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Fif{. I Trpe SVR Voltaf{e Ref{ulatinf{ Relay (Front 
View) 

The Type SVR Voltage Regulating Relay (Fig­
ure I) is a precision factory calibrated control 
package designed to control load tap changers 
(LTC). It performs the functions of voltage sens­
ing, line drop compensation, and time delay 
with static devices. Terminals are available for 
applying circulating current for parallel opera­
tion of transformers, for remote control of volt­
age reduction (brownout), for operation of the 
time delay in the non-sequential mode, and for 
a backup relay responding to load center voltage. 

DESCRIPTION: 

Characteristics (see Table I, page 2) 

All settings are made from the front of the 
relay by means of marked dials and knobs or 
switches. The Balance Voltage, Bandwidth and 
Timer knobs are continuously adjustable and 
have a locking tab to hold the adjustment in 
place. All other knobs are on snap type switches 
which cannot be moved off position accidently. 

General Description: The major structural part 
of the relay is the mounting panel. On the front 
side are located the calibrated dials with control 
knobs for setting the desired balance voltage 
(BY), bandwidth (BW), time delay (T) as well 
as resistance (R) and reactance (X) line drop 
compensation (LDC). In addition, raise and 
lower operation indicating lights signify when 
the sensing voltage is outside the dead band. 
A Direct-Test-Reverse switch permits reversing 
the reactance compensation as well as inserting 
a test rheostat for varying the input voltage to 
the sensing circuit for checking calibration. A 
compensating current by-pass circuit removes 
any compensation affect when the switch is in 
the test position. 

On the rear of the mounting panel are lo­
cated the sensing, compensator and power sup­
ply transformers as well as the printed circuit 
module which contains the electronic sensing 
circuitry in addition to the relay output terminal 
strip. The thirteen point terminal strip is used 
to connect: the input sensing voltage ( 1 and 3), 
voltmeter test terminals (2 and 3), LDC input 
(3 and 4), paralleling input (5 and 6), brownout 
control (II and 12), non-sequential timer mode 
(I 0 and II), backup relay (I and 13), Raise relay 
(7 and 8) and Lower relay (8 and 9). The termi­
nal numbers are identified on the relay and cor­
respond to those shown on the internal sche­
matic, Figure II. 

The panel cutout and drilling plan is shown 
in Figure 6. 

Circuit Description: The circuit can best be de­
scribed by referring to simplified schematic 
and internal schematic drawings, Figures 10 
and II. The sensing voltage and power supply 
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TABLE I. CHARACTERISTICS 

Accuracy 
Balance Voltage Setting Range 
Bandwidth Voltage Setting Range 
Raise and Lower Time Delay 
Resistance and Reactance Compensation 
Paralleling Operation 
Voltage Reduction Control 
Dielectric (from terminals to frame) 
Operating Temperature Range 
Reset Time 

ANSI Class I (-30°C to +65°C) 
105 to 135 V 
1.0 to 6.0 V 

2 to 120 seconds 
0 to 24 V at 0.2 A 

24 V at 0.2 A 
0 to 10% (using external resistance). 

1500 V 60Hz (for I minute) 
-40°C to +80°C 

0.3 seconds maximum 
Balance Voltage Calibration Accuracy ± 0.5 V at 25°C. 
Bandwidth Voltage Calibration Accuracy ± 0.25 V at 25°C. 
Timer Accuracy ± 15% 
Reactance Compensation Accuracy ±0.2 V (below 5 V) 

± 1.0 V (5 to 24 V) 
Resistance Compensation Accuracy ± 1.5 V (dial calibration accuracy) 
(Note: resistance compensation is continuously adjustable). 
Parallel Current Circuit Accuracy ± 2 V at 0.2 A input 

Voltage Circuit Rating 
Current Circuits Rating 

Contact Rating 

Voltage Circuit Burden 
Current Circuit Burden 

circuitry are both connected to terminal l and 3. 

The power supply is a dual output type 
( ± 15 V de) and consists of transformer T I with 
center tapped secondary feeding two full wave 
rectifiers. The output of the rectifiers supply a 
highly stable regulated power supply consist­
ing of integrated circuit operational amplifiers 
IC-5 and IC-6 along with NPN transistors Q8 
and Q9 and PNP transistors Q2 and Q3 as 
well as filter capacitors C3, C5, C9 and CIO. A 
reference zener Z6 with a low temperature co­
efficient maintains a constant output voltage in 
conjunction with trimpot PS. This trimpot is 
used to set the output voltage for ±IS V de at 
the factory. 

The secondary of the sensing transformer 
(T2) is connected to a precision full wave rec­
tifier consisting of a dual op-amp IC-1. A 
capacitor C2, resistor R25 and trim pot PI con-

160 V maximum at 25°C 
0.32 A maximum continuous 
0.64 A maximum for 2 hours 

3 A at 120 V inductive 

6 VA at 120 V 60 Hz 
7.6 VA at 0.2 A 60 Hz 

stitute a single-pole low pass filter performing 
an averaging function. The trimpot PI is factory 
adjusted for + 7.5 ± 0. 25 V de at test point TP 1 
with 120 V ac input to the relay. Zener diodes Z1 
thru Z4 provide overvoltage protection 

A reference voltage is generated at test 
point TP3 by means of op-amp IC-3 and the 
negative regulated power supply. The P2 trim­
pot is factory adjusted with the balance voltage 
knob set at 120 and 120 V ac sensing voltage ap­
plied for minimum output voltage at TP2. The 
bandwidth knob is set fully CW for this condition. 

Op-amp I C-2 in conjunction with the band­
width potentiometer knob setting determines 
the amount of deviation from the balance volt­
age required to produce an output voltage at 
test point TP2 to actuate the Raise or Lower 
op-amps (IC-2 or IC-3). The output voltage can 
swing negative or positive depending on whether 
a Raise or Lower operation is required. 
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Fifi. 2 Type S V R Vultafie Regulatinfi Relay (Rear 
View) 

The Raise and Lower op-amp outputs oper­
ate the indicator light emitter diodes (LED) as 
well as actuating the· timer circuit and flip-flop 
(IC4) and the output Nand gates (also IC4). 
Output resistors R II and R26 feedback to the 
bandwidth amplifier to provide a small hysterisis 
of 0.2 Vac or less. 

The Timer circuit is of the single shot multi­
vibrator type incorporating a programmable 
(PUT) unijunction transistor. Trimpot P3 has 
been factory adjusted so that the time delay 
tracks with the Timer Knob setting. The timer is 

3 

of the "integrating type" which is desirable when 
the input sensing voltage is fluctuating in and 
out of the band edge. The timer circuit output 
consists of a single pulse which switches the out­
put of the flip-flop (IC-4) from approximately 
zero volts to almost 15 V de. 

The change in the output state of the flip­
flop is sensed by the Raise and Lower output 
Nand gates. Depending on whether a raise or 
lower signal is also present will determine 
whether transistor Q4 and Q I is switched into 
the conducting state. As a result either the AR 
or AL auxiliary relay will be energized. Trans­
istor Q I and Q4 also provide a signal to turn-on 
the timer capacitor discharge transistor Q 12. 

If we assume the sensing voltage input is 
within the deadband (for example 120.5V with 
the balance voltage setting at 120V and the 
bandwidth set at 2V) then the voltage out of 
the bandwidth op-amp (terminal 10 of IC-2) 
connected to terminal I of IC-2 and terminal 2 
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Fig. 3 Percent Balance Voltage Reduction vs Shunt 
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60 HERTZ RESISTANCE 
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SIZE OF COPPER CONDUCTOR 

FiJi. 4 Resistance Chart ShowinJ; Ohms per Conductor per Mile 60 Hertz Circuit at 25° C 

of IC-3 will he below the reference voltages 
connected to terminal 2 of IC-2 and terminal 
I of IC-3. The voltage appearing at terminal 
12 of IC-2 and IC-3 will be negative under this 
condition which designates a non-operate con­
dition. 

When the sensing voltage input is outside 
the deadhand (either 118.5V or 12 1.5V with the 
above relay settings. for example) then the out­
put out of terminal 10 of IC-2 will exceed one 
or the other of the reference voltage afore­
mentioned (depending on whether the sensing 
voltage is low or high). As a result, terminal 12 
of either IC-2 or IC-3 will go positive to turn 
on either the Raise or Lower LED light as well 
as start the timer. In addition, this positive 
voltage is also applied to either terminal 9 or 
13 of IC-4 l\and gate and also terminal 5 of IC-4 
for the flip-flop. The timer is started by trans­
istor Q5 turning on and Q7 turning off. This 
permits the timing capacitor C6 to charge up 
at a rate determined by the timer pot (T) knob­
setting. When the voltage on C6 exceeds the 
voltage at test point TP7 the unijunction trans­
istor PUT switches on. causing C6 to discharge 
rapidly through resistor R62. This pulse causes 
transistor Q6 to momentarily conduct thus caus­
ing the flip-flop to change state such that termi­
nal 3 of IC-4 goes from approximately zero to 
almost + 15V de positive. This voltage is applied 
to terminal 10 and 12 of IC-4 which will switch 
the voltage level at terminal 8 or II and conse-
4 uently turn on transistor Q I or Q4. These 
transistors control the AR and AL auxiliary re­
lays. This results in an AR or AL contact closure 
which will operate the tap changer. 

When the line drop compensator (LDC) is 
in use, a voltage proportional to the line current 
and compensator setting (either reactance or 
resistance or both) will affect the voltage that 
appears at the input of the sensing transformer 
(T2). A reactance reversing switch is provided 
to take into account leading as well as lagging 
currents. 

A paralleling current input circuit is con­
nected to terminals 5 and 6 to provide compen­
sation when transformers are operated in paral­
lel by the circulating current method. It consists 
of another primary winding on the reactance 
transformer. 

The voltage reduction control (brownout) is 
obtained by the user's connecting a I 12 watt or 
more resistor externally to terminals I I  and 12. 
The amount of resistance required to effect a 
given percent balance voltage reduction is ob­
tained by referring to Figure 3. By connecting 
an external resistance in this manner, it reduces 
the reference voltage at test point TP3 and ap­
pears to the circuitry as if the balance voltage 
knob was turned to a lower setting. 

By connecting a cam switch to terminals I 0 
and I I, the user may obtain the non-sequential 
mode of operation. A momentary closure of the 
cam switch, while the sensing voltage is outside 
of the dead band, will reset the flip-flop and 
the AR or AL contact. A time relay equal to the 
timer setting will delay the re-energization of 
the AR or AL relay. 
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FRONT 
PROJECTION 
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Fig. 6 Outline, Panel Cutout and Drilling for Type SVR Relay 

RECEIVING, HANDLING, STORING 

When supplied with LTC equipment, the Type 
SVR Relay will be mounted and connected at 
the factory. Upo1,1 receiving the shipment, the 
relay should be inspected for shipping damage 
as part of the general inspection of the complete 
LTC transformer. 

When it is shipped as a separate unit for 
field installation, the shipping container should 
be examined for evidence of severe handling 
and the relay should be examined for shipping 

damage. If damage is suspected, file a claim 
with the transportation company and notify 
the nearest Westinghouse district office. 

The Type SVR Relay should be moved and 
carried using reasonable care to avoid bumping, 
dropping, or bending and should be held so as 
to avoid pressure on the printed circuit board 
components and to avoid accidentally changing 
the factory adjustments. 

If the relay is stored for future use, it should 
be kept clean and dry. Temperatures during 
storage should not exceed 80°C ( 176° F). 
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INSTALLATION 

The Type SVR Relay is intended for use as a 
part of the control equipment on load tap chang­
ing transformers and regulators. As such, it 
·will generally be installed under one of the fol­
lowing conditions: 

I. As part of new LTC equipment. 
2. As a replacement. 
3. To replace some other type voltage regulat­

ing relay. 
a. A direct interchange. 
b. A change requiring panel or wiring modi­

fication. 

These cases will be discussed separately. 

I. When supplied as part of new LTC equip­
ment, no installation is required. The relay 
will be shipped in place and completely 
wired. There is no temporary blocking. 
There is a shorting switch in the line drop 
compensation circuit that must be opened. 

2. To replace an existing Type SVR Relay 
with a new SVR relay: 
a. Deenergize the potential and motor 

supply circuits and short the LDC 
current transformer with the shorting 
switches. 

TO 

BACK�UP 

RELAY 

TO 

POTENTIAL 

TRANSFORMER 

TO 120/240 V 
MOTOR CONTROL 

RELAY 

Fig. 7 External Connections for S V R Voltage Regu­
lating Relay 
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3 OR 5 AMP I)/ '.'ARIABLE AUTOTRANSFORMER 

. 

. 120;6.3 V OR -< 120/26 v 

l / FJLAK:NT TRANSFORfiiER 

---

� 
o- AC � 
120 v VOLTAGE 

3 OR 5 AMP 

AC 
LINE 

VARIABLE AUTOTRANSFORMER 
REGULATOR SVR 

o- )> RELAY 

I '---�---@ TERMINALS 

® 

Fig. 8 Typical Test Setup 

3. 

b. Disconnect the leads from the terminal 
block on the back of the panel, noting 
the lead identification marking on each 
lead and the terminal point number from 
which it is removed. 

c. Remove the four mounting screws, one 
in each corner of the relay front panel 
and pull the relay forward through the 
panel. 

d. Push the new relay through the panel 
cut-out and instal� and tighten the four 
mounting screws. 

e. Connect the leads to the terminal block 
using the connections noted in step a. 

a. 

b. 

Condition 3a. is similar to condition 2. 
Note that the old and new relays may not 
have the same total number of points on 
terminal blocks. If only terminals 1 to 9 
inclusive were used, connect the leads 
to the same numbered points on the new 
relay as· they were connected to on the 
old relay. 

For case 3b., requmng panel and/ or 
wiring changes, Westinghouse will sup-
ply a set of conversion drawings showing 
both the mechanical and electrical 
changes which must be made. 

The Type SVR Relay requires both a voltage 
supply and a current supply. In most cases, the 
current supply is an integral part of the LTC 
transformer and is shown on the transformer 
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Fig. 9. Type S VR Relay Printed Circuit Component 
Location. 

TABLE II. COMPONENT VALUES 

COMPONENT 

R 1-R 13-R20-R54-R79 
R2-R6-R8-R29 
R3-R21 

R4-R23-R65-R66 
R26-Rll 
R5-Rl7-R27 
R7-Rl5 
Rl0-Rl2-Rl6-R48-
R56-R59-R9-R77 
Rl4 
Rl8 
R24-R67-Rl9-R47 
R25 
R28 
R31-R35-R52-R55 
R32 

STYLE 

848A820Hl6 
848A820H74 
187A290H26 
848A820H62 
187A290H36 
848A819H81 
848A20Hl4 
848A820H45 

862A376H73 
848A821H26 
184A763H58 
848A20H83 
862A376H25 
848A820Hl7 
848A819H94 

REF. 

4.99K l/4W 
20K l/4W 
2.2MEG l/2W 
15K l/4W 
22MEG l/2W 
2.21K l/4W 
4.75K l/4W 
lOK l/4W 

5.62K l/2W 
68.1K l/4W 
20K l/2W 
24.9K l/4W 
1.78K l/2W 
5.11K l/4W 
3.01K l/4W 

COMPONENT 

R33 
R34 
R36 
R37-R53 
R39-R57 
R40-R51 
R42-R43 
R44 
R45 
R38-R41-R46 
R49-R50-R69-R76 
R60 
R61 
R62 
R70 
Pl-P3 
P2 
PS 
BV 
T 
BW 
R80 
Cl 
C2 
C3-C5 
C4-C8-Cll-Cl4 
C6 
C7 
C9-Cl0 
Cl5 
Cl6 
Cl7 
CIS 
01-02-04-05-06 
08-022-023 
03-012-017-018-020-021 
013-014-015-019 
Z l-Z2-Z3-Z4 
Z5 
Z6 
Z9 
LED1-LE02 
Q l-Q4-Q8-Q9 
Q2-Q5-Q6-Q7 
QIO-Qll-Ql2 
Q3 
PUT 
AR-Al 
1Cl-1C2-1C3 
1C4 
1C5-1C6 

TRANSFORMERS 
Tl 
T2 
T3 

SWITCH 

Sl 
S2-S3 

POTENTIOMETER 
TR 
RC 

THERMISTOR 
TH 

STYLE 

862A376H88 
848A819H98 
848A819H85 
184A763H21 
187A290H31 
184A636Hl5 
184A763H38 
848A819H44 
184A763H34 
184A763H27 
184A763H51 
862A376H01 
184A763H03 
184A763H 10 
187A643Hl9 
3502Al7H01 
3502Al7H02 
3502Al7H03 
184A756H05 
763A560Hl8 
763A560Hl9 
848A820H27 
188A669H05 
837A241Hl5 
187A508H09 
188A669H03 
184A661Hl9 
763A209H07 
837A234Hl0 
184A661H21 
188A669H01 
837A241H03 

188A669Hl6 
836A928H06 

184A855H08 
188A342H06 
186A797H08 
186A797Hl2 
837A398Hl6 
185A212Hl2 
879A774H02 
762A672Hl0 
762A585H08 

3502A22H01 
878A289H01 
408C783H06 
1443C52H01 
6296053H05 
6277061H08 

3502A31H01 
1423C85G01 
644Bl40G01 

3502A30H01 
763A934H01 

3502Al8H01 
1703532H03 

185A915H07 

REF. 

8.06K l/2W 
3.32K l/4W 
2.43K l/4W 
560 OHMS l/2W 
2.7 OHMS l/2W 
1.5K 3W 
3K l/2W 
909 OHMS l/4W 
2K l/2W 
lK l/2W 
lOK l/2W 
lK l/2W 
100 OHMS l/2W 
200 OHMS 112W 
470 OHMS lW 
5K 
100 OHMS 
2K 
5K 
1 MEG 
50 0K 
6.49K 114W 
.27 MFD 
1.0 MFO 
1.5 MFO 
.1 MFO 
100 MFO 
20 MMF 
250 MFO 
6.8 MFD 

.47 MFD 

.27 MFO 

.047 MFD 
1N4148 

1N459A 
1N4818 
1N965B 
1N752A 
1N3157 
1N4749A 
MV5023 
2N2905A 
2Nl711 

MJE205 
2N6027 
RELAY 
CA 747E 
MC668l 
RC7410P 

POWER SUPPLY 
SENSING 
COMPENSATOR 

lOK 
125 OHMS 

lOK 

I 
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DIRECT 

VOLTMETER REVE�E 

TEST 2:}---------1 
CONNECTION 

Z3 

ACTO DC 
CONVERTER 

� 
TP4 

RAISE 
HYSHI2ESIS 

Rll 

9 

+iSV +/SV 

Z4 

� TPI 

t Rl3 

� BACK UP 
RELAY 

LINE 
CURRENT 
CT(0.2A) 

VOLTAGE 
INPUT 

\._____ --c·x· 
COMPE�SATION 

TO TERM 
I 

Fig. 10. Simplified Schematic of S V  R Relay 

instruction plate. (If there is a current trans­
former shorting device, 17, on the control panel, 
make sure that it is open for operation. Other­
wise, there will be no line drop compensation.) 
The voltage supply must be on the load side of 
the transformer, must provide voltages within 
the 105 to l35V adjustment range of the Type 
SVR Relay, and must be in phase with the cur­
rent supply at unity power factor load. 

CAUTION: Ground and add arresters as 
necessary so that transient voltages do not 

exceed the test values of the relay, including 
on the grounded conductor to terminal 3. 
These tests are a hipot, to all terminals from 

ground, of 1500 V 60Hz for 1 minute and a 

Surge-Withstand Capability test of 2500 V 1 

MHz 6 microsecond "rings" repeated at 

50-60 Hz rate for 2 seconds. If the voltage 

exceeds these values, the relay may be 
damaged. 

R27 

COMMON 

� 
�\J 

AR Al 

RAISE LOWER 

BROWN OUT NON SEQUENTIAL 

The relay should be mounted on a panel in a 
location free from dirt, moisture, excessive 
vibration, and heat. See outline and drilling plan, 
Figure 6 for hole size and location. 

A 13 terminal connector strip mounted on 
the rear of the relay is used to make the various 
connections to the relay. These are identified 
elsewhere. 

CAUTION: In general, the tapchanger motor 
must be operated from a different trans­
former than that used to measure potential. 
If this is not done, hunting at the upper band 

edge may result. As soon as the motor starts 

and before it is sealed in, the motor current 
can cause the voltage to drop within the 

band and the control to reset. 

OPERATING INSTRUCTIONS 
The relays are accurately calibrated at the 
factory, so no instrumentation is necessary for 
setting the dials on the front of the relay. 
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Dl9 IN4818 

IN4818 

I 

I I 

20K 
7i8 

Fig. 11. Type S VR Relay Schematic Diagram 
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The final settings may be made most satis­
factorily by field experience and adjustment. 
The following instructions give suggested ini­
tial or trial setting for cases where there is no 
history of experience at this or similar locations 
on the power system. Since nearly every installa­
tion has its own set of supply and load charac­
teristics, it is recommended that, when auto­
matic control is started, critical voltage points 
on the system be temporarily monitored during 
times of load and I or system changes and the 
settings modified as required. A few days ex­
perience will generally result in satisfactory 
final settings. 

Balance Voltage 

Let P = Potential transformer ratio 

Let EL = Operating voltage of the line 

Let Eg = Trial setting of balance voltage 
dial 

Eg - EL/ P (l l5, 120, 125 are common -

settings) 

Band Width 

Let S = Per cent voltage change for one 
step operation of the load tap 
changer. 

Let BW = Trial setting of band width dial. 

BW = Egx 2S/ 100 (2 is a common set­
ting). 

Time Delay 

Suggested trial setting= 30 seconds 

Line Drop Compensation: To have the trans­
former output voltage held constant, set both R 
and X on zero. 

To have the transformer output voltage vary 
so that the distant load voltage remains constant: 

II 

Let P = Potential transformer ratio 

Let I p = Main current transformer pri­
mary current rating (Fo-r a multi­
ratio current transformer, use the 
rating for which it is connected). 

Let d = Length of line, miles, for which 
line drop compensation IS re­
quired. 

Let r = Resistance per conductor, ohms 
per mile (from Figure 4) 

Let x = Inductive reactance per conduc-
tor, ohms per mile (from Figure 5) 

Let R = Trial setting of resistance dial 

Let X = Trial setting of reactance dial 

For a three-phase unit with line-to-neutral 
potential transformers or for each single-phase 
unit of a three-phase wye connection: 

R = 

X = 

r d lp 
p 

X d Ip 
p 

For a single-phase, two wire line, double 
the above values of R and X. 

For a three-phase unit with a line-to-line po­
tential transformer and two cross-connected 
current transformers on a three-phase connec-
tion: 

J3 r d Ip 
R = p 

Dx d Ip 
X = p 

For multiple similar and equally loaded feed­
ers, divide the values of R and X for a three 
phase unit with line-to-neutral potential trans­
formers by the number of feeders. 
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12 

NOTE: When current transformers on two 
lines are cross connected for proper phase 

relation to line-to-line potential, the tap 
connection on the ACT transformer (see unit 

wiring diagram) should be connected to U3 
instead of U2, that is for 8.66 amperes in­

stead of 5 amperes. 

The reactance line drop compensation may 
be set in I volt increments from 0 to 24 volts. 
It is the sum of the coarse and fine dial set­
tings. The resistance line drop compensation 
may be set at any value from 0 to 24 volts. The 
dial is marked in two volt increments. 

Reactance Reversing Switch : The reactance re­
versing switch should always be on "DIRECT" 
except when two or more LTC transformers 
arc being paralleled by the reverse reactance 
method, or when single phase units are being 
used in open delta on a three wire line by the 
Wagner method. 

"Reverse reactance" compensation is a 
method used to reduce the circulating current 
that might flow when two or more transformers 
are paralleled. It is a requirement of ANSI 
Standards C57. 12. 30. Instead of running toward 
opposite extreme positions, tap changers having 
"reverse reactance" compensation tend to move 
toward whatever positions cause the least 
amount of circulating current to flow. This is 
accomplished at some sacrifice of normal line 
drop compensation. However, it is generally 
satisfactory and does allow paralleling trans­
formers that are so far apart that other methods 
of paralleling are not feasible. 

Generalized Effects 

While the settings are independent within the 
Type SVR Relay itself, they mutually react on 
the system. The following generalized effects 
may be helpful in changing trial settings to 
final settings. 

Increasing the balance voltage setting in­
creases the voltage level of the entire line at all 
times. 

Increasing the R setting with high power 
factor loads or the X setting with low power 
factor loads increases the voltage level of the 
entire line at times of heavy load with little 
change in voltage level at light load. 

Increasing band width and increasing time 
delay both tend to reduce the number of tap 
changer operations. To reduce excessive number 
of operations resulting from relatively small 
and smooth voltage changes, increase band 
width. To reduce excessive number of opera­
tions from irregular or spike type short time 
voltages, increase time delay. 

Economically, increased balance voltage 
tends to increase revenue from the line. Re­
duced band width tends to increase maximum 
load which can be connected to the line. 

Adjustment Check: The proper adjustments 
for correct operation of this relay have been 
made at the factory and should not need read­
justment after receipt by the customer (with 
the exception of the control settings). If it is 
desired to check the adjustment at regular 
maintenance with the relay on the tap changer 
control panel and the normal potential supply, 
the following instructions should be followed: 

NOTE: While this procedure should not be 
expected to have the full precision, conven­
ience, and accuracy of a laboratory setup, 
it will permit identifying a defective relay. 
These tests may also be made by opening 
the potential supply breaker and connecting 

a controllable regulated voltage to the test 

terminals PTT1 to PTT2. 

CAUTION: Test terminal PTT2 and relay 

terminal 3 are connected to the control 

circuit ground. This ground is not discon­

nected by the potential supply breaker. If 

an external supply is used for testing the 

relay, it must be isolated from ground or 

connected with proper polarity. Otherwise, 

damage to equipment or injury to someone 

may result 
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If it is preferred that the LTC does not op­
erate during these tests, set the A UTOM AT IC­
MANUAL switch to MANUAL. Or if the tap 
changer control panel has a test switch and 
light to monitor relay operation during test, 
turn this switch to TEST. 

Connect an ac voltmeter with an impedance 
of at least 100 ohms per volt to test terminals 
PTTI to PTT2. 

Set the controls on the SVR front panel as fol­
lows: 

a. Balance voltage at the setting to be 
checked, for example, the operating 
voltage level. 

b. Bandwidth at the setting to be checked, 
except that when checking balance 
voltage, the narrowest setting, fully 
CCW, may be more convenient. 

c. All three line drop compensation dials 
maybe left at their operating settings. The 
Test switch position will short and by­
pass the current away from the com­
pensator. 

d. TIME DELAY at the setting to be 
checked, except that when checking for 
output of the relay the shortest time, 
fully CCW may be more convenient. 

e. DIRECT-TEST-REVERSE switch to 
TEST. 

Vary the Test rheostat to change the voltage. 
Note that the RAISE and LOWER indicating 
lights come on as the voltage just exceeds the 
set level ±bandwidth voltage. Note that the re­
lay output is delayed for the time set. When 
checking the delay, the voltage should be 
changed from definitely in band to definitely 
out of band, without hesitation or reversal for 
the full duration of the delay. 

Repair and Recalibration: If the relay is not in 
working order, it is recommended that the relay 
be returned to the factory for repair and recali­
bration. However, if the customer feels he has 
the capability of making his own repairs he may 
use the trouble shooting chart as a guide. It 
should be pointed out that replacement of 
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certain parts may affect the relay calibration. A 
table of parts is listed elsewhere. A component 
location, Figure 9, is also shown. Westinghouse 
takes no responsibility for such repairs. More­
over, improper repairs by a customer will affect 
the warranty. 

All de voltage measurements as listed are 
made with respect to common (terminal I I). 
This is also true of the T l ,  T2 transformer secon­
dary ac voltages. 

The Balance Voltage, Bandwidth and Timer 
control knobs have a mark on the calibrated 
dial which should line up with the pointer when 
in the fully CCW position. This can be used to 
verify that the knob has not slipped on its shaft 
and if so the knob may be readjusted by means 
of the knob set screw. Allow approximately 
.0 10" clearance between the bottom of the knob 
and the relay panel to avoid interference with the 
knob rotation. 

The following procedure may be used to re­
calibrate the relay if necessary. 

l. Set the Direct-Test-Reverse switch to direct. 
Turn the Timer, Resistance and Reactance 
Knobs fully CCW. Set the Bandwidth Knob 
fully CW and set the Balance Voltage Knob to 
120 V setting. 

2. A source of well regulated sinusoidal ac 
voltage which can be varied is preferable. If 
however only voltage from local I 20 volts is 
available it may be possible to obtain satisfac­
tory results. A variable autotransformer should 
be used as shown in the typical test set up 
drawing, Figure s·. 

Since the Reactance Compensation has no 
calibration and since a three phase supply is 
not always readily available it is not shown 
here. If it were, then a phase shifter would be 
required to obtain current lagging by 90°. 

3. Apply 120 V ac to the sensing voltage termi­
nals (I and 3). Measure voltage at test point 
TP5. If it is not + 15 V de, then adjust PS for this 
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value. Check the voltage at TP6 and observe 
that it is between -I4. 7 and -I5. 3 V de. 

4. Check voltage at TPI for +7.5  V de. If dif­
ferent, adjust trimpot PI. 

5. Check voltage at TP2 to within ± 20 milli­
volts de of zero volts. If not, adjust trim pot P2. 

6. Change input voltage to I23 V. Slowly re­
duce bandwidth, bandwidth pot CCW, until 
Lower light comes on. Leave knob at that po­
sition. Reduce voltage to I20 V and slowly in­
crease voltage until Lower light comes on. 
If lower than I23 V, rotate knob slightly CW and 
repeat. If higher than I23 V, rotate knob slightly 
CCW and repeat. When lower light comes on 
at 123 V, reduce the input voltage until the Raise 
light comes on. This should be II7 V. If the knob 
pointer does not line up with the 6 volt marking on 
the dial, loosen the knob on its shaft and move the 
knob accordingly and retighten the set screw. 

Now move the knob to the I volt position and 
determine the bandwidth by noting the voltage 
at which first the Lower light comes on and then 
the Raise light and subtracting the one from the 
other. The difference should be l volt ac ± 0. 1 volt. 

If outside this value, it may be necessary to 
readjust the knob position on its shaft such that 
the Bandwidth at the 6 volt position is within 
± 3 V ac and is within ± 0. I V ac at the I volt 
position 

7. If the Time knob does not track with its dial, 
the knob should be first rotated fully CCW to 
see that the pointer lines up with the calibration 
mark. If not, reposition knob on the shaft. Then 
set the pointer at the 30 mark and check the tim­
ing. If it still is off, check to see if the voltage 
at test point TP7 is 9 ± 1.0 V de. If not, readjust 
trimpot P3 for 9 V de. Recheck timing with the 
knob at the 30 second position. If the time is 
too long, reduce the voltage at TP7 by adjust­
ing P3 until timing is within 10% of 30 seconds. 
If the time is too short, increase the voltage at 
TP7. This should give ± I5% accuracy at the other 
settings. For closer accuracy, the knob may be 
moved to the desired position on the time scale 
and trimpot P3 adjusted accordingly. 

8. The Resistance compensation dial setting 
may be checked by first rotating the knob fully 
CCW and verifying that the pointer lines up 
with the calibration check line. If not, readjust 
the knob on the shaft. Then go to the 12 posi­
tion and apply 0. 2A to terminal 3 and 4, observ­
ing correct polarity. Verify that the change in 
the sensing voltage required to operate the indi­
cator light is 12 ± I. 5 V. If outside these limits, 
go on to the 24 volt dial marking. The change 
in sensing voltage required to operate the indi­
cator light should be 24 ± 1. 5 V ac. If outside 
these limits, readjust the knob on the shaft so 
that the relay operates within these limits. 
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TABLE III TROUBLE SHOOTING 

TROUBLE 

A. No contact closure at term1nal 7, 8 and 9 
w1th sensmg voltage outs1de of deadband 
but ra1se and lower 1nd1cator l1ghts operate 
properly 

B. Indicator l1ghts operate but only the AR or 
AL output absent 

C Ra1se or Lower 1nd1cator light does not 
come on but relay has output at termmal 7, 
8 and 9. 

D Ra1se or Lower 1nd1cator l1ght out and no 
output at e1ther term1nal 7 or 9. 

E. Ra1se and Lower 1nd1cator l1ght out and no 
output at e1ther term1nal 7 or 9. 

F. Relay voltage 1ns1de the deadband but AR 
orAL contact closed Indicator l1ghts off. 

G Relay voltage ms1de the deadband but Ra1se 
or Lower 1nd1cator l1ght on. AR and AL con· 
tact open 

H Relay voltage 1ns1de the dead band but 
Ra1se lnd1cator and Ra1se relay or Lower Indi­
cator and Lower relay p1cked up 

POSSIBLE CAUSE 

1. Relay contacts may be dirty. 
2. Logic gate IC-4 may be damaged. 
3. Timer circuit may be damaged. 

1. Relay contact may be dirty. 
2. Logic gate IC-4 may be damaged. 
3. Relay may be damaged. 
4. Q1 or Q4 transistor may be non-conducting 

in operate mode. 

1. Transistor Q10 or Qll may be damaged. 
2. LED Indicator light may be damaged. 

1. IC-2 or IC-3 may be damaged. 
2. Defect1ve D6 or D8 diode. 

1. IC-2 may be damaged. 
2. IC-1 may be damaged. 
3. IC-5 or IC-6 may be damaged. 
4. Transformer T1 or T2 may be damaged. 

1. Relay contact welded closed. 
2. Logic Gate IC-4 may be damaged. 
3. Transistor Q1 or Q4 may be damaged. 

1. Transistor Q10 or Q11 may be damaged. 

1. IC-2 or IC-3 may be damaged. 
2. If only the RAISE light and the RAISE relay 

are energized, the -15V de supply voltage 
may have changed. 

15 

SUGGESTED PROCEDURE 

1. Clean relay load contacts (the larger ones) 
with a burnishing tool S#182A836H01 or 
similar. 

2. Check that IC-4 output at terminal 3 goes 
from approx. zero to + 15 Vdc. 

3. Transistor PUT may be defective if an os­
cilloscope does not show the collector of 
Q6 take a momentary dip toward zero when 
the sensing transformer voltage is changed 
from inside to outside the dead band. 

Transistor Q5 or Q7 may· be defective. Q5 
should be conducting and Q7 non-con­
ducting in the operate mode - (outside 
of the dead band). 

1. Clean contact with burnishing tool. 
2. Replace IC-4 1f voltage at termmal 8 or 11 

does not go to approximately zero w1th re­
lay voltage outside the dead band. 

3. Check for relay coil voltage w1th relay in 
aerate mode. 

4. Check to see 1f voltage from collector to 
em1tter drops almost to zero with relay 1n 
operate mode. 

1. Check to see that voltage at the collector 
of Q10 or Q11 changes from approximately 
+ 15 V de to almost zero with relay in op­
erate mode. This voltage may be measured 
at the top lead of R40 for Q11 and at the top 
top lead of R51 for Q 10. 

2. Replace LED. 

1. Check for positive voltage at term1nal 12 of 
IC-2 or IC-3 w1th relay 1n operate mode. 

2. Check to see 1f d1ode IS conductive. (may be 
checked w1th relay de-energ1zed and an ohm 
meter). 

1. Check for mm1mum of -1.5 V de at termmal 
10 of IC-2 when sensmg voltage IS reduced 
below the bottom band·edge Also check for 
minimum of + 1.5 V de at term mal 10 when 
sens1ng voltage 1s Increased above the top 
band-edge 

2. W1th 120 V ac applied to the sens1ng trans 
former checked for + 7 5 V de at test pomt 
TPl. Move balance voltage knob to 120 set­
tmg and check for -7.5 V de at TPJ 

3. Check for -15 V de at TP6 and +15 V de at 
TP5. W1th 120 V ac applied check for +30 
V de at term mal 11 of IC 5 and -30 V de at 
termmal 6 of IC-6. 

4. Check for 6 V ac between relay term1nal 
C and 11. Also check for 24 V ac between 
relay termmal A and 11 and between termmal 
C and 11 

1. Break weld and burn1sh contacts. 
2. Check IC-4 output at term1nal 8 or 11 to 

see that voltage IS approximately+ 15 V de. 
3. Check voltage at AR or AL relay coil wh1ch 

m1ght mdicate a shorted Q1 or Q4 transistor 

I. Check for shorted Q10 or Q11 trans1stor 

1. Check voltage at terminal 12 of IC-2 or IC-3. 
Should be approximately zero. 

2. Check for a damaged Q9 transistor. 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



Memorandum 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



@ 
Westinghouse 

THE LEADER OF THE TRANSFORMER INDUSTRY 

Westinghouse • Medium Power Transformer Division • Sharon, Pa. 
Printed in U.S.A. 

(W.E.) www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 




