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HANDLING AND STORAGE

1. Type SU induction regulators are
shipped filled with oil. When regulators
are received, they should be checked
carefully to be sure that the oil level is at
the proper height and that no damage
has occurred during shipment or han-
dling. At room temperature or approxi-
mately 25°C., oil should show about 1”
in the gauge. The voltage relay moving
element should be inspected to be sure
that it is properly supported so that it
cannot be shaken during shipment or
handling which may cause damage to the
bearings or other parts. Tanks on this
type of regulator are not sealed oil tight
at the top and should not be tipped
during moving to such an extent that oil
will come above the position indicator
shaft.

2. If regulators are stored for a consid-
erable length of time, they should be in-
doors, if possible, and preferably where
the temperature is nearly uniform. Wide
changes in temperature of regulators that
are not operating tend to cause moisture
condensation. After a regulator has been
stored for a considerable time, a test
should be made of the oil for dielectric
strength before the regulator is put in
service. Oil should test at least 20,000
volts using a 1-10" test gap.

INSTALLATION AND CON-
NECTIONS

3. Type SU induction regulators have
all accessories self contained. It is only
necessary to make connections to the
power circuits during installation. If
regulators are to be used in delta circuit,
either two in open delta or three in
closed delta, the position of the selector
screw in the rear of the control panel
should be placed in the proper location
according to the diagram and instruc-
tions given for different connections.
The diagram sent with the regulator
should be checked for special connections
which may be slightly different than the
standard diagram shown in Figs. No.

Regulators

INSTRUCTIONS

Sor 6. Therating on the regulator name-
plate should also be checked with the
capacity of the circuit in which the
regulator is to be operated to prevent
improper loading.

4. To connect a single phase regulator

F1c. 2—48 Kva,, TypE SU REGULATOR
SHOWING PROVISION FOR SERIES-PARAL-

LEL CONNECTIONS OF STATOR LEADS.

CONNECTIONS MAY BE MADE BE RE-

MOVING PLATE AS SHOWN OR THROUGH
Haxp HoLg 1N COVER.
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to a live circuit, first check to make sure
it is in the neutral position. The primary
or exciting winding may then be con-
nected across the line and the secondary
or series winding may be connected in
parallel with a by-pass switch. Opening
the by-pass then puts the regulator in
the circuit ready for operation. To dis-
connect a single phase induction regu-
lator from the circuit, without interrupt-
ing service, it should first be run to the
neutral position by hand control and
then control supply switch opened. The
secondary or series winding of the regu-
lator may then be by-passed after which
the primary or exciting winding may be
opened and then the regulator entirely
disconnected from the line. The primary
of an induction regulator should never
be opened when the secondary is in
series with the line and carrying load
current as high voltages may be induced
in the windings.

5. On both the 2400 and 4800 volt
ratings, provision is made for series-
parallel connections of the series wind-
ings. A change of these connections may
be made from the hand hole in the tank
cover, if sufficient care is exercised to
prevent dropping parts intotheregulator,
or it may be made by removing the
plate on the rear side of the tank. In the
latter case, the oil must be lowered before
the plate is removed and a new gasket
must be applied when the plate is re-
placed. See Fig. No. 2. On 4800 volt
ratings only, series-parallel connections
on the primary are provided for by means
of bolted terminals located near the
winding. By this means the regulator
may be connected for operation on either
2400 or 4800 volts. Only the main regu-
lator connections need to be changed
since changing them changes the trans-
former connections also. It is necessary
to remove the regulator from the tank to
make this change. Unless otherwise
specified, regulators will be shipped con-
nected in series with the nameplate
marked accordingly.
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6. Induction regulators should always
be protected against voltage surges by
means of lightning arresters.  They
should be mounted on the tank, or as
near to the regulator as practical, with
an arrester connected to each regulator
terminal and the arrester ground wires
connected directly to the regulator tank.
Tapped holes are provided in the plate
on the rear of the tank for mounting
arrester brackets. It is recommended
that 3 Kv. arresters should be used on
2400 volt regulators and 6 Kv-a. ar-
resters should be used on 4800 volt reg-
ulators.

7. After connections are made, the
blocking and supports on the voltage re-
lay should be removed and a check of
the balance of the relay should be made
with the selector screw of the compensa-
tor phase angle adjuster placed in each
of the three positions. The difference in
the value of balance voltage for each of
these three positions should not exceed
one volt. This test should be made as a
check on the connections and the ap-
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paratus which is part of the compensator
phase angle adjuster.

Connections For Use With
Older Types of Regulators

8. On the type SU regulator (36 to 120
Kv-a. inclusive) a current ratio and
phase angle transformer is included, by
means of which these regulators may be
operated in delta with older type regu-
lators which are not equipped with the
compensator phase angle adjuster. When
this is done, the phase angle selector
screw should be in the center position.
Connections for this purpose will be fur-
nished when required to suit the type of
old regulator involved.

9. The type SU regulator of 12 and 24
Kv-a. ratings, is not equipped with a
current transformer for a 5 ampere
secondary winding, but has one in which
the secondary current rating is that re-
quired by the line drop compensator.
With this type of regulator, therefore,
cross connections cannot be made for use
with old regulators not equipped with
compensator phase angle adjuster.

~
TURN SWITCH OFF
WHEN ADJUSTING RELAY

Fic. 3—Front ViEw oF CONTROL PANEL

ADJUSTMENT AND MAIN-
TENANCE OF ACCESSORIES

10. Before the regulator is put in final
operation, the following points should be
checked. By pressing down on the volt-
age relay balance arm so that the pivot
shaft is held firmly in the grooved bear-
ing, the clearance between the balance
arm and the inside of the operating coil,
and the clearance between the balance
arm and the sides of the supporting bear-
ing may be noted. The voltage relay
contacts should be in line and the ad-
justment of the stationary contacts
should be such that after contact has
been made and the regulator has oper-
ated, the relay comes back to the balance
position. If the regulator tends to over-
travel so the relay goes past the balance
point, the stationary contact should be
moved closer to the moving contact. If
the regulator stops too soon so the relay
does not come back to the balance point,
the stationary contact should be moved
farther from the moving contact. The
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balance weight on the moving element of
the voltage relay should be set, by means
of the calibrated plate, for the value of
non-compensated or load center voltage
it is desired to maintain. After the
regulator has operated several hours con-
tinuously and the voltage relay is at
exact balance with zero line drop com-
pensation, the value of voltage shown on
the calibrated plate may be checked
against that read on a voltmeter connect-
ed to the test terminals. If a discrepancy
is found, the plate may be adjusted by
loosening the screws in the slotted holes
and moving the plate as required to in-
dicate the same value as that read on the
voltmeter.

11. A damping device mounted at the
rear of the balance arm of the voltage
relay and connected to the arm by a link
is for the purpose of supplying the re-
quired amount of friction to give stability
to the relay. This should not require ad-
justment and if the relay appears to be
slow or sluggish in operation, the relay
should be checked carefully for friction
at other points before changing the ad-
justment of the damping device. If the

Compensator
Phase Angle
Adjuster
Terminal Block

Compensator
Phase Angle
Selector Screw

And Contact Washer
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voltage relay balance arm moves too
freely and swings excessively, the spring
tension should be increased on the damp-
ing device by moving the adjusting nut
a fraction of a turn.

12. The two type SG motor operating
relays are mechanically interlocked so
both cannot be closed at the same time.
The clearance between the relays and the
interlocking bar is adjustable by means
of a slotted hole in the bottom of the con-
trol box in which the interlock bar is
mounted. The location of the bar
should be such that with one relay com-
pletely closed, any movement of the
other relay in closing will be stopped by
the interlock but each relay should be
able to close separately without binding.

13. The change in voltage required to
cause the voltage regulating relay to
make contact is controlled by the setting
of the permanent compounding magnet.
To increase the width of the band, the
magnet should be moved closer to the
soft iron armature on the moving ele-
ment giving a smaller gap between the
magnet and the armature. To decrease

the width of the operating band the
permanent magnet should be moved
farther away from the moving element
giving a larger gap between the magnet
and the soft iron armature. For usual
operating bands such as 1 to 114 volts
= from the balance voltage, the gap
just mentioned should be approximately
145", If wider operating bands are
required than can be obtained with
the magnet as it is received, the iron
washer which holds the magnet in place
may be replaced with a brass washer,
thus increasing the strength of the mag-
net so that wider bands may be obtained
without using air gaps which are too
small to give reliable operation.

14. Resistance line drop compensation
is adjusted by means of a rheostat oper-
ated by a knob on the front of the panel
at the right hand side. The knob is held
in the position at which it has been set
by friction and may be operated at any
position. Reactive line drop compensa-
tion is adjusted by means of a tap
switch controlled by a knob on the front
of the panel on the left hand side. The
use of preventive resistors, in the current

(Cont'd on page 10)

F16. 4—~REAR VIEW OF CONTROL PANEL
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Compensator Phase Angle Adjuster Terminal Block Viewed From

Rear of Panel See Notes At Right For Correct Location Of Selector
Screw And Washer. Screw Should Be In Central Location When Regulator
Is Used On A Single Phase Circuit

Vol/tage Relay

Power Load
Potential Transformer]|
Motor X1 Hl ’
Operating| L 2 1 N (85 A)H3 XQ?
Trans. - X; S S 7
5 4 X6
H2 ° 4 a0’ 88
i O Current t
Ld o Transformer l
]
Capacitor l I '3 , Line Drog
1 ? Com ensato
Linit | [i]xe Fuse - ——— : P r
Switch
19 5 |5|5 X3 8)- \6
T Control Circuit 100 Vor4
817 L [switen witn 1| | ré-zs1 2% *2
- 4k Thermal Element It 1
718 P Terminal Board | l_o
Motor ‘With \ E" M Viewed From Z 9\ Manual
Dynamic Brake N2 Outside = 3 [FRaise-Lower
i Automatic-— Switch
Current Ratio Transformer.May Also Be M; m? e ¢
Used As A Phase Angle Transformer With 5 Ogah
Other Types Of Regulators Not Equipped W1tcl -——___?(;7 I
With Compensator Phase Angle Adijuster. MN GN BN Voltage Test
BBM™ | 7 RD Terminals
T T N A |
{ ¥ L |
o T
_L [ i "
¥ [(600008B03J00 81K B'E QY
IEIRZRS U4 03602001525l
000000
— 7]
—
Nl L MN<C BK Thermal Element
/ 8 Fuse
Raise o /
Tlusua VL/
Lower o X6 H4
HSecondary U
Back Contacts Relay SReb2L b
COLOR CODE LL = Limit Switch for Lowering.
BK = Black LR = Limit Switch for Raising. Load
BE = Blue BR = Brake Contact for Raising.
BN = Brown BL = Brake Contact for Lowering. Power.
RD = Red VL = Voltage Relay for Lowering.
GN = Green VR = Voltage Relay for Raising.
MN = Maroon HR = Hand Contact for Raising.
GY = Gray HL = Hand Contact for Lowering.
B-B = Black & Blue H = Hand Operation.
A = Automatic Operation. L
CS = Control Circuit Switch.

SR = Secondary Relay for Raising.
SL = Secondary Relay for Lowering.

F16. 5—CoNNECTION DIAGRAM FOR
ON 4800 VoLt RaTINGS CONN

INGS.
WINDING

REGULATOR FOR DETAILS OF CONNECTIONS,

StaAnDARD TyPE SU REGULATORS, 2400 VoLts, 36 10 120 Kv-A. RAT-
ECTION FOR 2400 VOLT OPERATION MAY BE MADE AT THE ROTOR
AFTER THE REGULATOR HAS BEEN REMOVED FROM THE TANK. SEE DIAGRAM FURNISHED wiTH
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SKETCH FOR PARALLEL

CONNECTION OF STATOR
C
B POWER LOAD
A l
(:2 (8) (;) /) (8 <;)
[ Sgdyh g el
REGULATOR s1 REGULATOR 52

TWO SINGLE PHASE REGULATORS ON A THREE PHASE CIRCUIT
FOR A-B-C PHASE ROTATION, PUT SELECTOR SCREW IN LEFT HAND LOCATION
FOR s1 REGULATOR AND IN RIGHT HAND LOCATION FOR 52 REGULATOR.

C POWER LOAD
A [
e (8) @ ) (8 @ ) (8
Lo~ [ugndundl sl Fibuher haday

THREE SINGLE PHASE REGULATORS IN DELTA ON A THREE PHASE CIRCUIT
FOR A-B-C PHASE ROTATION PUT SELECTOR SCREW IN LEFT HAND LOCATION
ON ALL THREE REGULATORS.

POWER LOAD
1 I
_('}) 7 (8) (4 N (6
OO QO el

THREE SINGLE PHASE REGULATORS IN STAR ON A THREE PHASE
FOUR WIRE CIRCUIT

PUT SELECTOR SCREW IN CENTER LOCATION ON ALL THREE REGULATORS.

AFTER THE SCREW AND WASHERS ARE PLACED IN EITHER THE RIGHT HAND OR
LEFT HAND POSITION A SLIGHT CHANGE IN BALANCE MAY BE FOUND ON THE
VOLTAGE RELAY, THE RELAY SHOULD BE BALANCED BY MOVING THE ADJUSTING
WEIGHT AND THE POSITION OF THE CALIBRATION PLATE SHOULD BE CHANGED
AS REQUIRED TO GIVE THE SAME READING AS OBTAINED AT THE TEST TERMINALS
AT ZERO COMPENSATION.

NO INTERCONNECTION REQUIRED BETWEEN REGULATOR CONTROL CIRCUITS FOR
ANY OF ABOVE CONNECTIONS. '

Fic. 5A

.
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Compensator Phase Angle Adjuster Terminal Block Viewed From
Rear of Panel See Notes At Right For Correct Location of Selector
Screw And Washer. Screw Should Be In Central Location When Regulator

Is Used On A Single Phase Circuit Voltage Relay

(=== 4
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L1 I6(X3 Switch with — ||| | ‘L 104V ora
= . Thermal Element & T o112 2
Motor 7o o en
b | Terminal Board L 7 M 1
° JBF Viewed From Outside - re anJa
444\2\ F ZS Raise-Lower
o115 Automatic Manual - Switch M
Switch p
GY ———4 ] e
e
BN ———H™ RD
)’i——1ﬂ——~——~
Voltage Test Terminals
BB MN GN BN RD
| —— Y Y / /
s = = —
00080000000
RIRZR31516 6 u1x33|xe| / ,/
DOOTSO ¥
I
vy L = ——
TGN g BK BE Gy 5 7 6
AL o
H2 Thermal Element
b E Secondary Relay
Back Contacts
COLOR CODE SR = Secondary Relay for Raising. Power~ Load
BK = Black SL = Secondary Relay for Lowering.
BE = Blue LL = Limit Switch for Lowering.
BN = Brown LR = Limit Switch for Raising.
RD = Red VL = Voltage Relay for Lowering.
GN = Green VR = Voltage Relay for Raising.
MN = Margon HR = Hand Contact for Raising.
GY = Gray HL = Hand Contact for Lowering.
B-B = Black & Blue H = Hand Operation.
A = Automatic Operation.
T = Voltage Terminals.

F1G. 6—CONNECTION DIAGRAM FOR STANDARD TypE SU REGULATORS, 2400 VoLts, 12 AND 24 Kv-a,

RaTtiNgs. ON 4800 VOoLT RATINGS CONNECTION FOR 2400 VoLT OPERATION MAY BE MADE AT THE ROTOR

WINDING AFTER THE REGULATOR HAS BEEN REMOVED FROM THE TANK. SEE DIAGRAM FURNISHED WITH
REGULATOR FOR DETAILS OF CONNECTION.
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2.9

]
T 1
=d Lad

SKETCH FOR PARALLEL
CONNECTION OF STATOR

g POWER LOAD
B +
QOO NOO
= =d | e’
REGULATOR «1 REGULATOR «2

TWO SINGLE PHASE REGULATORS ON A THREE PHASE CIRCUIT
FOR A-B-C PHASE ROTATION, PUT SELECTOR SCREW IN LEFT HAND LOCATION
FOR 41 REGULATOR AND IN RIGHT HAND LOCATION FOR 2 REGULATOR.

LOAD

> WO

0d QOO Q

[paigal’ (St R T

THREE SINGLE PHASE REGULATORS IN DELTA ON A THREE PHASE CIRCUIT
FOR A-B-C PHASE ROTATION PUT SELECTOR SCREW IN LEFT HAND LOCATION
ON ALL THREE REGULATORS.

P >—
POWER LOAD
1 I
260 000 QU0

Hikoaliyed i ——J" =
THREE SINGLE PHASE REGULATORS IN STAR ON A THREE PHASE

FOUR WIRE CIRCUIT.
PUT SELECTOR SCREW IN CENTER LOCATION ON ALL THREE REGULATORS.

AFTER THE SCREW AND WASHERS ARE PLACED IN EITHER THE RIGHT HAND OR
LEFT HAND POSITION A SLIGHT CHANGE IN BALANCE MAY BE FOUND ON THE
VOLTAGE RELAY.THE RELAY SHOULD BE BALANCED BY MOVING THE ADJUSTING
WEIGHT AND THE POSITION OF THE CALIBRATION PLATE SHOULD BE'CHANGED
AS REQUIRED TO GIVE THE SAME READING AS OBTAINED AT THE TEST TERMINALS
AT ZERO COMPENSATION.

NO INTERCONNECTION REQUIRED BETWEEN REGULATOR CONTROL CIRCUITS FOR
ANY OF ABOVE CONNECTIONS,

FiG. 6A
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circuit to the compensator reactor, pro-
vides intermediate points of compensa-
tion and allows operation at any position
of the knob.

15.  Correct settings for line drop com-
pensation are most commonly obtained
from calculated values of reactance and
resistance line drop from the regulator
to the load center reduced to full load
regulator rating and 120 volts and later
corrected if found necessary from voltage
charts taken at the load center. Calcu-
lated values are likely to be sufficiently
accurate in ratio of resistance to react-
ance drop and the compensation for both
should be increased if load center voltage
falls at periods of high loads and both

Compensator Phase
ngle Adjuster
Selector Screw

Motor Control

Fi16. 7—TyrE SU REGULATOR WITH
PaNEL Swune Out, anp Motor O

Current Ratio
Transformer

should be decreased if load center voltage
rises at periods of high load.

16. The contacts on both the voltage
relay and the motor operating relays are
of silver and do not require dressing or
polishing. Only inspection is required to
be sure that contacts meet evenly and
that the contact material has not been
worn away. On the SG motor operating
relays, the contacts should cause at least
142" spring deflection when they are
closed.

17. The contact switch located inside
the type SU regulator (36 to 120 Kv-a.
inclusive) which controls the braking cir-
cuits of the operating motor requires
maintenance only when a general in-
spection is given the regulator. At such

Mechanical
Position
Indicator

elays

Relay Interlock

10

a time the switch should be examined
to ascertain whether any burning of the
contacts has taken place or any wear
of the operating shaft or cam. The
spacing between the contacts normally
should be 145", The spring supports for
the two inside contacts should rest lightly
against the operating cam. If the motor
has a tendency to overtravel when stop-
ped, this is an indication that the springs
just mentioned exert too great a pressure
against the cam. If the motor should
have a tendency to reverse after the relay
opens, this may be caused by insufficient
pressure of the two inside contact
springs against the cam. Dynamic
braking is not supplied in type SU regu-
lators of 12 and 24 K.V.A. ratings and
this paragraph does not apply.

CoxtroL Box Door OpPEN, CONTROL
PERATING RELAY COVERS REMOVED.
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MAINTENANCE OF OIL AND
PERIODIC INSPECTION

18. Approximately once a year, or
oftener if operating conditions warrant,
an inspection should be made to deter-
mine whether the oil level is correct and
the oil of sufficient dielectric strength.
In checking the oil level, allowance
should be made for the temperature at
which the regulator is operating, allow-
ing 14" increase in oil level for each 10°
of oil temperature above 25°C.

19. A test of the oil should give a break-
down value of at least 15,000 volts on a

Ly 7

L{o" test gap. If the oil strength is
found to be lower than this value, the oil
should be filtered after which the dielec-
tric test will probably come back to nor-
mal value. It should also be noted
whether the oil is clear or whether it has
been darkened due to foreign matter
which may have gotten into the regula-
tor. If the oil does not give a suitable
test after being filtered, it should be re-
moved and replaced with new oil.

20. After ten years of operation and at
ten year periods, a complete inspection
of the regulator should be made by tak-

ing it to a suitable service shop where it
should be completely dismantled. Dur-
ing this inspection the following points
should be checked. The rotor leads
should be inspected for chafing or weak-
ened points which may later cause
breakages, deformed coils due to short
circuit stresses or other abnormal oper-
ating conditions and worn parts such as
gears, bearings, etc. A check should be
made of the air gap which should meas-
ure not exceeding .005’’ difference at any
position around the rotor and for any
position of the rotor.

FiG. 8—TvpeE SU REGULATOR REMOVED FROM THE TANK
SHOwWING CURRENT TRANSFORMER, OPERATING MOTOR,

GEAR REDUCTION AND BRAKING SwITCH.
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