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This instruction book has been prepared to assist the purchaser to propefly install,
operate and maintain the type URF Step Voltage Regulator supplied by Westinghouse. The
information presented is based on the best practical judgment of Westinghouse engineers
gained from design and installation of this apparatus and from reporte@experience of
users of similar equipment.

@ Westinghouse @

KVA-CONTINUOUS 55°C. RISE
INSTALL AND OPERATE
URF AS PER

INSTRUCTION BOOK

} VOLTAGE REGUIATOR |  47-0e0-so

SINGLE PHASE 60 CYCLES
SEE INSTRUCTION PLATE

INSIDE CONTROL CABINET

VOLTAGE BUSHING LOCATION FOR ADDITIONAL
INFORMATION

CAUTION: OPERATE

T0 NEUTRAL AND OPEN
CONTROL CONTROL BREAKER
BEFORE BY-PASSING

AMPERES

SERIAL NUMBER 1S STAMPED IN TANK METAL BELOW THIS PLATE

149P8Q8HOI-A WESTINGHOUSE ELECTRIC CORPORATION MADE IN U. S. A.

The,information appearing on the nameplate of your particular regulator may be copied
in the'lanks above for your convenient future reference.

Read this book before installing and operating your regulator.

oy,



General Information

APPLICATION

Westinghouse distribution type feeder volt-
age regulators are designed to maintain
proper load center voltage by automatically
correcting for changes in supply voltage
and for voltage drop from the regulator to
the load center. Westinghouse distribution
regulators are completely automatic and
self-contained.

Westinghouse URF distribution regula-

tors are available in 2500, 5000, 7620, 13800 -

and 14400 volt ratings.

OPERATING LIMITS

1. Voltage and Current Limits, Standard
Westinghouse distribution voltage, regula-
tors are built in line with currentiapplicable
ASA, AIEE, NEMA and EEI-NEMAwStand-
ards.

The regulators are designed to operate
at rated current over,a voltage range as
specified in Table IN4See, Table I, page 6.)

A regulator ig a eurrent rated device
and this rating must _not be exceeded on a
continuous basis’ regardless of voltage.

Example, “a, 7620 volt, 219 ampere, 167
KVA regulator “may be operated at 5000
volts ati2d9 amps and 109.5 KVA.,

2. Definition of Nameplate Values.

(a) Rated voltage is the input voltage on
which performance characteristics are
based.

(b) Rated current is the allowable con-
tinuous load current at rated voltage and
+ 10% regulation,
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(c) Rated KVA is rated voltage x rated
current x .10/1000y

(d) Impedance - %, impedance shown on
nameplate is based on” a line KVA of 10 x
rated regulatory, KWA, and on regulator
rated voltageyand current.

3. Operating Ambient Temperature. Am-
bient temperature should not exceed 40°C
(1049F) mor, exceed an average of 300C
(86©9F) in a 24 hour period.

Fig. 1 - External View of URF Regulator
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TABLE I
Preferred Voltage Ratings for Regulators
REGULATOR OPERATING VOLTAGE LIMITS *
VOLTAGE RATING
NOMINAL VOLTS Input Voltage - Volts Output Volfage.- Volts
SYSTEM - At
Maximum At axgdmum
VOLTAGE Single Minimum Rated Load Maximum At Minimdf Rated Load
Phase Amperes No Load Amperes or
At No Load
2400 2500 2125 2625 2750 2250 2750
2400 /4 1 60Y 2500 2125 2625 2750 2250 2750
4800 5000 4250 5250 5500 4500 5500
7200 7620 6290 8000 8380 6860 8760
4800/8320Y 5000 4250 5250 5500 4500 5500
12000 12000 10200 13200 18720 10800 13720
7200/12470Y 7620 6290 8000 8380 6860 8760
7620/13200Y 7620 6290 8000 8380 6860 8760
13200 13800 11730 14500 15180 12400 15180
14400 13800 11730 14500 15180 12400 15180
14400/24940Y 14400 12240 15120 15840 12960 15840

* Includes all voltage tolerances

4. Installation Altitude. The regulator
may be operated at full KVA at elevations
up to 3300 feet (1000 meters). When used
at higher altitudes than 3300 feet the KVA
must be reduced as specified in ASA Stand-
ards.

5. Surge Protection. Standard pegulators,
except 14,400 volt units, are ayailable either
with or without arresters. When a“regula-
tor is purchased with De-igh'® a¥resters,
no additional surge protection ig required.
When a regulator is pupchased without
arresters, suitable protection must be pro-
vided at the time of installation.

The most réliable method of regulator
protection is by means of an arrester be-
tween the S-1 terminal and ground plus a
second arrester between the L-1 terminal
and ground. An ‘alternate method of pro-
tection is By means of a by-pass arrester
connected'between the S-1 andL-1terminal
plus a%second arrester connected between
either ‘the S-1 or L-1 terminal and ground.

Invaddition to the above arresters, a
third arrester must be connected from

S2L.2 to ground unless this terminal has
been solidly grounded.

Table II lists the proper arrester gap
settings. The correct gap dimension will
also be found etched in the porcelain near
the bottom of the arrester.

TABLE II
Lightning Arrester Gap Settings

ARRESTER ARRESTER REGULATOR
KV RATING GAP SETTING VOLTAGE RATING
3 I /un 2500
6 3/8" 5000
10 /2" 7620
15 3/un 13800

The tank should be solidly grounded.
The control cabinet should also be solidly
grounded whenever it is mounted separately
from the regulator tank.

6. Short Circuit Ratings. URF Regulators
will withstand a short circuit of 25 x rated
current for 2 seconds or 40 x rated current




for 0.8 second. Where system fault cur-
rents would exceed these values, use of
current limiting reactors is recommended.

7. Potential Transformer Ratios. The
auxiliary windings have the potential ratios
indicated on the regulator nameplate. All
auxiliary windings have sufficient capacity
for a recording voltmeter. The nameplate
in the Regulator Control Cabinet should be
checked for the ratio of a particular unit.

8. Current Transformers. All URF Reg-
ulators are provided with a tapped current
transformer having a secondary current
rating of 0.24 amperes with 60%, 100%, or
160% rated current with the exception of
those units in which 160% currentis greater
than 668 amperes. This current trans-
former is designed to operate the regulator
control with ASA Class I accuracy. The
addition of the usual meter burden will not
appreciably affect this operation, and this
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current supply may, therefore, be‘used to
operate athermal ampere demandiindicating
or recording ammeter for load checking.
It is not intended, however, that this cur-
rent transformer be used for metering.

The 60 percent PatiogiS to permit full
load compensationmat 60 percent of rated
current and the 160 percent ratio for the
higher currentsyasseeiated with Load Range
Selector operationjef the regulator.

Selection ofythe proper current trans-
former gatio, is made by use of the Cur-
rent Selector switch on the control panel.
A (tabulation on the instruction nameplate
indicates the proper ratio to be used for a
givenoperating condition.

9% 4 Overload Capacity. URF Regulators
may be overloaded in accordance with ASA
Guides C57.95.

Description

The URF Regulator provides voltage reg-
ulation of 10% above and below incoming or
source voltage in sixteenil-W4% steps. The
regulator is complete including oil and is
ready for installation. % Devices mounted
on the tank include_the, position indicator,
the control cabinet, and provision for sam-
pling and draining, the tap changer com-
partment and the main tank oil independ-
ently of ea¢h other,

Thefregtlating transformer, preventive-
auto, ‘eurrentf/ transformer and load tap
changer aredmounted as an assembly in a
common end frame and lowered into the
tank as a complete unit. Anauxiliary wind-
ing on the regulating transformer supplies
control power and voltage.

CONTROL EQUIPMENT

Figure 2 shows the URF control equipment
which is mounted on a hinged glass rein-

forced polyester panel housed in a weather-
proof control cabinet which in turn is
mounted on the regulator. A plug type
connector is used to connect the control
cabinet to the control components in the
main tank making it easytoremovethe con-
trol cabinet for remote mounting. Flexible
control lead assemblies of various lengths,
complete with a plug-type connector are
available for this purpose. The only wiring
required at the installation site is to cut
the cable to the exact length desired, in-
stall terminals on the conductors and con-
nect them to the block in the cabinet.

The URF Regulator control equipment
is designed around the CVR Voltage Reg-
ulating Relay. The CVR Relay is mounted
in the regulator control cabinet. Themajor
components of the CVR Relay are an in-
duction disk type voltage sensing element,
two pilot relays, two auxiliary relays, and
a reactor. All components are in a draw-
out chassis so that the complete relay may



Page 8

be interchanged between units or removed
for testing and inspection. The Flexitest
switch base is made an integral part of the
CVR Relay tofacilitate connecting and test-
ing the relay.

The case in which the CVR Relay is
mounted for the URF regulator control is
equipped with the mating portion of the
Flexitest switches.

The function of and more detailed in-
formation on the controls are given in Part
IV under Settings and Adjustments.

Fig. 2 - Regulator Cofitrgl Panel with
Cover Removed fromfCVR Relay

LOAD TAP CHANGER

The controlled, sheckless, fast action of
the URF tap changer is obtained by use of
a direct Geneva gear drive mechanism
(see Figures 3 and 4).

Succesgive taps of the regulating winding
are connected to stationary contacts ar-
ranged \in two circles on a Micarta® in-
sulating““panel which forms the back wall
of, theitap changer. A central contact in
each circle is connected to one end of the

preventive auto-transformer. The moving
contact for each circle bridges from the
center contact to the successive tap con-
tacts as it is rotated by a shaft from ghe
operating mechanism.

In changing taps, startingwith’both mov-
ing contacts connected to the,same tap, one
moving contact rotates to thejnext tap or
stationary contact while, the other moving
contact remains stationaryyInthis position,
the two ends of the preventive auto-trans-
former are connectedyto adjacent taps of
the regulating transformer series winding.
This is known dsa bridging position. The
preventive auto=transformer is designed to
operate continuously in this manner. To
make the second$ap change, the other mov-
ing contaet ¥semoved to the nexttapto short
the preventive auto-transformer by con-
necting both ends to the same tap of the
regulator series winding.

Fig. 3 - URF Tap Changer with Side
Panels Removed



The selector switch stationary contacts
are tipped with a special arc resisting
alloy. The moving contacts are self-align-
ing contacts made of sintered-tungsten
alloy.

A reversing switch automatically con-
nects the series winding of the regulating
transformer to either raise or lower the
output voltage.

When the tap changer is on the "Lower"
positions, the reversing switch connects
lead TC2 to lead 8. On '"Neutral” and in
the '"Raise'" positions the reversing switch
connects TC2 to 3. The reversing switch
changes from 3 to 8 while both selector
switches are on tap number TC2 so that
the reversing switch does not break load
current. (See Figure 6.)

The mechanism is powered by a 1/30th
horsepower capacitor type motor which ig
directly geared to a Geneva piniontEor a
single tap change the Geneva pinion makes
1/2 revolution but the Geneva geamand tap
changer contact moves only 1/5 revolution.
Because the moving contact arm,is“locked
in position during much of the/mévement
of the Geneva pinion, it ig®not,necessary
that the motor and Geneva pinions stop in
an exact position. The§pmay’drift within
liberal limits without meving the tap
changer contacts. “A brake consisting of a
spring-loaded arm_gziding,on a figure eight-
shaped cam insures that the Geneva pinion
will stop within these limits.

Figupe 4%llustrates the operation of the
Genevaf Gears %in the tap changer mech-
anism.y If should be noted that the Geneva
pinion "Al, 4s positively geared to the op-
erating motor at all times. To make a
tap change the following sequence of op-
eration‘is followed:

Illustration 1. Prior to any movement,
the two Geneva gears "E'" and "F'" are
locked into position at points "B" by pinion
"A", This means that the contacts cannot
move except when an actual tap change is
in progress.
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Illustration 2. Pinion "A" has made
one~-quarter revolution and pin C'’Yhas en-
tered slot '"D" and has caused Geneva gear
"E" to rotate 36 degrees from position
shown in (1), bringing the moving contact
to a point halfway between the stationary
contacts.

Illustration 3¢ jWPinion "A'" has com-
pleted one-half “revolution. Slot "D" has
rotated 72 degrees™from position shown in
(1) and is few locked onto the next sta-
tionary comtact;®This constitutes one com-
plete tapychange or a 1-1/4% step.

Illustration 4. Pin "C" has entered slot
"GY, on Geneva gear "F'" and will cause
another tap change to be made similar to
that ‘described in (2) and (3). When pinion
MA'" returns to the position shown in (1), it
wil? have changed the voltage 2-1/2% in
two 1-1/4% steps.

(- SHAFT TOMOVING CONTACT ARM.

Fig. 4 - Schematic of Geneva Gear Drive
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The tap changer is enclosed to prevent
the free inter-change of tap changer oil
with transformer oil. It is bolted securely
to braces on the vertical uprights of the
internal assembly. A sump at the bottom
of the tap changer collects sediment and
permits complete drainage of the tap
changer compartment through a drain pipe
which extends through the outside wall of
the regulator.

Cam operated limit switches prevent
the tap changer from going beyond the
limits in either direction. Another switch
operated by a cam on the Geneva pinion
shaft works in conjunction with the control
relays to operate the motor and stop the
contact arm on position.

POSITION INDICATOR

The URF Regulator is equipped with a
position indicator which shows the tap
changer position at any time.

Resettable maximum-minimim/ indi-
cating hands show the range over which the
tap changer has operated $Since it was last
reset.

"Load Range Sele€tor'|limit switches
are incorporated intesthepositionindicator.
These limit switches may be set by means
of knobs outsidegtheéyindicator housing to
limit the range| of ®egulation to 5, 6-1/4,
7-1/2, 8-3/4y0r{109% raise or lower. Sep-
arate settings are provided for raise and
lower limits,

Installation

RECEIVING, HANDLING AND STORING

URF Step Voltage Regulators are shipped
completely assembled. Immediately “on
receipt, shipments should be checkéd for
possible damage or shortages. Any short-
age or damage should be reportedyto the
transportation company.

The URF Regulators may be lifted by
means of lifting lugs welded, to' the tanks.

These regulators“aresbuilt for outdoor
service, therefor€, no unusual storage pre-
cautions are negcessarys It is preferable
to store them in 10cations wherethe humid-
ity is not extremely high.

PREPARATION FOR INSTALLATION

The URT,Step Voltage Regulator has been
carefully inspected and tested atthe factory
before “shipment; however, it should be in-
spected prior to installation, observing the
following items:

1. Test a sample of the oil from the reg-
ulator in a standard oil test cup. Oil suit-
able for use in a regulator should test at
least 26 KV. In no case should a trans-
former or regulator be energized when
the oil tests less than 22 KV. If moisture
is indicated, the oil should be removed
and filtered and the unit should be dried.
Oil removed from the regulator should be
replaced with clean dry oil. Before en-
ergizing the regulator check to insure that
the oil level is up to the cold oil level
stenciled on the inside of the tank wall.

2. If lightning arresters are furnished,
the air gap should be set at the spacing
stenciled on the arrester porcelain. See
Table II for gap settings when mounting
the arresters on the tank. Adjustments
are provided in both the vertical and hor-
izontal directions. See Figure 5.

3. The URF Regulator is shipped with the
tap changer on neutral position. The in-
ternal connections for various tap changer
positions are shown on the nameplate lo-
cated in the control cabinet. Figure 6
shows a typical nameplate.



Fig. 5 - Valve Type Arrester
Air Gap Adjdstments

4. Before operatingy theyblocking should
be removed fromgthe type CVR Voltage
Regulating Relay.

Make sure that 3ll parts of the CVR Re-
lay operate“freely/and inspect the contacts
to see#that they are clean and close
properly.

CHECKING OPERATION OF CONTROL

Electrical tests can be made by applying a
variable voltage source to the test ter-
minals of the control panel.

NOTE: Be sure the control circuit breaker is in
the off position and the link G to TT2 is dis-
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connected before applying test voltage§ Other-
wise the regulator may be energizedsthru the
potential circuit producing high voltages. Do
not use more than 10 ampere fuses in the supply
circuit.

The following sequence of tests is rec-
ommended.

A. Apply 120 volts, (or the voltage at which
the voltage regulating relay is balanced) to
the test terminals and then place the con-
trol selector“switch on the Raise or Lower
position. “The tap changer will run to the
raise gorplower limit without pause de-
pending fon “whether the control selector
switch, iswleft on the Raise or Lower po-
sition. “Return tap changer to Neutral po-
sition,

By Place the control selector switch on
Auto and reduce the voltage two volts below
the balance voltage. After a time delay
the CVR Relay contacts will close and the
tap changer will operate in the raise di-
rection with a short pause between steps
until the limit position is reached.

NOTE: Bear in mind that the relay is not regu-
lating the external voltage; therefore, the voltage
on the CVR Relay is unchanged and the tap
changer will operate until a limit position is
reached.

C. Now raise the voltage to two volts
above the balance voltage and a similar
sequence of operations will take place in
the lower direction.

REDUCED CAPACITY OPERATION

All standard 5000, 7620 and 13,800 volt
URF regulators are provided with taps in
the auxiliary winding for operating the
regulator at reduced voltage. When op-
erated at reduced voltage the current rating
of the regulator must not be exceeded. The
correct control voltage is obtained by move-
ment of a Faston tab on the terminal block
under the handhole cover. Refer to the
wiring diagram and regulator nameplate
for proper control connections. The exact
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control voltage ratios are indicated on the
regulator nameplate inside the control cab-
inet. See Figure 6, page 12, for a typical
nameplate,

For a typical 2500 volt regulator lead
X1 would be connected to terminal 16 (lead
TA) on the terminal block for the ratio of
2500 to 125,

In a typical 5000 volt regulator (which
has additional tapsinthe regulator auxiliary
winding), for 5000 volt operation connect
lead X1 to terminal 14 (lead TC). For 4330
volt operation connect lead X1 to terminal
15 (lead TB). For 2500 volt operation con-
nect lead X1 to terminal 16 (lead TA) on
the terminal block.

In the typical 7620 volt regulator lead
X1 is connected to terminal 13 (lead TD)
for use on a 7960 volt line. Lead X1 is
connected to terminal 14 (lead TC) for use
on a 7620, 7200 or 6900 volt line{. Lead X1
is connected to terminal 15 (lead¥IB) for
use on a 5000 volt line and lead X, is%con-
nected to terminal 16 (lead TA)fora 2500
volt line.

In the typical 13,800 velt regulator lead
X1 is connected to, terminal 13 (lead TD)
on the terminal bloek for 14,400, 13,800,
and 13,200 volt gpération. However, for
12,000 volt operation jlead X1 is connected
to terminal 14m(lead TC) on the terminal
block. Lead Xldsfeconnected to terminal 15
(lead TB) for usefon a 7960 line. Lead X1
is connected to,terminal 16 (lead TA) for
use on, af 7620, 7200 or 6900 volt line.

The control voltage is not the same for
all these connections. This must be con-
didered in setting the balance voltage of
the, CVR Relay.

NOTE: The operator should always use the
nameplate information to make these connections
rather than to use the typical connection cited in
the instruction book.
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MOUNTING, CONNECTING AND
DISCONNECTING THE REGUDIATOR

The URF Regulators are provided with a
base having four mounting holes for bolting
to a pad or platform.

For operating convéenience combination
disconnecting and by=passing switchesorat
least three discounect switches should be
used for conneeting, disconnecting and by-
passing the4gegulator. This facilitates in-
stalling andyservicing the regulator without
taking the lin® out of service. In general
it is desirable to use a fourth disconnect
between) “821.2 and the common line, or
reutral so that the unit may be completely
isolated from the lines whenbeing serviced.

In" some cases the S2L2 disconnect may
not’be required. This must be determined
by system rules and by the conditions of
grounding on the system.

CAUTION: When connecting a regulator to the
line it is extremely important that the regulator
be operated to NEUTRAL position. If this is
not done there is danger of a short circuit on the
series winding of the regulator. The following
procedure should be followed when connecting
the regulator to a line without removing the line
from service.

1. Operate the Quicklag breaker on the control
panel to the open position and the Control Selec-
tor Switch to the OFF position.

2. The neutral disconnect should be closed or
a solid connection made to the system neutral.

3. Close the source disconnect switch. The
regulator is now energized.

4. At this point the control panel and voltage
regulating relay settings should be made, follow-
ing settings and adjustments. See |.B. 47-431-7.
This can be done either by using a separate
voltage source or by using the control voltage
obtained from the energized regulator.

5. After completing step 4, operate the load
tap changer to the neutral or by-pass position.
Open the Quicklag breaker if it was closed in
step 4 above.
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SOURCE

LOAD

Fig. 7 - Single Phase Connections

6. Close the load disconnect switch.
7. Open the by-pass switch.

8. VWith the adjustments and settings made, the
Quicklag breaker may be closed and the control
switch set for automatic operation. The URF
regulator will now operate to maintain load cen-
ter voltage at the desired level.

The following procedure permits disconnect-
ing the regulator without interrupting load:

1. Operate the tap changer to neutral position
by means of the Control Selector Switch.

2. Open the Quicklag breaker to de-energize
the control circuit.

3. Close the by-pass switch.
4. Open the load disconnect swifch.

5. Open the source disconnect switch.
The neutral may nowsbeéwdisconnected.
Where a combination( by-péiss and discon-
nect switch is ysed, thefegulator must be
on neutral position before this switch is
operated.

THREE PHASE OPERATION

For 3-phase, 3-wire circuits, two single
phase units, may be used in open delta, or
three single phase units may be connected
in closed delta. When three regulators are
conneeted in a closed delta bank, the bank
willy,provide approximately plus or minus
fifteen percent range of regulation with an

accompanying phase, shift. The bank cur-
rent capacity igmtheWsame as the single
phase current rating.

Single phaseWURF Regulators are in-
sulated for 6peration in banks of three units
connected imywye on 3-phase, 4-wire cir-
cuits, gprovided the neutral of the regulator
bank “is, connected to the system neutral,
regardless of whether or not the system
neutral is grounded. If the system neutral
18 notfavailable the URF Regulators must
not be connected in wye. When connected
for 3-phase operation each regulator op-
erates independently from the other reg-
ulators in the bank and may be treated as
a single phase unit and directions for by-
passing are the same as for single units.
These connections are illustrated in Fig-
ures 8, 9 and 10,

MOUNTING CONTROL REMOTELY

It is sometimes desirable to locate the
control cabinet remotely for convenience
in servicing and inspecting the control.
To do this proceed as follows:

1. Operate regulator to Neutral and open
the Quicklag breaker.

2. By-pass the regulator.

3. Disconnect the flexible lead from the
tank and from the control cabinet.

CAUTION: The _confrol cable contains current
transformer leads which must not be discon-
nected while the unit is carrying a load.
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REGULATOR #1

REGULATOR #2

Fig. 8 - Two Units, Open Delta Connected on a Three Phase, Three Wite Circuit - Phase Sequence ABC
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Fig. 9 - Three Units, i)elta Conneéted, on,a Three Phase, Three Wire Circuit - Phase Sequence ABC

——

o ¢
Si €Ll SI L
S22 [ s2-L2

E

REGULATOR #1! REGULATOR

. + N

#2 REGULATOR #3
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Fig310# Thrée Units, Wye Connected, on a Three Phase, Four Wire Circuit - Phase Sequence ABC

4, Remove the control cabinet from the
regulator tank.

9%y, Mount the control cabinet to the pole
in) the selected location and solidly ground
it.

6. Plug an appropriate length cable into
the tank connector, connect lower end to

control cabinet terminal block and tighten
cable clamp. Connector cables may be
purchased from the Renewal Parts Section,
Sharon Plant where they are stock items
in 5 ft. increments of length.

7. Re-energize the regulator.

8. Place the Control Selector on "Auto",.
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Fig. 11 - Disconnecting Flexible Cable from
Regulator Tank

NEOPRENE SHEATHED
CABLE

CONNECTOR

CONTROL
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LAG TOP
Ll AND’'BOTTOM

Fig. 12ypRemote Mounted Control Cabinet

Settings and Adjustments

GENERAL

All settings and adjustments tothe madeon
the URF Regulator are on the controlpanel
except for the Load Range Selector Settings
on the position indicator. The,settings that
can be made are voltage level Wpandwidth,
time delay, reactance and resistance line
drop compensation, linesdrépsompensator
polarity and currentf trassformer ratio.
Voltage level, bandwidthgand time delay
setting and/or adjustments are made within
the voltage regulating relay itself. Re-
actance and resistance line drop com-
pensation, current“transformer ratio se-
lection, and line drop compensator polarity
settings are made by use ofrheostatsor tap
switches,j mounted on the control panel.
See I.Bn47-431-17.

The 'main difference between the CVR
Comtrol described in I.B, 47-431-7 and
the \URF Regulator CVR Control is that
the"AR and AL relays of the CVR energize

the R and L Contactors in the URF Reg-
ulator to operate the motor in the raise or
lower direction rather than to operate the
motor directly.

POSITION INDICATOR

The URF position indicator shows the posi-
tion of the tap changer. A pair of red
maximum and minimum position indicating
hands shows the maximum range over
which the tap changer has operated since
the indicator was last reset.

These maximum-minimum indicating
hands are reset by depressing a large
spring loaded plunger in the bottom of the
position indicator. A hot stick or suitable
pole may be used to depress the reset
plunger from the ground on platform

mounted regulators, (Fo i
data refer to Table II1.) T curTent rating



“'
/R%nn 6 }
l-:8

Fig. 13 - Position Indicator with Load
Range Selector

LOAD RANGE SELECTION

Load Range Selection limit switéhes are
built into the position indicator. “Fhey may
be set to limit the range of regulation to
values other than plus or minus 10%. “The
raise and lower ranges are ihdependently
adjustable by means of knobs” at the sides
of the position indicator fassembly. To
change the range of regulation, depress the
knob and turn it. Thegnew range of reg-
ulation will be shown by indicators which
may be seen through, calibrated slots in
the indicator dial #~When Load Range Se-
lection Operation is tojbe set up, a current

TABLE III
Load Range Selection
POSITION % RATED
INDICATORCL IMMT LINE RANGEPERggé?:IONS
SWITCH SETTING | AMPERES *
10% 100 8R to 8L
8-3/u% 10 7R to 7L
7-1/2% 120 6R to 6L
6-1/u% 135 5R to 5L
5% 160 4R to UL

* This current limit must not exceed 668
Amperes.
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transformer ratio is to be selgcted by use
of the Current Selector Switchien the con-
trol panel. See Instruction Platefor ratio
to be used.

CONTROL PANEIL, SETTINGS

The Test VoltagemRheostat Control is a
combination motor £ireuit interlock switch

LINE DROP COMPENSATOR |-

Wox 0%

“©%

CURRENT SELECTOR

W%fwnﬁhouse .

m“‘l
I

Fig. 14 - Typical Adjustment and Control
Switches Associated with the CVR Relay
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and voltage adjusting rheostat. The knob
is in the MOTOR-ON position for normal
operation. With the knob on or past the
MOTOR-OFF position, auxiliary voltage is
applied to the control circuit through the
voltage adjusting rheostat. This rheostat
provides a means of varying the voltage
applied to the control for test purposes.
When on or past the MOTOR-OFF position
the motor circuit interlock switch is open,
preventing the tap changer from operating
in response to voltage variations caused
by use of the rheostat.

The five position control selector switch,
LOWER-OFF-AUTO-OFF-RAISE serves
as a combination automatic-manual and
raise lower switch. When the switch is on
AUTO position, the regulator is on fully
automatic operation. When the switch is
turned to any other position, the regulator
is being manually controlled.

The regulator is equipped with line drop
compensation set by the four knobs on the

lower left portion of the control panel. The
Resistance and Reactance Volts settings
determine the resistance or reactancevolts
inserted into the control circuit when rated
line drop compensation current is flowing.
The Current Selector Switch® connects
proper taps of the curreant transformer
so that rated current flows in“the 4ihe drop
compensator when the linesfurrent through
the regualtor is 60%, 100% /for 160% of the
nameplate current rating. The switch
should always be omn, thehshort position
when the CVR relay,is®wemoved from its
case.

The polarity switch is set on the + R + X
position fofynormal operation, on +R =X
for parallelingiunits by reverse reactance,
and ondany position as required by the
Wagner , seheme for operation of units in
delta ortepenvdelta.

Detail instructions for setting the line
dpop/ eempensation are outlined in I.B.
47-431~7.

Operation

LOAD TAP CHANGER

A diagram of connectionsWoff' the typical
URF Regulator is shownsschematically in
Figure 15. For dny particular regulator
the diagram listed omy the regulator in-
struction platef should, be used for detail
connections,. The instruction plates do
not show the cont®¥gl circuit connections.
The taps from the regulating transformer
windings are brought to load tap changer
contacts for automatic +£10% regulation.

The selector switches perform all the
load Sswitehing operations. All arcing is
confined to these switches. In a typical
sequence of operations starting with both
moving contacts on terminal TC~2 (neutral

position on the position indicator), op-
eration of the motor in the lower direction
causes the 120 switch to close. As soon
as the 120 switch closes the tap changer
runs automatically until one moving con-
tact stops on tap 7 while the other contact
remains on terminal TC-2., This is po-
sition 1 Lower on the position indicator.
The reversing switch moves from 3 to 8
before selector arm R1 moves from con-
tact TC-2 to 7 and connects the series
winding for lowering the load voltage from
the source voltage. The next operation of
the tap changer moves the other contact
from tap TC-2 to tap 7. This is position
2 Lower on the position indicator. The
complete sequence of operation is outlined
in Table IV.



Page 19

s2-L2 si L
ifi ‘
RI R4
PREVENTIVE
AUTO
TRANSFORMER
) )
T
T2 TI
53 e AT M
CURR. .
e —0 +
SELECTOR G
SWITCHES POSITION
- u drizo CHeXed U 4y g INDICATOR
= T
s
5 6
f ‘ra 7? s2
i !
SHUNT WINDING
1 2 3 {a [5 |6 7 _le
S
REGULATIN TRANSFORMER SERIES WINDING
___J:“V‘\’VTVTV]
avxiLiaryltc |18 Ira
WINDING
Xi l
le v de UF JE vH MAIN TANK k ba Jo Jo
CONTROL COMPARTMENT v o vy
.||-0~f Y
LA ~
aB TaMC _1AMC | .AMC
T -‘ A TR
M
cs28 48 @
— Jcs
cs3p r
) * 120 |120 o Q‘D QD
c . 12
sse RHS PRI i A I 3
cseB T
CSIA (RE @
cé‘:ﬂ AL L LaL fAL
\
¢ iarée 1aR '
» * E
c X0 J XA B
g ¥ levgen] ]
Lad 1
XRSW;IA_.ZATBATQA#.SAIG TELT
py bfwf—uﬂ
TR s i A
st’F'B'rzsﬁr SBy88y78 78R TAL) @ JI:AL TAR oC 1L TR
6 _TT2 LG i
Q, O
LEGEND
—{— (CONTAGT NORMALLY OPEN aB QUICKLAG BREAKER PP VOLTAGE REGULATING RELAY
—s—{ CcONTACT NORMALLY cLOSED AL,AR  AUXILIARY RELAYS POTENTIAL ELEMENT
—4 CAPACITOR AMC AUTO-MANUAL CONTROL SWITCH PR,PL  VOLT. REGUL. RELAY CONTACT
__<c— DISCONNECT DEVICE aT AUTO TRANSFORMER RC RESISTANCE COMPENSATOR RHEOSTAT
—~_~ THERMAL ELEMENT cs CURRENT SELECTOR SWITCH RH VOLTAGE ADJUSTMENT RHEOSTAT
o3e FLEXITEST SWITCH LR MOTOR CONTROL RELAYS RHS  MOTOR CUTOUT SWITCH
— 33— RECTIFIER LA LIGHTNING ARRESTER TT TEST TERMINALS
RESISTOR LL LIMIT CAM (OPEN ON LOWER LIMIT POS) XC REACTANCE COMPENSATOR RHEOSTAT
g THERMISTOR LR LIMIT CAM (OPEN ON RAISE LIMIT POS.) XRS  LINE DROP COMPENSATOR
O— OPERATING COIL LRP,LLP  LIMIT SWITCHES ( POSITION INDICATOR) POLARITY SWITCH
" MOTOR 120 PILOT CAM
oc OPERATION COUNTER 120X,Y PILOT RELAYS

Fig. 15 - Schematic Diagram of Typical URF Regulator



Page 20

TABLE IV
Sequence of URF Tap Changer Operation

SELECTOR SWITCHES
REVERSING SWITCH CONNECT
POSITION CONNECTS R TO
RI TO Ry TO
8 8 4 y
7 8 4 5
L6 8 5 5
05 8 5 6
Wy 8 6 6
E3 8 6 7
R 2 8 7 7
| 8 7 TC2
N 3 T62 TC2
| 3 7C2 4
R 2 3 4 y
A3 3 4 5
iy 3 5 5
S5 3 5 6
E6 3 6 6
7 3 6 7
8 3 7 7

CONTROL OPERATION

Exact details of control may vary(slightly
for different special units as showmby.the
wiring diagrams supplied with the particu-
lar equipment but in general ‘the control
functions are as follows: The,control se-
lector switch has five p@Sitions reading
from left to right: LOWER, OFF, AUTO,
OFF, and RAISE. Fop®man@ial control in
the lower direction placing the control se-
lector switch on L,LOWERseloses the AMCL
contact and energizes the AL relay, which
closes contactiAly energizing the L con-
tactor which closes #he L contact and op-
erates the tap changer in the lower direc-
tion. Placing the control selector switch
on RAISE closes the AMCR and operates
AR whichy closes contact AR energizing
the R ‘c¢onftactor which operates the tap
changéryin the raise direction.

For automatic operation the control se-
leéter, switch is turned to AUTO. This
closes the AMCA contact connecting the

circuit so that the CVR Voltage Regulating
Relay contacts PL and PR initiate the
changer operation.

If the voltage falls below the PR (left
hand) contact setting long enough for the
disk operated PR contact to close, the aux-~
iliary relay AR is energized and seals itself
in through the normally closed 120Y relay
contact. Closing the AR relayenergizesthe
R contactor which closes the R contact,
starting the motor and causing the tap
changer contacts to move to raise the volt-
age. Before the tap changer arcing con-
tact has opened, the 120 cam-operated pilot
switch closes to energize the 120X relay
which takes over the sealing of the AR re-
lay and operates the 120Y slug delay relay.
The normally open 120Y relay contact
closes and shorts the reactor with a 3000
ohm resistor to cause the disk to rotate
and open contact PR so that there is only
one tap changer operation at a time. After
the tap changer arcing contact has closed
on the next position the 120 pilot switch



opens allowing the 120X relay to de-
energize the AR relay. The tap changer
motor is then stopped by the spring loaded
brake cam. If the voltage change is not
adequate to correct the error the tap
changer sequence is repeated after short
time delays until the voltage is corrected
or a tap changer limit is reached. If the
voltage rises until the right hand PL con-
tact closes, a similar sequence operates
to lower the voltage.

When the control is de-energized, the
CVR Relay Contact PR is closed. There-
fore, immediately upon energizing the cir-
cuit, the AR Relay energizes and initiates
the operation of the tap changer one position
in the raise direction.

POSITION INDICATOR

Auxiliary limit switches built into the po=
sition indicator provide 'Load Range Se-
lection.
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Detents are provided to insure that the
range limit selected will coincide with a
tap changer position. When the operator
wishes to take advantage of the increased
current rating provided by Iidad Range
Selection the tap changér should be run to
a position within qthe\s@esired operating
range. Otherwise, the, n€w limits will not
become effective untilthe tap changer does
get into the new operating range.

For example,Vif'the tap changer were on
position 6 ,RAISE, and the new limits were
changed to pesition 4R (5% raise), the tap
changer would not move upward from po-
sition, 6, but it would run toward neutral
when) called upon to do so. After moving
downward to position 4R, the limit would
beeome’effective and the tap changer would
not raise above position 4R. Thus it is
desirable to run the tap changer to within
the limits selected when some limit other
than 10% has been selected.

Maintenance

INSPECTION

Type URF Voltage) Regulators are de-
signed for minimum Taaintenance. The
first inspection shouldfibe made before the
end of the one_yeargwarranty period so
that any faults 4/found can be corrected
within the warranty, The secondinspection
should bé made, at the end of the next ten
years Jor 400,000 operations, whichever
comes soghery

The relays should be checked for proper
operation and for tight connections.

Maintenance of the selector switch con-
tacts” will depend upon the load which the
régulator is called upon to carry and the
frequency of tap changer operations. The
arcing tips of the selector switch contacts
are made of a special arc resisting alloy

to insure long life. These contacts should
be inspected at the time of periodic in-
spection and shouldbe replaced when neces-
sary.

Replacement should be made before the
moving finger shoes have burned suffi-
ciently to reduce the smooth flat contact
width to less than 1/4 inch and before the
stationary contacts burn into the base ma-
terial to which the arcing tips are brazed.

The oil in the tap changer compartment
should be replaced or reconditioned when
it tests less than 26 KV in the standard test
cup. Under no condition should the tap
changer be operated if the oil drops below
22 KV, The oil level in both compartments
should be checked at the time of the
periodic inspection.
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Whenever oil is drained from the tap
changer for inspection or maintenance, it
is preferable that new, clean, dry, and
filtered oil be returned to the tap changer
compartment, If for any reason it is found
necessary to reuse the same oil which was
drained from the tap changer, the following
precautions must be taken.

1. Be sure the drums used for oil storage
are absolutely clean and dry. Inspection
of the drums will save much grief.

2. Be sure the oil is filtered before it is
returned to the tap changer compartment to
remove any carbon, metal particles, or
water which might have been present or
introduced in handling.

3. The oil should be free of carbon before
it is considered satisfactory.

4. After filling the tap changer compart-
ment with oil and before energizing the
unit, test at least three representative
samples in the standard test cup. The teSt
value should be 26 KV or better.

5. The regulator should never befen=
ergized when the oil in the housing tests
less than 22 KV in the standard tést cup.

Instruction book I.B. 45-063#100,covers
the testing of WEMCO®"C" and, WEMCO®
"CI" oils. The oil level inithe main tank
should be checked at the githe “of periodic
inspection. A combination sampling and
drain valve for the oilgis provided at the
bottom of the tank,, A drain’pipefor check-
ing the oil in the tap changer is located to
the left of the control cabinet.

The diagram®“of cénnections for control
equipment is shown'on the wiring diagram
furnished with the apparatus and is refer-
enced on the nameplate. The internal high
voltage connections for the regulator and
the tap‘@hanger are shown on the diagram
nameplate,

The) operating mechanism is entirely
immersed in oil which protects it against
rust and insures proper lubrication.

CVR RELAY MAINTENANCE

The proper adjustments to insure correct
operation of this relay have been made at
the factory and should notbedisturbed after
receipt by the customer (with the exception
of bandwidth or time delajysettings). Re-
pair work can be most satisfactorily done
at the factory. I.B. 47-431=7 covers the
setting and adjustment of thelvoltage reg-
ulating relay.

Before openinggthe Flexitest switches,
switch the "Control Breaker' on the panel
to "OFF", set "Gurrent Selector' to '"Short"
and set ""Control Selector' to "OFF",

CORRECTION, OF MINOR TROUBLES

The following procedure is suggested in
casethe'motor fails to operate.

14 €heek voltage on the voltage test ter-
minals” with a voltmeter. If there is no
voltmeter handy, the CVR Voltage Reg-
ulating Relay may be read to indicate the
magnitude of voltage. If the voltage is
high, the right hand contact of the CVR
will close and if the voltage is low the left
hand contact of the CVR will close.

2. If the load center voltage is low and
the tap changer is at its upper limit po-
sition, as determined by the Load Range
Selector Setting, the source voltage may
be so low that the range of regulation is
inadequate to correct the output voltage
level.

If the load center voltage is low and the
regulator is not on its upper limit po-
sition, it is possible that the voltage is too
low to operate the control. (The relays
and the tap changer will operate with 80%
on the regulator output terminals.) If the
output is above this minimum, further
systematic checks are required.

3. If either L or R motor control contactor
is closed, check to see that all contacts on
the relay are making contact and that volt-
age appears across the motor leads T3 to
LL or LR on the schematic.



4. If there is voltage at the motor ter-
minals but it does not start,

a. The motor may be opencircuited. Each
half of the motor winding should have about
25 ohms resistance for motor style
228A939HOL1.

b. The capacitor may be opened. The
capacitor is 20 mfd., 440 volts, 60 cycles;
in emergency cases a capacitor of at least
this value may be substituted for the capa-
citor in the unit. The capacitor is located
at the top of the tap changer immediately
below the handhole cover.

c. There may be foreign material between
the motor pinion and gear causing gears to
bind.

5. If the voltage regulating relay is en-
ergized but does not respond to voltage
changes, see I.B. 47-431-7 for more de=
tailed information.

MAJOR OVERHAUL AND REPAIR

If periodic inspection has shownthat’arc-
ing contacts should be replaced and such
contacts have been obtained, the*following
procedure is recommended.

1. Put the regulator€en Neutral posi-
tion, disconnect it frem “the line and, if
platform mounted, rémovwe it from the plat-
form. Remove the handhole cover on the
cover of the regulatoer. Remove the oil
from both the regtilator and thetap changer
compartments,

2. Dis¢onnéct the three bushing leads by
removingthe dadapters and bushing caps
and removethe cover,

3. Remove one of the cotter pins which
keep the“cover-clamp beam in position and
remove the cover-clamp beam.

4. Disconnect the control connector from
the tank wall.

5. Remove the bolts clamping the vertical
uprights to the tank. Disconnectthe flexible
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shaft running from the tap changer)to the
position indicator. This may bewdone by
loosening the connecting nut where the
flexible shaft connects to the position in-
dicator inside the tank.

6. Remove the tap, changer sump drain
plug on the outside, ofwthe tank to the left
of the control cabinety Remove tap changer
sump drain pipe” with a pair of pliers.

7. The complete /core and coil assembly
including theWtap changer can now be lifted
out of théjtank? After removal from the
tank, the®eoils should be kept dryandclean.
See Figurel6.

8. Remove the lifting channels and the
sideypanels from the tap changer to pro-
vide room enough to replace the arcing
contacts. See Figure 17.

9. The control leads may be connected to
the control cabinet and the tap changer may
be operated by applying test voltage to the
test terminals. Be sure to open the control
breakers before applying external voltage.

10. Reassembly should be carried on in
reverse of the process outlined above. Be
sure that the position indicator points to
the position corresponding to the actual
location of the tap changer when the unit
is reassembled. The moving selector
switch contacts are horizontal, pointing to-
ward each other, when on neutral position.

11. If the same oil is to be put back into
the regulator and tap changer, it should be
filtered back. If no filter is available,
clean oil should be put into the tap changer
compartment and regulator tank. It is
always advisable to check the dielectric
strength of oil which is put into a regulator
or transformer before energizing the unit.

12.When re-assembling the cover assembly to
the unit, it is recommended that the cover bolt
be pulled down snug. The bushing caps should
then be assembled to the bushings. As a final
step, tighten the cover bolt to a torque of 60
Ib.-ft.
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Fig. 16 - URF Internal Assembly
Removed from Tank

TEST AFTER OVERHAUL AND REPAIR
1. ApplyW20 volts to the autotransformer
in the moter, circuit and run thetapchanger
thru/its, entire range and return. Be sure
there\is no binding and that the moving
contaets change position rapidly. Open the
contrel circuit breaker before applying
veltage to the unit.

Fig. 17 - URF Internal Assembly
With Tap Changer Side Panel Removed

2. After tanking, the tap changer and con-
trol should be tested by energizing the con-
trol as per page 11. The Load Range Se-
lector limit switches should be checked
on every position to insure that the tap
changer will be limited by the switch. The
Load Range Selector limit switches are in
series with limit switches that are part of
the tap changer. The tap changer switches



operate on positions 8R and 8L, and, in
effect, back up the operation of the LRS
limit switches. When on a limit position,
the motor should not be energized by the
Manual Control or CVR Relay. If the
motor does become energized, it indicates
that the position indicator was not on po-
sition when connected to the tap changer
by the flexible shaft or that the limit
switches have been somehow rendered in-
operative.

SPARE PARTS

The customer will find that a minimum of
spare parts will be required for the URF
Regulator. If so desired, a set of sta-
tionary and moving arcing contacts for the
load tap changer may be kept in stock. It
might be desirable to stock one set of
cover gaskets, one bushing andonelightning
arrester. A CVR Voltage Regulating Re=
lay and Flexitest plug S#1164046 may be
purchased and will permit complete\re=
placement of the relay in legs, than a
minute. The plug permits complete testing
of the relay on the test bench with con-
venient slip connections.

The following list of jtems™and cor-
responding Westinghouse ‘style numbers
is provided for ease of identification should
the need arise for,or@dering’spare parts.

Parts common to ali®UREIRegulators:

Tap changer motor

assembly S#231A320G01
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Motor capacitor S#1446014

Selector finger assembly
(moving contact) S#322B004GR1 Req. 2

Terminal TC2 stationary

contact S#228A 943G01 Req. 1
Stationary contact S#228A004G01 Req. 8

CVR Voltage

Regulating Relay S#1961157
Position indicator S#592D535G02
Position indicator gaskets S#231A694HO01
Position_indicator, glass

and/bezel kit S#455C606G01
HandW¥hole,cover gaskets S#242A997HO01
Cover,gasket S#247A453H01

Parts not common for all ratings:

STYLE NUMBER
VOLTS val
Bushing alve Type
Arrester
2,500 592D5uU4 Group 4 1743285
5,000 592D544 Group 4 1743286
7,620 592D5uU4 Group 5 1743287
13,800 592D544 Group 5 1743289

SUPPLEMENTARY DATA

Supplementary data consists of the follow-
ing Instruction Booklet I.B. 47-431-7.
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This instruction book has been preparedto assistthe purchaser to properly install, operate
and maintain the type URL Step Voltage Regulator supplied by Westinghouse. The infor=
mation presented is based on the best practical judgement of Westinghouse engineers
gained from design and installation of this apparatus and from reported experience of

users of similar equipment.

@ Westinghouse @

KYA-CONTINUOUS 55°C. RISE

URL

VOLTAGE REGULATOR

INSTALL AND OPERATE
AS PER
INSTRUCTION BOOK

47-060-58

STYLE
SINGLE PHASE §ONE YOLES
o
VOLTAGE BUSHING WOCATION
HANGER
AMPERES LUG

SEE INSTRUCTION PLATE
INSIDE CONTROL CABINET
FOR ADDITIONAL
INFORMATION

CAUTION: OPERATE

TO NEUTRAL AND OPEN
CONTROL BREAKER
BEFORE BY-PASSING

l
I

SERIAL NUMBER™IS STAMPED IN TANK METAL BELOW THIS PLATE

149P807HOI-A

WESTINGHOUSE ELECTRIC CORPORATION

MADE IN U. S. A.

The information appearing on the nameplate of your particular regulator may be copied
in the blanks above for your convenient future reference.

Fe2S SRS ook before installing and operating your regylato
r,




General Information

APPLICATION

Westinghouse distribution type feeder volt-
age regulators are designed to maintain
proper load center voltage by automatically
correcting for changes in supply voltage and
for voltage drop from the regulator to the
load center. Westinghouse distribution reg-
ulators are completely automatic and self-
contained.

Westinghouse URL distribution regu-
lators are available in 2500, 5000, 7620,
13800 and 14400 volt ratings.

OPERATING LIMITS

1. Voltage and Current Limits, Standard
Westinghouse distribution voltage regu=
lators are built in line with current, appli~
cable ASA, AIEE, NEMA and EEIFNEMA
standards.

The regulators are designed to“eperate
at rated current over a voltage/range as
specified in Table 1. (See Table(l, page 6.)

A regulator is a current,rated device
and this rating must not be,exceeded on a
continuous basis tegardless of voltage.

Example, a 5000 velt, 100 ampere, 50
KVA regulator _may be operated at 2500
volts at 100 ampsiand 25 KVA,

2. Definition ‘of Nameplate Values.

(a) Ratedyvoltage is the input voltage on
which performance characteristics are
based.

(b)), Rated current is the allowable con-
tintous load current at rated voltage and
#10% regulation.

(c) Rated KVA is rated voltage x rated
current x .10/1000.

Page's

(d) Impedance - % impedancg shown on
nameplate is based on a line KVA of 10 x
rated regulator KVA, and on regulator
rated voltage and current.

3. Operating Ambient Ffemperature., Am-
bient Temperaturegshould not exceed 400C
(104°F) nor exceed “an average of 300C
(86°9F) in a 24 hour/period.

4, Installation “WAltittde. The regulator
may be operated ab full KVA at elevations

Fig. 1 - External View of URL Regulator
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up to 3300 feet (1000 meters). When used
at higher altitudes than 3300 feet the KVA
must be reduced as specified in ASA
Standards.

5. Surge Protection. Standard regulators,
except 14,400 volt units areavailable either
with or without arresters. When a regulator
is purchased with ValvEx® arresters, no
additional surge protection is required.
When a regulator is purchased without
arresters, suitable protection must be pro-
vided at the time of installation.

The most reliable method of regulator
protection is by means of an arrester be-
tween the S-1 terminal and ground plus a
second arrester between the L-1 terminal
and ground. An alternate method of pro-
tection is by means of a by-pass arrester
connected between the S-1 andL.-1 terminal
plus a second arrester connected between
either the S-1 or L-1 terminal and ground.

In addition to the above arresters a
third arrester must be connected from
S2L.2 to ground unless this terminal hds
been solidly grounded.

Table II lists the proper arrester gap
settings. The correct gap dimension will
also be found etched in the porcelain nea¥®
the bottom of the arrester.

The tank should be solidlyegrounded.
The control cabinet should, also beisolidly
grounded whenever it is mounted separately
from the regulator tank.

6. Short Circuit Ratings. URL regulators
will withstand a short circuit of 25 x rated
current for 2 seconds or40 x rated current
for 0.8 second. Where system fault cur-
rents would exceed, these values, use of
current limitingfreacters is recommended.

7. PotentialW Transformer Ratios. The
auxiliary windings have the potential ratios
indicatedyonwthe regulator nameplate. All
auxiliayy windings have sufficient capacity
for afrecording voltmeter. The nameplate
in thejRegulator Control Cabinet should be
chécked for the ratio of a particular unit.

8. “@Gurrent Transformers. All URL Reg-
ulators are provided with a tapped current
transformer having a secondary current

TABLE 1
Preferred Voltdge Ratings for Regulators

REGULATOR OPERATING VOLTAGE LIMITS*
VOLTAGE RATING
NOMINAL VOLTS Input Voltage - Volts Output Voltage - Volts
SYSTEM -
. Maximum At
VOLTAGE Single 8 Maximum At |\ o imum At . Rated Load
Minimum Rated Load Minimum

Phase Amperes No Load Amperes or

At No Load
2400 2500 2125 2625 2750 2250 2750
2400 /u160Y 2500 2125 2625 2750 2250 2750
4800 5000 4250 5250 5500 4500 5500
7200 7620 6290 8000 8380 6860 8760
4800/8320Y 5000 4250 5250 5500 4500 5500
12000 12000 10200 13200 13720 10800 13720
7200/12470Y 7620 6290 8000 8380 6860 8760
7620/13200Y. 7620 6290 8000 8380 6860 8760
13200 13800 11730 14500 15180 12400 16180
144.00 13800 11730 14500 15180 12400 15180
144,00 /24 94 OY 14400 12240 15120 15840 12960 15840

* Inelvdes all voltage tolerances




TABLE Il
Lightning Arrester Gap Settings

ARRESTER ARRESTER REGULATOR
KV RATING GAP SETTING VOLTAGE RATING
3 | Ju" 2500
6 3/8" 5000
10 /2" 7620
I5 3/yn 13800

rating of 0.24 amperes with 60%, 100%, or
160% rated current.

This current transformer is designed
to operate the regulator control with ASA
Class I accuracy. The addition of the usual
meter burden will not appreciably affect
this operation, and this current supply may,
therefore, be used to operate a thermal
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ampere demand indicating or recofding=am-
meter for load checking. It is notintended,
however, that this current transférmer be
used for metering.

The 60 percent ratig,is to permit full
load compensation , at (60¢Percent of rated
current and the 160%percent ratio for the
higher currents asseciated withLoad Range
Selector operation of the regulator.

Selection of the, proper current trans-
former ratio isymade by use of the Current
Selector switeh on the control panel. A
tabulation“on the instruction nameplate in-
dicates gthe, proper ratio to be used for a
given operatihg condition.

9. Qverload Capacity, URL Regulatars
maywmbe overloaded in accordance with ASA
Guides C57.95.

Description

The URL Regulator provides weltage
regulation of 10% above and below ineoming
or source voltage in sixteeng~1/4% steps.
The regulator is complete including oil and
is ready for installation,qDewvices mounted
on the tank include the pgsition indicator, the
control cabinet, hanger lugs, and provision
for sampling and draihing“the tap changer
compartment and fhe main tank oil inde-
pendently of each other,

The regulating transformer, preventive-
auto, currenty transformer and load tap
changerfarey mounted as an assembly in a
commony, end frame and lowered into the
tank as a eemplete unit. An auxiliary wind-
ing on the regulating transformer supplies
control power and voltage.

CONTROL EQUIPMENT

Figure 2 shows the URL control equipment
which is mounted on a hinged glass rein-
forced polyester panel housed ina weather-

proof control cabinet which in turn is
mounted on the regulator. A plug type
connector is used to connect the control

Fig. 2 - Regulator Control Panel with
Cover Removed from CVR Relay
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cabinet to the control components in the
main tank making it easy to remove the
control cabinet for remote mounting. Flex-
ible control lead assemblies, complete with
a plug~type connector are availablefor this
purpose.

The only wiring required at the instal-
lation site is to cut the cable to the exact
length desired, install terminals on the
conductors and connect them to the block
in the cabinet.

The URL Regulator control equipmentis
designed around the CVR Voltage Regulating

Fig. 3 - URL Tap Changer with Side
Panels Removed

Relay. The CVR Relay is mounted in the
regulator control cabinet. The major com-
ponents of the CVR Relay are an induction
disk type voltage sensing element, two pilot
relays, two motor control relays, and a
reactor. All components are in.a drawout
chassis so that the complete rglaymay be
interchanged between units om,removed for
testing and inspection. TheElexitest switch
base is made an integrall partyof the CVR
Relay to facilitate connecting and testing
the relay.

The case in which, the CVR Relay is
mounted for the URL Regulator control is
equipped with ghé, mating portion of the
Flexitest switches.

For ,contrel function and detailed infor-
mation see“Settings and Adjustments, page
17.

LOAD, TAP CHANGER

The'eontrolled, shockless, fast action of the
URL tap changer is obtained by use of a
direct Geneva gear drive mechanism (see
Figures 3 and 4).

Successive taps of the regulating winding
are connected to stationary contacts ar-
ranged in two circles on a Micarta® insu-
lating panel which formsthebackwallof the
tap changer.

A central contact in each circle is con-
nected to one end of the preventive auto-
transformer. The moving contact for each
circle bridges from the center contacttothe
successive tap contacts as it is rotated by
a shaft from the operating mechanism.

In changing taps, starting withboth mov-
ing contacts connected to the same tap, one
moving contact rotates to the next tap or
stationary contact while the other moving
contact remains stationary. Inthis position,
the two ends of the preventive auto-trans-
former are connected to adjacent taps of
the regulating transformer series winding.
This is known as a bridging position. The
preventive auto-transformer is designed to

Ay,



operate continuously in this manner. To
make the second tap change, the other mov-~
ing contact is moved to thenexttapto short
the preventive auto-transformer by con-
necting both ends to the same tap of the
regulator series winding,

The selector switch stationary contacts
are tipped with a special arc resistingalloy.
The moving contacts are self aligning con-
tacts made of sintered-tungsten alloy.

The mechanism is powered by a 1/30th
horsepower capacitor type motor which is
directly geared to a Geneva pinion. Fora
single tap change the Geneva pinion makes
1/2 revolution but the Geneva gear and tap
changer contact moves only 1/6 revolution.
Because the moving contact arm is locked
in position during much of the movement of
the Geneva pinion, it is not necessary that
the motor and Geneva pinions stop on an
exact position. They may drift within liberal
limits without moving the tap changer con-
tacts. A brake consisting of a spring#
loaded arm riding on a figure eight-shaped
cam insures that the Geneva pinion" will
stop within these limits.

In the URL tap changer, fa reversing
switch automatically connects {the series
winding of the regulating #ransformer to
either raise or lower“the“eutput voltage.
The reversing switch ig aWno-load switch
which moves after the,load current has been
interrupted by the seleetor*finger contacts.

The reversing\\switch as well as the
selector switchesyare directly coupled to
the driving mechaniism through Geneva gear-
ing. The operating’sequence ofthe switches
is shown'in T'able IV on page 20.

Figured illustrates the operation of the
Geneva Gears in the tap changer mechanism.
It should be noted that the Geneva pinion is
positively geared to the operating motor at
alljtimes. To make atap change the follow-
ing,sequence of operation is followed:

Illustration 1. Prior to anymovement,
the two Geneva gears "E"and"F'" are locked
into position at points "B" by pinion "A",

Page)9

This means that the contacts cannotemiove
except when an actual tap change)is in
progress.

Illustration 2. Pinion "A', has made
one-quarter revolution_and pin "C" has
entered slot""D'" and hag caused Geneva gear
"E'" to rotate 30 ‘degrees from position
shown in (1), bringing the movingcontact to
a point half way between the stationary
contacts.

@) ~shoft 1o moving contact arm

Fig. 4 - Schematic of Geneva Gear Drive
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Illustration 3. Pinion "A" has com-
pleted one-half revolution. Slot '"D'" has
rotated 60 degrees from position shown in
(1) and is locked onto the next stationary
contact. This constitutes one complete tap
change or a 1-1/4% step.

Illustration 4, Pinion "C'" has entered
slot "G" on Geneva gear "F'" and will cause
another tap change to be made similar to
that described in (2) and (3). When pinion
"A" returns to the position shown in (1), it
will have changed the voltage 2-1/2% intwo
1-1/4% steps.

Additional steps in the same or reverse
direction are made in a similar manner.
Cam operated limit switches prevent the
tap changer from going beyond thelimits in
either direction. Another switch operated
by a cam on the Geneva pinion shaft works
in conjunction with the control relays to
start the motor and stop it whenthe contact
arms are on position.

The tap changer is enclosed to prevent
the free interchange of tap changer oil with

regulator oil. A sump at the bottom of the
tap changer collects sediment and permits
complete drainage of the tap changer com=
partment through a drainpipe which extends
through the outside wall of the regulator.

POSITION INDICATOR AND
LOAD RANGE SELECTOR

The URL Regulator is equipped with a po-
sition indicator which shewsthe tap changer
position at any time.

Resettable maximumsminimum indicat-
ing hands show the range over whichthe tap
changer has operated since they were last
reset.

"LoadwmRBange " Selector" limit switches
are incorperated into theposition indicator.
These_ dimit“switches may be set by means
of knobs ‘6utside the indicator housing to
limit the range of regulation to 5, 6-1/4,
741/208-3/4, or 10% raise or lower. Sep-
arate jssettings are provided for raise and
lower limits.

Installation

RECEIVING, HANDLING ANDy, STORING

URL Step Voltage Regulators are shipped
completely assembled. Immediately on re-
ceipt, shipments should,be checked for
possible damage oryshoptages. Any short-
ages or damage gShould be reported to the
transportation company.

The URL Regulators may be lifted by
means of lifting lugs welded to the tanks.

These"regulators are built for outdoor
serviCentherefore, no unusual storage pre-
cautions are necessary. It is preferable to
store“them in locations where the humidity
is“netiextremely high.

PREPARATION FOR INSTALLATION

The URL Step Voltage Regulator has been
carefully inspected and tested atthefactory
before shipment; however, it should be in-
spected prior to installation, observing the
following items:

1. Test a sample of the oil from the regu-
lator in a standard oil test cup. Oil suitable
for use in a regulator should test at least
26 KV. In no case should a transformer or
regulator be energized when the oil tests
less than 22 KV, If moisture is indicated,
the oil should be removed and filtered and
the unit should be dried. Oilremoved from
the regulator should be replaced with clean
dry oil. Before energizing the regulator
check to insure that the oillevel isup to the
cold oil level stenciled on the inside of the
tank wall.



2. If lightning arresters are furnished the
air gap should be set at the spacing stenciled
on the arrester porcelain. See Table II for
gap settings when mounting the arrestors
on the tank. Adjustments are provided in
both the vertical and horizontal directions.
See Figure 5.

3. The URL Regulator is shipped with the
tap changer on neutral position. The inter-
nal connections for various tap changer po-
sitions are shown on the nameplate located
in the control cabinet. Figure 6 shows a
typical nameplate.

4. Before operating, theblocking shouldbe
removed from the type CVR Voltage Regu-
lating Relay.

Fig. 5 - ValvEx® Type Arrester
Air Gap Adjustments
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Make sure that all parts of the CVIR Re-
lay operate freely and inspect theycontacts
to see thattheyare cleanandclose properly.

CHECKING OPERATION'OE, CONTROL

Electrical tests can beymade by applying a
variable voltage source”to the test ter-
minals of the control panel.

NOTE: Be s#feythe®control circuit breaker is in
the off position and the link G to TT2 is dis-
connectedsbefore applying test voltage. Other-
wise the regilator may be energized thru the
poteafial ciréuit producing high voltages. Use
not merefythan 10 ampere fuses in the supply
circuit.

The following sequence of tests is rec-
ommended.

A, Apply 120 volts (or the voltage at which
the voltage regulating relay is balanced) to
the test terminals and then place the control
selector switch on the RAISE or LOWER
position. The tap changer will run to the
raise or lower limit without pause depend-
ing on whether the control switch is left on
the RAISE or LOWER position. Return tap
changer to neutral position.

B. Place the control selector switch on
AUTO and reduce the voltage two volts be-
low the balance voltage. After a time delay
the CVR Relay contacts will close and the
tap changer will operate in the raise di-
rection with a short pause between steps
until the limit position is reached.

NOTE: Bear in mind that the relay is not regu-
lating the external voltage; therefore, the volt-
age on the CVR Relay is unchanged and the tap
changer will operate until a limit position is
reached.

C. Now raise the voltage to two volts
above the balance voltage and a similar se-
quence of operations will take place in the
lower direction.
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REDUCED CAPACITY OPERATION

All standard 5000, 7620 and 13,800 volt
URL Regulators are provided with taps in
the auxiliary winding for operating the reg-
ulator at reducedvoltage., When operated at
reduced voltage the current rating of the
regulator must not be exceeded. The cor-
rect control voltage is selected bymeansof
a Faston tab on theterminal block under the
handhole cover. Refertothe wiringdiagram
and regulator nameplate for proper control
connections. The exact control voltage
ratios are indicated on theregulator name-
plate inside the control cabinet. See Figure
6 for a typical nameplate.

For a typical 2500 volt regulator lead
X1 would be connected to terminal 16 (lead
TA) on the terminal block for the ratio of
2500 to 125,

In a typical 5000 volt regulator (which
has additional taps inthe regulator auxiliary
winding), for 5000 volt operation connect
lead X1 to terminal 14 (lead TC). For 4330
volt operation connect lead X1 to terminal
15 (lead TB). For 2500 volt operation con-
nect lead X1 to terminal 16 (lead TA),0on
the terminal block.

In the typical 7620 volt regulator lead
X1 is connected to terminal 13 (leadED)for
use on a 7960 volt line, Lead’XWhis con-
nected to terminal 14 (lead T'C)“foruseon a
7620, 7200 or 6900 volt linen, Lead X1 is
connected to terminal 15 (fead, TB) for use
on a 5000 volt line and lead X1 is connected
to terminal 16 (lead W) fér a 2500 volt
line,

In the typical 133800Wolt regulator lead
X1 is connectedytofterminal 13 (lead TD)on
the terminal block, for 14,400, 13,800, and
13,200 volt operation. However, for 12,000
volt operation lead X1 is connected to ter-
minal 14 ,(lead TC) on the terminal block.
Lead X1 s connected to terminal 15 (lead
TB) for,"use on a 7960 line. Lead X1 is
connéétedyto terminal 16 (lead TA) for use
on.a 7620, 7200 or 6900 volt line.

The control voltage is not the same for
all these connections. This must be con-

sidered in setting the balance voltage offhe
CVR Relay.

NOTE: The operator should always use the
nameplate information to make these cofinec-
tions rather than to use the typicdl connection
cited in the instruction book.

MOUNTING, CONNECTING AND
DISCONNECTING THE REGULATOR

The URL Regulatopgis “suitable for either
direct pole or platformymounting, Thetank
has provisions forholting down when plat-
form mounted{ HFigure 7 shows a typical
installationnof” a pole mounted regulator.

Forfoeperating convenience combination
disconneeting“and by-passing switches or at
least three“disconnect switches should be
used,for ‘@dhnecting, disconnecting and by-
passing,the regulator. This facilitates in-
stalling and servicing the regulator without
taking the line out of service. In general it
is desirable to use a fourth disconnect be-
tween S2L2 andthe common line, or neutral,
so that the unit may be completely isolated
from the lines when being serviced.

In some cases the S2L2 disconnect may
not be required. This must be determined
by system rules and by the conditions of
grounding on the system.

CAUTION: When connecting a regulator to the
line it is extremely important that the regulator
be operated to NEUTRAL position. If this is
not done there is danger of a short circuit on the
series winding of the regulator. The following
procedure should be followed when connecting
the regulator to a line without removing the line
from service.

1. Operate the Quicklag® breaker on the con-
trol panel to the open position and the Control
Selector Switch to the OFF position.

2. The neutral disconnect should be closed or
a solid connection made to the system neutral.

3. Close the source disconnect switch. The
regulator is now energized.

G,
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Westinghouse @)
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Fig. 6 - A Typical Nameplate
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DISCONNECT

DISCONNECT

SOURCE N, BY-PASS SWITCH _ LOAD

DISCONNECT

DISCONNECT
BY-PASS SWITCH REGULATOR Sl
s2-L2 LI
DISCONNECT \-__,K
NEUTRAL

WIRING DIAGRAM

REGULATOR GROUND /LUG

Fig. 7 - Typical®Installation of URL Regulator

SOURCE LOAD

Fig. 8 - Single Phase Connections

4. AN\this“point the control panel and voltage This can be done either by using a separate
regulating relay settings should be made, follow- voltage source or by using the control voltage
iffgusettings and adjustments. See IB 47-431-7.  obtained from the energized regulator.
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®
Sl Lt

S2-L2

REGULATOR #!

REGULATOR #2

Fig. 9 - Two Units, Open Delta Connected on a Three Phase, Three Wire Circuit / Phase Sequence ABC

REGULATOR #!

REGUEATOR)# 2

e ]

b o
Sl LI

S2-L2

REGULATOR #3

Fig. 10 - Three Units, Delta Connected, on a Thtee Phase, Three Wire Circuit - Phase Sequence ABC

REGULATOR #1

REGULATOR #2

REGULATOR #3

Fig. 11 - Three Units, Wye Connected, on a Three Phase, Four Wire Circuit - Phase Sequence ABC

5. After completingistep 4, operate the load tap
changer to the nettral or by-pass position. Open
the Quicklag,® bfeaker if it was closed in step
4 above.

6. Clgdse the load disconnect switch.

7. Open theby-pass switch.

8. With the adjustments and settings made, the
Quicklag® breaker may be closed and the con-
trol switch set for automatic operation. The
URL) Regulator will now operate to maintain load
center voltage at the desired level.

The following procedure permits disconnect-
ing the regulator without interrupting load:

1. Operate the tap changer to neutral position
by means of the Control Selector Switch.

2. Open the Quicklag® breaker to de-energize
the control circuit.

3. Close the by-pass switch.
4. Open the load disconnect switch.

5. Open the source disconnect switch.
The neutral may now be disconnected.
Where a combination by-pass and disconnect
switch is used, the regulator must be on
neutral position before this switch is op-
erated.
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THREE PHASE OPERATION

For 3-phase, 3-wire circuits, two single
phase units may be used in open delta, or
three single phase units may be connected
in closed delta. When three regulators are
connected in a closed delta bank, the bank
will provide approximately plus or minus
fifteen percent range of regulation with an
accompanying phase shift. Thebank current
capacity is the same as the single phase
current rating.

Single phase URL Regulators are insu-
lated for operation in banks of three units
connected in wye on 3-phase, 4-wire cir-
cuits, provided the neutral of the regulator
bank is connected to the system neutral,
regardless of whether or not the system
neutral is grounded. If the system neutral
is not available the URL Regulators must
not be connected in wye. When connected
for 3-phase operation each regulator oper-
ates independently fromtheother regulators
in the bank and may be treated as a single
phase unit. The directions for by-passing
are the same as for single units. These
connections are illustrated in Figures“9,
10 and 11.

MOUNTING CONTROL REMOTELY

It is sometimes desirable tolocate the con-
trol cabinet remotely for convénieneé in
servicing and inspecting the controliyTodo
this proceed as follows:

1. Operate regulator to Neutral and open
the Quicklag breaker.

2, By-pass the regulator.

3. Disconnect the flexible lead fromthe
tank and from the control cabinet.

CAUTION: The controlfcable contains current
transformer leads which must not be discon-
nected while the unit is carrying a load.

4, Remoye the“control cabinet from the
regulator tank.

5. Meunt,the control cabinet to the pole in
the selected location and solidly ground it.

6. ‘Plug an appropriatelengthcableinto the
tank®*connector, connect lower endto control

Fig W2 - Disconnecting Flexible Cable from
Regulator Tank

cabinety terminal block and tighten cable
clamps

Connector cables may be purchased from
the Renewal Parts Section, Sharon Plant
where they are stock items in 5 ft. in-
erements of length,

7. Re-energize the regulator.

8. Place the Control Selector on "AUTOQ",

CONNECTOR

CONTROL
CABINET

GROUND |
e
". ”l LAG TOP
, | AND BOTTOM
‘Il "(‘ ‘
L =N —

Fig. 13 - Remote Mounted Control Cabinet



Settings and Adjustments

GENERAL

All settings and adjustments to be made on
the URL Regulator are on the control panel
except for the Load Range Selector Settings
on the position indicator. The settings that
can be made are voltage level, bandwidth,
time delay, reactance and resistance line
drop compensation, line drop compensator
polarity, and current transformer ratio.
Voltage level, band width and time delay
setting and/or adjustments are made within
the voltage regulating relay itself. React-
ance and resistance line drop compensation,
current transformer ratioselectionandline
drop compensator polarity settings are
made by use of rheostats or tap switches,
mounted on the control panel. See
IB 47-431-7.

POSITION INDICATOR

The URL position indicator showsthe posi-
tion of the tap changer. A pairofiredmax-
imum and minimum positiopmindicating
hands shows the maximum rangeo©ver which
the tap changer has operated since the in-
dicator was last reset.

These maximum-minimum indicating
hands are reset by depressinga large spring
loaded plunger in thé Bettom of the position
indicator. A hot stickor suitable pole may
be used to depress the reset plunger from
the ground of pole or platform mounted
regulatorsy, (For current rating data refer
to TabledlIl.)

LOAD RANGE SELECTION

Load Range Selection limit switches are
built info the position indicator. They may
beyset to limit the range of regulation to
values other than plus or minus 10%. The
raise and lower ranges are independently
adjustable by means of knobs at the sides of
the position indicator assembly. To change
the range of regulation depress theknoband

Fig. 14 - Position Indicator with Load
Ranger Selector

turn it. The new range of regulation will be
shown by indicators which may be seen
through calibrated slots intheindicator dial.

When Load Range Selection Operation is
to be set up, a current transformer ratiois
to be selected by use of the Current Selector
switch on the control panel. SeeInstruction
Plate for ratio to be used.

TABLE III
Load Range Selection
POSITION % RATED
INDICATOR LIMIT LINE RANGgPERﬁgé?:IONS
SWITCH SETTING | AMPERES*
10% 100 8R to 8L
8-3/ug 110 7R to 7L
7-1/2% 120 6R to 6L
6-1/u% 135 5R to 5L
5% 160 UR to uL

* This current limit must not exceed 400
amperes.

CONTROL PANEL ADJUSTMENTS

The Test Voltage Rheostat Control is a
combination motor circuit interlock switch
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Fig. 15 - Schematic Diagram of Typical URL Regulator
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Fig. 16 - Typical Adjustment and Control
Switches Associated with the CVR Relay

Page 19

and voltage adjusting rheostat. The knob is
in the MOTOR~ON position for normaloper-
ation. With the knob on or past the®MOTOR-
OFF position, auxiliary voltage is applied
to the control circuit through gthe voltage
adjusting rheostat. This rheostat provides a
means of varying the voltage applied to the
control for test purpeses, When on or past
the MOTOR~OFF pesition the motor circuit
interlock switch ds open, preventing thetap
changer from operating in response to volt-
age variations caused byuse of the rheostat.

The fiveposition Control Selector switch,
LOWER-OEF-AUTO-OFF-RAISE serves as
a combifation automatic-manual and raise
lower switch: When the switch is on AUTO
positien,the regulator is onfully automatic
operation. When the switch is turnedtoany
other, position, the regulator is being man-
ually controlled.

The regulator is equipped with line drop
compensation set by the four knobs on the
lower left portion of the control panel. The
Resistance and Reactance Volts settings
determine the resistance or reactance volts
inserted into the control circuit when rated
line drop compensation current is flowing.
The Current Selector Switch connects
proper taps of the current transformer so
that rated current flows in the line drop
compensator when the line current through
the regulator is 60%, 100% or 160% of the
nameplate current rating. The switch
should always be on the short position when
the CVR relay is removed from its case.

The polarity switch is set on the + R +X
position for normal operation, on +R -X
for paralleling units by reverse reactance,
and on any position as required by the
Wagner scheme for operation of units in
delta or open delta.

Detailed instructions for setting theline
drop compensation are outlined in
IB 41-431-7.
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Operation

LOAD TAP CHANGER

A diagram of connections of the typical URL
Regulator is shown schematically in Figure
15. For any particular regulator the dia-
gram listed on the regulator instruction
plate should be used for detail connections.
The instruction plates do not show the con-
trol circuit connections. The taps from the
regulating transformer windings are
brought to load tap changer contacts for
automatic +10% regulation.

All load switching is performed by the
selector switches and all arcing is con-
fined to them. The URL tap changer has a
broad band neutral, actually five neutral

positions, as shown in Table IV. The out-
put voltage is the same for all five neutral
positions. The regulator may beby-passed
on any one of these neutral positions but the
tap changer should be on assembly neut#al,
which is marked N on the positiomindicator,
when the unit is to be untanked or dis-
mantled. In this position“themsSelector
switch moving contacts ar€pinva vertical
position with the upper (moving selector
contact pointing upward@and'thé lower mov-
ing selector switch pointinghndownward.

The operator may “stop the tap changer
on any one of the five neutral positions, and
on automatic operation the tap changer may
stop on angof“the neutral positions also.
When the regulatér is operating automat-
ically the, tap) changer will usually stop on
the firstyposition inside the neutral band

TABLE IV
Sequence of URL Tap Changer Operation
POSITION REVERSING SWITCH SELECTORSWITCH SELECTOR SWITCH
CONNECTS R TO CONNECTS RI TO CONNECTS Ru TO

8 8 3 3
L7 8 3 u
06 8 Y Y
W5 8 U 5-6
Ey 8 5-6 5-6
R 3 8 5-6 7

2 8 7 7

I 8 7 8
N
E 8 8 8
U 8 8 TC-2
T N-=8 - L - 3-— — —— — ———=-TC-2-— == — = — =~ TC-2
R 3 TC-2 3
A 3 3 3
L

| 3 3 i
R 2 3 U u
A3 3 4 5-6
Iy 3 5-6 5-6
S5 3 5-6 7
E6 3 7 7

7 3 7 8

8 3 8 8




when the neutral outputvoltage satisfies the
voltage requirements.

The complete sequence of operation is
outlined in Table IV. The reversing switch
R moves from contact 3 to 8 to connect the
series winding to lower the load voltage
from the source voltage before selector
contact R1 moves from TC-2 to 8 so that R
does not break load current.

When a tap changer operation is initiated
either manually or automatically, the motor
starts and the 120 cam operated switch
closes. The 120 camoperated switch main-
tains the operating circuit until just ahead
of the next position so that the tap changer
will definitely move to the next position
when an operation is initiated.

Consider a typical sequence of oper-
ations starting with the tap changer on the
neutral position nearestpositionl LOWER,
with both moving selector switch contacts
on tap 8 and the tap changer operating‘in
the lower direction. When the motor is
started, closing the 120 switch,4the tap
changer runs automatically until“ene ‘mov-
ing contact stops on tap 7 while,theyother
contact remains on tap 8. Thig is pesition
1 LOWER on the position indicator/ Posi-
tion 1 LOWER connects the preventive auto
Rl to R4 in parallel with o, bridging one
section, 7 to 8 of the sefiesywinding. This
is referred to as a bridging position. The
next operation of the tap, changer moves the
other contact fromgtap, 8o tap 7. This is
position 2 LOWER ontheposition indicator.
On this positieAigth€ preventive auto is
short circuited.

CONTROLOPERATION

Exact details’ of control may vary slightly
for different special units as shown by the
wiring diagrams supplied with the partic-
ulak equipment but in general the control
funetions are as follows: The control
selector switch has five positions reading
from left to right: LOWER, OFF, AUTO,
OFF, and RAISE. For manual control in
the lower direction placing the control
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selector switch on LOWER closes™ the
AMCL contact and energizes the AL relay,
which closes contact AL and operates the
tap changer in the lower direction. Placing
the control selector switch on RAISE closes
the AMCR and operatessAR which closes
contact AR which operatesthe tap changer

in the raise direction.

For automatic operation the control se-
lector switch is turnedto AUTO. This closes
the AMCA contact €ennecting the circuit so
that the CVR Voltage Regulating Relaycon-
tacts PL and“BR initiate the tap changer
operation.

If the/voltage falls below the PR (left
hand)ycontaet settinglong enough for the disc
operated, PR contact to close, the auxiliary
rélay AR is energized and seals itself in
through the normally closed 120Y relay
ceontact. Closing the AR relay, starts the
motor and causes the tap changer contacts
te move to raise the voltage. Before the tap
changer arcing contact has opened, the 120
cam-operated pilot switch closes to ener-
gize the 120X relay which takes over the
sealing of the AR relay through the 120X
contact and operates the 120Y slug delay
relay. The normally open 120Y relay con-
tact closes and shorts the reactor with a
3000 ohm resistor to cause the disc to ro-
tate and open contact PR so that there is
only one tap changer operation at a time.
After the tap changer arcing contact has
closed on the next position the 120 pilot
switch opens allowing the 120X relaytode-
energize the AR relay. The tap changer
motor is then stopped by the spring loaded
brake cam, If the voltage change is not
adequate to correct the error the tap
changer sequence is repeated after short
time delays until the voltageis correctedor
a tap changer limit is reached. If the volt-
age rises until the right hand PL contact
closes, asimilar sequence operatesto lower
the voltage.

When the control is de-energized, the
CVR Relay contact PR is closed. Therefore,
immediately upon energizing the circuit,
the AR relay energizes & initiates the
operation of the tap changer one position in
the raise direction.
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POSITION INDICATOR

Auxiliary limit switches built into the po-
sition indicator provide "Load Range Se-
lection"'.

Detents are provided to insure that the
range limit selected will coincide witha tap
changer position. Whenthe operator wishes
to take advantage of the increased current
rating provided by Load Range Selection the
tap changer should be run to a position
within the desired operating range. Other-
wise, the new limits will not become ef-

fective until the tap changer does get into
the new operating range.

For example, if the tap changer were on
position 6 RAISE, and the new limits were
changed to position 4R (5% raise), the tap
changer would not move upwardgfrom po-
sition 6, but it would run“towardineutral
when called upon to do sog, After moving
downward to position 4R, theylimit would
become effective and the tap changer would
not raise above positiomy4R. Thus it is
desirable to run the tap changer to within
the limits selected when some limit other
than 10% has been‘selected.

Maintenance

INSPECTION

Type URL Voltage Regulators are designed
for minimum maintenance. The first in®
spection should be made before the end of
the one year warranty period so that any
faults found can be corrected within_the
warranty. The second inspection should/be
made at the end of the next ten years or
400,000 operations, whichever comes
sooner.

The relays should be checkedfor proper
operation and for tight conneetions.

Maintenance of the selector switch con-
tacts will depend upom™the™foad whichthe
regulator is called upon to carry and the
frequency of tap),changerfoperations. The
arcing tips of #he seleetor switch contacts
are made of a“speCialarc resisting alloyto
insure long life.\Theese contacts should be
inspected at the time of periodic inspection
and should be replaced when necessary.

Replacement should be made before the
moving finger shoes have burned sufficiently
to réduce the smooth flat contact width to
less than 1/4 inch andbeforethe stationary
contaets burn into the base material to
which the arcing tips are brazed.

Theweilvin the tap changer compartment
shouldde replaced or reconditioned whenit
testsgless than 26 KV in the standard test
cup. ‘3, Under no condition should the tap
chiangervbe operated if the oil drops below
22 KV The oil level in both compartments
should be checked atthe time of the periodic
inspection.

Whenever oil is drained from the tap
changer for inspection or maintenance, itis
preferable that new, clean, dry,andfiltered
oil be returned to the tap changer com-
partment. If for any reason itis found nec-
essary to reuse the same oil which was
drained from the tap changer, the following
precautions must be taken.

1. Be sure the drums used for oil storage
are absolutely clean and dry. Inspection of
the drums will save much grief.

2. Be sure the oil is filtered before it is
returned to the tap changer compartmentto
remove any carbon, metal particles, or
water which might have been present or
introduced in handling.

3. The oil should be free of carbon before
it is considered satisfactory.

4, After filling the tap changer compart-
ment with oil and before energizing the unit,
test at least three representative samples



in the standard test cup. The test value
should be 26 KV or better.

5. The regulator shouldneverbe energized
when the oil in the housing tests less than
22 KV in the standard test cup.

Instruction book IB 45-063-100 covers
the testing of WEMCO® "C'" and WEMCO®
"CI" oils. The oil level in the main tank
should be checked at the time of periodic
inspection. A combination sampling and
drain plug for checking the oil in the regu-
lator is provided at the bottom of the tank,
and one for checking the oil in the tap
changer is located to the left of the control
cabinet.

The diagram of connections for control
equipment is shown on the wiring diagram
furnished with the apparatus and is refer-
enced on the nameplate. The internal high
voltage connections for the regulator and
the tap changer are shown on the diagram
nameplate.

The operating mechanism is gntirely
immersed in oil which protects itlagainst
rust and insures proper lubrication.

CVR RELAY MAINTENANCE

The proper adjustments™to insure correct
operation of this relay have,been made at
the factory and should notbke disturbed after
receipt by the customery(with the exception
of bandwidth or timeg’delaysettings). Repair
work can be most satisfactorily done at the
factory. IB 47#431-7, covers the setting
and adjustment{.of the voltage regulating
relay.

Before gpening the Flexitest switches,
switch the " Control Breaker' onthe panel to
"OFF", set "Current Selector" to "Short"
and set "Control Selector" to "OFF",

CORRECTION OF MINOR TROUBLES

The following procedure is suggested in
case the motor fails to operate.
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1. Check voltage on the voltageftest ter-
minals with a voltmeter. If there is no
voltmeter handy, the CVR Voltage"Regu-
lating Relay may be read to indicate the
magnitude of voltage. If the voltageis high,
the right hand contact of the CVR will close
and if the voltage is low thejleft hand con-
tact of the CVR will clese.

2. [If the load center/voltage is low and the
tap changer is at, its, upper limit position,
as determined by the Load Range Selector
Setting, the souree/voltage may be so low
that the range of,regulation is inadequateto
correct the output voltage level.

/ ﬁh B }

Fig. 17 - URL Internal Assembly
removed from tank
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If the load center voltage is low and the
regulator is not on its upper limit position,
it is possible that the voltage is too low to
operate the control. (The relays and the
tap changer will operate with 80% on the
regulator output terminals.) If the output
is above this minimum, further systematic
checks are required.

3. If either AL or AR relay is closed,
check to see that voltage appears across the
motor leads T3 to LL or LR on the
schematic.

4, If thereisvoltageatthe motorterminals
but it does not start:

a. The motor may beopen circuited. Each
half of the motor winding should have about
25 ohms resistance for motor style
237AT8THOL1.

Fig. 18 - Removing Stationary Contact
from URL Tap Changer

b. The -capacitor may be open. ‘'The
capacitor is 15 mfd., 300 volts,60 cycles;
in emergency cases a capacitor of at least
this value may be substituted for the capa-
citor in the unit. The capacitor is located
at the top of the tap changer immediately
below the handhole cover.

c. There may be foreign matexial between
the motor pinion and geay causing gears to
bind.

5. If the voltage regulating relay is en-
ergized but doesgnot respond to voltage
changes, see IB%47-431-7, for more de-
tailed informati®n.

MAJOR OVERHAUL AND REPAIR

If periodiéyinspection has shownthatarcing
contactsyshould be replaced and suchcon-
tactsthave been obtained, thefollowing pro-
cedureis recommended.

1. “Put the regulator on neutral position,
disconnect it from the line and, if pole or
platform mounted, lower it to the ground.
Remove the handhole cover on the cover of
the regulator. Remove the oil from both
the regulator and the tap changer compart-
ments.

2. Disconnect the three bushing leads by
removing the adapters and bushingcaps and
remove the cover.

3. Remove one of the cotter pins which
keeps the cover-clamp beam in position and
remove the cover-clamp beam.

4, Disconnect the control connector from
the tank wall.

5. Remove the bolts clamping the vertical
uprights to the tank. Disconnectthe flexible
shaft running from the tap changer to the
position indicator. This may be done by
loosening the connecting nut wheretheflex-
ible shaft connects to the position indicator
inside the tank.

e,



6. Remove the tap changer sump drain
plug on the outside of the tank to the left of
the control cabinet. Remove tap changer
sump drain pipe with a pair of pliers.

7. The complete core and coil assembly
including the tap changer can now be lifted
out of thetank. After removal from the tank,
the coils should be kept dry and clean. See
Figure 17.

8. Remove the side panels from the tap
changer to provide room enough to replace
the arcing contacts. See Figures 18 and19.

9. The control leads may be connected to
the control cabinet and the tap changer may
be operated by applying test voltage to the
test terminals. Be sure to open the control
breakers before applying external voltage.

10. Reassembly should be carried on in
reverse of the process outlined above. Be
sure that the position indicator pointstothe
position corresponding to the actual logation
of the tap changer when the unit ig reas-
sembled. The moving contacts arge vertical
when on the neutral position, the upper-ene
pointing upward and the lower onespointing
downward.

11. If the same oil is to beputback into the
regulator and tap changes, “ityShould be
filtered back. If no filterfisavailable, clean
oil should be put into the tap changer com=-
partment and regulator“tank. Itis always
advisable to check the dielectric strength
of oil which is put inte a regulator or trans-
former before enérgizing the unit.

12. When retassemblifig the cover assembly to
the unit, it isgrecommended that the cover bolt
be pulled“down snilg. The bushing caps should
then be assembléd to the bushings. As a final
step, tighten the cover bolt to a torque of 60
Ib.-ft.

TESTH)AFTER OVERHAUL AND REPAIR
1. Apply 120 volts to the motor and runthe

tap changer thru its entire range and return.
Be sure there is nobindingandthatthe mov-
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Fig. 19 - Removing Moving Contact from
URL Tap Changer

ing contacts change position rapidly. Open
the control circuit breaker before applying
voltage to the unit.

2. After tanking, the tap changer and con-
trol should be tested by energizing the con-
trol as per page 11. The Load Range Se-~
lector limit switches should be checked on
every position to insure thatthetapchanger
will be limited by the switch. The Load
Range selector limit switches are inseries
with limit switches that are part of the tap
changer. The tap changer switches operate
on positions 8R and 8L, and, in effect, back
up the operation of the LRS limit switches.
When on a limit position, the motor should
not be energized by the Manual Control or
CVR Relay. If the motor does become
energized, it indicates that the position
indicator was not on position when connected
to the tap changer by the flexible shaftor that
the limit switches have been somehow
rendered inoperative.



Page 26

SPARE PARTS

The customer will find that a minimum of
spare parts will be required for the URL
Regulator. If so desired, asetofstationary
and moving arcing contacts for the load tap
changer may be kept in stock. It might be
desirable to stock one set of cover gaskets,
one bushing and one ValvEx® arrester. A
CVR Voltage Regulating Relay and Flexi-
test plug S#1164046 may be purchased and
will permit complete replacement of the
relay in less than a minute. The plug per-
mits complete testing of the relay on the
test bench with convenient slip connections.

The following list of items and corres-
ponding Westinghouse style numbers is pro-
vided for ease of identification should the
need arise for ordering spare parts.

Parts common to all Ratings:
Style Number

Tap changer motor assembly 237A788 Gr. 1

Motor capacitor 1585274
Selector finger assembly
(moving contact) 55D3311G01 Req. 2

Stationary contact 1575995 Req. 12

CVR Voltage

Regulating Relay S#1961157
Position indicator gaskets 231A694H01
Position indicator 592D535G01
Position indicator glass

and Bezel kit S#455C606G01
Hand hole cover gaskets S#1800009
Cover gasket S#247TA453H01

Parts not common“fer all ratings:

STYLE NUMBER
A
e Bushin Val vEx
9 Arrester
2,500V 592D54% Group U 180035t
5,000V 5920544 Group ! 1771455
7,620,V 5920544 Group 5 177 1457
19,800V 592D544 Group 5 1800355

SUPPLEMENTARY DATA

Supplementary data consists of the follow-
ing Instruction Booklet IB 47-431-17.



I.L. 47-060-18

INSTRUCTIONS

PROCEDURE FOR UNTANKING
SPACE MISER NETWORK TRANSFORMERS

Because of the special tank construction of Space
Miser Network Transformers, the following pro-
cedure is recommended for untanking the unit:

1. Completely drain the oil or inerteen from
the tank.

2. Remove handhole covers on both the high
voltage and low voltage ends of the tank. If hand-
holes are welded, remove weld by chipping or
burning per LL. 47-600-21-F (Removing and Replac-
ing Welded on Covers and Tanks).

3. Disconnect the high voltage and interlock
leads.

4. Disconnect the neutral connector and low
voltage leads when they are bolted to thefbushing
stud. If the low voltage leads are brazed or
welded to the bushing stud, remove thejporcelain
from the tank wall per LL. 48-600-7 “Rolled ‘Elange
Gasketed Bushings” and per LL. 47-061-2/"Inert-Arc
Welded Bushings.”

(&)
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5. Remove weld between the bottom of the tank
and base. Follow procedure given in ILL. 47-
600-21-F for chippingier ‘blirning the weld. When
burning weld, réfer to%Fig. 8 of the above LL.
Weld “B"” maygbe removed if the method used is
chipping. When chjpping, drive a wedge under
tank to make sure the weld is broken.

6. ,Hook /onté tank, making sure there is an
evenlift, and/slowly raise tank off transformer.
Observe this process through the handhole to see
that fiething catches on the tank. If the low-voltage
bushing studs are attached to the low voltage
leads,, push the studs through the bushing hole
as the tank is slowly lifted. After the tank is high
enough for the studs to come through the bushing
holes, tie them to the top of the core and coil as-
sembly and complete removal of tank.

7. Grind the tank base and handhole covers
smooth before refitting, following the procedure
given in LL. 47-600-21-F. If the weld at the bottom
of the tank is removed by burning, follow proce-
dure under Fig. 8 of the above LL.
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