 E, 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. Approxi-
mately 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 pro-
vided and then change switch B to the
right-hand position. Then adjust the
potentiometer so that E, reads approxi-
mately 85 volts, which is 30 volts less
than E,.

27. An adjustment for 30 volts dif-
ference between E; and E, 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 E;
less than E.

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

29. When the adjustments have
been made as outlined above the contacts
of the synchro-verifier will close when
the operating coils are totally de-
energized.

30. As previously stated, the contacts
may be made to remain open when the
operating circuits are de-energized by

11

giving the spiral control 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 adjustment on element A,
Operating circles as shown on Figure 6
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 control spring as previoulsy out-
lined. The negative spring tension used
should be just sufficient to insure that
the contacts will always open when the
operating coils are de-energized.

Maintenance

31. The mechanical construction of
the type “CI" synchro-verifier is simple
and rugged; with small assemblies made
as accessible as possible to facilitate re-
pairs and reduce maintenance to a
minimum. After being properly ad-
justed and installed, it will require little
attention. When making periodic in-
spections as are maintained on this type
of equipment it would be well to examine
the synchro-verifier to see that it is free
from friction and that the contacts are
properly adjusted and in good operating
condition.
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Type CI Synchro-Verifier

Introduction

1. The type “CI” synchro-verifier
has been developed to perform a particu-
lar and limited function. It is to be used
to verify the condition of synchronism
existing between two system voltages
and will close its contacts when these
voltages are, within set limits, equal, 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 ‘ie the two
systems together, the synchro-verifier
will not close its contacts unless this beat
frequency is approximately 1/4 cycle or
less.

2. The type "'CI”’ synchro-verifier is
not an automatic synchronizer and
should not be confused with the type
“XY-11" and “XY-12" automatic syn-
chronizers. The latter two types have
the feature of closing ahead of synchron-
ism at an angle of phase advance propor-
tional to the beat frequencies and deter-
mined by the speed of operation of the
circuit breaker so that the two systems
are connected right on synchronism.
The type “‘CI” synchro-verifier does not
have this feature and consequently can-
not be used as an automatic synchron-
izer.

Description

3. The synchro-verifier operates on the
induction principle. The rotating ele-
ment consists of two solid copper discs
fastened on a hollow steel shaft. Thereis
an inverted cup-shaped jewel on the
lower end of the shaft which rests on a
hardened and polished steel ball. The
steel ball is carried on another cup-
shaped jewel mounted in the lower bear-
ing screw. The clearance between the
upper jewel support and the lower jewel
bearing screw is very small so as to pre-
vent the shaft from tilting and thus elim-
inate the possibility of the discs binding
in the air gaps under very heavy torque
conditions. Since there is only a few
thousandths of an inch clearance between
the jewel support on the shaft and the
bearing screw, the possibility of dust and
other foreign matter settling on these

INSTRUCT | ONS

jewels is greatly reduced. The upper
jewel and its support can be readily re-
moved from the shaft if replacement is
necessary. The upper bearing is of the
pin type and is constructed so as to re-
duce tilting of the shaft and end play to a
minimum. The upper bearing screw is
screwed down until there is a clearance
of approximately.002" between it and the
upper end of the shaft. It is then locked
securely in place. This bearing design
results in a very rugged construction
with a minimum of wear and friction.
The rotating element is made as light as
possible, yet gives the necessary strength
and operating characteristics, so as to re-
duce the duty on its bearings,

4. The synchro-verifier has single
pole contacts which are made of pure
silver. The moving contact is mounted
on a counter shaft which is geared to the
shait of the main rotating element. A
hardened and polished steel pin in the
iower end of the counter shaft runs 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. When the
synchro-verifier is completely de-ener-
gized, the moving contact is held firmly
against the stationary contact by rmeans
of a spiral spring, except when this spring
may be reversed as discussed in para-
graph ¥ 17. 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 only necessary to loosen one screw,
rotate the adjuster until the desired ten-
sion is obtained, and then tighten the
screw.again. The moving contact, coun-
ter shaft, bearings and bearing brdcket,
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. This lead is se-
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curely fastened to the spring adjuster
by means of a screw and washer and it is,
therefore, not necessary to open any
soldered connections when removing the
moving contact assembly.

5. The stationary contact is moun-
ted on a flat spring and is provided with a
stop screw for adjusting the contact pres-
sure. The travel of the moving contact is
limited by a small , stop riveted
on the disc. The maximum contact open-
ing is approximately 14’’. This is suf-
ficient to prevent the contacts acciden-
tally closing should the synchro-verifier
be subjected to extremely heavy jars or
vibration.

6. In order to secure the proper
amount of time delay a certain amount
of damping of the movement of the disc
is necessary. This damping is secured by
means of a permanent magnet mounted
in front of the upper element so as to act
on the front half of the upper disc.

7. The two electro-magnets are
designated as elements A and B. Ele-
ment A operates on the back half of the
upper disc and element B operates on the
back half of the lower disc. The lamin-
ated iron circuit of each electro-magnet
is made in two sections. This construc-
tion is necessary in order to assemble the
form wound coils on the two upper poles.
The two sections are built up and wound
separately. The potential coil, whichis a
machine wound coil, is assembled on the
lower or main pole punchings. It is a nor-
mal 120 volt coil but will operate satis-
factorily on any voltage between 100 and
135. The phasing coils, which are made
up of a large number of turns of small
wire, are machine wound. One of the
phasing coils is placed on each of the two
upper poles of each upper pole assembly
and secured in place. After the potential
and phasing coils have been placed onthe
iron, the two sections of each electro-
magnet are assembled as a unit. The
two complete electro-magnets are then
impregnated with insulating wvarnish,
thoroughly baked and assembled on the
movement frame. Figure 1 shows the
coils and internal connections of the
synchro-verifier.

l.L. 5504-8
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General Application

8. The principal application of the
synchro-verifier will probably be in con-
nection with automatic reclosing equip-
ment on loop systems fed by generating
stations at two or moare points. On such
a system, when a section of line goes out,
it is sometimes desirable to reclose on it
and should the section “‘stay in'’ when it
is energized from one end, the breaker on
the other end should be reclosed provided
the system has not been pulled apart at
the other connecting points. A system of
relays for such an application is suggested
in Figure 7. This system of relays has
been worked out so that it will fulfill
three conditions. These are:

1. The breaker should close when
the bus is alive and the line is
dead.

2. The breaker should close when
the line is alive and the bus is
dead.

3. The breaker should close when
the bus and line are both alive
when their respective voltages
are approximately equal, in
phase, and of the same frequency.

Referring to the diagram, it may be
seen that the type ‘‘CI” synchro-veri-
fier functions only under the third condi-
tion, while the type ‘‘GR” automatic

reclosing relay and the two type ‘‘CV”
relays with undervoltage and overvoltage
contacts function under the other two
conditions.

9. Another possible application of
the type ‘“CI” synchro-verifier is shown
on Figure 8. This figure also gives the
correct external connections for the syn-
chro-verifier.

10. It will be noted that on both of
these application diagrams a type “‘CV”
time delay relay is used in connection
with the synchro-verifier. The pur-
pose of this ““CV" relay is two-fold.
If the synchro-verifier is adjusted for
operating characteristics as per adjust-
ment No. 1 in Fig. 8, the ““CI"” con-
tacts will be in the closed position in the
moment the synchro-verifier is con-
nected to give control. Consequently,
due to the damping of the ‘‘CI” synchro-
verifier, the breaker closing relay which
operates instantaneously, would be
energized and the breaker would be
closed independent of how the frequency
and phase-angle conditions might be.
By introducing the time delay of the
“CV" relay in the closing sequence,
faulty breaker closure will not occur
since the “‘CI” contacts will assume the
proper position corresponding to the
phase-angle displacement before the

CLOSED WREN RELAY

wiren
i ussz;\

P—— “N"R-r—— \s DE-TNERGIZED

T —1 :

“CV" relay would close its contacts.
The other function of the ‘‘CV" relay
is to provide additional time delay
when the ‘‘CI" synchro-verifier is
operating at a frequency difference.
If the frequencies of the two systems are
erratic, and the synchro-verifier is ad-
justed to close at a wide phase dis-
placement angle, for example 20 degrees,
and assuming that the type ‘‘CV" relay
is not used, it is possible that the breaker
closing relay may be energized 20 de-
grees late and at an instantaneous fre-
quency considerably higher than
cycle, so that when the breaker contacts
finally close, the phase displacement may
be too large. When the “‘CV" relay
is being used, the highest frequency dif-
ference at which the breaker would be
closed would be considerably lower than
2 cycle, and the probability of obtain-
ing breaker closure off synchronism
would be considerably minimized. For
this reason it is recommended always
to supply a “CV" relay in connection
with the *‘CI" synchro-verifier as shown
in figures 7 and 8, whether adjust-
ment No. 1 or adjustment No. 2 is
being used, if the transmission system
layout is such that the two sides of the
breaker can be expected to belong to
two independent systems. Summing up
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these considerations, it will appear that
the “‘CV” relay should always be ap-
plied except when the ‘‘CI"” synchro-
verifier is adiusted for operating char-
acteristics as per adjustment No. 2,
(See Figure 8 ) and at the same time
the system layout is such that a fre-
quency difference cannot be expected be-
tween the two sides of the breaker.

11. If the application is made in line
with Figure 8 , it is not necessary to pro-
tect against potential transformer fuse
failures. If open delta connected poten-
tial transformers are used with a fuse in
the common primary lead, it is necessary
to guard against improper operation, re-
sulting from failure of this fuse, which
may occur if the voltage is low on the
system other than the one where the fuse
failure occurred. This protection is also
necessary when an open delta trans-
former connection is being used even if
no common fuse is applied in the middle
leg, if a three phase load is connected
across the secondaries of the potential
transformers. Type ‘“MC" relays are
recommended as protective relays. The
relays should be adjusted to open if the
voltage drops below 659% normal. One
“MC" relay should be connected across
the secondary of each of the two poten-
tial transformers and the make contacts
of the “MC" relays should be connected
in series with the operating coil of the
breaker closing relay so that it cannot be
closed if the voltage across one potential
transformer is too low. When a type
“CV” relay is being used with the syn-
chro-verifier, as outlined in paragraph
10, one type “MC” relay will be
sufficient. This “MC"” relay should
be connected across the potential
transformer to which the “CV" re-
lay is not connected. The “CV" relay
should be adjusted to close its contacts
at a voltage not lower than 659, normal
voltage.

12. As the circuit in Figure 7 is ar-
ranged to automatically close the circuit
breaker upon a dead bus or line, it is
obvious that faulty closing of the breaker
could occur upon failure of a fuse in
either the primary or secondary leads of
the potential transformers. The possi-
bility of such incorrect operation may be
greatly reduced by the omission of fuses
in the primary leads, with small hazard
to the potential transformers. The
fuses in the secondary leads of the
potential transformers may also be
omitted; or additional protection

provided, according to conditions en-
countered and protection desired when
applying the synchro-verifier. The pos-
sibility of incorrect operations occuring
upon the failure of the secondary fuses,
may be avoided by connecting type
“MC"” relays across the fuses, with the
break contacts of the relays connected in
series with the operating coil of the cir-
cuit breaker closing relay. Relay Style
% 423428, or any 110 volt, 60 cycle “‘MC"
with a suitable contact arrangement may
be used. It should be adjusted to operate
on 40 volts. Only the ungrounded secon-
dary lead of the potential transformer
should be fused. If open delta connected
potential transformers are used, addi-
tional protection, in line with the pre-
ceeding paragraph, should be provided.

Installation

13. After the synchro-verifier has
been unpacked, it should be closely ex-
amined to see that none of the parts have
been bent or broken during shipment.
See that it is free from friction and that
the contacts are properly adjusted as
previously described. It is advisable to
make a complete check test of the syn-
chro-verifier as outlined under ‘‘Adjust-
ments and Tests” before placing it in
service in order to make sure that none
of the parts have been broken or dam-
aged in shipment and that none of the
fixed adjustments have been changed.

Operation

14. Figure 2 shows the schematic dia-
gram of connections of the type ‘‘CI”
synchro-verifier. The synchro-verifier
should close its contacts when the bus
voltage E,, and the line voltage E,, are,
within set limits, equal, in phase and of
the same frequency. The potential coil
of element A is energized by the voltage
E,, the potential coil of element B is en-
ergized by the voltage E,, and the phas-
ing coils of both elements are energized
by the difference between these two vgl-
tages. Assuming that the synchro-veri-
fier is being used with the spiral spring
wound up in the direction to close the
contacts, the contacts will close when E,
and E, are equal, in phase, and of the
same frequency. Under this condition
the difference between these two vol-
tages 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 difference
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voltage impressed across the phasing coil
circuit, the contacts will be closed by the
action of the spiral spring alone. In
general, the two electro-magnets A
and B, produce opposing 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 disc as-
sembly is always in the contact opening
direction and increases as the voltage
difference increases so that when the vol-

tage 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.

15. The usual operating character-
istics of the synchro-verifier are shown
on Figure 3 although operating character-
istics as shown on Figure 4 may be ob-
tained if desired. The operating circles
of Figure 3 were obtained by using five
different values of spring tension, respec-
tively. Operating circle ¥ 5 was obtained
by using one whole turn tension on the
spring which is about the maximum
which can be used without distorting the
spring. Operating circle #1 has about
the minimum diameter which can be
used and still give reliable operation of
the synchro-verifier. This curve was
obtained using 1§ turn tension on the
spring. o

16. ‘The curves of Figure 3 were taken
with a constant bus voltage E, and re-
present the locus of the line voltage E.
which will just produce a balance con-
dition in the synchro-verifier. Assuming
that curve %5 is being used, the contacts
will not move in either direction if the
line voltage E, terminates on any point
of this circle. If the line voltage E, ter-
minates within curve #5 and remains
there for a sufficient length of time the
contacts will close. The vector diagram
given on Figure 3 is given as an illustra-
tion and represents the condition where
the bus voltage E; is used as the refer-
ence voltage and is equal to 115 volts,
the line voltage E, is 123 volts and leads
the bus voltage by 12° and the difference
voltage E; is equal to 26 volts and leads
the bus voltage by 78°. Assuming that
the system conditions are such that these
voltages will remain fixed at these values
the contacts will close if either of the
operating circles 3, 4 or 5 are used and
will not close if either curves #1 or ¥2
are used. When the synchro-verifier has
been adjusted for any given radius of
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operating circle as shown on Figure 3 by E,. This statement is true, providing the ~ 17. As previously stated, when char-
means of the spiral spring adjuster, the overvoltage adjusters have been correct- acteristics as shown on Figure 3 are used,
radius of this circle will not vary regard- ly adjusted for these characteristics as the contacts of the synchro-verifier wiil
less of variations in the reference’voltage given under “Adjustment and Tests”. be closed when it is completely de-ener-

gized. Should it be essential that the
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Westinghouse Type CI Synchro-Verifier

contacts remain open when the operating
coils are completely de-energized this
may be accomplished by giving the
spiral spring a slight amount of tension
in the contact opening direction and ob-
taining the desired radius of operating
circle by means of the overvoltage ad-
justment on element A. (See Adjust-
ments and Tests) When the radius of
the operating circle is obtained in this
way the characteristics of the synchro-
verifier will be as shown on Figure 4.
On this figure it may be noted that the
center of the operating circles do not
coincide with the end of the reference
voltage E; and also that the radius of the
operating circle decreases as the refer-
ence voltage E, is decreased. Both of
these effects are inherent in the design of
the synchro-verifier when this type of
adjustment is used,

18. Referring again to Figure 3, as-
sume that E, is equal to E,, is in phase
with E,, and is of the same frequency so
that the two vectors shown for E, and
E: coincide. Under this condition the
synchro-verifier will close its contacts
from the extreme open position in ap-
proximately 5 seconds if operating circle
#35 is being used. Under this condition
no electrical torque is produced and the
maximum closing torque developed by
the spiral spring is effective in closing
the contacts at the greatest possible
speed. Under the same electrical con-
ditions the contacts would close at a

much slower rate if operating circle #1
was being used due to the decrease
amount of spring tension. Assume that
E, is numerically equal to E; but of a
different frequency so that it slowly
moves through operating circle ¥5 at a
uniform rate of speed so that approxi-
mately 5 seconds are required for it to
move from 20° lagging, to 20° leading
with respect to E,. Under this condition
the contacts will not close if operating
circle #35 is being used because the con-
tact closing torque is zero when E, is
approximately 20° out of phase with E,
and is at its maximum when E, is in
phase with E,. Since 5 seconds are re-
quired for the contacts to close when E,
is equal to E, and is exactly in phase with
it, a longer time will be required for the
contacts to close if E, is of different fre-
quency than E,. The time of 5 seconds
required for E, to move through the oper-
ating circle #5 at a uniformrate of speed
corresponds to a beat frequency of ap-
proximately ¥ cycle so that a beat fre-
quency of less than 75 cycle is required
before the contacts will close if operating
circle #5 is being used and correspond-
ingly lower beat frequencies are required
if operating circles with smaller diameter
than %5 are being used.

Adjustments and Tests*

19. Ordinarily the only adjustments
which it will be necessary to make or
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check in the field is that for the desired
radius of operating circle as shown on
Figure 3. In order to check this adjust-
ment it will be necessary to set-up a test
circuit as shown on Figure 6. When the
synchro-verifier is first received from the
factory, the fixed adjustments should be
checked to see that they have not
changed and for this purpose a test set-up
as shown in Figure 5 is necessary. If it
should ever be necessary to replace one
of the electro-magnets the fixed adjust-
ments would have to be rechecked. An
outline of the complete test procedure is
given here although it will not be neces-
sary to perform the complete tests as
given when checking the adjustments of
the synchro-verifier in the field.

20. Carefully level the synchro-veri-
fier before making any tests. Remove
the gear and contact assembly from the
relay. Then set-up a test circuit as
shown on Figure 5. 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 ele-
ment A. Adjust the overvoltage adjust-
ment 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 adjust-
ing screw provided for this purpose.
The two locking screws which hold the
overvoltage adjuster in place should not
be loosened. when this adjustment is
made. Moving the overvoltage adjuster
to the right of the center line of the po-
tential pole as the synchro-verifier is
viewed from the front causes it to lag a
part of the potential coil lux so that a
contact opening torque is produced,
while moving it to the left of the center
line of the potential pole causes a con-
act closing torque to be developed.
This test is made to balance out all tor-
que which may be caused by voltage on
the potential coil only.

21.. 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. Thd overvoltage adjuster of element
B should be adjusted in a similar man-
ner to that of element A so that the disc

*CAUTION - When Relay is in service with one line completely deenergized, b

be sure that this open line is grounded before making adjustments.




Westinghouse Type CI Synchro-Verifier

will balance at a point mid-way of its
travel.

22, Leaving switch A and switch C
closed, close switch B and close switch
D and E to the right-hand side. This
places 115 volts, 60 cycles on each
potential coil and places the voltage Ea
and Eb on the phasing coil circuits.
Set the voitage Ea to 15 volts by
means of the potentiometers and then
adjust Eb by means of its potentio-
meter 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
depending upon the unbalance between
the two electro-magnets. When this
balance has been obtained the electro-
magnet which shows the lowest voltage
reading for Ea or Eb has the strongest
torque. The two electro-magnets should
balance within 14 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 overvoltage adjustment
which has been made previously and
consequently each time the upper pole
assembly is raised or lowered it will be
necessary to reset the overvoltage ad-
juster so that no torque is produced, that
is, the disc will balance in the mid-way
position when the voltage coil alone
is energized and the phasing coil cir-
cuit is short-circuited. Since this ad-
justment must be made by the ‘“‘cut and
try” method and may have to be re-
peated several times the first adjust-
ments may be made more roughly than
the final adjustment. The two electro-
magnets may be considered 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 ele-

ment 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.
23. Replace the gear and contact
mechanism on the synchro-verifier after
making sure that all adjustments which

.were made in the previous test will re-

main unchanged or, in other words, see
that all screws which lock the adjust-
ments in place are tight.

24. Adjust the position of the sta-
tionary contact so that the contacts
make when the stop on the disc is be-
tween 1’ and 134" from the movement

, Bus.
| m

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 contact as-
sembly may be loosened from the move-
ment frame and the mesh between the
pinion and gear changed by one tooth.

25. 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
indicate the position of the spring ad-
juster which gives zero initial tension
on the spiral spring.

26. Connect the synchro-verifier for
tests as shown on Figure\s. Close switch
A. This places 115 volts 60 cycles, E, on
the potential coil circuit of element A.

0it Circuit Breaker

Line

Circutt Breaker

Anti-Pumpin,
Relay 7

k
1\/\/\/\/ fz E/
£o
& £
I
forrg\y OV

I
Rela, Adj No./.
Bkr. ’g/?s- / /
ing Relay
(T
LU ! \ 1‘ .
i A
/ L od '—$ E £,
D-C Control ¢ 2 ¢ /
Bus. 20
2$2 l? ’ /
C??/J Bf‘"”/fcf.’ . o £2
osing Circur 24 23 | & 3
¢ L T
Type C!"Synchro - Agj No.2

verifier (Kear View)

Adj No./
Contacts close when
relay is de-energized

/0
External Res

1

Adj. No.2
Contacts open when
réelay is de-energized

Fig. 8 When the "C|* Synchro-Verifier is Adjusted for Operating
Characteristics as per Adjustment #1, The "CV" Relay should be

used for Additional Time Delay,

when Adjusted for Characteristics

as per Adjustment ¥2, The "CV" Relay May be Omitted.

-7 -



Westinghouse Type CI Synchro-Verifier

Close switch B to the left-hand side.
This places a variable voltage E. on the
potential coil of element B and the
difference between E, and E; is the volt-
age impressed on the two phasing coil
circuits. Adjust the potentiometer un-
til E, reads 145 volts, which is 30 volts
greater than E,. 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 E, 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. Approxi-
mately one-half turn initial tension on
the gpring 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 pro-
vided and then change switch B to the
right-hand position. Then adjust the
potentiometer so that E, reads approxi-
mately 85 volts, which is 30 volts less

than E,,
ENERGY REQUIREMENTS

27. An adjustment for 30 volts dif-
ference between E; and E, 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 E,
less than E,.

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

29. When the adjustments have
been made as outlined above the contacts
of the synchro-verifier will close when
the operating coils are totally de-
energized.

30. As previously stated, the contacts
may be made to remain open when the
operating circuits are de-energized by
giving the spiral control 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 adjustment on element A.
Operating circles as shown-on 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 control spring as previoulsy out-
lined. The negative spring tension used
should be just sufficient to insure that
the contacts will always open when the
operating coils are de-energized.

Maintenance

31. The mechanical construction of
the type “CI"" synchro-verifier is simple
and rugged; with small assemblies made
as accessible as possible to facilitate re-
pairs and reduce maintenance to a
minimum, After being properly ad-
justed and installed, it will require little
attention. When making periodic in-
spections as are maintained on this type
of equipment it would be well to examine
the synchro-verifier to see that it is free
from friction and that the contacts are
properly adjusted and in good operating
condition.

The burden of the relay at 115 volts, 60 cycles is as follows:
z ROhms X volt o,
onms a-c. Ohms Watts Amperes P.F.
Potential Coil 385 57 380 5.14 33,4 81.4° Lag
Phasing Coil & Resistor 1660 1536 628 7.4 8.0 22° Lag
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