INSTRUCTIONS

GEI1-65074C

Secondary Unit Substation Transformers

LIQUID-FILLED

RECEIVING, HANDLING,
AND STORING

RECEIVING

Secondary Unit Substation transform-
ers are normally shipped completely
assembled, liquid-filled and ready to in-
stall. Immediately upon receipt of the
equipment, examine the packages and
parts for any damage which may have
occurred during shipment. If injury or
rough handling is evident, file a damage
claim with the transportation company
and notify the nearest Apparatus Sales
Office of the General Electric Company.

Tighten any parts which may have
worked loose, such as nuts and leads
and check the materials against the
shipping list for possible shortages.

HANDLING

Lugs are provided for lifting the
complete transformer, and where nec-
essary, additional nuts and eyes are sup-
plied for lifting the various parts. Lift
the transformer by means of the main
lifting lugs, using cables long enough to
obtain cable pull angles not over 30
degrees from vertical. When lifting the
transformer, the cover should be secure-
ly fastened in place to prevent buckling
the tank walls.

Jacking space is provided in the base
of the transformer. Do not attempt to
move the unit by placing jacks under
drain valves, cooling tubes or other,at-
tachments. Junction boxes, when pro-
vided, can be removed to fagilitate
moving the transformer.

STORING

Before placing af transformer in stor-
age, make sure the insulating liquid is
at its proper leveljpadd dry nitrogen in
the gas space until the, pressure reaches
3 psi and then seal the unit. Before
placing a transformer in service after
a period of storage, relieve the internal
gas pressure by venting to the atmos-
phere. See)paragraph on ‘“Venting”.

Transformers stored for use as spares
shouldybeimaintained in the same con-

dition as those in service. Make period-
ic inspections of the liquid level, its
dielectric strength, and when furnished,
fans, alarms, and control circuits. Also
check the pressure gage to make sure
the transformer seal is being maintained
and inspect junction boxes and other
compartments for evidence of moisture
condensation.

INSTALLATION

The only foundation necessary is @
level floor strong enough to suppert the
weight of the transformer. The' trans-
former should be located at least, six
inches and preferably a fo6t, or mere
away from walls and other obstructions
which might prevent freeljeisculation of
air around the unit. Provisions “have
been made for moving valves and 'gages
from the high-voltage to“the low-volt-
age front and vice yersa inithe event
that it becomes necessaryy to reverse

[

the position of the tfansformer. Refer
to the Outlineldrawing. Transformer fin-
ishes and components“are designed for
normal lifegfinpa mon-corrosive atmos-
phere. Atmospheres which include cor-
rosive agents may require additional
protectivejmeasures.

If “the transformer is to be opened
outdeors ot a damp or stormy day,
take precautions to prevent entrance of
moisture. CAUTION—Before removing
a handhole cover, shipping plate, or
other device, vent the transformer to
atmospheric pressure.

Drilled flanges are provided on both
the high- and low-voltage ends of the
transformer for making connections to
switchgear or terminal compartments.
Terminal compartments, when provid-
ed, can be removed to facilitate in-
stallation of the transformer. To disas-
semble a compartment, remove the bolts
around the edge of the front panel and

Fig. 1. Secondary unit substation transformer

These instructions do not purport to cover all details or variations in equipment nor to provide for every possible contingency to be met in con-

nhection with installation, operation or maintenance.

Should further information be desired or should particular problems arise which are not cov-

ered sufficiently for the purchaser’s purposes, the matter should be referred to the Generai Electric Company.

GENERAL @B ELECTRIC
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pull it away at the bottom until the
top slides out from under the cover.
The cover and side panels can then be
removed as required. Protective covers
on bushings should not be removed un-
til the unit is ready for connection in or-
der to prevent damage to the bushings.

Before placing the transformer in
service, check the level and dielectric
strength of the insulating liquid in all
compartments as explained under “Sam-
pling” and “Testing”.

At higher altitudes, decreased air den-
sity reduces transformer cooling effici-
ency and lowers bushing arc-over volt-
ages. Lower atmospheric pressures may
require venting of the transformer be-
fore placing in service in order to equal-
ize internal and external pressures. If
the transformer is to be installed at an
elevation above 3300 feet, consult the
nearest Apparatus Sales Office of the
General Electric Company relative to
the transformer’s suitability for opera-
tion at the higher altitude.

CONNECTIONS

The necessary hardware for making
interconnections between a transformer
and its co-ordinated switchgear is sup-
plied with the switchgear. Bus bar joints
should be properly aligned before bolt-
ing to prevent undue strain on the
bushings. Connections to threaded bush-
ing studs should be made as described
under “Bushings” and as shown in Fig.
12, When making line connections, long
sections of unsupported conductor should
be avoided and leads should be flexible
enough to allow for expansion and con-
traction. Make no connections except
those authorized by the transformer
nameplate.

Transformers having internal terminal
boards are normally shipped connectéd
for the highest rated voltage. "When
shipped otherwise, a tag fastened “to
the nameplate will indicate the gconnec-
tions that have been made. Before ap-
plying voltage to a transformer, see that
all connections are tight @nd  that the
windings are connected for the desired
voltage.

Ground the transforfner. permanently
and effectively ‘by means of the ground
pad located at the bottom of the tank.
Unit substation transformers can us-
ually be connected to the common sub-
station bus. A reliable, low-resistance
ground is essenti@dl for adequate pro-
tection. YA poor ground may be worse
than nonelat all as it gives a sense of
false security to those working around
thélequipment and may result in seri-
ous) personal injury or damage to the
transformer.

When a transformer is designed for
use’ on a system having a solidly
grounded neutral, be sure that the neu-
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tral lead
grounded.

is permanently and solidly

PIPE FITTINGS

When assembling pipe fittings, clean
the threads thoroughly to remove all
insulating liquid, grease, old compound
and dirt. Apply G-E Compound No.
A15A11A or Teflon tape to the threads
and screw the mating parts tightly in
place.

LEAK TESTS

Inspect the entire transformer for
evidence of leaks and make the follow-
ing pressure test. Introduce dry nitrogen
through the pressure test valve (located
on the tank wall opposite the pressure-
vacuum gage) until the pressure in the
transformer reaches 5 psi. Seal the tank
at this pressure and make an examina-
tion for leaks over a period of 12 hours:
Leaks above the liquid level can be lo-
cated by applying a liquid soap ‘solution
to all gasketed joints, pipe fittings, ‘etc.

VENTING

The transformer should{be, vented to
the atmosphere before it is placed in
service if it has been ‘pressurized for
leak tests or storagesfor, if the unit has
been opened and [resealed., Venting
should take place with the liquid tem-
perature at{25 C. If itfis necessary to
vent at other témperatures, re-vent as
soon asgthe ‘unit returns to 25 C. This
operation ‘is, necessary to prevent exces-
sive operating, pressures or vacuums.

VAULT VENTILATION

If the) transformer is to be installed
in‘a, vault, provide ventilation which is
adequate to keep the room temperature
fromr exceeding that of the incoming air
by more than 5 C. The number and size
of air outlets required will depend on
their distance above the transformer,
and on the efficiency and load cycle of
the apparatus. In general, provide about
20 square feet each of inlet and outlet
openings for every 1000 kva of trans-
former capacity.

Arrange the air inlets and outlets so
that they are permanently open. Do
not use as ventilators, windows or doors
which may be opened and closed by
attendants, because of the danger of
excessive heating in case they are in-
advertently left closed during periods of
heavy load or high temperature.

If forced ventilation is used, supply
about 5000 cubic feet of air per minute
for each 1000 kva of transformer ca-
pacity, and conduct the incoming air
directly to the transformer so that it
will flow up through and around the
radiating members of the tank. If this
cannot be done and the air is merely

moved through the room, provide about
10,000 cubic feet per minute for/each
1000 kva.

GASKETS

A number of different types of gas-
kets are used on secondary unit substa-
tion transformers, depending on the ap-
plication. Gaskets used to m@aintain the
transformer seal have been selected for
their ability to fesist’deterioration by
the insulating)liquid and to avoid any
contamination ofythe®liquid. No substi-
tution should®be made for these original
gasket madterials ywithout the approval
of the General Electric Company. Re-
placement, or ‘Spare gaskets can be pur-
chased to size through the nearest Ap-
paratus), Sales Office of the General
Electric Company. Identify the parts
wanted)as explained under “Renewal
Parts”.

All of the gaskets used to maintain
the transformer seal can be reused
many times unless damaged. Before in-
stalling a new gasket or replacing an
old one, thoroughly clean the gasket
surfaces. Although no stickers are re-
quired, the compound furnished with
the gaskets may be used on all but the
“O” rings to hold them in place dur-
ing assembly. Compress the gasket ap-
proximately one-third, or to the stops
when provided in either the mating
parts or in the gasket itself. Gaskets are
compressed to the stops when there is
a noticeable increase in the torque re-
quired to tighten the bolts. A leak test
is recommended following the opening
and closing of any gasketed joint af-
fecting the transformer seal.

WEATHERPROOF JOINTS

A length of sponge rubber gasket is
furnished with each outdoor unit for the
purpose of weatherproofing the joints

CORK FLOAT
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Fig. 2. Schematic view of mag-
netic liquid-level gage
with alarm switch
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Fig. 3. Type h'quid tempera-
ture indicator

between the transformer and its asso-
ciated air - filled compartments. Install
this gasket just outside the mounting
studs or bolt holes and for the best
weather-resistant joint allow the piece
across the top to overlap the two side
pieces.

To install a sponge rubber gasket,
clean the surface on which it is to be
mounted and apply a thin coat of the
adhesive furnished to both the metal
and the gasket. (Do not apply adhesive
to the edges or outside surface of the
gasket.) Allow the adhesive to dry
until it is no longer tacky and then
press the gasket against the metal with
enough pressure to make a good con-
tact.

When a retaining strip is provided
the gasket should be assembled with'its
inner edge in contact with the strip.
Tighten the gasket down to this stop
or in the absence of a stop, compress
it to approximately Y2 sizé.

ACCESSORIES
LIQUID-LEVEL GAGE

A magnetic liquid leyel gage is used
to indicate the levelJof the insulating
liquid in the main transformer tank
and in associated compartments. It con-
sists of a float afin and magnet on one
side ofa liquid-tight partition and a
second magnet and indicating pointer on
the otheriside. See Fig. 2. The gage can
bélremoved whenever the liquid is at
or)below the 25 C level.

Gages which have a snap -action
switch can be wired to give an alarm
when the liquid level approaches a
point too low for safe operation of the

transformer. A cam on the indicator
shaft will operate the switch when the
pointer drops to the “LOW?” mark on
the dial. As the liquid level rises the
pointer indicates the change, but the
switch will not clear the alarm circuit
until the pointer has advanced from
five to ten degrees above the “LOW”
mark.

LIQUID TEMPERATURE INDICATOR

The liquid temperature indicator is
used to indicate the top liquid tempera-
ture of the transformer and those hav-
ing internal switches can be used to
control fans and/or initiate an alarm.
The standard type AL thermometer is
shown in Fig. 3. When alarm contacts
are required a Type ALR thermometer
as shown in Fig. 4 will be furnished.

The thermometer is mounted with its
temperature sensitive bulb in a wéll
which extends into the transformer’s
top liquid and is secured with a)union
nut. The well is liquid-tight thus‘per-
mitting removal of the , thermometen
without lowering the liquid™level\ or
breaking the transformer seal.

Dial calibration is in) degrees centi-
grade with a yellow orywhite pointer to
indicate top liquid temperature and a
red pointer to show the,maximum tem-
perature which has been attained since
last reset. To reset the maximum read-
ing pointér, remove the magnet and
wipe it across/the face of the dial.

Type “ALR “indicators are equipped
with two snap-action switches which are
operated/ by cams on the indicating
pointer /shaft.” Switch No. 1 is intended
forifan \control and Switch No. 2 can be
used ih an alarm or control circuit.
Switch/ contacts are normally set to op-
erate on rising temperatures as follows:
Switch No. 1, 65C; Switch No. 2, 90C.
With falling temperatures the switches
operate between SC and 10C below
these settings. When Switch No. 1 is
used for fan control, a separate ‘“Hand-
Auto” switch is included in the control
circuit for manual operation.

\

To check operation of the thermom-
eter or the temperature at which the
switches operate, remove the unit and
place the detector bulb in a container
of liquid. Heat the liquid and using an
accurate centigrade thermometer, com-
pare readings and check switch operat-
ing temperatures. If the unit is not op-
erating satisfactorily consult the nearest
Apparatus Sales Office of the General
Electric Company regarding repairs or
replacement.

PRESSURE-VACUUM GAGE

The pressure-vacuum gage furnished
with the transformer (Fig. 5) is of the
compound type and is normally cali-
brated in psi. Gage readings should vary

| //
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Fig. 4. Type ALR liquid temper-
ature indicator - relay

as the transformer temperature changes
and should normally indicate a positive
pressure. (The instrument should not be
expected to read accurately near the
zero point.) When the transformer is
de-energized or is operating under light
or no-load conditions in a low ambient
temperature, the gage may indicate a
vacuum within the tank. A lack of any
change in reading with changes in tem-
perature is an indication of a leak in
the transformer seal and should be in-
vestigated.

PRESSURE-RELIEF DEVICE

A mechanical, self-resetting pressure
relief device (Fig. 6) is normally sup-
plied with transformers filled with Pyra-
nol® insulating liquid and is used to
protect the tank against excessive inter-
nal pressures such as those which may
accompany an arc under the insulating
liquid. It consists primarily of a mount-
ing flange, cover, two trigger springs,
and an “O”-ring gasket.

Fig. 5. Pressure-vacuum

gage
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relie
blocked open with alarm
in vertical position

Fig. 6. Pressure

The relief cover is used as the means
of sensing pressure and tripping the de-
vice. The gas pressure within the trans-
former is applied over the entire area
of the relief cover which in turn exerts
a force against two trigger springs. When
the pressure increases to a critical val-
ue, the springs will bow out, permitting
the cover to open and relieve the ex-
cessive gas pressure within the trans-
former tank. A bumper spring assem-
bled on the center shaft cushions the
opening shock and limits travel of the
device, When the transformer pressure
has returned to normal the device will
return to its original position, automat-
ically resetting itself and resealing the
transformer.

The transformer seal is maintained
by an “O” ring gasket between a jvesti-
cal section of the mounting flange!{and
the cover. The compression forcesy are
at right angles to those acting  on the
cover to trigger the device and,)there-
fore, have no effect on itsg€alibration.
To keep drag at a minimum,{a (wider-
than-normal gasket groove isyused which
permits the “O” ring to roll rather than
slide during the #first part ‘of, the trip-
ping action. By the gime the “O” ring
reaches the top ofjthe groove the trig-
ger springs have bowed beyond their
critical point and sufficient force is
then readily available for sliding the
cover over the gasket.

The pressure relief device is provided
with @wmechanical alarm to give local
indication of'relief operation. The alarm
consistsyof, a plastic vane pivoted on a
bracket and is normally removed for
shipment. To install the alarm, remove
agnut from one of the relief mounting
studs, place the bracket over this stud
with the vane resting on top of the re-
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lief cover, and replace the nut. The
vane will then remain in a horizontal
position until the pressure-relief device
operates, at which time the cover will
push the vane into a vertical position.
After tripping, the vane must be reset
in order to indicate subsequent opera-
tions.

Gas Absorbers and Vent Pipes

If a Pyranol-filled transformer is lo-
cated in a poorly ventilated indoor area,
provisions should be made to either ab-
sorb or carry off any discharged gases.
Refer to the National Electric Code for
regulations pertaining to the indoor in-
stallation of Pyranol-filled transformers.

Gas absorbers are designed for mount-
ing directly on top of the pressure relief
device using the same mounting studs.
Instructions for installing and filling
the absorber are furnished with that de-
vice. A special adapter flange and gds-
ket (Items 2 and 3, Fig. 7) are avail-
able upon request for connecting vent
pipes to the relief device. Order by
drawing number 112A40350 Gl through
the nearest Apparatus SalesjOffice: of
the General Electric Compéany.

The reducer (1) is to be made by
the user and should have a maximum
outside diameter of 410:20”Win order to
fit the 10.25” inside /diameter of the
adapter. Thegheight /to the first bend
must be atfleast| 6.50”ut0 clear the re-
lief devicel cover/ when it opens and the
other dimensions can be made as re-
quired.

ELECTRICAL)ALARMS

When| electrical alarms are furnished
with the various devices, the arrange-
ment of contacts and color - coding of
the ‘leads will be as shown in Fig. 8
and, on the transformer Connection Dia-
gram. Switch No. 1 of the liquid tem-
perature indicator is rated to carry 15
amps at 115 or 230 volts a-c. All other
snap - action switches are rated as fol-
lows:

Circuit | Type of Load | Circuit Volts | Amperes
Ac Inductive and 1s ! 10
Non-Inductive 230 1 5
Inductive 125 - 0.05
DC 250 | 0.03
Non-Inductive 125 025
250 0.20
“ Restrict starting
inrush currents
AC 125 1o values below
or | Inductive And —— ]
DC 258 | Already
! Closed Closing
i i Contacts Contacts
| 30 15

WEDGE-TYPE TAP CHANGER

The wedge-type tap changer, Fig. 9,
provides a means of changing the volt-
tage ratio of a de.energized transformer
without breaking the transformer seal.
It is shipped in place and is set on

e ——— 10.20" -——>]

]

650"

-

1. REDUCER

2. ADAPTER FLANGE

3. GASKET

4. PRESSURE.RELIEF DEVICE

Fig. 7. Exploded view of vent
pipe accessories

the position corresponding to the rated
voltage shown on the transformer name-
plate unless otherwise requested by the
user.

BLACK
2

GREEN RED

A. LIQUID LEVEL GAGE

SWITCH 11 | SWITCH$t 2
RED GREEN
L —
T T
WHITE ORANGE BLACK
OR YELLOW OR BLUE

B. LiIQUID TEMPERATURE INDICATOR

4—“;3
| —

C. PRESSURE RELIEF DEVICE

NOTE—COLOR CODING OF ONE LEAD MAY
DIFFER. UNLESS OTHERWISE SPECIFIED BY
USER, CONNECTIONS WILL BE MADE TO
THE NORMALLY OPEN CONTACTS AND
LEADS FROM THE NORMALLY CLOSED CON-
TACTS WILL BE TAPED UP.

Fig. 8. Switch and cable connec-
tions for alarm contacts
{when furnished)
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Fig. 9. Wedge-type tap changer

Tap leads from the transformer wind-
ings are connected to a circular group
of nickel-plated copper rods which are
held together between two insulating
heads. A wedge in the middle can be
moved by a crankshaft to wedge be-
tween any two adjacent rods. A spring
between the wedge and crankshaft
maintains a high-pressure line contact
between current carrying components.

When the crankshaft is turned to
move the wedge from one operating
position to another, pressure is grad-
ually reduced on the spring and the
wedge is withdrawn from between rods.
A “U”-shaped guide on the opposite
side then pivots the wedge around to
the next set of rods. As the crankshaft
continues to turn, pressure is again ap-
plied to the spring and the wedge is
forced into position with a wiping ac*
tion, insuring positive contact.

The drive mechanism, Fig. 10,q4is lo-
cated on the side or cover of the trans-
former and is connected through an, in-
sulator to the crankshaft of “the tap
changer. The cap covering the mech-
anism is gasketed to tlhe mounting
flange and an “O”-ring gasketis used
between the mounting flange and drive
shaft to maintain the transformer seal.
One of the screws used 4to hold the
cap in placefhas anjeversize head with
a hole in/it forfpadloeking if desired.
When requested, provisions can also be
included for‘interlocking with the pri-
mary circuit breaker (or high - voltage
disconnect switch) as explained under
“Interlocks”. Position indication is pro-
vided by an arrow on the mounting
flange and a corresponding number on
the “eap.

Operation

CAUTION! The tap-changer must not
be operated while t he transformer is
energized! Serious personal injury
and/or damage to the transformer may
result if this is attempted.

A table on the transformer nameplate

gives the voltage and current ratinghfor
each tap position. TO CHANGE TAPS
REMOVE THE TAP CHANGER CAP
and use a wrench to turn thehex-head
drive mechanism. The mechanism)must
be rotated through “§/6 “ofya)turn to
make a change ofpone “‘tap. With the
cap removed, the tap, positien can be
observed through a slot“ingthe indicator
cams (See Fig. 10)» Although the drive
mechanism canfibe turned continuously
in either direction ‘placing the wedge in
any onegof six /different positions, only
five positions aregnumbered for use as
shown ong the transformer nameplate.
The unnumbered position is unauthor-
izedjand “should not be used.

After ‘the desired change has been
made, ‘'make sure that the cap gasket
is (in /good condition and replace the
cap.”Note that the slots in the two in-
dicator cams must coincide before the
cap can be seated properly. This is to
insure that the cap is not replaced un-
til the tap changer is on position and
also serves to align an appropriate po-
sition number on the cap with the ar-
row on the mounting flange.

Interlocks

Upon request, the operating mech-
anism can be mechanically interlocked

with the circuit breaker or disconnect
switch feeding the transformer, This can
be done either by means of .a special
padlock inserted through the| head of
the oversize cap screw orjjbyfmeans of
a captive key-operated plunger -type
lock as shown in Fig. 11. The key for
this lock is normally held in a similar
lock on the primary circuit breaker and
can be removed, only by opening the
breaker, and docking it open. This de-
energizesithe transformer and permits
the key, to ‘be removed and used to un-
lock/the tap changer.

To (place the transformer back in
service after the desired tap change has
been made, lock the tap changer in po-
sitionl, remove the key, and unlock and
reclose the primary circuit breaker.

NOTE: A duplicate key is furnished
with the transformer. This key is for
emergency use only and should be re-
moved from the operating area to in-
sure the effectiveness of the interlock
system.

Removing and Reassembling

If it becomes necessary to disconnect
or remove a tap changer drive mech-
anism it should be placed on position
1 before removal in order to facilitate
reassembly. To remove the drive mech-
anism, unbolt the flange and lift the
device out as an assembly. Note that
drive mechanisms are not interchange-
able! When two or more are removed
at the same time, care should be taken
to reassemble them in the same loca-
tion from which they were removed.

When replacing, see that the tap
changer and the drive mechanism are
both on position 1. The tap changer is
on position 1 when the wedge bridges
tap leads A and B and the index marks
on the drive shaft and support structure
are in line with one another. To reas-
semble, place the drive shaft through
the opening in the mounting flange and
slide the coupling over the tap changer
shaft. The slotted end of the coupling
should engage a pin in the tap changer

Fig. 10. Tap changer drive mechanism with cap removed
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Fig. 13. Typical portable dielec-
tric test set

If tests on the insulating liquid are
satisfactory and no filter system is avail-
able, fill the transformer through a cover
opening. Strain the liquid through two
or more thicknesses of muslin or other
closely woven cotton cloth which has
been thoroughly washed and dried to
remove the sizing. Use at least one set
of cloths for each transformer.

SAMPLING INSULATING LIQUIDS

In the sampling and testing of insu-
lating liquids, strict attention should be
given to the cleaning and drying of
sampling and testing receptacles. Sam-
ples should be taken when the insulat-
ing liquid is at least as warm jas_ the
surrounding air to avoid the possibility
of moisture condensation. If thegtrans-
former or drum is outdoors, thé sample
should be taken on a clear day with
precautions being taken to guard ‘against
contamination by windblown /dust, etc.
Observe the following, procedure to ob-
tain consistent results) from samples
taken either for field or fagtory tests.

Sampling From Transformers

1. Impurities which“tend to affect the
dielectric strength of 10C oil will gen-
erally be found at the bottom of the
transformer, while those affecting Py-
ranol will, be at the top. Therefore, on
oil - filled “transformers the sampling
valve 1§, located on the main drain valve
and “onyPyranol transformers it will be
found on the side of the tank, about
one, inch below the 25C liquid level.

2. Three types of containers are rec-
ommended for sampling purposes — a
one-quart, small-neck brown glass bot-

tle; a clear glass bottle in a lightproof
carton; or a one-quart tin can that has
had the solder seams thoroughly cleaned
to remove all traces of soldering flux.
Do not use rubber stoppers or rings. If
desired, glass sampling bottles may be
obtained from the General Electric
Company as explained under ‘“Testing
Service.”

3. To clean the bottles, rinse with
non-leaded, oil-free gasoline. Then wash
with strong soapsuds, rinse thoroughly
with distilled water, and dry in an oven
at 105C to 110C for at least 8 hours.
After drying, the bottles must be tightly
sealed with glass stoppers or with clean
corks protected by clean metal foil.
Store them in a dry, dust-free cabinet
or compartment,

4. Carefully clean the sampling valve
or plug and allow enough insulating
liquid to run out to remove any mois-
ture or foreign matter which may have
collected.

5. Rinse the bottle carefully, at least
three times, with smallWpertions of
liquid drawn from the sampling wvalve.
Allow the sampling bottlefto drain thor-
oughly between rinses.

6. Draw a sample “into the bottle,
leaving sufficient aiffispaceito allow for
possible expansion of ‘the liquid. Re-
seal the tramsfermer/ and carefully seal
the contaiper to| prevent exposure to the
atmosphefre.

7. When making repeated samplings,
observe thejtransformer liquid level and
add miake-up ‘as required.

Sampling .From Drums

1. Drums should remain undisturbed
forjpat’ least eight hours before being
sampled. Take oil samples from the bot-
tom and Pyranol samples from the top,
using a chemically clean thief. Observe
sampling precautions previously out-
lined.

2. Glass thieves should be cleaned,
dried, and stored in the same manner
as outlined for bottles.

TESTING INSULATING LIQUIDS

Dielectric Strength

A variety of high - voltage dielectric
testing equipment may be purchased
from the General Electric Company.
A typical portable test set (Model No.
9T11Y8454) is shown in Fig. 13 and
various console models are also avail-
able. Follow the technique specified by
the American Society for Testing and
Materials, Designation: D877. The fol-
lowing paragraphs give a general out-
line of the procedure.

1. Set the spacing of the 1.0 inch
diameter electrodes at 0.100 inch.

2. Wipe the test cup and elegfrodes
clean with dry, calendered tissue or
clean, dry chamois and thoroughly)rinse
with non-leaded, oil-free, dry gasoline.

3. Fill the test cup with dry, gasoline
and make a breakdown test under
standard conditions of voltage applica-
tions (3 kv per second rise). If the cup
has a dielectric strength above 25 kv,
it is considered sditable for testing pur-
poses. Observe (thequisual precautions in
handling gaseline.

4. Immediatelyjafter the final rinsing
with gasoline, rinse the test cup with
the sample sinder investigation, and pro-
ceed with thesftest at once.

5T he | temperature of the sample
when ‘tested should be the same as that
of the room, which should be between
20 C and 30 C (68F and 86 F). Tests
made on samples above this temperature
can be misleading. Under no circum-
stances should the test cup be colder
than the sample being tested.

6. Agitate the sample gently before
each filling to prevent variations in re-
sults due to a settling of contaminants.
Pour the liquid into the receptacle slow-
ly to avoid the formation of air bubbles
and fill to overflowing. If air bubbles
are present, gently rock the test cup a
few times and wait at least 3 minutes
before applying voltage.

7. Fill the cup at least five times,
making one test per filling, and aver-
age the results.

Since the liquid is a major portion
of the insulation system in the trans-
former, its dielectric strength should be
maintained as high as possible. A low
breakdown voltage is an indication that
impurities such as moisture, conducting
dust, lint, or carbonized particles have
entered the liquid. Oil or Pyranol test-
ing lower than 26 kv (30 kv when
new) should either be filtered to bring
it back to its original condition or be
replaced, depending on the condition of
the liquid and economic considerations.

Other Tests

Although a low dielectric strength in-
dicates the presence of contaminants, a
high value is not always a certain indi-
cation of their absence. A number of
other tests can be performed on an
insulating liquid to determine its condi-
tion and therefore no one test should
be considered conclusive. ASTM Des-
ignation: D117 defines the standard
tests and contains cross references to
other ASTM Designations for detailed
descriptions of each method.

Field Test for Moisture Content

The following field test can be used
to detect the presence of excessive
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amounts of moisture in the insulating
liquid:

1. Obtain a sample of the insulating
liquid when the transformer is at op-
erating temperature. (Preferably above
40 C.)

2. Starting with the hot sample, rinse
a clean, dry test tube with the liquid
to be tested, fill half full and stir con-
tinuously with a centigrade thermome-
ter while cooling to approximately 20 C.
Cool as much as possible in the ambient
air and complete the cooling by momen-
tarily dipping the test tube in an ice
bath, removing and stirring and then
redipping, etc.

3. Observe the sample carefully and
note the temperature at which initial
cloudiness appears. Wipe the outside of
the tube with a clean rag or paper
towel to facilitate observation of the
slight moisture cloud that may form.
Compare to clean insulating liquid at
ambient temperature in a similar tube
if necessary. Examination for the pres-
ence of a cloud should preferably be
made against a dark background and
not directly into the sunlight.

4. If cloudiness appears at 20 C or
above, high to excessive moisture con-
tent is indicated.

A. Inspect the unit for free water
—on the bottom for oil, on the
top for Pyranol.

B. If free water is not present, a
sample should be forwarded to
the Laboratory for a quantita-
tive analysis and recommenda-
tions on treatment of the unit.
See “Testing Service.”

5. If cloudiness does not appear un-
til the temperature is below 20 C, an
acceptable moisture content range is in®
dicated.

6. This field test for moistureshéuld
be regarded as a rough test only and if
there is any reason to question the,con-
dition of the insulating liquid, aysample
should be sent to the Laboratery for an
accurate analysis.

FILTERING AND DRYING
INSULATING LIQUIDS

If test results indicate that moisture
or other contaminants are present, they
can usually be removed by passing the
liquid through a filter system. Any free
water in ‘the transformer should be re-
movedipbefore the filter operation is
started.) For details of the procedure to
be) followed refer to instructions GEH-
754\ for oil, or GEH-1031 for Pyranol.
Copies of these publications can be ob-
tained” from the nearest Apparatus Sales
Office of the General Electric Com-
pany.

A transformer contaminated with
moisture will not only have moisture
suspended in the insulating liquid, but
also in the windings and insulation. The
most efficient temperature for filtering
moisture from the transformer is be-
tween 20 C and 40 C, but at this tem-
perature the transfer of moisture from
the windings and insulation to the in-
sulating liquid is quite slow. In order
to completely dry the transformer, the
filtering operation should be followed
by a short-circuit heat run.

DRYING A TRANSFORMER

Recommendations regarding the dry-
ing of any particular transformer can
be obtained from the nearest Apparatus
Sales Office of the General Electric
Company. Requests for this information
should include the serial number of the
transformer and the voltages and kva
available for drying, including any
available step-up or step-down trans-
formers, etc. A more detailed éxplana-
tion of drying procedures can be‘found
in instructions GEI-65070 for oil-filled
transformers and GEI-65080. for, Pyra-
nol-filled units, copies of whichjean also
be obtained through the Sales Office.

The first step in drying a transform-
er consists of removing any free water
and the water in solution as“previously
explained under “Filtering¥and Drying
Insulating Liquids.” Thel moisture re-
maining indthe windings and insulation
can then bejdriven off by heating the
transformer. Exercise caution when heat-
ing the transformer to avoid damaging
the insulation.yThe maximum winding
tempefature Jas determined by resist-
ance measurements should not be al-
lowed to‘exceed 95 C. CAUTION—Any
drying method which involves heating
an‘oil-filled transformer when it is ex-
posed to the atmosphere also creates a
serious fire hazard. No smoking or open
flames should be permitted near the
transformer and suitable fire extinguish-
ers, preferably the carbon dioxide type,
should be on hand before beginning the
dryout.

Heating the transformer can be ac-
complished by shorting one winding and
applying a suitable voltage on the oth-
er. Full-load current can be obtained
by applying the impedance volts of the
transformer. Be sure to load the entire
winding. If the transformer is at room
temperature at the start of drying, 125
per cent load may be applied until the
top liquid temperature reaches 65 C.
At this point, the current should be
reduced in accordance with the follow-
ing table:

Max. Allowable Short- Maximum Top-Oil

Circuit Amps in Temperature
Percent of Full Load in Degrees C
100 75
85 80
50 85

Since the windings are at a higher
temperature than the insulating liquid,
the insulation may be damaged if (these
values are exceeded. Filtrationgduring
the heat run will not greatly hastenghe
drying process, because at these tem-
peratures the filter press loses itswabil-
ity to remove any appreciable amount
of moisture.

The air space in the transformer must
be thoroughly ventilated to remove the
water vapor, given 4off.) This can be
done by remowing manhole covers, the
pressure-relief dewvice, or the entire
cover. If drying isVdone indoors, pro-
vide good|ventilation to exhaust vapors
from the room.df the cover is left in
place, it should be thoroughly insulated
to prevent \condensation. The required
temperaturés can be more readily ob-
tainedy by blanketing the transformer
with heavy paper, cloth, building felt,
etc.

TPake liquid samples every four hours
and make tests of the dielectric strength.
Oil-filled transformers should be sam-
pled from both the top and bottom.
Pyranol-filled units require sampling at
the top only. To determine the drying
progress, plot curves of load current,
top liquid temperature, and dielectric
strength versus time. A decrease in
dielectric strength indicates that mois-
ture is passing from the windings and
insulation into the insulating liquid. As
the moisture is driven out of the liquid,
the dielectric strength will increase, in-
dicating that the drying process is pro-
gressing satisfactorily.

Continue the drying until four con-
secutive samples test at least 26 kv and
preferably 30 kv or higher and until a
satisfactory ‘“cloud” test is obtained as
outlined under ‘“Moisture Content.”
When the drying operation has been
completed, the liquid removed for sam-
pling must be replaced. To avoid the
possibility of entrapping air bubbles in
the windings, it is recommended that
the liquid be returned through the up-
per filter press connection.

MAINTENANCE

The condition of the external trans-
former surfaces should be examined at
regular intervals. If it is found that
weathering is taking place, the surface
should be cleaned thoroughly and re-
painted with a good grade of durable
paint recommended by the General
Electric Company.

If it should become necessary to un-
tank the core and coils, remove the weld
bead around the cover as outlined under
“Removing and Rewelding Covers” and
then remove the tap changer drive
mechanism as explained under “Wedge-
Type Tap Changer.” Lift off the cover
and drain the insulating liquid. Discon-
nect the winding leads at the bushings

9
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and remove the bushings using the “Re-
moving and Replacing” procedure out-
lined under ‘“Bushings.”” Remove the
liquid level gage, top filter-press con-
nection, thermometer well (on those
where it protrudes into the tank), and
any other parts which might get dam-
aged or interfere with removal of the
core and coils,

Take out the tanking wedges and
remove the core and coil assembly.
After reassembling the transformer, it
may be necessary to conduct a drying
run as explained in the preceding para-
graphs. Questions concerning the neces-
sity of drying a particular transformer
should be referred to the nearest Ap-
paratus Sales Office of the General
Electric Company.

REMOVING AND REWELDING COVERS

Welded covers can be removed by
chipping out the weld bead with dia-
mond - point chisels and a pneumatic
hammer or by the oxygen gouging
method. The latter method is consid-
erably faster and is recommended for
all welds of 5/16” and over where ade-
quate precautions can be taken for the
fire hazard which exists with oxy-acety-
lene cutting operations.

When removing the weld bead, the
cover should be clamped to the tank
flange to hold it in place and prevent
chips or welding slag from entering the
transformer. Protect all openings against
the entrance of foreign matter. Before
oxygen gouging on oil- or Pyranol-
filled transformers, thoroughly flush out
the air space inside the tank with dry
nitrogen or carbon dioxide gas and main-
tain a small flow of the gas during the
gouging operation.

The entire weld may be removed in
one pass, providing care is taken o
avoid deep gouging of the edge ‘offthe
cover or tank flange. The joint should
be ground or chipped clean forgreweld-
ing before the cover is removed. Oxy-
acetylene cutting torch equipment (is
necessary with gouging tips similar to

Air Reduction Style No. 183. For best
performance of the gouging operation,
a cutting torch similar to Airco Series
3000 having a graduated control of the
high-pressure oxygen flow is recom-
mended. Tip sizes and gas pressures
recommended for wvarious fillet weld
sizes are as follows:

Fillet Oxygen Acetylene
Weld Size TipSize Pressure Pressure
5/16-in. No. 8 60psi 8psi

38and7/16-in. No.10 70 psi 9 psi
Vo-in.andup Na.12 75 psi 9 psi
REWELDING THE COVER
Before replacing the cover, remove

all traces of dirt, grease, and oil from
the areas to be welded. Cement a gas-
ket to the tank flange or cover by ap-
plying a coat of water glass (sodium
silicate) to both surfaces. The gasket
should consist of a piece of 34-infh
loose-twist glass or asbestos roving| or
a strip of 1/16 x 1Y%-inch dry“asbestos
folded to make it 34-inch wide “and
should be located approximately !Atinch
from the outer edge of the, cover. To
prevent spatter from entering the trans-
former during rewelding,{compress this
gasket by clamping the coverfagainst
its mounting flange and, seal off all
other external openings in) the tank.
Thoroughly flush out the)air space with
dry nitrogengand maintain a small flow
of gas during the welding operation.

The arc-welding process, using 3/16"
or VY4 “diameter electrodes, is recom-
mended forjrewelding the cover. The
fillet should be built up with a series
of passes tona thickness comparable to
that of (the original weld. In order to
make a “pressure tight joint, slag and
spatter | should be completely removed
beforedeach succeeding pass and at each
point where the arc is interrupted.

When the welding has been com-
pleted, remove all scale and pressure
test the joint as explained under “Leak
Test” After a satisfactory test, clean
the weld and adjacent surfaces and ap-
ply one priming coat and two finish

coats of paint.

RENEWAL PARTS

Orders for renewal or supply parts
should be placed with the nearestAp-
paratus Sales Office of the UGeéneral
Electric Company. Specify the quantity
required and give the catalog or draw-
ing number along with the§part num-
bers, whenever possible. If these num-
bers are not advailable, describe the
parts in detail. When ordering a bush-
ing, specify whetheryit'is to be supplied
separately or, as“an assembly with the
adapter ring ,welded into place. Always
include the gerial’ number appearing on
the transformef nameplate when re-
questing ‘information or ordering parts
for ‘apparticular transformer.

The only recommended spare part is
the gasket for the handhole opening (or
pressure relief device flange when pro-
vided.)

Materials that are unaffected by Py-
ranol have been used in constructing
Pyranol transformers and no substitution
should be made for these materials
without the approval of the General
Electric Company. Any renewal parts
supplied will be manufactured from the
same or similar materials as those used
for new transformers. Successful opera-
tion of the renewal parts is contingent
upon proper field assembly, the condi-
tion of the remaining parts and a thor-
ough drying cycle if moisture has en-
tered the transformer.

WHEN YOU NEED SERVICE

If you need to repair, recondition, or
rebuild any electric apparatus, a G-E
Service Shop near you is available day
or night, seven days a week, for work in
the shop or on your premises. Latest
factory methods and genuine G-E re-
newal parts are used to maintain the
original performance of your G-E equip-
ment. For full information about these
services, contact the nearest Apparatus
Sales Office or General Electric Service
Shop.

MEDIUM TRANSFORMER PRODUCTS DEPARTMENT

GENERAL ELECTRIC COMPANY
ROME, GEORGIA 30161
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