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TYPE SI INDUCTION VOLTAGE REGULATORS

Instructions

HANDLING AND STORAGE

Type SI inductlon regulators are shipped
filled with liquid. When regulators &re received,
they should be checked carefully to be sure that
the liquid level 1s at the proper helght and that
no damage has occured during shipment or handling.
At room temperature or approximately 25°C., lig-
uid should show about 1" in the gauge. The volt-
age relay moving element should be inspected to
be sure that it is properly supported so that 1t
cannot be shaken during shipment or handling
which may cause damage to the bearings or other
parts. Tanks on this type of regulator are seal-
ed alr tight.

If regulators are stored for a considerable
length of time, they should be indoors, if poss-
ible and preferably where the temperature 1s
nearly uniform. Wide changes in temperature of
regulators that are not operating tend to cause
moisture condensatibn. After a regulator has
been stored for a considerable time, a test
should be made of the 1ligquld for dielectric
strength before the regulator is put in service.
It should test at least 20,000 volts using a
1/10" test gap.

Fig. 2 - Type SI Regulator Showing Rear Hand Hole
Plate Which May Be Removed for Making Changes in
Connections.
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Fig. 3 - Front View of Control Panel
INSTALLATION AND CONNECTIONS

Type SI induction regulators have all ac-
cessoriles self contained. It 1s only necessary
to make connections to the power cirecuits 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
derew in the rear of the control panel should be
placed in the proper location according to the
diagram and instructions given for different con-
nections. The diagram sent with the regulator
should be checked for special connections which
may be slightly different than the standard dila-
gram shown in Figs. No. 5 or 6. The rating on
the regulator nameplate should also be '‘checked
with the capacity of the circuit in which the
regulator is to be operated to prevent lmproper
loading.

To connect &a single phase regulator to a
live circult, first check to make sure it is in
the neutral position. The primary or exciting
winding may then be connected across the line
and the secondary or series winding may be con-
nected in parallel with a by-pass switch. Open-
ing the by-pass then puts the regulator in the
circult ready for operatilon. To disconnect a
single phase induction regulator from the cir-
cult, without iIinterrupting service, 1t should
first be run to the neutral positionby hand con-
trol and then control supply switch opened. The
secondary or serles winding of the regulator may
then be by-passed after which the primary or ex-
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Fig. 4 - Rear View of Control Panel

clting winding may be opened and then the regul -
ator entirely disconnected from the line. The
primary of an inductlon regulator should never
be opened when the secondary 1s in series with
the line and carrying load current as high volt-
ages may be induced In the windings.

On both the 2400 and 4800 volt ratings,
provision 1s made for series-parallel connections
of the series windings. A change of these ‘con-
nections may be made from the hand hole in the
tank cover, 1f sufficient care is exercised to
brevent dropping parts into the regulator, or it
may be made by removing the plate  on the rear
side of the tank. In the latter case, the
liquid must be lowered before the plate is re-
moved and a new gasket must be applied when the
plate 1s replaced. See Flg. No. 2. 0n 4800
volt ratings only, seriles-parallel connections
on the primary are provided for by means of
bolted terminals 1located near the winding.
By this means the regulator may be connected
for operation on either 2400 or 4800 volts.
Only the main regulator connections need to be
changed since changing them ¢hanges the trans-
former connections also.. It is necessary to re-
move the regulator from the tank to make this
change. Unless otherwise specified, regulators
w1lll be shipped connected 1in series with the
nameplate marked accordingly.

Induction regulators should always be pro-
tected against voltage surges by means of light-
ning 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 1s recommended
that 3 Kv. arresters should be used on 2400 volt
regulators and 6 Kv-a. arresters should be used
on 4800 volt regulators.

After connections are made, the blocking and
supports on the voltage relay should be re-

moved and a check of the balance of the relay
should be made with the selector screw of the
compensator 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 apparatus which 1is part of the compensator
bhase angle adjuster.

Connections for Use With Older Types of
Regulators

On the type 3I regulator (36 to 120 Kv-a.
inclusive) a current ratio and phase angle trans-
former is included, by means of which these re-
gulators may be operated in delta with older type
regulators which are not equipped with the com-
Pensator phase angle adjuster. When this is dons
the phase angle selector screw should be in the
center position. Connections for this purpose
will ©De furnished when required to sult the
type of old regulator involved.

ADJUSTMENT AND MAINTENANCE OF ACCESSORIES

Before the regulator is put in final opera-
tion, the following points should be checked. By
pressing down on the voltage relay balance arm
80 that the pivot shaft 1s held firmly in the
grooved bearing, the clearance between the bal-
ance arm and the inside of the operating coil,
and the clearance between the balance arm and
the sides of the supporting bearing may be noted.
The voltage relay contacts should be in line and
the adjustment of the stationary contacts should
be such that after contact has been made and the
regulator has operated, the relay comes back to
the balance position. If the regulator tends to
overtravel 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 balance weight on the moving element of the
voltage relay should be set, by means of the
calibrated plate, for the value of non-compen-
sated or load center voltage 1t is desired to
maintain. After the regulator has operated
several hours continuously and the voltage relay
is at exact balance with zero line drop compen-
sation, the value of voltage shown on the cali-
brated plate may be checked against that read on
a voltmeter connected 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 indicate the same-

value as that read on the voltmeter.

A damping device mounted at the rear of the
balance arm of the voltage relay and connected
to the arm by & link is for the purpose of sup-
plylng the required amount of friction to give
stability to the relay. This should not requirs
adjustment and 1f the relay appears to be slow
or sluggish 1in operation, the relay should be
checked carefully for friction at other points
before changing the adjustment of the damping

device. If the voltage relay balance arm, moves

too freely and swings excessively, the spring
tension should be increased on the damping de-
vice by moving the adjusting nut a fraction of a
turn.

The two type SG motor operating relays are
mechanically interlocked so both cannot be clo-
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sed at the same time. The clearance between the
relays and the interlocking bar 1s 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 completely 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.

The change in voltage required to cause the
voltage regulating relay to make contact is con-
trolled by the setting of the permanent com-
pounding magnet. To increase the width of the
band, the magnet should be moved closer to the
soft iron armature on the moving element giving
a smaller gap between the magnet and the arma-
ture. To décrease 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 1-1/2
volts + from the balance voltage, the gap just
mentioned should be approximately 1/32".

Resistance 1line drop compensation is ad-
justed by means of a rheostat operated by a knob
on the front of the panel at the right hand side.
The knob 1s held in the position at which it has
been set by friction and may be operated at any
position. Reactive 1line drop compensation 1s
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 circuit to the compensator reactor, pro-
vides intermediate ©points of compensation and
allows operation at any position of the knob.

Correct settings for line drop compensation
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 voltsand later corrected
if found necessary from voltage charts taken at
the load center. Calculated values are likely
to be sufficiently accurate in ratio of resis-
tance to reactance drop and the compensation for
both should be increased 1f load center voltage
falls at periods of high loads and both should
be decreased if load center voltage rises at per-
iods of high load.

The contacts on both the voltage relay and
the motor operating relays are of silver and do
not require dressing or polishing. Only inspec-
tion is required to be sure that contacts meet
evenly and that the contact material has not
been worn away. On the SG motor operating re-
lays, the contacts should cause at least 1/32"
spring deflection when they are closed.

MAINTENANCE OF LIQUID AND PERIODIC INSPECTION

Inerteen Equipment - Care must be exercised
in handling 1nerteen to prevent contamination
since impurities alter its non-inflammable and
electrical characteristics. It must be handled
in thoroughly clean contalners free from oil. If
there is any question concerning the cleanliness
of the containers, they should be thoroughly
washed with Trichlorbenzene M-6872 and dried be-
fore any Inerteen is placed in them. The trans-
former tank or any of its compartments in which
Inerteen 1is used, must Dbe free from oil and
other contaminating materials.

Inerteen should not be mixed with vegetable
oils since these materials affect the deteriora-

Compensator Phase
Angle Adjuster
Selactor Screw

Mechanical Poaition indicator

Motar Control
Refays

Current Ratio,
Transformer

%

Relay lnteriock

Fig. 7 - Type SI Regulator with Control Box Door
Open, Control Panel Swung Out, and Motor Opera-
ting Relay Covers Removed.

tion, D.C. resistance and otherwise contaminate
it. Compounds of asphaltic nature, paraffin and
ordinary soldering flux are particularly harmful
to Inerteen.

For soldering, a solution of rosirr in alco-
hol 1s recommended.

All-metal hose must be wused in handling
Inerteen since the lining used in most hose 1is
soluble in Inerteen.

Filling Regulators - When 1t is necessary
to fill a regulator with Inerteen one should
make sure that all joints are tight; Cement
M-7386 -should be used for this purpose. Steel
pipe or metal hose should be used, and prefer-
ably the regulator should be filled through the
drain valve. This will keep aeration of the In-
erteen to a minimum. See that the alr vents are
open as the regulator is filled.

It is desirable to fill a regulator by pass-
ing the Inerteen through an Inerteen Conditioner
If this cannot be done and the Inerteen tests
satisfactorily, fill the regulator by passing the
Inérteen through three thicknesses of tightly
woven white cloth, which has first been washed in
Trichlorbenzene M-6872 and dried to remove any
sizing. New cloths should be used for at least
every two regulators.

When it is necessary to fill Inerteen regu-
lators out-of-doors and particularly on damp
days due precaution must be taken to prevent the
entrance of moisture into the regulator.
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Periodic Inspections

Inerteen - It is desirable that top and
bottom samples of Inerteen be taken from each
regulator and tested after a short period of
operation. When operating conditions permit
routine sampling of the Inerteen at intervals.of
six months 1is recommended. Accurate records
should be kept of such inspections and tests, and
1f the Inerteen shows a dielectric strength of
less than 16 KV the Inerteen Conditioner may be
used. This depends somewhat on the' load cycle
and climatic conditions. If no facilities are
avallable for making dielectric tests on Iner-
teen, samples should be sent to the Westinghouse
Electric & Manufacturing Company, East Pgh.,
Penna. Each sample of Inerteen should'be prop-
erly identified by the regulator serial number

Fig. 8 - Type SI Regulator Removed Frdm the Tank
Showing Current Transformer, Operating Motor,
and Reduction Gear.

and it should be recorded whether taken from the
top or bottom of the tank or from a tank-compart-
ment. Samples should be carefully packed to
avold breakage in transit. When any appreciable
amount of Inerteen 1is removed from a regulator,
1t should be replaced with an equal amount of
nev Inerteen of proper dielectric strength so
that the liquid level in the transformer is mein-
tained.

Operation of Regulators - It is recommended
that a perlodic check be made of the operating
temperatures of Inerteen regulators and that the
temperature of the Inerteen be kept below 90°cC.
for a maximum-rated self-cooled transformer.

Taking Samples of Inerteen

All sampling and testing equipment must be

thoroughly dry and clean. It is recommended that
sampling and testing equipment used for Inerteen
be used for no other purpose. Care must be used
in obtaining and =sealing samples of Inerteen
taken from a regulator.

Use only small tin containers with screved
metal-gasket caps or small glass bottles.with
glass stoppers for holding Inerteen samples.

If it becomes necessary to use other than
Factory sampling containers, such containers
should be thoroughly rinsed with clean gasoline,
washed with strong soap suds and rinsed thor-
oughly in hot water, and then dried in an oven
at approximately 110°C. for one hour. If the
containers are not used immediately after clean-
ing, they should be sealed tightly and stored in
a dry, clean place.

It is desirable that samples of Inerteen be
removed from a tank or from a drum on clear days
only and when the Inerteen is at least as warm
as the surrounding air.

The sample of Inerteen should be removed
near the surface of the fluid. This can be done
readlly through the rotary sampling device and
valve. It is also recommended that a sample be
taken from the bottom of the tank. If the sam-
ple is withdrawn through a valve connection, this
conmection should be flushed by allowing a small
amount of Inerteen to run out before collecting
the sample. The sample should be immediately
placed in the container and the cap screwed on
tightly. The sticker on each contalner should
be marked to 1dentify the sample of Inerteen
with the regulator from which it was taken and
whether taken from the top or bottom.

Before taking samples from a drum, the In-
erteen should be allowed to settle for approxi-
mately twelve hours. Samples from the top of
the drum should be removed by means of a clean
glass sneak-thief.

The same precautions to prevent moisture
contamination should be used 1in sampling Iner-
teen as are observed In taking transformer oil
samples. Sampling equipment should be used only
for Inerteen.

Dielectric Testing of Inerteen

The same rules and precautions as normally
followed in testing oil should be used in test-
ing Inerteen, except as herein stated.

The test cup should be wiped with a clean,
dry chamois and thoroughly rinsed with clean
gasoline and allowed to dry before being used.
The electrode spacing should be checked.

To determine whether the test cup is suit-
able for testing Inerteen, fill 1t with dry
gasoline and test this under a standard voltage
rise of 3 KV per second. If the dielectric
strength of the gasoline is not less than 22 KV,
the test cup 1is suitable for testing Inerteen,
after the cup has been dried 1in an oven where
the temperature does not exceed 50°C. to remove
all traces of gasoline. Care should be exercised
in handling gasoline as 1t is highly inflammable.
In testing Inerteen, make only one "shot" per
filling of the test cup. Flve different fillings
should be made and the average result used.

i
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Drying and Filtering Inerteen

Inerteen may be dehydrated and filtered by
means of an o1l filter press but 1n order that
it may not be contaminated, it is necessary that
the filter press be used for Inerteen only.

A different procedure than that followed
for oil 1is required to purify Inerteen. Con-
tamination in Inerteen cannot be removed entirely
by filter paper alone. To clean Inerteen thor-
oughly i1t must be filtered through "activated
clay" which absorbs impurities. In practice, it
is only necessary to pass the Inerteen through
the clay and to separate the clay mechanically
from the Inerteen to obtain clean Inerteen of
proper dielectric strength.

The Inerteen Conditioner

recommended for conditioning
Inerteen consists of an activated clay chamber
and filter press with suitable inlet and outlet
connections and other necessary fittings.

The equipment

The activated clay 1s contalned in a tank
mounted on one end of the filter press. The In-
erteen is pumped up through the clay insuring
thorough agitation of the clay and Inerteen. The
Inerteen is passed through a wire screen prior
to entering the filter pressto remove practlcal-
ly all of the clay.

The cover of the tank incorporates an air-
trap and vent to avold pumping air into the
transformer vwhich might result from a leak in
the suction line. A strainer 1s provided on the
suction side of the pump, so constructed that
all dirt collected is removed with the screen. A
by-pass connection fitted with a mneedle valve 1is
used for testing the suction line from the trans-
former for leaks.

The filter press consists of 15 frames and
16 plates alternately spaced mounted in a yoke.
One sheet of blotting paper is used between each
plate and frame to provide a gasket-seal and to
remove all traces of clay from the Inerteen.

A pressure gage indicates the operation and
two-by-pass valves assure safe operation of the
Conditioner Dby preventing excessive pressures
and serve as a check to overloading and stalling
the motor. One valve, connected across the pump,
is set to by-pass the Inerteen at a pressure of
60 to 70 1lbs. per square inch. The other valve
is provided on the discharge side of the Con-
ditioner connecting to the transformer. This
by-pass valve, releasing at a pressure of ap-
proximately 5 lbs. per square inch, will avoid
breaking the transformer relief diaphragm when
no other relief is provided.

To Prepare The Conditioner For Operation

Remove the cover and screen from the clay
tank and fill the tank with activated clay,
M-6934 to within four inches of the bottom edge
on the inner flange. Replace screen and cover.
Release the pressure-screw of the filter press
and loosen plates and frames. Place one sheet
of "B" size Dblotting paper between the face of
each frame and plate. Care should Dbe used to
see that the holes through the plates, frames
and paper are in proper alignment before the
pressure-screv 1s. tightened. Close the discharge,
tank by-pass, tank drain, suction and suction-

test valves. Pour sufficient Inerteen into the
drip pan to fill the clay tank and wet the clay.
This will require approximately eight gallons of
Inerteen. Start the motor and open the drip pan
valve so that not less than 5 minutes are re-
quired to fill the clay tank, saturating the clay
with Inerteen. With the valve at the transformer
closed, open the suction-test valve to subject
the suction line to pressure and thus check 1t
for leaks.

of Inerteen is consider-
ably greater than that of water, moisture will
float on the surface of the Inerteen. It is
therefore considered advisable to condition In-
erteen from the top and return it to the bottom
of the fank. To begin condltioning Inerteen in
a regulator, close the suction test valve and
stop the motor. Open the regulator valves. Open
the Conditioner discharge and suctilon valves.
Close the drip pan valve and start the motor.

Since the density

One charge of clay will condition approxi-
mately 3000 gallons of Inerteen, depending upon
the amount of contamination present.

When it 1s necessary to change the clay,
first close the valve in the suction line, close
the tank inlet and outlet valves, open the tank
by-pass valve and tank drain valve to permit the
free Inerteen in thetank to drain into the lower
drip pan. Open the drip pan valve and pump the
Inerteen from the drip pan through the filter
press. Additional Inerteen may be forced out of
the clay by applying air pressure to the air
vent. Shut down the 'motor and remove the clay
from the tank and refill with fresh clay as pre-
viously described.

To change the filter or blotting papers,
staop the motor, close the tank Dby-pass valve,
the tank inlet valve and the tank drain valve,
if these valves are open. Open the tank outlet
valve and apply air pressure to the alr vent
until the free Inerteen has been driven out of
the blotting papers. Then release the pressure-
screw and remove the papers.

If the system-seal is not broken, 1t will
only be necessary to open the discharge and suc-
tion valves and start the motor to again resume
conditioning the Inerteen.

To Dry Inerteen Regulators

Inerteen regulator should be dried by the
short-circult method with the regulator in its
tank immersed in the Inerteen. During the heat-
ing and drying process, the top of the tank
should be vented to the alr to prevent moisture
condensation. The desired 1load current should
be obtained by short-circuiting one winding and
impressing the proper voltage on the other wind-
ing. If the full load 1impedance of the regul-
ator 1s not known, it should be obtained from
the Westinghouse Electric& Manufacturing Company
by identifying the regulator with its serilal
number.

Regulator windings 1in Inerteen should first
be heated under a partial load. A higher top
Inerteen temperature can be obtained more quick-
1ly by blanketing the tank with the cover removed
to prevent condensation.

If the regulator 1s at or lower than room
temperature at the start of the drylng process,
from 125% to 150% full load current will hasten
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the heating. The temperature should be carefully
watched and when the Inerteen reaches a tempera -
ture of 60°C., the load should be reduced to ob-
tain an approximately constant Inerteen tempera-
ture based on the following table. These tem-
peratures should not be exceeded for a glven
load.

Short Circult Amperes
in Percent of Load

Max. Temperature
of Top Inerteen

50 80
75 75
85 70

The regulator may be dried more quickly 1if
it is possible to filter the Inerteen during the
drying process. If the filtering is continuous,
care should be taken to keep the Inerteen tem-
perature above 60°C. If molsture condenses on
the underside of the cover, the rate of tempera-
turé rise should be decreased until condensation
ceases. To prevent condensation the tank tem-
Perature may be ralsed by blanketing the tank.

The drying should be continued until dielec-
tric tests of samples of the Inerteen taken from
the top and bottom of 'the tank show 22 XV or
higher. The tests should be made in a standard
test cup and it 1s recommended that at least two
consecutive tests of both the top and bottom In-
erteen be made at least 24 hours apart while the
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Inerteen is near a maximum temperature. Tests
of the Inerteen should not be made during the
filtering process.

If Regulators Fall in Service

Should an Inerteen regulator fail in service,
the nearest Westinghouse Electric & Manufacturing
Company District Office should be notified as
soon as possible. Give the rating of the regu-
lator and its serial number and, if possible, the
conditions under which the failure took place.
Samples of the Inerteen should be taken so that
an analysis of 1t can be made. The regulator
should be kept immersed in Inerteen and it is
recommended that no work be done on the trans-

former except under advice from the District
Office.
After ten years of operation and at ten

year perlods, a complete inspection of the regu-
lator should be made by taking it to a suitable
service shop where it should be completely dis-
mantled. During this inspection the following
points should be checked. The rotor leads should
be inspected for chafing or weakened points which
may later cause breakages, deformed coils due to
short circult 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 measure not exceeding .005"
difference at any position around the rotor and
for any position of the rotor.






