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INSTRUCTIONS

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 inductiongdisk
type voltage sensitive relay, two auxiliaryJor
pilot relays, two motor control relays, lihe drop
compensator, and a reactor. All compenerts
are in a drawout chassis (Figuressl 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 QVR-1 relay to facilitate
connecting and testing, thefrelay. The case in
which the relagis moeunted for tap changer con-
trol is equipped, with the mating portion of the

Flexitest “switeh.

* Westinghouse Trade Mark
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Figure 1 - CVR-1 Relay Removed From Case
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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.
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Figure 2 - Schematic Diagram of the CVR-1
Relay Voltage Sensing Circuit

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 lowe¥ pole of the
voltage sensing element supplieésg@ current to
the coil on the upper pole by transfermer action.
The alternating fluxes ind@éed i these poles
are in quadrature. The @ltérnating flux cut-
ting the induction disk@induees eddy currents
in the disk of the relay whichyreact with the flux
in the air gap producinghagtorque. This torque
is balanced against a spring torque to determine
the balance position, of the relay disk and its
associated contacts.

Assumenl20w9olts has been applied to the
relayslong ‘enough for the moving contact to
come to,restzat the 120 volt point on the relay
scale! If%he applied voltage were increased to
121 volts,4he increased electro-magnetic torque
would move the moving contact to the 121 volt
point on the scale. If the voltage were reduced
t0 119 volts the decreased electro-magnetic tor-
quée 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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Figureyd -‘CYR-1 Voltage Regulating Relay Internal Schematic

of the AR relay throdgh its 120X contact and
also operates the 120Y)slug delayed relay. The
normally open 120% Jrelay contact closes and
shunts the reactorgwith a 3,000 ohm resistor
which increases the éurrent through the voltage
coil PP and tends towrotate 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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Figureids- GV R-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 enablessthe relay to adjust the
tap changer to regulate the voltage at the load
center rather tham at“thetap changer itself. A
current transformer dnstalled in the main trans-
former providésya Smallfsecondary 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 eembined with the control voltage to
match théwelation 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

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.

RN
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For more exact setting a voltmeter of bet-
ter than 19, 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 reversé throuigh
the potential transformer and to aveid ‘short
circuiting the external supply through the
ground connection.

To make the settings proceedwas follows:

1. Set resistance and reactance Jcompensa-
tor dials both on zero. Set‘BR lower and PL
higher than their final settings.

Note: Always adjast,PRand PL contacts
by moving the handle§ attached to the station-
ary contact assemblies. See Figure 7.

2. If the relay is mot in service apply ap-
proximately 120 velts for one hour before mak-
ing settings. This allows the relay to reach
normal @perafing, temperatures. If the relay
is in servieefprocéed 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
theyraise 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

switch on “AUTO” and move the left hand scale
pointer until the PR contact just touches, the
moving contact, picking up the motor/contrel re-
lay and operating the tap changer inithe/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, 12Iyvolts for about one

minute to allow thefdiskfcontact to reach its
121 volt position., With/the control selector
switch on “AUTO” 'move the right hand scale
pointer until theWPL gontact just touches the
moving contaect,\operating the tap changer in
the lower direction.

5. The CViR-1 Relay is now set to hold regu-
latedhoutput between the limits of 119 and 121
volts'erat anominal 120 volt level (balance volt-
age) witha 2 volt (=1 volt) bandwidth.

6.9 The CVR-1 relay will operate satisfactor-
1lypwith 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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Figure 5 - Simplified Control Schematic with CVR-1 Relay

1. Set resistance,and reactance compensator
dials both on zero,,SetWPRWewer and PL higher
than their final desized settings.

NOTE: ALWAYSFADJUST PR AND PL
CONTACTS BY MOVING THE HANDLES
ATTACHED, TO THE STATIONARY

CONTACT ASSEMBLIES. SEE FIGURE 7.

2. If'therelay has not been in service for at
least4am, hour, allow up to an hour before making
settings in order for the relay to reach normal
operating temperature.

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 PT1 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”.

o,
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Figure 6 - CVR-1 Relay Removed From Case (Rear View)
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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, jumpeér
terminal pairs numbered 5-6, 4-15, 3-16;m56-18,
and 7-9 on the CVR-1 chassis. Apply afvariable
voltage to points 14 and 9 (corresponding to
PT1 and PT2 on the control panel) ‘and follow
the procedure under “Setting the CV-R-1%Relay
by Applying an External Voltagg”./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 perferms, this function
in the tap changer, clearing thetself-sealing net-
work and applying negative compounding to
the disk of the CVR-1 Telay. If desired, a con-
stant voltage may befapplied at points 6 and 9
with the Test Rheostat being used to obtain a
variable voltage.#A“woltmeter connected across
9 and 14 will indieate the voltage actually ap-
plied to the voltage®sénsing coil.

A somewhat’more intricate test circuit is
indicated imyFigure 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.

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 switchqon ““MAN"” position the
raise and lower switches%eontrol the motor con-
trol relays. Rp and Lpmow indicate closing of the
raise and lower pushbuittonis. 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, theypotential

circuit at @20 volts - _ _ _____ ... _ 10VA
with @uxiliary relays energized . . 39VA
SeparateyR and X compensation _ .. __ 24 volts
100 %#wmload compensation current ____ .2 amps
Burden on the current circuit at 100%
leed .. ___ . . __ 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

11
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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 (Sge
Figure 7.) and sliding the magnet assembly to
its new position. A magnet time multiplier seale
is attached to the permanent magnet to,facili-
tate setting the magnet engagement. “Fhis‘seale
is referenced to the edge of the dise directly
above it. To raise the damping factor‘after it
has once been lowered, use a xeversal of the
above procedure.

Variations in dampingsfaetor*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 latterset at 2.4. To reduce
the damping factor (from\\2.4 to 1.0, the gap
must be increased.sTo%hange this setting the
keeper locking sérew must first be loosened. If,
after loosening, this_serew, the keeper does not
turn easily, remove the keeper locking screw
completély 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 cangbe 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-

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. sétting is shown in
Figure 7. After this adjustment has been com-
pleted the locking screwashotld again be tighten-
ed; but before tightening, be sure that the piece
of copper is still inythe\hole so that the keeper
adjusting threads willynot be damaged by the
keeper locking, screw.

The ddmping“factor of any relay as set
may be détermined easily by the following pro-
cedure.

1.\, De-enérgize 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 11 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

13



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 @d-
justed. The compensator voltage, when sub-
tracted from the output voltage ‘©of, the, trans-
former or regulator, gives a resmltant equi-
valent in magnitude and phaseangle which is to
the load center voltage.

3. Reactance Reversing Switch. For normal
line drop compensation the“Reactance Switch
(XRS) on the CVR-1 subépanel] is left in the “di-
rect” position. Reversed reactance compensation
is obtained by pla€ing i, in the “reverse” posi-
tion, which reversesfthe 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 pagalleled. It is a requirement of ASA
Standards,567.12-37.236.1. Instead of running
toward,opposite extreme positions, tap changers
having “reverse reactance” compensation tend
to.meve 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 compensdtorp@re usual-
ly made by field adjustments,%ut if £he data
on the particular line is known, the curves in
Figs. 12 and 13 may be used, andyinitial values
calculated.

The initial line-dreép, compensator settings
can be derived by theguse%f the following ex-
pressions:

Dial SettingsffonResistance Compensation—=

Ncr.
5 x XR, %d x n.
NpoT
Dial'Setting for Reactance Compensation—=
NG
5 x X X, xdxn
NpoT

Where

NcH = main current transformer ratio
primary current

~ secondary current
NpoT = potential transformer ratio
primary voltage
" secondary voltage

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

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

= miles from unit to load center.

n = 120/balance voltage setting.

A typical three-phase example is as follows:
a b c
0«—4—>»0——4"—>(

500,000 CM copper conductor, with flat spac-

ing above.

Line Voltage =12000 volts
Main Current Transformer Ratio =600/5

s
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RANGE OF DAMPING FACTORS SHOWN ON

MAGNET NAMEPLATE
F Y

3 /
i
2
" 7
w3
W iy
x 3 / ][] 8 6 4 2
“ T TYPICAL MAGNET ENGAGEMENT
= SETTING IN 16 TH'S INCH FROM
MAXIMUM ENGAGEMENT SETTING
WITH GAP SET AT 3/32 INCH
% 8 7 6 5 4 3

TYRICAL GAP SETTING IN 32 ND'S INCH
WITH MAGNET IN EXTREME
OUTWARD POSITION

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
5454353 25 .2 15 . .05

1/0 2/0 4/0
SIZE OF COPPER CONDUCTOR

OHMS PER 35 3025 20 1.5 1.0
MILE
MCM 20 30| 40| 50| 60! |80
CABLE 100
B&S GAUGE 8 6 4 2
WIRE

200 300 500 1000

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

Potential Transformer Ratio —6928/120
Distance from unit toload 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.

X1, = 0.64 ohms per mile.

The line drop compensator resistance setting

is:
5x600/5 120
m x 012 x 3.5 x TI-'Y— = 447
The line drop compensator reactance setting
is:
5x600/5

0.64 x 3.5 3
6928/120 * V0% X o0 X 1y

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

=,23.9

THE FLEXITEST CASE

The type ‘BT 4(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, Tnspect, test and adjust. There
are three ‘main units of the type FT case: the
case, coverpand chassis. The case is an all-steel
weldedshousing 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. Thesthinge 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 /coyen, securely in place on the
case. The chassis is a steel frame that supports
the relay elements and the contact-jaw half of
the testiswitches."This slides in and out of the
case. The'electrieal connections between the base
and chassis ‘are completed through the closed
knife-blades’The case designation is type FT-32.

Rémeoving 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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-PHASE LINES (PER PHASE)-OHMS PER MILE

~-PHASE LINES, MULTIPLY THESE VALUES BY TwO.)

60 CYCLE INDUCTIVE REACTANCE OF THREE

(FOR TOTAL REACTANCE OF SINGLE

5
—No. 8
.10 ‘/Ano.s
/AV/
o Ll NO. 4
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¥ yd NO. |
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. — 4% e
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AT/ A 7V /]
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vV / W A w
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TN '/ ©
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// )

s g A
v
4
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EQUIVALENT CONDUCTOR SPAC!NG-FEET

EQUIVALENT CONDUCTOR SPACING, D, OF UNSYMMETRICAL THREE PHASE LINES IS GIVEN BY THE EXPRESSION
0=3/Dyp X Dpc X Dcar WHERE

Dags Dpc, AND Dy ARE THE DISTANCES IN FEET BETWEEN CONDUCTORS DESIGNATED BY THE SUBSCRIPTS.
NOTE:- WHERE Dcy = 2 Dag = 2 Dpc: D = 1.26 D ag

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 jaws. 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,

CONNECHION TO

CLIP LEAD LUG RELAY ELEMENT

AMMETER TEST PLUG

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
outyofethe case as follows:

20

SWITCH BLADE JAW
MOLDED INSULATION
BLOCK

KNIFE BLADE
CHASSIS OPERATED

SHORT CIRCUITING
SWITCH

STRAP CONNECTION
TO TERMINALS FOR

SHORT CIRCUITING EXTERNAL CONNECTIONS

SPRING

CLIP LEAD LUG SWITCH BLADE

MOLDED INSULATION
BLOCK

Figure 15 - Short“€ircuiting Switch

Testing, in Service

The ammeter test plug S# 1164047 can be
insertedyin the current test jaws after opening
the &nife-blade switch to check the current
theeughy the relay, as shown in Fig. 14. This
plug consists of two conducting strips separated
bylan/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 jaws 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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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 andyre-
lay.

When contacts require cleaning, “they
should be cleaned with a fine contact file'similar
to S# 1002110 or a contact burnishing/ teol.” Ab-
rasive material should not be used ‘because any
small particles embedded in thefcontact surface
will impair the contact opération.

In the event any of the compenents become
inoperative, they may befreplaced with renewal
parts ordered from the, nearest Westinghouse
Sales Office or from(the Sharon Plant. Should
parts be ordered, giveithe/Style or Shop Order
number of the equipment as stamped on the
nameplate, together with the style number and
descriptionf of the, parts required as identified
in Figuré 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

Switch Jaws on Block (Top)
S#57D7876G13

Switch Jaws on Block (Bottom)
S#1877307

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

Potentiometer (25 Wattg1256 Ohm)
(R Control) - S#H17D3532H03

Reversing Switch (XRS) S#184A878HO01

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

Rectifier S # 16546138

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

Resistors (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)
#25B9647H06

Telephone Relay (120X) - S#25B9647H05
Telephone Relay (120Y) - S#22D1520H02

Electromagnet for Disec Type Element -
S 11878295

Moving Contact, Spring & Adjuster-
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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General

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,

Installation

The CVR-1 relay is usually mountedin 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 th@tallyparts
operate freely, and inspect the gontacts to
see that they are clean and gloseyproperly.
Check the gaps of thepermanentmagnetand
of the electromagnet andt¢leanthem if any
foreign material is presentd Operate the
relay to check the ‘séttings and electrical
connections,

Operation

The senSing, element of the CVR-1 relay is
an inddetion digk voltage relay with a setof
single pole, double throw contacts. Sealing
circuits for“the auxiliary relay are incor-
porated intothe circuit to insure long contact
life and Positive operation.

Eigure 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.
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! FEALTANY] RESHIANCE

Wibtinghouse
TYPE GYR-] VOLTRGE R[gUlHlNG RELAY
05135 ety BO oS
SHg, 1962278 e
usecippll ReveRS HIER SEITHG HUAY
¥ i - .

N

o

\}WVER
TEST RHEGSTAT ST
VOLTABE

AT (!_l/ )

THPISERD WESTAONDUSE EECTHIC SORPORRTN

Fig. 1 - CVR-1 Relay Removed from Case

A reactor connected in series with the
voltage sensing element is alarge 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
voitage 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 theinduction disk induces
eddy currents in the disk of the relay which
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react with the flux in the air gap producing
a torque. This torque is balanced againsta
spring torque to determine the balance po-
sition 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 re-
lay scale. If the applied voltage were in-
creased to 121 volts, theincreased electro-
magnetic torque would move the moving con-
tact to the 121 volt point on the scale, If
the voltage were reducedtol19volts thede-
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 inductiondisk moves
through the unidirectional flux produced by
this permanent magnet a restrainingforce is
produced to control the time required to
change from one balanced position to anothes
for a given change in voltage.

The position of the stationary 90Rgand
90L contacts determines the voltage leveliat
which they will be closed to initiate tap
changer operation to correct the (voltage.

If the voltage falls below thegettingof the
left hand contact long enough fom, the disk
operated 90R contact to close, the relay AR
is energized and seals itsglf ir)through the
normally closed 120Y relayeontact. Closing
the AR motor control pelay eontact operates
the tap changer to ‘vaisefthevoltage. Before
the tap changergarcing,contact has opened,
a cam operated120'switchinthetapchanger
closes to energizé thef120X relay, which in
turn takes over thesgealing of the AR relay
through its 120X contact and also operates
the 120Y slug delayed relay. The normally
open 120¥ relay contact closes and shunts
the reagtorywith a 3,000 ohm resistor which
increases the current through the voltage
coil 90 "and tends to rotate the disk to open
cofitact, 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 closedon
position, the 120 pilot switch opens, allowing
the 120X relay to releasethe ARrelay. The
tap changer motor is stopped by the motor
brake. If the voltage is not corrected,éthe
sequence is repeated until theswoltage is
corrected or a tap changer dimitgposition is
reached.

A rise in voltage to clgse¢ the right hand
contact 90L would initiatejaf similar se-
quence of operations,to lewer the voltage.
In the latter instance the,closingofthe120Y
normally open contact, will place a shunt
through another 3000 ohm resistor around
the potential coil 90,toproduce compounding
that tends to, rotdte fhe disk to open contact
90L.

VOLTAGE, SENSING
ELEMENT

UPPER POLE
WINDING

TRANSFORMER

WINDING B
| |
| |
POTENTIAL | — 0
WINDING —— | | | H
|
b ____ J
b J
o BALLAST
POTENTIAL REACTOR
SOURCE
CURRENT RESISTOR
TRANSF
\E 1 TRANSFORMER
|
|
i
‘ = "'-_‘J\\
X1 LINE DROP COMPENSATOR

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

Bandwidth and Balance Voltage
The bandwidth of the voltage regulating re-
lay is the differencein volts between the 90R

and 90L contact setling.

Balance voltage is defined asthevoltage
midway between the 90R and 90L voltage
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TELEPHONE
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TEST VOLTAGE
RHEOSTAT——

INDUC TION
DISC UNIT
CONTACTS

TELEPHONE
U .

—REACTOR

REVERSING SWITCH
[——~(CONTACTS SHOWN
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TRANSFORMER

| —CHASSIS OPERATED

SHORTING SWITCH

| —TEST SWITCH

™~ CURRENT TEST
JACK

—TERMINAL STUD

FRONT VIEW

Eig."3,-0CVR-1 Voltage Regulating Relay Internal Schematic

settings and isgthe voltage which the relay
will tend te, maintain. A line drop com-
pensator inconrporated in the relay enables
the relayto adjust the tap changer to regu-
late thewolfage@attheload 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
thejload. 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 ratherthan
the transformer output voltage.

Setting the CVR—1 Relay by Applying
an External Voltage

It is most convenient to setthe 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
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Fig. 4 9LV R-1 Relay Internal Connection Diagram

volts. This methed is_adegudtie for most
conditions of operatiofi and where settings
within + 1% of desired.values are satis-
factory.

For more exdct getting a veltmeter of
better than 1% ac@uracy ciass should be
connected from PTT1 to PTT2 as shown in
Figure 5, It ispconvenient to apply an ex-
ternal variable voltage source to PTT1 and
PTT2, #eading on the voltmeter the voltage
at whichythe 90R and 90L contacts close.
If desired; a constant voltage source may
beCapplied between PTT2 (grcund) 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 withLoad
Tap Changer Energized'. Observe the fol~
lowing cautions before attempting tiis pro-
cedure.

CAUTION: Exireme care musi be taken to in-
sure that the breaker in the potential circuit is
in the OFF position and tha&t the ground side of
the test source is connected to PTT2. These



precautions are necessary to avoid the possi-
bility of energizing the transformer in reverse
through the potential transformer and to avoid
short circuiting the externa! supply 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.

NOTE: Always adjust 90R and 90L contacts by
moving the handles attached to the ztationary
contact assemblics. See Figure 7.

2, If the relay is not in service apply
approximately 120 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 number 3,

3. Apply to the test terminalstheexact
voltage at whichthetapchanger is tgoperate
in the raise direction. For examplescon-
sider 119 volts, Since the CVR=1 isyvery
highly damped the voltage should,betheld at
this level for about one minute./ The disk
contact will now be at its 119 volt position,
Set the control selector switchen "AUTO"
and move the left hand” scale pointer until
the 90R contact just téuches the moving
contact, picking up the, auxiliary control re~
lay and operating theytapychanger in the
raise direction. gPlace®control selector
switch in "MAN" pegition.

4. Apply to thejtest terminalsthe exact
voltage apwhich“thé tap changer is to oper-~
ate in the lewem) direction. For example,
considér 121 volts. Hold the test voltage at
121 volts“fonfabout one minute to allow the
disk contact'to reach its 121 volt position.
With the control selector switchon""AUTO"
move th€ 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 held
regulated output between the limits of 119
and 121 volts or at a nominal 120 volt level

Fage 7

(balance voltage) with a 2
bandwidth,

volt (=% volt)

6. The CVR-1 relay will operate satis-
factorily with any combination of contact
settings between 105 and 435 volts and the
tap changer will previde 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 setfings for 90R and 90L of the
voltage regdlating relay and proceed as out-
lined in 24hrough 6.

8. (Reéfer to Time Voltage Curve Figure
10"and set damping magnet for desired time
delay, characteristic,

9, Set resistance and reactance com-
pensation dials as reguired (see page 14).

10. When tests are completed returnthe
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 pos-
sible seiting 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 andislocatedahead
of the test terminals, (See Diagram FFigure
5), Prcceed 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,

NOTE: Always adjust 90R and 90L 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 uptoan hour be-
fore making settings in order for the relay
to reach normal operating temperature.
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Fig. 5 - Simplified ControlSchématic with CVR-1 Relay

3. Manually operate the tap changer/An
the raise direction until a voltage2 or "3
volts in excess of the 90L contaét settingis
read by means of a voltmeter cennected to
test terminals PTT1 and PTT2

Now cut in resistance onsthe “E€st Rheo-
stat until the voltage on the test terminals
is at the desired value fox thef90R setting.
After 60 seconds set thefcéntrol selector
switch on "AUTOQ! "and“meve the 90R sta-
tionary contact ufitil it picks upthe auxiliary
control relay4. S€t eontrol selector to
HMANH.

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

o, Refer to Time Voltage Curve (Figure
10)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
"OFTF" 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 FlexitestOplugs, 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 ter-
minals on the relay.

Preparatory to making this test, jumper
numbered terminals 5 to 6, 4 to 15,3 to 16,
5 to 18, and 7 to 9 on the CVR-1 chassis.
Apply a variable voltage to points 14 and 9
corresponding to PTT1 and PTT2 on the con-
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Fig. 6 - CVR-1 Relay Removed from Case (Rear View)

trol panel)fand follow the procedure under
"Setting@the £VR-1 Relay by Applying an
External Veltage'. The self-sealingcircuit
of the CVR-1 relay may be cleared by mo-
mentarily connecting a jumper from 2 to 5.
The 120 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 Rheostatbeingused 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 circuitis
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 @VR-P Relay Adjustments

while lights Ro and Lo indicate operationof
the motor control relaycontacts AR@and AL.

With the switch in the "CA4L" position,
the operation of 90R and 90 conmtacts is
indicated by lights Rp and Lps

With the switch on "AWYTO" position the
relay functions in gesponse to applied volt-
age as it would updersfully?automatic regu-
lation., Operatigns are ihdicated 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 4of the raise and lower pushbuttons.
Ro and Le still indicate operation of AR and
AL contaets.

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 = = = = = = = = = = o = == - 13 VA

Time Delay Adjustment

The inverse time delaycharacteristic of the
CVR-1 relayenables itto 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 whenadjustedforadampingfactor
of one., As can be seen from Figure 10, at
least three different factors control the
amount of time delay that precedes the ini-
tial operation of the tap changer ona change
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Fig. &- Circuit for Checking and Calibrating the CVR-1 Relay Removed from Case

of voltage. For example, anyone of the fol-
lowing eenditions contributes to a shorter
time delay.

1. A lower damping factor.

2. A greater voltage deviationfrom 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 itisnot 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
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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 shortduration it maybe 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 gapbetween the
permanent magnet and its keeper. Relays
are shipped set for a damping factor of1.0,
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 andthe
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, Fe=
move the keeper locking screw completely
and check the copper thread protectortinder
the locking screw to see that 4t is free.
After making certain that the keepénlocking
screw turns easily, a damping factoref 1.0
to 2.4 can be secured by liningfupthe 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 ofithe damping magnet
and disc, with the magnet keeper set at2.4.
To reduce the dampingdfactor from5.3 down
to 2.4 this engagement mustbe decreased to
the position shown in Figure 7. Thisis done
by loosening the four magnet assembly
mounting serews (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 fhagnet engagement, This scale is ref-
erenced to the edge of the disc directly above
ity To'raise the damping factor afterit has

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

CAUTION: The keeper magnet should never be
turned down below the 2.4 graduation. When“the
keeper magnet is at or near the 2.4 Setting, care
should be exercised to see thatmechdnical bind-
ingdoesnot take place between magnet“and disc.
Too close proximity of keepef magnet and disc
could result in overdamping 'and possible stop-
ping of disc movement entirely.

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

Thesdamping factor of any relay as set
may be detérmined easily by the following
proceduze.

1. /De-energize the relay.
2. Set 90R scale handle at 105 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. Thequotient
is the damping factor for the relay
as adjusted,

7. Move the 90R and 90L scale handles
tothedesiredlimitsfor 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 10 by the
damping factor.

Example:

Assume 10.8 seconds measuredin step5
above, 10.8+5.4= 2, the relay damping
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Fig. 9 - Typical Damping Factors Versus Gap Setting and Magnet Engagement

factor. In Figure 10, weyfind that for a 2 control breaker, potential and current test
volt bandwidth the™timefdelay would be 3 terminals, and the selector switches for
seconds for a 4 volt change. automatic-manual and raise-lower tap
changer control are separately mounted on
To determiné the actual time to close the larger steel panel containing the CVR-1
relay contaetsimaultiply 3 (seconds) x 2 relay. These have been touched briefly in
(damping facter) = 6 seconds actual time an earlier discussion but are not within the
delay4 scope of this instruction book.

CVR-1 Relay Control Adjustments 1. Test Rheostat. The Test Rheostaton

the CVR-1 sub-panel facilitates checking
Rigure 11 shows the CVR-1 Relay Control and setting the relay voltage sensing ele-
Banel as seen facing the front of the relay = ment, as described earlier under two dif-
with the cover removed. The adjustments ferent methods of setting. Under actual con~

for resistance and reactance compensation, ditions of operation it is left in the "OFF"
the switch for reversing the polarity of the position, in which there is zero resistance
reactance compensation, andthe Test Rheo- between the potential supply source and the

stat are all contained on this sub-panel, A CVR-1 voltage sensing element.



Page 14

20

8

16 \
E \
=14

A

TIME VALUE

WHEN DAMPING FACTOR
®

(SECONDS FOR RIGHT OR LEFT HAND CONTACT 70 CLOSE

Y
. \\ R N
< S~ <
2 <\\\\ [
0

STEP VOLTAGE CHANGEY FROM BALANCE VOLTAGE

4 5 6 7 8 910 12 14 g8

CURVE

BAND WIDTH

2 VOLTS

VOLTS

a | odo [©

3
4 VOLTS
6 VOLTS

(RELAY TIME = TIME VAUUE MULTIPLIED BY DAMPING FACTOR FROM FIGURE 9)

Fig. 10 - Typiéal Tinle Delay Versus Step Change in Voltage Level for Type CVR-1 Relay

2, Line Dropl Compensator, Separate
rheostats permitindepéndent setting of the
24 volts resistance ‘and 24 volts reactance
compensation (both on a 120 voltbase), This
value of compensation is available only when
the main current transformer is delivering
a full 5 admperes to the tap changer control.
(An auxiliary current transformer (ACT)
steps this current down from 5 amperes to
the \2nampere rating of the compensator
elements, Line drop compensation is ob-
tained by circulatinga 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 phase angle to the load center voltage.

3. Reactance Reversing Switch, Fornor-
mal line drop compensation the Reactance
Switch (XRS) on the CVR-1 sub=-panelisleft

P N



in the "direct'" position. Reversed reactance
compensation is obtained by placingitinthe
"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 mightflowwhentwo or more trans-
formers are paralleled. Itisarequirement
of ASA Standards C57,12~37.236.1. Instead
of running toward opposite extreme posi-
tions, tap changers having ''reverse re-
actance' compensation tend to move toward
whatever positions causetheleastamountof
circulating current to flow, Thisisaccom-
plished at some sacrifice of normal line
drop compensation, but is generally satis-
factory when unitsparalleledarenotlocated
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,fbut
if the data on the particular line issknown,
the curves in Figs, 12 and 13 may be used,
and initial values calculated.

The initial line-drop compensater set-
tings can be derived by the usefof fhe,follow-
ing expressions:

Dial Setting for Resistanee Compensation =

Ne
5x--C~'LxRLxdxn.

POT
Dial Setting for Reaetance Compensation =
N

5x--f-5—TLXXLxdxn,.

Ngom
Where

main current transformer ratio

NeoT,

primary current
secondary current

POT

potential transformer ratio

primary voltage
secondary voltage
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Ry, _ resistance per condjcton from
unit to load center, in, ohins per
mile,

X1, _inductive reactance ,per conduc~

" tor from unit to load center, in
ohms per miles

d = miles fromyufiit to load center,

a = 120/bdlanceéwvoltage setting,

A typical three-phase example is as fol-
lows:
a b ¢

0e—24'"— +0a——4'—0
!: 8! -

5005000, €M copper conductor, with flat
spacing above,

Line Voltage = 12000 volts
Maih Current Transformer Ratio = 600/5
Potential Transformer Ratio = 6928/120

Distance from unit toload center =3.5 miles,

Balance voltage setting = 117 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 12:
R =0.12 ohms per mile,

From Figure 13:
D =1.26x4 = 5.04 feet.

X1, = 0.64 ohms per mile,

The line drop compensator resistance set-
ting is:

29’35}’10205 X 0.12 x 3.5 x —ﬁ—g = 4.47

The line drop compensator reactance set-
ting is:

29"25;’1025’ x 0.64 X 3.5 x % - 23.9

These settings may be adjusted asfound
necessary as shown by load center voltage
measurements,
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Fig. 11 - CVR-1 Relay Control Adjustment Panel

Flexitest Case

The type FT (Flexitest)® caseis a dustproof
enclosure combining relay unitsgand knife-
blade test switches in the same caSe, “This
combination provides a compact flexible as-
sembly easy to maintain, inspéct,itest and
adjust. There are three main units of the
type FT case: the case,cover, and chassis.
The case is anall-steel weldedhousing con-
taining the hinge half of fhe ' knife-blade test
switches and theterminalg 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 imyplace on
the case, The chassis is a steelfrdme that
supports the relayelements andtheeontact-
jaw half of the test switchesgmThis,slides in
and out of the case. Thelelectrical con-
nections between the base ands/chassis are
completed through the,closed knife-blades.
The case designation_istype FT-32,

REMOVING CHASSIS

To remove theychassis, first remove the
cover bylunscrewingthe captive thumbnut at
the bottomwandifting the cover hinge off the
top flange, of the case. This exposesthe re-
lay units andall thetestswitches forinspec-
tion.anditesting. Thenextstepisto open the
test switches. In opening the test switches,
theyl should be moved all the wayback against
the stops. Withall theswitches fully opened,
release the cam action latches and pull the
¢hassis outward., One cam latch is located
at the upper right and must be pulleddown-
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
andthe cover putin place withoutthe chassis.
The chassis-operated auxiliary shorting

OHMS PER 35 3025 20 |5 L0

60 CYCLE RESISTANCE
5454353 25 2 IS5 N

IlllllllllllUlllllllllJJ J 11 1 J
200| 300 1s00] |
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MCM 20 30|  40[] 50| 60 I
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10 2/ 4/0
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Fig. 12 - Resistance Chart Showing Ohms per Conductor per Mile 60 Cycle Circuit
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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 and12-13 remain closed with the chassis
out to prevent open circuiting the current
transformers whenthe current test switches
are closed,

When the chassis is to be putbackin the
case the above procedure is to be followed
in the reversed order,

CAUTION: Be sure to operate the cam latches
into their original horizontal position before at-
tempting to replace cover. Failure to do so may
crack the cover.

ELECTRICAL CIRCUITS

Each terminal in the base connects through
a test switch tothe 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 15. Opening both curreént
test switches short-circuits the [Currént
transformer secondary and disconneetsone
side of the relay circuit butleayes theother
side of the relay circuit comnnected to the
external circuit through thé“eurrent test
jack jaws, This circuit can be,isolated by
inserting an ammeter testyplug S#1164047

CONNECTION - TO
RELAY ELEMEN

SWITCH BLADE JAW
CLIP LEAD LUG —

AMMETERw,
TEST PLUG

SWITCH)BLADE HINGE CURRENT TEST JAW

Fig. 14 - Ammeter Test Plug in Testing Positions

(without external connections), or by insezft-
ing ten-circuit test plugs S#1164046.

TESTING

The relays can be tested imservice, in the
case but with the external circuitsiSolated,
or out of the case as follows:

TESTING IN SERVICE

The ammeter testgplug $#1164047 canbein-
serted in the currentitest jaws afteropening
the knife-blade switeh to check the current
through the relay, as shown in Fig, 14, This
plug consists of,two conducting strips sep-
arated Hyman insulating strip. The ammeter
is comnnected to these strips by terminal
screws and the leads are carried out through
holesin 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 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

KNIFE BLADE SWITCH BLADE JAW

MOLDED INSULATION BLOCK

CHASSIS OPERATED -
SHORT CIRCUITING

STRAP CONNECTION
TO TERMINALS FOR
EXTERNAL CONNECTIONS

SWITCH BLADE

CLIP LEAD LUG MOLDED INSULATION BLOCK'

SHORT - CIRCUITING SPRING

Fig. 15 - Short Circuiting Switch



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 maybe made to
the relayunitsby#2testclipleads 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 foriso-
lating this circuit are outlined above under
"Electrical Circuits'.

TESTING OUT OF CASE

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

Fig. 16 - Auxiliary Short Circuiting Switch
(Enlarged View)
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Fig. 17 - Multi-Cireuit Test Plug in Testing Position

An interpal schematic for the relay is
showniin Bigure 3.

Maintenance

The proper adjustments to insure correct
operation of this relayhave been made atthe
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 test switches turn
the power supply off.

Refer to previous description of the
Flexitest casefor methodof removingcover
and relay.

When contacts require cleaning, they
should be cleaned with a fine contact file
similar to S#1002110 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 partsorderedfromthenearest
Westinghouse Sales Office or from the
Sharon Plant., Should partsbeordered, give
the Style or Shop Order number of the equip-
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ment as stamped on the nameplate, together
with the style number and description ofthe
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

Switch Jaws on Block (Top)
S#57D7876G13

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#184A8738H01

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

Rectifier - S#1546138

Disc Compounding Resigtors,(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-Supponting).<
S#182A879HO01

Transformer (KX) - S#290B445G01
Reactor - S#290B444G01

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

Telephone Relay (120X) - S#25B9647H05
Telephone\Relay (120Y) - S#22D1520H02

Eleetromagnet for Disc Type Element -
St 18498295

Movxing Contact, Spring & Adjuster -
371878047

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

Printed in US.A. (T.P.)
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INSTRUCTIONS

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

RESISTRRLE

HERSTRHEL !
Westinghause
TvE LV VOLAGE BECULATIG BTAY

ot 1ESI2RY T WEAE A D e
smnmﬁ
FERIE SR $M~,

Ry ;a e

control load tap changers. The major compon-
ents of the CVR-1 relay are an inductiong@isk
type voltage sensitive relay, two auxiliaryor
pilot relays, two motor control relays, line, drop S 4
compensator, and a reactor. All components 'f ' W g"’nsﬂ«fﬂ&ﬂ#g‘}%ﬂ
are in a drawout chassis (Figures®l andf6) so - e wm“s“;”“""‘““’”

that the complete relay ma¥y ,beginterchanged :
from unit to unit or removed,for testing and in-
spection. The Flexitest* switch base is made an
integral part of the QVR-larelay to facilitate
connecting and testingy,th€"relay. The case in
which the relayiis mounted for tap changer con-

trol is equippedywithythe mating portion of the

Flexitest switch.

Figure 1 - CVR-1 Relay Removed From Case

* Westinghouse Trade Mark
NEW EFFECTIVE MARCH, 1961



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 e —— e ——— q
ELEMENT ————— ™1 —— —=-A ~E&-
| ! !
UPPER POLE ] |
WINDING

WINDING

POTENTIAL

WNOING — 1|

|
|
i
i
[
I
|
|
|
]
TRANSFORMER |
|
|
|
|
l
¥

POTENTIAL
SOURCE

CURRENT
TRANSFORMER

X1

RESISTOR

TRANSFORMER

|
I LINE DROP COMPENSATOR

———J

-

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

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 lowér pole of the
voltage sensing element suppliesfa eurrent to
the coil on the upper pole by transfermer action.
The alternating fluxes induéed in these poles
are in quadrature. The (alternating flux cut-
ting the induction diskWindueés eddy currents
in the disk of the relay which react with the flux
in the air gap producinghastorque. This torque
is balanced against a spring torque to determine
the balance position, of the relay disk and its
associated contacts.

Assumenl20volts has been applied to the
relayglong ‘enough for the moving contact to
come to,restiat the 120 volt point on the relay
scalgl. If%he applied voltage were increased to
121 volts;pthe 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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TELEPHONE
TYPE RELAYS

INDUCTION

|_DISC UNLT
/k VOLTAGE €oIL

TEST VOLTAGE
RHEOSTAT — |

INDUCTION
DISC UNIT ]

CONTACTS

TELEPHONE
TYPE RELAY

+—REACTOR

REVERSING SWITCH
[~ (CONTACTS SHOWN
IN "DIRECT"POSITION)

[ S~TRANSFORMER

| —CHASSIS OPERATED

SHORTING SWITCH

L —TEST SWITCH

™~ CURRENT TEST
JACK

—TERMINAL STUD

FRONT VIEW

Figurey8 -"GVR-1 Voltage Regulating Relay Internal Schematic

of the AR relay throdgh its 120X contact and
also operates the 120¥)slug delayed relay. The
normally open 120Y relay contact closes and
shunts the reactorgwith a 3,000 ohm resistor
which incredses the cirrent through the voltage
coil PP and tends towotate the disk to open con-
tact PR. Thus$ forSmall voltage deviations there
will be a shortfdelay 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-
reeted, 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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Figureids- CYR-1 Relay Internal Connection Diagram

and is the voltage which thé¢ relay“will tend to
maintain. A line drop compensator incorpo-
rated in the relay enablessthe relay to adjust the
tap changer to regulate| thie voltage at the load
center rather tham at“the tap changer itself. A
current transformer installed in the main trans-
former providésya Smallfsecondary current pro-
portional to the cukrent flowing through to the
load. By thus circulating current proportional
to the load through resistance and reactance
elements, an impedance voltage is produced
which js eembined with the control voltage to
match thewelation between the transformer out-
putqoltage and the line impedance 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
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.

Ay

P
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For more exact setting a voltmeter of bet-
ter than 19, 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. Thesegpre-
cautions are necessary to avoid the possibility
of energizing the transformer in reverse throtigh
the potential transformer and to avoid shert
circuiting the external supply threughythe
ground connection.

To make the settings proceed as follows:

1. Set resistance and réactance compensa-
tor dials both on zero. SetgPRylower and PL
higher than their final setfings.

Note: Always adjust'BR,and PL contacts
by moving the handles attached to the station-
ary contact assemblies.y, See Figure 7.

2. If the relay is not in service apply ap-
proximately,120yvoltssfor one hour before mak-
ing settings. /Thisyallows the relay to reach
normal eperafing gtemperatures. If the relay
is in service'procéed immediately with step num-
ber 3.

3. Apply to the test terminals the exact volt-
agéyat which the tap changer is to operate in
the raise direction. For example, consider 119
volts.*?Since the CVR-1 is very highly damped
thewvoltage 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

switeh on “AUTO” and move the left hand scale
pointer until the PR contact just touehesythe
moving contact, picking up the motor ¢ontrél re-
lay and operating the tap changer in thegraise
direction. Place control selector switch in “OFF”
position.

4. Apply to the test terminals the exact volt-
age at which the tap changer istoloperate in the

lower direction. For example, censider 121 volts,
Hold the test voltage atml21%olts for about one

minute to allow the [disk ‘éentact to reach its
121 volt position. g With 4sthe control selector
switch on “AUTO” move the right hand scale
pointer until the 'BL contact just touches the
moving contagt, ‘operating the tap changer in
the lower direetion..

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

6. WThe CVR-1 relay will operate satisfactor-
ilyWith 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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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, 3-16m5-18/
and 7-9 on the CVR-1 chassis. Apply afvariable
voltage to points 14 and 9 (corresponding to
PT1 and PT2 on the control panel) “and follow
the procedure under “Setting the CVR-IyRelay
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 'theyself-sealing net-
work and applying negative compounding to
the disk of the CVR-1relay. If desired, a con-
stant voltage may bg¢ applied at points 6 and 9
with the Test Rheostat being used to obtain a
variable voltage#Ajvoltmeter connected across
9 and 14 will indi¢ate the voltage actually ap-
plied to the voltage®sensing coil.

A ‘soméwhat’ more intricate test circuit is
indicated imyFigure 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
eontacts PR and PL while lights Ro and Lo in-
dicate operation of the motor control relay con-
tacts AR and AL.

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 “AUTOQO” 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 switchgon S“MAN” position the
raise and lower switchesieontrol the motor con-
trol relays. Rp and Lpmow indicate closing of the
raise and lower pushbuttohs. Ro and Lo still
indicate operationi®ef AR and AL contacts.

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

Burden of, theypotential

circuit’ atW20 volts __ . . 10VA
with (auxiliary relays energized . ___39VA
SeparateyR and X compensation _..__ 24 volts
100%mload compensation current ____ .2 amps
Burden on the current circuit at 100%
load _________________ e __.____ 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

11
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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 (Seé
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'seale
is referenced to the edge of the dise directly
above it. To raise the damping factor-after it
has once been lowered, use a reyversal/of the
above procedure.

Variations in damping_faetor®between 1.0
and 2.4 are obtained by changing the gap dis-
tance between the magneét 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%ehange this setting the
keeper locking screw must first be loosened. If,
after loosening, thi§ secrew, the keeper does not
turn easily, remoyxe the keeper locking screw
completely and check the copper thread pro-
tector under theflocking 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 e 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-

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 seftihg is shown in
Figure 7. After this adjustment has been com-
pleted the locking screwashotild again be tighten-
ed; but before tightening, be sure that the piece
of copper is still imythe 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 11 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

13



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 vgltage
drop in the line for which the compensator 1sfad-
justed. The compensator voltage, when gsub-
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 thejReactance Switch
(XRS) on the CVR-1 subfpanel is left in the “di-
rect” position. Revensed ' reactance compensation
is obtained by plaeingWit in"the “reverse” posi-
tion, which revérsesfthe polarity of the react-
ance element.

“Reverse reactance” compensation is a
method used to reduce the circulating current
that might flow4when two or more transform-
ers are paralleled. It is a requirement of ASA
Standards, €57.12-37.236.1. Instead of running
towamnd opposite extreme positions, tap changers
having “reverse reactance” compensation tend
to.meve toward whatever positions cause the

14

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 clese
proximity to each other, or where the supply
is from different sources.

Line Drop Compensator Settings. The final
settings on the line-drop compensatorsare usual-
ly made by field adjustments;jbut if4the 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,usenof the following ex-
pressions:

Dial Settingsfor, Resistance Compensation—

Nc.r.
5 x — X3y % x n.
NpoT
Dial'Setting for Reactance Compensation—=
Neu.
5 X Xx X, xdxn
Npot

Where

N, = main current transformer ratio
primary current

" secondary current
NpoT = potential transformer ratio
primary voltage
~ secondary voltage

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

X1, = inductive reactance per conductor
from unit to load center, in ohms
per mile.

= miles from unit to load center.
n = 120/balance voltage setting.

A typical three-phase example is as follows:
a b c
0s—4—>0«—4'—>0

< 8"
il
500,000 CM copper conductor, with flat spac-
ing above.

Line Voltage =12000 volts
Main Current Transformer Ratio =600/5
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RANGE OF DAMPING FACTORS SHOWN ON
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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 35 3025 20 1.5 1.O 5.454 . 353 25 2 A5 .I .05

W l ld\ d | hmhmhm l | 1¢ l l llltlxlimlmih Ll Lu | J
T mcM_ | 201 FOI II 50 60 l 80RO [ ] 200 | 300[ sool I.ooo
CABLE 100

?vi‘nsa GAUGE 8 6 4 2 1/0 2/0 4/0

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.

X1, = 0.64 ohms per mile.

The line drop compensator resistance setting
is:

5x600/5 120

_——W6928/120 x 0.12 x 3.6 x 117

= 447

The line drop compensator reactance setting
is:
5x600/5 120
0.64 x 3.5 x

6928/120 1%

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

= 239

THE FLEXITEST CASE

The typedET/(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 threeWmain units of the type FT case: the
case, cover, and chassis. The case is an all-steel
weldédyhousing containing the hinge half of the
knifesblade 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. Thefhinge fits over the
top flange of the case."Fhe thumb nut, which
fastens to a stud onythe bottom flange of the
case, holds thefcover securely in place on the
case. The chassis/fis a steel frame that supports
the relay elements®and the contact-jaw half of
the testyswitehes? This slides in and out of the
case. Theelectrical connections between the base
and chassisWare completed through the closed
knifé-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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EQUIVALENT CONDUCTOR SPACING-FEET
EQUIVALENT CONDUCTOR SPACING, D, OF UNSYMMETRICAL THREE PHASE LINES IS GIVEN BY THE EXPRESSION
D=3/ D45 X Dgc X Dca» WHERE
Dags Dgc, AND Dy ARE THE DISTANCES IN FEET BETWEEN CONDUCTORS DESIGNATED BY THE SUBSCRIPTS.
NOTE:~ WHERE Dcp = 2 Dyp = 2 Dpg: D = 1.26 Dpp

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 jaws. 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.

CONNEGTION TO
RELAY ELEMENT

CLIP LEAD LUG

AMMETER TEST PLUG

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
MOLDED INSULATION
BLOCK

KNIFE BLADE Y
; CHASSIS OPERATED

SHORT CIRCUITING
SWITCH

STRAP CONNECTION
TOWTERMINALS FOR

SHORT CIRCUITING EXTERNAL CONNECTIONS

CLIP LEAD LUG SPRING SwWITCHIBLADE

MOLDED INSULATION
BLOCK

Figure 15 - ShortiCircuiting Switch

Testing in Serviece

The“ammeter test plug S#1164047 can be
inserted,in the current test jaws after opening
the Jknife-blade switch to check the current
through, the relay, as shown in Fig. 14. This
plug eensists 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 jaws 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-

P
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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 coversnd re-
lay.

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

In the event any of the compenents become
inoperative, they may bé replaced with renewal
parts ordered from the nearest Westinghouse
Sales Office or from' the €haron Plant. Should
parts be ordered, giveathe Style or Shop Order
number of the équipment as stamped on the
nameplate, togethér 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

Switch Jaws on Block (Top)
S#57D7876G13

Switch Jaws on Block (Bottom)
1877307

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

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

Reversing Switeh J(XRS8) S#184A878H01

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

RectifiergmyS #1546138

Disc Compounding .Resistors (3000 Ohms
256 Watt)r- S#1202954

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

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

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

Thermistor (Self-Supporting)
S#182A879HO01

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 & Adjuster-
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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General

The type CVR-1 Voltage Regulating Relay
is in reality a "control package' designedto
control load tap changers. Themajor com-
ponents of the CVR-1 relay are aninduction
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.

Installation

The CVR-1 relay is usually mounted¥n the
tap changer control panel. Beforegutting the
relay in service, remove any ploeking 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 andg€losegproperly.
Check the gaps of the permanent magnet and
of the electromagnet an@cleéan them if any
foreign material is presenty Operate the
relay to check theWsettings and electrical
connections,

Operation

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

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

MWestindhouse
BB, CvR -1 YGLTAGE RECOLATIG RiLAY
s (3622080 105035 Wi O DS

atwret REVERSE

Fig. 1 - CVR-1 Relay Removed from Case

A reactor connected in series with the
voltage sensing element is alarge 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
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react with the flux in the air gap producing
a torque. This torque is balanced againsta
spring torque to determine the balance po-
sition of the relay disk and its associated
contacts,

Assume 120 volts has been appliedto the
relay long enough for the moving contact to
come to rest at the 120 volt pointon the re-
lay scale, If the applied voltage were in-
creased to 121 volts, the increased electro-
magnetic torque would movethe moving con-
tact to the 121 volt point on the scale, If
the voltage were reducedto 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 dampingmagnetis mounted
on the relay with the induction disk between
the pole faces of this magnet and the magnet
keeper. Whenever the inductiondisk moves
through the unidirectional flux produced by
this permanent magnet a restraining forceis
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 settingief the
left hand contact long enoughfforythe disk
operated 90R contact to close, the yelay AR
is energized and seals itself in4¢hrough the
normally closed 120Y relay centact. Closing
the AR motor control relaycentact operates
the tap changer to raiseitheyoltage, Before
the tap changer arcingieontact has opened,
a cam operatedd20switchinthe tapchanger
closes to energizefthe 420X relay, which in
turn takes over the's€aling of the AR relay
through its 120X contact and also operates
the 120Y slug delayed relay. The normally
open 120Yyrelay contact closes and shunts
the reacter with a 3,000 ohm resistor which
increases\the current through the voltage
coil 90 and tends to rotate the disk to open
contactW90R, Thus for small voltage devi-

ations, there will be a short delay between

successive tap changer operations. After

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

A rise in voltage to close ghewsright hand
contact 90L would initiate (@ Similar se-
quence of operations to lower the voltage.
In the latter instance thezclosingofthe 120Y
normally open contactywill place a shunt
through another 3000, ohm resistor around
the potential coil90;to produce compounding
that tends teoyrotate the disk to open contact
90L.

VOLTAGE SENSING - ————— ———— —————— T
ELEMENTA————™1 ~—— . ——

i 1 r | |
UPPERPOLE ! I ' ‘
WINDING —L

TRANSFORMER

WINDING B
] i

1 |

POTENTIAL | i |
WINDING N}% |
|

| Lo} __ [ ——

BALLAST

""" REACTOR

POTENTIAL
SOURCE

CURRENT RESISTOR

TRANSE

TRANSFORMER

Xt LINE DROP COMPENSATOR

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

Bandwidth and Balance Voltage
The bandwidth of the voltage regulating re-
lay is the difference in volts between the 90R

and 90L contact setting.

Balance voltage is defined asthevoltage
midway between the 90R and 90L voltage
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TELEPHONE —
TYPE RELAYS

INDUCTION

| —DISC UNIT

VOLTAGEy)COIL

TEST VOLTAGE
RHEOSTAT

INDUCTION
DISC UNIT ]
CONTACTS

TELEPHONE
TYPE RELAY

+—REACTOR

REVERSING SWITCH
[~ (CONTACTS SHOWN
IN "DIRECT"POSITION)

TRANSFORMER

L —CHASSIS OPERATED

SHORTING SWITCH

| —TEST SWITCH

™ CURRENT TEST
JACK

— TERMINAL STUD

FRONT VIEW

F1893)- CVR-1 Voltage Regulating Relay Internal Schematic

settings and ig"the voltage which the relay
will tend 40 maintain. A line drop com-
pensatorpincoerpérfated in the relay enables
the reldy tgradjust the tap changer to regu-~
late theyvoltage at the load center rather than
at the tapychanger 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, animpedance voltage is
produced which is combined withthe 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.

Setting the CVR—1 Relay by Applying
an External Voltage

It is most convenient to setthe 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
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Fig. 4="CVR-1 Relay Internal Connection Diagram

volts. This method is adequat€ for most
conditions of operation fand where settings
within £ 1% of desired“Walues are satis-
factory.

For more exaéet setting a voltmeter of
better than 1% accuracy class should be
connected from PTT1 to PTT2 as shown in
Figure 5. It is eonvenient to apply an ex-
ternal variable voltage source to PTT1 and
PTT2, réading on the voltmeter the voltage
at whieh 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,

CAUTION: Extreme care must be taken to in-
sure that the breaker in the potential circuit is
in the OFF position and that the ground side of
the test source is connected to PTT2. These

P ™



precautions are necessary to avoid the possi-
bility 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 com-
pensator dials both on zero. Set 90R lower
and 90L higher than their final settings.

NOTE: Always adjust 90R and 90L contacts by
moving the handles attached to the stationary
contact assemblies. See Figure 7.

2, If the relay is not in service apply
approximately 120 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 number 3.

3. Apply to the test terminals theiexact
voltage at which thetap changer isto operate
in the raise direction. For example, con-
sider 119 volts. Since the CVR=l isWyery
highly damped the voltage shouldybe held at
this level for about one minutes The disk
contact will now be at its 1L9voltgposition.
Set the control selector switchfon "AUTO"
and move the left hand @scalespointer until
the 90R contact just touches the moving
contact, picking up thé auxiliarycontrol re-
lay and operating theytap changer in the
raise direction. [ Plage control selector
switch in "MAN" position.

4. Apply todthe test terminals the exact
voltage at whieh the tap changer is tooper-
ate in ghe Jower direction. For example,
considen 421 yolts. Hold the test voltage at
121 volts™fer about one minute to allow the
disk contact to reach its 121 volt position.
With the, control selector switchon "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 119
and 121 volts or at a nominal 120 volt level
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(balance voltage) with a 2 velt (x1 volt)
bandwidth,

6. The CVR-1 relay will operate satis-
factorily with any combination of contact
settings between 105 @nd®135 volts and the
tap changer will proyideexcellent quality
regulation with setgbandwidths of 2 volts or
greater, that isj/ balamce voltage =1 volt.

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

8. U Refet to Time Voltage Curve Figure
10"and setdamping magnet for desired time
delay, characteristic.

9., Set resistance and reactance com-
pensation 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 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 andis 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.

NOTE: Always adjust 90R and 90L 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 uptoan hour be-
fore making settings in order for the relay
to reach normal operating temperature.



Page 8

MAN  CONTROL
43T o SELECTOR
5 = AUTO
S B vl
— - i ,
POT BREAKER l
TRANS. : LL_Rr.ﬂ__l TEST |
!
P'{T | RHEOSTAT |
- , |
PIT @ ~—=4V - ———4 !
NOL |
VOLTMETER | ELEMENT Q0R :
| 951‘”‘“"1 |
: REACTOR :
| |
|
} COMPENSATOR @ R AUXILIARY
| RELAYS
| |
s —s |
! |
(N O A -
CVR -1 RELAY

Fig. 5 - Simplified Control"Schematic with CVR-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 gettingis
read by means of a voltmeter cofinéeted to
test terminals PTT1 and PTE2,

Now cut in resistance onsthe Test Rheo-
stat until the voltage on the, test terminals
is at the desired value forpthe"90R setting.
After 60 seconds set thefcontrol selector
switch on "AUTO) and move the 90R sta-
tionary contact until it pieks upthe auxiliary
control relay.<, Sét gontrol selector to
HMANH.

4, Adjust the Test Rheostat for the de-
sired value of the 90L setting and again,
after 60 se@onds, set the control selectoron
"AUTO".\,"Move the 90L stationary contact
until jt%picks up the motor control relay.

9%, "Refer to Time Voltage Curve (Figure
10)"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.

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 FlexitestOplugs, 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 ter-
minals on the relay.

Preparatory to making this test, jumper
numbered terminals 5 to 6, 4 to 15,3 to 16,
5 to 18, and 7 to 9 on the CVR-1 chassis,
Apply a variable voltage to points 14 and 9
corresponding to PTT1 and PTT2 on the con-
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Fig. 6 - CVR-1 Relay Removed from Case (Rear View)

trol panel) and follow the procedure under
"SettingWthe/CVR-1 Relay by Applying an
External Veltage". The self-sealingcircuit
of the CVR-1 relay may be cleared by mo-
mentarily connecting a jumper from 2 to 5.
The 120 switch performs this function in
theytap 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 Rheostatbeingused 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 circuitis
indicated in Figure 8. Such a reconnection
following removal of the original jumpers
will provide all switching andindicationre-
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¥R-1"Relay Adjustments

while lights Ro and Lo indicate operation of
the motor control relaycontacts AR and Ad..

With the switch in the "CARWY position,
the operation of 90R and 90 contacts is
indicated by lights Rp and Lps

With the switch on "AUTO" position the
relay functions in response to applied volt-
age as it would under fully"automatic regu-
lation., Operatiofis afe 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, L.oystill 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 delaycharacteristic of the
CVR-~1 relayenablesittomaintain 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 whenadjustedfor adampingfactor
of one. As can be seen from Figure 10, at
least three different factors control the
amount of time delay that precedes the ini-
tial operation of the tap changer ona change

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

of voltage. For example, anyone of the fol-
lowing cenditions contributes to a shorter
time delay.

12 A lower damping factor.

2. A greater voltage deviationfrom 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 itisnotfixed. 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
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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 shortdurationit 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 thegapbetween the
permanent magnet and its keeper. Relays
are shipped set for a damping factor of1.0.
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 dampingfactor between 1.0
and 2.4 are obtained by changing the gap
distance between the magnet keeper andthe
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, Fe=
move the keeper locking screw completely
and check the copper thread protectoptihder
the locking screw to see that 4t is free.
After making certain that the keepénloéking
screw turns easily, a damping factor of 1.0
to 2.4 can be secured by liningfupthe 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 engagemient ofithe damping magnet
and disc, with the magnet keeper set at2.4.
To reduce the dampingdfactor from 5.3 down
to 2.4 this engagement mustbe decreased to
the position shown in Figure 7. Thisis done
by loosening the four magnet assembly
mounting Serews (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 thaghet engagement, This scale is ref-
erenced to the edge of the disc directlyabove
ity To'raise the damping factor afterit has

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

CAUTION: The keeper magnet should never be
turned down below the 2.4 graduation. When®the
keeper magnet is at or near the 2.4 &@tting, care
should be exercised to see thatamechghnical bind-
ingdoes not take place between magnetand disc.
Too close proximity of keepef magnet and disc
could result in overdamping ‘and possible stop-
ping of disc movement entirely.

The maximum keeperysetting 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 pidee off/copper is still in the hole
so that the keeper-adjusting threads will not
be damaged by the keeper locking screw.

Thesdamping factor of any relay as set
may be detérmined easily by the following
proceduxe.

1. /De-energize the relay.
2. Set 90R scale handle at 105 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. Thequotient
is the damping factor for the relay
as adjusted.

7. Move the 90R and 90L scalehandles
tothe 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 10 by the
damping factor.

Example:

Assume 10.8 seconds measuredinstep5
above. 10.8+5.4= 2, the relay damping

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

factor. In Figure 10ywe¥find that for a 2
volt bandwidth theftimewdelay would be 3
seconds for a 4 volt change,

To determinefthe actual time to close
relay contaets “multiply 3 (seconds) x 2
(damping factom) = 6 seconds actual time
delay.

CVR—1 Relay Control Adjustments

Figure 11 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
reactance 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 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 Rheostaton
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,
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2. Line Drop. Compensator. Separate
rheostats permitindependent setting of the
24 volts resistance “and 24 volts reactance
compensation (both on a120 voltbase). This
value of compensétion is available only when
the main current transformer is delivering
a full 5 amperes to the tap changer control.
(An awuwxiliary current transformer (ACT)
steps ‘this current down from 5 amperes to
the \2eampere rating of the compensator
elements. Line drop compensation is ob-
tained by circulatinga 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 phase angle to the load center voltage,

3. Reactance Reversing Switch. Fornor-
mal line drop compensation the Reactance
Switch (XRS) on the CVR-1 sub-panel is left

.

A,



in the "direct'" position. Reversed reactance
compensation is obtained by placingitinthe
"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 whentwoor more trans-
formers are paralleled. Itisarequirement
of ASA Standards C57.12-37.236.1. Instead
of running toward opposite extreme posi-
tions, tap changers having ''reverse re-
actance'" compensation tend to movetoward
whatever positions cause theleastamountof
circulating current to flow. Thisis 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, put
if the data on the particular line isgknown,
the curves in Figs. 12 and 13 mayfbe used,
and initial values calculated.

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

|

Dial Settingfor Resistance,Compensation =

Ne.T.
Npor

5 X x Ry, x &% n.

1]

Dial Setting for Reaétanhce Compensation

Nem
N

5 x xXLxdxn.

POT

Where

NC,T, main current transformer ratio

primary current
secondary current

Il

POT potential transformer ratio

primary voltage
secondary voltage
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Ry, _ resistance per condu€tor, from
unit to load center, injohms per
mile,

X1, _ inductive reactance per conduc-

" tor from unit to load center, in
ohms per mileq

d = miles fromyunit to load center.,

n = 120/balancewoltage setting.

A typical three-phase example is as fol-
lows:
a b c

0e—24'—  +0e— 4'— 0
!e 8! >

500,000y, CM copper conductor, with flat
spacing above.

I.ine, Voltage = 12000 volts

Maifi Current Transformer Ratio = 600/5
Potential Transformer Ratio = 6928/120
Distance from unittoloadcenter =3.5 miles.

Balance voltage setting = 117 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 12:
R =0.12 ohms per mile.

From Figure 13:
D =1.26x4 = 5.04 feet.

X1, = 0.64 ohms per mile.

The line drop compensator resistance set-
ting is:

5 x 600/5
6928/120

120
x 0.12 x 3.5 x 117 ©

4.47
The line drop compensator reactance set-
ting is:

5 x 600/5

120
6928/120

3.5x =

. 117 23.9

X 0.64 x

These settings may be adjusted as found
necessary as shown by load center voltage
measurements,
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Fig. 11 - CVR-1 Relay Control Adjustment Panel

Flexitest Case

The type FT (Flexitest)® caseis a dugtproof
enclosure combining relay units,and knife-
blade test switches in the same case. *This
combination provides a compactflexible as~
sembly easy to maintain, inspectjtest and
adjust., There are three mainnits of the
type FT case: the case,cover,@nd chassis.
The case is anall-steel weldeddousing con-
taining the hinge half of the knife-blade test
switches and theterminals for external con-

nections. The cover is a molded phenolic
frame with a clear glass window, a thumb
nut, and a hinge. The hinge fitsover the top
flange of the case. The thumb nut, which
fastens to a stud on the bottom flange of ghe
case, holds the cover securely_in place on
the case. The chassis is a steel frame that
supports the relayelements and the.contact-
jaw half of the test switchess This slides in
and out of the case. Thé eleetrical con-
nections between the base and chassis are
completed through the closed knife-blades.
The case designation iSWype FT-32,

REMOVING CHASSIS

To remove\the, chassis, first remove the
cover hjmunscrewingthe captivethumbnutat
the bottomyand“lifting the cover hinge off the
top flange of%the case. This exposes the re-
lay units andall the test switches forinspec-
tioppand@ytesting. The nextstepisto open the
test sswitches. In opening the test switches,
they should be moved all the way back against
the stops. Withall the switches fully opened,
release the cam action latches and pull the
ehassis 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
andthe cover putin place withoutthe chassis.
The chassis-operated auxiliary shorting

60 CYCLE RESISTANCE
5454353 25 2 A5 N .05

1/0 2/ 4
SIZE OF COPPER CONODUCTOR

OHMS PER 35 3025 20 IS5 1.0
MILE
MCM 20 30| 40| 50| 60
CABLE 100
B88S GAUGE 8 6 4 2
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200 300 500 1000

Fig. 12 - Resistance Chart Showing Ohms per Conductor per Mile 60 Cycle Circuit
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switches (see Figure 16) between terminals
8-9 and12-13 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 putbackin the
case the above procedure is to be followed
in the reversed order.

CAUTION: Be sure to operate the cam latches
into their original horizontal position before at-
tempting to replace cover. Failure to do so may
crack the cover.

ELECTRICAL CIRCUITS

Each terminal in the base connects through
a test switch tothe 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 illug-
trated in Figure 15. Opening both current
test switches short-circuits the urrent
transformer secondary and discornectsone
side of the relay circuit butleayes theother
side of the relay circuit connected to the
external circuit through the current test
jack jaws. This circuit can begisolated by
inserting an ammeter testWplug S#1164047

SWITCH BLADE JAW CONNECTION TO

RELAY ELEMEN

AMMETER
TEST ,PLUG

SWITCHUBLADE HINGE CURRENT TEST JAW

Eig. 14 - Ammeter Test Plug in Testing Positions

(without external connections), or by insert-
ing ten-circuit test plugs S#1164046.

TESTING

The relays can be tested imseryice; in the
case but with the external circuitsiSolated,
or out of the case as follows:

TESTING IN SERVICE

The ammeter test@lug S#1164047 canbe in-
serted in the cupmentitest jaws after opening
the knife-blade switeh to check the current
through theirelay, as shown in Fig, 14, This
plug consists, ofytwo conducting strips sep-
arated by*an, insulating strip. The ammeter
is connected to these strips by terminal
screws and theleads are carried outthrough
holesyin the back of the insulated handle.

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

TESTING IN CASE

With all blades in the full open position, the
ten circuit test plug S#1164046 can be in-
serted in the contact jaws, per Figure 17.
This connects the relay units to a set of

KNIFE BLADE SWITCH BLADE JAW

MOLDED INSULATION BLOCK

CHASSIS OPERATED
SHORT CIRCUITING

STRAP CONNECTION
TO TERMINALS FOR
EXTERNAL CONNECTIONS

SWITCH BLADE

CLIP LEAD LUG MOLDED INSULATION BLOCK

SHORT CIRCUITING SPRING

Fig. 15 - Short Circuiting Switch



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 maybe made to
the relayunitsby#2testclipleads 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 foriso-
lating this circuit are outlined above under
"Electrical Circuits".

TESTING OUT OF CASE

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

Fig. 16 - Auxiliary Short Circuiting Switch
(Enlarged View)
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Fig. 17 - Multi-Citeuit Test Plug in Testing Position

An Yinternal schematic for the relay is
showmiin Figure 3.

Maintenance

The proper adjustments to insure correct
operation of this relayhavebeen made atthe
factory and should notbe 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 test switches turn
the power supply off.

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

When contacts require cleaning, they
should be cleaned with a fine contact file
similar to S#1002110 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 partsordered fromthenearest
Westinghouse Sales Office or from the
Sharon Plant. Should partsbeordered, give
the Style or Shop Order number of the equip-
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ment as stamped on the nameplate, together
with the style number and description ofthe
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

Switch Jaws on Block (Top)
S#57D7876G13

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 Ohm§25'Watt) -
S#04D1298H34

Eai N

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#25B9647THO6

Telephofie,Relay/(120X) - S#25B9647HO05
Telephone Relay (120Y) - S#22D1520H02

Elegtromagnet for Disc Type Element -
St 1878295

Moving Contact, Spring & Adjuster -
S#1878047 s,

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

Printed io U.S.A. (T.P.)
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General

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.

Installation

The CVR-1 relay is usually mountedsinthe
tap changer control panel. Before puttingthe
relay in service, remove any blocking in-
serted for the purpose of securing parts
during shipment; make sure thatyall“parts
operate freely, and inspect the contacts to
see that they are clean and clese properly.
Check the gaps of the pexmanent magnet and
of the electromagnet and «¢leansthem if any
foreign material is present.y, Operate the
relay to check the settings and electrical
connections.

Operation

The sensing,element of the CVR-1 relay is
an indu€tion disk voltage relay with a setof
single pole,double throw contacts. Sealing
circuits for ‘the auxiliary relay are incor-
porated intothecircuit 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.
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Fig. 1 - CVR-1 Relay Removed from Case

A reactor connected in series with the
voltage sensing element is alarge 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 theinductiondisk induces
eddy currents in the disk of the relay which



Page 4

react with the flux in the air gap producing
a torque. This torque is balanced againsta
spring torque to determine the balance po-
sition 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 pointon the re-
lay scale. If the applied voltage were in-
creased to 121 volts, theincreased electro-
magnetic torquewould move the moving con-
tact to the 121 volt point on the scale, If
the voltage were reducedto119 voltsthede-
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 forceis
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 90Rsand
901. contacts determines the voltage levelat
which they will be closed to initiate (tap
changer operation to correct the{voltage.

If the voltage falls below thesetting of the
left hand contact long enotigh fex the disk
operated 90R contact to close,the relay AR
is energized and seals itgelf in through the
normally closed 120Y relayeontact. Closing
the AR motor control felaycontact operates
the tap changer to“gaise the voltage. Before
the tap changepfarcing contact has opened,
a cam operated 120 switch inthe tapchanger
closes to energize the 120X relay, which in
turn takes over thefsealing of the AR relay
through its 120X contact and also operates
the 120Y slug delayed relay. The normally
open 120 relay contact closes and shunts
the reaeton with a 3,000 ohm resistor which
increases the current through the voltage
coil\90™"and tends to rotate the disk to open
contacét 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 closedon
position, the 120 pilot switchopens, allowing
the 120X relay to releasethe AR relay. The
tap changer motor is stopped by the motor
brake., If the voltage is not corrected#the
sequence is repeated until thewvoltage is
corrected or a tap changer,limitgpositionis
reached.

A rise in voltage to closé the right hand
contact 90L would initiate,a similar se-
quence of operations, to Tower the voltage.
In the latter instance the closingofthe120Y
normally open contaet will place a shunt
through another 3000 ohm resistor around
the potential cgil 90 to produce compounding
that tendsgo rotate the disk to open contact
90L.
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Fig. 2 - Schematic Diagram of the CVR-1
Relay Voltage Sensing Circuit

Bandwidth and Balance Voltage
The bandwidth of the voltage regulating re-
lay is the differencein volts between the 90R

and 90L contact setting,

Balance voltage is defined asthevoltage
midway between the 90R and 90L voltage
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Fig."8,- CVR-1 Voltage Regulating Relay Internal Schematic

settings and is theyoltage which the relay
will tend to, maintain. A line drop com-
pensator incomporatéd in the relay enables
the relay#o adjust the tap changer to regu-
late theoltage atthe 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 40 the current flowing through to
theWload. By thus circulating current pro-
portional to the load through resistance and
reactance elements, animpedance voltageis
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.

Setting the CVR—1 Relay by Applying
an External Voltage

It is most convenient to setthe CVR=-1relay
in its mounting on the tap changer panel,
The relay operating points may be set by
means of its scale which is calibrated in



Page 6

REACTOR

2908444GO!

//

Lior  Fod

EACTOR 11

bs si/R/

POTENTIOMETER
500 OHMS, 50 WATT.
1703532H06

TO~

1

| RESISTOR
6 OHMS,25 WATT

0401298H84

ORLiFing
( P R REVERSING

L

SWITCH
{84A878HO!

AR RELAY
25B9647HO6

oisc

r“/ COMPOUNDING

[ e o o ®
y
L
TRANSFORMER
290844560l
]
—
Py
TRIMMING RESISTOR-]
3000 oMM, + wart| | FK XF..
184AE35HI2 ] !
POTENTIOMETER —_|
125 OHMS, 25 WATT
1703532 HO3
—o
POTENTIOMETER _|
350 OHMS, 25 WATT| T - &
1703532H05 L1 rH
)

AL RELAY
2589647HO6 L i
RECTIFIER —— __|

N\

RESISTORS

1546138

k\_J"N“RE( El"

3000 OHMS
25 WATT
1202954

| — STATIONARY

S

STATIONARY —__|
PL CONTACT -

182A880G0I

PR CONTACT

e
/@:‘ ————__[90L 90R 182AB80GOI
120X RELAY_—1" | 6\ T™~120 Y RELAY
2589647HO5 %0 0 - 2201520H02
VOLTAI
oL 1 1—_MOVING CONTACT
RESISTOR ————— RES 1876047
4500 OHMS, 3 WATT] i
1824874 HO! /K I ELECTROMAGNET
- 1878295
THERMISTOR— |
1000 OHMS AT 25°C —
182A879HOI | J
[0 % ofos® & 5 & o

REAR VIEW

Fig 44y CVR-1 Relay Internal Connection Diagram

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

For more exéct getting a voltmeter of
better than 1% aeéuracy class should be
connected from PTT1 to PTT2 as shown in
Figure 5. It is convenient to apply an ex-
ternal vagriable voltage source to PTT1 and
PTT2,geading on the voltmeter the voltage
at which the 90R and 90L contacts close.
If desired, a constant voltage source may
bepapplied 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 andthe 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.

CAUTION: Extreme care must be taken to in-
sure that the breaker in the potential circuit is
in the OFF position and that the ground side of
the test source is connected to PTT2. These



precautions are necessary to avoid the possi-
bility 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 resisitance and reactance com-
pensator dials both on zero. Set 90R lower
and 90L higher than their final settings.

NOTE: Always adjust 90R and 90L contacts by
moving the handles attached to the stationary
contact assemblies. See Figure 7.

2, If the relay is not in service apply
approximately 120 volts for onehour before
making settings. This allows the relay to
reach normal operating temperatures. If
the relay is in service proceed immediately
with step number 3.

3. Apply to the test terminals theexaet
voltage at whichthetapchanger is togperate
in the raise direction. For example, ¢on-
sider 119 volts. Since the CVR-}isvery
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 switch on "AUTO"
and move the left hand ‘sgaleypointer until
the 90R contact just tofiches the moving
contact, picking up the auxiliary control re-
lay and operating the%ap ‘¢hanger in the
raise direction. Place “€éontrol selector
switch in "MAN" position.

4, Apply to(the test terminalsthe exact
voltage at whieh theftap changer is tooper-
ate in thé loweradirection. For example,
consideryl2d volts. Hold the test voltage at
121 volts for dbout one minute to allow the
disk contact to reach its 121 volt position.
With the control selector switchon"AUTO"
moye the“right hand scale pointer until the
90Lcontact just touches the moving contact,
opérating the tap changer in the lower
direction.

5. The CVR-1 relay is now set to hold
regulated output between the limits of 119
and 121 volts or at a nominal 120 volt level
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(balance voltage) with a 2 volt (x1{wolt)
bandwidth.

6. The CVR-1 relay will operate satis-
factorily with any combination of contact
settings between 105 and 1356 volts and the
tap changer will prowide®excellent quality
regulation with set bandwidths of 2 volts or
greater, that is, balanee voltage +1 volt.

7. For any other settings, determine
the limit settigs for 90R and 90L of the
voltage regula@ting relay and proceed as out-
lined in 2 throughv6.

8. Referio Time Voltage Curve Figure
10 andyset . damping magnet for desired time
delay‘eharacteristic.

9, Set resistance and reactance com-
peénsation 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 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 andis 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.

NOTE: Always adjust 90R and 90L 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 uptoan hour be-
fore making settings in order for the relay
to reach normal operating temperature,
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Fig. 5 - Simplified Contrel Schematic with CVR-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 settingis
read by means of a voltmeter gonnected to
test terminals PTT1 and PTT2,

Now cut in resistance gnvthesfest Rheo-
stat until the voltage on the tgst terminals
is at the desired valuesfortthe 90R setting.
After 60 seconds  set/the fcontrol selector
switch on "AUTO"\and,move the 90R sta-
tionary contactintil itipicks upthe auxiliary
control relay. 4Set,ycontrol selector to
HMANH.

4, Adjust the Test Rheostat for the de-
sired value of4the 90L setting and again,
after 60 'seconds, set the control selector on
"AUT@OMg, 2Move the 90L stationary contact
untilait picks up the motor control relay.

6w ) Refer to Time Voltage Curve (Figure
20) ‘and set damping magnet for desiredtime
delay characteristic.

6. Set resistance and reactance com-
pensator 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 FlexitestOplugs, 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 ter-
minals on the relay.

Preparatory to making this test, jumper
numbered terminals 5 to 6, 4 to 15,3 to 16,
5 to 18, and 7 to 9 on the CVR-1 chassis.
Apply a variable voltage to points 14 and 9
corresponding to PTT1 and PTT2 on the con-
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Fig. 6 - CVR-1 Relay Removed from Case (Rear View)

trol patel)fand follow the procedure under
"Settingythe €VR-1 Relay by Applying an
External Vigltage'. The self-sealingcircuit
of the CVR-1 relay may be cleared by mo-
mentarily connecting a jumper from 2 to 5,
The 120 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 Rheostatbeingused 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 circuitis
indicated in Figure 8. Such a reconnection
following removal of the original jumpers
will provide all switching andindicationre-
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 off€VR4l Relay Adjustments

while lights Ro and Lo indicate operationof
the motor control relay contacts AR@And AL,

With the switch in the "CAL" peésition,
the operation of 90R and 90 centacts is
indicated by lights Rp and Lp,

With the switch on ""AWUTOY position the
relay functions in responge {to applied volt-
age as it would undemfullysautomatic 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 o “still indicate operation ofARand
AL contagts.

General operating data for the relay on
60 cyeles 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 delaycharacteristic of the
CVR-1 relayenables itto 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 adjustedforadampingfactor
of one. As can be seen from Figure 10, at
least three different factors control the
amount of time delay that precedes the ini-
tial operation of the tap changer ona change
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Fig. & - Circuit for Checking and Calibrating the CVR-1 Relay Removed from Case

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

1. A lower damping factor.

2. A greater voltage deviationfrom 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 itisnotfixed. 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
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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 maybe 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 gapbetween the
permanent magnet and its keeper. Relays
are shipped set for a damping factor of1.0.
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 dampingfactor 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 protectoptinder
the locking screw to see that it is, free.
After making certain that the keepénlocking
screw turns easily, a damping factor of 1.0
to 2.4 can be secured by liningfupthe 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 ofithe damping magnet
and disc, with the magnet keeper set at 2.4.
To reduce the damping#dactor from 5.3 down
to 2.4 this engagement mustbe decreasedto
the position shown in Figure 7. This is done
by loosening the four magnet assembly
mounting serews (See Figure 7) and sliding
the magnet assembly to its new position, A
magnet,time multiplier scale is attached to
the peérmahent magnet to facilitate setting
the thaghet engagement. This scale is ref-
erenced to the edge of the disc directly above
ity To'raise the damping factor afterit has

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

CAUTION: The keeper magnet should never be
turned down below the 2.4 graduation. When‘the
keeper magnet is at or near the 2.4 s€tting, care
should be exercised to see thatamechahical bind-
ingdoesnot take place between magnef*and disc.
Too close proximity of keepef magnet and disc
could result in overdamping ‘and possible stop-
ping of disc movement entirely.

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

Thesdamping 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 105 volts.
3. Set 90I. 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
tothedesiredlimits 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 10 by the
damping factor.

Example:

Assume 10.8 seconds measured in step5
above, 10.8+5.4= 2, the relay damping

A
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Fig. 9 - Typical Damping F actors Versus Gap Setting and Magnet Engagement

factor. In Figure 10, wehfind that for a 2
volt bandwidth thestimesdelay would be 3
seconds for a 4 volt change,

To determing’ the actual time to close
relay contaetsCmaultiply 3 (seconds) x 2
(damping factor) = 6 seconds actual time
delay.

CVR-1 Relay Control Adjustments

Figure 11 shows the CVR-1 Relay Control
Ranel 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
reactance 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 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 Rheostaton
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.
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2, Line Dropl Cémpensator. Separate
rheostats permitiindependent setting of the
24 volts resistance™@nd 24 volts reactance
compensation (both on a120 voltbase). This
value of compensation is available only when
the main current transformer is delivering
a full 5 gmperes to the tap changer control.
(An auxiliary current transformer (ACT)
steps “this“eurrent 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 phase 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

Ay,

P



in the "direct'" position. Reversed reactance
compensation is obtained by placingitinthe
"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 whentwoor moretrans-
formers are paralleled., Itisarequirement
of ASA Standards C57.12-37.236.1. Instead
of running toward opposite extreme posi-
tions, tap changers having ''reverse re-
actance" compensation tend to movetoward
whatever positions cause theleastamountof
circulating current to flow. This is accom-
plished at some sacrifice of normal line
drop compensation, but is generally satis-
factory when units paralleledarenotlocated
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, put
if the data on the particular line isgknown,
the curves in Figs. 12 and 13 may‘be used,
and initial values calculated.

The initial line-drop compensator set-
tings can be derivedbythe use of thexfollow-
ing expressions:

Dial Settingfor Resistance Compensation =

N

5 X - C'T'-x Rr, x dix m3
Npor
Dial Setting for_Reaetance Compensation =

Neor
N

X d X n,

5 X 'xXL

POL

Where

NC,T, main current transformer ratio

primary current
secondary current

POT

potential transformer ratio

primary voltage
secondary voltage
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Ry, _ resistance per condu€tory from
unit to load center, inyohms per
mile,

XL _inductive reactance per conduc~

" tor from unit to load center, in
ohms per miles

d = miles fromyunit to load center.

a = 120/balancewoltage setting.

A typical three-phase example is as fol-
lows:
a b c

0e—=24'— s 0e——4'—0

- 8! >

500,000, €M copper conductor, with flat
spacing above,

I.ine Voltage = 12000 volts

Maifi Current Transformer Ratio = 600/5
Botential Transformer Ratio = 6928/120
Distance from unit toload center =3.5 miles.

Balance voltage setting = 117 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 12:
R =0.12 ohms per mile,

From Figure 13:
D =1.26x4 = 5.04 feet.

X1, = 0.64 ohms per mile,

The line drop compensator resistance set-
ting is:

5 x 600/5
6928/120

120
x 0,12 x 3.5 x 117

4.47
The line drop compensator reactance set-
ting is:

120
x 0.64 x 3.5x 117 =

5 x 600/5
6928,/120 23.9

These settings may be adjusted asfound
necessary as shown by load center voltage
measurements,
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Fig. 11 - CVR-1 Relay Control Adjustment Panel

Flexitest Case

The type FT (Flexitest)® caseis a dustproof
enclosure combining relay unitsyand knife-
blade test switches in the same case. “This
combination provides a compactflexible as-
sembly easy to maintain, inspectjtest and
adjust. There are three main units of the
type FT case: the case, cover, &nd chassis.
The case is anall-steel weldeddousing con-
taining the hinge half offthe 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 fsAme that
supports the relayelements and theeontact-
jaw half of the test switchesmThis slides in
and out of the case. The ele¢trical con-
nections between the base and’chassis are
completed through the,closed knife-blades.
The case designation is%ype FT-32,

REMOVING CHASSIS

To remove ‘the,chassis, first remove the
cover bgmnscrewingthe captive thumbnut at
the bottomyand1lifting the cover hinge off the
top flange of'the case. This exposesthe re-
lay units andall the test switches for inspec-
tiop,andytesting. Thenext stepis to open the
test switches. In opening the testswitches,
they shouldbe moved all the wayback against
the stops. Withall the switches fully opened,
release the cam action latches and pull the
ehassis 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
andthe cover putinplace withoutthechassis.
The chassis-operated auxiliary shorting

60 CYCLE RESISTANCE
5454353 25 2 IS A .05

0 2/ 4/0
SIZE OF COPPER CONDUCTOR

OHMS PER 35 3025 20 IS 1.0
MILE
MCM 20 30] 40} 50| 60
CABLE 100
B&S GAUGE" 8 6 4 2
WIRE

200 300 500 1000

Fig. 12 - Resistance Chart Showing Ohms per Conductor per Mile 60 Cycle Circuit
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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) betweenterminals
8-9 and12-13 remain closed withthe chassis
out to prevent open circuiting the current
transformers when the current test switches
are closed.

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

CAUTION: Be sure to operate the cam latches
into their original horizontal position before at-
tempting to replace cover. Failure to do so may
crack the cover.

ELECTRICAL CIRCUITS

Each terminal in the base connects through
a test switch tothe 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 15. Opening both current
test switches short-circuits the gurrént
transformer secondary and disconnects,one
side of the relay circuit butleaveés theother
side of the relay circuit connected to the
external circuit through theé ‘eurrent test
jack jaws. This circuit can begisolated by
inserting an ammeter testiplug S#1164047

SWITCH BLADE JAW CONNECTION TO

RELAY ELEMEN

CLIP LEAD LUG ——————\ \ .

AMMETER

TEST PLUG

SWITCH. BLADE HINGE CURRENT TEST JAW

Eig. 14 - Ammeter Test Plug in Testing Positions

(without external connections), or by insert-
ing ten-circuit test plugs S#1164046.

TESTING

The relays can be tested ingservi€e; in the
case but with the external circuitsisolated,
or out of the case as follows?

TESTING IN SERVICE

The ammeter test plug S#1164047 can be in-
serted in the curzentitest jaws after opening
the knife-bladefswiteh to check the current
through the(relay, as shown in Fig. 14, This
plug consists, ofy,two conducting strips sep-
arated Byman insulating strip, The ammeter
is comnected to these strips by terminal
screws and theleads are carried out through
holesy'in the back of the insulated handle,

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

TESTING IN CASE

With all blades in the full open position, the
ten circuit test plug S#1164046 can be in-
serted in the contact jaws, per Figure 17.
This connects the relay units to a set of

KNIFE BLADE SWITCH BLADE JAW

MOLDED INSULATION BLOCK

CHASSIS OPERATED -
SHORT CIRCUITING

STRAP CONNECTION
TO TERMINALS FOR
EXTERNAL CONNECTIONS

SWITCH BLADE

CLIP LEAD LUG MOLDED INSULATION BLOCK

SHORT CIRCUITING SPRING

Fig. 15 - Short Circuiting Switch



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 relayunitsby#2testclipleads 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 foriso-
lating this circuit are outlined above under
"Electrical Circuits".

TESTING OUT OF CASE

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

Fig. 16 - Auxiliary Short Circuiting Switch
(Enlarged View)
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Fig. 17 - Multi-Circuiut Test Plug in Testing Position

Am internal schematic for the relay is
shown, in, Figure 3,

Maintenance

The proper adjustments to insure correct
operation of this relayhavebeen madeatthe
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 tocheck the adjust-
ment at regular maintenance, the following
instructions should be followed:

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

Refer to previous description of the
Flexitest casefor methodof removingcover
and relay,

When contacts require cleaning, they
should be cleaned with a fine contact file
similar to S#1002110 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 partsorderedfromthenearest
Westinghouse Sales Office or from the
Sharon Plant. Should partsbeordered, give
the Style or Shop Order number of the equip-
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ment as stafnped on the nameplate, together
with the style number and descriptionofthe
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

Switch Jaws on Block (Top)
S#57D7876G13

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#04D1298H384

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

Eleectromagnet for Disc Type Element -
S# 1878295

Meoving Contact, Spring & Adjuster -
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

Peinted in U.S.A. (T.P.)





