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Niagara Nohawk Power Corporation
Stone s Webster Engineering Corp., Agents
P.O. Box 63
Lycoming, New York 13093

Attention: Ms. Theresa Ciappa

Reference: Your. Verbal Inquiry 6/4/84
HcGraw-Edison Quotation NYQ-1962

Oaar The.rasa,

Vl th reference to item Na. 2 of our subject quotation, we bava
quoted Cata1og PL82 es 8281 ls obsolete. Catalog IL82 is the
current replacement for this item.

P-1-aas~ ccmtact me if y.ou have any questions or require any ad-
ditlonai information.

V~y truly yours,

E. G 1 a 1 o r dan o
Senior Sales Engineer
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Stone 5 WQOQf 64~M
J.O. Na. l2l~~aa~
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Power Transformers
General
Noving Large Units

Power systems Group

S21 0-05-2
Service Information

INTRODUCTION
The information in this manual is to be
considered as a guide to those who are
required to move large power transformers
and who would like some guidance. The
contents do not restrict experienced power
company personnel or professional mov-
ers who have their own equipment and
methods, except that the unique construc-
tion ofeach transformer base must be rec-
ognized so that rollers can be properly
placed to avoid any damage to the trans-
former.

These instructions apply to transform-
ers with unit shipping weights up to
1,000,000 lb.

NOVINOSY CRANK
Transformers may be moved by a crane if
one is available. Use liftingequipment of a
reputable manufacturer, within its rated
capacity. Spreaders should be employed
so that the lifting cables, ban, or chains
are vertical. Core-form transformers should
be lifted only when the regular tank cover
or the shipping cover is securely fastened
in place.

Shell-form transformers, which have lift
lugs low on the tank. should be lifted only
when the regular tank cover or the ship-
ping cover is securely fastened in place,
and the slings are securely restrained by
sling guides.'hell-form transformers
should never be lifted without the use of
sling guides. Beyond this, only standard
precautions need to be taken.

NOVINOSY ROLLIN4OR
SICIDDINO
Since cranes are infrequently available,
the remainder of these instructions willbe
concerned with moving transformers along
the ground.

First, when moving a transformer, it ls
necessary to provide a steady platform
from which to work. This requires that the
railroad car or trailer bed be jacked off its
springs and firmlyblocked.

Second, it is necessary to consider the
shape and base design of the transformer
that is to be moved. There are two main
types:
1 ~ Tank with a base exterior to the bottom

. plate of the transformer.
2. Tank with a flat bottom plate which

conceals the reinforcing members of
tl e bottom plate.

Each of these types of transformers may
be moved by
A. skidding on greased plates. planks.

or rails;
of

B. rolling on wood or steel rollers.

CAUTION
There are several general precltst@s
which must be taken with all of the

, above methods. No large power trans-
former can be tilted more than 15'rom
the vertical in any direction.

Whenmovlng a transformer, whether
the ground is level or sloped, one winch
should pull and another on the far side
of the transformer should pay out slack.
This precaution is necessary where
greased plates, planks, or rails are
being used, as the pull required to start
the transformer moving is greater than
that required to keep it moving. This
tends to make the first movement of the
transformer a rapid springing move-
ment which could'be uncontrollable
and dangerous without the second
winch.

The arrangementwith two winches is
also a requirement when rollers are
Mng used on the level or on a slope.
The better way to use rollers on a slope

'is to slant them inward in a chevron
effect tFigure 1). This causes restrain-
ing frictionso that, on a small slope, the
transformer must be pulled down in-
stead of being let down.

Another precaution which should be
followed is to use all of the pulling lugs
which are available on the tiansformer.
This means that if two lugs are placed
forpulling in one direction. both should
be used to avoid dangerous overload-
ing and structural failures, and to pro-
vide greater stability.

Care should be taken to keep the sur-
face over which the transformer is
moved as level as possible. Anydeflec-
tion of this surface when sliding a trans-
former will cause the leading edge of
the base to dig in (Figure 2).

Such an occurrence will cause the
winch, cables, shackles and pulling
lugs to be stressed much higher than
necessary. Any deflection in the mem-
ber over which rollers are moving will
overload outside rollers and the trans-

ISe MAXIMuM

CENTER OF
GRAVITY

DIRECTION OF
MOVEMENT ANCHOR

Rgm 2.
Loodlllg~ of WAsfolAlof~ willdig
Inio a &lecthg aurfaca

Ffgwe L
Oefleellng outface ovedoads outeldi rulers
and lTRAsfoclMF.

Hgtre 1.
When moHng a tranatonner on a slope,
slant Na toilers Inward ln a chevron effect.

Theseinstructions rlo not claim to cover all details or variationsin lhe equipment, procedure. or process described. ncr tp provide directions
lpr meeting ova y possible conlingercy during insrallaliciI. Operation, cr meintenance. vfhpn add;up"Jl Inidtriahon .s dcs red iosallslv I
problem nol covered suliiuienlly lor the I seis purpose. please cpnracl your McGravvEdison po»er sys,'pins Group sa'esengmec~



Tenke with Kxterior BSSee
To move a transformer which has a base
necessary to provide adequate support
under main outer members of the base
that are parallel to the direction of move-
ment (Figures 4 and 5).

~ ~ ~ ~ ~ ~ ~ ~ ~
~ ~ ~ V ~ ~

DIRECTION OF
MOVEMENT

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
~ ~ ~ V ~ i ~ ~

OIRECTION OF
MOVEMENT

I II ' I'l II I
L 4 L J L4 LQ L4 LJ

I'1 <1 I'I fg t'1 rl
I II II Il EI II I

Rectangulal'anke with
Concealed Braces
Rectangular tanks with concealed brace
members are McGraw-Edison's standard
ccnstruction on shell-form and are an
alternate construction on core-form trans-
formers. The bottom plate, except under
the tank walls, will not support rollers.
Thus, for all rolling, blocking, or skidding
operations, the supporting members must
be placed so that they are directly under
the tank walls (Figures 6 and 7).

GENERAL INSTRUCTlONS
A satisfactory method of moving any large
transformermightbeasfollows: Lay down
a runway of 12 c 12 timbers, as nearly
continually supported as possible, for
each set of rollers to be used. Firmly at-
tached to the top of each timber runway
should be a N-in.-thick mild steel plate
which is wider than the rollers. With avail-
able winch trucks, the larger members can
be winched into position.

The rollers may, for example, be 3-in.
ips, with a 0.6-in. wall thickness, and may
be about four ft long. The ends of the
rollers should be tapered. This is to pre-
vent a lip, having a greater diameter than
the rest of the roller, from developing when
the rollers are pound ed into position with a
sledge hammer.

Table 1 may be used as a guide for
selecting rollers. These figures are forsteel
rollers and will result in satisfactory bear-
ing areas. Wooden rollers also may be
used, but the number and the size of such
rollers must depend on the experience of
the mover.

FigLae 4.
Base supfmrt fortanks withexterfor bases.

Figtae IL
Base support for tanks with concealed
braces.

OIRECTION
OF

MOVEMENT

Lr»
LrL»
Lr»L
IrL

OIRECTION
OF

MOVEMENT
~ 0 ~

NN
~ NV

N»

Rgtae l.
Figure 5. Base support for tanks with concealed
Base support fortankswlth exterfor bases.

TABLK'l
Guide for Selecting Steel Rolets

Shipping
Weight

(In 1.000 lb) 1 In.

NombIet Stxe end Number of Resets
Oouble-Extra Strone, Standard pipe

4 In. 5 In.2 In. 3 In. 8 In.

100—150
150-200
200-250
250-300
300-350
350-400
400-500
500--600
6Ã-700
TOrI-tIOO

50
66
84

100
116
132
166
?00

26
34
42
50
58
66

-84
ICO

18
22
28
34
38
44
ca
66

14
16
20
24
30

42
co
58
6R

14
18
20
24
26
34
40

c4
50
68

10
14
18
20
22
28
34
40

~ 4
EO J

2
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The winches should be attached to the
transformer as previously stated; that is,
one to pull and one to act as an anchor.
When attaching the cables to the pulling
lugs. the yoke must not be too short. A
minimum is when A equals B (Figure 8).
The force F gets larger as A gets smaller. If
A is small enough. this sideways force will
get large enough to cause a failu're in the
transformer pulling lugs or yoke cables.
Therefore. if A must be smaller than B, a

'preader illustrated in Figure 9 is neces-
sary.

Turning a Transformer
A transformer which is being moved must
sometimes be turned. The maneuver can
most easily be accomplished. whether,
skids or rollers are being used. by pulling

, on diagonally opposite lugs. When a trans-
former on rollers has to be turned, the
roller should be kept as nearly perpen-
dioular to the outside arc of the turn as
possible. The rollers will then turn more
easily and willremain under that section of
the transformer for a longer distance.

SPREAOER

OIRECTION OF
MOVEMENT

DIRECTION OF
MOVEMENT

Rgwe L Ffgwe S.
When attaching cabfea to puffing luge, the Ifdistance Amust be smaller than B, use e
yottemuatnotbetooahort;mlnlmumyoke spreader.
length la when A = L
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Insulating Oil
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OKNgRAL
Insulating oil used by the McGraw-Edison
Power Systems Division is a pure mineral
oil meeting all the requirements of ANSI/
ASTM 643487. Standard for Mineral Insu-
lating Oil for Use in Electrical Apparatus.
This oil is refined to obtain characteristics
especially suited for transformers which
include:
1. High dielectric strength or insulating

ability.
2. Low power loss.
3. Excellent oxidation stability for longer

life.
4. Low viscosity to facilitate rapid heat

transfer.
5. Freedom from substances injurious to

transtormer materials.
6. High flash and fire points for satety.

McGraw-Edison's transformer oil is
carefully checked upon receipt to assure
compliance with this standard. Also. the
condition in which this oil leaves the fac-
tory in transformers or in separate con-
tainers is carefully controlled.

The approved oil reliners warrant that
McGraw-Edison oils contain no PCB.

The importance of careful field handling
and treatment of transformer insulating
oil cannot be overemphasized. The slight-
est contamination can destroy essential
qualities. This is especially true of moisture
and particle contamination, minute quan-
tities of which will lower the dielectric
strength below the acceptable level. Pre-
cautions must be taken to prevent inad-
vertent PCB contamination of new oils
through storage vessels or mixing with
pool oils that may be contaminated with
PCB.

These instructions are issued as a guide
fo the oroper handlirg and treatment of
insulating oil to secure the mos; depend-

able performance ot a transformer. Insul-
ating oil used in McGraw-Edison's trans-
formers should be the grade recom-
mended by McGraw-Edison. A list of
acceptable oils will be supplied upon
request.

SHIPMENT AND RECEIPT
When possible. transformers are shipped
filled to the 25 C level with insulating oil.
Very large transformers may bo shipped
without oil~ in which case the oil may be
shipped in tank cars, trucks. or drums.
Specific instructions describe procedures
for receiving, inspecting, accepting. and
fillingof transformers.

When there are detachable radiators or
coolers. the oil for these is shipped sepa-
rately in drums. Drums should be checked
immediately upon receipt. to insure that
the gasketed screw-in bungs are tight
and that the drums have no leaks. It is pos-
sible that rough handling during transit
can cause leakage. It is recommended
that the seal not be broken until test
samples are to be taken, and then only
under conditions described under SAM-
PLING.

Modern tank cars and trucks are usually
equipped with breathers to allow for
change in volume due to temperature
variations.

Prior to acceptance of tank car. truck.
or drum oil shipments. the dielectric
breakdown voltages should be deter-
mined. The procedures and minimum ac-
ceptable values are given in the section
on TESTING.

STORAOR
Oil received in drums should be stored
indoors. if possible. If stored outdoors.
the drums should be placed on timbers
and protected with tarpaulins. In any
event. the drums should be positioned,
with the bungs down to protect against
moisture and to disclose any leakage.

When oil is shipped in tank cars and
especially tank trucks. it must be trans-
ferred promply to the transformer or other
forms of storage to avoid demurrage
penalty by the carrier.
'torage containers must be clean and
dty so that oil from storage meets the ac-
ceptance requirements of new oil from
the refinery. It is especially important that
storage or transter containers ana hoses

be completely free ot PCB contamination
to prevent the inadvertent contamina-
tion of equipment.

FIRE PROTECTION
Although transformer oil will not burn
unless it is heated to a relatively high tem-
perature of over 300 F. it is advisable to.
be prepared for the possibility when
handling the oil. The best basic approach
is to smother an oil fire-cut off the source
of oxygen. Chemical extinguishers are
effective. Water should only be used in
the torm of a fog spray.

PRECAuTIONS
Temperature and IIIolature
It is extremely important that every pre-
caution is taken to insure absolute dry-
ness when handling insulating oil.

The weather should be clear and dry
when transformers and oil drums are
opened. Moisture can readily be absorbed
trom humid air. The exposure time of oil
to air should be held to a minimum.

ForeIIIn IWatedal Contamfna8on
There should be no blowing dust or dirt
when oil is exposed to the atmosphere.
All apparatus and vessels must be abso-
lutely clean. Wiping cloths must be clean,
dty. and lint-free. Cotton waste is unde-
sirable because of the lint. McGraw-
Edison recommends use of a filterduring
fillingof apparatus

Hoses used for oil transfer must be
metal or oil~roof compound. A hose
made of natural rubber must not be used
as it may easily contaminate the oil with
sulphur.

Oil should never be put into any used
drums except those previously contain-
ing new oil of acceptable quality. If new
oil drums must be reused. they should be
tightlysealed immediately after emptying
to keep out moisture and other contami-
nants. Also note the precautions against
PCB contamination under STORAGE. If
PCB contamination is suspected. an
analysis is recommended by an analytical
laboratory which willalso specify detailed
sampling procedures. Upon refilling. a
new bung washer (available from refin-
eries) of a material other than natural
rubber. should be used!f the drum is to
.emain sealed and put n storage.

These instructions do not claun to cover all details or variationsin the equipment, procedure, or process described. nor to p/ovioe quections
ler meeting every pessible contingency during installation. operation. or maintenance. When additional inlermation is de:/red to satiety a
problem nnt cave/ed suiliciently tor the user's purpose. please contact your McGreiv.Edison Power Systems Division sa'es engineer.
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SAMPLING
The quality of insulating oil ship'ped in
tank cars, tank trucks. and drums. or in
transformers themselves should be deter-
mined by testing a representative sample.
The samples are obtained by a carefully
controlled standard procedure described
In ASTM D 923. A bnef summary of this
standard follows.

Samples of oil are collected in sampling
devices such as those shown in Figures
1-4. These devices were carefully de-
signed to insure an uncontaminated
representative oil sample from any type
of container. Drums or storage tanks are
sampled using a thief, dipper, or pressure-
type device. Tank cars and tank trucks.
or new apparatus received oil filled are
sampled with a variety of devices to suit
the sampling provisions. Transformers
are generally sampled from an auxiliary
sampling valve which is an integral part
of the tank drain valve (Figure 4).

Oil samples obtained by ASTM D 923
procedures should be transferred directly
into the test device allowing a minimum
exposure to air, dust. or other sources of
contamination which can adversely effect
the test values leading to erroneous con-
clusions regarding the acceptability of the
oil or equipment. Experience shows that
oil sampling procedures conforming
strictly with this standard will provide the
most reliable assessment of the actual
conditions of the oil in the containers.

HANDLE

REMOVABLE
PLUG FOR
TOP SAMPLES

ECCENTRIC
CAM FOR
LOCKING

PLUNGER

12"
(30.5 cm)

2'E'6.35

cm)

Rgure 2.
Tank car-type sampling devfca

2"
5 1Cm)

16
(40.6 cm)

S..

(12.7
cm)

5" (0.95 cm)
I

QO

(5.1 cm)

Rgure 3.
Crcem dfppeHype sampling devtccL

42"
(106.7 cm)

TRANSFORMER VALVE PLUG

STOPCOCK SYRINGE

AUX, SAMPLING STOPCOCK

Figure 1.
Dip-type sampling device.

Figure 4.
SyrlngcHype sampling device (rigid).
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TESTING
New transformer oil received from ap-
proved sources in tank cars. tank trucks,
and drums is certified by the refiner to
meet McGraw-Edison standards: how-
ever. a final check prior to filling the
apparatus is recommended.

Also during the service life of the ap-
paratus. periodic routine maintenance
tests and procedures are recommended.
IEEE No. 64. Guide for Acceptance and
Maintenance of Insulating Oil in Equip-
ment. contains an appendix listing the
results of an industry survey on current
oil practices throughout the country. giv-
ing typical test data from transformers in
service. The Guide also lists test limits
beyond which oils in service should be
reconditioned or reclaimed.

The significance of oil tests follow:

Moisture Content
The quantity of moisture contained in new
oil is best determined in a laboratory. Two
methods. ASTM 01513 and ASTM
0 1533. are used. D 1533. using auto-
mated equipment that reads directly
in ppm. is the most popular and can also
be utilized for field tests.

Table1 shows the recommended values
for new oils as received in tank cars. tank
trucks. or drums. oils sampled from new
transformers as received. and oils re-
moved from transformers in service. The
values listed for oils removed fro'm equip-
ment in service represent the most recent
IEEE consensus beyond which recondi-
tioning or reclamation should be con-
sidered.

TABLE 1

RECONOITIONING AND
RECLAIIIIIINO
IEEE No. 64 contains a useful section on
reconditioning and reclaiming oil.

McGraw-Edison recommends that both
reconditioning and reclaiming should be
performed on deenergized equipment only,
Not only does this precaution eliininale the
possibility of accidental injury. but it also
prevents possible failure of the equipment
that may result from the accumulation ol
particulate and other contaminants which
are carried by the contaminated oil through
the energized insulation system.

Dielectri Breekdown Voltage
Changes in the dielectric breakdown volt-
age are primarily indicators of the pres-
ence or absence of particle contaminants
and moisture. The standard square edge
ASTM D 877 cup'test was initially con-
ceived as a field test to detect free water
replacing existing crude indicators. Later.
adopting the more uniform VDEelectrode
from European practice. the ASTM de-
veloped the modem ASTM 0 1818 pro-
cedure and established the relative
sensitivity of the D 877 and 01818
methods to particulates and moisture.

Method 01818, employing a stirring
action, is the most sensitive to all im-
purities especially particulates and dis-
solved moisture.

Method D 877 is the least sensitive to
these impurities, however, it provides a
familiar benchmark evaluation on new
oils and affords useful comparisons with
existing records.

In applying these tests. it should be
recognized that new oil is relatively free
from most contaminants, whereas oil re-
moved from equipment willcontain certain
household impurities normally associated
with the contruction materials used with-
in the equipment or those resulting from
its operation. Interpretation of the tests
performed on oils removed from equip-
ment should take this into consideration.
Useful information can also be obtained
by comparing tests on oils removed
directly from the. equipment and on the
same oils after removing moisture and
particulates.

ON
CondNon

New oil
as received

Dktiectrip Breekdovrn Vottttge
'STIND 1816

0.040 Qttp

18 kv min
26kv avg

42 kv min
52 kvavg

ASTI@ D $77
0.100 Gap

28kvmin'6

kv avg

Moisture Content
ppm (wt)

New oil"
pfoc8$ $8d

New oil
taken from
new equip
ment

Oil from
equipment
in service:

69 kv
and below

69 kv to
288 kv

345 kv
and up

22 kv min
'4

kv avg

18 kv min
27kv avg
19kv min ~

30 kv avg

18 kv avg

22 kv avg

26 kv avg

44 kv min
'8

kvavg

38 kv min
'8

kvavg
40 kv min

'2

kv avg

38 kv avg

45 kv avg

30 kv min
'8

kv avg

30 kv min
'8kvavg

30 kv min
'8

kv avg

26 kv avg

29kv avg

34 kv avg

15'5

max

18 max

15 mex

The ASTM procedure provides tor the average values only. The minimum values given in the table
are ex pact ed minimums based on the usual variations.
processed pit hss been vacuum degassed to a gas content betctvr 0.2slt and dehydrated to the
mctsture content listed in the table .
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Power Systems D(vision

'owerTransformers
Gaskets
Rubber-Cork-Cork-Rubber S21 0-05-4

Service Informetfon

RUBBER GASKETS
General
Before a transformer is placed in service, it
is essential that all openings in the case be
tightly sealed to prevent entrance of water
or air, or the leakage of oil or gas. This is
necessary whether the transformer is for
indoor or outdoor operation. For trans-
formers requiring gasketed seals. McGraw-
Edison Power Systems Group employs
almostexclusivelya nitrile synthetic rubber
formula whichishighlyreststant tosolvents
and which willnot contaminate nor be con-
taminated by transformer oil.

ZINC OICHROMATE BOLT

LOCKWASHER

Most gaskets are designed to be retained Preparation of Qetal Gaeket
in position without the use of a rubber ce-
ment. This is accomplished by the use of It is essential that Ihe surface to receive the
retaining grooves or ~etaining rings. These gasket be in propercondilion. Remove any
grooves. or rings. also serve to automati- rust or scale by scraping or wire brushing
cally limit the amount of gasket compres- and apply a suitable solvent such as de-
sion to a predetermined value. since proper natured alcohol or carbon tetrachloride to
compression is a significant factor in the JI)e G)etat surface toremovewater.grease,
useful life ot a gasket. cR,ApDIy a coat of oilproof primer and

In the event thatagasketshouldcrg; patnt, allowincjoaeA to dry. A good
peel or lose its resilience. it willbe necesir'oat ot either primer or finish paint alone
sary to replace this gasket with a new one. also may be used.
This is easily done by following these in-
structions. Prepara5on of Gasket

Gaskets, such as those used for the main
tank cover, see Figure 1. which cannot be
made from one piece, are made ofstriprub-

covER PLATE ber with a scarfed, cemented joint.

CUTTINGRUBBER STRIP

TANKCOVER

TYPICALMANHOLECOVER SEAL

SYNTHETIC
RuBBER
GASKET

STEEL RING

The rubber strip ends should be scarfed at
an angle the length of which is equal to tour
times the thickness of the strip, (Figure 2).
The ends should then be sandpapered
smooth. suitable for cementing. Extreme
care must be employed to make the scarfed
surfaces flat and the fitneat. The quality of
adhesion is dependent upon the texture
and cleanliness of the surfaces to be joined.

ZINC OICHROMATEBOLT FLATWASHER

TANKCOVER

SYNTHETIC
RuBBER
GASKET LOCKWASHER

TANK
. SHELL

sTo. HEx NUT

STEEL BAR

TYPICALTANKCOVER SEAL

Figure 1.
Gaskets for manholes, and gaskets between tank and tank cowr, fitInto machined gasket
seatL

CEMENTINGSCARFED ENDS
Applya thin, even coatof Minnesota Mining
Mfg. cement, No. E.C.678. Airdry for 30 to
45 minutes, until the adhesive becomes
tacky.

JOINING SCARFED ENDS
Place the cemented surfaces together and
firmlyapplypressuretodisplaceallair. (See
Figure 3.) Make certain that no sliding oc-
curs. Applya clamp over the jointwith only

Figure 3.
Joining scarfed ends. Arrows show direc-
tion of pressure to be applied.

Thoro instructions do not claim to cover all details or variations in the equipment, proceduro, or pioceha described, nor to provide directions
lor meeting every possible contingency during installation, operation, or maintenance. When additional information is desired Io satisly a
problem not covered sulficientiy for the user's purpose, please contact your McGraw Edison Power Systoms Oivision sales engineer.
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a moderate pressure, in order that the gas-
ket is not distorted excessively. Approxi-
mately 30 minutes should elapse before re-
moving the clamp.

TESTING SCARFED ENDS
A satisfactory bond has been attainedif the
joint is capable of withstanding sharp
bending, twisting, and elongation up to
1009 o.

'0-RING GASKFTS
Some gaskets employed by McGraw-
Edison Power Systems Group are of the
o-ring type. These gaskets, also, are made
of a nitrlle synthetic rubber formula that Is
highly resistant to solvents and will not
contaminate oil or be contaminated by oil.
They are designed foruse either in a retain-
ing groove or where the compression is
limited to a predetermined degree by a
compression stop.

In a few cases, oneor both of the planes
between which the o-ring gasket is located
must be rotated during installation. For this
type of installation, the gasket should be
lubricated with Vaseline to prevent its being
damaged. Typical examples of ~ng gas-
kets in compression, illustrating both
straight compression and compression
where one plane was rotated, are shown in
Figure 4.

RU88ER
O -RING
GASKET

COMPRESSION
STOP

FI8ER
WASHER

Figure 4.
Bushing terminal with~ng gaeltatL

Final Placing and BoNny Oown
Most gasket seats consist of either retain-
ing grooves or joints wherecompresslonis
limited by compression stops. In most
cases, therefore, drawing the flanges to-
gether to a metal-to-metal contact pro-
duces the necessary tight joint. No subse-
quent tightening of bolts is required.

Where it is necessary to mount gaskets
on a vertical plane or on a bottom surface,
the gasket surface should be prepared in
accordance with instructions under Prep-
aration of Metal Gasket Surface. Then,
spots of Armstrong N-111 Cement. ap-
proximately '/~-inch wide, should be ap-
plied to the gasket seating surface every
four or five inches around the circumfer-
ence. The cement should be allowed to dry
until it becomes tacky. (See Figure 5.) The
treated face of the gasket should then be
placed in its pro per position against thepre-
pared surface and held firmlyuntil the gas-
ket adheres. This prevents the gasket from
moving during installation.

APPLY
PRESSURE
THIS DIRECTION

'h" WIDESPOTS
OF CEMENT
APPROXIMATELY
4" APART

I I il
Ii
Ii
Iy

\g lgI
w

4'ASKETSURFACE
THOROUGHLY
CLEANEDAND
PAINTED

rubber gaskets to verfical

Allbolts should be drawn downuniform-
ly in small increments-going around the
bolt circle until the gasket is compressed to
a stop or to the specified thickness.

Extra gaskets and cement may be order-
ed from the factory. No materials should be
used except those approved by McGraw-
Edison. When stored in a dark, cool, dry
area, nitrile synthetic rubber gaskets
should have a minimum shelf life of five
years, butshouldbe inspectedbeforebeing
Used.

CORK GASICETS
General
Cork gaskets are used orrsuch items as air-
filled compartments and in some instances
on bushings. Ifany accessory sealed with a
cork gasket is removed. a new gasket must
be installed as per instructions below.

I reP~rlng Gasket and Metal
Surface
Clean the metal gasket surface as de-
scribed under Preparation ot Metal Gasket
Surface. Primer and paint may be omitted it
the Glyptal treatment. described later in
this section, is applied reasonably soon
after cleaning the metal surface.

Any gasket requiring a scarfed joint
should be cut as shown in Figure 6. The
cork strip ends should be scarfed at an an-
gle the length ofwhich is equal to five times
the thickness of the strip.-

+ST

Figure 6.
Method of scarflng cork endL Arrowsshow
dlrecthn of pressure durfng drying.

Brush the scarfed surfaces of the gasket
with Glyptal No. 1201 and allow the com-
pound to become tacky beforepressing the
ends firmlytogether.

Because cork will permit oil to seep
through it under medium pressure, it is
necessary, in most cases, to seal all sur-
faces and edges by dipping or brushing the
complete gasket in Glyptal Compound No.
1201 ~ or equivalent, and allowing it to air
dry. Use care to suspend the gaskets by
either clips or pins in such a way thatnoth-
ing touches the inner edge of the gasket.
Pins may be inserted into the flat sides of
the gasket. Such drying usually requires
less than four hours. At the same time. ap-
plya fairlyheavy coat ofGlyptal to the metal
surfaces to be sealed and allow to air dry.
This "precoating" procedure is important
and should be followed forall cork gaskets.

Installing Gaskets
When a cork gasket is being replaced,
brush the bottom surface of the precoated
gasket as well as thecleaned and precoated
metal gasket surface with Glyptal No. 1201.
After this coat of compound has dried suf-
ficiently so it wiH not adhere to the fingers
(about 15 minutes) assemble the gasket on
the metal. If there are any scarfed joints in
the gasket, they must always be locatedbe-
tween bolt holes. Work the gasket back and
forth a tew times over the ccated metal sur-
face. To obtain best possible adhesion to
the metal, clamp or weight the. gasket at
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frequent intewals. Allow the compound to
set at least 30 minutes so that when the
clamps are removed the gasket will not
slip.

After the clamps are removed, apply a
light coat of gasket compound to all ex-
posed surfaces of the gasket and to the
other metal surface to be joined. This in-
cludes coating the inside of all bolt holes in
the gasket. It is important also that the in-
side edge of the gasket be given this second
coating of Glyptal. When this coat of com-
pound has become tacky (15 minutes}
mount the metal part. Progressive tighten-
ing of bolts is recommended until the gas-
ket is compressed to one-half of its original
thickness or until the gasket stops are
reached. Keep oil away from the joint until
the tightening is completed.

To replace a bushing gasket. the same
procedure should be followed as outlined
above. In this case, however. it is not neces-
sary to preclamp the gasket before the final
bolting down operation.

Glyptal No. 1201. as supplied in the can.
is of the proper consistency. If the Glyptal
has been exposed to the air and has thick-
ened. thin it with G.E. No. 1500 thinner. Ex-
tra gaskets and compound may be ordered
from the McGraw-Edison Power Systems
Group at Post Office Box 440. Canons-
burg. Pennsylvania 15317.

FOAIIRUBBER GASKETS
Air-filledcompartments, such as cabinets
for automatic pressure-type nitrogen gas
equipment, control cabinets. etc., are seal-
ed from the atmosphere by closedwell
foam rubber gaskets.

The following procedure is recommend-
ed for installing these gaskets:

Clean the painted. gasket-mounting sur-
face of the door witha suitablesolvent,such
as denatured alcohol, and allow it to dry.
Apply one coat of Johns-Mansville Dutch
Brand Neoprene Adhesive No. 281 to the
matching surfaces of the gasket and door.
and allow the cement to dry. Then, apply a
second coat to the gasket and place the
gasket on the door, pressing it firmly into
place, while the cement is wet. Where pos-
sible. to provide the best possibleadhesion,
the door should not beclosed onthegasket
for 24 hours.

Proper installation will produce a ce-
mented joint that is stronger than the gas-
ket itself.

CORK RUBBER GASKETS
General
Gaskets made of cork rubber composition
are used primarily for cover Ioints on split-
tank shipments and for sealing air-filled ~

throats. Cork rubber gasket materials
approved for this application are Chlor-
oprene DC-167 and Nitrile Butadiene
NC-710 manufactured by Armstrong Cork
Company.

Preparing Gasket and Metal
Surface
Clean the metal gasket surface as de-
scribed under Preparation of Metal Gasket
Surface on page 1.

Any gasket requiring a scarfed joint
should be cut as shown in Figure 6. The
strip ends should be scarfed at an angle the
length of which is equal to five times the
thickness of the strip. Apply a thin, even
coat of Minnesota Mining Mfg. cement,
E.C.678, to each scarfed piece to be joined,
and allow to dry for30 to 45 minutes, or un-
til tacky. Join the scarfed ends by pressing
the cemented surfaces together and apply
firm pressure to displace all air which may
be entrapped in the joint. Make certain that
no sliding occurs and that the pieces are
correctly aligned, then apply a clamp over
the joint with moderate'pressure for 30
minutes.

Installing Gaskets
Gasket must be compressed approximate-
ly 30%. No cementing is required for gas-
kets mounted on upfacing horizontal or
slightly inclined surfaces. Gaskets mount-
ed on vertical or severely inclined surfaces
or on the underside of horizontal surfaces
may be spot cemented for h inch at five-
inch intervals to keep them in place until
compressed. Spot cementing is done with
Armstrong N-111 Cement, applied to one
surface of gasket only. Allowcement to dry
until tacky, and then hold or clamp in place
until it adheres to the surface. Progressive
tightening of bolts is recommended until
the gasket iscompressedtoabout70%ofits
original thickness.

Care in the preparation andinstallation of
this gasket may permit its removal and re-
use several times before itmust be replaced.
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GEMKRAL
Service Information S21045-5 pertains
specifically to McGraw-Edison liquid-im-
mersed power transformers (Figure 1).

SHIPPING
Station-type transformers are usually ship-
ped in one of the followingways:
1. Core and coils assembled in a tank with

the insulating liquid just over the coils
(including transformers shipped in the
bottom part of a split. tank) or with the
tank filledwith liquid to the 25 C level.

2. Core and coils assembled in a tank with-
out hquid iincluding transfortners ship-
ped in the bottom part of a spli: tank).

When transformers are shipped in their
tanks without oil~ the core and coils are
sealed in dry nitrogen or d tyair at a posi-
tive pressure and the oilisshippedin tank
trucks or tank cars.

RKCKIPTANDACCKPTANCK
When a transformer is received, thoroughly
inspect the impact recorder tape (if sup-
plied) and the transformer tank for evi-
dence or rough handling in transit.

NOTE: See IMPACTRECORIKR section for
ta pe interpretations.
Ifthere are indications of rough handling,

the transformer should remain on the car
and both the carrier and Service Section af
McGraw-Edison Power Systems Group
should be notified immediately. Note the
delivery receipt for the shipment,"possible
internal or hidden damages" and request
that the carrier be present for an internal
inspection of the unit. The applicable por- .
tions of these instructions for internal in-
spections should be followed.

", If the transformer is in acceptable condi-
tion, put the gas-regulating and sealing
equipment inta operation as soon as pos-
sible.

IMPACTRKCORDKR
Two basic types of impact recorders are in
general use for transformer shipments:
one-way and two-way recorders. Both
types measure the longitudinal impacts in
five zones from zero to 10 Gs. Impacts
above the midpointofzone2(approximate-
ly3 Gs) are considered rough handling.

The two-way impact recorders also mea-
sure the vertical forces, usually on a scale of
ten. Specific instructions for the tape inter-
pretations are enclosed in the recorder
case. Vertical impacts above 1 G are con-
sidered rough handling.

INTKRNALINSPKCTIONS

CAuTIDN
Before opening a transformer. reduce
the internal pressure in the transformer
to zero by opening a valve in the gas
space.

Ifthe nitrogenhas not beencomplete-
ly blown out of a transformer, wear an
oxygen mask to enter the transformer.

The gas in the space above the oil
must be replaced with fresh air (about
20','o oxygen) to sustain life.

Far car: 150,000 kva, Class FOA. HV: Near car: 315.000 kva. Class FOA. HV:
220.000GrdY volts. LV: 69.000Y volts. 230,000GrdYvolts.VL:17.000 hvolts.
TV: 13,000 hvolts.
Figure 1.
Transformers ready for shipment with auxiliary parts loaded on other cata.

f'heSe inSttunliniia dn riOt Cleim tO CnVer Stt details Or Vatitttiqnain the equipment. prOCedu e Cr prpCSSS OeSCrireed. nOi!O provide di.'.CtrCiiS
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Moisture
Moisture may condense on anysurface that
is cooler than the surrounding air. Moisture
in insulating material or liquid lowers its
dielectric strength and may cause a trans-
former to fail. It a transformer or oil drums
are placed in a location warmer than the
transformer or the drums themselves, allow
time for all signs of external condensation
to disappear before opening them. See
WHEN TO DISCONTINUE DRYING on
page 6 for moisture-measuringtechniques.

insulating Liquid
Before opening a transformer shipped with
its insulating liquid, take samples ot the in-
sulating liquid and test the dielectric
stre'ngth. See SAMPUNQ ANDTESTINQ
OF INSULATINQLIQUIDon page 5.

Core and Coil Assembly
It a transformer has been Qipped with oil,
lower the insulating liquid to the top of the
core and coil amembly. test for uninten-
tional core grounds,andinspect th'einterlor.

To minimizy the risk ofmoisture entering
the Insuiatiop, it is recommended that the
coils be covered with oil when the tank is
opened for'nspection; however. continu-
ous purging with dry air as described in
Service. Information S210-10-1. Power
Transtormersr Vacuum Filling Oil-Im-
mersed Core-Form, Load Tap Changing,
and Shell-Form Units, is acceptable.

Inspection made through the insulating
liquid of transformers using a weighted.
spot or a pyrex~lass-type tlood lamp en-
closed in a fine wire mesh will show dis-
placed. broken, or loose parts if damage
has occurred enroute. The fine wire mesh
prevents scattering the glass if the lamp is
accidentally broken. Use a lamp cord with
no~ii~iuble synthetic insulation to pre-
vent contaminating the transformer liquid.
Do not use natural-rubber insulatedcords.
To minimize thermal shock. submerge the
lamp before turning it on.

Examine the top ot the cor~ndwoil as-
sembly, all horizontal surfaces, and the
underside of the cover forsignsotmoisture.
Close the transformer as promptly as pos-
sible. If there are signs of moisture inside
the tank, determine the extent and theman-
ner in which the moisture entered thetrans-
former. See TESTING FOR LtrAKS,page5.

If the transformer appears to have been
.damaged Internally. contains moisture or
if it seems advisable to remove the core-
andwoil assembly for further inspection,
McGraw<dison Power Systems Group
should be notified and specialinstructions
requested. Should a dryout be required,
see DRYINQCORE ANDCOILS on page 6.

HANDLINO
Complete Transformers
A transformer should always be handled in
the normal upright position unless advised
by McGraw-Edison Power Systems Group
that it can be handled otherwise. When a
transformercannot behandiedbya crane,
it may be skidded or moved into place on
rollers provided the transtormer base
design and the surface over which it is to
be moved are compatible. Moving in-
structions must be strictly followed. Care
must be taken to prevent damage or over-
turning. Most transformers canbe tilted 15
degrees. For moving large transformers,
see Service Information S21045-2, Power
Trans!ormers: Moving Large Units.

LifNngWith Sllnga
Lifting lugs are provided for liftinga com-
plete transformer. When necessary, addi-
tional means are provided for lifting the
various parts requiring assembly. Lifting
lugs are designed forvertical littonly.When
lifting a complete transformer or a heavy
component. the cables should be attached
so as to provide a vertical pull on each lug.
Use liftingcables of the same length so that
the transformer will be lifted evenly. To
prevent the tank walls from buckling', the
cover must always be fastened securely in
place during a litt. The approximate total
weight of the transformer is shown on the
nameplate and on the outline drawing.

Ralaing With4acka
Ports are provided on most transformers so
that the transformer can be raisedby jacks.
On some transformers, jacks may be
placed under the transformer bottom plate
at points designated by theoutlinedrawing.
Do not attempt to jack. pry under, or tie to
drain valves. pipe connections, or other at-
tachments. It is recommended that these
appendages not be subjected to a man'
weight

t

ITORIN4
It is advisable to completely assemble.
proces. and oil fill a transtormer at its
permanent location as soon as possible
after receipt. It is considered normal for
intransit time plus the installation operation
to take as long as a month which requires
no special storage considerations. How-
ever, for shipping time plus installation
periods longer than a month. the special
precautionary steps outlined below must
be taken. Anydeviation from these recom-
mendatlons should be agreed to by

"McGraw-Edison Power Systems Group.
Service Department.

Storing Up To Three Months
(Four Months Since Shipped)
MAINTANK.The tank must be sealed with~
dry nitrogen or dry air. If so equipped, install
and put the Inertgas equipment in oper-
ation. If not so equipped, install a pressure
gage and maintain a positive pressure of
between ~/i and 6 psi at all times.

RADIATORS.Ascertain thatallcoveiplates
and gaskets are secure. Store radiators in a
manner to prevent ground water from en-
tering through the shipping gaskets.
COOLERS. Coolers are normally shipped
under pressure. Ascertain that a minimum
of ~h psi is maintained during storage. Re-
move fan motors and store indoors.
BUSHINGS. Bushings may be stored out-
doors in a vertical or tilted position. See
Service Information S315-10-1. Types PA
Apparatus Bushings for details.
FANS AND PUMPS. Store indoors.
LTC COMPARTMENTS NORMALLYOIL
FILLED. On a unit with an isolated inter-
rupter-type tap changer. theselector switch
compartment should be connected to the
main tank with common gas. The inter-
rupter compartment should either be oil
filled (with the breather installed) or sealed
under positive pressure to a maximum of 5
psk Itis recommended theta pressuregage
be installed for regular inspection. On a unit
with an arcing tap-switch-type tap changer,
follow the same recommendation as with
the interrupter switch compartment.
AIR-FILLEDCOMPARTMENT.To prevent
condensation, put the cabinet heaters into
operation.

TOP SECTION OF TWO+IECE TANK
SHIPMENT. Preferably, install the top sec-
tion to the main tank before storing. If the
top section was shipped sealed under gas
pressure, itcontains high-voltage parts and
it must be stored by maintaining this posi-
tive pressure to a maximum of 2~h psi. Ifthe
top section was not shipped sealed under
pressure, it may contain low-voltage insu-
lating materials (such as current trans-
formers). These must be removed and
stored under oil.

S torage For Three To Twelve
Months
MAINTANK.The main tank-with the sep-
arated top section installed-must be vac-
uum processed. oil filled to normal oil level,
and the automatic ~aling equipment
must be put into operation. Use the vac-
uum-processing procedure in Service
Information S210-10-1 for final filling.
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RADIATORS. The radiators must be
stored oil filled, preferably installed and

open to the main tank. Because of oil
expansion and contraction during tem-
perature changes, do not filland seal the
radiators unless they are provided with,an
additional expansion reservoir.

COOLERS. Game as radiators..Remove
and store fan motors indoors.

BUSHINGS. Install to main tank or store
indoors.

FANS. Store indoors or install on radiators
and run at least three hours every six
months.

PUMPS. Install and open to main tank or
store indoors.

LTC COMPARTMENTS NORMALLYOIL
FILLED. Fill with oil using the normal final
fillingand gas-sealing equipment.

AIR-FILLED COMPARTMENTS. To pre-
vent condensation, put the cabinet heaters
into operation.

TOP SECTION OF TWO''IECE TANK
SHIPMENT. Install to main tank.

STORAGE LONGER THAN ONE YEAR,
CONTACT McGRAW-EDISON POWER
SYSTEMS GROUP. SERVICE DEPART-
MENT.

Processing Units Stored In Oas
or Oil
Prior to final fillingand after an extended
storage period, extra precautions should
be taken to make sure the transformer re-
mained sealed and dry.

Ifthe unit weaatored In gea, test the dew
point prior to releasing the pressure and
report any abnormalities to McGraw-
Edison Power Systems Group, Service
Department since more than normal field
processing may be required. If all is well,
process and oil fillthe unit In accordance
with Service Information S210-10.1. How-
ever. because additional time may be
required for the oil to repenetrate the
drained insulation, double the specified
holding time prior to energizing.

If the unit waa stored In oN, followthe ap-
propriate general procedure that follows,
depending on the manner in which the unit
was prepared for storage.
1. On units that were fuNy assembled and

fullyprecessed before storing, test the
dew point of the gas for dryness and
the oil from the bottom of the tank in
accordance with Service Information
S210-10-1 to make sure that all is nor-
mal. Ifallis not normal, contact McGraw-
Edison Power Syster'ns Group, Service
Department. If all is normal, run the
pumps (ifsupplied) for 12 hours before
energizing.

2. On units that were notgully assembled
and/or fully processed before. storing
test the dew point of the gas and oil from
the bottom of the tank to make sure that
allis normal. Ifall is not normal ~ contact

, McGraw-Edison Power Systems Group,
Service Department. If all is normal,
complete the assembly operation and
followthe normal vacuum-filling proce-
dure. assuming the storage oil fill was
partial fill. Run pumps (if supplied) for
12 hours.

LOCATIONOF INSTALLATION
Accessibility, ventilation, and ease of in-
spection should be given careful consider-
ation in the location of transformers.

If-Cooled lhsnsforn1er
lass OA)

A selfwooled (OA) transformer depen s
en 'rely upon the surrounding air forcar
ing wayits heat. For this reason,care st
be t en to provide adequate ventilati by
not owding transformers togeth nor
too cl to walls.

For i door or vault-type installati ns, the
roomin hichatransformerispla must
be well entilated so that heat air can
escape re dilyand canbereplac bycool-
er air. The 'nlet opening(s) sho Id be near
floor level d distributed soa tobe most
effective. T outletopening ) shouldbe
as high abo the apparatu as the con-
struction of t e building w I permit. The
number and si e of air op nings required
willdepend on t edistanc ofoutletsabove
the transformer nd on t e

efficiency

an
load cycle of the para s. Aconservative
general rule is to ovi e one square foot
net for each inlet a d utletareaperkilo-
watt of transformer . It forced ventila-
tion is used. a con ative figure is 200
cubic feet of air per ute per kilowatt of
loss.

An indoor self ool transformer must
beso located tha inca otblowonitnor
can water fall o he tank.

Self&ool /F Air-and-
OII-Cool nsfo
(Classes AIFA, OA AIFA,
OA/FA/ OA and
OA/FO /FOA)
A transfor er with selt- and for wooled
ratings pends on circulation of large
quantiti of air of the proper te rature
for co ing. Transformers must posi-
tioned t least six feet from walls nd all
multi e-transformer installations s aced
far e ough apart that heated air fro one
unit cannot affect the cooling of an her
(Fi ure 2). On a vault-type installation, n-
le and exhaust ports must be provided o
li it air velocities to less than 1100 feet p

inute.

fl Ji
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Figure 2.
Core-form transformer wfth fane mounted
on the cooNng radii(tore to provlde150/200/
250/2NHNva, Class OA/FOA/FOA, rating.

Forced&ll~led Thsns-
formers With Forced-Air
Coolers(Class FOA)
Cooling an FOA transformer depends on
the amount and temperature of the air pass-
ed through the heat exchangers which are
selected to meet specific requirements. An
FOA transformer must be positioned at
least six feet from walls and all multiple-
transforiner installations must be spaced
far enough apart that heated air from one
unit cannot affect the cooling of another
(Figure 3). On vault-type installations, inlet
and exhaust ports must be provided to limit
air velocities to less than 1100 feet per
minute.

~ 'I

Rgure 3.
Shell-form transformer rated 590/660 Mve
with Class FOA cooling system.

'



atei Cooled ~nsformers
F ed-Water Coolers
C FOW}aI1d Selt~led
CI DW}

FOW d OW transformers depend al ost
entirel pon the flowof water throu the
oil-to-w er heat exchangers for ing
away the eatso that thetemperat eofthe
surroundi air has practically o effect
upon the te perature of the tra formers.
Waterwoole ransformers ma be located
in any conven nt place with ut regard to
ventilation (Fig 4).

*
Fu tratsformsr ratsd M00/5720
C OW, with motor-operated

PMPARIH4 FCN SRRV!CR
Make an internal inspection of all trans-
formers whether or not there has been evi-
dence ofdamage orroughhandling inship-
ment and even though It ls not otherwiss
necessary to open the transformer foras-
semgy. Initructlons for INTERNAL IN-
SPECTION on page 2shouldbeobssrved.

Assembly practices below are essential-
lya contlnuathn ofpreparation forservlce.
following or concurrent with the Internal
inspection. Before s transformer Isopened
for assembly, a check should be made to
see that all accessory parts not shipped
on the transformer are available and in
good condition.

CAUTION
As indicated in INTERNAL INSPEC-
TION on page 2, every precaution
should be taken, when a transformer is
opened, to prevent theentranceofmois-
ture, dust, or other foreign material. A
transformer should be opened only in
good weather with low humidity.

Particular care must be taken in han-
dling tools and other loose articles so
that nothing is dropped into the wind-
ings, thus creating a potential cause of
failure.

As previously cautioned. a transform-
er cannot be safely entered until the ni-
trogen is replaced with air.

AddNonal Internal Cheese
Checks for the general condition of inter-
nal parts are outlined under INTERNAI.
INSPECTION. In addition to checking for
damage and for loose hardware and con-
nections, a check should be made of the
tap changer to make sure it operates prop-
erly from the external control.

Terminal boards should be checked to
see that connections are as desired. Ifspe-
cific connections have not been specified,
the followingpractices apply:
1. Single- or thraso transformers are

usually shipped with both high-and low-
voltage windings connected for their
highest rafed voltage ("rtfted voltage" ls
defined In ANSI Standards) even when
there are tape above rated voltage.

2. Sing!~hase transformers designed for
both serle~uitlpie and three-wire
operation are usually shipped connect-
ed in series with the mid-point brought
out for three-wire operation.

3. Single- or thalass transformers de-
signed for serl~ultlple connection
only are usually shipped connected in
sefleL

4. Thraso transformers designed for
both delta and wye operation are usually
shipped connected forwye operation.

Common Assembly Prectfcea .

The time during which a transformer is
open forass'embiy, and the oilor core-and-
coil unit is exposed to the atmosphere
should be held to a minimum. Advance
planning to shorten the assembly period Is
well justifie.

The quality of seals at all points isveryim-
portant. Practices under SEALS on page 5
should be followed. Upon completion of
the assembly, sealing of the unit, and filling
with liquid, pressure tests should be made,
as described in TESTING FOR LEAKS on
page 5.

Before pressure testing for leaks. the gas
space of all but open-breathing transform-
ers should be purged with dry nitrogen to

.reduce the oxygen content to less than 3%.
Fittings are provided on the transformer to
permit the introduction of nitrogen at one
point in the gas space and the exhaust of
gas at another to accomplish the purging.

I %1

Rgure 5

110-24x404vcocaerxfcow aessmbfy with
ssffs~srsilsl tsrmlrtsl bosrd and rotary
Qp chshg&o

Rensfermers Shipped With
Insulatfny Llquld
Inspection and preparation forservice of a
transformer shipped filled with insulating
liquid usually requires that the liquid level
be lowered. Radiators and heat exchangers
shipped separately may, when added. pro-
vide suffident additional spaceto lower the
liquidwithout drainage. Should this capac-
ity not be suffident. their lower valves
should be dosed to trap the oil in the radi-
ators or coolers before Ilquld Is drained
from the main tank.

When refilllng to the 25 C level, the insu-
lating liqukfshould be introduced from the
top under a vacuum in accordance with
separate instructions on vacuum filling.
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Figure L
Mnsformer rated 325/3M Mva, 55/6&C
rise, 230 lar, as viewed wtth bus and tap
changer, before top section of tank Is ln-
staliecL

%enaformara Shipped Without
Inaulatlni LIquld
When a transformer is shipped without
liquid {usually because of weight restric-,
tions), the tank is normally filled with dry
nitrogen under 2 to 3 psi positive pressure.
Additional instructions and precautions for
dry air shipments are described at the end
of this section. Such a transformer is fiat
thoroughly dried at the factory and vac-
uum filled with oil tor tests. Then the oil is
replaced with dry nitrogen for

shipment.'he

oxygen content of the gas fillingis be-
low3%.

A transformer should arrive at its desti-
nation with a positive pressure as indicated
by the pressure-vacuum gage on the trans-
former. Temporary shipping gages are not
intended for continuous service and are to
be removed before the transformer is put

,
in service. The oxygen content of the gas
should test below 3%. Under these condi-
tions, it is reasonable to assume that no
leaks have developed and no moisture has
entered the unit Fillingwithoilcan proceed.

If leakage is suspected, the unit should
first be pressure tested (see TESTING FOR
LEAKS on this page) to locate any leak.
Even though there has been leakage(which
must be corrected before the transformer
goes into service), if the oxygen content
measures below 3%, fillingcan proceed. If
the oxygen content is higher, moisture can
be suspected and drying out may be re-
quired. See DRYING CORE AND COILS
on page 6.

A transformer should be filled with oil
under as high a vacuum as the tank design
willpermit. The permissible value is shown
on the nameplate. Detailed procedures on
vacuum filling.including the vacuum rating
of standard accessories, are outlined in
Service Information S210-10-1.

Seals
Careful attention should be paid during in-
stallation of radiators, coolers, bushings.
covers, and other parts with gasket seals to
see that gasketsare properlyseated.Joints
should be tightened up gradually all
around. In most cases, gaskets are fully
confined and are provided with compres-
sion-controlling stops. Cements are not re'-

quired for synthetic rubber gaskets except
if needed to hold the gasket in position for
assembly. Detailed instructions on gaskets
are contained in Service Information
S210~<, Power Transformers: Rubber,
Cork; Chloroprene Gasket.

Allthreaded pipe tittlngs depend onseal-
ing compound to keep them from leaking.
When a threaded pipe fitting {likea pipe
plug or screw-type valve) leaks or ifthe seal
is broken by turning or removing the fitting,
it becomes necessary to thoroughly clean
the threaded surfaces before resealing. All
the oil, grease, old sealer, and dirt must be
removed from the threads. Rethread and
retap the threads, ifnecessary, taking care
to prevent cuttings from entering theequip-
ment. When replacing threaded fittings,
coat both male and female threads with
sealing compound. Do not overtighten.
Once the seal is set, do not turn the fitting
because this willbreak the seal and cause
it to leak.

Eaorilzlng the%enaformar
When voltage is fiat applied to the trans-
former, a gradual increase to full value is.
desirable so that any wrong connection or
other trouble may be discovered before
damage results. Afterfullvoltage has been
applied successfully, the transformer
should preferably remain energized for a
short period without load. Itshould be kept
under observation during this time and also
during the first few hours that It delivers
load. After four or five days of service, it is
advisable to agafn test the oil formoisture.

%anaformore ShlppedlnDryAIr
When so specified. a transformer may be
shipped in diy air rather than dry nitrogen.
This allows inspection of the core and coil
unit after arrival. However. the oxygen con-
tent of the diy air must be checked before
entering to assure it is suNcient to support
life.

There must be no welding or burning on
a tank that is air-filled.

SAMPLINGANDTESTING OF
INSULATEDLIQUID
Sam pllns
The sample containers should be large-
mouth glass bottles with cork stoppers.
They should be thoroughly cleaned, rinsed
with non-leaded gasoline, and driedbefore
being used. The sample taken for dielectric
tests should be at least one-half gallon and
the container should be filled completely.

The insulating liquid in a transformer or
a drum should stand undisturbed for at
least an eight-hour period before samples
are taken. Humidity should be low and the
container should be above ambient tem-
perature when samples are taken to guard
againstcondensatlon.

Oil samples are taken from the bottom of
the tank or drum. When taking samples
from a transformer. discard sufficient liquid
so that the sample does not include liquid
that was in the valve and piping assembly.

Tooting
For testing insulated liquid see TESTING
in Service information S21MM, Power
Translormea: insulating 0/I, and IEEE
Guide No. 64 for Acceptance and Ma/nfe-
nance ofInsulating OilinEquipment.

TESTING FOR LEAKS
IialnTank
Although completed transformers aresub-
jected to pressure tests for leaks before
leaving the factory, it is advisable to again
pressure test them when completely as-
sembled-before they are placed in ser-
vice-to check new seals and to recheck
seals broken during inspection and assem-
bly. One ot two methods is suggested:
f. Completely fillthe tank with oil and hold

the oil under 5 psi pressure for several
hours. It will be necessary to watch the
pressure closely as a change in ambient
temperature can easily cause a drastic
change in pressure. The pressure must
not be allowed toexceedthesafevalue to
be found on the nameplate. Powdered
blue chalk dusted on the joints will turn
dark when wet with oil and willaid in de-
tecting leak@

2. Maintain a nitrogen pressure ofapproxi-
mately 1 psi less than the safe pressure
indicated on the nameplate. Asoap-bub-
blesolution(such asglycerlneandliquid
soap) painted onto welded and gasketed
joints willdisclose leaks. Or, the unit may
be sealed under the gas test pressure for
a period ot houa while checksare made
for loss ot pressure.



DRYINGCORK ANDCOILS
There are a number of approved methods
for drying a transformer core-andwoil as-
sembly. any one of which will be satisfac-
tory if carefully performed. However, too
much stress cannot be laid upon the fact
that, ifcarelessly or improperly performed,
great damage may result to the transformer
insulation through overheating.

The methods in use may be broadly di-
vided into two classes:
1. Drying the core and coil in the tank with

vacuum.
2. Drying the core and coil in the tank with

hot oil only.

llethod No. 0-Drying With
Vacuum
The most practical and efficient method to
dty a core-andwoil assembly in the field
when the transformer tank is designed for
fullvacuumis withheatandvacuum.Acold
trap in the vacuum line is desirable to im-
prove the effectiveness of the vacuum
pump and to help measure the results.

PREHEATING THE COAE-AN~OIL
UNIT
Because the rate of transformer vacuum
drying is determined by the difference be-
tween the vapor pressure of the water in the
insulation and the absolute pressure (vac-
uum) in the tank, it is practical to make and
maintain thisdifferenceasgreataspossible.
This is best accomplished by preheating
the core and coil unit, up to 90 C either be-
fore or during the vacuum.

There are three basic acceptable meth-
ods of preheating the core-entoil units in
the transformer tank: preheating with hot
oil and vacuum; preheating with external
oil heaters; preheating under oilwith short-
circuit

current.'.

Ptstheatfng with hot oIIand vacuum. This
method of treatment usually employs a
commercial-type-vacuumcil*eating sys-
tem that circulates,.heats, filters. and vac-
uums a full or less-than-full transformer
tank of oil which, in turn, heats, and begins
to dry the core-and~oil unit. This is a pre-
ferred method of heating, especially when
a fess-than-full tank of oil is used. because
the vacuum and/or dry oilbeginsthedrying
process at the start of the operation. When
using all transformer oil heateta, care must
be taken to control the surface temperature
of the heating elements to prevent heat
damage to the oil.
2. Preheatfng with external oil haatara With
this method of heating, the transformer is
filled with oil to operating level (or to 6
inches of the cover on a conservator sealed
tank) and the tank is vented to the atmos-
phere. The oil is then circulated through an
external heat source that will not damage
the r:iland the unit is brought t:p to tetnper-
ature. Experience has shown that approxi-
mately 12 hours are required for the core

and coil temperatures to level off at maxi-
mum temperature following the oil in the
tank.
3. Preheating with short-circuit current.
This is the leastdesirablemethod ofheating
the core-and-coil unit because of the risk of
creating damaging hot spots in the wind-
ings. With this method, the transformer
tank is filled with oil to the operating level
and the tank or conservator is vented to the
atmosphere. With one winding shott-cir-
cuited, a reduced voltage is applied to the
other winding to circulate a partial rated
current through both windings. McGraw-
Edison Power Systems Division. Service
Department shouidbecontacted foradvice
on the voltages and temperatures to be
Used.

After using any one of the hot oil-pre-
heating methods described above, the oil
should be removed from the tank as quickly
as possible and the vacuum started.

VACUUM
After heating the core-and-coil unit. the
vacuum operation should be started as
soon as possible to minimize heat loss. Ifa
cold trap is available, it should be connect-

. ed into the vacuum line to increase the ef-
ficienc of the pump and. by keeping a log
of the moisture removed fromthetrap, itwill
aid in determining the end point of the dry-
ing operation. The specific length of time
the unit must remain under vacuum de-
pends on many variables and is discussed
in a followingparagraph.

Method No. 2-DryingWith Hot
OilOnly
The drying-with-hotwllwnly method is
also accomplished with the core-entoil
unit in its tank. It isaslow process thatcan-
not reach as Iowa moisture end pointas the
vacuummethod can; however. it may bethe
only choice available if the tank is not de-
signed for fullvacuum.

In this method, the moisture is driven off
by heat developed from current circulated
for a limited time through the windings
while they are immersed in oil with the top
of the tank open to the air or with some
other arrangement made for adequate
ventilation. The necessary current, volt-
ages, and maximum safe tern peratures for
the particular transformer may be secured
from McGraw-Edison Power Systems
Group, Service Department. These values
should be strictly adhered to in order to
obtain the desired results without damag-
ing the transformer.

With one winding short-circuited. a volt-
age is applied to another winding to circu-
late a partial rated current through both
windings. The required high oil tempera-
ture is obtained by blanketing the tank (or
by reducing the flow of water for water-
cooled transformers).

During the drying run, ventilation should
be maintained by slightly ra.'st.tg,'he mart-
hole cover and protecting the opening from

the weather. With good ventilation. the
moisture as it is driven off in the form of~
vapor will escape to the outside atmos-~
phere and no condensation of moisture will
take place on the underside of the cover or
elsewhere. provided these parts are lagged
with heat insulating material to prevent
condensation of moisture within.

When To Discontinue Drying
Because of the many variables involved in
drying a transformer such as the amount of
moisture that was picked up, the size of in-
sulation package, and the temperature and
vacuum used fordrying, it is not possible to
make a general prediction on how long a
drying operation might take. However. for
a particular transformer, McGraw-Edison
Power Systems Group, Service Depart-
ment may be contacted to give some in-
sight. There are a number of measuring,
techniques used to determine the amount
of moisture remaining in the transformer
insulation, thus indicating an end point to
the drying operation, all of which are not
exact, but each one, or a combination of
them, can give a fairlyaccurate indication.
Ifa cold trap is used in the vacuum drying
process, the amount of water condensate
removed over equal periods of time can
give a good indication of the remaining
moisture in the insulation. The technique
normally used is iomeasure andrecord the ~
amount ofwater condensate removed from~the trap over regular intervals of time and
plot the results on a curve with water in
ounces on the ordinateand time in hours on
the abscissa The water extraction rate is
greatly dependent on the insulation tem-
perature but, when the curve levels offand
is in the general range of 12 ounces or less
of water removed per 10,000 pounds of in-
sulation over a 2~ur period. the unit is
probably dry. The insulation weight may be
estimated at approximately 12% of the un-
tanking weight.

A dew point measurement of the gas in
the transformer tank is another moisture
measuring technique that is reliable. Nor-
mally with this method the vacuum in the
transformer tank is relieved with dry nitro-
gen or dry air to approximately 2 psi and
then allowed to stand forabout 24 hours so
the vapor pressure in the insulation and the
gas approach equilibrium. The dew pointof
the gas in the tank is then measured along
with the temperature of the transformer in-
sulation and; with these two measure-
ments, the moisture remaining in the insu-
lation may be estimated using available
curves.'t should be understood that this
measuring technique is. in fact, measuring
the moisture content of the gas which is as-

'Referring to ttie citrves in Figures 7 and 8. McGraw-
Eaison Power Systems Group considers tne area
above Curve 8 as acceptable. F~mpte: Measured
dew point ~ -20F. tank pressure ~ 2'e psi. and insula-
tlnii iitmpe<s uie % 0,, Ec ei gviaf;t Cu v> it rrt;m
leftand tmd approximately 260 microns Enter toward
Curve B trom 20C at lett to 280 microns. intersection
is in acceptaule range,
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sumed in equilibrium with the surface of the
insulation. It does not give an exact mea-
surement of the average moisture content
of the insulation.

Another method of determining insula-
tion,dryness is with dissipation factormea; „

surements. This method is not generally'"
considered as reliable as those previously
discussed. but it may be considered worth-
while. Using this method. the tank must
first be filled with processed oil before the
readings are made. The readings are then
adjusted to the same temperature as those
made at the factory when the unit was
tested.

Probably the least reliable. but a com-
monly used. method of determining the
dryness of the transformer insulation is by
using the measured amount of water in the
oil to estimate the moisture in the insula-
tion. To get meaningful results with this
method, the oil and insulation must be at-
or near —equilibrium and at a constant
temperature. The constant temperature is
difficultto maintain outdoors. Another dis-
advantage to this method is that there are
often large variations in the results of the
measuring process which make the equat-
ing step meaningless.

IIIAINTENANCB
To assure continued dependable service
from a transformer. a program of periodic
inspection and maintenance should be set
up. Certain routine operating procedures
should be included. The size of the unit. the
complexity of its controls, and its impor-
tance in the system all have a bearing on the
scope of the program.

Specific instructions are supplied by
McGraw-Edison Power Systems Group
which apply to such individual components
of the transformer as the oil preservation,
cooling and load tap changing equipment.
Following are some of the more general
points common to all transformers.
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VAPOR PRESSURE IN MICRONS
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Figure S.
Top sec5on of 2%I/300/4NhMva trans-
former being lowered Into piece. Auxiliary
wlndlngs for LTC are located In the com-
partment at the rfgftt

Figure 7.
Curve A. Step 1: Enter toward Curve Awithdew point ln'F to determine vapor pressure ln
mlcrona.
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Figure 8,
Curve 8. Step 2: Determine Insulation temperature ln 'C. Enter with the vapor pressure
from Step 1 toward Curve f3. Area above curve ls acceptable.

Cooling Kclulpfnent
The temperature should be watched. ANSI
Standards provide a guide for safe oper-
ation. A rapid or extreme change fromnor-
mal temperatures may indicate that cooling
equipment requires maintenance such as
cleaning of clogged oil-to-air heat ex-
changers or water-cooling coils. The actual
cause fnust be corrected.

Insulitln9 Liquid
The level and condition of the insulating
liquid shouldberegularlychecked. Itscon-
dition should be maintained by periodic
dielectric tests and filtering as required to
maintain the required dielectric strength
(see SAMPLING AND TESTING OF IN-
SULATING LIQUIDon page 5). Frequent
sampling and testing of theinsulating liquid
during the early period of operation will
help determine a routine schedule. Ap-
preciable moisture in a transformer andlow
dielectric test may indidate gas leaks (ex-
cept with open-breathing transformers)

" and the need fora pressure testasoutlined
under TESTING FOR LEAKS.



Fault-Gaa Oetectlon
As a part of a preventive maintenance pro-
gram. the scheduled use of a McGraw-
Edison portable Fault-Gas Detector or a

semiportable continuous Fault-Gas Moni-
tor is recommended. These instruments
disclose incipient faults in a transformer
and can thus prevent serious damage and
unanticipated loss of service.

External Inspection
A transformer needs periodic external in-
spection and maintenance. Bushings
should be kept reasonably clean, expe-
cially where the atmosphere is contami-
nated: for example: smoke-. salt-. cement-.
or acid-laden. The tank shouldbe protected
from corrosion by an adequate painting
program,

REPLACEMENT PARTS
When Ordering replacement parts. supply~
complete identification of the transformer™~M
and parts required (including drawing
numbers of the parts ifavailable). Address
the nearest McGraw-Edison Power
Systems Group office or representative or
address the Service Section, McGraw-
Edison Power Systems Group. P.O. Box
440. Canonsburg. Pennsylvania 15317.

IW06lNlRDISON

Power Systems Olvlalot1
Poet Oftlce Box 2850
Piawburg)ey N 1 5250



~ Power Transformers
Shell-Form Transformers

'ore-Clamping System with Elastic Follow-Thru

power Systems Group

S21 0-05-5
Service Information

CENTER TANK
TOP SIDE
FRAME
SHOAT
CIRCUIT
MANIFOLD

HELICAL
COIL SPRING
BOX ASSEMBLY

VACUUM
BRACING
CHANNELS

CORE
STEEL

These instructions describe the general
construction of the elastic follow-thru
col~lamping system (Figure 1) used
on McGraw-Edison shell-form transform-
ers to assure development of strength in
the core to withstand shortwircuit forces
and the procedures to be followed to re-
tighten the pressure disks around the

core perimeter when the transformer is
installed and during periodic mainten-
ance.

OENIRAI. CONSTRUCT(ON
Shortwlrcuit forces act against the end
yoke steel, the center tank top side frame
member, and the bottom tank short-

SHOAT
CIRCUIT
FORCE

circuit manifold (Figure 1). Tank mem-
bers directly resisting the shortwircuit
forces are totally boxed in for mechani-
cal strength. The shortwircuit forces
acting on the end yoke steel are con-
tained by core friction between over-
lapping laminatlons. This friction force
is developed and maintained by com-
pressing large hellcalwoil springs over
each critical overlapped core Joint.

The procedure used at the factory to
compress the springs is shown in Figure
2. All springs are installed in the center
tank section side-fratne members. The
center tank. with the spring assemblies
installed, is lifted and lowered over the
stacked core steel to rest on the top core
insulation. At this point, there is a nomi-
nal 2M1&n. gap between the lower
center.-tank flange and the bottom tank
flange. Hydraulic cylinders are then
attached to the lugs at each of the four
tank comers and the entire center tank
sectionlsuniformly pulled down to com-
press aII the helicaiwoil springs simul-
taneously..

When thetwo tank flanges are in con-
tact, measurements are taken of the ac-
tual compressktn of each spring to assure
facto~cified spring compression.
Aft rements have confirmed that
each spring is adequately compressed.
the tank flanges are welded together
around the entire perimeter. The hy-
draulic equipment is then removed.

INSULATION

BOTTOM TANK
SHORT CIACUIT
MANIFOLD

GUSSET PLATES
(as required)

Figure 1.
Cross-sectional view of the tank and core clamping.

COIL
PACKAGE

BOTTOM
PLATE

WARN'he

center tank section of the trans-
former ls sprlngloaded and must be
removed only by using hydraulic e-
quipment and special Instiuctions
which must be obtained from The Ser-
vice Department, McGraw-Edison
Company, Power Systems Group,
Canonsburg, PA 15317. Before any
sprlngloadad central tank section is
burned loose from the bottom tank
flange and released, it Is imperative
that the coll leads be unbrazed and/or
unbolteclfrom the leadsupportsuper-
structure. DO NOT ATTEMPT TO
SEPARATE THE CENTER TANK
FROM THE BOTTOMTANKSECTION
BY BURNINGPRIOR TO OBTAINING
THE HYDRAULIC EQUIPMENT
FROM McGRAW-EDISON.

These instructions do not claim to cover all details or varietionsin the equipment, procedure, or process oascritted. nor io provide directions
lcr n>ecting every possiole contingency during:nststtation. operation. or maintenance. when addit.'cnet infer~stion ~s desired to satis!y a

proctem not ccveted svlliciontly lor the user's purpose, please ontact ycur AlcGrsw Edi:on nower Systec:s Group sales engineer.

Febr ai> 19S2 ~ New Issue



CENTER TANK
SECTION

~ SHIPPING
AND PULL
DOWN LUG

HELICAL CENTER TANK
COIL SPRING SECTION
ASSEMBLY

HELICALCOIL SPRING
PIPE ASSEMBLY

30-TON
HYDRAULICSYSTEM
At each of the four corners
for pulling down center tank
to compress springs.

PRESSURE DISKS
Threaded pressure disks around the
core perimeter (between the spring as-
semblies) at the top of the core insula-
tion clamp the core steel laminations for
shortwircuit strength. These pressure
disks also hold the core Iaminations in
position during upright or laydown ship-
ment of the transformer.

TOP CORE
INSULATION

CENTER
TANK
FLANGE

CORE
STACK

SIDE FRAME
MEMBER

CAUTION
All pressure disks are pretorqued to
250-450 ft-Ib at the factory prior to
shipment, but require retlghtening
to a minimum of 250 ft-Ibat installation.
It is also recommended that the pres-
sure disks be retorqued during peri-
odic transformer maintenance.BOTTOM

TANK
FLANGE

BOTTOM
LIFT LUG BOTTOM TANKSECTION

Allpressure disks are accessible from
inside the transformer tank. To retighten
each pressure disk, refer to Figure 3 and
1. Loosen the top locking nut.
2. Tighten the disk to 250 ft-lb.
3. Retlghten the top locking nut.

Figure 2.
Extarrtal pulldown arrangement to compress helical sprlnga

ACCESS HOLE
For tightening
pressure disk.

LEG
STEEL

BOXED
SIDE
FRAME

CENTER TANK
SECTION

WRENCHING
SURFACE
(13/16" square)

SHORT
CIRCUIT
FORCE

cao
ENO
YOKE
STEEL

ENO
'OKE
STEEL

HELICAt.
COIL SPRING
ASSEMBLY

SHORT
CIRCUIT
FORCE

THREADED
PRESSURE
DISK

THREADED
PRESSURE
DISK

FILLET
WELD

CORE INSULATION

THREADED
PRESSURE DISK

LOCK NUT

BOTTOM NUT
(welded)

Rgure 3.
Pressure disk assembly and locations.

II!IcSNN8IISIIN
Power Otfeteme Oroup
tire 'M'9' de CoPilprrn»
Poet ONoe Box 2460
Plttablaghg PA 16230
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GENERAL
Service Information S210-10-1 pertains
specifically to vacuum filling McGraw-
Edison oil-immersed core-form power
transformers, load tap changing power
transformers and shell-form power trans-
formers. These instructions apply only to
vacuum filling units that were received
and installed in a normal manner and
where no special field drying is required.

Because high-vacuum filling (near-full
vacuum) is the most effective method of
removing entrapped air and surface mois-
ture that reduce insulation strength, high-
vacuurn filling is recommended for all
transformers where it is permitted by, the
tank design. High-vacuum —rather than
low-vacuum-filling is required for all
lransfortners rated above 69 kv at d/or
10 Mva.

vl

tV

qh'

To reduce the risk of moisture entering
the insulation, it is recommended that the
coils be covered with oil when the tank is,
opened. Although this preferred pro-
cedure is described in these instructions.
an alternative method-using dly air-is
permissible and is described on page'5.

Low-vacuum: tanks capable of with-
standing approximately five to eight psi
vacuum as shown on the outline drawing
and the connection diagram nameplate.

NOTE; The low-vacuum rating shown on
the outline drawing and the connection
diagram nameplate must not be exceeded.

PRRSSURE.VACUUM OESIGN
LIMITATIONS
Pressure-vacuum ratings of main tanks
are divided into two classes:

High-vacuum: tanks capable of with-
standing 15 psi vacuum.

Rgure1.
7ypical McGtaw-Edison core-form, load tap changing power transformer (with arcing
ta~tctHype mechanism) designed for vacuum filling.

~ nese i'rls" u uns do i ul clair'o cover eli detarfs or vanelioris in the eituipn'er'i, prui.erasure. or p:ocess 'escr. ec'. not:o provide dire
tions for meeting every pOSsrbfe contingency during instat,'ation. operation. or maintenance. When additional inlormelicn iS aeSired!0 sat ~

isly z problem nol covered sufficiently lor the user's purpose. please contact your frrcGrew.Fdrson power systen>s Group sautes enoineer

Aunt 197"-. sucer" edes lor74



PRELIMINARYPREPARATIONS
PRIOR TO FILLING
Before fillingthe transformer
tank with oil:
1. Fit and properly seal all accessories

that can be connected during filling:
valves. detachable radiators. heat ex-
cliangers. gages. bracing bands provid-
ing auxiliary gas expansion space. and
piping.

2. The copper-tube common gas connec-
tion between the selector switch com-
partment and the main transformer
tank must be in place and the valve
must be open.

3. Disconnect all.rig! ions be-
tween the top ofNe sand other
members.

NOTE: Tnis is essential because the
tank and the cover will deflect when
high vacuum is applied.

4. Open the valves to detachable radi-
ators and heat exchangers.

5. Disconnect (or protect by closing the
valves) those accessories that cannot
withstand the vacuum levels to be used.

6. Open all shutoff valves used to isolate
the auxiliarygas expansion space in the
bracing bands.

NOTE: These shutoff valves must
remain open during vacuum tilling as
well as during normal operation to
maintain eouat gas pressure in the
bracing bands and the main tank.

Where bracing bands provide auxiliary
gas expansion space in the sealed-tank
oil-preservation system. the lowest of
these auxiliary gas space bands has a
gasketed nipple and cap. The cap can be
removed forpurging the transformer tank
Ifoil appears when the cap is removed. it
is probably residual oil from the factory
testing process.
7. The type of oil~rotective system and

cooling system determines the acces-
sories furnished and the steps required
to prepare for filling. Instructions for
such preparation are contained in the
followingparagraphs in which items are
grouped according to their pressure-
vacuum design limitations.

High Vacuum Parts
The high~cuum~ated items listed below
are capable of withstanding 15 psi (or 30
inches of mercury). Auxiliary items so
rated need not be disconnected or pro-
tected during filling.

1. Main tanks and bracing bands used
for expansion space. Refer to the
transformer nameplate for confirma-
tion of the vacuum rating.

NOTE Trans!crmer;anks designed
for full vacuum are preteslea at the
tacipry

2. Rar'iators.

3. ritcll tN'iol:gtl>
4. Pressure-type prote;tive reiays such

as sudder:press. e rel ys

5. Thermometers.

6. Oil-level gages.
7. Pressure-vacuum gages.
8. Tubing connections for gas.
9. Bushings.

10. Mechanical pressure-relief devices.
11. Gasket pipe connection one inch ips.

Low-Vacuum Parts
The low-vacuum-rated items listed below
must be disconnected and the openings
plugged or capped or the valves in the
lines connecting them to the main tank
must be closed during high-vacuum fill-
ing. These auxiliaries need not be discon-
nected or shut off during low-vacuum
filling.
1. Main tanks. Refer to the transformer

nameplate for confirmation of the
vacuum rating.

2. Auxiliaryoil- or gaswxpansion tanks
(except bracing bands used for expan-
sion space).
A. For high-vacuum filling,gas connec-

tions must be disconnected at the
tank and the outlets must be sealed.

B. Oilconservator connections are
usually provided with valves that
can be tightlydosed.

~-

lT )~

% ~

Rgure 2.~ McGraw.Edison load tap changing
power transformer (wlth isolated fnttN
njpter~ mechanlln) designed Ior
vacuum NHng.
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Figure 3.
Typical tlricGraw-Edison contour design shell-form power translormer designed for
vacuum filling(590 Mva with FOA'cooling).



Unsealed Devices
The accessories listed below have normal
breathing or relief characteristics. For any
vacuum-filling operation. these devices
must be valved off or removed and the
openings sealed.

qt.!!) ~

1. Breathers of either the open or the
dehydrating type.

NOTE: They must be removed and the
openings sealed.

2. Pressure-vacuum bleeder devices for
main tanks.

NOTE: These devices must be removed
and replaced by caps.

3. Nitrogen-pressure equipment.
NOTE: The pressure-relief devices and
gas regulators of such equipment must
be isolated by closing the valve in the
gas-feed tubing lines connected to the
transformer main tank.

isolated interrupter-~pe Load
Tap Changers
Isolated interrupter-type load tap changing
equipment can be recognized by the
double compartments at the top of the
tank. These compartments contain the
separated selector and interrupter
switches (Figure 5).

Interrupter Switch Compartment
The outside compartment (containing the
interrupter switches) is effectively sealed
from the other compartment and has its
own oil~reservation and handling facili-
ties. The interrupter switch compartment
has a crossflow. open4reathing system to
exhaust the arcing gases. A mechanical
pressurerelief device relieves any sudden,
excessive pressure such as might be
developed by excessive arcing under the
insulating liquid. The exterior walls of the
interrupter switch compartment cannot
withstand high vacuum. The interrupter
compartment of these load tap changers
should be filled separately with dry oil to
the proper oilgage level. Since vacuum
tilling is not required for this outside com-
partment. the walls are designed for a
maximum ot five psi pressure or vacuum
(equivalent to ten inches of mercury).

Selector Switch Compartment
The compartment next to the main tank
contains the selector switch. This com-
partment is separated from the main tank
by a Pennsylite panel on which the selector
switch is mounted and through which the
tap leads pass.

The selector switch design, with the
selector switchmounted on the Pennsylite
panel. requires that equal pressure be
maintained on both sides of the panel at
all tin:es. Equal pressure is attained by
connecting the top of the compartment
to the top of the main tank with copper
tubing.

A valve in the connectino copper tubing
allows inspection and maintenance of the
selector swltchwlthout losing the nitrogen
in;he ma:n tank. The slight pressuro on

I

t
I

the Pennsylite panel caused by sealing
the main tank and opening the selector
switch compartment can be tolerated.
However. it is most important that this
valve be kept open during normal opera-
tion and during vacuum filling. Oo not
pump down or release vacuum on the
main tank through the selector switch.

The compartment and tube connec-
tion are designed for full vacuum and,
therefore. are not to be disturbed during
fillingor normal operation. Important spe-
cial instructions applying to drainage pro-
cedures are furnished as part of the specific
instructions book for each transformer.

Arcing Ta~witch-pa Load
Tap Changers
Arcing ta~witch-type load tap changers
(Figure 1) have a top-mounted pressure-
relief device and a crossflow open-
breathing system to exhaust the arcing
gases. The arcing tap-switch compart-
ment is isolated trom the main tank by a
Pennsylite panel that is capable of with-
standing full vacuum or pressure and
requires no protective precautions during
the filling of the main tank. The exterior
walls of the load tap changer arcing tap-
switch compartment. however. cannot
withstand high vacuum or pressure. Since
vacuum treatment is not required for the
switch compartment. these walls are
designed for a maximum of five psi pres-
sure or vacuum and should be tilled
accordingly. ~

See Figure 6 tor a typical vacuum oll-
filling hookup; see Table I for sequence
and values.

Rgure 5.
~ical McGraw-Edison double com-
partment containing isolated lnterrupter-
type load tap changing equipment.

Rgure 4.
7yplcal McGraw-Edison contour design shell-form power transformer designed for
vacuum filling (1 B1 Mvn with force&efr/forceboll cooling equipment to Increase
capacity to 214 and 268 Mva).
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PRBINSTALLATIONVACUUM

Purpose
To evacuate any gas pockets prior to the
initial oil fillingand to remove any surface
moisture introduced while the core-and-
coil unit was exposed to the atmosphere.

NOTE: To inake this vacuum effective in
removing moisture. the temperature of
the core-andwoit unit must be above
zero C.

Procedure
1. Ground all internal line leads that have

not been brought out of the tank through
the bushings.

2. Open all valves to those accessories
requiring vacuum. (See PRELIMINARY
PREPARATIONS PRIOR TO FILLING
and Figure 6.)

3. Blank off all accessories that are not
capable of withstanding high vacuum.
(See PRELIMINARYPREPARATIONS
PRIOR TO FILLINGand Figure 6.)

4 Connect a vacuum gage to the cover.

5. Connect the vacuum hose to the cover
outlet.

6. Pump down to the maximum pressure.
holding this pressure with the pump
running for the minimum hours shown
in Table 1.

Operation
Preinstaiiation
vacuum

Pressure. max
Hold hours

Partial oit till for
inspection and
installation

Pressure during
iiiiin .max

Drain oit

Final vacuum
Pressure. max
Hold hours

~ Final oil fill
Pressure during
filling,max

Degassed oil

Pressurize'nd

run pumps
Pressure ( Ib)
Total hold/run

pumps (hr)

69 or
less

50 torr
2+E hr

60 torr
not~e-
quired

50 torr
2+E hr

60 torr
not re-
quired

6/8

115-
230

25 torr
2+E hr

30 torr
not re-
ouired

25 torr
2+E hr

30 torr
not re-
quired

12/8

345

4 torr
4+E hr

6 torr

yes

4 torr
4+E hr

8 torr,
recom
mended

12/12

2 torr
8+E hr

4 torr

yes

2 tort'+E

hr

4 torr
recom-
mended

24/12

'See spedal procedure on pape S for a conservator or similar system.
I Iorr = I mm hp = 1000 microns
E ~ hours the cor~ndcoil was exposed durinp inspection and/or installation.

Use E/2 if the coils were covered with oil.
Oil dielectric slrenplh: See Service Information 82100$ G. Insulalinp Oil.

Table 1

High-Vacuum-Filling Sequence and Values
High-Voltage Operating Class (kv)

765

1 torr
12-E hr

2 torr

yes

1 torr
12~ E hr

2
tori'es

48/12

WARNINO
During the first two hours that a trans-
former is under high vacuum. all per-
sonnel must stay dear of the tank to
assure the soundness of field welding
and other field assembly operations.

Do not operate load tap changing
mechanism during high vacuum.

vacuuM GaGE

CONSERVATOR

INTERRUPTER
BRACING

BANDS

SELECTOR

TRANSFORMER
TANK COOLING

b

REGULATOR

PARTIALFILLFOR
INIPCCTION AND
INSTALLATION

NOTE: To minimize the exposure of the
cor~nMoitunit to the moist atmos phere.
the coils should be covered with oit when
the tank is open for an extended period
of time such as when installing a top tank
section or bushings.

1. Make sure that all transformer line
leads not brought out through the bush-
ings are grounded to the tank.

2. Ground the tank. the bushings, and the
oil~rocessing equipment to prevent a
static charge buildup from the oil enter-
ing the tank.
A. Each container of oil must meet the

minimum dielectric strength speci-
fied in Tabte 1.

B. Each container of oil must pass
'through a filterpress as it is entered
into the transformer tank.

C. The temperature of the oil which is
admitted at this time and not removed
before final filling(see Table 1) must
be between 10 C and 90 C.

3. Enter the oil into the tank.
A. Control the rate of flow so that the

pressure does not exceed that shown
in Table 1.

B. Bring the oil level up to cover the
coils or to within two or three inches
of the tank split if a top tank sectior
is to be installed.

4. Release the vacuum with dry nitroger
or dry air.

OII, FILTF.R

Figure 6.
Typical vacuum oil-fillinghookup.

~ vacUUM
PUMP

WARNINO
Do not enter the tank unless the oxy-
gen content is at.'east 18 percent.

Oo not open the transformer unless
the temperature of the transformer and
tne oil is at least 10 C an)ve the aew
point of the outside air.



5. Atter the internal assembly of the trans-
former has been completed. seal the
tank. and drain the oil from the tank
while admitting dry nitrogen or dry air
(Table 1).

NOTE: Oil is drained from the tank lo
reduce the possibility of a gas pocket
being entrapped in the insulation struc-
ture This can occur if the gas that has
been absorbed by the oil leaves solu-
tion greatly expanded from the sub-
seoueni vacuum cycle and becomes
entrapped in ihe insulation.

FINALVACUUM
Purpose
To flash off any surface, moisture intro-
duced while the tank was open and to
remove all gas pockets prior to the final
oil-fillingoperation.

NOTE: To make this vacuum effective in
removing moisture. the temperature of
the core-andwoll unit must be above
zero C.

Procedure
1. Open all valves to accessories requir-

ing vacuum. (See PRELIMINARY
PREPARATIONS PRIOR TO FILLING
and Figure 6.)

2. Blank off all accessories that are not
capable of withstanding high vacuum.
(See PREUMINARYPREPARATIONS
PRIOR TO FILLINGand Figure 6.)

3. Connect to the cover a vacuum gage
capable of accurate readings.

4. It is recommended for all transformers
-and itis essential for conservator
transformers-that a clearplastic sight
hose be connected between the top
and the bottom of the tank to determine
the rate ot oil flow and the oil tevel
reached.

5. Connect the vacuum hose to the cover
outlet..

6. Pump down to the maximum pressure,
holding this pressure with the pump
running for the minimum hours shown
in Table 1.

WARNING
During the first tee hours that a trans-
tormer is under high vacuum. all per»
sonnet must stay dear of the tank to
assure the soundness of field welding
and other field assembly operations.

Do not operate toad tap changing
mechanism during high vacuum.

FINALOIL FILL.
Purpose
To fill the unit with oil to its final level
prior to energizing.

Procedure
1. Ground the tank, the bushings, and the

oil-processing equipment to prevent a
static charge buildup from the oil enter-
ing the tank.
A. Each container of oil must meet the

minimum dielectric strength speci-
tied in Table 1 of Service Informa-
tion S2104&3. Insulating Oil.

"
B. Each container of oil must pass

through a filterpress as it is entered
into the transformer tank.

C. The temperature of the oil must be
between 10 C and 90 C.

NOTE: On higher voltage transform-
ers (Table 1), it is recommended that
the oil be pretreated in a vacuum-
degasslngwn~ehydrating unit. This
unit should be capable of upgrading
the oil entered into the transformer
lo the dielectric strength, water con-
tent. and gas content specified ln
Table 1 of Service Inforination
S2104&3. Insulating Oil.

2. Enter the oil into the tank.
A. Control the rate of flow so that the

pressure does not exceed that shown
in Table 1.
Sealed tanfc Fill to the 25 C level.
Tank with a conservator-type sya-
terrr. Fillto within two or three inches
of the cover.

PRSSSURI28 AND RUN PUMPS
Purpose
To help assure that any entrapped gas
has had suNcient time to be absorbed by
the oil.

Procedure for Sealed-%Ines
Constrssctlon
1. Release the vacuumby introducing dry

nitrogen into the gas space above the
oil level to a slight positive pressure.

2. Reduce the pressure to zero and adjust
the oil level in accordance with the
transformer nameplate.

3. Purge the gas space with dry nitrogen,
reseal, and increase the pressure to
two or three psi.

NOTE: This pressure willgradually drop
due to absorption of the nitrogen into
the oil.

4 Place the tank sealing equipment in
operation.

S. Allowthe transformer to stand with the
sealing equipment in operation and the
pumps (if supplied) operating at any
time during the period for the minimum
times shown in Table 1.

Procedure forConservator-
Constructlon
1. Release the vacuum to atm,

pressure by introducing dry nip.
or diy air into the gas space above ..
oil level.

2. Open all vents above the oil level on
the bushing casings. gas detector (if
supplied), pressure-vacuum bleeder,
mechanical pressurmelief device. etc,
and on the cover of the conservator
tank.

3. Open the shutoff valve on the thermo
trap line.

4. Continue to fill with oil while closing
each vent as oil is discharged.

5. Allowthe transformer to stand with the
pumps (it supplied) operating for the
minimum times shown in Table 1.

LOW.VACUUMFILLINO
Ifa tank is not designed for high vacuum
or if high-vacuum facilities are not avail-
able; it is permissible to use a lowvacuum
for fillinga transformer with oil if the unit
is rated 69kvor below and/or 10 mva self-
coded or below.

When lo~uum-type filling is used.
the maximum pressure must not exceed
minus five psi and all "hold hours" speci-
fied in Table 1 for 69 kv or less
doubled.

ALTSRNATIVRMRTHOD Ow
INSPRCTINO ANDINSTALLIlea
A TRANSFORM%8 WITHOUT
OILCOVRRlNO~ COILS
If it is necessary to inspect or install a
transformer without bringing the oil up to
cover the coils:
1. Remove the shipping nitrogen with a

vacuum or by purging with dry air.

2. Using canvas or a similar material.
cover all openings that are not neces-
sary for evacuating the air.

WARNINO
Do not enter the tank unless the oxy-
gen content is at least 18 percent.

Do not open the transformer unless
the temperature of the transformer
and the oil is at least 10 C above the
dew point of the outside air.

3. While the tank is open. continuously
blow in dry air at the bottom of the tank
while venting at the top.

4. Final vacuum and fillthe tank in accord-
ance rrith Table 1.
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DIRECT OPERATINO
MECHANISIIII
General
A geneva~ear<rive tap changer has an
external operating mechanism with a
genev~ear position index. One com-
plete revolution of the operating handle
makes one tap position change.

The external operating mechanism.
Figure 1 ~ has a shaft that passes into the
transformer tank through a selfwdjusting
packing in an oil-tight and gas-tight stuf-
fing box. The shaft is connected to the
internal tap changer by a slotted steel
coupling. shaft, and universal joint. This
arrangement permits slight shaft misalign-
ments without hindrance to operation.
Installation
The operating mechanism and the tap
changer are usually shipped completely
assembled. During the inspection of the
transformer and before the transformer is
energized, the operating mechanism and
tap changer should be operated over tl:.

.complete range to check for alignment
and possible damage in transit. The oper-
ating mechanism should then be set on
the desired tap position before energiz-
ing the unit.

Description

The tap+hanger operating mechanism,
Figure 2, consists of an operating handle
with a lock~ assembly to hold the handle

Figure 1 ~

Operating mechanhm forgenevagee~e tap changer.

in tap position, a gen~ear index to reversible cross pin. In operation. the pin
indicate the respective tap position. and transmits the operating torque applied at
an oihtight and gas-tight stuffing box with the handle to the slotted steel coupling
selfwdjusting packing that allows the fixed to the driveshaft which operates the
operating shaft to go through the side of gen~eardriven tap changers. Means
the transformer tank. The manual operat- are provided forpadlocking the operating
ing handle of the operating mechanism is handle in each tap position. Placed nearby
rigidly fastened to one end of a noncor- is a plate with instructions for preparing
rosive shaft. The other end of this shaft the shaft for untanking the transformer.
within the tank has a rigidly fastened ir-
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Voltage and current ratings at.various
positions of the tap changer, and a dia-

grammatic sketch of the transformer wind-

ings and connections are indicated on a
stainless-steel connectionMiagram name-
plate mounted on the main tank.

A mechanical ~ electrical ~ or key inter-
lock system can be provided to prevent
operation of the operating mechanism
while the transformer is energized. When
an interlock is provided. the interlock re-
quirements are in addition to those of the
regular lock pin described.

Operation

CAUTION
The tap changer should be operated
only when the transformer is discon-
nected from the lines and completely
dee'nergized. The transformer must
never be energized unless the tap
changer is in an operating position.
Failure to observe these safety pre.
cautions may result in damage to the
transformer or injury to the operator.

PROCEDURE FOR CHANGING TAPS
Completely deenergize the transformer.
Remove the padlock(if provided) and pull
out the lock~in knob to release the oper-
ating handle. (The pin is s pringloaded and
cannot be entirely removed.) Tum the
operating handle until the desired tap
position is indicated and the lock pin drops
into the retaining hole. Each complete
revolution of the operating handle makes
one tap change. The cam design of the
geneva<ear indexing plate prevents
overtravel of the limitpositions. After the
tap change has been made and the lock
pin is in the retaining hole, replace the
padlock.

PROCEDURE FOR UNTANKING
TRANSFORMER
Refer to the instruction plate mounted
adjacent to the ta~hangar operating
handle. With the operating handle pad-
locked in any tap position, record the
actual position of the tapchanger con-
tacts corresponding to this position, re-
move the operatin~echanism mounting
screws, and pull out the operating mecha-
nism until it comes to a stop. At this point,
'the irreversible cross pin will be against
the coupling stop lugs.

Now lift the internal tap changer drive
shaft to disengage the steel coupling,
being careful not to turn the shaft from its
recorded position. Withdraw the operat-
ing mechanism until it comes to a positive
stop. The cross p!n wtil then be against
the int =t nal side of the stuffing box which
prevents the shaft from being completely
withrtrawn frnm the tank and provides the
p. oper clearance for untanking.

If the tap changer shaft must be tumed
from its recorded contact position for any
reason, it must be returned to the recorded
contact position before retanking the
transformer.

When the cor~n5coil unit is to be
placed back into the tank, reverse the pro-
cedure just described being very cautious
not to alter the contact position corre-
sponding to the operating handle position.
To assure proper coordination, ratio tests
must be made on the rated voltage con-
nection and on all tap connections after
the transformer is retanked.

The springloaded, selfwdjusting packing
in the stuffing box requires no adjustment.
No other maintenance is required.

OROVND4XVRLOPRRATINO
MECHANISM
OoneraI
A groun&evel operating mechanism is
available as optional equipment on tall
transformers. The construction of this
mechanism is shown in Figure 3. The
operating handle provides the torque for
moving the vertical shaft which extends
up to a pair of miter gears. The gears are
connected by a horizontal shaft to the
slotted steel coupling on the internal tap
changer drive shaft. This shaft passes
through selfwdjusting packing in an oil-
tight and gas-tight stuffing box.

Instaiation
The operating mechanism and the tap

. changer are usually shipped completely
assembled. During the inspection of the
transformer and before the transformer is
energized, the operating mechanism and
tap changer should be operated over the
complete range to check for alignment
and possible damage in transit. The oper-
ating mechanism should then be set on
the dysiredtap positlort before energizing
the unit.

DeeorlptIon
The manual operating handle rigidly fas-
tened to an interconnecting vertical shaft
transmits the operating torque through
miter gears to a horizontal shaft which has
an irreversible steel pin on the end. This
pin transmits the torque applied at the
external operating handle to the drive
shaft of the internal tap changing mecha-
nism.

The manual operating handle is pro-
vided with a gen~ear index to indicate
the respective tap position and a'lock<in
assembly to hold the handle in tap posi-
tion. Means are also provided for padlock-
ing the operating handle in each tap
position. Placed nearby is a plate wtth in-
structions for preparing the tap changer
shaft for untan> ing the unit

Voltage and current ratings at various ~
positions of the tap changer, and a dia- ~
grammatic sketch of the transformer wind-
ings and connections are indicated on a
stainless-steel connectioMiagram name-
plate mounted on the tank.

A mechanical. electrical ~ or key inter-
lock system can be provided to prevent
operation of the operating mechanism
while the transformer is energized. When
an interlock is provided. the interlock re-
quirements are in addition to those of the
regular lock<in described.

OperatIon

CAUTION
The tap changer should be operated
only when the transformer is discon-
nected from the lines and completely
deenergized. The transformer must
never be energized unless the tap
changer is in an operating position.
Failure to observe these safety pre-
cautions may result in damage to the
transformer or injury to the operator.

PROCEDURE FOR CHANGINGTAPS
Completely deenergize the transformer.
Remove the padlock(if provided) and pull
the lock~in knob upward ta release the
operating handle. (The pin is springloaded ~
and cannot be entirely removed.) Tum the ~
operating handle until the desired tap
positionis Indicated and the lock pin drops
into the retaining hole. Each complete
revolution of the operating handle makes
one tap change. The cam design of the
genev~ear.indexing plate prevents
overtravel of the limit positions. After the
tap change has been made,and the lock
pin is it) the retaining hole, replace the
padlock.

PROCEDURE FOR UNTANKINQ
TRANSFORMER
Refer to the instruction plate mounted
below the operati~echanism gear
housing. With the operating handle pad.
locked in any tap position, record the
act~i position of the tap<hanger con-
tacts corresponding to this position. Re-
move pins from coupling on vertical shaft
and slide the couping down past the shaft
joint. Remove the gear-box mounting
bolts and pull out the gear and shaft
assembly until it comes to a stop. At this
point. the irreversible cross pin will be
against the coupling stop lugs.

Now lift the internal tap changer drive
shaft to disengage the steel coupling; be-
ing careful not to turn the shaft from its
recorded position. Withdraw the gear and
shaft assembly until it comes to a positive
stop. The cross pin willthen oe against the
internal side of the stuffing box. which
prevent", '.he shaft from being con otetely
withdrawn from the tank and provides the
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proper clearance for untanking.
If the tap changer shaft must be tumed

from its recorded contact position for any
reason, it must be returned to the recorded
contact position before retanking the

. transformer.
When the core-anMoil unit is to be

placed back into the tank. reverse the pro-
cedure just described. being very cautious
not to alter the contact position corre-
sponding to the operating handle posi-
tion. To assure proper coordination, ratio
tests must be made on the rated voltage
connection and on all tap connections
after the transformer is retanked.

Nahtenance
The springloaded, selfwdjusting packing
in the stuffing box requires no adjustment.
Before shipping the transformer. the miter
gears in the gear housing are coated with
silicone grease, but it is advisable during
scheduled inspections to check the gears
and add silicone grease, ifnecessary.

RRPLACRIIRNTPARTS
When ordering replacement parts. refer
to Figures 2 or 3 for identifying parts and
include all pertinent information con-
tained on the nameplate attached to the
transformer. Address all correspondence
to the nearest McGraw-Edison Power
SysteITls Division Office, of wfite directly
to MCGraw-Edison Power Systems Divi-
sion, Canonsburg, Pa. 15317.
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Addendum to-Instructions S210-05-5 for transformers shipped filled vith dry
air. Replaced-items in S210-05-5 referring to shipping in dry nitrogen.

SPECIAL INSTRUCTIONS FOR TRANSFORMERS
SHIPPED FILLED WITH DRY AIR

This transformer is shipped filled vith dry air in accordance vith purchaser's
specifications.

The tank and"all sealed auxiliary compartments are filled vith dry air under
2 to 3 psi positive pressure, and having an oxygen content of approximately
18 percent.

L

The transformer should arrive at the destination vith a positive pressure
(as determined vith a pressure gauge usually available on the transformer).
Pressure willvary approximately vith temperature in accordance vith table.

GAS PRESSURE

4o4 C
30o C

25O C
20O C
15o C

10 C
54 c
0 C

-54 c
-loo C

3-1/2 psi
3-1/4 psi
2 1/2 psi
2-1/4 psi .

2 'si
1-3/4 psi
l-l/2 psi
1 psi

3/4 psi
1/2 psi

The oxygen content of the gas should test approximately 18 percent upon arrival
at destination.

If a decrease in the pressure has occurred'ithout a proportionate decrease in
temperature, leakage msy be indicated. The transformer should be pressure
tested and any leaks corrected before the transformer goes into service.

CAUTION: Do not veld or burn on any transforaer filled vith dry air. Zf
necessary to burn or weld, purge with dry nitrogen to reduce oxygen content
to less than 3 .percent.

Refer to S210-05-5 for General Installation and Maintenance Instructions

BY

APPROVED

MCGRAW EDISON POWER SYSTEMS DIVISION

CANONSBURG, PENNSYLVANIA

'ATE 30 JAN1967
'REVISED 28 March 196

REVISED 1 Nov. 1973
REVISED 21 O'AY 1981

DRAWING A-240265
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Power Transformers
Cooling Systems
Class FOA Cooling Equipment

Service Inforlliation

S210-60-3
Page 1

GENERAL

Each Class FOA cooling unit consists of an oileirculating
pump. an oil.to-air heat exchanger or cooler, connecting
piping, valves that isolate the cooling unit from the tank,
oil-flow indicator and control panel. A typical FOA cooling
system for a shell. form transformer is shown schematically
in Figure l. Assembly for core. form transformers is similar.

Also refer to the drawings accompanying instructions on
the specific equipment.

TOP
ISOLATING
VALVE

VENT

GAS

INSTALLATION

COOLER ASSEMBLIES

The cooling units may or may not be mounted on the tank
for shipment. If shipped detached from the transformer,
refer to the assembly drawing furnished with the trans-

EQUIPMENT DESCRIPTION

PUMPS

The pump is shown in Figure 2. The pumping element is
mounted on the shaft of a squirrel cage induction motor
that is completely immersed in the oil being pumped,
eliminating the need for rotary seals or stuffing boxes. A
small portion of the oil being pumped is forced through the
motor, where it cools the windings and lubricates the
bearings. See the speciflic wiring diagram for information on
electrical connections.

HEAT EXCHANGERS

Heat-transfer surfaces of the oil.to-air cooler consist of
round seamless tubes with fins. Tubes of adjacent rows are
staggered to provide efficient heat transfer and equal air
distribution. Turbulators (spiral metal strips locked in place
inside the tubes), provided over the entire length of the
tubes, create turbulence and additional heat transfer. A
metal enclosure, open at the front and rear, is bolted to
mounting brackets on the tank wail.

The front of the enclosure is a chamber that houses the fans
'nd

serves to equalize the flow of air over all tubes and fins.
The fans draw the air over the tubes and blow it away from
the transformer. Each cooler may have one, two, or three
fans with totally enclosed motors connected as shown on
the specific diagram. Motors are normally furnished with
automatic. reset thermal overload protectors.

CONTROLS

The control panels are located in the central control
cabinet. The specific diagram shows the details of wiring
and control equipment furnished. An oil.flow indicator,

> Figure 3, for each pump indicates proper pump operation
. and is designed to operate in a vertical or horizontal pipe.
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Figure 1

Schematic of typical Class FOA cooling system.

former when mounting the cooling units on the tank.
Flange joints are sealed with nitrile gaskets confined in
pressure. limiting grooves. Be sure that no strain is placed on
the inlet or outlet flanges when mounting the pump.
After all components are mounted on the tank and all
flanges are tightened metal.to-metal, the cooling unit may

These nstrucl'oiis'do noi claim Io cover all dalai is or variations in the equipment ~ procedure, or process descrioed, nor Io proviae oirecr>cns
for meenng avery possible contingency during installation, operation, or maintenance. When additional information is desired Io sansry a
problem not -overed sufficiently for the user's purpose, please contact your McGraw Edison Power Systems Division sales enigireer.

McGRAVJ-EOISON COMPANY
Power Sy t;ems Oivision

'snonsburg,Pennsylvania 15317
Ao'i '97»

n! ( $ ti>l)
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be filled with oil. The recommended tilling procedure is to

open the vents on the piping and pump and then open the

bottom isolating valve. As the cooling unit fills from the

transformer. close each vent as oil appears. Open the top
isolating valve after oil appears at the highest vent. Inspect

all joints for leakage. Add oil to the transformer to replace

the oil used in fillingthe cooling units.

CAUTION

During assembly. keep all foreign material and mois-
ture out ot the oil piping, pumps, and coolers.

ELECTRICALEQUIPMENT —PUMP AND FAN MOTORS

All wiring should be done in accordance with the wiring
diagram that is furnished with the transformer. Couple the
plug. in receptacles provided for connecting fan motors.
pump motors, and the oil.flow indicators.

The pump may be checked for proper rotation before or
after installation. Before installation, looking at the inlet
flange, the proper rotation is counterclockwise. After
installation the rotation may be viewed through the sight
glass (Figure 2). The correct rotation viewed from this end
is clockwise. Incorrect rotation produces a churning noise.
Rotation may be reversed by interchanging any two leads,
ifthe supply is 3-phase.

When looking at the fan guard, toward the fan. the correct
fan rotation is clockwise, and the direction of air flow is
away from the transformer. The proper rotation and
direction is indicated by arrow plates on each cooler.

Each fan motor has a front and rear drain plug to drain any
condensation. The rear plug Is removed before shipment.
However, the front plug is shipped in place to prevent the
entrance of any water in transit. It should be removed after
installation to allow free breathing within the motor.

SEALED
DISCONNECT
PLUG

~ ~

BRON2E SLEEVE AND
THRUST BEARINGS
LUBRICATEDBY
TRANSFORMER OIL

MOUNTING
F LANGE

DISCHARGE IMPELLER
ON MOTOR
SHAFT

SIGHT
GLASS

iii Il

0

INLET

MOTOR ROTOR
AND STATOR-.
COOLED BY
TRANSFORMER OIL

FLANGE
FOR REMOVAL
OF MOTOR
AND IMPELLER

Figure 2
Typical oil pump.

FLANGE
GASKET

Figure 3
Oil-flowindicator.

OIL-FLOW INDICATOR

The oil-flow indicator must be installed with arrow on the
indicator mounting flange (Figure 3) pointing in the
direction of oil flow.
For remote indication, contacts within the gage actuate in
response to adequate oil flow.

OPERATION

Most transformers are furnished with two separately con.
trolled banks of cooling equipment. One bank is designed
to provide 70%%uo of the rated transformer capacity. The
second bank of coolers is started automatically by a

winding temperature relay. Transfer switches pe;mii
selection of either cooling b nk to operate coniinuousiy.
For specific ooeratina instriictions. refer to Ibe teil n.
diagram.
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MAINTENANCE

PUMPS

The pumps should require no maintenance. The bronze

sleeves and thrust bearings in the motor are continuously
'lubricated by the oil which it pumps.'The motor and

impeller can be removed at the flange indicated in Figure 2
without disconnecting any piping.

HEAT EXCHANGERS

The tubes and fins on the coolers must be kept clean to
maintain the original high efficiency. Dust and other
foreign material should be blown out periodically with air
pressure.

CAUTION

When the cooling unit is to be isolat'ed for a'period of
time, drain, approximately five gallons of oil to
provide expansion space.

If the cooling system is completely filled with oil and the
isolating valves are closed, high pressure will develop with
increased ambient temperature, because of the oil expand-
ing within a confined volume.

The cooling unit must be properly vented when being
refilled with oil.

FANS

The fan motors are equipped with double. shielded ball
bearings. The shield permits the grease to enter the bearing
but restricts the entrance of dirt. A grease retainer labyrinth
is designed to prevent grease from reaching the motor
windings on the inner side of the bearings. Alemite fittings
are provided for adding grease. When grease is added and
the housing becomes filled, some grease will be forced into
the bearings and any surplus grease will be squeezed out
along the close clearance between the shaft and the outer
cap, or through the grease relief which is adjacent to the
Alemite fitting.

Bearings should be lubricated approximately every six
months. They are lubricated at the factory with silicone
grease, Dow Corning ¹DC-33M or equivalent, and it is

recommended that this grease be used for maintenance.

REPLACEMENTS

When ordering replacement parts, include the serial number
of the transformer with a complete discription of the part,
and send to the nearest McGraw-Edison Power Systems
Division office, or the Service Section, McGraw-Edison
Company Power Systems Division, P.O. Box 440, Canons-

burg, Pennsylvania 15317.
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. Figure 1.
Dial thermometer temperature indicating equipment.

GENERAL

The standard temperature indicating
equipment supplied on power transfor-
mers manufactured by McGraw-Edison
Company is categorized as the liquid-
filled, thermal expansion, mechanical-
indicating type. The liquid-filled,
temperatu~nsitive bulb is con-
nected either directly, or remotely,
through a capillary system, to a bour-
don-tube-type mechanical indicating
device and the bulb Is inserted into an
AhlSI Standard transformer thermom-
eter well~ All thermometers and resist-
ance transducers used by McGraw-
Edison Company (or the Pennsylvania
Transfo™er Company) since 1950
will either fit or can be easily adapted
to fit the present ANSI well~ All of
these thermometers are ambient com-
pensated and are furnished with from
zero to four electrical sna p type
switches to operate control or alarm
devices. Thermometers containing one
or two switches are usually mounted
at the top oil level ~ Thermometers
containing three or four switches have
their indicating tnechanisms mounted
at eye level ~ All thermometers are

these instructions ao not claim tO cover ail cereus or variations in the equipment. procedure. or pioceaddej'cribeo. i;oi lo piu. de direc-
.'ions lor meeting every possible contingency during installation. operation, or maintenance. 8'hen additionatinformation is desired to sat-
isly a prohiem not covered su'liciently lcr the user's purpose. p<ease contact your McGrav -cd1son povrei svstems Group sales engineer.
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WINDINGTEMPERATURE
THERMOMETER
Transformer winding hottest spot
temperature is duplicated in a

small'lectrical

heating coil having thermal
characterisucs corresponding to those
of the windings. To accomplish this,
the heating coil is mounted in the path
of the hottest oil and is connected to a

current transformer located in the
appropriate winding. The current in
the heating coil will be proportional to
the winding current and the tempera-
ture of the coil willcorrespond to that
of the hottest spot in the winding. In
order to make use of standard heating
coil and current transformer designs, it
is often necessary to install a shunt
resistor in parallel with the heating

coil. When used, the resistor is install-
ed between terminals S and U and the
ohmic value of the resistor appears on

'
the certified test sheets. Oo not re.
move or change the value of this
resistor without consulting the fac-
tory. To record the hottest spot temp.
erature, a thermometer or ten ohm,
copper, temperature transducer is

mounted within a well directly in the
heating coil (Figure 3). The'method
for locating and mounting winding
temperature thermometers is identical
to the one used for top oil thermom-
eters.

OA/FA transformers having an OA
rating of 100 mva or above and all OA
transformers having two additional

forced cooled ratings, unless otherwise
required, are equipped with a winding
temperature thermometer having a

sufficient number of electrical switch.
es to control the forced cooling stages
individually. Additional switches for
control or alarm settings are available
as optional equipment (Figure 4). Mul-
tiple, winding temperature thermom.
eters duplicating individual winding
hottest spots can be furnished as op.
tional equipment.

All forced cooled transformers
which do not have a selfwooied rating
(unless otherwise required) are fur-
nished with a winding temperature
thermometer containing an electrical
switch to control the second stage of
forced cooling.

TERMINALBOX

4.

TANKWALL

OWING GASKET

TERMINAL
BLOCK

CORK
SPACERS

CLAMPING NUT

LEADS TO CURRENT
TRANSFORMER

HEATING COIL

WELL FOR
THERMOMETER OR ~

TEMPERATURE
TRANSDUCER

GASKET

THERMOMETER
OR THERMAL
RELAY BUI.B

Figure 3.
Typical mounting arrangement for winding temperature equipment.



SWITCH SETTING
KNOBS & INDICATOR
ISWITCHES NUMBERED
FROM LEFT TO RIGHT)

02

IN 0 I GATOR

REO DRAG HAND
INDICATES MAX.
TEMPERATURE

WRITS
@LA

MICRO SWITCH RATINGS
10 amps at 125 V.A.C.
10 amps at 250 V.A.C.
.50 amps at 125 V.O.C.
25 amps at 250 V.O.C. ~

CONTROL CABLE

5WITCHHO I ~ SPOT
AOAISTASLS 20 TO 1151.5»C
OIPPSRSNTIAL ~ 4 TO 10 C

RESET SHAFT
UNDER COVER
SCREW

t

ALIBRATION
ADJUSTMENT
SCREW

CASE H
I I

I

~ I
I

SWITCH HO. 2 ~ StOT
AOAISTASLS ~ (SWI ~ 2.5»1 TO II2 C
OIPI'SRSNTIAL ~ 4 TO 10 C

SWITCH HO. 2 ~ StOT
AOIUSTASLS ~ ISW2»0'I TO IS0 C
OIPPSRSHTIAL 4»TO 10»C

THREE%WITCH. DIAL-TYPETHERMOMETER
»

SWITCH SETTING
KNOBS & INDICATORS
ISWITCHES NUMBERED
FROM I.EFT TO RIGHT)

MICRO SWITCH RATINGS

10 amps at 125 V.A.C.
10 amps at 250 VA.C.
.50 amps at 125 V.D.C.
.25 amps at 250 V.O.C.

01 02

04

0

RED DRAG HAND
INDICATES MAX.
TEMPERATURE

INOICATO

WHIT
SLACK

R H

CONTROL CABL

SWITCH NO. I SPOT
AOAPSTASLS 20 TO ISIS C
OIPPSRSHTIAL ~ 4 TO 10 C

SWI TC H HO. 2 ~ StOT
AOAISTASLS ~ ISWI ~ 25») TO 155» C
OIPPSRSNTIAL ~ 4 TO 10 C

ESET SHAFT UNDER
COVER SCREW

CALIBRATION
ADJUSTMENT SCREW

RANQ»

WHW SK
a

I
I
I

J
1

SWITCH HO 2 SPOT
AOIUSTASLS ~ ISW> ~ 0'I TO 112 C
OIPPSRSNTIAL ~ 4 TO 10 C

SWITCHNO. A StOT
AOIUSTASLS ISWS S»I TO ~00'C
OIPPSRSNTIAL 5» TO 10»C

FOUR SWITCH DIALTYPE THERMOh<FTFR

Figure 4.
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TEN OHM, COPPER, RESISTANCE-
TYPE TRANSDUCER
The ten ohm, copper, resistance-type
transducer tFigure 5) uses a copper,
resistance coil calibrated to ten ohms
at 25 C and is inserted into a well
mounted at the top oil level, and when
specified, can be used for either or
both top oil and hottest spot remote
indication. This transducer is usually
connected to a switchboard. type tem-
perature indicator supplied by the
user. The switchboard indicator ordi ~

narily has a selector switch which
permits several transducers to be con-
nected to the same equipment and a
test position for checking the instru-
ment at the 70 C point of the scale.
Resistance for any given temperature
or temperature for any given resistance
can be calculated from the following
formulas:

Rt = T.25 (0.0385351 + 10

T = 25.95 iRI)-234.5

At = Resistance fnr any given temperature,
ohms

T = Temperature lnr any given reistance, ~C

CLAMPING NUT

TERMINALBLOCK

CORK SPACERS

WELL FITTING

~ 0

~ 0
~ t

~ t

HEATING COIL

1P OHM
ESI STANCE

COIL

~ o ASKET

10 OHM COIL LEAOS CMING GASKET
TO CONTROL CABINET

LEA TO CURRENT
TRANSFORMER

Figure 6.
The ten ohm, resistance-type of winding temperature indicating equipment,
mounted in the tank wall.

WINDINBTEMPERATURE
ASSOCIATED EOUIPINENT LOCATION

The current transformer to which the
heating coil is connected is mounted
either on the support structure imme-
diately above the core and coils inside
the tank or on the underside of the
cover usually around the shank of one
of the bushings. Figure 3 shows a

typical arrangement. The weather-
proof terminal box that receives the
leads for the current transformer and,,
heating coils is mounted on the trans;
former case.

INSTALLATION

The temperature indicating equipment
is completely installed at the factory.
lt is only necessary to make the
required electrical connections for
alarm leads or remote indication'when
required.

WARNINB
Check current transformer ter.
minnie in the terminal box and
control cabinet. Make sure that
any shorts which were installed
for shipment are removed.

CAPTIVE NUT O.R IN G GASKET

7IB" ~ 1 4NF-2

Figure b.
Thermometer well ~



I.

2.

3.

4.

5.

6.

7.

8.

Remove thermometer from
well by loosening the captive
nut which secures it to the
well. The well must be held
securely with a second wrench
during this operation (Figure
6).
Remove bezel.

Remove nameplate covering
mechanism in lower section.

Connect an indicating device
(test light, ohmmeter, etc.) to
the appropriate switch leads.
(lt switch leads are terminated
in a control cabinet, they
should be temporarily removed
from the terminal board on the
thermometer side of the cir-
cuitry).
Making use of an exte'mal heat-
ing supply, bring the indicator
to the point on the scale cor-
responding to the desired
switch setting.

I oosen the appropriate adjust-
ment screw and move in the
desired direction until the
switch just closes (Figure 2).

Tighten the adjustment screw
and check the switch action by
varying the bulb temperature
(Step 5).
Reassemble in reverse order.

B. Instructions for resetting switches
on three- and four~itch ther-
mometers.

2.

Remove bezel (1/4 turn coun-
terclockwise).

Loosen appropriate switch set-
ting knob and move the switch
indicator to the desired setting.
Resecure knob and replace'he
bezel (Figure 4),

SETTING SWITCH CONTACTS
A. Instructions for re-setting switches

an one- and two.switch thermom-
eters.

SWITCH SETTINGS CHEZ
1 ~ Connect an indicat -evice (test

light, ohmmeter, a.... to the ap-
propriate switch leads.
(If switch leads are terminated in a

control cabinet, they should be
temporarily removed from the ter.
minal board on the thermometer
side of the circuitry)~

2. Remove thermometer bulb from
the well by loosening the captive
nut which secures it to the well.
The well must be held securely
with a second wrench during re-
moval (Step 4) ~ See Figure 6.

3. Remove the bezel.

4. Immerse the bulb in a constant
temperature bath (Step 2 can be
eliminated and the normal position
in the well used if oil temperature
is constant).

5.Allow indicator to stabilize. Re-
cord temperature reading.

6. Remove nameplate covering in the
lawer section.

'.

Loosen calibration adjustment
screw. Using a Phiilips4ead screw-
driver to hold the screw stationary,
move the pointer across the scale
to check the switch settings and
differentials. (Hold calibration ad-
justment screw firmly to prevent
distorting the bourdon tube).

8. Loosen appropriate switch setting
knob and move the switch indi-
cator to desired setting if switch
adjustment is necessary. (Switch
indicator accuracy is approxi-
mately + two degrees. Maximum
switch setting accuracy is obtained
by correlating switch operation
with thermometer pointer posi-
tion).

9. Return pointer to temperature re-
corded in Step 5. Secure calibra-
tion adjustment screw.

CAUTION
Do not try to improve ther-
mometer accuracy by securing
the indicator at a point closer to
the actual temperature. The
thermometer indicating errors
are not linear and the indicator
position has been factory se-

lected to give maximum accu-
racy throughout the entire scale
range.

10. Reassemble in reverse order.

TESTING WINDINGTEMPEIIATUAE
EQUIP MENT
The winding temperature equipment
circuitry has been designed to permit
field testing of the heating coil, ther-
mometer, and other associated com-
ponents.

The recommended test circuit is
shown in Figure 7.

Connect powerstat (T1) V. A. rat-
ing dependent on ratio to T2 (150
V. A. with recommended Triad
T2) to T2 and to a stable 115 volt,
60 hertz povver source.

2. If the transformer containing the
~ winding temperature equipment is

energized, connect jumper J2 be-
tween terminals S and V.

3. Open jumper J1.
4. Check the heating coil circuitry for

the presence of a shunt resistor (R)
connected between terminals S
and U. (See reference to this re-
sistor in WINDING TEMPERA-
TURE THERMOMETER section
and on certified test sheets.) If
provided, this resistor must be
connected during test.

5. Connect the loweoltage winding
of transformer T2, through am-
meter (A) to terminals S and U in
winding temperature circuit.
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SW
A

115V

T2

Figure 7.
Test circuit for winding temperature equipment.

R
2

U

49

HC
CT

T~ - Variable ratio transformer (pow-
erstat, variac, etc).

T2 ~ Stepdown transformer 115/6 to
25 volts, 15 arnps (Triad F22A or
similar).

A - Ammeter (2.5-25amppointson
scale must be both legible and
accurate).

R - Shunt resistor (if provided).
HC- Heating coil.
49 - Winding temperature thermom-

eter.
CT - I n t er nal winding temperature

currant transformer.

J~ - U - V jumper (provided).

J2 - S - V jumper (not provided).
SW- S.P.S.T. switch.

D
I

454
K

4C

0
I

o
35

DI-

5 30o

e 25z
OzI 204

O
0
Iz 15o

CI

K
10

0
CJ

5oz
I-

00
1 2 3 4 5 6 7

I

RANSFORMER = IHC 1 +

Rj = SHUNT AESISTOR OHMS

IHC = HEAT COIL CUARENT IN AMPEAES

IT = TEST CURAENT IN AMPEAES

8 9 10

IT FOR 55 RISE T

IT FOR 65 RISE TRANSFOAMER, IHC 1 +

HEATING COIL CURRENT IIHCI

Figure 8.



6. Figure 8 shows the heating coil
gradient curve and formulas used

to determine the test currents re-
quired to obtain the corresponding
heating coil currents. Consult the
certified test sheets to determine
the value of shunt resistor (R).
NQTC: If test sheets are not available,
disconnect resistor temporarily and
measure its resistance with a Wheat-
stone bridae. The resistor Iwhen pro-
videdl must be in place during test.

7. Using the appropriate formula
from Figure 8, select at least two
test currents and circulate the cal-
culated test currents in the heating
coil circuit until the heating coil
temperature is constant (46 to 60
minutes). The heating coil gradient
can be determined by subtracting
the oil temperature reading from
the hot spot reading. (Thermom-

eter reading differential should be
recorded before starting test).
(Suggested heating coil test cur-
rents IHC are 5 and 7.5 amps).

8. When evaluating the test results,
keep in mind that thermometer
accuracies + three degrees can in-
fluence the outcome especially at
low currents where gradients are of
the same magnitude as the reading
accuracy. Thermometer switch set-
tings should also be considered
(The indicator may temporarily~
the actual temperature by one-or"
two degrees just before a switch is
actuated. Resistance transducers
placed in the thermometer wells
instead of the thermometers will
give better accuracy if a test result
is in doubt.

MAINTENANCE
Both types of temperature indicating
equipment are tested and calibrated, at
the factory and should require little or
no maintenance. If the dial. type ther-
mometer becomes inoperative, replace
it. When a new thermometer is used,
silicone grease (Dow Corning DC44 or
equivalent) saturated with graphite,
should be applied to the thermometer
bulb before insertion into the well.
(This reduces response time between
the winding temperature and the ther-
mometer indication).

CAUTION

The terminals of any open or
inoperative auxiliary winding
must be short circuited. Wiring
diagrams supplied with the trans-
former indicate the proper ter-
minals for this operation.

M(lSRAWfOIROIII
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McGBANWDISON

Power Systems Group

Power% ansformers
Mechanical Pressure-Relief Device

S210-70-5
Service information

GENERAL
. The mechanical pressure-relief device
relieves sudden or accumulated internal
pressure at a predetermined value. The
device uses combinations of one or two
springs for different pressure settings. It
may be used for oil-filled transformers
and compartments with the application of
suitable gasket materials.

Although unusual. it is always possible
that an internal fault may result in a pri-
mary explosion. The abnormal pressure
resulting from a fault is often great enough
to rupture tank or compartment walls. if
no effective relief device is provided.

OPERATION
The pressurmelief setting of the device
and the type of insulating liquidwithwhich
it is to be used is marked on a rating
nameplate on the cover. When this pres-
sure is exceeded, the spring force acting
on the diaphragm is ovetcome and the
pressure, initially confined to the small
"primary" area of the relief diaphragm
escapes to the larger "secondary" area
and lifts the diaphragm, from its outer
sealing gasket to relieve the excess pres-
sure. This moves the indicator rod to the
exposed, tripped position.

Upon completing its operation. the de-
vice will reseal at a fraction of the relief
pressure and will require no manual
resetting or replacement of parts for
subsequent pressurtHelief operatk)ns.
except that the indicator rod must be
returned to its original position.

The space between the inside gasket
and the outside gasket is vented to the
atmosphere by a slot around the outskfe

. gasket. This allows the diaphragm to seel
positively on the inside gasket without
gas entrapment between the gaskets.

When an alarm switch is also provided,
the indicator rod and alarm switch reset
lever must be reset individually.

Ie

13

12 10

1. Rating nameplate
2. Alarm switch (optional)
3. Plug for switch mounting
4. Switch reset lever
5. Mounting bolt
B. Mounting flange
7. Tank cover
8. Dlaphrag>II
9. Inside gasket

PRESSURE-RELIEF ALARIIII
The pressure-relief device has a colored
indicator rod. It may also be supplied with
an alarm switch, if requested. In the
cocked position, the indicator rod is de-
pressed inside the cover and the alarm
switch operating lever rests against the
edge of the diaphragm. During operation
of the relief device. the upward move-
ment of the diaphragm forces the indi-
cator rod to an exposed position where it
is visible from ground level and simul-
taneously activates the alarm switch. Both
the indicator rod and alarm switch may be
reset using a hot stick.

The alarm switch is SPOT with the N.C.
contacts held open in the normal position

Table 1.
Switch Ratings

Voltage
(Vac)

Current
(am pl) Type of Load

125. 250
125. 250

125
250

10
10
0.5
025

Non-inductive
Inductive
Non-inductive
Non-inductive

18
OE5KN

DESIGN
'RESSURE

INSULATING
FLUID

,fo(.'-..

<w--'0.

Outside gasket
11. Mounting gasket
12. Base
13. Cover support stud
14. Cnver
15. Cover bolt
16. Large spring
17. Small spring
18. Indicator-tripped position

of the pressure-relief device. These con-
tacts close when the pressure-relief de-
vice operates and remain closed until the
switch is manually reset to the normal
position. Switch ratings are shown in
Table 1.

Figure 1.
Cross section of mechanical pressure-
rellef device.

'I
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INITIALINSPECTION
The mechanical pressure-relief device
and alarm switch are usually shipped com-
pletely installed and ready for operation.
Should the transformer have experienced
rough handling in transit, it is possible
that the indicator rod or the alarm switch
may have been forced to the tripped posi-
tion. Reset by pushing the indicator rod
in the cover back to its original retracted
position and pushing the switch reset
lever inward.
When the device is shipped detached, a
temporary blanking plate is placed on the
mounting flange. In order to install the
device, remove the blanking plate and
bolt the assembly to the flange, using
the same gasket that sealed the blanking
plate.

Itis not necessiy to remove the mechan-
ical relief device from the transformer or
oil-filled compartment during vacuum
treatment, as the device will withstand
fullvacuum.

When a deflector shield is used, it is
mounted on one side of the mechanical
pressure-relief device to direct the flow
of any liquid or gas that may be ejected
when the device operates. This shield is
held in place by tapped-in bolts in the
side of the mounting flange.

CAUTION
The pressurmelief devices supplied
must be used for the intended applica-
tion only. Some transformers willhave
one pressure-relief device setting for
the main transformer and another for
an auxiliary compartment. However,
pressurenHIef devices with the same
ratlngandfor thesameinsulating liquid
are interchangeable.

IIWAINTKNANCN
The only maintenance normally required
is resetting the indicator rod and alarm
switch after operation of the device.

SERVICE
This device is designed for minimum
maintenance and is completely tested for~
leaks before it leaves the factory. If the
operator suspects a leak. the Service
Department of McGraw.Edison Company.
Power Systems Group at Canonsburg,
Pennsylvania. should be consulted. In-
structions willbe promptly given.

REPLACEIIIIENTPARTS
The component parts of the pressure-
relief device are designed to provide long
life service and will not normally require
replacement. However, should renewal
parts be required, identify the parts on
Figure1 and include all pertinent informa-
tion contained on the nameplate attached
to the transformer. Address all cone-
slxedence to the nearest McGrawEdison
Company, Power Systems Group district
office or write directly to the factory.

Ms9llAWNIII$IIN 0
Power Systems Oroup
Poet ONoe Boa 2850
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Power Transformers
Accessories
Pressure Bleeder Device

S210-70-6
Page 1

Replaces PTI 197.1 dated 8/60
No change in text

0IAPHRAOM

FROM COMPARTMENT

SEAL

Aoat USTINO SCREW

CAP

OASttET
S ltEEN

VENT TO ATMOSPHERE

j!OURI I
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The Pressure Bleeder Device is a simple operat-
ing device which will limit the internal pressure
within the tank or compartment to a safe operat-
ing value. This unidirectional pressure bleeder, as
shown in Figure 1, vents the gas to the atmos-
phere whenever the relief pressure is exceeded.
As soon as the pressure has been relieved, the dia- ~

phragm closes by spring pressure, so that the
bleeder seals at i/2 psi below the predetermined
pressure. This self-resealing under positive pres-
sure prevents oxygen and moisture from entering
the compartment. The exact relief setting is
stamped on the cap of 'the device.

'hebleeder is located on the external side of the
compartment, thus making it possible to remove
the device and to cap the connection to the com-
partment whenever it is necessary.

A screen is provided for both the bleeder outlet
and vent outlet to keep foreign material from
entering, These outlets should be open at all times.

CAUTION: Protect or remove bleeder before
painting equipment, to prevent clogging the vents
with paint.

FIOVRS 2
SchossoHc drorrtrhs ot vorllsotty aavrrtod btoodor chico showtott Post-
tloo ot dloPhrtsae dwtrrs rottot ot Proslrro.

Ppriadic Inspection

The bleeder is a device that requires no mainte-
nance or adjustment. This relief device is set at the
factory and the cap on the adjusting screw is
sealed with a drop of solder. Although no mainte-
nance is required for this device, the operation of
the bleeder may be checked periodically. The pro-
cedure should be the following:

1. Remove bleeder from -compartment, replac-
ing it with a cap or another bleeder device.

2. Apply pressure to the bleeder opening which
connects the bleeder to the compartment.

3. Increase pressure slowly until it reaches set
pressure.

4. The device should then expel gas through the
outlet. The accuracy of the bleeding pres-
sure is ~ Ps psi.

CAUTION: It is dangerous to exceed the upper
pressure limit that is stamped on the bleeder de-
vice. Iftesting indicates that the pressure bleeder
is not functioning within upper pressure limits,
the device should be replaced immediately.
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McGRAWWtjl8tjN

Power Systems Division

Power % ansformers
Magnetic l.iqLIid4evel Indicator
Installation Instructions

S2 1 0-70-8

DESCRIPTION
McGraw-Edison transformers are equipped
with magnetic liquid level indicators.
Figure t. which provide visible indica-
tions. from reasonable reading distances.
of the fluid level inside the transformer
tanks. The OPERATING RANGE, TOO
HIGH and TOO LOW level indications
appear on a calibrated scale on the dial
face. The gage assembly consists of a
float mechanism inside the tank whose
movement operates a horseshoe magnet
which induces motion through a non-
magnetic partition to the fluid level indi-
cating pointer on the dial. The entire
assembly is simple in operation and
rugged in construction. No stuffing
glands. multiplying apparatus or gears
are required.

A tight seal is maintained between the
gage and the mounting flange on the tank
wall with a contmlia&compression gas-
keted joint. A gasket is also provided be-
tween the dial and the dial housing. A
solid metal partition behind the dial pre-.
vents the entrance of any fluid that may
affect dial readings or cause leakage.

The gage may be equipped with alarm
switch. Figure 2. which willoperate when
the oil level reaches the low point as indi-
cated by the pointer on the dial.

INSTALLATION
The gage is usually installed at the factory
and is ready for operation. The indicating
pointer should be approximately at the
25 C mark on the dial with the float rod in
a horizontal position inside the tank. In
the event the transformer has been jarred
during shipment. the float rod may stick
in a vertical position. This would be indi-
cated by the pointer resting at the TOO
HIGH position on the dial. The gage may
be rendered operative by merely retum-
ing the float rod to the 25 C horizontal
position.

To aid in checking the accuracy of the
liquid level gage. the transformer name-
plate indicates the normal distance be-
tween the highest point of the manhole
flange and the liquid level at 25 C: fn addi-
tion. the change in liquid level per 10 C
is listed on the nameplate; all changes
are in direct proportion to the figure
specified.
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Figure 1.
Magnetic liqukHevel indicator.
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As a further aid in checking the accuracy
of the gage on transformers with the gas-
oil-seal type of oil preservation, a guide
plate showing the 25 Coil level is mounted
on the outside of auxiliaty tanks.

Ifthe complete gage assembly is shipped
separately, or if a replacement is made,
the oil level within the tank must be
lowered below the gage mounting flange
on the tank wall. The nonmagnetic parti-
tion of the assembly should be bolted
rigidly to the mounting flange on the
transformer tank to insure an oi&nd air-
tight gasketed seal. Secure the gage
housing to the nonmagnetic paltition.
Check the operation of the float by rnov-
ing itover its entire range. The movement
of the indicating pointer on the diat should
correspond to the movement of the float

When the gage has alarm contacts,
they should be checked for operation at
the TOO LOW level point. The micro
switch contacts are rated at 5amps at 250
volts ac. or 0.02 amps at 250 volts dc, with
an inductive load.

NAINTENANCR
The gage assembly willgenerally reguire
no maintenance. If for some reason the
gage assembly becomes inoperative,
examine itto determine whether the com-
plete gage assembly or only the gage
needs to be replaced.

Ordinarily, lens breakage willnot affect
the operation of the gage. However, in
the event of such breakage the gage can
be removed and replaced without lower-
ing the oil level within the tank. To remove
the gage, loosen the screws on the black
enameled gage housing and remove ttK
housing and the attached gage. It is not
necessary to break the gasketed ioint
between the mounting flange on the tank
and the nonmagnetic petition.
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GAGE HOUSING MOUNTING SCREW
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FLOAT ARM

FLOAT

RSPLACRNKNT PARTS
When ordering replacement parts. the
serial number found on the nameplate of
the transformer should be given. Address
ail correspondence to the nearest
McGraw-Edison Power Systems Division
office. or the Service Section. McGraw-
Edison Power Systems Division, P.O. Box
440. Canonsburg, Pennsylvania15317.

CABLE GRIP PARTITION MOUNTING SCREW

MOUNTING FLANGE

Rgute 2.
hlbgnetfc IlgUkHbvel Indicator with alarm swltcfL
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GAS Dft'ECTOR RELAY
FOR ATNOSEAL'YPE TRANSFORMERS

c'.

Fly. f detector relay byrteaa Alone a%le diowa cat eH 8 normally terretaated te Hw control housing

GENERAL KLECTPIC
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GAS DETECTOR RELAY FOR ATMOSEAL
TYPE TRANSFORMERS

INTRODUCTION

Thc gaadetector relay warns of the approach of
transformer faults which are precelcd by a period
of gradual dctenoration and gas evolution. The
relay can only be used on transformers that are com-
pletely 61hd with oil (such as those equipped with
htmoseal or conservator oil preservation systems).

The relay, Pig. 1, is mounted near the edge of the
transformer cover so that the dial can be observed
fnnn the gro<md.

The gatdctector relay is uaully shipped in place
on the transformer cover. Occasionally the relay is
removed in order to meet shipping clearances.

DESCRIPTION

Gas generated by an incipient fault willrise to the
center of the domed transformer cover and pass
through tubing to the detector relay.

The accumulated gas forces thc oil down in the
normally full relay chamber. A liquid level gage
(graduated in cubic centimeters) indicates the gas
volume (or volume of displaced oB).

An.alarm switch, withnormally open and normally
closed contacts, operates when 200 oc of gas have
accumulated ia the chamber. The normally open
contacts can be used to close an alarm circuit at. the
200 CC point The switch leads are connected to a

SWITCH

MAGNETIC
COUPLING

Fl OAT
a ~

' ~

~," A

FLOAT
ARM

LIQUID-TIGHT
PARTITION

RECEPTACLE

Fig. 2 Schteotic viaw of raloy ~haniua



GEI-28014D'as Detector Relay

pin-type receptacle. See Fige. 2 and 3. The switch
is rated as follows:

Type el ClrarJt Type et teel Circean Vol»

15$ 10

0.05

Alee''4eeJ
Ct»»tee

~aJ Ceeteet» Ceetect»
so a

A teat valve and petcock are located on the aide
of the transformer control housing, See Fig. 4.
The valve ia connected to the relay Boat chamber,
thus providing a convenient means of obtaining a
gaa sample. The collected gaa can bc tested in
order to determine whether or not a fault is develop-
ing within the transformer. The procedure for
obtaining and testing a gaa sample ia described later.

Fig. 3 Relay receptacle pin location and alarm switch
connections

INSTALLATloN

The gaa4ctcctor relay when shipped separately
must bc assembled and located aa shown on the
transformer Outhne drawing. A pipe plug c!osca
the opening in thc flange on the transformer cover.
%hen installing, proceed as follows:

l. Locate the gas-detector relay as shown on the
transformer Outline drawing.

Mount the relay and relay support (when
furnishcdi with the hardware provided. P!scc
roc,i)oct side of thc support towards thc center

Fltt. 0 Sa»npllno valve ancl petcock with covw retaavect

of the transformer cover. The relay will tip
back eHghtly when inataHcd. Leave the mount-
ing nuts loose until the tubing shown in Fig. 5
ie fastened in place.

3. Install the length of. tubing between the trans-
former cover flange and thc relay chamber,
Refer to the Gae Detector Relay Installation
drawing. Be sure the tubing is straight. Uee
a coupHng to assemble the straight tubing to
the Range cm the transformer cover. See Fig. 5.
Make a minimum bend at the Range coupHng
eo that a constant pitch ie maintained to the
relay, coupHng. It may be necessary to make
a alight bend at the relay coupling. After
connecting the tubmg, and tiglttcning the
mounting bolts, assemble the pipe (or tube)
supports aa shown ua the inetallatioa drawmg. )

4. Connect the tubing between the relay and thc
sampling valve on the aide of the control hous-
ing if tubing or housing was removed for ship-
ment. Make euro tubing ie not kinked or
pinched clc¹ed at any pomt.

5. Remove the protective cep &om the receptacle
on the relay..

6. Install the cable assembly provided. Thc
cable end ie fitted with a pin-type connector.'o not make sharp bends in the cable (radius
should be greater thon three inches'.

I Melee ~ sr!r!ng c."n))ivt)nns Thc con)Lqq!) sue-rs!y

line to thc alarm should bc grounded.
After inst~lli!)g t) c gas doree(or relay, refer to

ins a![at!of) in J"uct)p.)s in ! '.)c lca'flet Qr)r)r'." At



Gas Ihtactor Relay GEl.280749

Lub icate Lightly
with Jelly

TUBE SUPPORT
COVER

FLANGE

RELAY SUPPORT

(when furnished)

TRANSFORNER
COVER

TUBE (use minimum bend,
only at flttings)

3. Close vahe "A and petcodc '%" and remove
the syringe,

4. System is mm pchned (faH of oB). Indicator
should read sero cc;

S. Replace syringe (after cieamng; refer to 'Main-
tenance") in its amtainer and fasten the sampl-
ing valve cover in place.

SAAlPLING

The rate of gas accumulation m the gaadetector
relay is an indication of the magnitude of the fault.
Should suEicient gas accmnulate to give an alarm, a
sample is removed and armlysed as described in the
foHcering paragraphs. The remaining gas is ez-
hausted frocn the relay and the length of time noted
to obtain a second alarm. Repetition of this pro-
cedure willshow the mag&buh of development of a
fault. Depending upon the results, orderly arrange-
ments can be made to rcmove the transformer from
service before a failure occurs. In this manner

danmge can be mmimi"cd and the mo t conve"..ient
time for inspection and repair selected. Note that
if installation or servicing has occurred within theFig. 6 Syringe with flame check clarice attached

Fly. S Outline oE tytrtcol relay tnrtalkrttan on tronrioraer ~
moseal OB-Preservation System" whkh cefcra to the
gas detector relay in its mstallation pcocohua The
oilchamber ofthe detector rebgr must be allomck
to 611 during the mitial oil Slling of the htxnosea1
expansion tanlc before the airce11 in the tanlc has been
de8ated.

The system can be primed using the syringe as a
suction pump. See Hga. 6 and 7.

1. Insert syringe petcocic: "C" into petcodc "B",
opening the petcock and valve "h".

2. Using the syringe as a suction pump; withdraw
air from the line (and relay chamber) until oil
appears in the syrn~ Close petcoclc "B" to
maintain the system each time the syringe is
removed to eject air.
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r--
C

VALVE A PETCOCK 8 PETCOCK C.

Fil. T Taking gas saetsle

precedmg two week period, air may'ave been en
trapped.

ObTAIMHO OAS SAMPLE

The gas sampHllg device collsista of a grad~
uatect syrmge ot 50 cc capacity and a aeparable
petcock, see Pig. 6. The syrmge petcock haa an
externally tapered end, designed to be inserted into
the matching petcock on the sampling vabre assem-
bly, assuring a leakproof joint between petcocka that
can easily be made and broken. Make sure both
petcocks are closed anytime that the syringe ia re-
moved from the sampling valve.

Refer to Fig. 7 and proceed as foHowss

1. Insert the cloaed syrmge into petcock "B".
2. Open valve "A",petcock "B"and petcock "C"
3. Pill the syringe.
4. Cloee both petcoda and remove the syringe.
Repeat the above 4-step procedure until approxi-

mately 10cc of gas appears in the syrinip'hen
expel the contents of the syringe and withdraw a
50 cc gas sample for testing.

As many 50 cc gas samples can be withdrawn aa
required for making the tests, however, the system
should be restored tc its "primed" condition in order

'o

observe any further accumulat ion of gas on the
indi«ator.

Prime the system as described previously under
"Installation".

TISTlNO OAS SAMtt%

CombcsstlbiBty Test

Test the gas for combustiMity by obtaining a gas
sample as described under 'Sampling".

Afterobtaining the gas sample and before perform-

I'.c

Fig. 8 Method of testing gas for com6vsti6ility
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ing the test for combustibility, it is necessary to have

a Same check on the syringe to prevent possible Sash

back. A Same. check device will be found stored
along with the sampling syringe. Attach the Same

check device to the tapered syringe petcock and test
the gas sample as follows:

Hold a naked Same j-inch beyond the Same check
device and expel 2 to 5 cc of gss into tbe Same.
See Fig. L If tbe Same brigghtens, the gaa is com-
bustible and indicates the presence of an electrical
fault. CAU1'ION: PROPER SAPEFY PRE-
CAUTIONS MUST'E OBSERVED W'HBN US-
INO AN OPEN FLAME IN A POTENTIALLY
HAZARDOUS ATMOSPHERE. If the gas is
not combustible, it is air.

To prevent swelling of the rubber in the syringe,
dean thorougldy as described in the "Syringe" para-
graphs under "Maintenance." Replace the syringe
'n the container and fasten tbe samplmg valve cover
in place.

Chemical Test

Prepare a solution ofpalladium chloride by adding
approximatelv 0.1 gram of nalladium chloride to
100 cubic centimeters of water. Filter the solutiaa
thm~h coarse laboratory filterpaper to remove any
!esktue.

Before cawing the cbcmica1 test which cmsists
of buNing pa through the sohtion, it is recom-
maxled that some means be used to reduce the else

of the gas bc&Mes eqaged &ocn tbe syringe petcock
For instance, a meHchm dropper Npmese-bulb with
its chad end pierced by a pm can be placed over the
end of the petcock,

Sulmesge the end of the syringe in the palladium
chloride sohxtim and expel tbe gss slowly untQ the
syrinae is empty. See Fig. 9. Tbe sohrtioa reacts

any of the main cclstitnenisof arc-formed gases

gqrchc~ea, carbon nMmoxxie and acetyhae) to fixm
a Bndy divided black precipitate withinthree to four

these gases are present (apprcximately ten percent of
the total volume), a darkenmg of tbe'otutioa con-
stitutes a positive test

Ifany doubt exists about whether or not the test
is positive, withdraw asmther gas sample and bubble
it through the same solution.

To prevent swelling of tbe rubber in the syringe,
dean thom~hly as described in the Syringe" para-

ha.tbe container and fasten the sampling valve cover
ia place.

MAlNTKNANCI

Little maintenance ~ noanally be required. It
is desirable to make an occasional inspection to check
extenm1 coamectioas. Also inspect the relay after
it hai operatcxL

TISllNO ALARAL CONTACTS

To test the operation of the alarm contacts, pro-
ceed as foQeear

~ g )

V ~

Fig, 9 Chemical test of gas sample

1. Open valve "h"and insert gas.sampling device,
with the syringe fullof air, into petcoclc "B"

2. Open petcocks "B" and "C" and pump air
through the test valve and "up into the gas

chamber.

3. Close petcock "B",remove device and recharge

with air.

4. Repeat operations 1, 2, and 3 until the:Soit
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chamber is fillewith air and the alarm switch
has operated.

$ . Restore the system to its oil Sled condition by
withdrawing the air and priming the system as
previously described.

SYRNOg

After each use, dean the syringe thorougldy and
replace carefu~ in the box on the mside of the
astrol bears'mg door.

Clean the syringe with noa-leaded gasoHne or with
naptha. Remove the rubber and dean it thoroughly

~,

inside and outside in order to prevent swelling due
to the transformer oil. Allow the parts to dry.
Coat the'rubber with silicone oB before reassembling.

erve proper s ety precau
tione when using the soIvent, due to possible
toxic or ex loeive characterieticee

The sy'ringe and petcock can be obtained from
moat medical supply finas, if it becomes necessary
to replace them. The aggjage ~fr==No. HLQN

POWER TRANSFORMER DEPARTMENT

GENERAL '' ELECTRIC
P1T T S f lEL1.'ASS.

amftW Alnted In V.S.A.
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$00,910 Series

Rapid Pressure
Rise Relay

FEATURE$
,. ~ High sensitivity and repeatability in response to fault

pressures.
~ Temperature compensation for consistent performance

over wide temperature variations. (Standard Relay
operates from -40'o 180'F. Special low temperature
models available.)

~ Balanced system inherently resistant to shock and
vibration.

~ Smalt size and low silhouette.
~ Easy installation via flange or thread mounting.



APPLICATION
Internal arcing in oil filled power
transformer tanks generates exces-
sive gas pressures that can se-
verely damage equipment and pre-
sent extreme hazards to operating
personnel. The Qual!TROL Rapid
Pressure Rise Relay, when
mounted on the transformer, min-
imizes the possibility of such oc-
currences by detecting rates of
pressure increase in excess of the
safe limits established by the
transformer manufacturer. When
such conditions are experienced,
it will initiate an electrical signal
for circuit.breaker operation to
d~nergize the transformer and
institute an alarm if desired.
The 900 Series Relay is calibrated
for use under oil and the910Series
foruse in the gas space. The design
of both Relays is such that they will
not be actuated by normal pressure
variations caused by temperature
change, vibration, mechanical
shock, or pump surges. The Relay,
as mounted on the transformer,
can be subjected to fullvacuum or
20 psi positive pressure without
damage.

OPERATION
Please refer to Figure'1.
Changes in transformer internal
pressure deflect the sensing beh
lows and responding control bel-
ows that are part of a sealed sys-
tem filled with silicon oil. A small
orifice in the line of one of the
control bellows, whose effective
area is varied with temperature
by a bimetal strip, causes differe-
ntia deflection of the two control
bellows. The resultant cocking of
the actuator linkage trips the elec-
trical switch at unsafe rates of
pressure rise. When the two con-
trol bellows again reach equilib-
rium, the electrical switch auto-
matically resets itself.

INSTALLATION
The 900 Series Rapid Pressure Rise
Relay (mounted under oil) is sup-
plied with a bleed valve located on

~ top of the housing. After the Relay
is securely mounted and exposed
to oil, the bleed valve should be
opened long enough to allow one-.
half'pint of oil to.flow„out. This
will,insure that ail air bas been
purged from the lower cavity and
the sensing be!!ows is exposed to
only insillating fluid.
This procedure is not necessary Ior
the 910 Series (mounted in the gas
space].
Ail units used .n the horizontal
positior raus', ae installed with
;ne e'eall lcai zol'rico(or polilted
err ninhr rrt num

aloctrtcai Switch

Aciwtor

P

FIGURE 1

ActwtorUnaaoe

Control tet lowe

Connector

Control eel toure

aeneinO Fluid Manirold

Weed Valre

WtloonIfluid

aenotnO eel lowe

Iit atometer Drain Hole

Media ae»tno Chamber

FIGURE 2
~0222une OAia~

00 0

/ /
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TESTING
SKT Ut
1. ~rgize the Rapid Pressure Rise
Relay control circuit and remove the cable
plug from the unit.
2. Connect the test light Io pins "A" and"C" in the electrical connector.
3. Remove the I/,e- pipe plug train the
cover of the Relay and Install a cross con-
nector In the tapped hole.
4. Connect a 0 - 5 pai preaaure gage lo the
top of the cross and a squeeze bulb to the
other side, using rubber tubing Itnecessary.
5. It there ia a 2/a" NPT breather plug In the
Relay hous(ng, remove It and replace it with
a solid pipe plug af the same size.
B. If there Ia a drain hole situated near the
base of the hous!ng, plug this hole with a
small tapered rubber plug.
T. The objective ol this set up is lo prevent
any air from escaping the housing while the
test is being conducted. To insure this. be
positive that the system is airtiqht when the
set up ts compiete;
OPERATINQ PROCEOURE
I Piece fihaer aver the aaea cort of the
cross cannecto. and operate!he squeeze
bulb Io attain lest pressure (300-3,25 psi lar
90G Series) iz 50.2.r 2 psi Iar 910 Series)

on the gage and hold lhia pressure for 30
seconds minimum by squeezing the bulb
as necessary.
2. After 30 seconds, remove linger quickly
from the open port, allowing the air lo
escape rapidly from the Relay housing. Il
the teat lightglowa, the Rapid Pieaoure Ride
Relay io withinepecilicatlon lor this portion
ol the teat. If the test light does not glow,
several more attempts shoud be made lo
verify operating procedure. If the light bulb
still fails to light. the Relay is not within
specification.
3. Walt one minute for Relay mechanism to
stabilize.
4. Next, place finger over open port again
and operate the squeeze bulb to attain test
pressure (1.25-1.50 psi for 900 Series) (.75-
1.00 psi for910 Series) on the gage and hold
Ibr 30 seconds minimum by squeezing the
bulb aa necessary.
5. After 30 seconds, remove finger quickly.
allowing air lo escape rapidly f.om the
Relay housing. If the test lrqht does not
g/Ow, the Aepid Pressure Rise Relay rz //rfh-
in speci%'cation lor this oartiort ol Ihe resi.
II!he test Iighl does giaw eeverei mnre e:-
tempta should be made '.a vcaly --"era'. ~9
procedure. It the light bulb still canlincea IC
right. Ibe Relay is rol wilhir s "e;... dI;n

/ /
/ // /

el 'e 02 Oa ai OO QI 0 ~ I 0 20 00 QO ree
oronAnorI tlue ie~
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'/ie NPT
PIPE PLUG

o
'/i NPT VENTEO PLUG

0,
4 B.C. N.O~C

COM.

,i 0
3 I875

ACRO55
FLATS

/j4 NPT PIPE PLUG

N.C. B
INTERNAL

WIRING DIAGRAM
3.5

2 578

CIA,.~

%8 HEX
BLEED VALVE

tt ) 3H)"-t(j~ 7.953 MAX. 6.000
I

I'I FLAT
LENGTH

1,25

P ~ HEX
BLEED VALVE 2'$ NPT

FLANGE MOUNT THREAD MOUNT

MODEL

MOUNTING

90IMI&01

Flange Thread Thread Flange

90M0441 91040&01 910-00&01

APPLICATION Oil Space Oil Space Gas Space Gas Space

DISASSEMBLY
1. Reverse the "Set Up" procedure de-
scribed In steps 1 through 7.
2. If any Rapid Pressure Rise Relay falls to
perform as specified above, it should be
returned to the factory for examination.

TEST LIGHT TQ TERMINAL"A"
WITH BATTERY

PRESSUAE GAGE

CROSS CONNECTOR

TUBINGAOAPTQR

SQUEEZE
BULB

Part Number
CON~1
CON~2
COhH33M
CON~
CON~5
CON~
CON~7

2 feet
3 feet
B feet
5 feet
4 feet

B feet
7 feet

CON-630 SERIES
A mating connector and cable assem-
bly is available from QualiTROL.

TO TERMINAL"C"
RAPID

PAESSUAK
RISK AELAY

WHITE

CON~
BLACK

15 feet

900 Series

3 00-3.25 psi

910 Series

2.50-2.75 psi

TEST PRESSURE'ESULT

Light bulb
should light

B

AEO OA
OAEEN

~ av ~,vs ~ Vl . b I..'upsI

'Not !o BicetBC -'6 I'.sl

i ight oulo
should not light



SEAL-IN RELAY

QualiTROL Series 909 Seal-in Relays are
designed for use with QualiTROL 900 or
91 0 Series Rapid Pressure Rise Relays to
provide an electrically maintained con-
tact after operation of the protective
device. The Seal-in Relay provides one
SPDT contact and one SPST, normally
open. contact which switch upon Relay
operation and are maintained electrically
until the Seal-in Relay is released by
pushing the reset button.

One version of the Seal-In Relay is
designed lo operate from standard sub-
station DC voltages of 24, 48, or 125 volts.

A second design can be connected
Io operate from 115. 220 or 230 VAC,
50 HZ or 60 HZ. This flexibility allows
the user to stock only one or lwo models
to satisfy requirements for a variety of
applications.

Each QualiTROL Seal-In Relay utilizes
components selected Io reduce en-
vironmental problems and provide re-
quired product life. All external con-
nections and internal reconneclions are
made on screw type terminal blocks
capable of accepting up lo ff14 AWG
wire.

SSX.SEAL IIIRELAY
Al&ESISTOA
RT&ESISTOA
ICHIESISTOR
EERY EEET SWITCN
CW4VIIOESUPPAESSOA

MODEL SERVICE

AAPIO PRESSURE RISE RELAY
SERIES 000 OA SIO

T 1

909-007-01 24. 48. or 125 VDC

909-008-01 115. 220. or 230 VAC

909-QQ4-01'4. 48. or 125 YDC

909-005-01'15, 220. or 230 VAC
" Special Hermetically Sealed Relay

I
I

I

LE

Al

oo
0

C

ggzag)C~
$ ~l

g OIA (TI

II
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CUSTOM
POWEA
SUPPLY

A WORD ABOUT
QUALITROL
The QualiTROL Corporation, over
the last 30 years, has become a
leader in supplying pressure, liq-
uid level and temperature controls
primarily to utilities and electrical
equipment manufacturers. We
have established a reputatlon for
quality and reliability within this
group of customers and are grad-
ually establishing the same repu-
tation within other industries. A
team of engineers is ready to ser-
vice your immediate or future con-
trol needs. CalI us.

TO ORDER, OR FOR QUOTATIONS, SPECIFY
I. Model numbers

II. If model numbers cannot be determined:
A, Rapid Pressure Rise Relay

1. Application
a. Gas Space
b. Under Oil

2. Mounting
'.

Thread
b. Fiange

B. Connector and Cable Assembly
1. Cable length (even foot lengths only)

C. Seal-In Relay
1. Power source

a. Alternating current (AC)
b. Oirect current (OC)

O. Any special environmental or operating conditions.

~ A

Or )IC '65

1365 PAIRPORT ROAO ~ FAIRPORT, NEW YORK 14450 ~ (j16) 566-1515 ~ TWX 510.254-1611

PnnEOIT In IJ,A



Mt,GtIAMtjlsON
Power Systems Division

~ Bushings
Vype PA
Installation and Maintenance Instructions S315-10-1

Service Informatfots

1

1

~ ~ ~ ~ 1

1

~ ~ ~ ~ 1

~ ~ ~ ~ 2
~ ~ ~ ~ 2
~ ~ ~ ~ 2
~ ~ ~ ~ 2
~ ~ ~ ~ 3
~ ~ ~ ~ 3
~ ~ ~ ~ 3
~ ~ ~ ~ 4
~ ~ ~ ~ 4

TOP TERMINAL

EXPAN CION CHAM PER

ILoLEVELGAGE

FILUNG PLUG
(located opposite
the gage)

UPPER PORCELAIN

OIL~MPLINGAND
PRESSURIZING DEVICE
lnnt shown)

LIFTING EYE

CAPACITANCETAP,

CONTBNTS
General.
Shipping.
Initial Inspecthn..............
Identlfhathn Records.........
Handling Upon Receipt........
Preparing a Bushing for Storage.
Instal(athn. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

EItscttfcal Connections.........
Fixe@Conductor Connect(ons.
Draw<cad Connections......

External Une Connecthns......
Capac(tance lhp o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

Pow~ctor Teeting o ~ ~ ~ ~ ~ ~ ~ ~ ~

Maintenance. ~ ~ ~ ~ ~ ~ ~ ~

GBNBRAL
The McGraw-Edison Type PA apparatus
bushing (Figure 1) is a condenser bush-
ing insulated with oil-impregnated kraft
paper. Aluminum foil layers in the insula-
tion distribute electrical stresses and pro-
vide voltage gradients. The shell porce-
lain and the center flange section of the
bushing are clamped together under the
pressure of multiple springs in the expan-
sion chamber. These springs maintain
proper pressure on the gaskets to assure
a permanent seal under varying operating
conditions.

Oil level in the Type PA bushing is
adjusted at the factory and set at the nor-
mal position (see Figure 2) on the oil-
Ievel gage at an ambient temperature of
approximately 25 C (77 F). The oil level
should remain virtually unchanged for
this temperature throughout the lifeof the
bushing unless the bushing is damaged
sufficiently to cause oil leakage. The top
of the expansion chamber is filled with
nitrogen applied at 5 to 10 psi to keep the
bushings continuously pressurized while
the oil level fluctuates due to changes in
ambient and operating temperatures.

INITIALINSPBCTION
Immediately upon receipt of a bushing-
preferably before unloading-thoroughly
inspect the bushing forchipped orcracked
porcelain and oil leakage.

Should there be damage. evidence of
rough handling in transit, and/or shortage.
notify-and filea claim with-the carrier at
once. Also notify McGraw-Edison Power
Systems Division, Canonsburg, Pa. 15317.

IDBNTIFICATIONRBCORDS
Retain complete identification records
for each bushing:

~ Serial number.
~ Type, description, and rating.
~ Allpertinent instructions and drawings.
Accurate and complete identification

—including serial number, catalog num-
ber and rating-should accompany any
reference or inquiry about a bushing to
McGtawEdison Power Systems Division.

HANDLINOUPON RBCBIPT
Ordinarily, handling relates to a bushing
immediately upon its receipt. However, if
the bushing is moved or is out of service
for an extended period of time, applicable
portions of these instructions must be
observed.
1. Uncrating

A. Pry open the top of the crate.. Be
extremely careful to avoid damaging
the porcelain and other bushing
parts.

2. Lifting.lMOUNTING FlANGE

GROUND SLEEVE

~LOWER PORCELAIN

LOWER TERMINAL

DRAIN PLUG lin lower
face of terminal)

Rgure 1.
7ttphal McGrawEdlson 7tfpe PA bushing.

Rgure 2.
IHagneth oIHeval gage shovtfing nomai
oil leveL

Each Type PA bushing rated 115 kV or
higher is equipped with a capacitance tap
(a tap to one of the foil layers in the insu-
lation) for connecting a potefttial device..

SHIPPINO
Each Type PA bushing is packed in the
horizontal positicn-braced and blocked
at the center lfange to prevent tnovement
during shipping-in an indivtdual crate.

CAllTION
Since the Type PA bushing is top-
heavy. the balance force required in
lifting the bushing may be as much as
one-third its total weight.

115
138
161
196

'Add 20 to 4OIII fOr Crating,

855-
875
925

1525'OTE;

For applications above 196 kV
refer tn the bushing outline drawing
accompanying the equi pmeflt,

A. Use the following table as a guide
for the capacity of the lifting rig re-
quired to lifta bushing:

Net Bushing tfVsfght
ab')

These ih structioos do not claim to cover alt details or variations h the equipment. procedure. op process de >ctibed. rnp io provide direc.':nns
/or meeting eve. y possiple cnntirIgercy ouring irstat.'ation. operation. or naihtenatice. when addi!:nna.'Itorma!:or Is des '.d tc caus.'y a

proofen not cnverea su!'.TCIent:y tnP the user'S puPPOSe. please contact your A(cGfaw-Edhsoo Pc'd'or Sys:nms Gi.T.".inn S S'eS er'„icieef

Tooo IoAoowl oooo ~ APE o EO" noopcopIoR '1 ' CL



~ ~ ~

~ ~

~ ~
~ ~

~ ~ ~ ~ ~

~ ~

~ ~

~ ~~, ~
~ ~

~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~
~ ~

~ ~ ~

~ ~ ~ ~ ~ ~
~ ~ ~ ~ ~

~ ~

~ ~ ~

~ ~ ~, ~

~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~

~ ~ ~ ~

~ ~

~ ~ ~

~ ~ ~ ~ ~

~ ~ I ~ ~

~ ~ ~ ~ ~ ~ ~, ~

~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~

~ Os ~ ~ ~

~ ~ ~ ~

I,
~ ~

~ ~ ~ ~
~ ~

~ ~

~ ~ I ~ ~ I ~ ~

~ ~

~ ~ ~

~ ~ I:
~ ~

~ ~ . ~ ~

~ ~ ~

~ ~

~ ~ ~

~ I ~ ~ ~ ~ ~ ~

~ ~ I ~ ~

~ I

~ ~ I

I ~ ~ ~ I ~ ~ ~ ~ ls ~ ~

~ ~ ~ ~ ~ ~

I ~

~ . ~ ~ ~ ~

~ ~ I ~

~ ~ ~: ~ ~ I ~ ~

~ ~

K ~ ~ I

~ ~

~ ~ ~ 4 ~

' ~

~ I ' 0 ~ ~ ~

~ 1 ~ ~

~ ~ Fi ~ I ' ~ ' ~

~ ~ ~I ~ ~ I ~ ~ ~ ~ ~ 0 ~ ~ &I~

~ ~ I ~ ~ ' ~ ~ I ~ J I
~ ~ ~ ~ ~ ~ ~

~ ~, ~, ~ \ ~ ~ ~, ~ ~

~ a I ~ ~ ~ ~ ~

~ ~ I ~ ~ ~ ~ ~ . ~
I ~

~ ~ ~

I ~ ~ ~

~: ~ I ~ ~ ~ ~

.' ~ ~

~ A%II ~

~ ' ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~

~ PI I ~

~ ~

~ ~ ~ ~ ~ I' ~ ~

~ ~ ~ ~

~ ~ ~ ~ ~ ~ '

~ ~ I'

~ ~

~ ~ I'
~ ~ ~

~ ~

~ ~

'

~ ~



S 315-10-1

345 1 ~

2-
3

iJ

2 i
1

115-kv, 1384V, 161-kV RATINGS

115-kV. 138-kV, 161-kV RATINGS

1 2 4

J/JJ~/

2 1

196%V RATING

1,Curved. tinpiated contact surface of
tower terminal.

2. Eight 3-13 tapped holes on 6N~n. bolt
circle for terminal fitting or corona shield.

3. ~~sweden adapter ring lused for corona
shield and terminal fitting) locked in posi-
tion with setscrew.

4. Four 5-16 tapped holes on W~n. bolt
circle for corona shield of draw-leatf
bushings.

5.Porcelain shell of bushing sealed to
terminal.

6. Stop gasket.
7. Sealing gasket

e Rgure 5.
Lower terminals and bolting ffangee for
ffxec&conductor bushings rated 1200,
1600, and 2000 ampa

1. For a d~ead bushing, a dravdead
cable is passed through the central
tube of the bushing and a connection
is made between the topend terminal
and the apparatus. The upper terminal
and the lowerwnd shield constructions
are shown in Figures 6 and 7. The ter-
minal and lead are normally made up by
the transformer manufacturer. A draw-
lead bushing is equipped with a corona
shield (Figure 7) on the (ower terminal.

A. To install a draw-lead bushing:
(1) Unscrew terminal cap 7 (Figure 6).
(2) Remove anchor pin 2 and terminal

stud 6 (Figure 6).
NOTE: Terminal adapter 3 is not re-
moved unless the bushing is being
converted for fixecRerminal use.

(3) Determine the exact required
length of the draw lead.

1. Lead pulling eye.
2. Terminal anchor pin.
3. Adapter flange held

with'ix5-16 capscrews.
4. Nitrilebring gasket for adapter.
5. Nitrileming gasket for terminal.
6. Copper draw4ead terminal with hole

for crimp connection.
7. Tin plated copper terminal.

Rgure 6
Top termfnai for drawleecf bushing rated
up to 800 ampa

. (4)Crimp. braze, or sweat the lower
end of terminal 6 to the draw lead.

(5) Pass a wire or cord down through
the bushing and attach the wire or
cord to the top of the terminal using*

lead pulling eye 1 (Figure 6).
(6) As the bushing is lowered into place

on the apparatus, pull the lead
through the bushing.

(7) Lock the lead into position by re-
placing anchor pin 2 through the
holes in the terminal stud and the
adapter fitting.

(8) Replace terminal cap 7 (Figure 6)
with its o4ng sealing gasket 5.

NOTE: The gasket should be lubri-
cated with a thin coat of oil or silicone
grease.

(9) Tighten terminal cap 7 with a torque
of approximately 50 ft-lb.

RXTRRNALLINECONNECTIONS
When connecting the bushing to the line
or external circuit, make sure the line
and bushing terminal connections are
clean and tight. The line span should be
short with sufficient flexibility to avoid
mechanical strain due to expansion or
contraction of the line or from wind loads.

196+V RATING

1. Corona shield.
2. Lower terminal.
3. Four %-16 capscrews.
4. Four 5-13 capscrews.

'gure7.
Corona shields for lower terminals of
drawleed bushings.

CAIsACITANCRTAP
A capacitance tap is provided on each
McGraw-Edison Type PA bushing rated
115 kV or higher. The tap is accessible
in a small chamber just above the mount-
ing flange (Figure 8). This chamber is
closed by screwedon sealing cap 8 (Fig-
ure 8) with an internal grounding contact.
lf the bushing is to be operated with a
potential device, the ground must be pro-
vided in the device.

NOTE: The capacitance tap is also used for
checking the bushing power factor.

The capacitance tap outlet dimensions
and voltages of McGraw-Edison Type PA
entrance bushings permit the use of GE
Type KA-108 potential devices with high-
voltage cables having 2.250-12
thread edmund connections. To use
Westinghouse PBA-2 potential devices,
Westinghouse adapter 30230&401
must be used.

WARNINO
The Type PA bushing must not be
energized or operated unless the
grounding cap is in place or a poten-
tial devicewith a grounded impedance
network is properly connected. Spe-
cial procedures apply to power factor
tests.



To connect the bushing to a potential
device:
1. Unscrew sealing cap 8 (Figure 8). (Ap.

proximately /< pint of oil willdrain from
the housing).

2.Connect the potential device cable
tightly in place.

3. Remove filling-hole plug 3 (Figure 8).
4. Fill the housing with cable compound

(GE A13A1B2 cable compound or
transformer oil), leaving an air space
of about I< in. over the liquid.

3 4 5 B 7/

1. Insuhtor sealing gaskets.
2. Threaded sealing ring.
3. Filling plug.
4. Porcelain insulator.
5. Cap oring gasket
B. Tap contact finger.
7. Grounding contact clip.
8. Screwtxkce sealing cap.

Rgure 8.
CapecftoHap oust assombfy.

CAUTlON
Oo not remove tap contact finger 6
(Figure 8) of the capacitance tap.
Removal of this contact finger will
cause oil leakage from the bushing.

PO'(f(fFR-FACTOR TESTING
The power factor of a McGraw-Edison
Type PA bushing when it is shipped from
the factory is not in excess of 0.609,'.

ifpower-factor readings are to be made
in the field as periodic checks. it is rec-
ommended that a reading be taken imme-
diately after the bushing is first installed.
This reading-which may differ from the
factory value-will provide a reference
for future comparative data.

NAINTRNANCE
Under normal operating conditions, a
McGraw-Edison Type PA bushing re-
quires only a minimum amount of main-
tenance:
1.An occasional cleaning of the porce-

lain.
2. Acheck of the oil level.
*Ascheduled power-factor test.

In exceptionally contaminated (dust-
or salt4xfened) atmospheres, all exposed
bushing surfaces should be cleaned at
regular intervals to prevent an accumu-
lation sufficient to cause corona or
ffashover.

Oo not attempt to disassemble a
bushing in the field. Special bushing jig.~
and fittings-available only at the factor~or in an especially weil~uipped shop-
are required.

Powerful springs in the oilwxpansion
chamber. capable of maintaining gasket-
seating pressure under varying operating
conditions. are preset and locked at the
factory. They need no further adjustment.

The oil<rain plug under the bottom
terminal, the oil-filling plug in the ex-
pansion chamber, and the sampling and
pressurizing fitting on the flange should
not be disturbed.

Any oil leakage from the bushing (evi-
denced by the oil-level gage) indicates
the need fora major inspection-and pos-
sible disassembly of the bushing. This is a
shop job.

Should the bushing be subjected to
damage of any kind, details of the type
and extent of damage should be re-
ported to McGraw Edison Power Systems
Division, Canonsburg, Pa 15317. Do not
attempt to repair a damaged Type PA
bushing without consulting McGraw-
Edison for a recommendation.

'

M(lIAWfllISIIN ~
Power Syateme Division
Poet Office Box 2850
Pit.tL~ rsh. PA 1 5230



Type PA Apparatus Bushings
With Prismatic Oil-Level Gages

lNcSINIC40I80N

Power Systents Division

S315-10-1
Service Information

EXPANSION CHAMBER

AMBER

=-= RED:=
OIL LEVEL—
NORMAL

OIL LEVEL-
LOW, WHEN
BELOW BOTTOM
OF GLASS

t Figure 1.
Prfsmatlc oil level gage.

GLASS
PRISM

RED
REFLECTOR

McGraw Edison Type PA bushings
with prismatic oil level gages are ad-
justed at the factory to the normal oil
level at 25 C (77 F). The oil level should
remain unchanged for this tempera-
ture during the life of the bushing
unless the bushing experiences
mechanical damage.

Slight variations in the oil level will
occur due to temperature changes.
Therefore, the top of the expansion
chamber Is filled with nitrogen gas at 5
to 10 psl to accommodate the result-
ant oil volume changes and eliminate
voids.

Actual oil level can be observed on
the prismatic oil-level gage as in-
dicated in Figure 1. The oil level is at a
satisfactory height as long as the oil
level can be seen in red on the face of
the glass prism. Low oil level Is in-
dicated when the red color has disap.
peared. The glass prism will appear
amber In color over its entire surface
area when oil level is low.

NOTE:When the oil level ls low, the
bushing should be examined for a possi.
ble oil leak since continued loss of oil
could result In an electrical failure.

thatch 1979 Suptuso.des st "4 Power Systems Oivi><on
p.O. Bnx ac ~.)

Pl tta burgh, Pa t i2 SO
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Power Transformers
Removing and R lacing Welded~
Tank Covers and ons

MfSINIIIII
Power Systems Oiviaion

S210-05- I

These instructions cover in-the-field re-
moval and replacement of weldedwn tank
covers and sections of core-form and
shell-form transformers.

TANKCOVERS ANDSECTION
JOINTS
Conform transformers usually have flat
covers welded to flanges on the tank. The
joints vary in design depending on the size
and type of transformer (Figures 1 and 2).

Large c~orm and shejldorm trans-
formers have tanks that may be split for
shipment, but the joint is essentially the
same, occurring at-or near-the top ofthe
tank. usually above the oil+eel line.

A" x 1"
HEAT-RESISTANT
TAPE

'/i"OIA
HEAT&ESISTANT
ROPE

TOP ANO BOTTOM
JOINTS SIMllAR

Rgure 3
Typical sactfoA joints of shaN-form trana-
formerL

A"x1"
HEAT-
RESISTANT TAPE

PRIPARINO A TRANSIFORIIRR
fOR DISASSKMSLY
Suitable oilhandling equipment is required
to lower the oil level in the transformer to a
point where the transformer can be entered
and all connections with the cover can be

burning out the jointa The gaskets act as
arc or flame barriers and provide a partial
seal for inert gas during the welding or
cutting operation.

WARMINO
Before entering a transformer to make
disconnections, nitrogen-which will
cause suffocation-must be flushed out
with air until the oxygen content of the
transformer approaches pure air
(20.99%).

disconnected.

of smaler co~orm Allshell-form and some split-tank, core-
ttmsfoAAera. form transformers must be completely

drained so that all cooling and other con-
nections that bridge section joints can be

sign, she0-form transformers are made in
three sections with joints as illustrated in lf the joints of o&IMMnsfom~ ~
Figure 3. The cote and coils areassembied to be~ cut MM qe~ pu gi
in the bottom section, the core resting on
th ~ofthis~ ~toth ~, 1. Lowertheoilsufficienttytoenterthetank
arid coils requires the removal of the top or v

both top and centersectiorls depending~. 2 Resoal the tatlk aAd purge weal flitfogen.
the requited exposureof thecoreand coikL'-

By Atmoving the top section alone ~
piete access is gained to the tap changer r condjtjoA with the efflcieAtuse of tlitto
andbusconnections.BothsectfoAjofntsot: = g
a shell form transfotmerarebekxttoiflevef. 4 Asthecooflngconnectionsareremoved,

Heat~istant gaskets iAall cover and temPo~ y s the op i gs in the
section joints facilitate safe welding or

Equipment
1. A heavy pneumatic hammer.
2. A3/8-inch diamond-point chisel.
3. A 1/8-inch diamond-point chisel.
4. A flat chisel with a slight (1/64- x 1/8-

inch) bevel. ground back from the cut-
ting edge on the flat side.

5. Protective gloves and safety glasses.

Procedure
1. Cover all tank openings to prevent

efltfance of chips.
2.Apply a lubricant (oil or grease) to the

joint
3. Directing the long point of the 3/8-inch

chisel to the root.of the joint as shown
in Figure 4, cut along the. fusion zones
of the fillet (flush with the horizontal ~

but slightly back-up to 1/8 inch—of
the vertical face of the fillet):

4.Using the 1/8-inch chiseL clean out
the weld at the root where the weld
may have penetrated behind the
fusion line.

S.Before breaking the seal, chip the
joint with the flat chisel, making the
joint ready for rewelding.

LWipe away all loose chip particles so
that none can fall into the transformer
when it is

opened.'.

Match-mark or key the position of the
adjoining parts so that they can be re-
tumed to the same relative position
when rewelding..

NOTE Matching the position of theadjnin-
ing parts is especially Irnpottant in contour-
deaign tanks bacauae there are usually rigid
pipe cxenactkxe bridging thaaa Inints and
these connecbona requite very dose align-
ment.

~ 4p

w~,

HEAT~
RESISTANT TAPE

Figure 2
Typical cover joint of larger core-form
transformers.

RRQOVINO AWOLD
. SY CNPPINO
Removing the joining weld of a cover or
tank section by chipping does not require
purging the tank, but the process is rela-
tively slow.

Figure 4
Positioning a diamond-point chisei for
chipping a weld.

These inatructinnl dn nnt ctaim to cover att details or variations in the equipment procediire. or process descnbed. ini ."! p:cv;~, ia„..
!irma toi'eaiinn every nnssibla contingency during insta/.'ation. operation. or maintenance. When additional inlnrma!inn is de~ ion a sat.
atty a pinbiem nni cnvafad sulficientiy /nr thn usar's purpose. pittase contact your irfcGraw-Edisnr F'nwar Systems G:vi;;.i;.. sy;:i...""i~~

Nn;embar SE2i 8 petsedaaS/60



8. Drive the flat chisel directly into the joint
to crack the seal.

NOTE: A lifton the cover or tank section will
help Io break open the joint.

9..Lift off tho cover or tank section very
carefully to avoid damaging the internal
assembly.

CAUTION
It is especially important that the center
section of shell-form tanks be lifted
evenly-straight up—because clear-
ances to the core assembly are very
small and damage could be caused by
poor lift.

RBIIOVINOA WELDBY
BURNINO
Opening a welded joint by gas cutting
(burning) is safe and fast if proper precau-
tions and procedures are followed. Gascut-
ting is especially suitable for larger trans-
formers where the welds are heavier.

WARNINO
When burning outaweldjointorreweld-
ing a joint, all tank openings must be
sealed and the gas space purged with
nitrogen. The oxygen content must be
reduced to a value not exceeding 3%,
The tank must be kept under positive
pressure-up to one psi-so that there
willbe an outward flowofgas at leakage
points in the weld joint. The transformer
must be under continuous inert~as
pressure when weld joints are cut open.
Gas pressure should be held on the tank
for two or three minutes after the weld
cutting has been completed.

During cutting and welding opera-
tions, fir~xtinguishing equipment
(COais suggested)-and themanpower
to handle it-must be on hand.

Another recommended safety pre-
caution is a wet heat-resistant blanket
for extinguishing spot fires that can
start because of residue oil in the joint
seeping out and becoming ignited.

In the bumingwutoperation,as�ase-
ction�burned out, pack the jointwitha
paste made of high-temperature Quik
Cote cement oi equivalent. and water
to control spots of burning oil and to
help seal gas leaks.

As more and more weld is cut out in
the burning operation. it becomes in-
creasingly difficultto maintain a positive
gas pressure: however. a safe, positive
pressure must bemalntalnedatall tfnwL
A positive pressure can be 'recognized
by the smoke from cutting being
blown out to the side rather than drift-
ing upward.

Eciuipmont
1. A heavy<uty, gas-cutting torch, pre-

ferably an oxy-acetylene torch.
2. Heavy<uty, flam~utting tips or goug-

ing tips equivalent to AircoStyle183, size
no. 6 or no.8.

NOTE: Very heavy welds canbe moro ef-
ficientlycut with no. 10 or no. 12 tips.

3. Sufficient cstamps to permit about 15-
inch spacing along the weld joint.

4. A heavy machinist's hammer or pneu-
matic hammer.

5. A flat chisel.
6. Purging equipment (including adequate

nitrogen).
7. Oxygenwontent measuring equipment.
8. Fire-extinguishing equipment.

A. COa is suggested.
B. Awet heat-resistant blanket is rec-

ommended.
C. High-temperature Quik Cote

cement or equivalent.
9. Welding gloves and welding goggles.

Procedure
1. Starting at acorner, use a neutral flame

to heat the weld joint to a white heat
before introducing the cutting oxygen
to the joint.

NOTE: Move the torch forward slowly an
inch or two. thenmove itback quicklyabout
halt an inch to blow out the cut asahownin
Figure 5.

~t-

PARTIALFILLETREMAINING

CORNER CUT SACK

cuT

SLIGHTGROOVE~ X
PARTIALFILLETREMAINING

Figure 6.
Typical sectfon through ~t filletweld.

2. Open the weld lointbycutting diagonally
down through the center of the fillet,cut-
ting slightly beyond the fusion line to in-
clude weld penetration as shown in
Figure 6.

NOTE: This may leave the edges of the lillet
in place, a condition which is acceptable
because this is good material and saves rod
when rewelding.

3. As cutting progresses. apply a cwlamp
in the center of each 15-inch (approx-
imate) section to keep, the joint sealed
as well as possible, thus conserving gas
and reducing fire hazard.

NOTE: No chance should be taken of driv-
ing the cutting ftaine peat the heat resistant
gasket stop by aHowing the jointto separate.

4. As each 15-inch section is cut loose,
apply high-temperaturi Quik Cote
cement or equivalent to the joint to
conserve nitrogen gas.

Figure 5.
Positioning the torch and flame-cutting a weld.
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5. Before removing the cwlamps, all slag
and spatter must be carefully cleaned off
the tank.

NOTE IInecessary, use the air hammer and
flat chisel to remove irregularities and
particles that are not good metal.

6. Before unclamping, match-mark or key„
the position of adjoining parts so they
can be returned to the same relative
postions.

7. Afterthe clamps have beenremoved, use
the air hammer and flat chisel to break
the joint open.

NOTE: Alitton the cover or tank section will
help in this operation.

8. Lift off the cover or tank section very
carefully to avoid damaging the internal
assembly.

NOTF This is especially iIIIportsnt tor the
midsection of contour<esign tanks be-
cause clearances to the core assembly are
very close.

REWELDlNOATANKJOINT
Preparlny The Tank For
Rowelding
1. Thoroughly clean the meeting faces of

the cover and the tanksectionsbeforere-
assembling.

NOTE: Very little chipping should be
necessary it the mstertat lsgood metal.

2. Remove the old heat~esistant gasket
and clean the flange surface.

3. Exercise great care to prevent any
foreign material from getting into the
transformer in the clean-up operation.

NOTE: This nIay require some form ot bar-
rier with a sealing lip that can be moved
along the tank tiange as the surface is
cleaned.

4. Install a new 1/8-inch x 1-inch heat-
resisant tape gasket as shown in Fig-
ures 1, 2, or 3. This gasket must be in-
stalled around the entire tank perimeter
to be welded. Tightbuttjoints,without
gaps, are required at the comer splice
points. Cement the gasket to the flange
using G.E. compound no. 1201 (Glyp-
tal) or equivalent.

5, Carefully position the tank parts using
the match-marks or keys made before
breaking the joint open.

6. Clamp the tank parts at close intervals,
reducing the gasket thickness by about
one-half to make the best possible seal
and alignment.

7. Purge the tank with inert gas to less than
3% oxygen content and hold the tank

„,, under pressure during the entire reweld-
ing operation.

Rowalding The Joints
1. On all joints. use 5/32-. 3/16; or 1/4-

inch<iam etc r American Welding
Society Type E-6010, E~12. E-7018
low-hydrogen, or E-7024 welding rods.

NOTE: E-7018 to~ydrogen rods must be
dry—moisture content must be less
than Oft%-to prevent hydrogen embrittte-
ment which can result in porosity and weld
cracking.

2. If the edges of the cover of core-form
transformers canbe pulled down tight
with clamps, a satisfactory seal can
usually be effected by laying a filletweld
at least as large as the original weld with
a single pass.

3. Ifthe edges cannot be closed tightly,one
pass may not adequately fill(or burning
gasket cement may cause gases to blow
out), preventing a good singl~ass
weld.

4. For welding joints between sections of
contour<esign tanks, three weld
passes-resulting in a 1/2-inch fillet
weld—are recommended for structural
as well as sealing reasons.
A. Lay thefirsttilletintheroototthejoint.

NOTE: This is a plugging weld which
does not provide a perfect seal. but it
does provide strength and a base tor
the final two filletwelds.

B. Figure 7 shows the general areas oc-
cupied by the three filletwelds.

C. Slag must be chipped away after each
weld pasa

SEALING FILLETS

PLUGGING FILLET

Figure 7.
Typical bead deposit of a thalass fillet
reweld.

TESTING FOR LEAKS
After all welding has been completed, test
the weld joint tor leaks. An acceptable leak-
testing method is:
1. With relief devices mounted. place the

tank under a nitrogen pressure equal to
one psi less than the maximum positive
pressure shown on the transformer
nameplate.

2. Paint the weld joint with a soap-bubble
solution such as glycerin and liquid soap.

FINISHING
After all weld joints have passed the leak
test
1. Using a wire brush and an evaporating

solvent, thoroughly clean the weld joints,
removing all dirt, slag, and oil.

2. Paint the weld joints, applying a primer
coat and two finish coats with adequate
drying time between coats.
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STATION AND INTERMEDIATEHIGH-VOLTAGEARRESTERS

INDOOR OR'OUTDOOR SERVICE

TRANQUELL Station Arresters
2.T-612 kV Res
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PRICES Fewer Transformer Produ~(A05000)

Annre
RoreCI
iverrrs

Cot
C

Horreoay Used ors Stssere
Ye)rope Ooss (L4)

Soar&7 Grovrrded
Nevrrol Sysrere

tyerrrs

Oeae or edodorce
Ooorrdod Herrrrsd Sysrerrs

tyerrrs

Model Hvrebet Uss Trke,
(Grey Forcole4) OQ.740

*
Model Here)set

(Grey Forceselrs)*

I 4'po4 Arrellertt
H~vrrerrr S)wes Gops

Uss Price
OQ 740

*
UTDOOR CONSTRUCT)O~AL TOPSTANDARD 0

2.7

~$
5.I

4
74
$$
9

10
12
15
1$

21
14
27
30

~ ~ 40'b
72
90
94

10$
120
132
lid
lb&

172
1&0
192
224
240
25$
'2bi
274

2&$
294
300
312

3/12 5I

5&4
412

2.'20
2.5i
3.70
4.10

5.0&
4.) 0
4.90
7.4'2

IAT
10.14
) 2.70
15.24

) 7.1
)9$
21.9
24A

203
31.7
34$
3&.9

43.7
4&.b
$3$

72.9
77.$

&78 „
97.2

105
110
119

139
) ib
152
)bi
171

209
2) 4ni
220
232
234
234
243
253
245
27$
321
340
3$0
i74
i&b

2A
2Ai.Ibe

i.lb 0 late

4.9
4.9
7.2

7.42
7.07

13 &e
13.0

23e
23

348
i).b
ibe

1)$
115
130
)3$/)I)
141

230
230

for Herr&set 345 iV
5 )stereo

Ter Oeeitsel 400 iV
5ysseros

yet Here'erel 500 iV
Sysseree

Tor Ooetrrel 745 iV sysseros

i.lb

'I2A7

13.2
)3.$
20.7$
24.94

14.94

348
344

40
49

115
115

13$
13$ /141
141
141

230
no
230

9L I ITHA&5i
9L) ITHAObo
9L) ITHAobb
0Lt ITHA072
9LI ITHA090
9l1 )THA094

9L) ITHAI0&
0LI)THA)20
9LI I)HA)32
9ll)THA1ii
9llI THAI 4&

9L) \ TH A'I72
0LII THAI&0
9L) ) )HA ) 92
9L I ITHA22$
0LI)THA2io
9LI )THA250
9L) )THA244
9L) I THA274

9L) )T)rA2$0
0L) ITHA204
9LI ITHA300
9LI ITMA312
9LI 'ITH5300
9L) ITHS312
9L\ ITHA334
9LI ITHA340
9LIb&HA394
0L)b&HA420
9L II&HAiii
0L Id&HAS&&
9L1b&HAb1'2

1702
I&lb
2100
2190
2&40
200$

4200
4425
5407

5&04
4104

7751
4227
$044
9100
94$ )
0)$2

11)07
040$
1197
2440
$554

14i&I
17200
I&02
35504
37420

9L))RG A002
0L) IIGAO03
9ll)IGAO04
9ll ) IOA005

9L) IROAoob
9L) IRQAOOT
9LI IRQAOO&
9LI ) IOA000

0LI )RQAOIO
0LI ) IGAO)'2
9LI IRGA015
9L I )RGA014

9LI IROA021
9LI'IROA024
0LI )RGA027
9L) IIOA030

9ll ) IGA034
9LI )RGA039
9L)'IIGA045
9LI)IGAOS&

0111)HA054
9llITHA040
9LI )THAObb
9L) )THAO72
9ll )TNAOIO
9LI ITHA094

9L))THA)0&
9LI ITHAI20
9ll )THA)32
9LI I)HA1ii
9LI ITNAlb&

0LI)THA172
9LI )THAI&0
9LI )THA192
9LI)THA22$
9L I )TNA2io
9l) ITNA2$0
9ll)TNA244
9LIITHA274

9l) ITNA2$0
9LI)THA294
0L))TNA300
9L) ITHA3'12

9L) ITNA334
9LI I'THA340

5 250
250

A&9
2&0

2&0
341
341
341

421
421
599
430

445
744
947
947

1 17
)3&2
)4+)

1502
1400
)9$$

2447
2774

3524
3910
4301
5102

5405
5474
5920

74$ 1

&$2)
929$

9774
10015
) 0255
10749

11944
13011

OP ARREAXR5 FOR CUg)CLI 0% OUTDOOR 5/IOUNTTMOTrORCBA(N T

2.7

~ .S
$ .1

4
78
0$
9

Io
)2
15II
21
2i
27

2.20
'2.54
3.70
4.20

$ .00
Ll0
4.90
7.42

&AT
10.th
12.70
1$ .24

17.1 „lb.5; ~
'21.9

r'A
2A
i.lbe

4.14 L ike
4.0
4.0
4.0

.7.'2

7.42
7.07

'IMe
134

23e
23

~ .14

12A7

)3.2
13.0
20.70
24.04

2i.lsi
34$

9ll tRG&002
9LI IRGN)03
9LI)IQ NO4
0LI IIGIOOS

9LI ) IGIOob
9LI IRGIOOT
0llIIG IO(N
9LIIIQNN0

9LI IRG&010
0LI IIGI012
9LI )lGIO)$
9LI ) IG&01~

0ll )IG&02)
9LI IIGI024
9L) IIG&027

5 250

249
240

2&9
341
341
341

421
421
$99
430

445
744
947

f Sce note. page 10l.
Application of specilicd rating is permissible for ungrounded or rcsist-
ancc grounded systems whcrc a ~ingle phase ground may be tolcr'a)cd
for I substantial period of time not lo exceed thc TRAVQUEI.I.
arrcstcr's nvcrvoltagc capability as dcscribcd in GET.6460.'t hrrcstcrs src availablc with dslTcrcnt protective characteristics. Op-

e rrreior rrrrrerrr rrert /rb. d, IpdT irrw. /C Cr

timum arrester characteristics arc provided with thc high current
shunt gsps designs. Refer to page IOI for data. Slightly high protective
characteristics arc provided with the gapless design. Rcfcr to page l02
fnr data.

/rrert rte/r/oro rebrtcr to rrcorrpr «rrrrrsr «rrrr



0



so e No. 459-A
DATC

S'3.
NSNATUae

CL.H

DsscaltTIDN

W'tpt
ADDED 7 g "DIPL.

W Ml~/~&~iMAC&7 MW~
FC/ZC &&4&C <F<MPWW
~~M. /Nc Mw~~cr~wm

V~APW.
T ~

~ 8 t ~

I t
~t

C/ ~

~s

. /rvC&o/Z~
r.'~Q C4'4 &~i

r,~~+<~~" cc AHC.~ ~

/ZG~~a C

~ ~

-EW/ref + ~r4cc x/R"C rhR -/gl d4. &fd9~8>
<4 +fr,r pj~p rbfp'<8Z'C>4 ~ Car

M~p&7&.~rEM~HE~rate&~ /~~~bc; ~~
WwFdr4M~pa~- "

kfnW~PPrlA. rt'~ p i'Opdl~ 7( I~JW'O'ug)PW
~r' p~y g)P-r4M5. 57ZeC, Hdgi-~
aog-r<Z z-: „.~yrr'

'urLZA ' r.', ."vr/'-,,'.e'''
i / 8 'rf-fig fr/0+jc w'r( V~~rjg+ C dk 44'cf,'( /61('. AO. ~'Zl 77, Hd. r~rI. i'(a<Pg - ~<li'A'

SINTS TO

ASSSNSLT

CAlfSNTCN

CONC SLDO.

INSULATION

NACHINS

sToasaooN

TANS SHOt

SLSC. PIN.

COIL AtfASATUS

NASTSN

INSPSCTION

OttICS

INDUS. SNO,

CU. PAS.

ACCOUNTLNO

STATICS

SAD $ Hot

NSCH. OCSISN ST

. KM RKCL NAMK

~c..iITs oaasasD

DLISW ~~

DAIS
-24'-99

NSD Q) grgrgg
SCYSD

. O'SN
rate SNCS

DRAWINa NuMbKR OR DKSCRIPTION

McGRAW-EDlSON
ISOWKR 5YSTCM5 DIVI5ION

CANONSOUOO PQINSTLVANIAISSIT

r:rJ/.': jjsi~

SPSC

oaDN IrD$('g<

I".ONFIDENTIAL
e JST NOT SS O'ISD IN

s.w~ WAT DITNINSNTALTO
AS-GRAW. EQISCIM

CUSTONCN JVyACQr.Arri 9 r. r.A. 0 r-'Wr

cusTDNca's oaasa p-qg/ '





~ ~

~ . I

~ ~

l%
~ ~

~ r





Ct S CI I

0

FILLeNO
tLUQ

S-DIA.
IC

7
8

BUSHI 150K~

CATAL N

509 -0 -722
09 -7 2

C R

GRA

TERMIN $~RIPT~III
342.2ATH03'8 ET<

I TH 3'> USABLE 1HO

i
t

g'p$ FIRER S

TAt

~«/
30

t 1

rr« ~

~ Q

I

KtClSTO, SLOT
P 'WIDE EOUALLf
SPACEO CN Q IC

PLAN VIE'N

(llAKT

~NOTE

L OUSIIINO NOl'ESIONED
FOR DRAW LEAD Alii«LICATNNL

g, ALL TERMINALS ARE SILVER
ttAYEL

~ I

m+0

t «W~W~
4 t ~

fitt
~iOIA.1C
I.lOg INA

Tl FA
'~~TION c

C

3I3
~ )s

W II
~ S SEOlOCo&A

e,p

QgcQRAW«EDtSOH~ SVSTDCS ~
Web +A~ I«OIIaO I>5
wa5 «3i«V

TRANSFORMER 1 US NINO
~ ci 3 0

la" <.«< + .4'I«A . ~ ~ A ~ ~ « t c, T 1

I aPTD AQ LCD 0'si>If
SBB010664 D

0 ~ ~

~ ~

NL





5

I J
p9

'

I

I'

:I
I

ASSET ~

CWCNfl«

ST««C««%
TNJtflC

COL W10NW
«lTN
INC CTNO

;;at
[CERTlrllll

l««Wo t«L.
C«F«C

~AZ
McONAW-KDlSON
NXNRR SYHLSCS OIVQXÃl

~ C1~~ ~Y~ ICNt,

a auv A,ccassisaCoaa .

ISOT MK«C SCCA H
acr rat «CVaeCaraa. n
SCQNANoKDlRN





5-
IC

SSSOIO 7
CATA N I R T RMIN~OEQ~RloT/LAN

5 09 A. OOO RG I 2ATH 2 USA& 1 H
SO9AAOOO RAY 'I22aTH u TH

FILLING
tLUa

+OIL SCNT
CLASS

D

~
I

4g Olam

. lNAIQ I

5~
2

II
I

'A
e) ~R FAl'T

TAt

~ f
rD ~

~ Dr

Dr
~r

SIN%i ilTIiD.SLOTS
l'IOE EOUALLr
S1AC40 ON Q LC,

PLAN VIE'W

.. BUSHING Bl I SO~K

D- Dlk
t{SAX)

8
T
IK Ilg rltUNF TllA

I
~ NOTES'

4USNINO NOT OESIQNEO
~ FOR ORA'lF LEAO AttLICATIOIL

2, ALL TERNINALS ARE SILVER
tLATEL

NINILIUQ
OIL LEVEL

&CO ~

NTQ, SURFACE

NAENIMEO FLAT
rh

G DD llklh5 ~hlT!M~FI~~

S OIA~
9- OIA.LC4

IDL0 lD...4
IVAN +llDr

IilcGRAW-EDlSON
eeega erma canna ~~™~~wDrr %%%sea %~DDDDDD ~ ggg~g~,~ gg

.TRLNSFOlIMER BUSHING

I
2

WT. II:J LS

0 I213
.p ~mo ~n~a

ICWDhlO ilDDIADDa
US I T I

SBBO IO 47 A 6
QIO)7A

I
,.'ii~ii

:i;'t"''
k4I'ihDI'




