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- VOLTAGE REGULATING RELAY 
TYPE CVR-1 

Applied to Load Tap Changer Control 

The type CVR-1 Voltage Regulating Relay 

is in reality a "control package" designed to 

control load tap changers. The major compon­

ents of the CVR-1 relay are an induction disk 

type voltage sensitive relay, two auxiliary or 

pilot relays, two motor control relays, line drop 

compensator, and a reactor. All components 

are in a drawout chassis (Figures 1 and 6) so 

that the complete relay may be interchanged 

from unit to unit or removed for testing and in­

spection. The Flexitest* switch base is made an 

integral part of the CVR-1 relay to facilitate 

connecting and testing the relay. The case in 

which the relay is mounted for tap changer con­

trol is equipped with the mating portion of the 

Flexitest switch. 

I.B. 47-065-9 

Figure 1 - CVR-1 Relay Removed From Case 

• Westinghouse Trade Mark 
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INSTALLATION 

The CVR-1 relay is usually mounted in the 
tap changer control panel. Before putting the 
relay in service, remove any blocking inserted 
for the purpose of securing parts during ship­
ment; make sure that all parts operate freely, 
and inspect the contacts to see that they are 
clean and close properly. Check the gaps of 
the permanent magnet and of the electromagnet 
and clean them if any foreign material is pre­
sent. Operate the relay to check the settings 
and electrical connections. 

OPERATION 

The sensing element of the CVR-1 relay is 
an induction disk voltage relay with a set of 
single pole double throw contacts. Sealing cir­
cuits for the auxiliary relay are incorporated 
into the circuit to insure long contact life and 
positive operation. 

Figure 2 shows schematically the relation 
between the principle components of the CVR-1 
relay voltage sensing circuit, while Figures 3 
and 4 show the internal schematic and internal 
wiring of the actual CVR-1 relay. 

VOLTAGE SENSING r--- -- - -- - - -- - --l 
ELEMENT-------, r----, r---, .-- ---, 

UPPER POL£ 
WINDING 

TFIANSFORMER 
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I I I I I I 
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I I I '----J L ___ J 

I 
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POTENTIAL 
WINDING -------l-{---1-__..; 

POTENTIAL 
SOURCE 

XI 

RESISTOR 

Figure 2 - Schematic Diagram of the CVR-1 
Relay Voltage Sensing Circuit 
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A reactor connected in series with the volt­
age sensing element is a large portion of the 
impedance of this circuit. This feature mini­
mizes the effect of resistance variations due to 
temperature changes. The reactor is also used 
in the line drop compensator circuit. 

The voltage coil on the lower pole of the 
voltage sensing element supplies a current to 
the coil on the upper pole by transformer action. 
The alternating fluxes induced in these poles 
are in quadrature. The alternating flux cut­
ting the induction disk induces eddy currents 
in the disk of the relay which react with the flux 
in the air gap producing a torque. This torque 
is balanced against a spring torque to determine 
the balance position of the relay disk and its 
associated contacts. 

Assume 120 volts has been applied to the 
relay long enough for the moving contact to 
come to rest at the 120 volt point on the relay 
scale. If the applied voltage were increased to 
121 volts, the increased electro-magnetic torque 
would move the moving contact to the 121 volt 
point on the scale. If the voltage were reduced 
to 119 volts the decreased electro-magnetic tor­
que would allow the spring torque to move the 
contacts to the 119 volt position. 

A permanent damping magnet is mounted 
on the relay with the induction disk between 
the pole faces of this magnet and the magnet 
keeper. Whenever the induction disk moves 
through the unidirectional flux produced by this 
permanent magnet a restraining force is pro­
duced to control the time required to change 
from one balanced position to another for a 
given change in voltage. 

The position of the stationary PR and PL 
contacts determines the voltage level at which 
they will be closed to initiate tap changer opera­
tion to correct the voltage. 

If the voltage falls below the setting of the 
left hand contact long enough for the disk oper­
ated PR contact to close, the relay AR is ener­
gized and seals itself in through the normally 
closed 120Y relay contact. Closing the AR motor 
control relay contact operates the tap changer to 
raise the voltage. Before the tap changer arc­
ing contact has opened, a cam operated 120 
switch in the tap changer closes to energize the 
120X relay, which in turn takes over the sealing 
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IN " DI RECT"POSITION ) 

TRANSFORMER 

CHASSIS OPERATED 
SHORTrN G SWITCH 

. ,_._-TEST SWITCH 

FRONT VIEW 

Figure 3 - CVR-1 Voltage Regulating Relay Internal Schematic 

of the AR relay through its 120X contact and 
also operates the 120Y slug delayed relay. The 
normally open 120Y relay contact closes and 
shunts the reactor with a 3,000 ohm resistor 
which increases the current through the voltage 
coil PP and tends to rotate the disk to open con­
tact PR. Thus for small voltage deviations there 
will be a short delay between successive tap 
changer operations. After the tap changer arc­
ing contact has closed on position, the 120 pilot 
switch opens, allowing the 120X relay to release 
the AR relay. The tap changer motor is stopped 
by the motor brake. If the voltage is not cor­
rected, the sequence is repeated until the voltage 
is corrected or a tap changer limit position is 
reached. 

A rise in voltage to close the right hand 
contact PL would initiate a similar sequence of 
operations to lower the voltage. In the latter 
instance the closing of the 120Y normally open 
contact will place a shunt through another 3000 
ohm resistor around the potential coil PP to 
produce compounding that tends to rotate the 
disk to open contact PL. 

BANDWIDTH AND BALANCE VOLTAGE 

The bandwith of the voltage regulating re­
lay is the difference in volts between the PR 
and PL contact setting. 

Balance voltage is defined as the voltage 
midway between the PR and PL voltage settings 
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Figure 4- CVR-1 Relay Internal Connection Diagram 

and is the voltage which the relay will tend to 
maintain. A line drop compensator incorpo­
rated in the relay enables the relay to adjust the 
tap changer to regulate the voltage at the load 
center rather than at the tap changer itself. A 
current transformer installed in the main trans­
former provides a small secondary current pro­
portional to the current flowing through to the 
load. By thus circulating current proportional 
to the load through resistance and reactance 
elements, an impedance voltage is produced 
which is combined with the control voltage to 
match the relation between the transformer out­
put voltage and the line impedance drop. In this 
manner the resultant voltage applied to the 
voltage coil is made to match the load center 

6 

voltage. When these resistance and reactance 
drops are properly selected to match the line 
impedance drop, the CVR-1 relay will respond 
to and regulate load center voltage rather than 
the transformer output voltage. 

SETTING THE CVR-1 RELAY BY 

APPLYING AN EXTERNAL VOLTAGE 

It is most convenient to set the CVR-1 relay 
in its mounting on the tap changer panel. The 
relay operating points may be set by means of 
its scale which is calibrated in volts. This 
method is adequate for most conditions of oper­
ation and where settings within ± 1% of de­
sired values are satisfactory. 
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For more exact setting a voltmeter of bet­
ter than 1 % accuracy class should be connected 
from PT1 to PT2 as shown in Figure 5. It is 
convenient to apply an external variable voltage 
source to PT1 and PT2, reading on the volt­
meter the voltage at which the PR and PL con­
tacts close. If desired, a constant voltage source 
may be applied between PT2 (ground) and the 
load side of the AB potential breaker on the 
main control panel. This, in conjunction with 
the Test Rheostat ( RH) , will furnish a variable 
voltage across PT1 and PT2. Turning the Test 
Rheostat knob (RH) clockwise inserts resist­
ance between the potential supply terminals and 
the CVR-1 sensing circuit. From this point the 
procedure is exactly as outlined on Page 7 un­
der the heading "Setting the CVR-1 Relay with 
Load Tap Changer Energized". Observe the 
following cautions before attempting this pro­
cedure. 

Caution: 

Extreme care must be taken to insure that 
the breaker in the potential circuit is in the 
OFF position and that the ground side of the 
test source is connected to PT2. These pre­
cautions are necessary to avoid the possibility 
of energizing the transformer in reverse through 
the potential transformer and to avoid short 
circuiting the external supply through the 
ground connection. 

To make the settings proceed as follows : 

1. Set resistance and reactance compensa­
tor dials both on zero. Set PR lower and PL 
higher than their final settings. 

Note: Always adjust PR and PL contacts 
by moving the handles attached to the station­
ary contact assemblies. See Figure 7. 

2. If the relay is not in service apply ap­
proximately 120 volts for one hour before mak­
ing settings. This allows the relay to reach 
normal operating temperatures. If the relay 
is in service proceed immediately with step num­
ber 3.  

3. Apply to the test terminals the exact volt­
age at which the tap changer is to operate in 
the raise direction. For example, consider 1 19 
volts. Since the CVR-1 is very highly damped 
the voltage should be held at this level for about 
one minute. The disk contact will now be at 
its 119 volt position. Set the control selector 

LB. 47-065-9 

switch on "AUTO" and move the left hand scale 
pointer until the PR contact just touches the 
moving contact, picking up the motor control re­
lay and operating the tap changer in the raise 
direction. Place control selector switch in "OFF" 
position. 

4. Apply to the test terminals the exact volt­
age at which the tap changer is to operate in the 
lower direction. For example, consider 121 volts, 
Hold the test voltage at 121 volts for about one 
minute to allow the disk contact to reach its 
121 volt position. With the control selector 
switch on "AUTO" move the right hand scale 
pointer until the PL contact just touches the 
moving contact, operating the tap changer in 
the lower direction . .  

5. The CVR-1 Relay is now set to hold regu­
lated output between the limits of 119 and 121 
volts or at a nominal 120 volt level (balance volt­
age) with a 2 volt (±1 volt) bandwidth. 

6. The CVR-1 relay will operate satisfactor­
ily with any combination of contact settings be­
tween 105 and 135 volts and the tap changer 
will provide excellent quality regulation with 
set bandwidths of 2 volts or greater, that is, 
balance voltage ± 1 volt. 

7. For any other settings, determine the 
limit settings for PR and PL of the voltage 
regulating relay and proceed as outlined in 2 
through 6. 

8. Refer to Time Voltage Curve Figure 10 
and set damping magnet for desired time delay 
characteristic. 

9. Set resistance and reactance compensa­
tion dials as required (see page 14) . 

10. When tests are completed return the test 
Rheostat Knob to the "OFF" position. 

SETTING THE CVR-1 RELAY WITH 

LOAD TAP CHANGER ENERGIZED 

A test voltage adjustment rheostat (RH) 
is located on a control panel inside the CVR-1 
case for your convenience. It makes possible 
setting the relay by using the control voltage 
with the tap changer energized. Turning the 
Test Rheostat knob clockwise will adj ust the 
voltage applied to the relay by means of the 
rheostat which is in series with the control volt­
age and is located ahead of the test terminals. 
( See Diagram Figure 5) . Proceed as follows: 
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Figure 5 - Simplified Control Schematic with CVR-1 Relay 

1. Set resistance and reactance compensator 
dials both on zero. Set PR lower and PL higher 
than their final desired settings. 

NOTE : ALWAYS ADJUST PR AND PL 
CONTACTS BY MOVING THE HANDLES 
ATTACHED TO THE STATIONARY 

CONTACT ASSEMBLIES. SEE FIGURE 7. 

2. If the relay has not been in service for at 
least an hour, allow up to an hour before making 
settings in order for the relay to reach normal 
operating temperature. 

8 

3. Manually operate the tap changer in the 
raise direction until a voltage 2 or 3 volts in 
excess of the PL contact setting is read by 
means of a voltmeter connected to test termi­
nals PTl and PT2. 

Now cut in resistance on the Test Rheostat 
until the voltage on the test terminals is at the 
desired value for the PR setting. After 60 
seconds set the control selector switch on 
"AUTO" and move the PR stationary contact 
until it picks up the motor control relay. Set con­
trol selector to "OFF". 
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Figure 6 - CVR-1 Relay Removed From Case (Rear View) 
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Figure 7 - Closeup of CVR-1 Relay Adjustments 
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4. Adjust the Test Rheostat for the desired 
value of the PL setting and again, after 60 
seconds, set the control selector on "AUTO". 
Move the PL stationary contact until it picks 
up the motor control relay. 

5. Refer to Time Voltage Curve ( Figure 10) 
and set damping magnet for desired time delay 
characteristic. 

6. Set resistance and reactance compensator 
dials as required. (See Page 14) 

7. Return Test Rheostat knob to the "OFF" 
position. 

SETTING THE CVR-1 RELAY WHILE 

REMOVED FROM FLEXITEST CASE 

When removed from its case, the type CVR-
1 relay may be checked conveniently by means 
of a pair of Flexitest plugs, Style No. 1164046, 
which may be plugged into the jacks in top and 
bottom of the relay chassis. The circuit may 
also be made by means of clip leads connected 
to corresponding terminals on the relay. 

Preparatory to making this test, jumper 
terminal pairs numbered 5-6, 4-15, 3-16, 5-18, 
and 7-9 on the CVR-1 chassis. Apply a variable 
voltage to points 14 and 9 (corresponding to 
PT1 and PT2 on the control panel) and follow 
the procedure under "Setting the CVR-1 Relay 
by Applying an External Voltage". The self­
sealing circuit of the CVR-1 relay may be clear­
ed by momentarily connecting a j umper from 
2 to 5. The 120 switch performs this function 
in the tap changer, clearing the self-sealing net­
work and applying negative compounding to 
the disk of the CVR-1 relay. If desired, a con­
stant voltage may be applied at points 6 and 9 
with the Test Rheostat being used to obtain a 
variable voltage. A voltmeter connected across 
9 and 14 will indicate the voltage actually ap­
plied to the voltage sensing coil. 

A somewhat more intricate test circuit is 
indicated in Figure 8.  Such a reconnection fol­
lowing removal of the original j umpers will 
provide all switching and indication required to 
calibrate the relay and check its performance 
while removed from the tap changer control 
panel. Lights Rp and Lp indicate operations of 
contacts PR and PL while lights Ro and Lo in­
dicate operation of the motor control relay con­
tacts AR and AL. 

I.B. 47-065·9 

With the switch in the "CAL" position, the 
operation of PR and PL contacts is indicated by 
lights Rp and Lp. 

With the switch on "AUTO" position the 
relay functions in response to applied voltage 
as it would under fully automatic regulation. 
Operations are indicated by all four lights. 

With the switch on "MAN" position the 
raise and lower switches control the motor con­
trol relays. Rp and Lp now indicate closing of the 
raise and lower pushbuttons. Ro and Lo still 
indicate operation of AR and AL contacts. 

General operating data for the relay on 60 
cycles is as follows : 

Burden of the potential 
circuit at 120 volts __ _ _ _____ _ _ _ 10VA 

with auxiliary relays energized _ _ 39V A 
Separate R and X compensation _ _ _ ___ 24 volts 

100 7r load compensation current ___ _ .2 amps 

Burden on the current circuit at 100% 
load _ _______ _ _______ __ _ _ _ ____ 13 VA 

TIME DELAY ADJUSTMENT 

The inverse time delay characteristic of 
the CVR-1 relay enables it to maintain regu­
lated voltage within close tolerance. Figure 7 
shows the relay adj usted for a damping factor 
of 2.4. Figure 9 shows a curve of relay adjust­
ment versus damping factors and Figure 10 
shows a curve of relay performance when ad­
justed for a damping factor of one. As can be 
seen from Figure 10, at least three different 
factors control the amount of time delay that 
precedes the initial operation of the tap changer 
on a change of voltage. For example, any one 
of the following conditions contributes to a 
shorter time delay. 

1. A lower damping factor. 

2. A greater voltage deviation from the cen­
ter of the set bandwidth. 

3. A lower bandwidth. 

Should the conditions be reversed, a longer 
time delay is indicated. It is difficult to make a 
general statement about time delay except that 
it is not fixed. It can be said, however, that for 
step deviations from the band center equal to 
75% of total set bandwidth, time delay may be 
varied from 11 to 60 seconds by adjustment of 

1 1  www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



12 

LOWER 
FLEX I TEST 
PLUG 

@ 
@ 

® 
<V 

® 
5 ·� 

,® 
I 

3 2 

0 

120 VOLT., 60 CYCLE 
VOLTAGE 

&-
R \.� 

I3 �. fRAISE � -
LOWER 120 2 

Lp 

@---

UPPER 
FLEXJTEST 
PLUG 
0 

0 
K® 

17 

® 
� 15 

@ 
@ 

@ 
0 

NORMALLY OPEN SPRING RETURN 

S W ITCHES OR PUSH- BUTTO NS 

RA I S E 

INDICATING LIGHTS * 
Rp : RAISE Dl SK CONTACT 

Lp : LOWE R  DISK CONTA CT 

R0 : RA I SE O PE RATE LOW E R  

120 ( CLO S E  TO RESET R ELAY) Lo : LOWER O PE RAT E 

* U S E  1/2!5 OR 1/4 WATT NEON LA M PS WITH PROT ECT I V E  R E S I STOR S 

C AL-AU TO-MAN 
3 POS I T I ON SELECTOR SW I TCH SEQUENCE 

SWITCH POS I T I ON 

CONTACT CAL. AU TO MAN 
I X X 
2 X X 
3 X 

X= INDICATES CONTACTS CLOSED 

Figure 8 - Circuit for Checking and Calibrating the CVR-1 Relay Removed From Case 
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the damping magnet and keeper. Correction 
for greater deviations lowers this time band 
while correction for lesser voltage deviations 
raises the time band. 

In some cases where cycling loads or other 
load conditions produce large voltage changes 
of short duration it may be desirable to increase 
the damping to obtain longer time delay and 
avoid unnecessary tap changer operation. The 
time delay may be increased by decreasing the 
gap between the permanent magnet and its 
keeper. Relays are shipped set for a damping 
factor of 5.3. The magnet keeper is set with its 
top even with the 2.4 graduation on the keeper 
time multiplier. The magnet engagement set­
ting is at the 5.3 graduation on the magnet time 
multiplier. This gives a damping factor of 5.3. 

Variations in damping factor between 2.4 
and 5.3 are obtained by varying the amount of 
engagement of the damping magnet and disc, 
with the magnet keeper set at 2.4. To reduce the 
damping factor from 5.3 down to 2.4 this en­
gagement must be decreased to the position 
shown in Figure 7. This is done by loosening 
the four magnet assembly mounting screws (See 
Figure 7.)  and sliding the magnet assembly to 
its new position. A magnet time multiplier scale 
is attached to the permanent magnet to facili­
tate setting the magnet engagement. This scale 
is referenced to the edge of the disc directly 
above it. To raise the damping factor after it 
has once been lowered, use a reversal of the 
above procedure. 

Variations in damping factor between 1.0 
and 2.4 are obtained by changing the gap dis­
tance between the magnet keeper and the damp­
ing magnet, with the latter set at 2.4. To reduce 
the damping factor from 2.4 to 1.0, the gap 
must be increased. To change this setting the 
keeper locking screw must first be loosened. If, 
after loosening this screw, the keeper does not 
turn easily, remove the keeper locking screw 
completely and check the copper thread pro­
tector under the locking screw to see that it is 
free. After making certain that the keeper lock­
ing screw turns easily, a damping factor of 1.0 
to 2.4 can be secured by lining up the top of the 
magnet keeper with the desired graduation on 
the keeper time multiplier scale. 

Caution: 

The keeper magnet should never be turn-

I.B. 47·065·9 

ed down below the 2.4 graduation. When the 
keeper magnet is at or near the 2.4 setting, 
care should be exercised to see that mechanical 
binding does not take place between magnet 
and disc. Too close proximity of keeper mag­
net and disc could result in overdamping and 
possible stopping of disc movement entirely. 

The maximum keeper setting is shown in 
Figure 7. After this adjustment has been com­
pleted the locking screw should again be tighten­
ed; but before tightening, be sure that the piece 
of copper is still in the hole so that the keeper 
adjusting threads will not be damaged by the 
keeper locking screw. 

The damping factor of any relay as set 
may be determined easily by the following pro­
cedure. 

1. De-energize the relay. 

2. Set PR scale handle at 105 volts. 

3. Set PL scale handle at 135 volts. 

4. Manually rotate the disk to close PL con­
tacts. 

5. Release the disk and measure the time to 
close the PR contact. 

6. Divide the number of seconds measured 
in step 5 by 5.4. The quotient is the damp­
ing factor for the relay as adjusted. 

7. Move the PR and PL scale handles to the 
desired limits for voltage band. 

Having determined the relay damping fac­
tor, a new curve for relay performance may be 
plotted by multiplying the time values read 
from the curves in Figure 10 by the damping 
factor. 

Example : 

Assume 10.8 seconds measured in step 5 
above. 10.8+5.4 = 2, the relay damping factor. 
In Figure 10 we find that for a 2 volt bandwidth 
the time delay would be 3 seconds for a 4 volt 
change. 

To determine the actual time to close relay 
contacts multiply 3 (seconds) x 2 (damping fac­
tor) = 6 seconds actual time delay. 

CVR-1 RELAY CONTROL ADJUSTMENTS 

Figure 1 1  shows the CVR-1 Relay Control 
Panel as seen facing the front of the relay with 
the cover removed. The adjustments for resist­
ance and reactance compensation, the switch 
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for reversing the polarity of the reactance com­
pensation, and the Test Rheostat are all con­
tained on this sub-panel. A control breaker, 
potential and current test terminals, and the 
selector switches for automatic-manual and 
raise-lower tap changer control are separately 
mounted on the larger steel panel containing 
the CVR-1 relay. These have been touched 
briefly in an earlier discussion but are not within 
the scope of this instruction book. 

1. Test Rheostat. The Test Rheostat on the 
CVR-1 sub-panel facilitates checking and set­
ting the relay voltage sensing element, as de­
scribed earlier under two different methods of 
setting. Under actual conditions of operation 
it is left in the "OFF" position, in which there 
is zero resistance between the potential supply 
source and the CVR-1 voltage sensing element. 

2. Line Drop Compensator. Separate rheo­
stats permit independent setting of the 24 volts 
resistance and 24 volts reactance compensation 
(both on a 120 volt base). This value of com­
pensation is available only when the main cur­
rent transformer is delivering a full 5 amperes 
to the tap changer control. (An auxiliary cur­
rent transformer (ACT) steps this current down 
from 5 amperes to the .2 ampere rating of the 
compensator elements. Line drop compensation 
is obtained by circulating a current, proportional 
to the load current, through the line drop com­
pensator network to simulate the actual voltage 
drop in the line for which the compensator is ad­
justed. The compensator voltage, when sub­
tracted from the output voltage of the trans­
former or regulator, gives a resultant equi­
valent in magnitude and phase angle which is to 
the load center voltage. 

3. Reactance Reversing Switch. For normal 
line drop compensation the Reactance Switch 
(XRS) on the CVR-1 sub-panel is left in the "di­
rect'' position. Reversed reactance compensation 
is obtained by placing it in the "reverse" posi­
tion, which reverses the polarity of the react­
ance element. 

"Reverse reactance" compensation is a 
method used to reduce the circulating current 
that might flow when two or more transform­
ers are paralleled. It is a requirement of ASA 
Standards C57.12-37.236.1. Instead of running 
toward opposite extreme positions, tap changers 
having "reverse reactance" compensation tend 
to move toward whatever positions cause the 
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least amount of circulating current to flow. This 
is accomplished at some sacrifice of normal line 
drop compensation, but is generally satisfactory 
when units paralleled are not located in close 
proximity to each other, or where the supply 
is from different sources. 

Line Drop Compensator Settings. The final 
settings on the line-drop compensator are usual­
ly made by field adj ustments, but if the data 
on the particular line is known, the curves in 
Figs. 12 and 13 may be used, and initial values 
calculated. 

The initial line-drop compensator settings 
can be derived by the use of the following ex­
pressions : 

Dial Setting for Resistance Compensation= 
Nc.T. 

5 x x RL x d x n. 
NpoT 

Dial Setting for Reactance Compensation = 
N c.T. 

5 x x XL x d x n. 
NpoT 

Where 

Nc.T. main current transformer ratio 
primary current 

d 

n 

NpoT 

secondary current 

potential transformer ratio 

primary voltage 

secondary voltage 

resistance per conductor from 
unit to load center, in ohms per 
mile. 

inductive reactance per conductor 
from unit to load center, in ohms 
per mile. 

miles from unit to load center. 

120/balance voltage setting. 

A typical three-phase example is as follows : 

a b c 

0 �4'------+- 0�4' 0 

I 8' I 
500,000 CM copper conductor, with fiat spac­

ing above. 

Line Voltage = 12000 volts 

Main Current Transformer Ratio =600/5 
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Relay Time = Time Value from Figure 10 Multiplied by Damping Factor 

Figure 9 - Typical Damping Factors Versus Gap Setting and Magnet Engagement 
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60 CYCLE RESISTANCE 
OHMS PER 3.5 3.0 25 2.0 1.5 1.0 .5 .45.4 .35 .3 .25 .2 .15 .I .05 
MILE I d IIIII II 11111111111 I I I I II I � I I d II II I II II II dIll d I I I I I 

r c1��E 
2ol 13o 40ijsol sol 1'8o 1061 1 2ooll 3001 I �1 1 

I I I I I 1 I 1 11000 
BS.S GAUGE 8 6 4 2 1/0 2/0 4/0 
WIRE 

SIZE OF COPPER CONDUCTOR 

Figure 12 - Resistance Chart Showing Ohms Per Conductor Per Mile 60 Cycle Circuit 

Potential Transformer Ratio =6928/120 

Distance from unit to load center = 3.5 miles. 

Balance voltage setting = 117 volts. 

A unit energizes a typical distribution cir­
cuit whose characteristics are given above. De­
termining the constants for the circuit on a per 
phase basis, 

From Figure 12 : 

R = 0.12 ohms per mile. 

From Figure 13 : 

D = 1.26x 4 = 5.04 feet. 

XL = 0.64 ohms per mile. 

The line drop compensator resistance setting 
is : 

5 X 600/5 120 
69281120 

X 0.12 X 3.5 X 
117 

= 4.47 

The line drop compensator reactance setting 
is : 

5 X 600/5 120 

6928/120 
X 0.64 X 3.5 X 

117 
= 23.9 

These settings may be adjusted as found 
necessary as shown by load center voltage 
measurements. 

THE FLEXITEST CASE 

The type FT ( Flexitest) case is a dust­
proof enclosure combining relay units and knife­
blade test switches in the same case. This com­
bination provides a compact flexible assembly 
easy to maintain, inspect, test and adjust. There 
are three main units of the type FT case : the 
case, cover, and chassis. The case is an all-steel 
welded housing containing the hinge half of the 
knife-blade test switches and the terminals for 
external connections. The cover is a molded 
phenolic frame with a clear glass window, a 
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thumb nut, and a hinge. The hinge fits over the 
top flange of the case. The thumb nut, which 
fastens to a stud on the bottom flange of the 
case, holds the cover securely in place on the 
case. The chassis is a steel frame that supports 
the relay elements and the contact-jaw half of 
the test switches. This slides in and out of the 
case. The electrical connections between the base 
and chassis are completed through the closed 
knife-blades. The case designation is type FT-32. 

Removing Chassis 

To remove the chassis, first remove the 
cover by unscrewing the captive thumb nut at 
the bottom and lifting the cover hinge off the 
top flange of the case. This exposes the relay 
units and all the test switches for inspection 
and testing. The next step is to open the test 
switches. In opening the test switches, they 
should be moved all the way back against the 
stops. With all the switches fully opened, re­
lease the cam action latches and pull the chassis 
outward. One cam latch is located at the upper 
right and must be pulled downward for release. 
The other cam latch is located at the lower left 
of the chassis and must be pushed upward for 
release. The chassis can be set on a test bench 
for easy inspection, maintenance and test. 

After removing the chassis a duplicate 
chassis may be inserted in the case or the blade 
portion of the switches can be closed and the 
cover put in place without the chassis. The 
chassis-operated auxiliary shorting switches 
(see Figure 16) between terminals 8-9 and 12-13 
remain closed with the chassis out to prevent 
open circuiting the current transformers when 
the current test switches are closed. 

When the chassis is to be put back in the 
case the above procedure is to be followed in the 
reversed order. 

-

-

• 
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N OTE:- WHERE  DcA = 2 DA B= 2 DBc : D = 1 . 26 D AB 

Figure 13 - Reactance in Ohms Per Conductor Per Mile Versus 
Spacing For Single Phase or 3 Phase Lines 
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CAUTION: Be sure to operate the cam 
latches into their original horizontal position 
before attempting to replace cover. Failure to 
do so many crack the cover. 

Electrical Circuits 

Each terminal in the base connects through 
a test switch to the relay units in the chassis as 
shown on the internal schematic diagram Fig. 3. 
The relay terminals are identified by numbers 
marked on the outside of the case. The test 
switch positions are identified by numbers 
marked on the molded blocks. 

The potential and control circuits through 
the relay are disconnected from the external 
circuit by opening the associated test switches. 
A current test switch is illustrated in Figure 15. 
Opening both current test switches short-cir­
cuits the current transformer secondary and 
disconnects one side of the relay circuit but 
leaves the other side of the relay circuit connect­
ed to the external circuit through the current 
test jack j aws. This circuit can be isolated by in­
serting a current test plug S #  1164047 (without 
external connections), or by inserting ten-cir­
cuit test plugs S#l164046. 

Figure 14 - Ammeter Test Plug in Testing 
Positions 

Testing 

The relays can be tested in service, in the 
case but with the external circuits isolated, or 
out of the case as follows : 

20 

SWITCH BLADE JAW 

MOLDED I NSULATION 

EXTERNAL CONNECTIONS 

SWITCH BLADE 

MOLDED INSULATION 

BLOCK 

Figure 15 - Short Circuiting Switch 

Testing in Service 

The ammeter test plug S#l164047 can be 
inserted in the current test jaws after opening 
the knife-blade switch to check the current 
through the relay, as shown in Fig. 14. This 
plug consists of two conducting strips separated 
by an insulating strip. The ammeter is connect­
ed to these strips by terminal screws and the 
leads are carried out through holes in the back 
of the insulated handle. 

Voltages between the potential circuits can 
be measured conveniently by clamping # 2 clip 
leads on the projecting clip lead lug on the con­
tact jaw. 

Testing in Case 

With all blades in the full open position, 
the ten circuit test plug S# 1164046 can be in­
serted in the contact jaws, per Figure 17. This 
connects the relay units to a set of binding posts 
and completely isolates the relay circuits from 
the external connections by means of an insulat­
ing barrier on the plug. The external test cir­
cuits are connected to these binding posts. The 
plug is inserted in the bottom test j aws with 
the binding posts up and in the top test switch 
jaws with the binding posts down. 

The external test circuits may be made to 
the relay units by # 2 test clip leads instead of 
the test plug. When connecting an external test 
circuit to the current elements using clip leads, 
care should be taken to see that the current test 
jack jaws are open so that the relay is complete-
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I.B. 47-065-9 

Figure 16 - Auxiliary Short Circuiting Switch (Enlarged View) 
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Figure 17 - Multi-Circuit Test Plug in Testing Position 
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ly isolated from the external circuits. Suggested 
means for isolating this circuit are outlined 
above under "Electrical Circuits". 

Testing Out of Case 

With the chassis removed from the case, re­
lay units may be tested as per description in­
cluded on page 11 .  

An internal schematic for the relay is  
shown in Figure 3.  

MAINTENANCE 

The proper adjustments to insure correct 
operation of this relay have been made at the 
factory and should not be disturbed after re­
ceipt by the customer (with the exception of 
bandwidth or time delay settings). Repair work 
can be most satisfactorily done at the factory. 
If it is desired to check the adjustment at regu­
lar maintenance, the following instructions 
should be followed : 

Note: Before opening the test switches 
turn the power supply off. 

Refer to previous description of the Flexi­
test case for method of removing cover and re­
lay. 

When contacts require cleaning, they 
should be cleaned with a fine contact file similar 
to S # 1002110 or a contact burnishing tool. Ab­
rasive material should not be used because any 
small particles embedded in the contact surface 
will impair the contact operation. 

In the event any of the components become 
inoperative, they may be replaced with renewal 
parts ordered from the nearest Westinghouse 
Sales Office or from the Sharon Plant. Should 
parts be ordered, give the Style or Shop Order 
number of the equipment as stamped on the 
nameplate, together with the style number and 
description of the parts required as identified 
in Figure 4 and on the following list. 

Relay Complete S-#1962229 

Relay case S #  182A901G24. 

Relay Cover S # 1877784. 

Switch Blades on Block (Top) 
S # 58C8373G33 

Switch Blades on Block (Bottom) 
S-#1877021 

I.B. 47·065 ·9 

Switch Jaws on Block (Top) 
S # 57D7876G 13 

Switch Jaws on Block (Bottom) 
S # 1877307 

Potentiometer (50 Watt 500 Ohm) 
(X Control) - S # 17D3532H06 

Potentiometer (25 Watt 125 Ohm) 
(R Control) - S # 17D3532H03 

Reversing Switch (XRS) S # 184A878H01 

Potentiometer (25 Watt 350 Ohm) 
(RH) - S # 17D3532H05 

Rectifier - S # 1546138 

Disc Compounding Resistors (3000 Ohms 
25 Watt) - S # 1202954 

Resistor (6 Ohms 25 Watt) -
S # 04D 1298H84 

Trimming Resistor (3000 Ohms .5 Watt) 
S # 184A635H12 

Resistor (Self-Supporting) (4500 Ohms 
.5 Watt) - S # 182A874H01 

Thermistor (Self-Supporting) 
S # 182A879H01 

Transformer (KX) - S # 290B445G01 

Reactor - S # 290B444G01 

Telephone Relay (AR) and (AL) 
S # 25B9647H06 

Telephone Relay (120X) - S # 25B9647H05 

Telephone Relay ( 120Y) - S # 22D1520H02 

Electromagnet for Disc Type Element -
S # 1878295 

Moving Contact, Spring & Adj uster­
S-#1878047 

Stationary Contact and Spring -
S # 182A880G01 

Knob for Potentiometers and Reversing 
Switch - S # 184A883H01 

Top Bearing Screw - S-#1009811 

Bottom Bearing Screw - S-#214869 

Steel Ball ( 10 in bottle) - S # 100R533G01 

Permanent Magnet - S # 184A185G02 

Disc and Shaft Assembly - S # 1732852 
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G e n e ra l  

The type CVR-1 Voltage Regulating Relay 
is in reality a "control package" designed to 
control load tap changers . The major com­
ponents of the CVR-1 relay are an induction 
disk type voltage sensitive relay, two aux­
iliary or pilot relays , two motor control re­
lays , line drop compensator, and a reactor. 
All components are in a drawout chassis 
(Figures 1 and 6) so that the complete relay 
may be interchanged from unit to unit or 
removed for testing and inspection . The 
Flexitest ® switch base is made an integral 
part of the CVR-1 relay to facilitate con­
necting and testing the relay. The case in 
which the relay is mounted for tap changer 
control is equipped with the mating portion 
of the Flexitest® switch. 

I n stal lat ion 

The CVR-1 relay is usually mounted in the 
tap changer control panel . Before putting the 
relay in service, remove any blocking in­
serted for the purpose of securing parts 
during shipment; make sure that all parts 
operate freely, and inspect the contacts to 
see that they are clean and close properly. 
Check the gaps of the permanent magnet and 
of the electromagnet and clean them if any 
foreign material is present. Operate the 
relay to check the settings and electrical 
connections . 

O p e ra ti o n  

The sensing element of the CVR-1 relay is 
an induction disk voltage relay with a set of 
single pole double throw contacts . Sealing 
circuits for the auxiliary relay are incor­
porated into the circuit to insure long contact 
life and positive operation. 

Figure 2 shows schematically the rela­
tion between the principle components of the 
CVR-1 relay voltage sensing circuit, while 
Figures 3 and 4 show the internal schematic 
and internal wiring of the actual CVR-1 
relay. 

Page 3 

Fig. 1 - C VR-1 Relay R emoved from Case 

A reactor connected in series with the 
voltage sensing element is a large portion of 
the impedance of this circuit. This feature 
minimizes the effect of resistance varia­
tions due to temperature changes.  The re­
actor is also used in the line drop com­
pensator circuit. 

The voltage coil on the lower pole of the 
voltage sensing element supplies a current 
to the coil on the upper pole by transformer 
action . The alternating fluxes induced in 
these poles are in quadrature . The alter­
nating flux cutting the induction disk induces 
eddy currents in the disk of the relay which www . 
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Page 4 

react with the flux in the air gap producing 
a torque . This torque is balanced against a 
spring torque to determine the balance po­
sition of the relay disk and its associated 
contacts . 

As sume 120 volts has been applied to the 
relay long enough for the moving contact to 
come to rest at the 120 volt point on the re­
lay scale. If the applied voltage were in­
creased to 121 volts, the increased electro­
magnetic torque would move the moving con­
tact to the 121 volt point on the scale. If 
the voltage were reduced to 119 volts the de­
creased electro-magnetic torque would al­
low the spring torque to move the contacts 
to the 119 volt position. 

A permanent damping magnet is mounted 
on the relay with the induction disk between 
the pole faces of this magnet and the magnet 
keeper. Whenever the induction disk moves 
through the unidirectional flux produced by 
this permanent magnet a restraining force is 
produced to control the time required to 
change from one balanced position to another 
for a given change in voltage. 

The position of the stationary 90R and 
90L contacts determines the voltage level at 
which they will be closed to initiate tap 
changer operation to correct the voltage. 

If the voltage falls below the setting of the 
left hand contact long enough for the disk 
operated 90R contact to close, the relay AR 
is energized and seals itself in through the 
normally closed 120Y relay contact. Closing 
the AR motor control relay contact operates 
the tap changer to raise the voltage. Before 
the tap changer arcing contact has opened, 
a cam operated 120 switch in the tap changer 
closes to energize the 120X relay, which in 
turn takes over the sealing of the AR relay 
through its 120X contact and also operates 
the 120Y slug delayed relay. The normally 
open 120Y relay contact closes and shunts 
the reactor with a 3 ,000 ohm resistor which 
increases the current through the voltage 
coil 90 and tends to rotate the disk to open 
contact 90R. Thus for small voltage devi­
ations there will be a short delay between 
successive tap change-r operations . After 

the tap changer arcing contact has closed on 
position, the 120 pilot switch opens , allowing 
the 120X relay to release the AR relay. The 
tap changer motor is stopped by the motor 
brake. If the voltage is not corrected, the 
sequence is repeated until the voltage is 
corrected or a tap changer limit position is 
reached. 

A ri se in voltage to close the right hand 
contact 90L would initiate a similar se­
quence of operations to lower the voltage. 
In the latter instance the closing of the 120Y 
normally open contact will place a shunt 
through another 3 000 ohm resistor around 
the potential coil 90 to produce compounding 
that tends to rotate the disk to open contact 
90L . 

VOLTAGE SENSING 
ELEMENT 

UPPER POLE 
WINDING 

TRANSFORMER 
W I NDING 

POTENT I A L  

r - - - - - - - - - - - - - -- l 
r - - -, r - - -, 

.- -- --, 1 I 1 I I 1 

I I I I I l==4 1 
I L - -

I 
I .._ ___ J 

I 
I L ___ , 

I 
I 

- - -'  

- - ,  �--t-� I ��--�--��� I 
I 

WINDING ----++----t----f::::::::::::: 

POTENTIAL 
SOURCE 

CURRENT 
TRANSF. 

RESISTOR 

XI 

Fig. 2 - Schematic Diagram of the C VR-1 
Relay Voltage Sensing Circuit 

B a n d w id t h  a n d  B a l a n c e  Volta g e  

The bandwidth o f  the voltage regulating re­
lay is the difference in volts between the 90R 
and 90L contact setting. 

Balance voltage is defined as the voltage 
midway between the 90R and 90L voltage 
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Fig. 3 - CVR-1 Voltage Regulating L<elay Internal Schematic 

settings and is the voltage which the relay 
will tend to maintain. A line drop com­
pensator incorporated in the relay enables 
the relay to adjust the tap changer to regu­
late the voltage at the load center rather than 
at the tap changer itself. A current trans­
former installed in the main transformer 
provides a small secondary current pro­
portional to the current flowing through to 
the load. By thus circulating current pro­
portional to the load through resistance and 
reactance elements, an impedance voltage is 
produced which is combined with the control 
voltage to match the relation between the 
transformer output voltage and the line im­
pedance drop. In this manner the resultant 

voltage applied w the voltage coil is made 
to match the load center voltage. When 
these resistance and reactance drops are 
properly selected to match the line imped­
ance drop, the C VR-1 relay will respond to 
and regulate load center voltage rather than 
the transformer output voltage. 

Sett ing t h e  C V R -1 R e l a y  b y  A p p l y i n g  
a n  Exte r n a l  Volta g e  

It i s  most convenient to set the CVR-1 relay 
in its mounting on the tap changer panel . 
The relay operating points may be set by 
means of its scale which i s  calibrated in www . 
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-�120 Y RELAY 
2201520H02 

• MOVING CONTACT 
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Fig . 4 - CVR-1 Relay Internal Connection Diagram 

volts .  This method is  adequate for most 
conditions of operation and where settings 
within ± 1% of desired values are satis­
factory. 

For rnore exact setting a voltmeter of 
better than 1% accuracy class should be 
connected from PTTl to PTT2 as shown in 
Figure 5 "  It is  convenient to apply an ex­
ternal variable voltage source to PTTl and 
PTT2,  reading on the voltmeter the voltage 
at which the 90R and 90L contacts close.  
If  desired, a constant voltage source may 
be applied between PTT2 (ground) and the 
load side of the potential breaker on the 
main control panel . This ,  in conj unction 

with the Test Rheostat (RH) , will furnish a 
variable voltage across PTTl and PTT2 .  
Turning the Test Rheostat knob (RH} clock­
wise inserts resistance between the poten­
tial supply terminals and the CVR-1 sensing 
circuit . From this point the procedure is  
exactly as outlined on Page 7 under the 
heading "Setting the CVR- 1 Relay with Load 
Tap Changer Energized" . Observe the fol­
lo·wing cautions before attempting this pro� 
cedure. 

C AUTI O N :  Extreme care m u s t  b <1  token t o  i n ­
s ure  that  the breaker  i n  the poten t i a l  c i rc u i t  i s  
i n  the O F F  pos i ti o n  and that  the g round s i d e  of  
the test  source i s  connected to PTT2. These 

/ ............. 
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precaut i ons  are necessary to avo i d  the poss i ­
b i l i ty of energ i zi n g  the  transformer i n  reverse 
th rough the poten t i a l  transformer and to avo id  
s hort c i  rcu i  t i  ng  the  extern a I supp ! y through the  
ground connection . 

To make the settings proceed as follows: 

1 .  Set resistance and reactance com­
pensator dials both on zero . Set 90R lower 
and 90L higher than their final settings . 

NOT E :  Al ways adj u st 90R and 90L contacts by 
mov i n g  the hand l es attached to the stat i onary 
contact assemb l i es .  See F i gu re 7. 

2. If the relay is not in service apply 
approximately 1 20 volts for one hour before 
making settings . This allows the relay to 
reach normal operating temperatures.  If 
the relay is  in service proceed immediately 
with step nu,mber 3 .  

3 .  Apply to the test terminals the exact 
voltage at which the tap changer is to operate 
in the raise direction. For example, con­
sider 1 1 9  volts. Since the CVR-1 is very 
highly damped the voltage should be held at 
this level for about one minute . The disk 
contact will now be at its 1 1 9  volt position. 
Set the control selector switch on "AUTO" 
and move the left hand scale pointer until 
the 90R contact just touches the moving 
contact, picking up the auxiliary control re­
lay and operating the tap changer in the 
raise direction , Place control selector 
svvitch in HMAN" position. 

4 .  Apply to the test terminals the exact 
voltage at which the tap changer is to oper­
ate in the lower direction. For example,  
consider 121 volts . Hold the test voltage at 
1 21 volts for about one minute to allow the 
disk contact to reach its 121  volt position. 
With the control selector switch on "AUTO" 
move the right hand scale pointer until the 
90L contact just touches the m.oving contact, 
operating the tap changer in the lower 
direction. 

5 .  The CVR�1 relay is now set to hold 
regulated output between the limits of 1 1 9  
and 1 21 volts o r  at a nominal 1 20 volt level 

Page 7 

(balance voltage) with a 2 volt (± 1 volt} 
bandwidth. 

6 .  The CVR�1 relay will operate satis­
factorily with any combination of contact 
settings between 1 05 and 135  volts and the 
tap changer will provide excellent quality 
regulation with set bandwidths of 2 volts or 
greater, that is, balance voltage ±1 volt. 

7. For any other settings , determine 
the limit settings for 90R and 90L of the 
voltage regulating relay and proceed as out� 
lined in 2 through 6 .  

8 ,  Refer to Time Voltage Curve Figure 
1 0  and set damping magnet for desired time 
delay characteristic.  

9.  Set resistance and reactance com� 
pensation dials as required (see page 14) .  

1 0 .  When tests are completed return the 
test Rheostat Knob to the "OFF" position. 

Sett i n g  t h e  C V R -1 R e l a y  w ith Load 
Ta p C h a n g e r  E n e rg i z e d  

A test voltage adjustment rheostat (RH) i s  
located o n  a control panel inside the CVR- 1 
case for your convenience. It makes pos­
sible setting the relay by using the control 
voltage with the tap changer energized. 
Turning the Test Rheostat knob clockwise 
will adj ust the voltage applied to the relay 
by means of the rheostat which is in series 
wHh the control voltage and is located ahead 
of the test terminal s .  (See Diagram Figu.re 
5) . Proceed as follows: 

1 .  Set resistance and reactance com­
pensator dial s both on zero. Set 90R lower 
and 90L higher than their final desired set­
tings , 

NOT E :  A l ways ad j u st 90R and 90L contacts by 
mo v i n g  the hand l es attached to the stati ona ry 
contact assemb l i es .  See F i gure 7. 

2. If the relay has not been in service 
for at least an hour, allow up to an hour be­
fore making settings in order for the relay 
to reach normal operating temperature .  www . 
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Fig. 5 - Simplified Control Schema tic with C VR-1 Relay 

3 . Manually operate the tap changer in 
the raise direction until a voltage 2 or 3 

volts in excess of the 90L contact setting is 
read by means of a voltmeter connected to 
test terminals PTT1 and PTT2.  

Now cut in resistance on the Test Rheo­
stat until the voltage on the test terminals 
is at the desired value for the 90R setting. 
After 60 seconds set the control selector 
switch on "AUTO" and move the 90R sta­
tionary contact until it picks up the auxiliary 
control relay. Set control selector to 
"MAN" .  

4. Adjust the Test Rheostat for the de­
sired value of the 90L setting and again, 
after 60 seconds , set the control selector on 
"AUTO". Move the 90L stationary contact 
until it picks up the motor control relay. 

5 .  Refer to Time Voltage Curve (Figure 
1 0) and set damping magnet for desired time 
delay characteristic . 

6 .  Set resistance and reactance com­
pensator dials as required. (See Page 1 4) 

7 . Return Test Rheostat knob to the 
"OFF" position. 

Setti n g  t h e  C V R -1 R e l a y  w h i l e  R e m o v e d  
fro m F l e x i te st C a s e  

When removed from its case, the type 
CVR-1 relay may be checked conveniently 
by means of a pair of FlexitestGJplugs, Style 
No. 1 1 64046 ,  which may be plugged into the 
jacks in top and bottom of the relay chassis. 
The circuit may also be made by means of 
clip leads connected to corresponding ter­
minals on the relay. 

Preparatory to making this test, j umper 
numbered terminals 5 to 6 ,  4 to 1 5 , 3 to 1 6 ,  
5 to 18 , and 7 to 9 on the CVR-1 chassi s .  
Apply a variable voltage to points 1 4 and 9 
porresponding to PTT1 and PTT2 on the con-www . 
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A R  RE LAY 

1 20 Y R E LAY 

Fig. 6 - C VR-1 Relay Removed from Case (Rear View) 

trol panel) and follow the procedure under 
"Setting the CVR-1 Relay by Applying an 
External Voltage". The self- sealing circuit 
of the CVR-1 relay may be cleared by mo­
mentarily connecting a jumper from 2 to 5 .  
The 1 2 0  switch performs this function in 
the tap changer, clearing the self-sealing 
network and applying negative compounding 
to the disk of the CVR-1 relay. If desired, 
a constant voltage may be applied at points 
6 and 9 with the Test Rheostat being used to 
obtain a variable voltage . A voltmeter con-

nected across 9 and 14 will indicate the 
voltage actually applied to the voltage sens­
ing coil . 

A somewhat more intricate test circuit is 
indicated in Figure 8.  Such a reconnection 
following removal of the original jumpers 
will provide all switching and indication re­
quired to calibrate the relay and check its 
performance while removed from the tap 
changer control panel . Lights Rp and Lp 
indicate operations of contacts 90R and 90L 
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Fig. 7 - Close-up of C VR -1 Relay Adjustments 

while lights Ro and Lo indicate operation of 
the motor control relay contacts AR and AL . 

With the switch in the " CAL" position, 
the operation of 90R and 90L contacts is 
indicated by lights Rp and Lp. 

With the switch on "AUTO" position the 
relay functions in response to applied volt­
age as it would under fully automatic regu­
lation. Operations are indicated by all four 
lights . 

With the switch on "MAN" position the 
raise and lower switches control the motor 
control relays. Rp and Lp now indicate 
closing of the raise and lower pushbuttons . 
Ro and Lo still indicate operation of AR and 
AL contacts . 

General operating data for the relay on 
60 cycles is as follows: 

Burden of the potential 
circuit at 1 2 0  volts - - - - - - - - 1 0VA 

with auxiliary relays energized 3 9V A 
Separate R and X compensation - 24 volts 
1 0 0% load compensation current - .2 amps 
Burden on the current circuit at 1 00% 

load - - - - - - - - - - - - - - - 1 3 VA 

Ti m e  D e l a y  A d j u st m e nt 

The inverse time delay characteristic of the 
C VR- 1 relay enables it to maintain regulated 
voltage within close tolerance. Figure 7 
shows the relay adjusted for a damping 
factor of 2 .4 . Figure 9 shows a curve of 
relay adjustment versus damping factors  
and Figure 1 0  shows a curve of  relay per­
formance when adjusted for a damping factor 
of one.  As can be seen from Figure 1 0 ,  at 
least three different factors control the 
amount of time delay that precedes the ini­
tial operation of the tap changer on a change www . 
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Fig. 8 - Circuit for Checking and Calibrating the CVR-1 Relay Removed from Case 

of voltage. For example,  any one of the fol­
lowing conditions contributes to a shorter 
time delay. 

1 .  A lower damping factor. 

2.  A greater voltage deviation from the 
center of the set bandwidth. 

3 . A lower bandwidth. 

Should the conditions be reversed, a 
longer time delay is indicated. It is difficult 
to make a general statement about time de­
lay except that it is not fixed. It can be said, 
however, that for step deviations from the 
band center equal to 75% of total set band­
width, time delay may be varied from 1 1  to 
6 0  seconds by adjustment of the damping 
magnet and keeper. Correction for greater www . 
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deviations lowers this time band while cor­
rection for lesser voltage deviations raises 
the time band. 

In some cases where cycling loads or 
other load conditions produce large voltage 
changes of short duration it may be desirable 
to increase the damping to obtain longer 
time delay and avoid unnecessary tap 
changer operation. The time delay may be 
increased by decreasing the gap between the 
permanent magnet and its keeper. Relays 
are shipped set for a damping factor of l .O .  
The magnet keeper is set with its top even 
with the 1 .0 graduation on the keeper time 
multiplier. The magnet engagement setting 
is at the 2 .4 graduation on the magnet time 
multiplier. This gives a damping factor of 
5 .3 .  

Variations in  damping factor between 1 .0 
and 2.4 are obtained by changing the gap 
distance between the magnet keeper and the 
damping magnet, with the latter set at 2.4.  
To increase the damping factor from 1 .0 to 
2.4, the gap must be decreased. To change 
this setting the keeper locking screw must 
first be loosened. If, after loosening this 
screw, the keeper does not turn easily, re­
move the keeper locking screw completely 
and check the copper thread protector under 
the locking screw to see that it is free. 
After making certain that the keeper locking 
screw turns easily, a damping factor of 1 .0 
to 2 .4 can be secured by lining up the top of 
the magnet keeper with the desired gradu­
ation on the keeper time multiplier scale.  

Variations in damping factor between 
2 .4 and 5 .3 are obtained by varying the 
amount of engagement of the damping magnet 
and disc,  with the magnet keeper set at 2 .4 .  
To reduce the damping factor from 5 . 3  down 
to 2.4 this engagement must be decreased to 
the position shown in Figure 7 .  This is done 
by loosening the four magnet assembly 
mounting screws (See Figure 7) and sliding 
the magnet assembly to its new position. A 
magnet time multiplier scale is attached to 
the permanent magnet to facilitate setting 
the magnet engagement. This scale is ref­
erenced to the edge of the disc directly above 
it. To raise the damping factor after it has 

once been lowered, use a reversal of the 
above procedure. 

CAUTI ON : The keeper magnet shou l d  never  be 
turned down below the 2 . 4  graduat ion . When the 
keeper magnet i s  a t  o r  near  the 2.4 sett i ng ,  care 
shou ld  be exerc i sed to see that mech a n i c a l  b i n d ­
i n g  does not  take p l ace between magnet and d i sc .  
Too c l ose proxi m i ty of keeper magnet and d i sc 
cou l d  resu l t  i n  overd amp i n g  and poss i b l e  stop­
p i n g  of  d i sc mo veme nt ent i re l y .  

The maximum keeper setting is shown in 
Figure 7 .  After this adjustment has been 
completed the locking screw should again 
be tightened; but before tightening, be sure 
that the piece of copper is still in the hole 
so that the keeper adjusting threads will not 
be damaged by the keeper locking screw. 

The damping factor of any relay as set 
may be determined easily by the following 
procedure. 

1 .  De-energize the relay. 

2 .  Set 90R scale handle at 1 05 volts . 

3 .  Set 90L scale handle at 135 volts . 

4 .  Manually rotate the disk to close 
90L contacts . 

5 .  Release the disk and measure the 
time to close the 90R contact. 

6 .  Divide the number of seconds meas­
ured in step 5 by 5 .4 .  The quotient 
is the damping factor for the relay 
as adjusted. 

7 .  Move the 90R and 90L scale handles 
to the desired limits for voltage band. 

Having determined the relay damping 
factor, a new curve for relay performance 
may be plotted by multiplying the time values 
read from the curves in Figure 1 0  by the 
damping factor. 

Example: 

Assume 1 0 . 8  seconds measured in step 5 
above. 1 0 . 8  .;- 5 .4 = 2 ,  the relay damping 
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TYP ICAL GAP SETT I N G  I N  32 N O 'S INCH 

WITH MAGNET I N  E X T R E M E  

OUTWARD POS I T I O N  

( R E LAY T I M E  • TI M E  VA LU E F R O M  FIGURE 1 0  M U LTI PLI E D  BY DAM P I NG FACTO R )  

Fig. 9 - Typical Damping Factors Versus Gap Setting and Magnet Engagement 

factor. In Figure 1 0  we find that for a 2 
volt bandwidth the time delay would be 3 
seconds for a 4 volt change. 

To determine the actual time to close 
relay contacts multiply 3 (seconds) x 2 
(damping factor) = 6 seconds actual time 
delay. 

C V R -1 R e l a y  C o ntro l  A d j u st m e nts 

Figure 1 1  shows the C VR-1 Relay Control 
Panel as seen facing the front of the relay 
with the cover removed. The adjustments 
for resistance and reactance compensation, 
the switch for reversing the polarity of the 
reactahce compensation, and the Test Rheo­
stat are all contained on this sub-panel. A 

control breaker, potential and current test 
terminals ,  and the selector switches for 
automatic-manual a n d  raise-lower tap 
changer control are separately mounted on 
the larger steel panel containing the CVR-1 
relay. These have been touched briefly in 
an earlier discussion but are not within the 
scope of this instruction book. 

1 .  Test Rheostat. The Test Rheostat on 
the CVR- 1 sub-panel facilitates checking 
and setting the relay voltage sensing ele­
ment, as described earlier under two dif­
ferent methods of setting. Under actual con­
ditions of operation it is left in the "OFF" 
position , in which there is zero resistance 
between the potential supply source and the 
CVR-1  voltage sensing element. www . 
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Fig. 10 - Typical Time Delay Versus Step Chang e in Voltage Level for Type CVR-1 Relay 

2. Line Drop Compensator. Separate 
rheostats permit independent setting of the 
24 volts resistance and 24 volts reactance 
compensation (both on a 12 0  volt base) . This 
value of compensation is available only when 
the main current transformer is delivering 
a full 5 amperes to the tap changer control. 
(An auxiliary current transformer (ACT) 
steps this current down from 5 amperes to 
the .2 ampere rating of the compensator 
elements . Line drop compensation is ob­
tained by circulating a current, proportional 

to the load current, through the line drop 
compensator network to simulate the actual 
voltage drop in the line for which the com­
pensator is adjusted. The compensator volt­
age, when subtracted from the output voltage 
of the transformer or regulator, gives a 
resultant which is equivalent in magnitude 
and P.hase angle to the load center voltage. 

3 .  Reactance Reversing Switch. For nor­
mal line drop compensation the Reactance 
Switch (XRS) on the CVR- 1  sub-panel is left www . 

El
ec

tric
alP

ar
tM

an
ua

ls 
. c

om
 



in the "direct" position. Reversed reactance 
compensation is obtained by placing it in the 
"reverse" position, which reverses the po­
larity of the reactance element. 

"Reverse reactance" compensation is a 
method used to reduce the circulating cur­
rent that might flow when two or more trans­
formers are paralleled. It is a requirement 
of ASA Standards C57.12-3 7.23 6 .1 .  Instead 
of running toward opposite extreme posi­
tions,  tap changers having "reverse re­
actance" compensation tend to move toward 
whatever positions cause the least amount of 
circulating current to flow. This is accom­
plished at some sacrifice of normal line 
drop compensation, but is generally satis­
factory when units paralleled are not located 
in close proximity to each other ,  or where 
the supply is from different sources . 

4 .  Line Drop Compensator Settings . The 
final settings on the line-drop compensator 
are usually made by field adjustments, but 
if the data on the particular line is known, 
the curves in Figs . 1 2  and 13 may be used, 
and initial values calculated. 

The initial line-drop compensator set­
tings can be derived by the use of the follow­
ing expressions: 

Dial Setting for Resistance Compensation 

Nc . T. 
5 X --- X RL X d X n, 

NPOT 

Dial Setting for Reactance Compensation 

N,_, T 
5 x �:_: x xL x d x n. 

NPOT 

Where 

Nc , T, = main current transformer ratio 

primary current 
secondary current 

N POT - potential transformer ratio 

primary voltage 
secondary voltage 

Page 15 

resistance per conductor from 
unit to load center, in ohms per 
mile.  

inductive reactance per conduc­
tor from unit to load center, in 
ohms per mile.  

d miles from unit to load center. 

a = 120/balance voltage setting. 

A typical three-phase example is as fol­
lows: 

a b c 

o,.___ 4 '---..0+-- 4 '-o 
J._ 8 ' � 1 

500,000 C M  copper conductor,  with flat 
spacing above. 

Line Voltage = 1 2000 volts 

Main Current Transformer Ratio = 600/5 

Potential Transformer Ratio = 6 92 8/1 2 0  

Distance from unit to load center = 3 .5 miles. 

B alance voltage setting = 1 1 7  volts .  

A unit energizes a typical distribution 
circuit whose characteristics are given 
above. Determining the constants for the 
circuit on a per phase basis , 

From Figure 1 2: 
R = 0.12  ohms per mile.  

From Figure 13:  
D = 1 .26x4 = 5 .04 feet. 

XL = 0 .64 ohms per mile.  

The line drop compensator resistance set­
ting is:  

5 X 600/5 120  
6 92 8/120  X 0.12  X 3 .5 X 1 1 7  = 4.47 

The line drop compensator reactance set­
ting is: 

5 X 600/5 120  
6 928/1 2 0  

X 0 . 6 4  X 3 . 5  X 
1 1 7  = 23 , 9  

These settings may be  adjusted as  found 
necessary as shown by load center voltage 
measurements. www . 
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4 -

LINE DROP COMPENSATOR VOLTS 
10 12 14 10 l2 \ I 8 \ I ' 

4 -

14 
I 16 

2 ...... 2 ...... ' 22 

0 D /"'- 24 
REACTANCE RESISTANCE 

Westinghouse 
TYPE CVR -1  VOLTAGE REGULATING RELAY · 

STYLE 1962229 1Q5-135 YIII.TS 60 CYCL£S . .' ···. 

IIEfiRSE 
I 

Fig. 11 - C VR-1 Relay Control Adjus tment Panel 

F lexitest C a s e  

The type F T  (Flexitest) GJ case is a dustproof 
enclosure combining relay units and knife­
blade test  switches in the same case. This 
combination provides a compact flexible as­
sembly easy to maintain, inspect, test and 
adjust. There are three main units of the 
type F T  case: the case, cover, and chassis.  
The case is an all-steel welded housing con­
taining the hinge half of the knife-blade test 
switches and the terminals for external con-

nections .  The cover is a molded phenolic 
frame with a clear glass window, a thumb 
nut, and a hinge. The hinge fits over the top 
flange of the case. The thumb nut, which 
fastens to a stud on the bottom flange of the 
case, holds the cover securely in place on 
the case. The chassis is a steel frame that 
supports the relay elements and the contact­
j aw half of the test switches . This slides in 
and out of the case. The electrical con­
nections between the base and chassis are 
completed through the closed knife-blades.  
The case designation is type F T-32.  

REMOVING CHASSIS 

To remove the chassis, first remove the 
cover by unscrewing the captive thumb nut at 
the bottom and lifting the cover hinge off the 
top flange of the case. This exposes the re­
lay units and all the test switches for inspec­
tion and testing. The next step is to open the 
test switches .  In opening the test switches,  
they should be moved all the way back against 
the stops . With all the switches fully opened, 
release the cam action latches and pull the 
chassis outward. One cam latch is located 
at the upper right and must be pulled down­
ward for release. The other cam latch is 
located at the lower left of the chassis and 
must be pushed upward for release. The 
chassis can be set on a test bench for easy 
inspection, maintenance and test. 

After removing the chassis a duplicate 
chassis may be inserted in the case or the 
blade portion of the switches can be closed 
and the cover put in place without the chassis . 
The chassis-operated auxiliary shorting 

60 CYCLE RESISTANCE 
OHMS PER 3.5 3.0 2,5 2.0 1 .5 1.0 .5 .45 .4 .35 .3 .25 .2 . 15 . I  
MILE I d tl ,  I ' I I I l l !  d I '  I d I I I I I I �da I I d tl d I I I  111 1 d I l l  d I I I I I 

I c'1i�E 
201 j3o 40ij sol 601 1 10JI 1 2ool j 3001 I !DOl I 

8 8 5  GAUGE B 6 4 2 1/0 2lo 4/0 
WIRE 

SIZE OF COPPER CONDUCTOR 

.05 

I I I I I I I 1 11000 

Fig. 12 - Resistance Chart Showing Ohms per Conductor per Mile 60 Cycle Circuit 
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D=� DAB  X Dsc X DCA , WHE R E  

DAB • Dec • AND DcA ARE  TH E  D I STANCES I N  F E ET BETWEEN CONDUCTORS DES I GNATED BY  TH E  S UBSCR I PTS . 

NOTE : - WHERE DCA = 2 DA B = 2 Dec : D = 1 . 26 DAB 

Fig. 13 - Reactance in Ohms per Conductor per Mile Versus Spacing for Single Phase or 3 Phase Lines 
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switches (see Figure 1 6) between terminals 
8-9 and 1 2-1 3  remain closed with the chassis 
out to prevent open circuiting the current 
transformers when the current test switches 
are closed. 

When the chassis is  to be put back in the 
case the above procedure is  to be followed 
in the reversed order. 

C AUTI O N :  Be sure to operate the com l atc hes 
i nto thei r ori g i n a l  h orizon ta l pos i t ion before at­
tempt ing  to rep lace cover . Fa i l ure to do so may 
crack the cover. 

E L E CTRICAL CIRCUITS 

E ach terminal in the base connects through 
a test switch to the relay units in the chassis 
as shown on the internal schematic diagram 
Fig. 3 .  The relay terminals are identified 
by numbers marked on the outside of the 
case. The test switch positions are identified 
by numbers marked on the molded blocks.  

The potential and control circuits through 
the relay are disconnected from the external 
circuit by opening the associated test 
switches .  A current test switch is illus­
trated in Figure 1 5 .  Opening both current 
test switches short-circuits the current 
transformer secondary and disconnects one 
side of the relay circuit but leaves the other 
side of the relay circuit connected to the 
external circuit through the current test 
j ack j aws. This circuit can be isolated by 
inserting an ammeter test plug S#1 1 64047 

SWITCH BLADE JAW ---"" 

CUP LEAD LUG ----� 

AMMETER 
TEST PLUG 

SWITCH BLADE HINGE 

Fig. 14 - Ammeter Test Plug in Testing Positions 

(without external connections) , or by insert­
ing ten-circuit test plugs S#l l 64046 . 

TESTING 

The relays can be tested in service ,  in the 
case but with the external circuits isolated, 
or out of the case as follows: 

TESTING IN SERVICE 

The ammeter test plug S#1 1 64047 can be in­
serted in the current test j aws after opening 
the knife-blade switch to check the current 
through the relay, as shown in Fig. 14 .  This 
plug consists of two conducting strips sep­
arated by an insulating strip. The ammeter 
is connected to these strips by terminal 
screws and the leads are carried out through 
holes in the back of the insulated handle.  

Voltages between the potential circuits 
can be measured conveniently by clamping 
#2 clip leads on the projecting clip lead lug 
on the contact jaw. 

TESTING IN CASE 

With all blades in the full optm position, the 
ten circuit test plug S# 1 1 6 4046 can be in­
serted in the contact j aws , per Figure 1 7 .  
This connects the relay units to a set of 

KNIFE BLADE 

SWITCH BLADE 
MOLDED INSULAT ION BLOCK 

SHORT CIRCUITING SPRING 

Fig. 15 - Short Circui ting Switch www . 
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binding posts and completely isolates the 
relay circuits from the external connections 
by means of an insulating barrier on the 
plug. The external test circuits are con­
nected to these binding posts . The plug is 
inserted in the bottom test jaws with the 
binding posts up and in the top test switch 
jaws with the binding post down. 

The external test circuits may be made to 
the relay units by#2 test clip leads instead of 
the test plug. When connecting an external 
test circuit to the current elements using 
clip leads , care should be taken to see that 
the current test jack jaws are open so that 
the relay is completely isolated from the 
external circuits . Suggested means for iso­
lating this circuit are outlined above under 
"Electrical Circuits" . 

TESTING OUT OF CASE 

With the chas sis removed from the case, 
relay units may be tested as per description 
inc 1 uded on page 8 .  

Fig. 1 6 - A uxi liary Short Circuiting Switch 
(Enlarged View) 
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Fig . 1 7 - Multi-Circuit Test Plug in Testing Position 

An internal schematic for the relay is 
shown in Figure 3 .  

M a i n te n a n c e  

The proper adjustments to insure correct 
operation of this relay have been made at the 
factory and should not be disturbed after re­
ceipt by the customer (with the exception of 
bandwidth or time delay settings) . Repair 
work can be most satisfactorily done at the 
factory. If it is desired to check the adjust­
ment at regular maintenance, the following 
instructions should be followed: 

NOT E : Before opening  the test  swi tche s  turn 
the power supp ly  off. 

Refer to previous description of the 
Flexitest case for method of removing cover 
and relay. 

When contacts require cleaning, they 
should be cleaned with a fine contact file 
similar to S#1 0021 1 0  or a contact burnish­
ing tool.  Abrasive material should not be 
used because any small particles embedded 
in the contact surface will impair the contact 
operation. 

In the event any of the components be­
come inoperative, they may be replaced 
with renewal parts ordered from the nearest 
Westinghouse Sales Office or from the 
Sharon Plant. Should parts be ordered, give 
the Style or Shop Order number of the equip-www . 

El
ec

tric
alP

ar
tM

an
ua

ls 
. c

om
 



Page 20 

ment as stamped on the nameplate, together 
with the style number and description of the 
parts required as identified in Figure 4 and 
on the following list. 

Relay Complete S# 1 962229 

Relay Case S#1 82A901G24. 

Relay Cover S#1 8 77784. 

Switch Blades on Block (Top) 
S#5 8 C 83 73G33 

Switch Blades on Block (Bottom) 
S#1 8 77021 

Switch Jaws on Block (Top) 
S#57D78 76G13 

Switch Jaws on Block (Bottom) 
S#1 8 7 73 0 7  

Potentiometer (50 Watt 500 Ohm) 
(X Control) - S#1 7D353 2H06 

Potentiometer (25 Watt 125 Ohm) 
(R Control) - S# 1 7D353 2H03 

Reversing Switch (XRS) S# 1 84A8 78H01 

Potentiometer (25  Watt 350  Ohm) 
(RH) - S#1 7D3532H05 

Rectifier - S#1 546138 

Disc Compounding Resistors (3000 Ohms 
25 Watt) - S#1 202954 

Resistor (6 Ohms 25 Watt) -
S#04D1 298H84 

Trimming Resistor (3000 Ohms .5 
Watt) - S#1 84A635H1 2 

Resistor (Self-Supporting) (4500 Ohms 
.5 Watt) - S#1 82A874H01 

Thermistor (Self-Supporting) -
S# 182A8 79H01 

Transformer (KX) - S#290B445G01 

Reactor - S#290B444G01 

Telephone Relay (AR) and (AL) ­
S# 25B9647H06 

Telephone Relay (120X) - S#25B 9647H05 

Telephone Relay (1 20Y) - S# 22D1520H02 

Electromagnet for Disc Type Element -
S#1 8 78295 

Moving Contact, Spring & Adjuster -
S#1 8 78047 

Stationary Contact and Spring -
S#1 82A880G01 

Knob for Potentiometers and Reversing 
Switch - S#1 84A883H01 

Top Bearing Screw - S#1 00981 1 

Bottom Bearing Screw - S#214869 

Steel Ball ( 10  in  bottle) - S#1 00R53 3G01 

Permanent Magnet - S#1 84A1 85G02 

Disc and Shaft Assembly - S#1 732852 

Printed i n  U.S.A. (T.P.) www . 
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VOLTAGE REGULATING RELAY 
TYPE CVR-1 

Applied to Load Tap Changer Control 

The type CVR-1 Voltage Regulating Relay 

is in reality a "control package" designed to 

control load tap changers. The major compon­

ents of the CVR-1 relay are an induction disk 

type voltage sensitive relay, two auxiliary or 

pilot relays, two motor control relays, line drop 

compensator, and a reactor. All components 

are in a drawout chassis (Figures 1 and 6) so 

that the complete relay may be interchanged 

from unit to unit or removed for testing and in­

spection. The Flexitest* switch base is made an 

integral part of the CVR-1 relay to facilitate 

connecting and testing the relay. The case in 

which the relay is mounted for tap changer con­

trol is equipped with the mating portion of the 

Flexitest switch. 

I.B. 47-065-9 

Figure 1 - CVR-1 Relay Removed From Case 

• Westinghouse Trade Mark 
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INSTALLATION 

The CVR-1 relay is usually mounted in the 
tap changer control panel. Before putting the 
relay in service, remove any blocking inserted 
for the purpose of securing parts during ship­
ment ; make sure that all parts operate freely, 
and inspect the contacts to see that they are 
clean and close properly. Check the gaps of 
the permanent magnet and of the electromagnet 
and clean them if any foreign material is pre­
sent. Operate the relay to check the settings 
and electrical connections. 

OPERATION 

The sensing element of the CVR-1 relay is 
an induction disk voltage relay with a set of 
single pole double throw contacts. Sealing cir­
cuits for the auxiliary relay are incorporated 
into the circuit to insure long contact life and 
positive operation. 

Figure 2 shows schematically the relation 
between the principle components of the CVR-1 
relay voltage sensing circuit, while Figures 3 
and 4 show the internal schematic and internal 
wiring of the actual CVR-1 relay. 

VOLTAGE SENSING 
r - - - - - - - - - - - - - --l 

EL EMENT ;:_:_.:......:---�""i-, r-- -, r---, ,- -- -,  o 
I I I I I I I I 

UPPER PO LE  
WINDING 

POTENTIAL. 

: : I � ! i  I � 1 1 I I i / I 
: L _ _ _  J 1 I 

I __ _J 
- - ,  l---t--� I --i---��� I 

WINDING ------r+--l---i�:::=::J I 
I I I 

POTEN TI A L  
SOURCE 

X I  

I I 
R ESISTOR 

I ,.---4�-' 'II<�--' : I TRANSFORMER 
I R I 
I 

1----
�---J L.INE DROP COMPENSATOR 

Figure 2 - Schematic Diagram of the CVR-1 
Relay Voltage Sensing Circuit 

4 

A reactor connected in series with the volt­
age sensing element is a large portion of the 
impedance of this circuit. This feature mini­
mizes the effect of resistance variations due to 
temperature changes. The reactor is also used 
in the line drop compensator circuit. 

The voltage coil on the lower pole of the 
voltage sensing element supplies a current to 
the coil on the upper pole by transformer action. 
The alternating fluxes induced in these poles 
are in quadrature. The alternating flux cut­
ting the induction disk induces eddy currents 
in the disk of the relay which react with the flux 
in the air gap producing a torque. This torque 
is balanced against a spring torque to determine 
the balance position of the relay disk and its 
associated contacts. 

Assume 120 volts has been applied to the 
relay long enough for the moving contact to 
come to rest at the 120 volt point on the relay 
scale. If the applied voltage were increased to 
121 volts, the increased electro-magnetic torque 
would move the moving contact to the 121 volt 
point on the scale. If the voltage were reduced 
to 1 19 volts the decreased electro-magnetic tor­
que would allow the spring torque to move the 
contacts to the 119 volt position. 

A permanent damping magnet is mounted 
on the relay with the induction disk between 
the pole faces of this magnet and the magnet 
keeper. Whenever the induction disk moves 
through the unidirectional flux produced by this 
permanent magnet a restraining force is pro­
duced to control the time required to change 
from one balanced position to another for a 
given change in voltage. 

The position of the stationary PR and PL 
contacts determines the voltage level at which 
they will be closed to initiate tap changer opera­
tion to correct the voltage. 

If the voltage falls below the setting of the 
left hand contact long enough for the disk oper­
ated PR contact to close, the relay AR is ener­
gized and seals itself in through the normally 
closed 120Y relay contact. Closing the AR motor 
control relay contact operates the tap changer to 
raise the voltage. Before the tap changer arc­
ing contact has opened, a cam operated 120 
switch in the tap changer closes to energize the 
120X relay, which in turn takes over the sealing 
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IN " DIRECT"POSITION ) 

TRANSFORMER 

FRONT VIEW 

Figure 3 - CVR-1 Voltage Regulating Relay Internal Schematic 

of the AR relay through its 120X contact and 
also operates the 120Y slug delayed relay. The 
normally open 120Y relay contact closes and 
shunts the reactor with a 3,000 ohm resistor 
which increases the current through the voltage 
coil PP and tends to rotate the disk to open con­
tact PR. Thus for small voltage deviations there 
will be a short delay between successive tap 
changer operations. After the tap changer arc­
ing contact has closed on position, the 120 pilot 
switch opens, allowing the 120X relay to release 
the AR relay. The tap changer motor is stopped 
by the motor brake. If the voltage is not cor­
rected, the sequence is repeated until the voltage 
is corrected or a tap changer limit position is 
reached. 

A rise in voltage to close the right hand 
contact PL would initiate a similar sequence of 
operations to lower the voltage. In the latter 
instance the closing of the 120Y normally open 
contact will place a shunt through another 3000 
ohm resistor around the potential coil PP to 
produce compounding that tends to rotate the 
disk to open contact PL. 

BANDWIDTH AND BALANCE VOLTAGE 

The bandwith of the voltage regulating re­
lay is the difference in volts between the PR 
and PL contact setting. 

Balance voltage is defined as the voltage 
midway between the PR and PL voltage settings 
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REAR VIEW 

Figure 4 - CVR-1 Relay Internal Connection Diagram 

and is the voltage which the relay will tend to 
maintain. A line drop compensator incorpo­
rated in the relay enables the relay to adj ust the 
tap changer to regulate the voltage at the load 
center rather than at the tap changer itself. A 
current transformer installed in the main trans­
former provides a small secondary current pro­
portional to the current flowing through to the 
load. By thus circulating current proportional 
to the load through resistance and reactance 
elements, an impedance voltage is produced 
which is combined with the control voltage to 
match the relation between the transformer out­
put voltage and the line impedance drop. In this 
manner the resultant voltage applied to the 
voltage coil is made to match the load center 

6 

voltage. When these resistance and reactance 
drops are properly selected to match the line 
impedance drop, the CVR-1 relay will respond 
to and regulate load center voltage rather than 
the transformer output voltage. 

SETTING THE CVR-1 RELAY BY 

APPLYING AN EXTERNAL VOLTAGE 

It is most convenient to set the CVR-1 relay 
in its mounting on the tap changer panel. The 
relay operating points may be set by means of 
its scale which is calibrated in volts. This 
method is adequate for most conditions of oper­
ation and where settings within ± 1 %  of de­
sired values are satisfactory. 
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For more exact setting a voltmeter of bet­
ter than 1 % accuracy class should be connected 
from PT1 to PT2 as shown in Figure 5. It is 
convenient to apply an external variable voltage 
source to PT1 and PT2, reading on the volt­
meter the voltage at which the PR and PL con­
tacts close. If desired, a constant voltage source 
may be applied between PT2 (ground) and the 
load side of the AB potential breaker on the 
main control panel. This, in conjunction with 
the Test Rheostat (RH ) ,  will furnish a variable 
voltage across PT1 and PT2. Turning the Test 
Rheostat knob (RH) clockwise inserts resist­
ance between the potential supply terminals and 
the CVR-1 sensing circuit. From this point the 
procedure is exactly as outlined on Page 7 un­
der the heading "Setting the CVR-1 Relay with 
Load Tap Changer Energized". Observe the 
following cautions before attempting this pro­
cedure. 

Caution: 

Extreme care must be taken to insure that 
the breaker in the potential circuit is in the 
OFF position and that the ground side of the 
test source is connected to PT2. These pre­
cautions are necessary to avoid the possibility 
of energizing the transformer in reverse through 
the potential transformer and to avoid short 
circuiting the external supply through the 
ground connection. 

To make the settings proceed as follows : 

1. Set resistance and reactance compensa­
tor dials both on zero. Set PR lower and PL 
higher than their final settings. 

Note : Always adjust PR and PL contacts 
by moving the handles attached to the station­
ary contact assemblies. See Figure 7. 

2. If the relay is not in service apply ap­
proximately 120 volts for one hour before mak­
ing settings. This allows the relay to reach 
normal operating temperatures. If the relay 
is in service proceed immediately with step num­
ber 3. 

3. Apply to the test terminals the exact volt­
age at which the tap changer is to operate in 
the raise direction. For example, consider 119 
volts. Since the CVR-1 is very highly damped 
the voltage should be held at this level for about 
one minute. The disk contact will now be at 
its 119 volt position. Set the control selector 

I.B. 47-065-9 

switch on "AUTO" and move the left hand scale 
pointer until the PR contact j ust touches the 
moving contact, picking up the motor control re­
lay and operating the tap changer in the raise 
direction. Place control selector switch in "OFF" 
position. 

4. Apply to the test terminals the exact volt­
age at which the tap changer is to operate in the 
lower direction. For example, consider 121 volts, 
Hold the test voltage at 121 volts for about one 
minute to allow the disk contact to reach its 
121 volt position. With the control selector 
switch on "AUTO" move the right hand scale 
pointer until the PL contact just touches the 
moving contact, operating the tap changer in 
the lower direction .. 

5. The CVR-1 Relay is now set to hold regu­
lated output between the limits of 119 and 121 
volts or at a nominal 120 volt level (balance volt­
age) with a 2 volt (±1 volt) bandwidth. 

6. The CVR-1 relay will operate satisfactor­
ily with any combination of contact settings be­
tween 105 and 135 volts and the tap changer 
will provide excellent quality regulation with 
set bandwidths of 2 volts or greater, that is, 
balance voltage ± 1 volt. 

7. For any other settings, determine the 
limit settings for PR and PL of the voltage 
regulating relay and proceed as outlined in 2 
through 6. 

8. Refer to Time Voltage Curve Figure 10 
and set damping magnet for desired time delay 
characteristic. 

9. Set resistance and reactance compensa­
tion dials as required (see page 14) . 

10. When tests are completed return the test 
Rheostat Knob to the "OFF" position. 

SETTING THE CVR-1 RELAY WITH 

LOAD TAP CHANGER ENERGIZED 

A test voltage adjustment rheostat (RH) 
is located on a control panel inside the CVR-1 
case for your convenience. It makes possible 
setting the relay by using the control voltage 
with the tap changer energized. Turning the 
Test Rheostat knob clockwise will adjust the 
voltage applied to the relay by means of the 
rheostat which is in series with the control volt­
age and is located ahead of the test terminals. 
(See Diagram Figure 5 ) .  Proceed as follows : 
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4. Adjust the Test Rheostat for the desired 
value of the PL setting and again, after 60 
seconds, set the control selector on "AUTO". 
Move the PL stationary contact until it picks 
up the motor control relay. 

5. Refer to Time Voltage Curve (Figure 10)  
and set damping magnet for desired time delay 
characteristic. 

6. Set resistance and reactance compensator 
dials as required. (See Page 14) 

7. Return Test Rheostat knob to the "OFF" 
position. 

SETTING THE CVR-1 RELAY WHILE 

REMOVED FROM FLEXITEST CASE 

When removed from its case, the type CVR-
1 relay may be checked conveniently by means 
of a pair of Flexitest plugs, Style No. 1 164046, 
which may be plugged into the jacks in top and 
bottom o'f the relay chassis. The circuit may 
also be made by means of clip leads connected 
to corresponding terminals on the relay. 

Preparatory to making this test, jumper 
terminal pairs numbered 5-6, 4-15, 3-16, 5-18, 
and 7-9 on the CVR-1 chassis. Apply a variable 
voltage to points 14 and 9 (corresponding to 
PT1 and PT2 on the control panel)  and follow 
the procedure under "Setting the CVR-1 Relay 
by Applying an External Voltage". The self­
sealing circuit of the CVR-1 relay may be clear­
ed by momentarily connecting a jumper from 
2 to 5. The 120 switch performs this function 
in the tap changer, clearing the self-sealing net­
work and applying negative compounding to 
the disk of the CVR-1 relay. If desired, a con­
stant voltage may be applied at points 6 and 9 
with the Test Rheostat being used to obtain a 
variable voltage. A voltmeter connected across 
9 and 14 will indicate the voltage actually ap­
plied to the voltage sensing coil. 

A somewhat more intricate test circuit is 
indicated in Figure 8. Such a reconnection fol­
lowing removal of the original jumpers will 
provide all switching and indication required to 
calibrate the relay and check its performance 
while removed from the tap changer control 
panel. Lights Rp and Lp indicate operations of 
contacts PR and PL while lights Ro and Lo in­
dicate operation of the motor control relay con­
tacts AR and AL. 

I.B. 47·065·9 

With the switch in the "CAL" position, the 
operation of PR and PL contacts is indicated by 
lights Rp and Lp. 

With the switch on "AUTO" position the 
relay functions in response to applied voltage 
as it would under fully automatic regulation. 
Operations are indicated by all four lights. 

With the switch on "MAN" position the 
raise and lower switches control the motor con­
trol relays. Rp and Lp now indicate closing of the 
raise and lower pushbuttons. Ro and Lo still 
indicate operation of AR and AL contacts. 

General operating data for the relay on 60 
cycles is as follows : 

Burden of the potential 
circuit at 120 volts ____ _ _____ ___ 10VA 

with auxiliary relays energized . _ _ _ 39VA 
Separate R and X compensation _ _ _ _  24 volts 

100 % load compensation current ____ .2 amps 

Burden on the current circuit at 100 % 
load __ ______ _ _ _ _____ __ _ _ ____ _ 13 VA 

TIME DELAY ADJUSTMENT 

The inverse time delay characteristic of 
the CVR-1 relay enables it to maintain regu­
lated voltage within close tolerance. Figure 7 
shows the relay adjusted for a damping factor 
of 2.4. Figure 9 shows a curve of relay adjust­
ment versus damping factors and Figure 10 
shows a curve of relay performance when ad­
justed for a damping factor of one. As can be 
seen from Figure 10, at least three different 
factors control the amount of time delay that 
precedes the initial operation of the tap changer 
on a change of voltage. For example, any one 
of the following conditions contributes to a 
shorter time delay. 

1 .  A lower damping factor. 

2. A greater voltage deviation from the cen­
ter of the set bandwidth. 

3. A lower bandwidth. 

Should the conditions be reversed, a longer 
time delay is indicated. It is difficult to make a 
general statement about time delay except that 
it is not fixed. It can be said, however, that for 
step deviations from the band center equal to 
75% of total set bandwidth, time delay may be 
varied from 11 to 60 seconds by adjustment of 
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the damping magnet and keeper. Correction 
for greater deviations lowers this time band 
while correction for lesser voltage deviations 
raises the time band. 

In some cases where cycling loads or other 
load conditions produce large voltage changes 
of short duration it may be desirable to increase 
the damping to obtain longer time delay and 
avoid unnecessary tap changer operation. The 
time delay may be increased by decreasing the 
gap between the permanent magnet and its 
keeper. Relays are shipped set for a damping 
factor of 5.3. The magnet keeper is set with its 
top even with the 2.4 graduation on the keeper 
time multiplier. The magnet engagement set­
ting is at the 5.3 graduation on the magnet time 
multiplier. This gives a damping factor of 5.3. 

Variations in damping factor between 2.4 
and 5.3 are obtained by varying the amount of 
engagement of the damping magnet and disc, 
with the magnet keeper set at 2.4. To reduce the 
damping factor from 5.3 down to 2.4 this en­
gagement must be decreased to the position 
shown in Figure 7. This is done by loosening 
the four magnet assembly mounting screws (See 
Figure 7 . )  and sliding the magnet assembly to 
its new position. A magnet time multiplier scale 
is attached to the permanent magnet to facili­
tate setting the magnet engagement. This scale 
is referenced to the edge of the disc directly 
above it. To raise the damping factor after it 
has once been lowered, use a reversal of the 
above procedure. 

Variations in damping factor between 1.0 
and 2.4 are obtained by changing the gap dis­
tance between the magnet keeper and the damp­
ing magnet, with the latter set at 2.4. To reduce 
the damping factor from 2.4 to 1.0, the gap 
must be increased. To change this setting the 
keeper locking screw must first be loosened. If, 
after loosening this screw, the keeper does not 
turn easily, remove the keeper locking screw 
completely and check the copper thread pro­
tector under the locking screw to see that it is 
free. After making certain that the keeper lock­
ing screw turns easily, a damping factor of 1.0 
to 2.4 can be secured by lining up the top of the 
magnet keeper with the desired graduation on 
the keeper time multiplier scale. 

Caution: 

The keeper magnet should never be turn-

I.B. 47-065-9 

ed down below the 2.4 graduation. When the 
keeper magnet is at or near the 2.4 setting, 
care should be exercised to see that mechanical 
binding does not take place between magnet 
and disc. Too close proximity of keeper mag­
net and disc could result in overdamping and 
possible stopping of disc movement entirely. 

The maximum keeper setting is shown in 
Figure 7. After this adjustment has been com­
pleted the locking screw should again be tighten­
ed ; but before tightening, be sure that the piece 
of copper is still in the hole so that the keeper 
adjusting threads will not be damaged by the 
keeper locking screw. 

The damping factor of any relay as set 
may be determined easily by the following pro­
cedure. 

1. De-energize the relay. 

2 .  Set PR scale handle at 105 volts. 

3.  Set PL scale handle at 135 volts. 

4. Manually rotate the disk to close PL con­
tacts. 

5. Release the disk and measure the time to 
close the PR contact. 

6. Divide the number of seconds measured 
in step 5 by 5.4. The quotient is the damp­
ing factor for the relay as adjusted. 

7 .  Move the PR and PL scale handles to the 
desired limits for voltage band. 

Having determined the relay damping fac­
tor, a new curve for relay performance may be 
plotted by multiplying the time values read 
from the curves in Figure 10 by the damping 
factor. 

Example : 

Assume 10.8 seconds measured in step 5 
above. 10.8-:- 5.4 = 2, the relay damping factor. 
In Figure 10 we find that for a 2 volt bandwidth 
the time delay would be 3 seconds for a 4 volt 
change. 

To determine the actual time to close relay 
contacts multiply 3 (seconds) x 2 (damping fac­
tor) = 6 seconds actual time delay. 

CVR-1 RELAY CONTROL ADJUSTMENTS 

Figure 1 1  shows the CVR-1 Relay Control 
Panel as seen facing the front of the relay with 
the cover removed. The adjustments for resist­
ance and reactance compensation, the switch 
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for reversing the polarity of the reactance com­
pensation, and the Test Rheostat are all con­
tained on this sub-panel. A control breaker, 
potential and current test terminals, and the 
selector switches for automatic-manual and 
raise-lower tap changer control are separately 
mounted on the larger steel panel containing 
the CVR-1 relay. These have been touched 
briefly in an earlier discussion but are not within 
the scope of this instruction book. 

1. Test Rheostat. The Test Rheostat on the 
CVR-1 sub-panel facilitates checking and set­
ting the relay voltage sensing element, as de­
scribed earlier under two different methods of 
setting. Under actual conditions of operation 
it is left in the "OFF" position, in which there 
is zero resistance between the potential supply 
source and the CVR-1 voltage sensing element. 

2. Line Drop Compensator. Separate rheo­
stats permit independent setting of the 24 volts 
resistance and 24 volts reactance compensation 
(both on a 120 volt base) . This value of com­
pensation is available only when the main cur­
rent transformer is delivering a full 5 amperes 
to the tap changer control. (An auxiliary cur­
rent transformer (ACT) steps this current down 
from 5 amperes to the .2 ampere rating of the 
compensator elements. Line drop compensation 
is obtained by circulating a current, proportional 
to the load current, through the line drop com­
pensator network to simulate the actual voltage 
drop in the line for which the compensator is ad­
justed. The compensator voltage, when sub­
tracted from the output voltage of the trans­
former or regulator, gives a resultant equi­
valent in magnitude and phase angle which is to 
the load center voltage. 

3. Reactance Reversing Switch. For normal 
line drop compensation the Reactance Switch 
(XRS) on the CVR-1 sub-panel is left in the "di­
rect'' position. Reversed reactance compensation 
is obtained by placing it in the "reverse" posi­
tion, which reverses the polarity of the react­
ance element. 

"Reverse reactance" compensation is a 
method used to reduce the circulating current 
that might flow when two or more transform­
ers are paralleled. It is a requirement of ASA 
Standards C57.12-37.236. 1 .  Instead of running 
toward opposite extreme positions, tap changers 
having "reverse reactance" compensation tend 
to move toward whatever positions cause the 
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least amount o f  circulating current to flow. This 
is accomplished at some sacrifice of normal line 
drop compensation, but is generally satisfactory 
when units paralleled are not located in close 
proximity to each other, or where the supply 
is from different sources. 

Line Drop Compensator Settings. The final 
settings on the line-drop compensator are usual­
ly made by field adjustments, but if the data 
on the particular line is known, the curves in 
Figs. 12 and 13 may be used, and initial values 
calculated. 

The initial line-drop compensator settings 
can be derived by the use of the following ex­
pressions : 

Dial Setting for Resistance Compensation= 
Nc.T. 

5 x x RL x d x n. 
NpoT 

Dial Setting for Reactance Compensation= 
N c.T. 

5 x x XL x d x n. 
NpoT 

Where 

Nc.T. main current transformer ratio 
primary current 

d 

n 

NpoT 

secondary current 

potential transformer ratio 

primary voltage 

secondary voltage 

resistance per conductor from 
unit to load center, in ohms per 
mile. 

inductive reactance per conductor 
from unit to load center, in ohms 
per mile. 

miles from unit to load center. 

120/balance voltage setting. 

A typical three-phase example is as follows : 

a b c 

0 �4'----+ 0 +--- 4' 0 

I 8' I 
500,000 CM copper conductor, with flat spac­

ing above. 

Line Voltage = 12000 volts 

Main Current Transformer Ratio =600/5 
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60 CYCLE RESISTANCE 
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Figure 12 - Resistance Chart Showing Ohms Per Conductor Per Mile 60 Cycle Circuit 

Potential Transformer Ratio = 6928/120 

Distance from unit to load center = 3.5 miles. 

Balance voltage setting = 117 volts. 

A unit energizes a typical distribution cir­
cuit whose characteristics are given above. De­
termining the constants for the circuit on a per 
phase basis, 

From Figure 12 : 

R = 0.12 ohms per mile. 

From Figure 13 : 

D = 1.26x 4 = 5.04 feet. 

XL = 0.64 ohms per mile. 

The line drop compensator resistance setting 
is : 

5 X 600/5 120 

6928/120 
X 0.12 X 3.5 X 

1 17 
= 4.47 

The line drop compensator reactance setting 
is : 

5 X 600/5 120 

6928/120 
X 0.64 X 3.5 X 

117 
= 23.9 

These settings may be adjusted as found 
necessary as shown by load center voltage 
measurements. 

THE FLEXITEST CASE 

The type FT (Flexitest) case is a dust­
proof enclosure combining relay units and knife­
blade test switches in the same case. This com­
bination provides a compact flexible assembly 
easy to maintain, inspect, test and adjust. There 
are three main units of the type FT case : the 
case, cover, and chassis. The case is an all-steel 
welded housing containing the hinge half of the 
knife-blade test switches and the terminals for 
external connections. The cover is a molded 
phenolic frame with a clear glass window, a 
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thumb nut, and a hinge. The hinge fits over the 
top flange of the case. The thumb nut, which 
fastens to a stud on the bottom flange of the 
case, holds the cover securely in place on the 
case. The chassis is a steel frame that supports 
the relay elements and the contact-jaw half of 
the test switches. This slides in and out of the 
case. The electrical connections between the base 
and chassis are completed through the closed 
knife-blades. The case designation is type FT-32. 

Removing Chassis 

To remove the chassis, first remove the 
cover by unscrewing the captive thumb nut at 
the bottom and lifting the cover hinge off the 
top flange of the case. This exposes the relay 
units and all the test switches for inspection 
and testing. The next step is to open the test 
switches. In opening the test switches, they 
should be moved all the way back against the 
stops. With all the switches fully opened, re­
lease the cam action latches and pull the chassis 
outward. One cam latch is located at the upper 
right and must be pulled downward for release. 
The other cam latch is located at the lower left 
of the chassis and must be pushed upward for 
release. The chassis can be set on a test bench 
for easy inspection, maintenance and test. 

After removing the chassis a duplicate 
chassis may be inserted in the case or the blade 
portion of the switches can be closed and the 
cover put in place without the chassis. The 
chassis-operated auxiliary shorting switches 
(see Figure 16) between terminals 8-9 and 12-13 
remain closed with the chassis out to prevent 
open circuiting the current transformers when 
the current test switches are closed. 

When the chassis is to be put back in the 
case the above procedure is to be followed in the 
reversed order. 

-

• 
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CAUTION: Be sure to operate the cam 
latches into their original horizontal position 
before attempting to replace cover. Failure to 
do so many crack the cover. 

Electrical Circuits 

Each terminal in the base connects through 
a test switch to the relay units in the chassis as 
shown on the internal schematic diagram Fig. 3. 
The relay terminals are identified by numbers 
marked on the outside of the case. The test 
switch positions are identified by numbers 
marked on the molded blocks. 

The potential and control circuits through 
the relay are disconnected from the external 
circuit by opening the associated test switches. 
A current test switch is illustrated in Figure 15. 
Opening both current test switches short-cir­
cuits the current transformer secondary and 
disconnects one side of the relay circuit but 
leaves the other side of the relay circuit connect­
ed to the external circuit through the current 
test jack j aws. This circuit can be isolated by in­
serting a current test plug S #  1164047 (without 
external connections) , or by inserting ten-cir­
cuit test plugs S # 1164046. 

SWITCH BLADE JAW 

� SWITCH BLADE HINGE .. CURRENT TEST JAW 

Figure 14 - Ammeter Test Plug in Testing 
Positions 

Testing 

The relays can be tested in service, in the 
case but with the external circuits isolated, or 
out of the case as follows : 

20 

SWITCH BLADE JAW 

EXTERNAL CONNECTIONS 

SWITCH BLADE 

MOLDED INSULATION 

BLOCK 

Figure 15 - Short Circuiting Switch 

Testing in Service 

The ammeter test plug S # 1164047 can be 
inserted in the current test jaws after opening 
the knife-blade switch to check the current 
through the relay, as shown in Fig. 14. This 
plug consists of two conducting strips separated 
by an insulating strip. The ammeter is connect­
ed to these strips by terminal screws and the 
leads are carried out through holes in the back 
of the insulated handle. 

Voltages between the potential circuits can 
be measured conveniently by clamping # 2 clip 
leads on the projecting clip lead lug on the con­
tact jaw. 

Testing in Case 

With all blades in the full open position, 
the ten circuit test plug S # 1164046 can be in­
serted in the contact jaws, per Figure 17. This 
connects the relay units to a set of binding posts 
and completely isolates the relay circuits from 
the external connections by means of an insulat­
ing barrier on the plug. The external test cir­
cuits are connected to these binding posts. The 
plug is inserted in the bottom test j aws with 
the binding posts up and in the top test switch 
jaws with the binding posts down. 

The external test circuits may be made to 
the relay units by # 2  test clip leads instead of 
the test plug. When connecting an external test 
circuit to the current elements using clip leads, 
care should be taken to see that the current test 
jack jaws are open so that the relay is complete-
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I.B. 47-065-9 

Figure 16 - Auxiliary Short Circuiting Switch (Enlarged View ) 
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Figure 1 7  - Multi-Circuit Test Plug in Testing Position 
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ly isolated from the external circuits. Suggested 
means for isolating this circuit are outlined 
above under "Electrical Circuits". 

Testing Out of Case 

With the chassis removed from the case, re­
lay units may be tested as per description in­
cluded on page 1 1 .  

An internal schematic for the relay is 
shown in Figure 3. 

MAINTENANCE 

The proper adj ustments to insure correct 
operation of this relay have been made at the 
factory and should not be disturbed after re­
ceipt by the customer (with the exception of 
bandwidth or time delay settings) .  Repair work 
can be most satisfactorily done at the factory. 
If it is desired to check the adjustment at regu­
lar maintenance, the following instructions 
should be followed : 

Note : Before opening the test switches 
turn the power supply off. 

Refer to previous description of the Flexi­
test case for method of removing cover and re­
lay. 

When contacts require cleaning, they 
should be cleaned with a fine contact file similar 
to S #  1002110 or a contact burnishing tool. Ab­
rasive material should not be used because any 
small particles embedded in the contact surface 
will impair the contact operation. 

In the event any of the components become 
inoperative, they may be replaced with renewal 
parts ordered from the nearest Westinghouse 
Sales Office or from the Sharon Plant. Should 
parts be ordered, give the Style or Shop Order 
number of the equipment as stamped on the 
nameplate, together with the style number and 
description of the parts required as identified 
in Figure 4 and on the following list. 

Relay Complete S # 1962229 

Relay case S# 182A901G24. 

Relay Cover S # 1877784. 

Switch Blades on Block (Top) 
S # 58C8373G33 

Switch Blades on Block ( Bottom) 
S # 1877021 

I.B. 47·065·9 

Switch Jaws on Block (Top) 
S # 57D7876G 13 

Switch Jaws on Block ( Bottom) 
S # 1877307 

Potentiometer (50 Watt 500 Ohm) 
(X Control) - S # 17D3532H06 

Potentiometer (25 Watt 125 Ohm ) 
(R Control) - S # 17D3532H03 

Reversing Switch ( XRS) S # 184A878H01 

Potentiometer (25 Watt 350 Ohm) 
(RH) - S # 17D3532H05 

Rectifier - S # 1546138 

Disc Compounding ,Resistors (3000 Ohms 
25 Watt) - S # 1202954 

Resistor (6  Ohms 25 Watt) -
S # 04D1298H84 

Trimming Resistor (3000 Ohms .5 Watt) 
S # 184A635H12 

Resistor (Self-Supporting) ( 4500 Ohms 
.5 Watt) - S # 182A874H01 

Thermistor (Self-Supporting) 
S # 182A879H01 

Transformer (KX) - S #290B445G01 

Reactor - S # 290B444G01 

Telephone Relay (AR) and (AL) 
S # 25B964 7H06 

Telephone Relay ( 1 20X) - S # 25B9647H05 

Telephone Relay ( 120Y) - S # 22D1520H02 

Electromagnet for Disc Type Element -
S # 1878295 

Moving Contact, Spring & Adj uster­
S -# 1878047 

Stationary Contact and Spring -
S # 182A880G01 

Knob for Potentiometers and Reversing 
Switch - S # 184A883H01 

Top Bearing Screw - S # 100981 1  

Bottom Bearing Screw - S # 214869 

Steel Ball ( 10 in bottle) - S # 100R533G01 

Permanent Magnet - S # 184A185G02 

Disc and Shaft Assembly - S # 1732852 
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G e n e ra l  

The type CVR-1 Voltage Regulating Relay 
is in reality a "control package" designed to 
control load tap changers . The maj or com­
ponents of the CVR-1 relay are an induction 
disk type voltage sensitive relay, two aux­
iliary or pilot relays , two motor control re­
lays , line drop compensator, and a reactor. 
All components are in a drawout chassis 
(Figures 1 and 6) so that the complete relay 
may be interchanged from unit to unit or 
removed for testing and inspection. The 
Flexitest QJ switch base is made an integral 
part of the CVR- 1 relay to facilitate con­
necting and testing the relay. The case in 
which the relay is mounted for tap changer 
control is equipped with the mating portion 
of the FlexitestQJ switch. 

I n stal lat ion 

The CVR-1 relay is usually mounted in the 
tap changer control panel . Before putting the 
relay in service, remove any blocking in­
serted for the purpose of securing parts 
during shipment; make sure that all parts 
operate freely, and inspect the contacts to 
see that they are clean and close properly. 
Check the gaps of the permanent magnet and 
of the electromagnet and clean them if any 
foreign material is present. Operate the 
relay to check the settings and electrical 
connections .  

O p e ra ti o n  

The sensing element o f  the CVR- 1 relay is 
an induction disk voltage relay with a set of 
single pole double throw contacts . Sealing 
circuits for the auxiliary relay are incor­
porated into the circuit to insure long contact 
life and positive operation. 

Figure 2 shows schematically the rela­
tion between the principle components of the 
C VR-1 relay voltage sensing circuit, while 
Figures 3 and 4 show the internal schematic 
and internal wiring of the actual CVR-1 
relay. 

Page 3 

Fig. 1 - CVR-1 Relay Removed from Case 

A reactor connected in series with the 
voltage sensing element is a large portion of 
the impedance of this circuit. This feature 
minimizes the effect of resistance varia­
tions due to temperature changes.  The re­
actor is also used in the line drop com­
pensator circuit. 

The voltage coil on the lower pole of the 
voltage sensing element supplies a current 
to the coil on the upper pole by transformer 
action. The alternating fluxes induced in 
these poles are in quadrature. The alter­
nating flux cutting the induction disk induces 
eddy currents in the disk of the relay which www . 
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Page 4 

react with the flux in the air gap producing 
a torque . This torque is balanced against a 
spring torque to determine the balance po­
sition of the relay disk and its associated 
contacts . 

Assume 1 20 volts has been applied to the 
relay long enough for the moving contact to 
come to rest at the 1 2 0  volt point on the re­
lay scale. If the applied voltage were in­
creased to 121  volts, the increased electro­
magnetic torque would move the moving con­
tact to the 121  volt point on the scale.  If 
the voltage were reduced to 1 1 9  volts the de­
creased electro-magnetic torque would al­
low the spring torque to move the contacts 
to the 1 1 9  volt position. 

A permanent damping magnet is mounted 
on the relay with the induction disk between 
the pole faces of this magnet and the magnet 
keeper. Whenever the induction disk moves 
through the unidirectional flux produced by 
this permanent magnet a restraining force is 
produced to control the time required to 
change from one balanced position to another 
for a given change in voltage.  

The position o f  the stationary 9 0 R and 
90L contacts determines the voltage level at 
which they will be closed to initiate tap 
changer operation to correct the voltage. 

If the voltage falls below the setting of the 
left hand contact long enough for the disk 
operated 90R contact to close, the relay AR 
is energized and seals itself in  through the 
normally closed 120Y relay contact. Closing 
the AR motor control relay contact operates 
the tap changer to raise the voltage. Before 
the tap changer arcing contact has opened, 
a cam operated 120  switch in the tap changer 
closes to energize the 120X relay, which in 
turn takes over the sealing of the AR relay 
through its 1 20X contact and also operates 
the 1 2 0Y slug delayed relay. The normally 
open 1 20Y relay contact closes and shunts 
the reactor with a 3 ,000 ohm resistor which 
increases the current through the voltage 
coil 90 and tends to rotate the disk to open 
contact 90R. Thus for small voltage devi­
ations there will be a short delay between 
successive tap changer operations . After 

the tap changer arcing contact has closed on 
position, the 120 pilot switch opens , allowing 
the 1 20X relay to release the AR relay. The 
tap changer motor is stopped by the motor 
brake. If the voltage is not corrected, the 
sequence is repeated until the voltage is 
corrected or a tap changer limit position is 
reached . 

A rise in voltage to close the right hand 
contact 90L would initiate a similar se­
quence of operations to lower the voltage. 
In the latter instance the closing of the 120Y 
normally open contact will place a shunt 
through another 3000 ohm resistor around 
the potential coil 90 to produce compounding 
that tends to rotate the disk to open contact 
90L . 

VOLTAGE SENSING 
ELEMENT 

UPPER POLE 
WINDING 

TRANSFORMER 
W I N D I N G  

POT E N T I A L  

r - - - - - - - - - - - - - -- l 
� r -- , r - - , , - - , I I 1 1 I I 1 

I I I � :  
I L - -

I 1 I 
�-- - J  L ___ J 

D I S K  
I 
I _ _  .J 

WINDING ----t-+-+�-f:::::::3 

POTENTIAL 
SOURCE 

CURRENT 
TRANSF. 

RESISTOR 

XI 

Fig. 2 - Schematic Diagram of the C VR-1 
Relay Voltage Sensing Circuit 

B a n d w i d t h  a n d  B a l a n c e  Vol ta g e  

The bandwidth o f  the voltage regulating re­
lay is the difference in volts between the 90R 
and 90L contact setting. 

B alance voltage is defined as the voltage 
midway between the 90R and 90L voltage 
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TELEPHONE­
TYPE RELAYS 

AR 

TELEPHONE ----t---t-­
TYPE RELAY 

EACTOR 

REVERSING SWITCH 
( CONTACTS SHOWN 
IN II DIRECT" POSITION ) 

TRAN SFORMER 

CHASSIS OPERATED 
SHORTrNG SWITCH 
TEST SWITCH 

Page 5 

Fig. 3 - CVR-1 Voltage Regulating J<.elay Internal Schematic 

settings and is the voltage which the relay 
will tend to maintain . A line drop com­
pensator incorporated in the relay enables 
the relay to adjust the tap changer to regu­
late the voltage at the load center rather than 
at the tap changer itself. A current trans­
former installed in the main transformer 
provides a small secondary current pro­
portional to the current flowing through to 
the load. By thus circulating current pro­
portional to the load through resistance and 
reactance elements, an impedance voltage is 
produced which is combined with the control 
voltage to match the relation between the 
transformer output voltage and the line im­
pedance drop. In this manner the resultant 

voltage applied to the voltage coil is made 
to match the load center voltage, When 
these resistance and reactance drops are 
properly selected to match the line imped­
ance drop, the CVR-1 relay will respond to 
and regulate load center voltage rather than 
the transformer output voltage. 

Setti ng t h e  C V R -1 R e l a y  b y  A p p l y i n g  
a n  Exte r n a l  V o l t a g e  

I t  i s  most convenient to set the CVR- 1 relay 
in its mounting on the tap changer panel . 
The relay operating points may be set by 
means of its scale which is calibrated in www . 
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REACTOR 
290 8444GOI 

POTENTIOMETER 

500 OHMS,50WATI 
184A635HI2 17D3532H06 

� RESISTOR 
6 OHMS,25 WATT 

04DI298H84 

REVERSING 

SWITCH 
I84A878HOI 

AR RELAY 
AL RELAY 2589647H06 

DISC 

COMPOUNDING 
RECTIFIER RESISTORS 
1546138 3000 0HMS 

25 WATT 

STATIONARY 
1202954 

PL CONTACT STATIONARY 

182A880GOI 
PR CONTACT 
182A880GOI 

120 X RELAY 120 Y RELAY 

2589647H05 22DI520H02 

MOVING CONTACT 
1878047 

ELECTROMAGNET 

1878295 
THERMISTOR 

Fig. 4 - CVR-1 Relay Internal Connection Diagram 

volts . This method is adequate for most 
conditions of operation and where settings 
within ± 1% of desired values are satis­
factory. 

For more exact setting a voltmeter of 
better than 1% accuracy class should be 
connected from PTT1 to PTT2 as shown in 
Figure 5 .  It is convenient to apply an ex­
ternal variable voltage source to PTT1 and 
PTT2, reading on the voltmeter the voltage 
at which the 90R and 90L contacts close. 
If desired, a constant voltage source may 
be applied between PTT2 (ground) and the 
load side of the potential breaker on the 
main control panel . This ,  in conjunction 

with the Test Rheostat (RH) , will furnish a 
variable voltage across PTT1 and PTT2. 
Turning the Test Rheostat knob (RH) clock­
wise inserts resistance between the poten­
tial supply terminals and the CVR-1 sensing 
circuit. From this point the procedure is 
exactly as outlined on Page 7 under the 
heading "Setting the CVR-1  Relay with Load 
Tap Changer Energized". Observe the fol­
lowing cautions before attempting this pro­
cedure. 

CAUTI ON :  Extreme care must  b e  taken to i n ­
sure t h a t  the breaker i n  t h e  poten t i a l  c i rc u i t  i s  
i n  the OFF pos i t i on and that the ground s i de of 
the tes t sou rce is connected to PTT2. These www . 
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precaut i ons are necessary to avo i d  the poss i ­
b i l i ty of energ i z i ng the transformer i n  reverse 
th rough the poten t i a l  transformer and to avo i d  
short c i rc u i t i n g  t h e  externa l  supp l y  throu gh the 
ground connect ion .  

To make the settings proceed as follows: 

1 .  Set resistance and reactance com­
pensator dials both on zero . Set 90R lower 
and 90L higher than their final settings . 

NOT E :  Al ways a d j u st 90R and  90L con tacts by 
mov i n g  the hand l es attached to the sta t i onary 
contact assemb l i es .  See F i gu re 7. 

2. If the relay is not in service apply 
approximately 12 0  volts for one hour before 
making settings . This allows the relay to 
reach normal operating temperatures. If 
the relay is  in service proceed immediately 
with step nttmber 3 .  

3 .  Apply to the test terminals the exact 
voltage at which the tap changer is to operate 
in the raise direction. For example,  con­
sider 1 1 9  volts . Since the CVR-1 is very 
highly damped the voltage should be held at 
this level for about one minute. The disk 
contact will now be at its 1 1 9  volt position . 
Set the control selector switch on "AUTO" 
and move the left hand scale pointer until 
the 90R contact just touches the moving 
contact, picking up the auxiliary control re­
lay and operating the tap changer in the 
raise direction. Place control selector 
switch in "MAN" position. 

4 .  Apply to the test terminals the exact 
voltage at which the tap changer is to oper­
ate in the lower direction. For example,  
consider 121 volts . Hold the test voltage at 
1 21 volts for about one minute to allow the 
disk contact to reach its 121  volt position. 
With the control selector switch on "AUTO" 
move the right hand scale pointer until the 
90L contact just touches the moving contact, 
operating the tap changer in the lower 
direction. 

5 .  The CVR-1 relay is now set to hold 
regulated output between the limits of 1 1 9  
and 1 2 1  volts o r  at a nominal 1 20 volt level 
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(balance voltage) with a 2 volt (±1 volt) 
bandwidth. 

6 .  The CVR-1 relay will operate satis­
factorily with any combination of contact 
settings between 1 05 and 135  volts and the 
tap changer will provide excellent quality 
regulation with set bandwidths of 2 volts or 
greater, that is ,  balance voltage ± 1  volt. 

7. For any other settings , determine 
the limit settings for 90R and 90L of the 
voltage regulating relay and proceed as out­
lined in 2 through 6 .  

8 .  Refer to Time Voltage Curve Figure 
1 0  and set damping magnet for desired time 
delay characteristic. 

9 .  Set resistance and reactance com­
pensation dials as required (see page 14) . 

1 0 .  When tests are completed return the 
test Rheostat Knob to the "OFF" position. 

Sett i n g  the  C V R -1 R e l a y  w ith L o a d  
Ta p C h a n g e r  E n e rg i z e d  

A test voltage adjustment rheostat (RH) is 
located on a control panel inside the CVR-1 
case for your convenience. It makes pos­
sible setting the relay by using the control 
voltage with the tap changer energized. 
Turning the Test Rheostat knob clockwise 
will adjust the voltage applied to the relay 
by means of the rheostat which is in series 
with the control voltage and is located ahead 
of the test terminals .  (See Diagram Figure 
5) . Proceed as follows: 

1 .  Set resistance and reactance com­
pensator dials both on zero. Set 90R lower 
and 90L higher than their final desired set­
tings . 

NOT E :  A l ways ad j ust  90R and 90L contacts by 
mo v i n g  the hand l es attached to the stati ona ry 
contact assemb l i e s .  See Fi gure 7. 

2.  If the relay has not been in service 
for at least an hour, allow up to an hour be­
fore making settings in order for the relay 
to reach normal operating temperature.  www . 

El
ec

tric
alP

ar
tM

an
ua

ls 
. c

om
 



Page 8 

8 
43T • MAN 

AUTO 

CONTROL 
SELECTOR 
SWITCH 

Fig. 5 - Simplified Control Schematic with C VR-1 Relay 

3 .  Manually operate the tap changer in 
the raise direction until a voltage 2 or 3 
volts in excess of the 90L contact setting is 
read by means of a voltmeter connected to 
test terminals PTT1 and PTT2.  

Now cut in  resistance on the Test Rheo­
stat until the voltage on the test terminals 
is at the desired value for the 90R setting. 
After 60 seconds set the control selector 
switch on "AUTO" and move the 90R sta­
tionary contact until it picks up the auxiliary 
control relay. Set control selector to 
"MAN". 

4. Adjust the Test Rheostat for the de­
sired value of the 90L setting and again, 
after 60 seconds, set the control selector on 
"AUTO". Move the 90L stationary contact 
until it picks up the motor control relay. 

5 .  Refer to Time Voltage Curve (Figure 
1 0) and set damping magnet for desired time 
delay characteristic.  

6 .  Set resistance and reactance com­
pensator dials as required. (See Page 14) 

7 ,  Return Test Rheostat knob to the 
"OFF" position. 

Setti n g  the CV R -1 R e l a y  w h i l e  R e m o v e d  
f r o m  F l e x itest  C a s e  

When removed from its case, the type 
CVR- 1 relay may be checked conveniently 
by means of a pair of FlexitestG'lplugs, Style 
No, 1 1 64046 , which may be plugged into the 
jacks in top and bottom of the relay chassis .  
The circuit may al so be made b y  means of 
clip leads connected to corresponding ter­
minals on the relay. 

Preparatory to making this test, jumper 
numbered terminals 5 to 6 ,  4 to 1 5 , 3 to 16 , 
5 to 1 8, and 7 to 9 on the CVR-1 chassi s .  
Apply a variable voltage to points 14 and 9 
�orresponding to PTT1 and PTT2 on the con-www . 
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1 20 Y R E LAY 

Fig. 6 - C VR-1 Relay Removed from Case (Rear View) 

trol panel) and follow the procedure under 
"Setting the CVR-1 Relay by Applying an 
External Voltage" . The self-sealing circuit 
of the CVR-1 relay may be cleared by mo­
mentarily connecting a jumper from 2 to 5 .  
The 1 2 0  switch performs this function in 
the tap changer, clearing the self- sealing 
network and applying negative compounding 
to the disk of the CVR- 1 relay. If desired, 
a constant voltage may be applied at points 
6 and 9 with the Test Rheostat being used to 
obtain a variable voltage . A voltmeter con-

nected across 9 and 1 4  will indicate the 
voltage actually applied to the voltage sens­
ing coil . 

A somewhat more intricate test circuit is 
indicated in Figure 8. Such a reconnection 
following removal of the original jumpers 
will provide all switching and indication re­
quired to calibrate the relay and check its 
performance while removed from the tap 
changer control panel . Lights Rp and Lp 
indicate operations of contacts 90R and 90L www . 
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90 R CONTACT 
ASSEM. HANDLE ---

90 R CONTACT ASS EM. 

D I SK -------

MAGNET T I ME 
MULT I PL I E R  SCALE 

MAGNET ASSE M .  
MOUNT I NG SCREWS 

90 L CONTACT 
ASSEM .  HANDLE 

VOLTAG E  SCALE 

DAMPING MAGNET 

r �� I KEEPER 8 SCALE 

'� K E EPER 

I LOCK I NG 
SCREW 

------ F L E X I TEST 
SW I TCH 
BASE 

Fig. 7 - Close-up of C VR-1 Relay Adjustments 

while lights Ro and Lo indicate operation of 
the motor control relay contacts AR and AL . 

With the switch in the " CAL" position, 
the operation of 90R and 90L contacts is  
indicated by lights Rp and Lp. 

With the switch on "AUTO" position the 
relay functions in response to applied volt­
age as it would under fully automatic regu­
lation. Operations are indicated by all four 
lights . 

With the switch on "MAN" position the 
raise and lower switches control the motor 
control relays. Rp and Lp now indicate 
closing of the raise and lower pushbuttons .  
Ro and Lo still indicate operation of A R and 
AL contacts . 

General operating data for the relay on 
60  cycles is  as follows: 

Burden of the potential 
circuit at 120  volts - - - - - - - - 1 0VA 

with auxiliary relays energized 3 9VA 
Separate R and X compensation - 24 volts 
1 00% load compensation current - .2 amps 
Burden on the current circuit at 1 00% 

load - - - - - - - - - - - - - - - 13 VA 

Ti m e  D e l a y  A d j u st m e nt 

The inverse time delay characteristic of the 
CVR-1 relay enables it to maintain regulated 
voltage within close tolerance. Figure 7 
shows the relay adjusted for a damping 
factor of 2 .4 .  Figure 9 shows a curve of 
relay adjustment versus damping factors 
and Figure 10 shows a curve of relay per­
formance when adjusted for a damping factor 
of one. As can be seen from Figure 1 0 ,  at 
least three different factors control the 
amount of time delay that precedes the ini­
tial operation of the tap changer on a change www . 
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1 20 VOLT., 60 C Y C L E  

VOLTA G E  

LOWER U P P E R  
FLE X I  T E S T  FLE X J  T E S T  
PLU G  PLUG 

(@) &- 0 
@ 0 R 

@ \.,� l@ 
0 17 

® � f3 �. @ v fRA I S E �t 15  
I - 2 -1: ® LOWER 120 @ 

@ 
2 

0 

N O R M A L LY O P E N  SPR I NG R E T U R N  

S W ITCHES O R  P U S H- B UT TONS 

RA I S E 

LOW E R  

l 

120 ( C LOS E TO RESET RE LAY) 

L p @ ® 
Ro 0 

I N D I C AT I N G  L I G H TS * 
R p = R A I S E  D I S K  CON TACT 

L p = LOWER DI S K  CONTA CT 

Ro = RA IS E  O P E R A T E  
Lo = LOWER O P E RA T E  

* U S E  I / 2 5  OR J /4 WAT T  NEON LA M PS W I TH PROT E C T I V E  R E S I S TO R S  

C A L - AUTO - M A N  
3· POS I T I O N  SE L E CTOR SW ITCH SEQ UEN C E  

SW I TC H  PO SI T I O N  

�QtHACJ C A L .  A UTO M A N 
I X X 
2 X X 
3 X 

X =  I N D I CA T ES CONTACTS C LO SE D  

Fig .  8 - Circuit for Checking and Calibrating the CVR-1 Relay Removed from Case 

of voltage. For example,  any one of the fol­
lowing conditions contributes to a shorter 
time delay. 

1 .  A lower damping factor. 

2 .  A greater voltage deviation from the 
center of the set bandwidth. 

3 .  A lower bandwidth. 

Should the conditions be reversed, a 
longer time delay is indicated. It is difficult 
to make a general statement about time de­
lay except that iUs not fixed . It can be said , 
however, that for step deviations from the 
band center equal to 75% of total set band­
width, time delay may be varied from 11 to 
60  seconds by adjustment of the damping 
magnet and keeper. Correction for greater www . 
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deviations lowers this time band while cor­
rection for lesser voltage deviations raises 
the time band. 

In some cases where cycling loads or 
other load conditions produce large voltage 
changes of short duration it may be desirable 
to increase the damping to obtain longer 
time delay and avoid unnecessary tap 
changer operation. The time delay may be 
increased by decreasing the gap between the 
permanent magnet and its keeper. Relays 
are shipped set for a damping factor of l .O .  
The magnet keeper is  set with its top even 
with the 1 .0 graduation on the keeper time 
multiplier. The magnet engagement setting 
is at the 2 . 4  graduation on the magnet time 
multiplier . This gives a damping factor of 
5 .3 .  

Variations i n  damping factor between 1 .0 
and 2 .4 are obtained by changing the gap 
distance between the magnet keeper and the 
damping magnet, with the latter set at 2.4.  
To increase the damping factor from 1 .0 to 
2.4,  the gap must be decreased. To change 
this setting the keeper locking screw must 
first be loosened. If, after loosening this 
screw, the keeper does not turn easily, re­
move the keeper locking screw completely 
and check the copper thread protector under 
the locking screw to see that it is free . 
After making certain that the keeper locking 
screw turns easily, a damping factor of 1 .0 
to 2 .4 can be secured by lining up the top of 
the magnet keeper with the desired gradu­
ation on the keeper time multiplier scale. 

Variations in damping factor between 
2 .4 and 5 .3 are obtained by varying the 
amount of engagement of the damping magnet 
and disc , with the magnet keeper set at 2 .4 .  
To reduce the damping factor from 5.3 down 
to 2.4 this engagement must be decreased to 
the position shown in Figure 7. This is  done 
by loosening the four magnet assembly 
mounting screws (See Figure 7) and sliding 
the magnet assembly to its new position. A 
magnet time multiplier scale is  attached to 
the permanent magnet to facilitate setting 
the magnet engagement. This scale is ref­
erenced to the edge of the disc directly above 
it. To raise the damping factor after it has 

once been lowered, use a reversal of the 
above procedure. 

CAUTI ON : The keeper magnet shou l d  never be 
tu rned down be low the 2 . 4  gradua t ion . When the 
keeper magnet is at o r  near  the 2 .4  setti ng ,  care 
shou ld  be exerc i sed to see that mechan i c a l  b i n d­
i n g  does not take p l ace between magnet and d i sc .  
Too c l ose p rox i m i ty o f  keeper magnet a n d  d i sc 
cou l d  resu l t  i n  overd amp i n g  and poss i b l e  stop­
p i n g  of  d i sc mo veme nt ent i re ly .  

The maximum keeper setting is shown in 
Figure 7. After this adjustment has been 
completed the locking screw should again 
be tightened; but before tightening, be sure 
that the piece of copper is still in the hole 
so that the keeper adjusting threads will not 
be damaged by the keeper locking screw. 

The damping factor of any relay as set 
may be determined easily by the following 
procedure. 

1 .  De- energize the relay. 

2. Set 90R scale handle at 1 05 volts . 

3 .  Set 90L scale handle at 135 volts . 

4. Manually rotate the disk to close 
90L contacts.  

5 .  Release the disk and measure the 
time to close the 90R contact. 

6 .  Divide the number of seconds meas­
ured in step 5 by 5 .4.  The quotient 
is the damping factor for the relay 
as adjusted. 

7 .  Move the 90R and 90L scale handles 
to the desired limits for voltage band. 

Having determined the relay damping 
factor,  a new curve for relay performance 
may be plotted by multiplying the time values 
read from the curves in Figure 1 0  by the 
damping factor. 

Example: 

Assume 1 0 . 8  seconds measured in step 5 
above. 1 0 . 8  -i- 5 .4 = 2 ,  the relay damping www . 
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v 
1 0  8 6 4 2 0 

T YP I CAL MAGNET ENGAG E M E N T  
SETTING I N  1 6 TH 'S I NCH FROM 
MAX I MU M  ENGAGEMENT SETTING 
W I T H  GAP SET AT :Y32 I N C H  

0 
9 8 7 6 5 4 3 

TYPICAL GAP SETTING I N  32 N O 'S INCH 

WITH MAGNET I N  E X T R E M E  

OUTWARD POS I TI O N  

( R E L AY T I M E  � T I M E  VALU E F R O M  FIGURE 1 0  M ULTI P L I E D  BY DAMP I NG FAC TO R )  

Fig. 9 - Typical Damping Factors Versus Gap Setting and Magnet Engagement 

factor. In Figure 1 0  we find that for a 2 
volt bandwidth the time delay would be 3 
seconds for a 4 volt change. 

To determine the actual time to close 
relay contacts multiply 3 (seconds) x 2 
(damping factor) = 6 seconds actual time 
delay. 

C V R -1 R e l a y  C o n t r o l  A d j u st m e n ts 

Figure 1 1  shows the CVR- 1  Relay Control 
Panel as seen facing the front of the relay 
with the cover removed. The adjustments 
for resistance and reactance compensation, 
the switch for reversing the polarity of the 
reactahce compensation, and the Test Rheo­
stat are all contained on this sub-panel. A 

control breaker, potential and current test 
terminals ,  and the selector switches for 
automatic-manual a n d  raise-lower tap 
changer control are separately mounted on 
the larger steel panel containing the CVR-1 
relay. These have been touched briefly in 
an earlier discussion but are not within the 
scope of this instruction book. 

1 .  Test Rheostat. The Test Rheostat on 
the CVR- 1 sub-panel facilitates checking 
and setting the relay voltage sensing ele­
ment, as described earlier under two dif­
ferent methods of setting. Under actual con­
ditions of operation it is left in the "OF F" 
position, in which there is zero resistance 
between the potential supply source and the 
CVR-1 voltage sensing element. www . 
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a 2 V O L T S  

b 3 V O L T S  
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d 6 V O LT S  

( RE LA Y  T I M E = TI M E  VALU E M U LT I P L I E D BY D A M P I N G  FAC TO R FR O M  F I G U R E  9 )  

Fig. 1 0 - Typical Time Delay Versus Step Chang e in Voltage Level for Type CVR-1 Relay 

2 .  Line Drop Compensator. Separate 
rheostats permit independent setting of the 
24 volts resistance and 24 volts reactance 
compensation (both on a 12 0  volt base) . This 
value of compensation is available only when 
the main current transformer is delivering 
a full 5 amperes to the tap changer control . 
(An auxiliary current transformer (ACT) 
steps this current down from 5 amperes to 
the .2 ampere rating of the compensator 
elements . Line drop compensation is  ob­
tained by circulating a current, proportional 

to the load current, through the line drop 
compensator network to simulate the actual 
voltage drop in the line for which the com­
pensator is adjusted. The compensator volt­
age, when subtracted from the output voltage 
of the transformer or regulator,  gives a 
resultant which is equivalent in magnitude 
and P.hase angle to the load center voltage. 

3 .  Reactance Reversing Switch. For nor­
mal line drop compensation the Reactance 
Switch (XRS) on the CVR- 1  sub-panel is left www . 
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in the "direct" position. Reversed reactance 
compensation is obtained by placing it in the 
" reverse" position, which reverses the po­
larity of the reactance element. 

"Reverse reactance" compensation is a 
method used to reduce the circulating cur­
rent that might flow when two or more trans­
formers are paralleled. It is a requirement 
of ASA Standards C5 7.12-3 7 .23 6 .1 .  Instead 
of running toward opposite extreme posi­
tions, tap changers having "reverse re­
actance" compensation tend to move toward 
whatever positions cause the least amount of 
circulating current to flow. This is accom­
plished at some sacrifice of normal line 
drop compensation, but is generally satis­
factory when units paralleled are not located 
in close proximity to each other, or where 
the supply is from different sources . 

4 .  Line Drop Compensator Settings . The 
final settings on the line-drop compensator 
are usually made by field adjustments , but 
if the data on the particular line is known, 
the curves in Figs . 1 2  and 13  may be used, 
and initial values calculated. 

The initial line-drop compensator set­
tings can be derived by the use of the follow­
ing expres sions: 

Dial Setting for Resistance Compensation 

Nc T 5 X " " X RL X d X n.  
NPOT 

Dial Setting for Reactance Compensation 

N 
5 X 

C. T. X d --- X L X X n. 
NPOT 

Where 

N C . T. 

= 

main current transformer ratio 

primary current 
secondary current 

N 
POT = potential transformer ratio 

primary voltage 
secondary voltage 
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RL resistance per conductor from 
unit to load center, in ohms per 
mile.  

XL inductive reactance per conduc­
tor from unit to load center, in 
ohms per mile. 

d = miles from unit to load center. 

n 1 20/balance voltage setting. 

A typical three-phase example is as fol­
lows: 

a b c 

0..--- 4 ' - 0 - 4 '-0 

I 8 ' I 
500,000 C M  copper conductor,  with flat 
spacing above . 

Line Voltage = 1 2000 volts 

Main Current Transformer Ratio = 6 00/5 

Potential Transformer Ratio = 6 928/1 20 

Distance from unit to load center = 3 .5 miles. 

B alance voltage setting = 1 1 7  volts . 

A unit energizes a typical distribution 
circuit whose characteristics are given 
above. Determining the constants for the 
circuit on a per phase basis ,  

From Figure 1 2: 
R = 0 . 1 2  ohms per mile.  

From Figure 13:  
D = 1 .26x4 = 5 .04 feet . 

XL = 0 .64 ohms per mile.  

The line drop compensator resistance set­
ting is:  

5 X 600/5 1 2 0  
6 928/1 2 0  X 0 . 1 2  X 3 .5 X 1 1 7  = 4.47 

The line drop compensator reactance set­
ting is:  

5 X 600/5 120  
6 928/120  X 0 .64 X 3 .5 X 117  = 23 .9 

These settings may be adjusted as found 
necessary as shown by load center voltage 
measurements.  www . 
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liNE DROP COMPENSATOR VOLTS 
10 12 14  1 0  1 2  
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14 
I 

REACTANCE RESISTANCE 

Westinghouse 
TYPE CVR - t  VOLTAGE REGULATING RELAY 

STYLE 1962229 105-135 VOLTS 60 CYCLES 

DIRECT REVERSE 
\ I 

RETURN TO OFF 
AFTER SHTING RELAY 

16  

134P3SBH01 WESTINGHOUSE ELECTRIC CORPORATION MAOE IN U S A 

Fig. 1 1  - C VR-1 Relay Control A djus tment Panel 

F l e x itest C a s e  

The type F T  (Flexitest) GJ case is  a dustproof 
enclosure combining relay units and knife­
blade test switches in the same case. This 
combination provides a compact flexible as­
sembly easy to maintain, inspect, test and 
adjust. There are three main units of the 
type FT  case: the case, cover,  and chassis.  
The case is  an all-steel welded housing con­
taining the hinge half of the knife-blade test 
switches and the terminals for external con-

nections . The cover is  a molded phenolic 
frame with a clear glass window, a thumb 
nut, and a hinge. The hinge fits over the top 
flange of the case. The thumb nut, which 
fastens to a stud on the bottom flange of the 
case, holds the cover securely in place on 
the case.  The chassis is  a steel frame that 
supports the relay elements and the contact­
j aw half of the test switches .  This slides in 
and out of the case. The electrical con­
nections between the base and chassis are 
completed through the closed knife-blades . 
The case designation is type FT-3 2 .  

REMOVING CHASSIS 

To remove the chassis, first remove the 
cover by unscrewing the captive thumb nut at 
the bottom and lifting the cover hinge off the 
top flange of the case . This exposes the re­
lay units and all the test switches for inspec­
tion and testing. The next step is to open the 
test switches .  In opening the test switches, 
they should be moved all the way back against 
the stops . With all the switches fully opened, 
release the cam action latches and pull the 
chassis outward, One cam latch is  located 
at the upper right and must be pulled down­
ward for release. The other cam latch is  
located at the lower left of  the chassis and 
must be pushed upward for release. The 
chassis can be set on a test bench for easy 
inspection, maintenance and test. 

After removing the chassis a duplicate 
chassis may be inserted in the case or the 
blade portion of the switches can be closed 
and the cover put in place without the chassis. 
The chassis-operated auxiliary shorting 

60 CYCLE RESISTANCE 
OHMS PER 3.5 3.0 2.5 2.0 1 .5 1.0 .5 .45 .4 .35 .3 .25 .2 . 15 . I  
MILE I d d I I " I 1 11 1  d I ll  d II I I I I �� I I d d II I I I  1 11 1  d I II d I I I I I 

I c'ii�E 201 130 40ij sol sol 1 1061 1 2oo
l j 3001 I a:x>j I 

B 8 S  GAUGE 8 6 4 2 1/0 2/o 4/0 
WIRE 

SIZE OF COPPER CONDUCTOR 

.05 

I I I I I I I l j1ooo 

Fig. 1 2  - Resis tance Chart Showing Ohms per Conductor per Mile 60 Cycle Circuit www . 
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Fig. 13 - Reactance in Ohms per Conductor per Mile Versus Spacing for Single Phase or 3 Phase Lines 
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switches (see Figure 16)  between terminals 
8-9  and 1 2-1 3  remain closed with the chassis 
out to prevent open circuiting the current 
transformers when the current test switches 
are closed. 

When the chassis is to be put back in the 
cas.e the above procedure is to be followed 
in the reversed order. 

C AUTI O N :  Be sure to operate the cam l atc hes 
i nto thei r ori g i n a l  h ori zonta l pos i t i on before at­
temp t i n g  to repl ace cover . Fa i l ure to do so may 
crack the cover. 

ELE CTRICAL CIRCUITS 

Each terminal in the base connects through 
a test switch to the relay units in the chassis 
as shown on the internal schematic diagram 
Fig. 3 .  The relay terminals are identified 
by numbers marked on the outside of the 
case. The test switch positions are identified 
by numbers marked on the molded blocks. 

The potential and control circuits through 
the relay are disconnected from the external 
circuit by opening the associated test 
switches . A current test switch is illus­
trated in Figure 1 5 .  Opening both current 
test switches short-circuits the current 
transformer secondary and disconnects one 
side of the relay circuit but leaves the other 
side of the relay circuit connected to the 
external circuit through the current test 
j ack j aws . This circuit can be isolated by 
inserting an ammeter test plug S#1 1 64047 

SWITCH BLADE JAW ---� 

CLIP LEAD LUG ------,. 

AMMETER 
TEST PWG 

SWITCH BLADE HINGE 

Fig. 14 - Ammeter Test Plug in Testing Positions 

(without external connections) , or by insert­
ing ten-circuit test plugs S# 1 1 64046 . 

TESTING 

The relays can be tested in service ,  in the 
case but with the external circuits isolated, 
or out of the case as follows: 

TESTING IN SERVICE 

The ammeter test plug S#1 1 64047 can be in­
serted in the current test j aws after opening 
the knife-blade switch to check the current 
through the relay, as shown in Fig. 14.  This 
plug consists of two conducting strips sep­
arated by an insulating strip. The ammeter 
is connected to these strips by terminal 
screws and the leads are carried out through 
holes in the back of the insulated handle.  

Voltages between the potential circuits 
can be measured conveniently by clamping 
#2 clip leads on the projecting clip lead lug 
on the contact jaw. 

TESTING IN CASE 

With all blades in the full opt=m position, the 
ten circuit test plug S# 1 1 64046 can be in­
serted in the contact jaws, per Figure 1 7 .  
This connects the relay units to a set of 

KNIFE BLADE 

SHORT CIRCU ITING SPRING 

CHASSIS OPERATED 
SHORT CIRCUITING y swiTCH 

\ 
STRAP CONNECTION 

ro TERMINALS FOR 

EXTERNAL CONNECTIONS 

SWITCH BLADE 

MOLDED I N S ULAT ION BLOCK 

Fig. 1 5 - Short Circuiting Switch www . 
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binding posts and completely isolates the 
relay circuits from the external connections 
by means of an insulating barrier on the 
plug. The external test circuits are con­
nected to these binding posts .  The plug is 
inserted in the bottom test j aws with the 
binding posts up and in the top test switch 
jaws with the binding post down. 

The external test circuits rna y be made to 
the relay units by #2  test clip leads instead of 
the test plug. When connecting an external 
test circuit to the current elements using 
clip leads , care should be taken to see that 
the current test jack jaws are open so that 
the relay is  completely isolated from the 
external circuits . Suggested means for iso­
lating this circuit are outlined above under 
"Electrical Circuits" .  

TESTING OUT O F  CASE 

With the chassis removed from the case, 
relay units may be tested as per description 
included on page 8 .  

Fig. 1 6 - A uxiliary Short Circuiting Switch 
(Enlarged View) 
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Fig. 17 - Multi-Circuit Test Plug in Tes ting Position 

An internal schematic for the relay is 
shown in Figure 3 .  

M a i n te n a n c e  

The proper adjustments to insure correct 
operation of this relay have been made at the 
factory and should not be disturbed after re­
ceipt by the customer (with the exception of 
bandwidth or time delay settings) . Repair 
work can be most satisfactorily done at the 
factory. If it is  desired to check the adjust­
ment at regular maintenance, the following 
instructions should be followed: 

NOTE : Before opening the tes t swi tches turn 
the power supp ly  off. 

Refer to previous description of the 
Fl exi test case for method of removing cover 
and relay. 

When contacts require cleaning, they 
should be cleaned with a fine contact file 
similar to S# 1 0021 1 0  or a contact burnish­
ing tool . Abrasive material should not be 
used because any small particles embedded 
in the contact surface will impair the contact 
operation. 

In the event any of the components be­
come inoperative, they may be replaced 
with renewal parts ordered from the nearest 
Westinghouse Sales Office or from the 
Sharon Plant. Should parts be ordered, give 
the Style or Shop Order number of the equip-www . 
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ment as stamped on the nameplate , together 
with the style number and description of the 
parts required as identified in Figure 4 and 
on the following list. 

Relay Complete S#1 962229 

Relay Case S#1 82A901 G24. 

Relay Cover S#1 8 77784.  

Switch Blades on Block (Top) 
S#58 C 83 73 G33 

Switch Blades on Block (Bottom) 
S#1 8 77021 

Switch Jaws on Block (Top) 
S#57D78 76G13 

Switch Jaws on Block (Bottom) 
S# 1 8 77307 

Potentiometer (50 Watt 500 Ohm) 
(X Control) - S# 1 7D353 2H06 

Potentiometer (25 Watt 1 25 Ohm) 
(R Control) - S# 1 7D353 2H03 

Reversing Switch (XRS) S#1 84A8 78H01 

Potentiometer (25 Watt 350 Ohm) 
(RH) - S#1 7D353 2H05 

Rectifier - S#1 546138 

Disc Compounding Resistors (3000 Ohms 
25 Watt) - S#1 202954 

Resistor (6  Ohms 25 Watt) -
S#04D1 298H84 

Trimming Resistor (3000 Ohms ,5 
Watt) - S#1 84A63 5H1 2 

Resistor (Self-Supporting) (4500 Ohms 
.5 Watt) - S# 1 82A874H01 

Thermistor (Self-Supporting) -
S#1 8 2A8 79H01 

Transformer (KX) - S#290B445G01 

Reactor - S#290B444G01 

Telephone Relay (AR) and (AL) -
S#25B9647H06 

Telephone Relay (120X) - S#25B 9647H05 

Telephone Relay (1 20Y) - S#22D1520H02 

Electromagnet for Disc Type El ement -
S#1 8 78295 

Moving Contact, Spring & Adjuster -
S#1 8 78047 

Stationary Contact and Spring -
S#1 82A8 80G01 

Knob for Potentiometers and Reversing 
Switch - S#1 84A883H01 

Top Bearing Screw - S#1 009811  

Bottom Bearing Screw - S#214869 

Steel Ball (10  in  bottle) - S#1 00R533G01 

Permanent Magnet - S#1 84A1 85G02 

Disc and Shaft Assembly - S#1 732852 

Printed i n  U.S.A. (T.P.) www . 
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Instructions for Type CVR-1 
Voltage Regulating Relay 

Westinghouse Electric Corporation 
Power Transformer Division, Sharon, Pa. 
I.B. 4 7-06 5-9A EffectiYe November, 1962 Supersedes I.B 4 7-065-9, March, 1 9 6 1  www . 
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G e n e ra l  

The type CVR-1 Voltage Regulating Relay 
is in reality a "control package" designed to 
control load tap changers . The major com­
ponents of the CVR-1 relay are an induction 
disk type voltage sensitive relay, two aux­
iliary or pilot relays , two motor control re­
lays , line drop compensator,  and a reactor. 
All components are in a drawout chassis 
(Figures 1 and 6) so that the complete relay 
may be interchanged from unit to unit or 
removed for testing and inspection. The 
Flexitest ® switch base is made an integral 
part of the CVR-1 relay to facilitate con­
necting and testing the relay. The case in 
which the relay is mounted for tap changer 
control is equipped with the mating portion 
of the Flexitest® switch. 

I n stal lat ion 

The CVR-1 relay is usually mounted in the 
tap changer control panel . Before putting the 
relay in service, remove any blocking in­
serted for the purpose of securing parts 
during shipment; make sure that all parts 
operate freely, and inspect the contacts to 
see that they are clean and close properly. 
Check the gaps of the permanent magnet and 
of the electromagnet and clean them if any 
foreign material is present. Operate the 
relay to check the settings and electrical 
connections .  

O p e ra t i o n  

The sensing element of  the CVR-1 relay is  
an induction disk voltage relay with a set of 
single pole double throw contacts . Sealing 
circuits for the auxiliary relay are incor­
porated into the circuit to insure long contact 
life and positive operation . 

Figure 2 shows schematically the rela­
tion between the principle components of the 
C VR-1 relay voltage sensing circuit, while 
Figures 3 and 4 show the internal schematic 
and internal wiring of the actual CVR-1 
relay. 

Fig. 1 - C VR-1 Relay Removed from Case 

A reactor connected in series with the 
voltage sensing element is a large portion of 
the impedance of this circuit. This feature 
minimizes the effect of resistance varia­
tions due to temperature changes. The re­
actor is al so used in the line drop com­
pensator circuit. 

The voltage coil on the lower pole of the 
voltage sensing element supplies a current 
to the coil on the upper pole by transformer 
action. The alternating fluxes induced in 
these poles are in quadrature.  The alter­
nating flux cutting the induction disk induces 
eddy currents in the disk of the relay which www . 
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Page 4 

react with the flux in the air gap producing 
a torque . This torque is balanced against a 
spring torque to determine the balance po­
sition of the relay disk and its associated 
contacts . 

As sume 1 20 volts has been applied to the 
relay long enough for the moving contact to 
come to rest at the 1 2 0  volt point on the re­
lay scale. If the applied voltage were in­
creased to 1 21 volts , the increased electro­
magnetic torque would move the moving con­
tact to the 1 21 volt point on the scale. If 
the voltage were reduced to 1 1 9  volts the de­
creased electro-magnetic torque would al­
low the spring torque to move the contacts 
to the 1 1 9  volt position. 

A permanent damping magnet is mounted 
on the relay with the induction disk between 
the pole faces of this magnet and the magnet 
keeper. Whenever the induction disk moves 
through the unidirectional flux produced by 
this permanent magnet a restraining force is 
produced to control the time required to 
change from one balanced position to another 
for a given change in voltage. 

The position of the stationary 90R and 
90L contacts determines the voltage level at 
which they will be closed to initiate tap 
changer operation to correct the voltage. 

If the voltage falls below the setting of the 
left hand contact long enough for the disk 
operated 90R contact to close, the relay AR 
is energi zed and seals itself in through the 
normally closed 1 20Y relay contact. Closing 
the AR motor control relay contact operates 
the tap changer to raise the voltage . Before 
the tap changer arcing contact has opened, 
a cam operated 12 0  switch in the tap changer 
closes to energize the 120X relay, which in 
turn takes over the sealing of the AR relay 
through its 1 20X contact and also operates 
the 1 20Y slug delayed relay. The normally 
open 1 20Y relay contact closes and shunts 
the reactor with a 3 ,000 ohm resistor which 
increases the current through the voltage 
coil 90 and tends to rotate the disk to open 
contact 90R. Thus for small voltage devi­
ations there will be a short delay between 
successive tap changer operations. After 

the tap changer arcing contact has closed on 
position, the 120  pilot switch opens ,  allowing 
the 1 20X relay to release the AR relay. The 
tap changer motor is stopped by the motor 
brake. If the voltage is not corrected, the 
sequence is repeated until the voltage is  
corrected or a tap changer limit position is 
reached. 

A rise in voltage to close the right hand 
contact 90L would initiate a similar se­
quence of operations to lower the voltage. 
In the latter instance the closing of the 1 20Y 
normally open contact will place a shunt 
through another 3000 ohm resistor around 
the potential coil 90 to produce compounding 
that tends to rotate the disk to open contact 
90L . 

VOLTAGE SENSING r - - - - - - - - - - - - - -- l ELEMENT -; r - - -, r - - -,  .- -- --, 
1 I I I I 1 

UPPER POLE I I bd l: WINDING r---1 

POTENTIAL 

1 I I 

L ___ j I 
I 
I _ _  ...J 

- - , �-+-� I 
--����� I 

I 

WINDING ----7+--+---{:::::::::::: 

POTENTIAL 
SOURCE 

CURRENT 
TRANSF. 

X I  

I 
I 

: .-----.---'---' �-=---' 
I R : 
I I �---J� 

RESISTOR 

LINE DROP COMPENSATOR 

Fig. 2 - Schematic Diagram of the CVR-1 
Relay Voltage Sensing Circuit 

B a n d w idth  a n d  B a l a nce Volta g e  

The bandwidth o f  the voltage regulating re­
lay is the difference in volts between the 90R 
and 90L contact setting. 

Balance voltage is defined as the voltage 
midway between the 90R and 90L voltage 
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FRONT VI EW 

Fig . 3 - CVR-1 Voltage Regulating J<elay Internal Schematic 

settings and is the voltage which the relay 
will tend to maintain . A line drop com­
pensator incorporated in the relay enables 
the relay to adjust the tap changer to regu­
late the voltage at the load center rather than 
at the tap changer itself. A current trans­
former installed in the main transformer 
provides a small secondary current pro­
portional to the current flowing through to 
the load. By thus circulating current pro­
portional to the load through resistance and 
reactance elements, an impedance voltage is 
produced which is combined with the control 
voltage to match the relation between the 
transformer output voltage and the line im­
pedance drop. In this manner the resultant 

voltage applied to the voltage coil is made 
to match the load center voltage. When 
these resistance and reactance drops are 
properly selected to match the line imped­
ance drop, the C VR-1 relay will respond to 
and regulate load center voltage rather than 
the transformer output voltage. 

Sett ing t h e  C V R -1 R e l a y  b y  A p p l y i n g  
a n  Exte r n a l  V o l ta g e  

It i s  most convenient to set the CVR-1 relay 
in its mounting on the tap changer panel . 
The relay operating points may be set by 
means of its scale which is calibrated in www . 
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TRANSFORMER 

290 8 4 4 5 GO I  

A L  RELAY 

25B9647H06 

RECTIF IER -

1546138 

STATIONARY 

PL CONTACT 

I82A880GOI 

120 X RELAY 

25B9647H05 

THERMISTOR 

182A879HOI 

REACTOR 
290 B 444GOI 

POTENTIOMETER 

500 OHMS,SOWATT 

17D3532H06 

RESISTOR 

6 OHMS,25 WATT 

04DI298H84 

REVERSING 

SWITCH 

I84A878HOI 

AR RELAY 

25B9647H06 

DISC 

COMPOUNDING 

RESISTORS 

3000 0HMS 

25 WATT 

1202954 

STATIONARY 
PR CONTACT 

182A880GOI 

-120 Y RELAY 

22DI520H02 

MOVING CONTACT 
1878047 

Fig . 4 - CVR-1 Relay Internal Connection Diagram 

volts . This method i s  adequate for most 
conditions of operation and where settings 
within ± 1% of desired values are satis­
factory. 

For n10re exact setting a voltmeter of 
better than 1% accuracy class should be 
connected from PTT1 to PTT2 as shown in 
Figure 5 .  It is convenient to apply an ex­
ternal variable voltage source to PTT1 and 
PTT2 , reading on the voltmeter the voltage 
at which the 90R and 90L contacts close . 
If desired, a constant voltage source may 
be applied between PTT2 (ground) and the 
load side of the potential breaker on the 
main control panel . This,  in conjunction 

with the Test Rheostat (RH) , will furnish a 
variable voltage across PTTl and PTT2.  
Turning the Test Rheostat knob (RH) clock­
wise inserts resistance between the poten­
tial supply terminals and the CVR- 1 sensing 
circuit. F rom this point the procedure is 
exactly as outlined on Page 7 under the 
heading "Setting the CVR-1 Relay with Load 
Tap Changer Energized" . Observe the fol­
lowing cautions before attempting this pro­
cedure. 

CAUTI ON :  Extreme care must  be taken t o  i n ­
sure t h a t  the breaker i n  t h e  poten t i a l  c i rc u i t  i s  
i n  t h e  OFF pos i t i on and that  t h e  groun d  s ide  of 
the tes t source is connected to PTT2. These 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



precaut i ons are necessary to avo i d  the poss i ­
b i l i ty o f  energ i zi n g  t h e  transformer i n  reverse 
through the potenti a l  transformer and to avo i d  
short c i rc u i t i n g  the externa l  supp ly  through the 
ground connecti o n .  

To make the settings proceed as follows: 

1 .  Set resistance and reactance com­
pensator dials both on zero. Set 90R lower 
and 90L higher than their final settings . 

NOT E :  A l ways ad j ust  90R and  90L contacts by 
mov i n g  the h a n d l es attached to the stat i onary 
contact assemb l i es .  S e e  F i gu re 7 .  

2 .  I f  the relay is  not in  service apply 
approximately 12 0  volts for one hour before 
making settings . This allows the relay to 
reach normal operating temperatures. If 
the relay is in service proceed immediately 
with step nwnber 3 .  

3 .  Apply to the test terminals the exact 
voltage at which the tap changer is to operate 
in the raise direction. For example, con­
sider 1 1 9  volts . Since the CVR-1 is very 
highly damped the voltage should be held at 
this level for about one minute . The disk 
contact will now be at its 1 1 9  volt position. 
Set the control selector switch on "AUTO" 
and move the left hand scale pointer until 
the 90R contact just touches the moving 
contact, picking up the auxiliary control re­
lay and operating the tap changer in the 
raise direction. Place control selector 
switch in "MAN" position. 

4 .  Apply to the test terminals the exact 
voltage at which the tap changer is to oper­
ate in the lower direction. For example,  
consider 1 2 1  volts. Hold the test voltage at 
121  volts for about one minute to allow the 
disk contact to reach its 121  volt position. 
With the control selector switch on "AUTO" 
move the right hand scale pointer until the 
90L contact just touches the moving contact, 
operating the tap changer in the lower 
direction. 

5 .  The C VR-1 relay is now set to hold 
regulated output between the limits of 1 1 9  
and 1 21 volts or at a nominal 1 20 volt level 

Page 7 

(balance voltage) with a 2 volt (±1 volt) 
bandwidth. 

6 .  The CVR-1 relay will operate satis­
factorily with any combination of contact 
settings between 105 and 135  volts and the 
tap changer will provide excellent quality 
regulation with set bandwidths of 2 volts or 
greater, that is, balance voltage ±1 volt. 

7. For any other settings , determine 
the limit settings for 90R and 90L of the 
voltage regulating relay and proceed as out­
lined in 2 through 6 .  

8 .  Refer to Time Voltage Curve Figure 
1 0  and set damping magnet for desired time 
delay characteristic. 

9. Set resistance and reactance com­
pensation dials as required (see page 14) . 

1 0 .  When tests are completed return the 
test Rheostat Knob to the "OFF" position. 

Setti ng the  C V R -1 R e l a y  with Load 
Ta p C h a n g e r  E n e r g i z e d  

A test voltage adjustment rheostat (RH) i s  
located on a control panel inside the CVR- 1 
case for your convenience. It makes pos­
sible setting the relay by using the control 
voltage with the tap changer energized. 
Turning the Test Rheostat knob clockwise 
will adjust the voltage applied to the relay 
by means of the rheostat which is in series 
with the control voltage and is located ahead 
of the test terminals .  (See Diagram Figure 
5) . Proceed as follows: 

1 .  Set resistance and reactance com­
pensator dials both on zero . Set 90R lower 
and 90L higher than their final desired set­
tings . 

NOT E:  A l ways ad j ust 90R and 90L contacts by 
mo v i n g  the hand l es attached to the stat ion a ry 
contact assemb l ies .  See Fi gure 7. 

2.  If the relay has not been in service 
for at least an hour, allow up to an hour be­
fore making settings in order for the relay 
to reach normal operating temperature ,  www . 
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Fig. 5 - Simplified Control Schema tic with C VR-1 Relay 

3 .  Manually operate the tap changer in 
the raise direction until a voltage 2 or 3 
volts in excess of the 90L contact setting is  
read by means of a voltmeter connected to 
test terminals PTT1 and PTT2.  

Now cut in  resistance on the Test Rheo­
stat until the voltage on the test terminals 
is at the desired value for the 90R setting. 
After 60 seconds set the control selector 
switch on "AUTO" and move the 90R sta­
tionary contact until it picks up the auxiliary 
control relay. Set control selector to 
"MAN". 

4 .  Adjust the Test Rheostat for the de­
sired value of the 90L setting and again, 
after 60 seconds, set the control selector on 
"AUTO". Move the 90L stationary contact 
until it picks up the motor control relay. 

5 .  Refer to Time Voltage Curve ( Figure 
1 0) and set damping magnet for desired time 
delay characteristic . 

6 .  Set resistance and reactance com­
pensator dials as required. (See Page 1 4) 

7 .  Return Test Rheostat knob to the 
"OFF" position. 

Sett i n g  t h e  C V R - 1  R e l a y  w h i l e  R e m o v e d  
f rom F l e x i t e st C a s e  

When removed from its case, the type 
CVR- 1 relay may be checked conveniently 
by means of a pair of Flexitest0plugs , Style 
No. 11 64046 , which may be plugged into the 
jacks in top and bottom of the relay chassis . 
The circuit may also be made by means of 
clip leads connected to corresponding ter­
minals on the relay. 

Preparatory to making this test, jumper 
numbered terminals 5 to 6 ,  4 to 1 5 , 3 to 1 6 ,  
5 to 1 8 ,  and 7 to 9 on the CVR-1 chassis.  
Apply a variable voltage to points 14 and 9 
porresponding to PTT1 and PTT2 on the con-www . 
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A R  RELAY 

1 20 Y R E LAY 

Fig .  6 - C VR-1 Relay Removed from Case (Rear View) 

trol panel) and follow the procedure under 
"Setting the CVR-1 Relay by Applying an 
External Voltage". The self-sealing circuit 
of the CVR- 1 relay may be cleared by mo­
mentarily connecting a jumper from 2 to 5 .  
The 1 20 switch performs this function in 
the tap changer, clearing the self-sealing 
network and applying negative compounding 
to the disk of the CVR-1 relay. If desired, 
a constant voltage may be applied at points 
6 and 9 with the Test Rheostat being used to 
obtain a variable voltage . A voltmeter con-

nected across 9 and 14 will indicate the 
voltage actually applied to the voltage sens­
ing coil . 

A somewhat more intricate test circuit is  
indicated in Figure 8 .  Such a reconnection 
following removal of the original jumpers 
will provide all switching and indication re­
quired to calibrate the relay and check its 
performance while removed from the tap 
changer control panel . Lights Rp and Lp 
indicate operations of contacts 90R and 90L 
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VOLTAG E  SCALE 

------ FLEXI TEST 
SW I TCH 
BASE 

Fig. 7 - Close-up of C VR-1 Relay Adjustments 

while lights Ro and Lo indicate operation of 
the motor control relay contacts AR and AL . 

With the switch in the " CAL" position, 
the operation of 90R and 90L contacts is 
indicated by lights Rp and Lp. 

With the s"Witch on "AUTO" position the 
relay functions in response to applied volt­
age as it would under fully automatic regu­
lation. Operations are indicated by all four 
lights . 

With the switch on "MAN" position the 
raise and lower switches control the motor 
control relays . Rp and Lp now indicate 
closing of the raise and lower pushbuttons .  
Ro and Lo still indicate operation o f  A R and 
AL contacts . 

General operating data for the relay on 
60 cycles is as follows: 

Burden of the potential 
circuit at 120  volts - - - - - - - - 1 0VA 

with auxiliary relays energized 3 9V A 
Separate R and X compensation - 24 volts 
100% load compensation current - .2 amps 
Burden on the current circuit at 1 00% 

load - - - - - - - - - - - - - - - 13 VA 

Ti m e  Del a y  A d j u st m e nt 

The inverse time delay characteristic of the 
C VR- 1 relay enables it to maintain regulated 
voltage within close tolerance.  Figure 7 
shows the relay adjusted for a damping 
factor of 2 .4.  Figure 9 shows a curve of 
relay adjustment versus damping factors 
and Figure 1 0 shows a curve of relay per­
formance when adjusted for a damping factor 
of one,  As can be seen from Figure 1 0 ,  at 
least three different factors control the 
amount of time delay that precedes the ini­
tial operation of the tap changer on a change 
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Fig. 8 - Circuit for Checking and Calibrating the CVR-1 Relay Removed from Case 

of voltage. For example,  any one of the fol­
lowing conditions contributes to a shorter 
time delay. 

1 .  A lower damping factor.  

2.  A greater voltage deviation from the 
center of the set bandwidth. 

3 .  A lower bandwidth. 

Should the conditions be reversed, a 
longer time delay is  indicated. It is difficult 
to make a general statement about time de­
lay except that it is not fixed. It can be said, 
however,  that for step deviations from the 
band center equal to 75% of total set band­
width, time delay may be varied from 11  to 
6 0  seconds by adjustment of the damping 
magnet and keeper. Correction for greater www . 
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deviations lowers this time band while cor­
rection for lesser voltage deviations raises 
the time band. 

In some cases where cycling loads or 
other load conditions produce large voltage 
changes of short duration it may be desirable 
to increase the damping to obtain longer 
time delay and avoid unnecessary tap 
changer operation. The time delay may be 
increased by decreasing the gap between the 
permanent magnet and its keeper. Relays 
are shipped set for a damping factor of l .O .  
The magnet keeper i s  set with its top even 
with the 1 .0 graduation on the keeper time 
multiplier. The magnet engagement setting 
is at the 2 .4 graduation on the magnet time 
multiplier . This gives a damping factor of 
5 .3 .  

Variations in damping factor between 1 .0 
and 2.4 are obtained by changing the gap 
distance between the magnet keeper and the 
damping magnet, with the latter set at 2.4.  
To increase the damping factor from 1 .0 to 
2.4,  the gap must be decreased. To change 
this setting the keeper locking screw must 
first be loosened. If, after loosening this 
screw, the keeper does not turn easily, re­
move the keeper locking screw completely 
and check the copper thread protector under 
the locking screw to see that it is free. 
After making certain that the keeper locking 
screw turns easily, a damping factor of 1 .0 
to 2.4 can be secured by lining up the top of 
the magnet keeper with the desired gradu­
ation on the keeper time multiplier scale. 

Variations in damping factor between 
2 .4 and 5 .3 are obtained by varying the 
amount of engagement of the damping magnet 
and disc,  with the magnet keeper set at 2.4.  
To reduce the damping factor from 5 .3 down 
to 2.4 this engagement must be decreased to 
the position shown in Figure 7 .  This is done 
by loosening the four magnet assembly 
mounting screws (See Figure 7) and sliding 
the magnet assembly to its new position. A 
magnet time multiplier scale is attached to 
the permanent magnet to facilitate setting 
the magnet engagement. This scale is ref­
erenced to the edge of the disc directly above 
it. To raise the damping factor after it has 

once been lowered, use a reversal of the 
above procedure. 

CAUTI ON : The keeper magnet shou l d  never be 
turned down be low the 2 . 4  graduat ion .  When the 
keeper magnet i s  at  or  near the 2 . 4  setti ng,  care 
shou ld  be exerc i sed to see that mech an i ca l  b i nd­
i n g does not take p l ace between magnet and d i sc .  
Too c l ose proxi m i ty o f  keeper magnet a n d  d i sc 
c o u l d  resu l t  i n  overdamp i n g  and poss i b l e  stop­
p i n g  of  d i sc mo veme nt ent i re l y .  

The maximum keeper setting i s  shown in 
Figure 7. After this adjustment has been 
completed the locking screw should again 
be tightened; but before tightening, be sure 
that the piece of copper is still in the hole 
so that the keeper adjusting threads will not 
be damaged by the keeper locking screw. 

The damping factor of any relay as set 
may be determined easily by the following 
procedure . 

1 .  De-energize the relay. 

2. Set 90R scale handle at 1 05 volts . 

3 .  Set 90L scale handle at 135 volts . 

4 .  Manually rotate the disk to close 
90L contacts.  

5 . Release the disk and measure the 
time to close the 90R contact. 

6 .  Divide the number of seconds meas­
ured in step 5 by 5 .4 .  The quotient 
is the damping factor for the relay 
as adjusted. 

7 .  Move the 90R and 90L scale handles 
to the desired limits for voltage band. 

Having determined the relay damping 
factor, a new curve for relay performance 
may be plotted by multiplying the time values 
read from the curves in Figure 1 0  by the 
damping factor. 

Example: 

Assume 1 0 .8 seconds measured in step 5 
above. 1 0 . 8 -:- 5 .4 = 2 ,  the relay damping www . 
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Fig. 9 - Typical Damping Factors Versus Gap Setting and Magnet Engagement 

factor. In Figure 1 0  we find that for a 2 
volt bandwidth the time delay would be 3 
seconds for a 4 volt change. 

To determine the actual time to close 
relay contacts multiply 3 (seconds) x 2 
(damping factor) = 6 seconds actual time 
delay. 

C V R -1 R e l a y  C o ntro l  A d j u st m e nts 

Figure 1 1  shows the CVR- 1 Relay Control 
Panel as seen facing the front of the relay 
with the cover removed. The adjustments 
for resistance and reactance compensation, 
the switch for reversing the polarity of the 
reactahce compensation, and the Test Rheo­
stat are all contained on this sub-panel . A 

control breaker, potential and current test 
terminals ,  and the selector switches for 
automatic-manual a n d  raise-lower tap 
changer control are separately mounted on 
the larger steel panel containing the CVR-1 
relay. These have been touched briefly in 
an earlier discussion but are not within the 
scope of this instruction book. 

1 .  Test Rheostat. The Test Rheostat on 
the CVR- 1 sub-panel facilitates checking 
and setting the relay voltage sensing ele­
ment, as described earlier under two dif­
ferent methods of setting. Under actual con­
ditions of operation it is left in the "OFF" 
position , in which there is  zero resistance 
between the potential supply source and the 
CVR-1 voltage sensing element. www . 
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Fig. 10 - Typical Time Delay Versus Step Chang e in Voltage Level for Type CVR-1 Relay 

2 .  Line Drop Compensator. Separate 
rheostats permit independent setting of the 
24 volts resistance and 24 volts reactance 
compensation (both on a 12 0  volt base) . This 
value of compensation is available only when 
the main current transformer is  delivering 
a full 5 amperes to the tap changer control .  
(An auxiliary current transformer (ACT) 
steps this current down from 5 amperes to 
the .2 ampere rating of the compensator 
elements . Line drop compensation is  ob­
tained by circulating a current, proportional 

to the load current, through the line drop 
compensator network to simulate the actual 
voltage drop in the line for which the com­
pensator is adjusted. The compensator volt­
age, when subtracted from the output voltage 
of the transformer or regulator ,  gives a 
resultant which is  equivalent in magnitude 
and P.hase angle to the load center voltage. 

3 .  Reactance Reversing Switch. For nor­
mal line drop compensation the Reactance 
Switch (XRS) on the CVR- 1  sub-panel is left www . 
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in the "direct" position. Reversed reactance 
compensation is obtained by placing it in the 
" reverse" position, which reverses the po­
larity of the reactance element. 

"Reverse reactance" compensation is a 
method used to reduce the circulating cur­
rent that might flow when two or more trans­
formers are paralleled. It is a requirement 
of ASA Standards C5 7 .12-3 7 .23 6 .1 . Instead 
of running toward opposite extreme posi­
tions, tap changers having "reverse re­
actance" compensation tend to move toward 
whatever positions cause the least amount of 
circulating current to flow. This is accom­
plished at some sacrifice of normal line 
drop compensation, but is generally satis­
factory when units paralleled are not located 
in close proximity to each other,  or where 
the supply is from different sources . 

4 .  Line Drop Compensator Settings . The 
final settings on the line-drop compensator 
are usually made by field adjustments, but 
if the data on the particular line is known, 
the curves in Figs .  1 2  and 1 3  may be used, 
and initial values calculated. 

The initial line-drop compensator set­
tings can be derived by the use of the follow­
ing expressions: 

Dial Setting for Resistance Compensation 

5 X 
Nc.T. R d x L x x n. 
NPOT 

Dial Setting for Reactance Compensation 

N 
5 X 

C. T. X d --- X L X X n.  
NPOT 

Where 
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RL resistance per conductor from 
unit to load center, in ohms per 
mile.  

XL inductive reactance per conduc­
tor from unit to load center, in 
ohms per mile.  

d miles from unit to load center. 

n 1 20/balance voltage setting. 

A typical three-phase example is as fol­
lows: 

a b c 

O+- 4 '--�o- 4 '-o 
I 8 ' I 

500,000 C M  copper conductor, with flat 
spacing above. 

Line Voltage = 12000 volts 

Main Current Transformer Ratio = 6 00/5 

Potential Transformer Ratio = 6 928/1 20 

Distance from unit to load center = 3 .5 miles . 

Balance voltage setting = 1 1 7  volts . 

A unit energizes a typical distribution 
circuit whose characteristics are given 
above. Determining the constants for the 
circuit on a per phase basis ,  

From Figure 1 2: 
R = 0 .1 2  ohms per mile.  

From Figure 13:  
D = 1 .26x4 = 5 .04 feet. 

XL = 0.64 ohms per mile.  

The line drop compensator resistance set­
ting is:  

5 X 600/5 1 2 0  
6 928/1 2 0  X 0 .12  X 3 .5 X 

1 1 7  = 4 .4 7  

N C . T. 
The line drop compensator reactance set­

main current transformer ratio ting is:  

= 

primary current 
secondary current 

potential transformer ratio 

primary voltage 
secondary voltage 

5 X 600/5 1 20 
6 928/120 X 0 .64 X 3 .5 X 

1 1 7  = 23 .9 

These settings may be adjusted as found 
necessary as shown by load center voltage 
measurements . www . 
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Fig. 1 1  - C VR-1 Relay Control Adjus tment Panel 

F l e x itest C a s e  

The type F T  (Flexitest) CD case is a dustproof 
enclosure combining relay units and knife­
blade test switches in the same case. This 
combination provides a compact flexible as­
sembly easy to maintain, inspect, test and 
adjust. There are three main units of the 
type FT case: the case, cover,  and chassis .  
The case is  an all-steel welded housing con­
taining the hinge half of the knife-blade test 
switches and the terminals for external con-

nections .  The cover is  a molded phenolic 
frame with a clear glass window, a thumb 
nut, and a hinge. The hinge fits over the top 
flange of the case. The thumb nut, which 
fastens to a stud on the bottom flange of the 
case, holds the cover securely in place on 
the case.  The chassis is a steel frame that 
supports the relay elements and the contact­
j aw half of the test switches . This slides in 
and out of the case. The electrical con­
nections between the base and chassis are 
completed through the closed knife-blades.  
The case designation is  type FT-3 2 .  

REMOVING CHASSIS 

To remove the chassis, first remove the 
cover by unscrewing the captive thumb nut at 
the bottom and lifting the cover hinge off the 
top flange of the case. This exposes the re­
lay units and all the test switches for inspec­
tion and testing. The next step is to open the 
test switches .  In opening the test switches, 
they should be moved all the way back against 
the stops . With all the switches fully opened, 
release the cam action latches and pull the 
chassis outward. One cam latch is located 
at the upper right and must be pulled down­
ward for release. The other cam latch is  
located at  the lower left of  the chassis and 
must be pushed upward for release. The 
chassis can be set on a test bench for easy 
inspection, maintenance and test. 

After removing the chassis a duplicate 
chassis may be inserted in the case or the 
blade portion of the switches can be closed 
and the cover put in place without the chassi s .  
The chassis-operated auxiliary shorting 

60 CYCLE RESISTANCE 
OHMS PER 3.5 3.0 2.5 2.0 1 .5 1.0 .5 .45 .4 .35 .3 .25 .2 . 15 . I  
"'cr I d d 1 1 d 1 l 11 1  d 1 1 1  d 1 1 1 1 I 1 U 1 I d d d I l 1  l 1 1 1  d 1 1 1  !1 1 1 1 1 I 
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Fig. 12 - Resistance Chart Showing Ohms per Conductor per Mile 60 Cycle Circuit www . 
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EQU I VALENT CON DUCTOR SPAC I N G-FEET 

EQU I VALENT CONDUCTOR SPAC I N G ,  D, OF UNSYMMETR I CAL  THREE PHASE L I NES IS G I VEN BY THE EXPRESS I ON 
D=V DAB  X Dac X DcA , WHERE  

DAB • Dec • AND DcA ARE THE D I STANCES I N  FEET BETWEEN CONDUCTORS DES I GNATED BY THE  SUBSCR I PTS . 

N OTE : - WHERE DCA = 2 DA B = 2 Dec ; D = 1 . 26 DAB 

Fig . 13 - Reactance in Ohms per Conductor per Mile Versus Spacing for Single Phase or 3 Phase Lines 
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switches (see Figure 1 6) between terminals 
8-9  and 1 2-1 3  remain closed with the chassis 
out to prevent open circuiting the current 
transformers when the current test switches 
are closed. 

When the chassis is to be put back in the 
case the above procedure is to be followed 
in the reversed order. 

CAUTI O N :  Be sure to operate the cam l atches 
i nto the i r  ori g i n a l  h or izonta l pos i t i on before at­
tempti ng  to repl ace cover . F a i l ure to do so may 
crack the cover. 

E L E C TRICAL CIRCUITS 

Each terminal in the base connects through 
a test switch to the relay units in the chassis 
as shown on the internal schematic diagram 
Fig. 3 .  The relay terminals are identified 
by numbers marked on the outside of the 
case. The test switch positions are identified 
by numbers marked on the molded blocks. 

The potential and control circuits through 
the relay are disconnected from the external 
circuit by opening the associated test 
switches . A current test switch is illus­
trated in Figure 1 5 .  Opening both current 
test switches short-circuits the current 
transformer secondary and disconnects one 
side of the relay circuit but leaves the other 
side of the relay circuit connected to the 
external circuit through the current test 
j ack jaws . This circuit can be isolated by 
inserting an ammeter test plug S#11 64047 

SWITCH BLADE JAW -----'\ 

CLIP LEAD LUG -----, 

AMMETER 
TEST PLUG 

SWITCH BLADE HINGE 

Fig. 14 - Ammeter Test Plug in Testing Positions 

(without external connections) , or by insert­
ing ten-circuit test plugs S#1 1 64046 . 

TESTING 

The relays can be tested in service,  in the 
case but with the external circuits isolated, 
or out of the case as follows: 

TESTING IN SERVICE 

The ammeter test plug S#1 1 64047 can be in­
serted in the current test jaws after opening 
the knife-blade switch to check the current 
through the relay, as shown in Fig. 14.  This 
plug consists of two conducting strips sep­
arated by an insulating strip. The ammeter 
is connected to these strips by terminal 
screws and the leads are carried out through 
holes in the back of the insulated handle.  

Voltages between the potential circuits 
can be measured conveniently by clamping 
#2 clip leads on the proj ecting clip lead lug 
on the contact jaw. 

TESTING IN CASE 

With all blades in the full optm position, the 
ten circuit test plug S# 1 1 64046 can be in­
serted in the contact jaws , per Figure 1 7 .  
This connects the relay units to a set of 

KNIFE BLADE 

SHORT CIRCUITING SPRING 

""\ · 
STRAP CONNECTION 

10 TERMINALS FOR 

EXTERNAL CONNECTIONS 

SWITCH BLADE 

MOLDED I N SULAT ION BLOCK 

Fig . 1 5 - Short Circuiting Switch www . 
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binding posts and completely isolates the 
relay circuits from the external connections 
by means of an insulating barrier on the 
plug. The external test circuits are con­
nected to these binding posts . The plug is 
inserted in the bottom test jaws with the 
binding posts up and in the top test switch 
jaws with the binding post down . 

The external test circuits may be made to 
the relay units by#2  test clip leads instead of 
the test plug. When connecting an external 
test circuit to the current elements using 
clip leads , care should be taken to see that 
the current test jack jaws are open so that 
the relay is  completely isolated from the 
external circuits . Suggested means for iso­
lating this circuit are outlined above under 
"Electrical Circuits" .  

TESTING OUT O F  CASE 

With the chassis removed from the case, 
relay units may be tested as per description 
included on page 8 .  

Fig . 1 6 - A uxi liary Short Circuiting Switch 
(Enlarged View) 
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Fig . 1 7  - Multi-Circuit Test Plug in Tes ting Position 

An internal schematic for the relay is 
shown in Figure 3 .  

M a i nte n a n c e  

The proper adjustments to insure correct 
operation of this relay have been made at the 
factory and should not be disturbed after re­
ceipt by the customer (with the exception of 
bandwidth or time delay settings) . Repair 
work can be most satisfactorily done at the 
factory. If it is  desired to check the adjust­
ment at regular maintenance, the following 
instructions should be followed: 

NOTE : Before openi ng th e test swi tches turn 
the power su ppl y off. 

Refer to previous description of the 
Flexitest case for method of removing cover 
and relay. 

When contacts require cleaning, they 
should be cleaned with a fine contact file 
similar to S# 1 0021 1 0  or a contact burnish­
ing tool . Abrasive material should not be 
used because any small particles embedded 
in the contact surface will impair the contact 
operation. 

In the event any of the components be­
come inoperatrve, they may be replaced 
with renewal parts ordered from the nearest 
Westinghouse Sales Office or from the 
Sharon Plant. Should parts be ordered, give 
the Style or Shop Order number of the equip-www . 
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ment as stamped on the nameplate , together 
with the style number and description of the 
parts required as identified in Figure 4 and 
on the following list. 

Relay Complete S#1 962229 

Relay Case S#1 82A901G24. 

Relay Cover S#1 8 77784.  

Switch Blades on Block (Top) 
S#58C83 73G33 

Switch Blades on Block (Bottom) 
S#1 8 77021 

Switch Jaws on Block (Top) 
S#57D78 76G13 

Switch Jaws on Block (Bottom) 
S#1 8 773 0 7  

Potentiometer (5 0  Watt 5 0 0  Ohm) 
(X Control) - S#1 7D353 2H06 

Potentiometer (25 Watt 125 Ohm) 
(R Control) - S#1 7D353 2H03 

Reversing Switch (XRS) S# 1 84A8 78H01 

Potentiometer (25 Watt 350 Ohm) 
(RH) - S#1 7D353 2H05 

Rectifier - S#1 546138 

Disc Compounding Resistors (3000 Ohms 
25 Watt) - S#1 202954 

Resistor (6 Ohms 25 Watt) -
S#04D1298H84 

Trimming Resistor (3000 Ohms .5 
Watt) - S#1 84A635H12 

Resistor (Self-Supporting) (4500 Ohms 
.5 Watt) - S#1 82A874H01 

Thermistor (Self-Supporting) -
S#1 8 2A8 79H01 

Transformer (KX) - S# 290B445G01 

Reactor - S#290B444G01 

Telephone Relay (AR) and (AL) ­
S# 25B9647H06 

Telephone Relay (120X) - S#25B 9647H05 

Telephone Relay (1 20Y) - S# 22D1520H02 

Electromagnet for Disc Type E lement -
S#1 8 78295 

Moving Contact, Spring & Adjuster -
S# 1 878047 

Stationary Contact and Spring -
S#1 82A8 80G01 

Knob for Potentiometers and Reversing 
Switch - S#1 84A883H01 

Top Bearing Screw - 8#1 009811  

Bottom Bearing Screw - 8#214869 

Steel Ball (10  in  bottle) - S# l OO R533G01 

Permanent Magnet - S#1 84A1 85G02 

Disc and Shaft Assembly - S#l 732852 
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