<7 -0¢60 ~\§‘§

Instructions for
Type URF Step Voltage Regulator

Westinghouse Electric Corporation

Sharon Plant, Transformer Divisions, Sharon, Pa.
1. B. 47-060-59 Effective June, 1962 Supersedes I. L. 47-435-3, October, 1957



Page 2

Table of Contents

GENERAL INFORMATION

Application . . . ¢« . ¢ ¢ vt o ot e e e e e e e e e e e e
Operating Limits . . . . . .. ... ... ...
Voltage and Current Limits., . . . . ... .. .. ...
Definition of Nameplate Values . . . . ... ... ...
Operating Ambient Temperature . . . . . . ... . ..
Installation Altitude . . . . . . . ... .. ... ....
Surge Protection. . . . . . . ... 00000 a0,
Short CircuitRating. . . . . . ... .. .. ... .. %
Potential Transformer Ratios. . . . ... ... .L %
Current Transformer Ratios . . . . . . . . . . .9 -
Overload Capacity. . . . . « o v v v v o v v o ff e 7.

DESCRIPTION

URF Regulator . . . . . ... .. ... Q. ....
Control Equipment . . . .. .. ... .80 % ... ...
Load TapChanger. . . « « v v v v ¢« o offe Muss o o ¢ o « &
Position Indicator. . . . . . . .. . 8. oo 0. ...

INSTALLATION

Receiving, Handling and Storing ... . . . . ... ... ..
Preparation for Installation. % . . . . . . . . . . . ..
Checking Operation of Control, . W, . . . . « . . « . . ..
Reduced Capacity Operationm. % . . - . « ¢« « o . . . ..
Mounting, Connecting and Disconnecting the Regulator . .
Three Phase Operationaw. 6./, . « . « ¢« + ¢ ¢« v v o o ..
Mounting Control Remgtely¢ . . . . . ... ... .....

SETTINGS AND ADJUSEMENTS

Load Range Sglection . . . . . .. ... ... .. ... ..
Control Panel Settings . . . ... ... ... .......

OPERATION

Lodd Tap Changer. . . . . ¢« v v ¢ o v v v 6 0 s o o o o o
Control Operation. . . . . . ... .. .. ... .. ..
PositiendIndicator. . . . . . . . . .. 0000 oo e 0.

MAINTENANCE

Inspection . . . . . v v v v o i v ottt e e e e e e e
CVR Relay Maintenance . .. ... .. ... .......
Correction of Minor Troubles . . . . . ¢« . v v v v o ¢« o
Major Overhaul and Repair. . . . ... . .. ... ...
Test After Overhaul and Repair . . ... ... ... ...
Spare Parts . . . . . . ¢ ¢ 0 it e e e e e e e e e e e e .

J
a3
®

9o oo adgolowm

© 03 =1



SUPPLEMENTARY DATA
I.B. 47-431-7 - Voltage Regulating Relay, Type CVR . .

List of lllustrations

Figure

fromCVR Relay. . . . . ..« ¢ o o

3 URF Tap Changer with Side Panels I@Qd. .
4 Schematic of Geneva Gear Drive. QY. - .-
5 Valve Type Arrester Air Gap dj@ts .
6 Typical Nameplate for UKF R ro.....
7 Single Phase Connections . ™). . . . . . ..
8 Two Units, Open Delta C cted . .......
9 Three Units, Delta Conneeted . . . . ... . ..
10 Three Units, Wye C% ...........
11 Disconnecting X bl ble from Regulator

Tank . . .

12 Remote Mou ontrol Cabinet . . ... ...,
13 Position I orrwith Load Range Selector

14 Typical ent and Control Switches . . . .
15 Schematic Diagram of Typical URF Regulator .

16 UR rnal Assembly . . . .. ... ... ..
17 ernal Assembly - Tap Changer Side
Removed. . . . . . ..

T\
Preferred Voltage Ratings for Regulators. . . .

II Lightning Arrester Gap Settings. . . . . . ...
111 Short Circuit Rating for Load Range Selection

v Sequence of URF Tap Changer Operation. . . .

1 External View of URF Regulator . . .. . @
2 Regulator Control Panel with Cover Remov

Page 3

11
12
14
15
15
15

16
16

17
17
19
24

24

17

20



Page 4

This instruction book has been prepared to assist the purchaser to propefly install,
operate and maintain the type URF Step Voltage Regulator supplied by Westinghouise. 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.

(W) Westinghouse W)

KVA-CONTINUOUS 55°C. RISE
INSTALL AND OPERATE

| w 3
| STYLE VOLTAGE REGULATOR 47-060-59

INSTRUCTION BOOK
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 byautomatically
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 currentapplicable
ASA, AIEE, NEMA and EEI-NEMAwStand-
ards.

The regulators are designed to operate
at rated current overja 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 bagis’ regardless of voltage.

Example, ‘g, 7620 volt, 219 ampere, 167
KVA reguldtor “may be operated at 5000
volts athi2d9 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 4 %, impedance shown on
nameplate is based on” a line KVA of 10 x
rated regulatory KWA, and on regulator
rated voltagesand current.

3. Operating'Ambient Temperature. Am-
bient temperature should not exceed 40°C
(104°F) mor exceed an average of 300C
(869F) in a'24 hour period.

Fig. 1 - External View of URF Regulator



Page 6
TABLE I
Preferred Voltage Ratings for Regulators
REGULATOR OPERATING VOLTAGE LIMITS *
VOLTAGE RATING
NOMINAL VOLTS Input Voltage - Volts Output Voltage,- Volts
SYSTEM A At
Maximum At axgrmum
VOLTAGE Single Minimum | Rated Load | Maximum At | . i, g | “Rated Load
Phase Amperes No Load Amperes or
At No Load
2400 2500 2125 2625 2750 2250 2750
2400 /4 160Y 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 negulators,
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 i required.
When a regulator is pupchased without
arresters, suitable protection must be pro-
vided at the time of installation,

The most reéliable 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 and -1 terminal
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 Il
Lightning Arrester Gap Settings

ARRESTER ARRESTER REGULATOR
KV RATING GAP SETTING VOLTAGE RATING
3 I fur 2500
6 3/8" 5000
10 /2" 7620
15 3/ur 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 demandindicating
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 compensatiopmat 60 percent of rated
current and the 160 percent ratio for the
higher currentsyasse¢iated with Load Range
Selector operatiomef the regulator.

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

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

Description

The URF Regulator provides voliage 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,

Thefregilating transformer, preventive-
auto, ‘eurrentf transformer and load tap
changer aref/mounted 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
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be interchanged between units or removed
for testing and inspection. The Flexitest
switch base is made an integral part of the
CVR Relay to facilitate connectingand 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 Cofitrol Panel with
Cover Removed fromfCVR Relay

LOAD TAP CHANGER

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

Successive taps ofthe 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 tol thejmext tap or
stationary contact while,the other moving
contact remains stationary¥Inthis position,
the two ends of the preventive auto-trans-
former are connecgtedyto adjacent taps of
the regulating transformer series winding.
This is known @'sja bridging position. The
preventive auto=transformer is designed to
operate continuously in this manner. To
make the secondiap change, theother mov-
ing contaet fssmoved 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 is
directly geared to a Geneva piniont™orn a
single tap change the Geneva pinion makes
1/2 revolution but the Geneva geamand tap
changer contact moves only 1/5 reyolution,
Because the moving contact ag#mm,isWlocked
in position during much of the/mévement
of the Geneva pinion, it igmnoti\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 ziding,on afigure eight-
shaped cam insures that the Geneva pinion
will stop within these Jimits.

Figure 4%llustrates the operation of the
Genevaf Gears Win the tap changer mech-
anisniyy, 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‘ds 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 “rgvolution. Slot "D" has
rotated 72 degrees™from position shown in
(1) and is fwew locked onto the next sta-
tionary contact.®This constitutes one com-~
plete tapschange or a 1-1/4% step.

Illustration 4. Pin "C" has entered slot
"GY, on Geneva gear "F'" and will cause
anothex tap change to be made similar to
that \described in (2) and (3). When pinion
MA'" Treturns 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 ovegx Which the
tap changer has operated $inee it was last
reset,

"Load Range Seleetor')limit switches
are incorporated inte*the position indicator.
These limit switches may be set by means
of knobs outsidegtheéyindicator housing to
limit the range of tegulation to 5, 6-1/4,
7-1/2, 8-3/4y0r(10% 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“areabuilt for outdoor
service, therefore, no unusual storage pre-
cautions are negesgarypy It is preferable
to store them in locations where the humid-
ity is not extremely high.

PREPARATION FOR INSTALLATION

The URWF,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 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 o0il 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 all parts of the CVR Re-
lay operate“freelyfand inspect the contacts
to seefthat they are clean and close
properly.

CHE CKING OPERATION OF CONTROL

Electrical tests can be made by applying a
Vvariable 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 sequenece 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 obtainedby 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 taps in the 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 Xi, is%con-
nected to terminal 16 (lead TA)or“a 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 gpeération. However, for
12,000 volt operation |lead X1 is connected
to terminal 14m(lead” TC) on the terminal
block. Lead Xl1dsfeconnected to terminal 15
(lead TB) for useon 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 REGUBATOR

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

For operating conveénience combination
disconnecting and by=passing switchesorat
least three disconneet switches should be
used for conneeting, disconnecting and by-
passing the4gegulator. This facilitates in-
stalling andyservicing the regulator without
taking the line out of service. In general
it is desirable to use a fourth disconnect
between/ S2L.2 and the common line, or
reutral so that the unit may be completely
isolated from the lines whenbeing serviced.

In" some cases the S2L.2 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. [f 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. With 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 used, the segulator 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
willyprovide approximately plus or minus
fifteen percent range of regulation with an

accompanying phage, shift. The bank cur-
rent capacity ismtheWsame 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
neutpral 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, 9and 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 #1i

REGULATOR #2

Fig. 8 - Two Units, Open Delta Connected on a Three Phase, Three Wite Circtuit - Phase Sequence ABC

e

® r lt

SitLl SI L‘I

S2-12 Se-L2
REGULATOR #1| REGULATOR #2 REGULATOR #3

Fig. 9 - Three Units, belta Conneéted, on,a Three Phase, Three Wire Circuit - Phase Sequence ABC

——

o ¢
Si €Ll SI L
S22 [ s2-L2

E

REGULATOR #! REGULATOR

. + N

#2 REGULATOR #3

.y

Fig.310£ Thrée Units, Wye Connected, on a Three Phase, Four Wire Circuit - Phase Sequence ABC

4, Remove the control cabinet from the
regulatox 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
CABINET

GROUND

LAG TOP
Ll AND’'BOTTOM

Rig. 12ypRemote Mounted Control Cabinet

Settings and Adjustments

GENERAL

All settings and adjustments totbe made on
the URF Regulator are on the centrolpanel
except for the Load Range Seleetor Settings
on the position indicator. The,settings that
can be made are voltage level,\pandwidth,
time delay, reactance and resistance line
drop compensation, linesdrépsompensator
polarity and current] tradsformer ratio.
Voltage level, bandwidthgsand time delay
setting and/or a@justments 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 of rheostats or tap
switches,, mounted on the control panel.
See L.Bpd7s431-7.

The 'main difference between the CVR
Control 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 (For c i
. u
data refer to Table I11.) rrent rating
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Fig. 13 - Position Indicator with Load
Range Selector

LOAD RANGE SELECTION

Load Range Selection limit swit¢hes) are
built into the position indicator. “Fhey may
be set to limit the range of regulation to
values other than plus or minusg 10%. ‘The
raise and lower ranges are ifidependently
adjustable by means of knobs” at the sides
of the position indicator fassembly. To
change the range of regulatien, 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 111
[.odd Range Selection
POSIT 10N % RATED
IND I CATORCL | MAT LINE RANGSPERI;;S‘?":WNS
SWITCH SETTING | AMPERES *
10% 100 8R to 8L
8-3/u% 1o 7R to 7L
7-1/29 120 6R to 6L
6-1/u9 135 5R to 5L
5% 160 4R to BL

* 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 Plate™or ratio
to be used.

CONTROL PANEL, SELTINGS

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

LINE DROP COMPENSATOR |-

Wox 0%

“©%

CURRENT SELECTOR

W%fwnﬁhouse .

m“‘li
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 reactance volts
inserted into the control circuit when rated
line drop compensation current is flowihg.
The Current Selector Switch® connects
proper taps of the current transformer
so that rated current flows in“the 4ihe drop
compensator when the lineg€urrent through
the regualtor is 60%, 1009 /011160% of the
nameplate current rating. The switch
should always be on, thewshort position
when the CVR relay,is“wemoved from its
case.

The polarity switch is set on the +R +X
position fo¥ynormal operation, on +R -X
for parallelingtunits by reverse reactance,
and ondany position as required by the
Wagner , seheme for operation of units in
delta origpenvdelta.

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 S“switehing 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.
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TABLE IV
Sequence of URF Tap Changer Operation

POSITION

REVERSING SWITCH
CONNECTS R TO

SELECTOR SWITCHES
CONNECT

RI' ' TO Ry TO

T M E O r
O N O FEF WN—Z —NWF oo N o

m w — > 0

W W W W WwwWw w w 00 00 00 0o 0o 0o 0o 0o

No oo o+
N O oo oL F~

N o OO o1 OV
N ~No oo oo+ F

CONTROL OPERATION

Exact details of control may vary(slightly
for different special units as showmpbythe
wiring diagrams supplied with the particu-
lar equipment but in genegal the control
functions are as follows: The,control se-
lector switch has five pg@Sition§ reading
from left to right: LOWER, OFF, AUTO,
OFF, and RAISE. Fopman@al control in
the lower direction placing the control se-
lector switch on LLOWERse€loses the AMCL
contact and enefrgizes the AL relay, which
closes contactGAlf energizing the L con-
tactor which closes the L contact and op-
erates the tap changer in the lower direc-
tion. Placing the control selector switch
on RAISE clos€s the AMCR and operates
AR whichy closes contact AR energizing
the R ‘c¢ontactor which operates the tap
changémnyin the raise direction.

Eor 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 relayenergizes the
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 tapchanger 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 Ioad Range
Selection the tap changér should be run to
a position within qthews@esired operating
range. Otherwise, the, néw limits will not
become effective untilthe tap changer does
get into the new operating range.

For example Nifithe 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 Tmaintenance. The
first inspection shouldfbe made before the
end of the one_yeaggswarranty period so
that any faults sZfound can be corrected
within the warranty, The secondinspection
should bé made, at the end of the next ten
years gor 400,000 operations, whichever
comes sognhery

The relays shouldbe checkedforproper
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 shouldbereplacedwhenneces-
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 thestandard 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 test 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 fite “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 caontrol cabinet.

The diagram™“ef 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® the/voltage 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'meotor fails to operate.

14 €heek voltage on the voltage test ter-
mipals” 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. 1If 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 shogwnithat’arc-
ing contacts should be replaced and such
contacts have been obtained, the*following
procedure is recommen@ded.

1. Put the regulator®on 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 regulater. Remove the oil
from both the regtilldator and thetap changer
compartments,

2. Disceonnect the three bushing leads by
removingthe dadapters and bushing caps
and removeéythe cover.

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

4.5 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, ofwithe tank to the left
of the control cabinetij 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 dryand clean.
See Figure|16.

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. Applyd20 volts to the autotransformer
in the motexr, circuit and run thetapchanger
thrugits, entire range and return. Be sure
there\is no binding and that the moving
contaets change position rapidly. Open the
control 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 bushingandonelightning
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 less, than a
minute. The plug permits complete testing
of the relay on the test bench with con-
venient slip connections.

The following list of ifemg™and cor-
responding Westinghouse ‘style numbers
is provided for ease of identification should
the need arise for,ordering”spare parts.

Parts common to all®UREFRegulators:

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 indidator gaskets S#231A694HO01
Position_indigcator, glass

and/bezel kit S#455C606G01
Handwhole,eover gaskets S#242A997HO1
Cover,gasket S#247A453H01

Parts not common for all ratings:

STYLE NUMBER
VOLTS val
Bushing alve Type
Arrester
2,500 592D5uU4 Group U 1743285
5,000 592D5uU4 Group 4 17u3286
7,620 592D544 Group 5 17u3287
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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