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INSTRUCTION BOOK

CAUTION

Read instructions carefully before applying power to regulator or by-passing.
Do not apply test voltage to test terminals unless safety switch “SS” is open.
Refer to individual Instruction Leaflets before lubricating.

Inspect relays at regular intervals.

Keep covers on relays except when making adjustments.

Always block relays before moving control cabinet or regulator.

Ground tank of regulator.

Never turn tap changer gears by hand without first opening switch “SS” or
removing power from test terminals. If this is not done, motor will operate
electrically in certain positions and fingers of the operator. may be caught in
the gears.
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VVestinghouse

Type “LR” Automatic
Feeder-Voltage Booster Regulator

GENERAL

This Instruction Book describes the type “LRY
Automatic Voltage Regulator and gives instruc-
tions for its installation, operation, maintenance
. and repair.

The type “LR’ automatic motor operated regu-
lators are used to maintain constant normal volt-
- age on distribution feeders and are built single-
phase for 10% regulation in 4 steps in the follow-
ing standard 60 cycle ratings:

50 and 100 ampere—2400 volt
12.5-——  25-50 and 100 ampere—4800 volt
12.5—25-50-75 and 100 ampere—6900 volt
12.5—  25-50 and 100 ampere—7960 volt

These regulators are shipped as a complete unit
with oil and it is only necessary to remove the
blocking from the relays and inspect the appara-
tus, as described in this book in section on In-

stallation, before connecting to the line. Very
o little maintenance is required and in general is
L in the nature of routine inspection. Complete in-

structions for maintenance are given in a section
under the heading ‘‘Maintenance”.
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Fig. 8- View Looking into Top of Type “LR” Feeder
Voltage Booster-Regulator Cover Removed

CONSTRUCTION
General
The type “LR” regulator consists of a regulat-
ing auto-transformer, a preventive auto, a motor
operated load tap changer, and an enclosed control
panel built into an integral unit designed for out-
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door operation.  The regulators are arranged for
pole or platform mounting except a few of the
larger sizes which are only platform mounted. No
auxiliary apparatus other than that built into the
cquipment is required, and it is only necessary to
connect the apparatus to the line to put it into
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Fig. 5—Type “LR” Booster-Regulator Core and Coil
Assembly

service. The approximate weights and dimensions
are given on the outline drawing. Regulation of
the circuit is accomplished by changing taps under
load on the regulating auto-transformer. The com-
pletely assembled type “1,R’ regulator is shown in
Figs. 1, 2 and 3. '

The regulator tank is divided into two com-
partments by means of an oil-tight barrier. The
tap changing mechanism is mounted in one of these
compartments and the transformers in the other.
A common breather in the tap changer tank and a
drain plug for each compartment arc provided.
The automatic control equipment is in a separate
cabinet bolted to the outside tank wall of the
regulator, below the tap changer compartment. If

desired, it may be removed for separate mounting
on the pole near the ground.

The transformer tap leads are connected to
the proper tap changer contacts by means of cables
insulated for the full voltage of the winding in
which the taps are located. These cables pass
through the barrier between the two compartments
above the oil level and are held in place by insu-
lating clamps. These clamps also serve to make
the barrier splash-proof.

The leads between the tap changer and control
house arc in conduit, the upper end terminating
in a junction box where the control connections
to the tap changer arc made through an oil-tight
terminal block.

The core and coil assembly of the regulating
auto-transformer and the preventive auto-trans-
former is shown in Fig. 5. The assembled tap
changer mechanism is shown in Figs. 4 and 6.
The automatic control panel is shown in Fig. 7 and
Fig. 8.

Only three high voltage leads are brought out
of the tank through disconnect pocket type bush-
ings, since one lead is common to both source and
load. Various combinations of a-total of 4 steps
from 4—214%, steps buck to 4 —2149, steps boost
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can be made by changing links on the terminal “De-ion” arresters, when supplied for protection
board. against lightning and switching surges are con-
nected to the common line lead and at each end of
Insulation the series winding. These arresters are designed to

1

discharge at a surge voltage well under the impulse
The boosters are insulated to withstand the strength of the booster windings thereby “spilling
atest disruptive tests recommended by the Trans- over” to the tank, incoming surges that exceed in

former Sub-Committee of the A.I.LE.E. value the discharge settings of the arrester, and
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Westinghouse Type LR’ Automatic Feeder- Voltage Booster Regulator
- 1to8 —Regulating Transformer
S T-G —Auxiliary Winding
- P1-P3 — Preventive Auto Transformer
U-v —Tap Changer
SS —Safety Switch
TT1-TT2 —Voltage Testing Terminals
P —Voltage Regulating Relay Coil
PR —Voltage Regulating Relay Contacts—Raise
PL —Voltage Regulating Relay Contacts—Lower
THR —Time Delay Relay Heater—Raise
THL —Time Delay Relay Heater—Lower
HR1-2 —Time Delay Relay Micro Switch Contacts—Raise
HL1-2 —Time Delay Relay Micro Switch Contacts—Lower
AR —Time Delay Relay Auxiliary Contactor Coil—Raise
AL — Time Delay Relay Auxiliary Contactor Coil—Lower
AR1-2.3 —Time Delay Relay Auxiliary Contactor Contacts—Raise
AL1.2-3 —Time Delay Relay Auxiliary Contactor Contacts—Lower
SR —Motor Control Relay Coil—Raise
' SL —Motor Control Relay Coil—Lower
SR1-2-3 —Motor Control Relay Contacts—Raise
SL1-2 _ Motor Control Relay Contacts—Lower s ¢
LR —Limit Switch Contacts—Raise 4
) [L-ML  —Limit Switch Contacts—Lower g7/ 24
120-123  —Pilot Switches
C —Capacitor s
M —Tap Changer Motor o L 3 O 7t
AM1-AM2 —Automatic-Manual Switch
MC1-MC2 —Raise and Lower Switch 4
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Westinghouse Type “LR' Automatic Feeder- Voltage Booster Regulator

F-Geneva Gear Drives
Moving Contact Arm Shaft

Shaft to Moving
Contact Arm

A-Geneva Pinion
driven by Motor
through Gear Train

ShaFt to

Gear Train Contact Arm.

Fig. 10—Schematic Operation of Tap Changer
Driving Mechanism

eliminating the possibility of a breakdown between
the windings and the core or tank which might
itherwise occur. Inasmuch as the ““De-ion" Arrest-
ers are so designed that power current does not
follow the “spilling over” of the surge current,
outages of the circuit do not follow discharge of
the arresters. Sce Instruction Leaflet on “De-ion”’
Arresters in rear of this book. Since the boosters
are not connected to service lines, discharge gaps
between the tank and ground and between the
bushings and tank are not required. The boosters
are connected in series with the line and therefore
are protected by the line fuses or breakers and it is
not necessary to fuse the booster.

Regulator Cores and Coils

The regulator core and coil assembly consists
of a regulating auto-transformer and a preventive
auto-transformer complete with terminal board, all
mounted in a common frame, which can be lowered

Shaft to Moving

into the tank and fastened in place as a complete -

unit. Each unit in this assembly is constructed
in exactly the same manner as a standard trans-
former of cquivalent rating. The regulator trans-
former winding consists of an exciting winding
1-—2, a series or booster winding 3 to 8 and a third
winding T-G which supplies the auxiliary low volt-
age power for operating the voltage regulating
relay, tap changer motor and control. See Fig. 9.

Tap Changer Mechanism

The type “LR” regulator tap changer is shown
in Figs. 4 and 6. The stationary contacts of the
load tap changer are mounted in two circles on an
insulating panel. The moving contacts are mount-
ed on the preventive auto-transformer bus attached
to the rotating shafts. When the tap changer is on
position, it connects the line through the preventive
auto-transformer buses to the corresponding trans-
former tap. To make a tap change, one shaft
moves its contact to the next tap and then the other
shaft moves its contact to the corresponding tap,

6

thereby effecting a tap change with a minimum
voltage dip and without dropping the load. The
preventive auto-transformer carries the load cur-
rent during the transition period when the moving
contact is between taps.

The tap changer is operated by Geneva gears
attached to the drive shafts. See Fig. 10. The
Geneva pinion is driven directly through reduction
gears by a small motor. For one tap change, there
is one complete revolution of the Geneva pinion,
but only a sixty-degree motion of each Geneva gear
and tap changer contact arm. The moving contact
arm is locked in position during the greater part
of the movement of the Geneva pinion, and there-
fore the motor and Geneva pinion do not have to
stop in an exact position, but may drift within
certain limits without moving the tap changer arms.

The schematic operation of the tap changer
driving mechanism is shown in Fig. 10. Geneva pin-
lon (A) is positively geared to the operating motor.
Geneva gears (F) drive the moving contact arm
shafts and are always locked at points (B) except
when pin (C) enters one of the slots as (D). When
pin (C) engages slots (D), the Geneva gear shaft
(1) is turned one notch so that slot (E) is in the
position just previously occupied by slot (D). This
motion moves one of the contact arms to the next
stationary contact." Following this, pin (C) enters
slot (G) turning the Geneva gear shaft (2) until
slot (H) is in the position just previously occu-
pied by slot (G) and the Geneva pinion stops when
the pin (C) is again in the position shown, mid-
way between the two Geneva gears. This motion
moves the other contact arm to the next stationary
contact. The tap changer has now made one com.
plete tap change and changed the voltage one 2-1497
step. Additional steps in the same or reverse direc-
tion are made in the same manner.

The operating motor is a reversible, split phase
capacitor type motor especially designed for this
application. The motor operatés under oil and the
insulation is selected for this condition. The
capacitor used with this motor is rated 10mfd 300
volt and is mounted in the bottom of the tap
changer frame.

A drag brake operating on a combination motor
pinion and brake drum serves to stop the motor
after the control circuit is opened and prevents ex-
cessive drift of the motor. The brake pressure is
maintained by a helical spring acting on the brake
arm. Adjusting nuts provide means for varying
the pressure of the spring.

A small Geneva pinion on the end of the main
Geneva pinion shaft drives a position indicating
dial plate located on the front of the tap changer.
The dial plate can be seen through a window locat-
ed above the oil level in the front of the tap changer
compartment.

Limit switches operated by cams on the tap
changer contact arm shafts prevent overtravel of
the arms in either direction and the other switches
operated by cams on the Geneva pinion shaft

e
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Westinghouse Type ‘LR’ Automatic Feeder- Voltage Booster Regulalor

operate in conjunction with the control relays to
start the motor and to stop it when the contact
arm is on position.

The entire tap changer mechanism is mounted
on a base plate and is held in place in the tap
changer compartment by two locating pins in the
bottom and clamps on the walls of the tank. After
the cover is removed and the high voltage cables
disconnected from the transformer terminal board
and the control leads from the terminal block, the
entire mechanism may be lifted from the tank as a
unit.

All main contacts are of the wedge and finger
type and have inserts of special arc resisting ma-
terial. With this type of contact, the mechanical
forces in the circuit under heavy overload do not
tend to open the contacts since the forces are in
quadrature with the contact pressure forces.

The speed of separation of the arcing contacts
is such as to keep arcing to a minimum, consistent
with good mechanical design.

Control Equipment

All control equipment is mounted on a hinged
steel panel enclosed in a separate, weather-proof
housing bolted to the outside-tank wall of the
regulator. The equipment may be operated by
either manual or full-automatic control. The fol-
lowing accessories are mounted on the panel for
the operation of the equipment.

One voltage regulating relay—Tyye SU

Two time delay relays—Type TH

Two motor control relays—Type SG

One safety switch with automatic thermal over-

load trip

One automatic manual transfer switch

One raise and lower switch

Two voltage testing terminals

Voltage Regulating Relay

Automatic operation is initiated by means of
the voltage regulating relay which is responsive to
a change in the load voltage. The relay is energized
from an auxiliary winding (TG) on the regulating
transformer which supplies voltage proportional to
that on the load side of the regulator.

With the voltage regulating relay and compensa-
tor, the control is responsive to load current as
well as load voltage. See Instruction Leaflet on
voltage regulating relays.

Time Delay Relay

The type “TH” time delay relay supplies a time
interval between the closing of the voltage regulat-
ing relay contacts and the starting of the tap
changer motor, thus preventing needless opera-
tion of the tap changer on voltage fluctuations of
short duration. This relay may be set for any time
delay between 15 seconds and 60 seconds.  See
Instruction Leaflet on TH relay.

Motor Control Relay

The type “SG’ motor control relays are inter-
posed between the time delay relay and the
tap changer motor and serve to carry the motor
current and provide for the control interlocking
circuits. See Instruction Leaflet on SG Relay.

Safety Switch

The sentinel breaker safety switch serves to
disconnect all control circuits from the auxiliary
transformer winding. The thermal automatic over-
load trip feature dispenses with the need of stand-
ard fuse protection.

Automatic-Manual Switch

This switch functions to connect the control cir-
cuit for either manual or full automatic control.
The two systems of control cannot exist simul-
taneously.

Raise and Lower Switch

This switch is used to operate the regulator manu-
ally in either the “raise” or “lower” direction as
desired.

Voltage Testing Terminals

These are used for reading the regulated voltage
or as a connection for applying a separate control
voltage for testing the control. When used for test-
ing purposes care must be exercised to open the
safety switch and thus prevent the test voltage
from feeding hack into the main transformer unit.

OPERATION
Principle of Operation of Regulator

The diagram of connections of the type “LR"
voltage regulator is shown schematically in Fig. 9.
This diagram may vary slightly with different in-
stallations, and for any particular regulator, the
diagram as listed on the regulator instruction plate
should be used for detail connections. The con-
nections given on the instruction plate do not show
the control circuits.

The taps and leads from the regulating auto-
transformer are brought to the terminal board
studs designated as 1 to 8 inclusive. By changing
the connector shown between 2 and 8 on this
board, various combinations of buck and boost can
be obtained as shown in the tables of Fig. 11.
From the transformer terminal board, leads pass
over the oil barrier to the studs on the back of the
tap changer contact board. The high voltage bush-
ings snd ‘‘De-ion” arresters are also connected to
studs on the terminal board.

The tap changer, as the name implies, performs
all the of load switching operations, and all arc-
ing is therefore confined to these switches. The
barrier separates the oil in the tap changer com-
partment from that in the transformer compart-
ment so that the arcing of the tap changer contacts
does not cause any deterioration in the transform-
er compartment oil. Any gases generated by the
arc escape through the breather pipe.

Referring to the schematic diagram, Fig. 9,
the load voltage “L;L," is a maximum when the tap
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changer arms are connected to tap 3 and the
connector is in the position 2 to 8. This is posi-
tion 5 for the 5 position tap changer. To change
to position 4, the moving contacts rotate to tap
4 one at a time. Continuing the same process
gives position 3 on tap 5-6, position 2 on tap 7,
and position 1, the minimum load voltage, on tap
8. In going from position 1 to position 5, the
above sequence is reversed.

During the transition period, when only one
tap changer contact is closed, the load current is
carried by one-half of the preventive auto winding.
During the interval when one tap changer arm is on
one tap and the other arm on the next tap, the pre-
ventive auto acts to bridge the regulating auto
transformer taps, thus keeping the regulator load
uninterrupted.

Principle of Operation of Control Equipment

The details of the control may vary slightly
for different special installations (shown by wiring
diagram supplied with the particular equipment)
but in general the control functions as follows:

The automatic manual switch, “AM” functions
to connect the control circuit for either manual
control or automatic control. For manual control,
contacts “AM 1" are closed and operation of the
tap changer is initiated by the raise-and-lower
switch, “MC”. Closing contacts “MC1"" energizes
the “SR” relay for raising the line voltage, and
closing contacts “MC2"” energizes the “SL” relay
for lowering the line voltage.

For automatic operation, contacts “AM2" are
closed. The voltage of the auxiliary winding is
impressed on the voltage regulating relay “P”. If
this voltage becomes too high, contacts “PL" will
close, energizing the “THL” relay, and if the
voltage becomes too low, contacts “PR” will close,
energizing the “THR" relay.

The operating cycle of the time delay relay
consists of two parts, a heating and a cooling
period. See Instruction Leaflet for Type TH relays.
The heating cycle begins whenever the bimetal
heater coil THR or THL is energized by action of
PR or PL. Refer to schematic diagram Fig. 9.
When THR is energized, the sequence of opera-
tion is as follows:

If the heater remains energized long enough,
the bimetal will reach a temperature, determined by
the relay setting, where its deflection operates the
microswitch HR. This marks the end of the heat-
ing period. Operation of the microswitch opens
contact HR2 and closes contact HR1. Closing con-
tact HRI1 energizes the auxiliary contactor AR.
Operation of the auxiliary contactor AR opens
contact AR2 de-energizing the bimetal heater coil
THR, allowing the bimetal to cool; it also closes
contact AR1 which shunts the microswitch con-
tact HR1 and holds the auxiliary contactor AR
closed as long as PR remains closed; it also closes
AR3. When the bimetal has cooled to a tempera-
ture determined by the relay setting, it allows the
microswitch to return to its original position, open-
ing HR1 and closing HR2. If the auxiliary contac-
tor AR is still held closed by PR through ARI,
then AR3 is still closed, and the closing of HR2
completes the circuit energizing the motor control
relay SR, causing the motor to operate and make a
tap change. When, instead THL is energized, the
same description applies except with L. substituted
for R in the symbols above.

The motor control relays are shown on the back
of the panel in Figure 8 and the coils are designat-
ed on the diagram as SL and SR. SR has a back
contact SR3 connected to pilot switch 120. In casc
the tap changer should stop between positions due
to failure of voltage at time of tap changing, leaving

=1 BOOSTING BUCKING
LOAD VOLTS=100% APPLIED VOLTAGE APPLIED VOLTAGE By-Pass
Connect | Maximum | Minimum Position
on Source Source % No. Of Per Step % No. Of Per Cent
Board Volts Volts Total Steps Per Cent |Total Steps Per Step
. 2to 8 100 90 10 4 215 0 0 214 1
2to 7 10214 9214 7% 3 214 214 1 215 2
2to 5,6 105 95 5 2 214 5 2 215 3
2to4 10714 9714 214 1 215 7V 3 25 4
2to3 110 100 0 0 214 10 4 215 5
Source Volts (Load Volts=100%)
. Tap Ch
I;E)Sl' a&nnfc'iger Terminal Board Connections
ion
P1 P3 2to8 | 2to7|2to5,6|2tod |2 to3
1 8 8 100 1025 105 1076 | 110
2 7 7 9716 | 100 10314 105 107Y%
3 5, 561 95 97V% 100 10215 | 105
4 4 4 92| 95 97V, 100 10214
5 3 3 90 9215 95 97l | 100

Fig 11—Table of Terminal Board Connections
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switch 120 closed, back contact SR3 being closed,
the motor control relay SL is then energized when

voltage is restored, and the motor operates the tap |

changer to the next lower position. This prevents
the tap changer from locking out between positions.

Contact SL2 provides against false operation
on lowering. If the voltage is too high, the voltage
regulating relay closes its left-hand or “lowering”’
contact PL. Under certain conditions when the
motor starts, the voltage across G1-T1 might drop
enough to open contact PL. However, when SL
has closed to start the motor, SL2 contact bridges
around PL so that the momentary dip in voltage
does not drop out the time delay relay and stop
the motor before completing a tap change. The
time delay relay is reset by the action of pilot
switch ‘123" as explained in the next paragraph.

The pilot switch ‘120" closes soon after the
tap changer Geneva pinion starts to move and locks
in the motor control relays SL or SR so that the
tap change will be completed. At the end of the tap

|

change the ‘120" switch opens to stop the tap :

changer arm on position. The pilot switch 123"
opens between positions shortly after “120” has
closed and resets the time delay relay so that the
full time delay is effective between successive tap
changes. There is an overlap between “123" and
4120 so that SL or SR will have positive action
and be sealed in before ‘123’ opens.

The limit switch “LR” opens on positions 5 and
‘LL” and “ML" open on position 1 and prevent
operation of the motor beyond the extreme posi-
tions. Lock out switch “MR’’ opens and closes for
each tap change and is closed on each position but
is shunted by limit switch “ML"" except at position
1 when “ML." is open. If due to a loose brake, the
motor pinion shaft should drift below #1 position,
then “MR” switch will open and lock out the con-
trol before the Geneva drive hits the mechanical
stop and will keep the tap changer in the “‘locked
out” position until the trouble has been corrected.

Voltage Regulating Relay

The voltage regulating relay is described and in-
structions for adjustment and maintenance are
given in Instruction Leaflet in the back of this book.

On standard regulators having 4—214% steps
the voltage regulating relay is set to balance at
120 volts for 2400 and 4800 volt ratings, at 115
volts for 6900 and at 113.8 volts for 7960 volts. The
auxiliary windings of the transformers are designed
to give these control voltages with normal voltage
on the load side.

The relay contacts are adjusted to close on 3
volts change from the balance voltage and the com-
pounding is set to release at 2 volts change from
balance voltage. These settings have been found
to be very satisfactory for most applications of
the type “LR” voltage regulators and should not
be changed. To change the balanced voltage up
or down from normal setting, adjust the balance
weight as described in the Instruction Leaflet for
the voltage regulating relay.

Assuming that the voltage regulating relay is set
to keep the voltage at 120 volts plus or minus 214
%, then the operation will be as follows:

With 120 volts across the voltage regulating
relay the arm supporting the contacts will be in
the horizontal or mid-position. If the voltage as
impressed on the regulator rises, the main coil of
the voltage regulating relay will pull up the plunger,
and as soon as the voltage reaches 123 volts, the
moving contact will touch the left hand stationary
contact. Then through the circuit already de-
scribed, the motor will operate the tap changer to
bring the voltage back to normal. If the voltage
drops to 117 volts, the right hand contact of the
voltage regulating relay will close and the motor
will operate the tap changer in the opposite
direction to bring the voltage back to normal.

INSTALLATION

Standard Type “LR” Voltage Regulators are
entirely self-contained and, except in special
cases, shipped complete with oil. In order to put
such regulators into service, it is only necessary to
inspect them and check the oil level before con-
necting them to the line to be regulated. It is some-
times desirable to have the control cabinet installed
separately near the ground for convenience in
servicing and inspection of the control.

To do this, proceed as follows: Replace block-
ing in relays if it has been removed, open the cab-
inet door, swing out the panel, and disconnect
the control leads from the terminal block on the
back of the panel. Remove cover plate on the
junction box and disconnect the leads. Pull out
the leads and remove the conduit. After locating
cabinet in new position, connect cabinet to junc-
tion box with new conduit and pull in new control
leads using not less than ¥ 18 wire. Connect like
number studs on the two terminal blocks and tape
together the leads in the control house. Be sure
to allow enough slack in the leads so that the con-
trol panel will swing out, yet not too much so as
to interfere with the relays on the back of the panel.

Remove all blocking from the relays on the con-
trol panel, swinging out the panel to check the SG
relays on the rear of the panel. Inspect relays for
loose nuts and screws and check operation by hand

as described in Relay Instruction Leaflets at the
back of this book.

Remove the tank cover and examine equipment
to make sure that no damage has resulted during
shipment. Especially check for loose nuts or screws.

Inspect the high voltage bushings and ‘‘De-ion”
Arresters, if used insulators, and resistors. Remove
wrappings from the “De-ion” external resistors.
If an external “De-ion"" Arrester is used, connect
the terminal lead of this arrester to bushing lead
S21.2 as per the diagram instruction plate.

Operate tap changer over entire range by hand
in order to make sure that mechanism is not bind-
ing at any point. To do this, lift up brake arm
against the tension of the compression spring and
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Schematic diagram, connecting or by-passing regulator.
A-B-C-D disconnect switch or cutout. Caution: Set controls
for by-passing to correspond to connections on terminal
board as called for on name plate and specified diagram.
With “A” closed, the circuit through “B”, “C” and “D”
must not provide a short circuit through any part of series
winding. Some connections of series winding cannot be
by-passed.

Fig. 12—Conncctions for By-Passing Switches

then the tap changer can be turned easily by mov-
ing the first large gear which is driven by the
motor pinion. When facing the indicator plate,
turning this gear clockwise will move the tap chang-
er arm to a lower position and turning counter-
clockwise will move the tap changer arm to a high-
er position.

Caution: When through with this test, leave
tap changer in the neutral or by-pass position.

If 110 or 125-volt, single phase, a-c. source is
available, throw the safety switch to “off” and
connect the separate source to voltage testing ter-
minals.

Caution: Open safety switch, whenever apply-
ing voltage to voltage testing terminals, otherwise
transformer will be excited.

Turn the automatic-manual switch to the manual
position, and operate tap changer over entire
range by means of the raise-lower switch. Turn
automatic-manual switch to the ‘“Automatic”
position and close voltage regulating relay contacts
manually to operate tap changer one step in each
direction.

See that both transformer and tap changer com-
partments are filled with Wemco “C” oil to the
25°C. oil level as indicated on the tank walls.

Check the operation of brake before replacing
the cover. The brake has been set to stop the
motor so that the driving pin (C) on the Geneva
pinion (see Fig. 10) is about midway between the
Geneva gears. See that the brake screws and nuts
are tight. If pin (C) is drifting into the Geneva
gear slots instead of stopping as it should, it will
be noticed that the dial plate will stop on position
and then an instant later move a slight distance
more in the same direction, as the pin starts into
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the next slot. In this case, tighten the brake slight-
ly by turning the nuts one turn at a time. Be
sure to lock the nuts after making adjustment.

If the tap changer drifts by position in the
raise direction, contact SR3 will close and reverse
the motor and return the tap changer to position
and if the brake is loose it may continue to operate
all the way to %1 position and below and there
lock out, due to lock out switch “MR” opening.
If this occurs, it will be necessary to bring the tap
changer back to position %1 by hand. To do this,
(FIRST OPEN CONTROL SWITCHES “AM"”
AND “MC” AND REMOVE POWER FROM
TEST TERMINALS) turn motor pinion clockwise
by hand until dial plate indicates above % 1 position.
Connect power to test terminals and set control for
“manual raise’”.  Adjust tension on brake spring
until the pin (C) stops a little past the vertical
in either direction of operation.

If tap changer fails to operate, refer to section
“Correction of Troubles”.

Caution: Do not set brake too tightly as it will
cause useless wear on the brake lining and the
motor may not start during cold weather when oil
is thicker. Remove test voltage from test terminals
after making sure that the tap changer is in the
by-pass position.

For convenience of the operator, it is desirable
to use three sets of disconnecting switches to con-
nect or disconnect type “LR’ regulators from
the power supply since the use of such a system of
disconnecting switches enables him to connect or
disconnect the regulator without taking the line
out of service. When such a system is used, the
source side of the regulator is connected to the
line through one set of the disconnecting switches,
the load side of the regulator is connected through
a second set of disconnecting switches, and these
two sets of disconnecting switches are connected to-
gether by the third set. Refer to Fig. 12.

When using this method to connect a regulator
to the line, it is very important that the regula-
tor be operated to the ‘‘Neutral” position. The
“Neutral” position for by-passing is obtained by
positioning the tap changer noving contacts to
connect to the same transformer tap as terminal
# 2 on the transformer terminal board is connected.
The safety switch on the control panel should be
opened before attempting to either connect or
disconnect the regulator from the line. If these
rules are not strictly followed, there is danger of
short-circuiting the series winding of the regulator.

Assuming that the regulator has been operated
to the “Neutral” position and the safety switch
opened, the disconnecting switches connecting the
regulator to the source are closed. The by-passing
disconnecting switch is, of course, closed if the line
is in service. The disconnecting switch connect-
ing the load side of the regulator to the line is then
closed. The by-passing disconnecting switch is
then opened and the regulator is on the line. It
is then only necessary to close the safety switch
and to turn the automatic manual transfer switch
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to either the “Automatic” or the “Manual’’ control
position.

In disconnecting the regulator from the line
the reverse procedure must be followed, that is, the
regulator must be operated to the “Neutral’ posi-
tion and the safety switch opened. The by-pass-
ing switch is then closed, the load side disconnecting
switch opened and finally the source side discon-
necting switch opened, and the regulator is off the
line.

See also instructions for by-passing, on name
plate and diagram.

MAINTENANCE

The type “LR” regulators are designed to oper-
ate with a minimum amount of maintenance but
should be given a periodical inspection at least
once a year, giving special attention to the con-
dition of the oil, the inspection of relays, the brake
on the motor, and secing that all connections arc
tight.

Oil-less bushings are used for the H.V. leads.
The operating mechanism is entirely immersed in
oil and is thereby protected against rust, and proper
lubrication is insured.

Maintenance of the main switch contacts will
depend upon the load the regulator is called upon
to carry. The arcing tips of the switch contacts
are made of special alloys having a high conduc-
tivity and also a high melting point so as to resist
burning. Thesc contacts should, however, be in-
spected and replaced if necessary at the time of
the periodical inspection.

The oil in the tap changer compartment should
not be allowed to deteriorate to the point where
it tests less than 15 Kv. in the standard test cup.
The oil level in both compartments should be
checked at the time of the periodic inspection.

The adjustments and settings of the control
equipment are described in the section “Principle
of Operation of Control Equipment”, Page 8,
and no adjustment of this equipment should bemade
until after this section has been carefully read.

If the relay contacts should need dressing, use
only a very fine file.

The diagram of connections for the control equip-
ment is shown on the wiring diagram furnished
with the apparatus and listed on the name plate.
The internal high voltage connections for the
transformers and tap changer are shown on the
diagram name plate.

Caution: Keep covers tight on all relays.

CORRECTION OF TROUBLES

In case motor fails to operate, the following

procedure is suggested:

(1) Is tap changer below position ¥ 17 If so,
it is locked out and it will be necessary to re-
move cover and adjust brake as described
under installation.

(2) Check voltage on voltage testing terminals
with voltmeter, if available. If there is no
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voltmeter handy, snap safety switch SS on
and off several times. If voltage is normal,
the voltage regulatingrelay beam will balance,
or if voltage is high, the left hand contact of
the voltage regulating relay should close.
These tests will indicate presence of control
voltage. Note that the SS switch may be
reset by moving handle all the way to the
left before closing switch to the right.

(3) If voltage is low, and the tap changer is not
on the extreme raise position, the voltage
regulating relay right hand contact may be
closed and the TH relay auxiliary contactor
AR will try to close during successive cooling
periods of the bimetal. This contactor and
the motor control relays will operate on 85
per cent voltage.  TIf the contactor closes
when assisted by hand, then voltage is too
low o operalte.

() Does motor control refay close?  Aux-
iliary contactor of the TH relay may be mak-
ing poor contact, or circuit may be open be-
tween contact and terminal in the TH relay.

(5) If there is voltage at motor terminals, but
it does not start,

a. Motor may be open circuited. Each
half of the motor winding should have

about 25 ohms resistance for motor
S§954939.

b. Capacitor may be open. Capacitor is 10
Mid. 300 volt, 60 cycles. For emergency,
substitute capacitor of at least this
value. ’

¢. There may be dirt between motor pin-
ion and gear, causing gears to bind.

d. Brake may be too tight. If so, adjust
as described under “Installation’.

(6) If motor operates in one dircction but not in
reverse, motor pinion may be out of
line. If too loose, gears will jam; and if
too tight, will bind.

(7) If the voltage regulating relay is energized

but does not respond to voltage changes
refer to the Instruction Leaflet for the relay.

SPARE PARTS

The customer will find that only a minimum of
spare parts will be required for the type “LR"
voltage regulator. It is recommended that a com-
plete set of stationary and moving arcing contacts
for the relays and tap changing switches be kept
in stock for replacement when necessary. These are
the only parts which will be required normally,
but the following additional list is recommended
if the customer desires a more complete stock of
spare parts.

One Motor Complete

One Capacitor for Motor

One Set Cover Gaskets

One Bushing

One Type TH Time Delay Relay
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INSTALLATION * OPERATION ¢ MAINTENANCE

INSTRUCTIONS

VOLTAGE REGULATING RELAY
S %1239930
For Step Type Regulators With Dynamic Line-Drop Compensator

THE VOLTAGE REGULATING RELAY
Sx 1239930, for step type regulators with dynamic
line-drop compensator is of the alternating current
solenoid type. Compounding is obtained by means
of a permanent magnet rather than electro-magnets.
Adjustments for different values of balance voltage
are made by shifting a counter weight along a
scale which is calibrated in volts. In addition, a
small coil, energized by rectified current from a
current transformer, and attached to the balance
arm and operating in a permanent magnetic field,
provides a means for compensating for line drop.

CONSTRUCTION

These relays as used on step type regulators are
mounted on individual panels and provided with a
tight fitting cover having a glass front (See Figure 1).
Figure 2 shows a schematic diagram of the relay con-
nections, the rectox unit and adjusting rheostat.
The operating parts have been combined into a

- Relay main operating coil single moving element which is mounted on a
. Magnetic circuit holding screw

. Permanent magnet for band adjustment
Permanent magnet air gap adjusting screw
Permanent magnet supporting bracket VOLTAGE FROM AUXILIARY
. Mounting stud for rectox unit for compensator RELAY REACTOR POTENTIAL SUPPLY
. Compensating rheostat operating knob \ N

. Soft iron armature

. Compensator operating coil

10. Compensator magnet poles

11. Compensator permanent magnet

12. Link connecting compensator coil to balance arm
13. Balance arm

14. "Lower" contact

15. “Raise’’ contact

16. Moving contact

17. Bearing block

18. Voltage calibrated plate

19. Voltage setting adjusting screw

20. Voltage adjusting weight

21. Micarta panel

22. Buffer spring

23. Balance arm stop

24. Permanent magnet clamping washer and screw

25. Contact adjusting screw TO TIM
AND OPE

8
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>

FIG. 1. Voltage Regulating Relay—Cover Removed. FIG. 2. Wiring Diagram of Voltage Regulating Relay.
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VOLTAGE REGULATING RELAY

square shaft resting on a knife edge. This con-
struction provides a very sturdy bearing with a
negligible amount of possible friction. The shaft
and bracket are made of nitrided steel which is
exceptionally hard and resistant to wear and
corrosion.

The contacts are made of silver which results in
long life and smooth contact points. They are de-
signed in such a way that contact sticking is elimi-
nated.

The relay includes a simple dynamic type line-
drop compensator. A small coil is attached by a
link to the relay balance arm and is located in a
permanent magnetic field. A small rectox unit is
mounted on the back of the relay panel to rectify
the current from the secondary of a current trans-
former located in the output circuit of the regulator.
A rheostat on the back of the panel and operated by
a knob on the front, shunts the output of the rectox
unit and regulates the current to the compensating
coil, thereby providing means for varying the
amount of compensation. The scale around the
kﬁ'()b*_-'fs calibrated in velfs when referred to a 120
volt circuit. The compensating device also acts as
a dampening device to give stability to the relay.
When (cifecking operation of the compensator, it
will be negessary to have a load on the regulator
in order to get current from the current transformer
to operate the compensator.

INSTALLATION

The relays are usually shipped mounted on the
control panel. Before putting in service, the block-
ing should be removed from the relays and they
should be checked as follows:

Press down on the relay balance arm so that the
pivot shaft is held firmly in the grooved bearing.
There should be clearance between the balance
arm and the inside of the operating coil, also clear-
ance between the balance arm and the sides of the
supporting bearing. To adjust the clearance,
loosen the two screws which hold the balance arm
to the moving part of the bearing and move the
arm until it lines up and then tighten the screw
again. The relay contacts should be in line and
should not require any other adjustment, except as
specified in the adjustment procedure.

ADJUSTMENT AND OPERATION

Adjustment. The voltage regulating relay is
usually adjusted to make contact on plus or minus
two or three volts change across the relay coil, the
exact value depending upon the type of regulator
on which it is used and the circuit conditions. The
contacts will break and the relay will return to
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neutral position when the voltage returns to within
approximately one volt of balance voltage. Both
values of voltage, the one at which the contact
makes and the one at which it breaks are adjustable
independently, as explained below. For values of
setting of relays for regulators, refer to the general
instructions in the regulator Instruction Book.

To change the adjustment, it is necessary to have
a source of variable voltage with a range of 5 volts
plus or minus from the normal voltage on the regu-
lator control circuit. A 50 ohm, 25 watt, variable
rheostat Model H, No. 0149, supplied by the Ohmite
Manufacturing Company, Chicago, Ill, can be
conveniently used for making the voltage changes
as described herein. Connect this rheostat in
series with the voltage regulating coil and vary it
as required. If the regulator is carrying load, the
line drop compensator, if used, should be set at
zero. Be sure to place the AB switches in the
“off"’ position before applying an external voltage
to the control circuit test terminals.

If only a small change in the balancing, or normal
voltage is required, this can be accomplished by
means of changing the position of the balance
weight. (The balanced voltage setting, of the relay
is determined by the position of the movable weight
on the relay balance arm. The setting may be
changed through the use of a knurled adjusting
screw which engages the movable weight). Apply
the exact value of the desired balancing voltage to
the control circuit and shift the weight until the
moving arm balances directly opposite the per-
manent magnet. Then, ascertain the central posi-
tion of the balancing voltage with respect to the
relay voltage band, by varying the voltage in the
positive and negative direction until the “lower" or
the “raise”’ contact is made. The same amouint of
voltage deviation from normal should be required
for the “‘raise’’ and the “lower’’ contact to close.
If this condition does not obtain, further shifting of
the weight will be required.

To make a complete adjustment of the relay,
proceed as follows:

Figure 3 represents a voltage regulating relay
for use on step type regulators with its various parts
identified. Each part has an important function
which should be clearly understood. As the steps
in adjusting this relay are followed, the effect that
each part contributes to the successful operation of
this relay will be apparent.

The first check is for mechanical friction. If
friction is present, it will result in a sluggish or
erratic relay. To make this check, the following
steps should be taken, with the compensator dials
placed at zero compensation:
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DAMPING DEVICE

HOLD-IN SCREW, MICARTA
DISC

VOLTAGE
COIL — '
5 %Lu—,'—J
l T
E ) PERMANENT
MAGNET

FIG. 3. Voltage Regulating Relay,

MOVING CONTACT

STATIONARY CONTACT
LOWER RAISE

1. Revolve the permanent magnet about 90
degrees or, preferably, remove it completely.

2. Lift the small round Micarta disk on the
damping device to relieve the damping effect caused
by the tension spring. This can be easily done by
pulling this disk back and then catching it onto the
pin that protrudes backward to keep this disk in
place.

3. Remove the “'hold in'’ screw atop the voltage
coil.

4. Open the stationary contacts wide, seeing that
the leaf spring on each stationary contact has a
travel of approximately % inch.

5. Apply voltage to the test terminals until the
relay beam balances.

Under these conditions and if no friction is
present, the beam will float without any apparent
interference, moving slowly with any slight voltage
fluctuation.

If the beam is struck lightly it should oscillate
up and down and then come to a gradual halt.
However, if friction is present, no movement will be
apparent as a result of slight voltage fluctuations;
also, if one strikes the beam it will generally come
to an abrupt stop after a short attempt to oscillate.

If the latter is the case, check the balance arm
“knife bearing’’ for bits of refuse, or maybe poor
alignment. Examine the compensator coil to be
sure there is no friction between it and the per-
manent magnet. Before proceeding further, this
difficulty must be cleared up. A close investigation
will probably suggest the proper measures that
must be taken in making the relay “‘friction free’’.

When the relay is free of friction, it is ready to
be adjusted for proper operation. Since all the
influencing factors have been removed; i.e., the
damping device, permanent magnet and “hold in"’
screw—set the voltage to the relay (by voltmeter)
to the desired “'relay balancing’’ value. If a balance

does not result, stowly change the position of the
adjustable weight until this is accomplished. Proper
weight adjustment is indicated when the tip of the
beam settles approximately in line where the point
of the permanent magnet would be if it were as-
sembled in place.

After the relay is balanced, next proceed to
make it less susceptible to slight voltage fluctuations
or flutter This can be done by the damping disk
and spring assembly. Replace this disk in its proper
position, and then turn the small nut at the end of
the spring until enough spring tension is exerted
on the disk to satisfy this requirement. This is
generally a very light tension. Now notice that
the “floating’’ effect of the beam is no longer evident
and the relay no longer responds to voltage fluctua-
tions smaller than can be observed on the scale of
the ordinary portable voltmeter.

The next step is to increase the voltage, to the
relay, to the value at which it is desired that the
“ower'' contacts should close. This value must be
at least one volt above the balancing voltage. Here,
notice that the relay beam will rise into the voltage
coil. With the beam at this level, bring the left
stationary contact up until its leaf spring is de-
pressed about 14 its travel. Next replace the “'hold
in'’ screw atop the voltage coil, and turn it into the
coil until its effect upon the beam is such that it
begins to raise the beam slightly further. Turn
screw in another 5 degrees and lock it. Next,
lower the voltage to “balancing voltage'’. The
beam should again return to its original position.
If it does not do so, the effect of the "'"hold in"’ screw
should be lessened by backing it up slightly.

Now replace the permanent magnet to its normal
position, in line with the beam of the relay. The
influence of this magnet will hold the beam in
direct line with its tip.

With the relay held in this position, the left-hand
stationary contacts should be not less than % inch
from the moving contact. Again increase the volt-
age to a contact closing value as before. The beam
should again rise into the voltage coil and the
moving contact should make positively with the left
stationary contact. If it does not do so, gradually
draw the magnet away from the beam until it does,
and lock the magnet in place. (If very close voltage
regulation to the relay is available when making
this test, the position of the permanent magnet
should be so adjusted that its influence upon the
beam is lost when the voltage is varied as much as
one volt above or below the balancing voltage.)
This gives maximum operating band setting.

Next decrease the voltage to a ''raise’’ contact
closing value. The beam should drop. Bring the

3
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right-hand stationary contact up until its leaf spring
is depressed ' its travel. Since the influence of
the permanent magnet on the beam is the same in
both directions, it should need no further adjust-
ment.

Return the voltage to “‘balancing voltage’’. The
beam should return as before and the right contacts
should open at least Yis inch. If it does not return,
move up the right-hand stationary contact with its
set screw until the added effect of its leaf spring
pushes the beam nearer the field of the permanent
magnet. Care should be taken when this is done
not to move this stationary contact up so far as to
have this contact closed when the relay is in the
balancing position.

For very narrow bands, replace the brass washer.
holding the permanent magnet with an iron washer.
The iron washer will by-pass a part of the magnet
flux and allow smaller air gap setting.

A properly adjusted relay should give a positive
non-chattering operation even on extremely slow
and small changes of voltage. The arm movements
should make and break contact with a positive snap
action. Should this not be the case, the strength
of the permanent magnet (% 3, Figure 1) should be
checked. The latter should be strong enough to
lift a weight of 2 oz. at its tips.

Adjustment of Compensator. The action of
the compensator is such that when rectified current
is passed through the coil, on the lower end of the
plunger, a force is produced on the plunger in op-
position to that produced by the field of the main
operating coil, thus requiring a higher voltage on
the operating coil to maintain a balance. The result
is a compensation effect which is substantially pro-
portional to the load and which, at a given load
and compensator setting, is a constant value inde-
pendent of the phase relation of the current and
voltage of the load.

No provision is made for independent adjustment
of resistance and reactance compensation as this
device has a fixed ratio of these values, but the total
amount of compensation may be readily adjusted to
any value within the usual range. On feeders of
small capacity a resistance drop equal to twice the
reactance drop is a common ratio. With this ratio
the compensation of the dynamic compensator is
within the accuracy of setting of a standard full
size line-drop compensator with both X and R com-
pensation for load power factors between 70 and
98 percent.

The correct setting is found by the following
formula:

4

120

C=m(1}( sin &+IR cos ©)

C = Compensator setting volts
& =Angle of lag of current behind voltage
at the prevailing full-load power factor.
*IX =Reactance voltage in line to be com-
pensated

*IR =Resistance voltage in line to be com-
pensated
* =For single-phase circuits, use twice the
values found for a single wire.

Operation. The compounding is accomplished
by the use of a permanent magnet acting on a soft
iron armature attached to the moving element. The
action of the magnet is to hold the relay element in
a neutral position until a sufficient changa in voltage
has taken place to overcome the magnetic pull in
the balance position. The moving element requires
a predetermined unbalanced force to overcome the
magnet pull which results in a quick and positive
movement and contact. After the voltage has been
corrected a sufficient amount to cause the contacts
to separate, the relay moving element is again
drawn back to a neutral or balanced position by the
permanent magnet.

The sensitivity of the relay or the amount of volt-
age change required to close the relay contacts is
determined by the air gap between the magnet poles
and the moving iron armature. The gap spacing is
made adjustable to vary the voltage band setting
of the relay. U the gap is decreased, the magnet
pull is greater and a greater change of voltage on
the solenoid coil is required to operate the relay.
If the gap is increased, the magnet pull is less and
operation is obtained with a smaller voltage devia-
tion. In this way, the relay sensitivity to voltage
change may be controlled.

MAINTENANCE

The amount of relay maintenance which may be
required will depend largely upon the voltage con-
ditions existing on the circuit and the degree of
sensitivity to which the voltage regulating relay is
adjusted. It is recommended that during the first
few months of service, inspection be made at rather
frequent intervals to prevent excessive tap changer
operation.  After satisfactory operation is once
established, inspections at periods of six months to
one year should be sufficient.

It is not necessary to keep the contacts on this
relay polished as on older types of relays, since the
contacts on this relay are made by rolling rather
than by sliding action.
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If the contacts on the relay should become worn
to an uneven shape, they may be smoothed and
reshaped with fine sandpaper and readjusted.

Caution: Do not lubricate bearings. Keep
cover on tight. )

Renewal Parts: Order renewal parts from the
nearest Westinghouse District Office or from the
Sharon, Pa., Works giving style or S.O. number and
serial number as stamped on name plate of regulator
and description of parts required. Refer to Figure 1.

WESTINGHOUSE ELECTRIC CORPORATION
SHARON WORKS . TRANSFORMER DIVISION o SHARON, PA.

Printed in U.S.A
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TYPE TH THERMAL TIMING RELAY

INSTRUCTIONS

CAUTION

Before putting relays 1into service,
remove all blocking which may have been inserted
for the purpose of securing the parts during
shipment, make sure that all moving parts oper-
ate freely, inspect the contacts to see that
they are clean and close properly, and operate
the relay to check the settings and electrical
connectlons.

APPLICATION

The type TH thermal timing relay is a
simple and rugged tilme delay device developed.
expressly to meet the requirements of Westing-
house tap-changing -under-load equipment, where
reliabllity of operation and freedom from main-
tenance are items of major importance. The re-
lay also may be used in other applications where
its characteristics are suitable. As adjusted

at the factory, the time delay on a recycling
basls can be varied from approximately 15
seconds with the control knob set on the MIN

disl position, to approximately 60 seconds with
the knob on the MAX position, with 120 volts ap-
plied to the relay. A 105 to 135 volt variation
of applled voltage has negligible effect on the
relay timing when the control knob 1s set on the
MIN position. When set on the MAX position, the
effect of voltage varlation 1s more noticeable,
bt the relay timing is st11l within the cali-
bration limits.

The complete operatin cycle of the
relay is composed of two parts; %l) the time re-
quired for the blmetal actuating system to de-
flect under the 1nfluence of heat and operate a
micro switch, and (2) the time required 1or the
bimetal system to cool wuntil the micro switch
resets. The mechanical construction of the re-
lay 1s rugged, simple and reliable, with a mini-
num number of moving parts. The entire assembly
is enclosed In a dust-proof case and after in-
stallation will require only a routine inspec-
tion to keep 1t in operating condition.

Caution

The relay 1s designed specifically for
application on Westinghouse regulators and tap-
changing-under-load equipment and when so used
should glve a minimum of well over a million o-
perations. If used otherwise, the effect of
possible higher current 1in the controlled cir-
cult upon the 1ife of the relay should be con-
sidered.

CONSTRUCT ION

The type TH relay consists essentially
of three elements: (1) a bimetal actuating
system, {2) a micro switch operated by the pres-
3ure exerted by the bimetal system, and (3) an
auxiliary magnetic contactor.

Figure 1
The Type TH Thermal Timing Relay.
2-8ide Bimetal Strips, 3-Heater Coil and Center
Bimetal strip, 4-"FP" Bimetal Screw, 5-"T" Timing
Screw.

1-Reglistor,

The Bi-Metal System

The bimetal system consists of three
elements mounted in the front part of the relay,
directly behind the glass cover of the case.
The center strip is equipped with a heater coil
and represents the actuating element of the re-
lay. On heating, this strip bends and exerts a
pressure on the operating plunger of the micro
switch. The two side Dbimetal strips eliminate
the effect of ambient temperature on the relay
operation. The moving end of the center bi-
metal 1s equipped with a self-locking ad-
justing screw. The positlon of this screw is
properly adjusted before the relay 1s shipped
from the factory and should not require any re-
adjustment 1n the field.

The Micro Switch

switech 1s mounted on the
rear of a Mlcarta sub-base and in front of the
magnetic contactor. The micro switch is a snap
actlon single-pole double-throw switch, operated

The micro
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Figure 2
Top Views of the Type TH Thermal Timing Relay.
1-Resistor, 6-Bimetal Asscmbly, 7-Micro Swltch,
8-Contacts, 9-Auxiliary Contactor.

by the pressure exerted by the bimetal as-
sembly. The normally-open contact 1s fixed
while the normally-closed contact is movable,

thus providing for adjustment of the relay tim-
ing cycle. The normally-closed contact is
mounted on the end of the timing screw which ex-
tends forward through a bushing in the Micarta
sub-base and has an adjusting knob on 1its front
end. Variation of timing is obtalned by turning
the Xnob to the required position as determined
by the indication of the pointer on the dial.

The Auxiliary Contactor

The auxiliary contactor is mounted on
the relay base behind the micro switch. It car-
ries the necessary contacts to enable the util-
ization of both the heating and cooling periods
for timing.

OPERATION

The clrcuit controlled by the relay is
included between terminals 3 and 8 as shown in
Fig. 5. This circuit is opened at contact A-3
when the relay is de-energized. The relay is

energized by placing voltage on terminals 3 and
6, thus initiating the bimetal heating period.
When the bimetal temperature rise reaches a
pre-determined value, the micro switeh operates,
opening the circuit between terminal 3 and con-
tact A-% and closing the ecircuit through the
coil of the auxillary contactor. Operation of
the latter closes contacts A-11, A-12, and A-3,
and opens contact A-2, which Adiscontinues the
heating of the bimetal. Wher. the bimetal has
cooled to a pre-determined temperature rise
above ambient, the micro switch returns to its
original position, thus closing the circuilt be-
tween terminals 3 and 3. The relay 1s reset by
de-energizing the <coil of the auxiliary con-
tactor.

INSTALLAT ION

should be mounted on
or their equivalent in a lo-

The relays
switchboard vancls

Flgure 3
3ide View of the Type TH Thermal Timing Relay.
4_"F" Bimetal Screw, 5-"T" Timing Screw, 6-Bimetal
Assembly, 7-Micro Swtich, g-Auxiliary Contactor.

cation free from dirt, molsture, excessive vi-
bration and heat. Mount the relay vertically by
means of the two mounting studs. The elec-
trical connections may be made direct to the
termlnals by means of screws for steel panel
mounting or to terminal studs furnished with the
relay for ebony-asbestos or slate panel mounting.
The terminal studs may be easily removed or in-
serted by locking two nuts on the studs and then
turning the proper nut with a wrench.

ADJUSTMENT AND MAINTENANCE

The proper adjustments to insure cor-
rect operation of this relay have been made at
the factory and should not be disturbed after
receipt by the customer. If the adjustments
have been changed, the relay taken apart for re-
pairs, ar 1if it is desired to check the adjust-
ments at regular malntenance perlods, the 1n-
structions below should be followed:

A1l contacts should Dbe perilodically
cleaned with a fine file. S#1002110 file is re-
commended for thls purpose. The use of abrasive
material for cleaning contacts 1s not recommend-
ed, because of the danger of embedding small
particles 1in the face of the soft silver and
thus impairing the contact.

If the adjustment of the timing screw
or the bimetals is disturbed, the instructions
below may be used as a gulde in restoring the
normal adjustment of the relay. If only the bi-
metal assembly requires replacement, no re-ad-
justment should be necessary in the timing dial
but only in the adjusting screws at the movable
end of the center bimetal. Should the timing
serew assembly be replaced, the only ad justment
required should be in the timing screw, none in
the bimetal system. But if the micro swltch 1is
replaced, both the timing screw and the bimetal
screw will have to be readjusted.

1. Equipment Requilred

a) A source of 120
pover.

volt, 60 cycle

P

A,
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Figure %
The Time-Temperature Characterlstic of the Type
TH Relay.

b) A high impedance circuit tester.
An ohm-meter or a neon glow lamp
connected as a circuit indicator
is recommended.

WARNING: - If any appreciable current
is passed through the micro switch contact
during adjustment, the switch contacts may be
damaged.

2. To Adjust Timing Screw "T"

a) Connect circuit tester in series
with power source and apply to
terminals 3 and 4 of relay.

b) Check operatlon of micro switch by
pressing bimetal screw "F". The
micro switch should close the cir-
cult and operate the 1indicator.
When "F" screw 1s released, micro
switch should ovpen indicator cir-
cuit.

¢) Remove knob from timing screw "T".
Turn screw clockwlse until circuit
indicetor shows that micro switch
normally-open contacts are just
barely closed. From this position
turn screw counter-clockwise
slightly over one-eighth  (1/8)
turn. This 1s the approximate MIN
setting. Replace knob on screw
shaft wlth pointer at MIN position
and tighten set screw.

d) Recheck micro switch operation.

3. To Adjust Bimetal Screw "F".

a) Follow instructions given in sec-
tion 2-a and 2-b.

b) Turn screw "F" clockwise until
circuit indicator shows that micro
switeh normally-open contacts just
barely stay closed when "F" screw
is pressed down and then released.
From this position, turn serevw

-3

T SCREW
B .

MICRO —_/
SWITCH e

1
|
& |

L
!
™~

~TH RELAY

j
N ">~ GONTACTOR  COIL
T RRONT  VIEW T

SCHEMATIC DIAGRAM

AUXILIARY CONTACTOR
MOVING CONTACTS

\
/

/
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N (@)
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(2)

N

Figure 5
Schematlic & Wiring Diagrams of the Type TH Relay.

counterclockwlse one and one -
quarter (1-1/4) complete  turns.
The center bimetal strip must be
at the same temperature as the
gide strips during this adjust-
ment.

4. To Check Timing Adjustment

a) Place a short-circulting jumper
across contact A-3. Insulate con-
tact A-12 with a piece of stiff
paper. Place cover on relay.

b) Connect circuit indicator as fol-
lows: If ohm-meter 1s used, con-
nect between terminals 3 and 8: 1if
glow lamp circuit tester is used,
connect between terminals 4 and 8
of relay. Place a test jumper be-
tween terminals 4 and 6 and con-
neect 120 volt, 60 cycle power
source to terminals 3 and 6.

¢) Timing cycle will begin when sup-
ply voltage 1s turned on. The
heating portion of the cycle will
be complete when the indicator
shows that the c¢ircuit has been
reclosed.

d) Note that the first cycle will
take longer time than subsequent
eycles, due to the additional time
required for the bimetal tempera-
ture rise and resultant deflection
to reach the polnt at which the
micro switch resets. This 1s
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shown dilagramatically in Fig. 4, be affected when necessary by

Adjustment should not be made on turning screw "F" in 1/16 revolu-

the basis of the first cycle but tion steps. Clockwise rotation o
on the average of several subse- willl increase re-cycling time; )
guent cycles following immediately counter-clockwise rotation will

after the first. All times re- decrease time.

ferred to in this leaflet are "re-

cycling" time defined as  the IMPORTANT: Readjustment should not be made on

average time consumed by a com- elther element unless its factory adjustment has

plete cycle consecutively follow- been disturbed.

ing the first cycle.
RENEWAL PARTS
e) When properly adjusted, the time

of one complete re-cycling oper- Repair work can be done most satisfac-

ation should be between 13-1/2 and torily at the factory. However, interchangeable

16-1/2 seconds with pointer on "T" parts can be furnished to the customers who are

set at MIN, and between 54 and 66 equipped for doing repair work. When ordering

seconds with pointer set at MAX. parts, always give the complete nameplate cata.

If the re-cycling times for these

two positions of the knob are both ENERGY REQUIREMENTS

high or both 1low, correction may

be made by changing the position At 120 volts, 60 cycles, the contactor

of the knob on screw "T'". element burden is 11 voltamperes at approximate-
ly 50% power-factor. The heater circuit burden

f) If adjustment of "F" screw has is 18 watts.

been made, closer adjustment may
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NOTE:FOR /3 0R Yie METAL SWBDS USE SCREWS
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Figure 6
Outline & Drilling Plan for the Type TH Relay.
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INSTALLATION

I.L. 41-350C

OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE SG AUXILIARY RELAY

Caution Remove blocking between armature and

core of relay before placing in service.
INSTALLATION

Inspect the relay carefully after unpacking

to see that no damage has been done in ship-

ment. Operate the relay by hand several times
to see whether the moving element is properly
Check the
with

used.

aligned and free from friction.

nameplate rating to see that it agrees
be

The SG for use on A-C has a rectangular copper
in the

which the coil 1s placed.

conditions wunder which relay will

loop clamped top of the core, over

The D-C relay has
in the

to prevent the arma-

no loop, but has a small bronze button
center of the core front
ture from being held closed by residual magne-
tism.

Mount the relay with the base agalnst a
vertical plane so that gravity helps hold the
The SG relay is

only when in

armature away from the core.
deslgned to operate correctly

this position.

which
in series with the coil are

which
The re-

Relays having a voltage rating re-
quires a resistor
supplied with a vitrified tube resistor
has heavy screw-type terminal lugs.
sistor is assembled on an insulated mounting
stud by which it can be mounted either direct-

ly on a panel or any convenient bracket.

When sheet metal for

open-type relays,

cabinets are ordered
the relays and cabilnets
The

on the tapped mounting holes

are
shipped separately. can be
sembled
bottom

SCrews

relays as-
the

of the mounting

in

of the case by means

which are provided. The cabinets have

¥nockouts for condult connectlons on top,

bottom and sides.

NEW INFORMATION
(FORMER L L. 41-350-B REVISED;

APPLICATION

the

re-

The relay can be supplied for use on
without

sistor by the use of suitable coils.

following voltages an external

48
125
115
230
115
230
440
575

Volts D-C

Volts D-C

Volts - 25
Volts - 25
Volts - 50
Volts - 50
Volts - 50
Volts - 50

Cycles
Cycles
or 60 Cycles
or 60 Cycles
or 60 Cycles
or 60 Cycles

with
For further information

and for higher D-C or 25-cycle voltages
an external resistor.

regarding application consult Westinghouse
Relay Catalog, Sectlon #U41-350

Westinghouse Sales Office

or the nearest

The relay 1ls intended for use as an auxilia-

ry relay for miscellaneous automatic and

remote control switching. It is suitable for

many industrial applications also.

type SG
is 1 to 2 cycles

The operating and reset tlme of the
at rated voltage or current

(60 cycle basis).

CONSTRUCTION
The standard relay 1s furuished 1in two
forms: A front-connected, open-type and a

rear-connected, enclosed—type. The operating

elements are identical in the two types and
conslst of four parts: core, yoke, armature
and coil.

The open-type relay normally is provided

with two contacts and 1s shipped with Dboth
stationary contacts arranged to close when the
or both

contacts can be converted qulckly into a break

relay ls energized. However, either

EFFECTIVE 9-47
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contact merely by removing the screw which
holds the statilonary contact bracket and turn-
ing the bracket over. After tightening the
screw, the contact bracket may be bent slight-
ly with the fingers irf necessary to change the
When the
make contacts are closed, <the moving contact

back contact follow or alignment.
fingers should be deflected approximately
3/64" measured at the contacts, or slightly
over 1/32" measured at the upper edge of the
molded armature block. The assembly of the
moving contact fingers on the armature block
is arranged to provide spring follow with
elther make or break statlonary contacts. The
closed-type relay is provided with two make
and two break stationary contacts with the
moving contacts common, and the open-type
relay is provided with such a contact arrange -
ment for applications which require it.

Relays for use on A-C are assembled with a
thin bronze washer between the yoke and core.

A brass screw holds the yoke and core together.

This washer helps to prevent the armature from
belng held closed by residual magnetism after
the relay is de-energlzed. In case the relay
should be dismantled, 1t is important that

thils washer be replaced on re-assembling it.

CHARACTERISTICS

All relays should pick up on 80% of the
nameplate voltage rating. No adjustments are
provided for varying the pilck-up. The arma-
ture will open at 30% or less (on D-C) and at

60% or less (on A-C).

The volt-ampere burden at rated voltage (60
cycles) is 10, at a power-factor of approxi-
mately 50%. The watt consumption at rated D-C
voltage is 3.5.

Each contact will carry 12 amperes continu-

ous and 30 amperes for one minute.

The contact interrupting ratings are as
follows: All values are non-inductive

currents.

External connection's may be made with the
contacts in series if desired.

INTERRUPTING RATING IN AMPERES

"D-C A-C .

D-C 2 Contacts 1 Con-
Volts 1 Contact in Series tact
24 15 50 50
48 8 35 45
115 2.4 20 30
230 0.75 2.5 20
550 0.25 0.5 10

REPAIRS AND RENEWAL PARTS

Major repalrs can be most satisfactorily
done at the factory or Westinghouse Service
Shops. However, for customers equipped to do
thelr own work, parts may be furnished on
order. 1In ordering any part or requesting any
other information, always give entire name-

plate reading.
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Fig. 1—Outline and Drilling Plan for the Closed Type SG
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Fig. 2—Outline and Drilling Plan for the Open Type SG
Auxiliary Relay. For Reference Only
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INSTALLATION

1. L. 46-727-1

OPERATION + MAINTENANCE

INSTRUCTIONS

“DE-ION’ ARRESTERS

FIG. 1. “De-ion'’ Arrester Mounted Internally

THE *‘DE-ION*’ ARRESTER is a device which
provides surge or lightning protection for electrical
equipment. It differs from a plain gap in that it
interrupts any power follow current within one-
half cycle. It is designed to handle exceptionally
high surge currents and will even discharge direct
strokes of lightning successfully. Internally and
externally mounted units are shown in Figures 1
and 2, respectively.

RECEIVING

“De-ion"" arresters will normally be shipped as-
sembled with the apparatus with which they are to
be used. In any case where they are not, care
should be taken to see that they are not stored in
any place where water could enter the discharge
opening of the arresters or where their packing may
become water soaked. Humidity should also not be
excessive (over 80% R.H.) for extended periods of
time.

FORMER |I. L. 3206-A REVISED

INSTALLATION

The “De-ion’’ arresters will normally be installed
and adjusted at the factory on the apparatus with
which they are to be used. However, when received,
the air gaps should be checked to make certain
that they still are in adjustment. The series gap
should be set at 14 inch and the shunt gap at i% inch
as shown in Fig. 3.

The sketches in Figure 3 show typical internal
and external mountings; mechanical details will
differ on some apparatus.

OPERATION

The "De-ion" arrester consists of two metal elec-
trodes separated by a slotted fiber diffuser sec-
tion. When an excessive voltage appears across
the terminals of the arrester, a flashover takes
place from one electrode through the slots of the
diffuser section to the other electrode. The volt-
age between the two electrodes then drops imme-
diately to a very low value. Should this flashover

FIG. 2. *‘De-ion'’ Arrester Mounted Externally

EFFECTIVE MARCH, 1947



“DE-ION’/ ARRESTERS

TANK WALL

“DE-1ON" ARRESTER

TO BUSHING

ARRESTOR

ELECTRODE & OUTLET
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STRAP
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A\ NUT
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B E

FIG. 3. “De-ion’’ Arrester: (A) Typical Internal Mounting; (B) Typical External Mounting

take place at a time when the power voltage is of
sufficient magnitude to produce and maintain an
arc against the deionizing action of the arrester, a
flow of power current will follow the surge. This
power current is limited to a value less than 500
amperes by the resistor which is in series.

The heat from the current which flows through
the slots of the fiber diffuser causes gas to be
driven off from the slot walls. This gas mixes into
the electrical discharge in such a way that at the
first current zero of the power current, the dis-
charge is deionized by the un-ionized gas and
the current is not built up in the opposite direction.
There is no minimum power current below which
the arrester will not interrupt.

There is a series air gap between the “De-ion’
arrester and resistor. The purpose of this gap is
to prevent any possibility of leakage current through
the “De-ion'’ arrester.

The resistor is provided with a shunt protective
gap which flashes over when the surge current
reaches about 10,000 amperes. This limits the
voltage, due to IR drop, which would be applied to
the electrical equipment and also by-passes around
the resistor the large amount of energy in a direct
stroke. Experience has shown that when surge cur-
rents are in excess of 10,000 amperes, the deion-
izing action of the surge current alone is sufficient

WESTINGHOUSE EL
SHARON WORKS o
SHARON, PA.

TRANSFORMER DIVISION )

to prevent power follow current so that the resistor
is not needed and it can be shunted out by the gap.

MAINTENANCE

Normally, no maintenance is required of "De-ion"’
arresters. If the apparatus to which the “"De-ion”
arresters are applied is reconditioned, care should
be taken to keep paint off all porcelain surfaces.
Neither the resistor nor the arrester proper (in-
ternal mounted arresters) should be refinished
with a type of paint which might have electrical
conduction properties.

RENEWAL PARTS

In case renewal parts are required, these should
be ordered through the nearest Westinghouse sales
office. A description of the part wanted should be
given as well as the serial and stock order number
appearing on the nameplate of the complete appa-
ratus. Due to manufacturing problems, repair part
details will not be furnished for the “De-ion”
arrester proper; instead a complete new arrester
will be shipped. Repair resistors or mounting de-
tails may be ordered, however. When installing
“De-ion'’ arresters inside other apparatus, care
should be used to mount the arresters in exactly the
same position as the original arresters so that ade-
quate electrical clearance will be maintained from
the high voltage ends of the arresters.

ECTRIC CORPORATION
EMERYVILLE WORKS
EMERYVILLE, CALIF.

Printed in U.S.A,
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TRANSFORMER OPEN AIR BREATHER

REMOVABLE PIPE PLUG
A | 1"SERVICE ELBOW B

L] /
I"STD. PIPE 7

1“DIA. HOLE
IN TANK WALL o

1"STD. PIPE cAP
BRASS AIR SCREEN
COVER OF TANK

PIPE COUPLING

WELD ALL AROUND

c | :3 PIPE REDUGER

SERVICE ELBOW

PIPE NIPPLE
PIPE CAP

. | <_PIPE CAP

BRASS AIR SCREEN

Fig. 1 (A) For Mounting on Main Cover, Manhole or Handhole Covers; (B) For Mbounting on Tank Wall;
(C) For Special Mounting and Attaching to Standard Pipe.

OPEN AIR BREATHERS are used where it is
necessary to provide for free breathing to the inside
of transformer tanks and for venting gases generated
in tap changer compartments of regulators where
taps are changed under load. The device consists
of pipe fittings and a fine screen at the vent end
to exclude insects or foreign matter.

The breather is assembled in several different
arrangements to fit the particular application. See
Figure 1. The fittings have standard pipe threads
and the brass air screen is held in place by a pipe
cap with the end drilled out.

RECEIVING

The breather is shipped as a detail. The mounting
hole in the tank cover or tank wall is plugged with
a removable pipe plug.

INSTALLATION

Remove pipe plug and screw the service elbow
of breather into place on the cover or tank wall as
shown in Figure 1 and then complete the assembly.
The brass air screen must be at the bottom.

MAINTENANCE

Normally the only maintenance required is the
periodic cleaning of the brass air screen. This
screen may be removed and cleaned by first re-
moving the pipe cap holding it.

When ordering renewal parts, include all infor-
mation contained on the name plate attached to the
transformers. Address all correspondence to the
nearest Westinghouse District Office.
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