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Niagara Mohawk Power Corporation Cer T
Stone & Webster Engineering Corp., Agents

P.0. Box 63

Lycoming, New York 13093

Attention: Ms. Theresa Clappa

Reference: Your-Verbal lInquiry 6/4/84
McGraw-Edison Quotation NYQ-1962

Dear Theresa,

With reference to ltem No. 2 of our subject quotation, we have
quoted Catalog #L82 as #281 Is obsolete. Catalog #L82 Is the
current replacement for thils item.

P-lease comtact me [f you have any questions or require any ad-
ditlonal information.
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MoGRAW-EDISON

Power Systems Group
Power Transformers , |
General : 821 0”05‘2
Moving Large Units Service Information
INTRODUCTION Each of these types of transformers may MAXIMUM

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 notrestrict experienced power
company personnel or professional! mov-
ars who have their own equipment and
methods, exceptthatthe unique construc-
tion of each 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 Ib.

MOVING BY CRANE

Transformers may be moved by a crane if
one s available. Usae lifting equipment of a
reputable manufacturer, within its rated
capacity. Spreaders should be employed
so that the lifting cables, bars, 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. Shell-form transformers
should never be lifted without the use of
sling guides. Beyond this, only standard
precautions need to be taken.

MOVING BY ROLLING OR
SKIDDING

Since cranes are infrequently available,
the remainder of these instructions will be
concarned with moving transformers along
the ground.

First, when moving a transformer, it is
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 firmly blocked.

Second, it is necessary to consider the
shape and basa 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
the bottom plate.

’

be moved by

A. skidding on greased plates, planks,
or rails;
or

. . CENTER OF
B. rolling on wood or steel rollers.

. above methods. No large power trans-

‘is to slant them inward in a chevron

CAUTION S
There are several general p s
which must be taken with all of the

former can be tilted more than 15° from
the vertical in any direction.
When moving a transformer, whether DIRECTION OF “““““““
the groundislevel or sloped, one winch
should puil and another on the far side MOVEMENT {NCHOR

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

Figure 1. ‘
tendsto make the first movementof the When moving a transformer on a slope,

transformer a rapid springing move- siantthe rollers inward in a chevron effect.
ment which could’ be uncontrollable

and dangerous without the second
winch.

The arrangement with two winchesis
aiso a requirement when rollers are
being used on the level or on a slope.
The better way to use rollers on a slope

effect (Figure 1), This causes restrain- M
ing friction so that, on a small siope, the
transformer must be pulled down in-
stead of being lat down. Figure 2.

Another precaution which should be Leading edge of transtormer base will dig
followed Is to use all of the pulling lugs | Into a deflecting surface.
which are available on the transformer.
This means that if two lugs are placed
for pulling 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. Any deflec-
tion of this surface whensliding a trans-
former will cause the leading edge of
the basa to dig in (Figure 2). Figure 3. ,

Such an occurrence will cause the | Deflecting surface overioads outside rollers
winch, cables, shackles and pulling | and transformer. )
lugs to be stressed much higher than
necessary. Any deflection in the mem-
ber over which rollers are moving will
overioad outsida rollers and the irans-
former (Figure 3). ’

These instructions do not claim to cover ali details or variations in the equipmant, procedure, or process described. ricr to xrovice directions
{or meating avary possible contingancy auring installation, operation, cr maintenance. When 2gditional intormation »s ces.r2d 10 satisty a
prodlem not coverad sufticiently lor the user s purposa, piease coniac: your McGraw-Ecison Fower Sysiams Grouo $a'es anginaer

-



Tanks with Exterior Bases

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

fosese EOER 1
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OIRECTION OF
MOVEMENT
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Leszss tes s ]
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Figure 4,

Base support for tanks with exterior bases.

DIRECTION|

)
MOVEMENT| L.
i

l [eeeeo ten=
Figure 5.

Base supportfor tanks with exterior bases.

Rectangular Tanks with
Concealed Braces

Rectangular tanks with concealed brace
members are McGraw-Edison’s standard
censtruction 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).
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GENERAL INSTRUCTIONS

A satisfactory method of moving any large
transformer might be as follows; Lay down
a runway of 12 x 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 %-in.-thick mild steel plate
which is wider than the rollers. With avail-
able winch trucks, the larger memberscan
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
tha rollers are pounded into position witha
sledge hammer.

Table 1 may be used as a guide for
selecting rollers. These figures are for steel
rollers and will resuit 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.

Figure 8,
Base support for tanks with concsaled
braces.
- ooy o |
=22 23
OIRECTION| -2 ognd |
movement| =3 ]
o e Lo o |
— ;3 C'._' o
- e e
I saamanm | —]
Figure 7.
Base support for tanks with concesled
braces.
TABLE 1 *
Guide for Selecting Steel Rollers
Shipping Nominal Size and Number of Rollers
Weight Double-Extra Strong, Standard Pipe
(in 1,000 ib) 1in. 2in, 3in. 4in. Sin. Sin.
100—150 50 26 18 14 - -
* | 150—200 66 | 34 - 22 16 14 10
200-—-250 84 42 28 20 18 14
250—300 100 50 34 24 20 18
300—-350 116 58 38 30 24 20
350—-400 132 €6 44 34 6 22
400—-S00 . 166 -84 s6 42 34 28
500--602 200 10 66 £0 20 34
500—700 - - 76 | 38 3 | %0
700—800 - - an | @A YR BT
300—90C - -1 - 50 | 50
900—1000 - - l - - &8 36
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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). .

Theforce Fgetslargeras A gets smaller. If
Ais small enough, this sideways force will
get large enough to cause a failure in the
transformer pulling lugs or yoke cables.
Therefore, if A must be smaller than B, a
' spreader illustrated in Figure 9 is neces-

sary.

Turning a Transformer
A transtormer 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-
dicular to the outside arc of the turn as
possible. The rollers will then turn more
easily and will remain under that section of
the transformer for a longer distance.

DIRECTION OF
MOVEMENT

_]3,
Figure 8.

When attaching cables to pulling lugs, the
yoke must not be t0o short; minimum yoke
length is when A = B,

SPREADER @

e ————————————
DIRECTION OF
MOVEMENT

Figure 9.
{tdistance Amust be smallerthan B, uses

e — 10 o o — ———
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GENERAL

Insulating oil used by the McGraw-Edison

Power Systems Division is a pure mineral

oil meeting all the requirements of ANS!/

ASTM D-3487, Standard for Mineral Insu-

lating Ol 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
transformer materials.

6. High flash and fire points for safety.

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 refiners 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 inag-
vertent PCB contamination of new oils
through storage vessels or mixing with
g%oal oils that may be contaminated with

These instructions are issued as a guide
for the proper handlirg and treatment of
insulating oil to secure the mos: depend-

able performance of 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 be shipped
without oil, in which case the oil may be
shipped in tank cars, trucks, or drums.
Specificinstructions describe procedures
for receiving, inspecting, accepting, and
filling of 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.

STORAGE

Qil 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 ail 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.

* Storage containers must be clean and
dry so that oil from storage meets the ac-
ceptance requirements of new oil from
the refinery. It is especially important that
storage or transfer containers ana hoses

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

FIRE PROTECTION

Although transformer oil will not burn
unless itis heated to a relatively high tem-
pearature 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 form of_ afog spray.

PRECAUTIONS -

Temperature and Moisture .
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 canreadily be absorbed
from humid air. The exposure time of oil
to air should be held to a minimum.

Foreign Material Contamination
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,
dry, and lint-free. Cotton waste is unde-
sirable because of the lint. McGraw-
Edison recommends use of a filter during
filling of apparatus.

Hoses used for oil transfer must be
maetal or oilproof 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 previousty contain-
ing new oil of acceptable quality. If new
oil drums must be reused. they should be
tightly sealed 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 will also specify detailed
sampling procedures. Upon refilling. a
new bung washer (available from refin-
eries) of a material other than natural
rudber. should be used if the drum is to
remain sealed and put in storage.

»

These instructions do not claun to cover all details or variations in the equipment, procedure, or process describad, nor to proviae airections
* for meeting every possitle contingency during installation, operation. or maintanance. ‘Nhen additional information is desired (o satisty @
prodlam not covered sulliciently for the usaer's purpose. olease contact your McGraw-Edison Power Systems Division saes angirear,
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SAMPLING )

The quality of insulating oil shipped 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 brief 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).

Qil samples obtained by ASTM D 923
procedures should be transterred 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.

(106.7 cm)

Figure 1.

Dip-type sampling device.

HANDLE
| RS
REMOVABLE 1 CocxinG
PLUG FOR PLUNGER
TOP SAMPLES
“ 12"
(30.5cm)

- WIS

"._..'.' s

B

2'/."--| ‘ -
(6.35 cm) (127
cm)
Figure 2.
Tank car-typo sampling device.
- -—: ' (095 cm)
» 2"
(5.1 cm)
Figure 3.
Croam dipper-type sampiing device.

.

TRANSFORMER VALVE PLUG

AUX, SAMPLING STOPCOCK

Figure 4. ’
Syringe-type sampling device (rigid).
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TESTING
New transformer oil received from ap-
proved sources in tank cars, tank trucks,
and drums is cenrtified 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 transtormers in
service. The Guide also lists test limits
beyond which oils in service should be
reconditioned or reclaimed.

The significance of oil tests follow:

Dielectric Breakdown Volitage

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 VDE electrode
from European practice, the ASTM de-
veloped the modem ASTM D 1816 pro-
cedure and established the relative
sensitivity of the D877 and D 1818
methods to particulates and moisture.

« Method D 1816, 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 will contain 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. .

Moisture Content

The quantity of moisture contained in new
oil is best determined in a laboratory. Two
methods., ASTM D 1513 and ASTM
D 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.

Table 1 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 from equip-
ment in service represent the most recent
IEEE consensus beyond which recondi-
tioning or reclamation shou!d be con-
sidered.

RECONDITIONING AND
RECLAIMING
IEEE No. 64 contains a useful section on
reconditioning and reclaiming oil,
McGraw-Edison recommends that both
reconditioning and reclaiming should be
performed on deenergvzed equipment only,
Not only does this precaution eliminate the
possibility of accidental injury, but 1t also
prevents possible failure of the equipment
that may result from the accumulation of
particulate and other contaminants which
are carried by the contaminated oil through
the energized insulation system.

TABLE 1
Dieloctric Breskdown
o ASTM D 1818 ASTMD 877 | Molsture Content
Condltion 0.040 Gap 0.080 Gsp 0.100 Gep ppm (wt)

New oil 18 kv min ¢ 42 kv min * 28 kv min * 30
as received 28kvavg 52 kvavg 38 kvavg
New oil** 22kvmin* 44 kvmin* 30kvmin* 5
processed 34 kvavg 58 kv avg 38 kv avg
New oit 18 kv min 38kvmin* 30 kv min * .
taken from 27 kvavg 46 kvavg 38kvavg 15
new equip- 19 kv min * 40 kvmin * 30 kv min * 5
ment 30 kvavg 52 kvavg 38kvavg
Qil from
equipment
in service:

69 kv 18kv 30kv 26 kv 25

and below avg avg avg max

gga"‘(‘y 22kvavg 38 kvavg 29kvavg 18 max

345 kv

and up 26 kvavg 45 kvavg 34 kvavg 15 max

. *The ASTM procedure provides for the average values only. The minimum values given in the table

are expected minimums based on the ususal varigtions,

**Processed
moisture content listed in the table.

oil has been vacuum degassed to a gas content beigw 0.25% and dehydrated to the
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Rubber—Cork—Cork-Rubber Service Information
RUBBER GASKETS Most gaskets aredesignedtoberetained  Preparation of Metal Gasket
General in position without the use of a rubber ce- Suyrface

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
almostexclusively a nitrile synthetic rubber
formulawhichishighly resistantto solvents
and which will notcontaminate norbecon-
taminated by transformer oil.

ment. This is accomplished by the use of
retaining grooves or retaining rings. These
grooves, or rings, also serve to automati-
cally limit the amount of gasket compres-
sion to a predetermined value, since proper
compression is a significant factor in_the
useful life of a gasket.

It is essential that the surface to receive the
gasket be in proper condition. Remove any
rust or scale by scraping or wire brushing
and apply a suitable solvent such as de-
natured alcoho! or carbon tetrachloride to
the metal surface to remove water, grease,

gt GIL Apply a coat of oilproof primer and
In the event that a gasket should cm%i’aiﬁt, allowing-eagh to dry. A good
peel or losa its resilience, it will be neCes¥™ ¢oat of either primer or finish paint alone

sary to replace this gasket with a new one.
This is easily done by following these in-
structions. ’

ZINC OICHROMATE BOLT FLAT STEEL WASHER
LOCK WASHER COVER PLATE

TANK COVER

RUBBER
GASKET

STEEL RING

TYPICAL MANHOLE COVER SEAL

ZINC DICHROMATE BOLT

_ . FLATWASHER
mecovsn———g__
SYNTHETIC —— |

. =

LOCK WASHER

1

TANK Y st0.HEXNUT
SHELL
STEEL BAR
TYPICAL TANK COVER SEAL
Figure 1.

Gaskets for manholes, and gaskets between tank and tank cover, fit into machined gasket

soats.

also may be used.

Preparation of Gasket

Gaskets, such as those used for the main
tank cover, see Figure 1, which cannot be
made from one piece, are made of striprub-
ber with a scarfed, cemented joint.

CUTTING RUBBER STRIP

The rubber strip ends should be scarfed at
an angle thelength of whichis equal tofour
times the thickness of the strip, (Figure 2).
The ends should then be sandpapered
smooth, suitable for cementing. Extreme
care must beemployed to make thescarfed
surfaces flat and the fit neat. The quality of
adhesion is dependent upon the texture
and cleanliness of the surfaces to bejoined.

Id- 4T
e =

Figure2.
Method of scarfing rubber ends.

CEMENTING SCARFED ENDS
Apply a thin, even coatof Minnesota Mining
Mfg. cement, No. E.C.678. Airdry for30to
45 minutes, until the adhesive becomes
tacky.

JOINING SCARFED ENDS

Place the cemented surfaces together and
firmly apply pressure todisplaceall air. (See
Figure 3.) Make certain that no sliding oc-
curs. Apply a clamp over the joint with only

———
Figure 3.

\
Joining scarfed ends, Arrows show direc-
tion of pressure to be applied.

TN,

a mermasiremy s a8 IEw .

Thesa instructions do not claim to cover all details of variations in the equipmoent, procedure, or crocess described, nor to provide direstions
for meeting every possible contingancy during installation, ogeration, or maintenance. When additional information is .dosue,d to satisfy a
groblam not covered sufficiently for the user's purpose, please contact your McGraw-Edison Power Systems Division saies 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 attained if the
joint is capable of withstanding sharp
bending, twisting, and elongation up to
100%.

'0-RING GASKETS

Some gaskets employed by McGraw-
£dison Power Systems Group are of the
o-ring type. These gaskets, also, are made
of a nitrile synthetic rubber formula thatis
highly resistant to solvents and will not
contaminate oil or be contaminated by oil.
They are designed for use eitherin a retain-
ing groove or where the compression is
limited to a predetermined degree by a
compression stop.

In a few cases, one or 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 o-ring gas-
kets in compression, illustrating both
straight compression and compression
where one plane was rotated, are shown in
Figure 4.

COMPRESSION ——
sToP

FIBER
WASHER

Figured.
Bushing terminal with o-ring gaskets.

Final Placing and Bolting Down
Most gasket seats consist of either retain-
ing grooves or joints where compression is
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.

T . GRS ARG SN M R L eV  § e S— § S YD § . s . & S —— —
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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 todry
until it becomes tacky. (See Figure 5.) The
treated face of the gasket should then be
placedinits properpositionagainstthe pre-
pared surface and held firmly until the gas-
ket adheres. This prevents the gasket from
moving during installation. ’

APPLY
PRESSURE \ -
THIS DIRECTION —
\—-,';.\

%2* WIDESPOTS 1A GASKET
OF CEMENT Lo SURFACE
APPROXIMATELY | ;L] lie THOROUGHLY
4 APART \ gﬂg h CLEANED AND

W PAINTED

K
N

Figure 5.
Spot rubber gaskets to vertical
and bottom

All bolts should be drawn down uniform-
ly in small increments—~—going around the
bolt circle until the gasketis 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, butshouldbeinspectedbefore being
used.

CORK GASKETS
Genersal

Cork gaskets are used orsuchitems as air-
filled compartments and in someinstances
on bushings. If any accessory sealed witha
cork gasket is removed. a new gasket must
be installed as per instructions below.

Preparing Gasket and Metal
Surface

Clean the metal gasket surface as de-“

scribed under Preparation of Metal Gasket
Surtace. Primer and paint may be omittedif
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 of whichis equal to five times
the thickness of the strip. -

I-—s'r;l
' 1

L VAN a
¢ ————— Y

R
Figure 6.
Method of scarfing cork ends. Arrows show
direction of pressure during drying.

Brush the scarfed surfaces of tha gasket
with Glyptal No. 1201 and allow the com-
pound to become tacky beforepressingthe
ends firmly together.

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 that noth-
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-
ply afairty heavy coat of Glyptaltothemetal
surfaces to be sealed and allow to air dry.
This “precoating” procedure is important
and should be followed for all cork gaskets.

installing Gaskets

When a cork gasket is being replaced,
brush the bottom surface of the precoated
gasketas well asthecleanedandprecoated
metal gasket surface with Glyptal No. 1201,
After this coat of compound has dried suf-
ficiently so it will not adhere to the fingers
(about 15 minutes) assemble the gasket on
the metal. If there are any scarfed joints in
the gasket, they mustalways be located be-
tween bolt holes. Work the gasket back and
forth a few 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 intervals. 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 remcved, apply a
light coat of gasket compound to all ex-
posed surfaces of the gasket and to the
other meta! surface to te joined. This in-
cludes coating the inside of all bolt holesin
the gasket. It is important also that the in-
side edge of the gasket begiven thissecond
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. Inthis case, however. itisnotneces-
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.

FOAM RUBBER GASKETS
Air-filled compartments, such as cabinets
for automatic pressure-type nitrogen gas
equipment, control cabinets. etc., are seal-
ed from the atmosphere by closed-cell
foam rubber gaskets.

The following procedure is recommend-
ed forinstalling these gaskets:

Clean the painted, gasket-mounting sur-
face of the doorwithasuitablesolvent,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 cementis wet. Where pos-
sible, to provide the best possibieadhesion,
the door should not be closed 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 joints on split-

tank shipments and for sealing air-filled -

throats. Cork rubber gasket materials
appreved for this application are Chlor-
oonrene 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 atanangle the
length of which is equal to five times the
thickness of the strip. Apply a thin, even

coat of Minnesota Mining Mfg. cement, '

€.C.678, to each scarfed piece tobejoined,
and allow to dry for 30to 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 4 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. Allow cement todry
until tacky, and then hold orclampin place
until it adheres to the surface. Progressive
tightening of bolts is recommended untii
the gasketiscompressedtoabout 70%ofits
original thickness. ,

Carein the preparationandinstallation of
this gasket may permit its removal and re-
use several times be_fore itmustbereplaced.

—— e ¢ e— -
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GENERAL

Service Information S210-05-5 pertains
specifically to McGraw-Edison liquid-im-
mersed power transformers (Figure 1).

SHIPPING .
Station-type transformers are usually ship-
ped in one of the following ways:

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 filled with liquid to the 25 C level.

2. Core and coils assembled in a tank with-
out hquid 1including transfcrmers ship-
ped in the bottom part of a split tank).

ol

Far car: 150,000 kva, Class FOA. HV:
220.000GrdY volts. LV: 69,000Y volts.
TV: 13,000 Avolts.

Figure 1.

Near cai‘: 315,000 kva, Class FOA. HV:
230.000GrdY volts. VL::-17,000 Avoits.

Transformiers ready for shipment with auxiliary parts loaded on other cars.

When transformers are shipped in their
tanks without oil, the core and coils are
sealed in dry nitrogen or dry air at a posi-
tive pressure and theoilisshippedintank
trucks or tank cars.

RECEIPT AND ACCEPTANCE
When atransformeris received, thoroughly
inspect the impact recorder tape (if sup-
plied) and the transformer tank for evi-
dence or rough handling in transit.

NOTE: See IMPACT RECORDER section for

tape interpretations.

i there are indications of rough handling,
the transformer should remain on the car
and both the carrier and Service Section of
McGraw-Edison Power Systems Group
should be notified immediately. Note the
deliveryreceipt 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.

“, Ifthe transformerisin acceptablé condi-
- tion, put the gas-regulating and sealing

equipment into operation as soon as pos-
sible. '

INTERNAL INSPECTIONS

‘| oxygen mask to enter the transtormer.

IMPACT RECORDER .
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-
ty 3 Gs) are considared rough handling.

The two-way impactrecorders also mea-
sure the vertical forces, usually onascaleof
ten. Specitic instructions for the tape inter-
pretations are enclosed in the recorder
case. Vertical impacts above 1 G are con-
sidered rough handling.

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

If the nitrogen has not beencomplete-
ly blown out of a transformer, wear an

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

These 1nstructions Jo not claim to cover all details or variations in the aquipment, procedise Cf procass doescribed. nor 10 provide d:r2chens
lor maeting evyry P0§3bla contingancy during installation, operation, or maintenarce. ‘Nhan agct 212l -nlormaticn 12 Saswed (C cat s°y 2
orohlam not covercd sufiic:ently for 1he user's purpose, v19aso contact your McGraw Exdisor Power Systums € osry sales £n3 meer
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Moisture

Moisture may condenseonanysurfacethat
is cooler than the surrounding air. Moisture
in insulating material or liquid lowers its
dielectric strength and may cause a trans-
former to fail. If a transformer or 0il 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 of the in-
sulating liquid and test the dielectric

_strength. See SAMPLING AND TESTING

OF INSULATING LIQUID on page 5.

Core and Coil Assembly

If a transformer has been shipped with oil,
lower the insulating liquid to the top of the
core and coil assembly, test for uninten-
tional core grounds,andinspecttheinterior.

To minimize the risk of moisture entering
the insulation, it is recommended that the
coils be coyered with oit when the tank is
opened for inspection; however, continu--
ous purging with dry air as described in
Service. Information S210-10-1, Power
Translormers: 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-glass-type flood 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
non-oil-soluble synthetic insulation to pre-
vent contaminating the transformer liquid.
Do not use natural-rubber-insulated cords.
To minimize thermal shock, submerge the
lamp before tuming it on.

Examine the top of the core-and-coil as-
sembly, all horizontal surfaces, and the
underside of the coverforsigns ot moisture.
Close the transformer as promptly as pos-
sible. If there are signs of moisture inside
the tank, determine the extentand theman-
nerinwhich the moisture entered thetrans-
former. See TESTING FOR LEAKS, page5.

It the transtormer appears to have been
damaged internally, contains moisture or
if it seems advisable to remove the core-
and-coil assembly for further inspection,
McGraw-Edison Power Systems Group
should be notified and specialinstructions
requested. Should a dryout be required,
see DRYING CORE AND COILS onpage6.

HANDLING

Complete Transformers
Atransformershould always be handied in
the normal upright position unless advised
by McGraw-Edison Power Systems Group
that it can be handled otherwise. When a
transformer cannot be handled by a crane,
it may be skidded or moved into place on
rollers provided the transformer base
design and the surface over which itis to

be moved are compatible. Moving in-

structions must be strictly followed. Care
must be taken to prevent damage or over-
turning. Mosttransformers can betilted 15
degrees. For moving large transformars,
see Service Information $210-05-2, Power
Transformers: Moving Large Units.

Lifting With Slings

Lifting lugs are provided for lifting a com-
plete transformer. When necessary, addi-
tional means are provided for lifting the
various parts requiring assembly. Lifting
lugs are designed for vertical liftonly. When
liting a complete transformer or a heavy
component, the cables should be attached
30 as to provide a vertical pull on each lug.
Usae lifting cables 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 lift. The approximate total
weight of the transformer is shown on the
nameplate and on the outline drawing.

Raising With Jacks

Ports are provided on mosttransformers so
that the transformer can be raised by 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's
weight,

STORING )

It is advisable to completely assemble,
process, and oll fill a transformer at its
permanent location as soon as possible
after receipt. It is considered normal for

* intransittime 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. Any deviation from these recom-
mendations should be agreed to by

‘McGraw-Edison Power Systems Group,

Service Department.

¢

Storing Up To Three Months
(Four Months Since Shipped)

MAIN TANK. The tank must be sealed with
dry nitrogen or dryair.!f soequipped, install
and put the inert-gas equipment in oper-
ation. If not so equipped, install a pressure
gage and maintain a positive pressure of
between ': and 6 psi at all times.

RADIATORS. Ascertain thatallcoverplates
and gaskets are secure. Store radiatorsina
manner to prevent ground water from en-
tering through the shipping gaskets.

COOLERS. Codlers are normally shipped
under pressure. As¢ertain that a minimum
of % 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 $315-10-1, Types PA
Apparatus Bushings for details.

FANS AND PUMPS. Store indoors.

LTC COMPARTMENTS NORMALLY OIL
FILLED. On a unit with an isolated inter-
fupter-typetap changer. theselectorswitch
compartment should be connected to the
main tank with common gas. The inter-
rupter compartment should either be oil
filled (with the breather instalied) or sealed
under positive pressure to a maximum of 5
psi. Itisrecommended that a pressuregage
beinstalled for regularinspection. Onaunit
with anarcing tap-switch-typetapchanger,
follow the same recommendation as with
the interrupter switch compartment.

AIR-FILLED COMPARTMENT. To prevent
condensation, put the cabinet heaters into
operation. ‘

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

Storage For Three To Twelve
Months

MAIN TANK. The main tank—with the sep-
arated top section installed—must be vac-
uum processed, oil filled to normal oil level,
and the automatic gas-sealing equipment
must be put into operation. Use the vac-
uume-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 fii! and seal the
radiators unless they are provuded with an
additional expansion reservoir.

CCOLERS. Same 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 NORMALLY OIL
FILLED. Fill with oii using the normal final
filling and gas-sealing equipment.

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

TOP SECTION OF TWO-PIECE TANK
SHIPMENT. Install to main tank.

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

Processing Units Stored in Gas
orQll
Prior to final filling and after an extended
storage period, extra precautions should
be taken to make sure the transformer re-
mained sealed and dry.

if the unit was stored in gas, 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 oll fill the 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.

1f the unit was stored In oil, follow the ap-
propriate general procedure that follows,
depending on the manner in which the unit
was prepared for storage.

1. On units that were fully assembiled and
fully processed 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
$210-10-1 to make sure that all is nor-

mal. ifallisnotnormal, contactMcGraw- _

Edison Power Systems Group, Service
Oepartment. If all is normal, run the
pumps (if supplied) for 12 hours before
energizing.

2. On units that were not fully assembled
and/or fully processed before, storing
testthe dew point of the gas and oil from
the bottom of the tank to make sure that
allis normal. If all is not normal, contact

. McGraw-Edison Power Systems Group,
Service Department. If all is normal,
complete the assembly operation and

- follow the normal vacuum-filling proce-
dure, assuming the storage oil fill was
partial fill. Run pumps (if supplied) for
12 hours.

LOCATION OF INSTALLATION
Accessibility, ventilation, and ease of in-
spectlon should be given careful consider-
ation in the location of transformers.

Self-Cooled Transformer
lass OA)

A\self-cooled (OA) transformer depends
en\jrely upon the surrounding air for carfy-
ingQway its heat, For this reason, care must
be taken to provide adequate ventilatigh by
not ¢gowding transformers togethef nor
too cldse to walls.

For iRdoor or vault-type installatigns, the
room inwhich atransformeris plaged must
be well kentilated so that heateg air can
escapere dily and canbereplacgdby cool-
er air. The\nlet opening(s) shoyld be near
floor level and distributed so ag to be most
effective. Thy outlet opening(s) should be
as high above the apparatug as the con-
struction of the building wjil permit. The
number and size of air opghings required
will depend on the distancg of outletsabove
the transformer and on the efficiency and
load cycle of the dpparatus. A conservative
general rule is to provige one square foot
net for each inlet akd Hutlet area per kilo-
watt of transformer \gss. It forced ventila-
tion is used, a consArvative figure is 200
cubic feet of air per/mipute per kilowatt of
loss.

An indoor self-gooled\transformer must
be so located thatrain canpot blow onitnor
can water fall onjthe tank.

Self-Coole¢/Fo

ansfo
(Classes QA/FA,OA/FA/FA,
OA/FA/FOA and
OA/FOA/FEOA)
A transforgher with self- and forced-cooled
ratings dgpends on circulation\ot large
quantities of air of the proper temperature
for cogfing. Transformers must be posi-
tioned /at least six feet from walls §nd all
multigle-transformer installations skaced
far efough apart that heated air from\ one

d\Air-and-

- Oil-Cooled

.unit/cannot affect the cooling of another
* (Figure 2). On a vauit-type installation,\n-

let/and exhaust ports must be provided\o
lighit air velocities to less than 1100 feet pe
inute.

Figure 2.
Core-form transfarmer with fans mounted
on the cooling radia tom‘o:grovldetswzow
250/280-Mva, Class OA/ A/FOA, rating.

Forced-Oll-Ccooled Trans-
formers With Forced-Air
Coolers (Clazss FOA)
Cooling an FOA transformer depends on
the amountand temperature of thsair pass-
ed through | the heat exchangers which are
selected to meet specific requurements An
FOA transformer must be positioned at
least six feet from walls and all multiple-
transformer installations must be spaced
far enough apart that heated air from one
unit cannot atfect the cooling of another
(Figure 3). On vault-type installations, inlet
and exhaust ports must be provided to limit
air velocities to lm than 1100 feet per
minute.

Figure 3.
Sheil-form transformer rated 590/660 Mva
with Class FOA cooling system. ~ °
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eod-Water Coolers
F%V)l) and sglf-Coolod

waythe eatsothatthetemperatu/eofthe
air has practically o effect

PREPARING FOR SERVICE
Make an internal inspection of ail trans-
formers whether or not there has been evi-
dence of damage orroughhandiinginship-
ment and even though it is not otherwise
necessary to open the transformer for as-
sembly. Instructions for INTERNAL IN-
SPECTION on page 2 should be observed.
Assambly practices below are essential-
ly a continuation of preparation forsesvice,
following or concurrent with the intemal
inspection. Before a transformer Is opened
for assembly, a check shoukd be made to
see that all accessory parts not shipped
on the transformer are availabie 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 preventtheentranceofmois-
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, atransform—
er cannot be safely entered untit the ni-
trogen is replaced with alr.

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.

Additionalinternal Checks .
Checks for the general condition of inter-
nal parts are outlined under INTERNAL

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. If spe-
cific connections have not been specified,
the following practices apply:

1. Single- or three-phase transformers are
usually shipped with both high- and low-
voltage windings connected for their
highest rated voltage (“rated voltage™ is
defined in ANS! Standards) even when
there are taps above rated voitage.

2. Single-phase transformers designed for
both series-muitiple and three-wire
operation are usually shipped connect-
- ad In series with the mid-point brought
out for three-wire operation.

3. Single- or three-phase transformers de-
signed for series-multiple connection
only are usually shipped connected in
serios. .

4 Three-phase transformers designed for
both deita and wye operation are usually
shipped connected for wye operation.

Common Assembly Practices -
The time during which a transformer is
open for assambly and the oil or care-and-
coil unit is exposed to the atmosphere
should be heild to a minimum. Advance
planning to shorten the assembly period is
well justified.

The quality of seals atall pointsisveryim-

. Practices under SEALS on page 5

should be followed. Upon completion of
the assambly, sealing of the unit, and filling
with liquid, pressure tests should be made,
as described in TESTING FOR LEAKS on
page 5.

Tigred
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Flgm 8.
18,000/24,000/30,000 kva, Cizss OA/FA/FA,
110-24 x 48-kv core-and-coll assem mdb‘ryomy
tap chenger.
Transformers shlppod With
Insulating Liquld

Inspection and preparation for service of a
transformer shipped filled with insulating
liquid usually requires that the liquid level
be lowered. Radlators and heatexchangers
shipped separately may, when added, pro-
vide sufficient additional spacetolowerthe
liquid without drainage. Should this capac-
ity not be sufficient, their lower valves
should be closed to trap the oil in the radi-
ators or coolers before liquid is drained
from the main tank.

When refilling to the 25 C level, the insu-
lating liquid should be introduced from the
top under a vacuum in accordance with
separate instructions on vacuum filling.




ure 8.
%m«mmmmw&&c
rise, 230 kv, as viewed with bus and tap
leod. , before top section of tank is in-
s

Transformers Shipped Without
Insulating Liquid

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 first
thoroughly dried at the factory and vac-
uum filled with oil for tests. Then the oil is
replaced with dry nitrogen for shipment.
The oxygen content of the gas filling is be-
low 3%.

A transformer should arrive at its desti~
nation with a positive pressure as indicated
by the pressure-vacuum gageonthetrans-
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. Filling with oilcan 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 therehas beenleakage (which
must be corrected before the transformer
goes into servica), if the oxygen content
measures below 3%, filling can proceed., If
the oxygen content is higher, moisturecan
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
will permit. 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.

Seais

Carefut attention should be paid during in-
stallation of radiators, coolers, bushings,
covers, and other parts with gasket seals to
see that gaskets are properly seated. Joints
should be tightened up gradually all
around. In most cases, gaskets are fully
confined and are provided with compres-
sion-controlling stops. Cements aranotre-
quired for synthetic rubber gaskets except
it needed to hold the gasket in position for
assembly. Detailed instructions on gaskets
are contained in Service Information
$210-05-4, Power Transformers: Rubber,
Cork; Chloroprene Gaskets.

Allthreaded pipefittings depend on seal-
ing compound to keep them from leaking.
When a threaded pipe fitting (like a pipe
plug or screw-type valve) leaks or if the seal
is broken by turning or removing the fitting,
it becomes necessary to thoroughly clean
the threaded surfaces before resaaling. All
the oll, grease, old sealer, and dirt must be
removed from the threads. Rethread and
retap the threads, if necessary, taking care
to prevent cuttings from entering the equip-
ment. When replacing threaded fittings,
coat both male and female threads with
sealing compound. Do not overtighten.
Once the seal is set, do not tum the fitting
because this will break the seal and cause
it to leak.

Energizing the Transformer
When voltage is first 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. After full voltage has been
applied successfully, the transformer
should preferably remain energized for a
short period without load. it should be kept
under observation during thistime and also
during the first few haurs that it delivers
load. After four or five days of service, it is
advisable to again test the oil for moisture,

Transformers ShippedinDry Ailr
When so0 specified, a transformer may be
shipped in dry air rather than dry nitrogen.
This allows inspection of the core and coil
unit after arrival. However, the oxygen con-
tent of the dry air must be checked before
entering to assure itis sufticient to support
life.

There must be no welding or burning on
atank thatis air-filled.

S210-05-5

SAMPLING AND TESTING OF
INSULATEDLIQUID

Sampling

The sample containers should be large-
mouth glass bottles with cork stoppers.
They should be thoroughly cleaned, rinsed
with non-leaded gasoline, and dried before
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
against condensation.

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

Teating ‘

For testing insulated liquid see TESTING
in Service Information $210-05-3, Power
Transformers: Insulating Oil, and IEEE
Guide No. 64 for Acceptance and Mainte-
nance of Insulating Oll in Equipment.

TESTING FORLEAKS
Main Tank
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 inspectionand assem-
bly. One of two methods is suggested:

1. Completely fill the 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
notbe allowed toexceedthesafevalueto
be found on the nameplate. Powdered
blue chalk dusted on the joints will turn
dark when wet with oll and will aidin de-
tecting leaks.

2. Maintain a nitrogen pressure of approxi-
mately 1 psi less than the safe pressure
indicated on the nameplate. A soap-bub-
blesolution (such as glycerine andliquid
soap) painted onto welded and gasketed
joints will discloseleaks. Or, the unitmay
be sealed under the gastest pressure for
a period of hours while checks are made
for loss of pressure.

.




DRYING CORE AND COILS
There are a number of approved methods
for drying a transformer core-and-coil as-
sembly, any one of which will be satisfac-
tory if carefully performed. However, too
much stress cannot be laid upon the fact
that, if carelessly or improperly performed,
greatdamage may resultto the transtormer
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.

Method No. 1 -Drylng With
Vacuum

The most practical and efﬁcaent method to
dry a core-and-coil assembly in the field
when the transformer tank is designed for
fullvacuum is with heat and vacuum. A cold
trap in the vacuum line is desirable to im-
prove the effectiveness of the vacuum
pump and to help measure the results.

PREHEATING THE CORE-AND-COIL
UNIT

Because the rate of transformer vacuum
drying is determined by the difference be-
tween the vapor pressure of the waterin the
insulation and the absolute pressure (vac-
uum) in the tank, it is practical to make and
maintain this difference asgreataspossible.
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-and-coil units in
the transformer tank: preheating with hot
oil and vacuum; preheating with external
oil heaters; preheating under oil with short-
circuit current.

1. Preheating with hot oll and vacuum., This
method of treatment usually employs a
commercial-type-vacuum-oil-heating 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-coil unit. Thisisa pre-
ferred method of heating, especially when
a less-than-full tank of oil is used, because
the vacuum and/or dry oil beginsthedrying
process at the start of the operation. When
using all transformer oil heaters, care must
be taken to control the surface temperature
of the heating elements to prevent heat
damage to the oil.

2. Preheating with external ol heaters. 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 ail and the unitis broughtup to temper-
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.
Thisis the leastdesirablemethod of heating
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 conservatoris vented tothe
atmosphere. With one winding shont-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 should be contacted 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 asquickly
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-

ficiency of the pump and, by keeping alog
ofthe moistureremoved 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 following paragraph.

Method No. 2~Drying With Hot
Ol Only

The drying-with-hot-oil-only method is
also accomplished with the core-and-coil
unitin its tank. Itis a slow process thatcan-
notreach aslowa moisture end pointasthe
vacuum method can; however,itmaybethe
only choice available if the tank is not de-
signed for full vacuum.

In this method, the moisture is driven off
by heat deveioped 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 temperatures 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 voit-
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 drymg run, ventilation snould
be maintained by slightly raisiag the man-
hole cover and protecting the openingfrom

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 theamount of
moisture that was picked up, the size of in-
sulation package, and thetemperature and
vacuum used fordrying, itis not possibleto
make a general prediction on how long a
drying operation might take. However, for
a particular transformer, McGraw-Edison
Power Systams 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 fairly accurate indication.
It a 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 isio measure andrecordthe
amount of water condensate removed from
the trap over regular intervais of time and
plot the results on a curve with water in
ounces on the ordinateandtimeinhourson
the abscissa. The water extraction rate is
greatly dependent on the insulation tem-
perature but, when the curve levels off and
is in the general range of 12 ounces or less
of water removed per 10,000 pounds of in-
sulation over a 24-hour period, the unit is
probably dry. Theinsulation weight may be
estimated at approximately 12% of the un-
tanking weight.

A dew point measurement of the gas in
the transtormer 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 theinsulation and the
gas approach equilibrium. The dewpointof
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.’ It should be understood that this
measuring technique is, in fact, measuring
the moisture content of the gas whichis as-

*Referring to the curves in Figures 7 and 8, McGraw- @

Eqison Power Systems Group considers the area
above Curve B as acceptable. Example: Measured
dow point = -20F, tank pressure = 2'2 P31, and insula-
tan rampaeatgen 1 200 Satar cowardg Soovr A frem
leftanc ind 2pproximately 260 microns Entartoward
Curve B fzom 20C atleft to 280 miccons. Intersection
1310 acceptatie cange.
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sumed in equilibrium with the surface ofthe
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- ,
suréments. 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
difficult to maintain outdoors. Another dis-
advantage to this method is that there are
often large variations in the results of the
measunng process which make the equat-
ing step meaningless.
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Curve A. Step 1: Enter toward Curve A with dew pointin ° F to determine vapor pressure in

microns.
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Curve B. Step 2: Determine Insulation temperature in ° C, Enter with the vapor pressure
from Step 1 toward Curve B. Area above curve is acceptable.

MAINTENANCE

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-
tancein the system all have atearingonthe
scope of the program.

Specitic instructions are supplied by
McGraw-Edison Power Systems Group
which applyto suchindividual 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 transtormers.

Figure 9.

Top section of 240/300/400an trans-
former being lowered into place, Auxillary
windings fof LTC are located in the com-
partment at the right.

Cooling Equipment

The temperature should be watched. ANSI
Standards provide a guide for safe oper-
ation. A rapid or extreme change from nor-
mal temperatures may indicatethatcooling
equipment requires maintenance such as
cleaning of clogged oil-to-air heat ex-
changers or water-cooling coils. Theactual
cause must be corrected.

Insulating Liquid

The level and condition of the insulating’

liquid should be regularly checked. 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 LIQUID on page 5). Frequent
sampling and testing of theinsulatingliquid
during the early period of operation will
help determine a routine schedule. Ap-
preciable moistureinatransformerandlow
dielectric test may indicate gas leaks (ex-
cept with open-breathing transformers)

" and the need for a pressure testas outlined

under TESTING FOR LEAKS.




Fauit-Gas Detection

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 fauits in a transformer
and can thus prevent sericus 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. Thetankshouldbeprotected
from corrosion by an adequate painting
program,

REPLACEMENT PARTS

When ordering replacement parts, supply
complete identification of the transformer

and parts required (including drawing
numbers of the parts if available). 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.

MoGRAW-EDISON

Power Systems Division
Post Office Box 2850

fillabucyly, PA 15230
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Service information

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

—1

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

GENERAL CONSTRUCTION

Short-circuit forces act against the end
yoke steel, the center tank top side frame
member, and the bottom tank short-

CENTER TANK

TOP SIDE
FRAME
SHORT
CIRCUIT

MANIFOLD

7

HELICAL
COIL SPRING
BOX ASSEMBLY

AQIANN

INSULATION

SHORT
CIRCUIT
FORCE

VACUUM /
BRACING

CHANNELS

INSULATION

BOTTOM TANK ‘
SHORT CIRCUIT— 3
MANIFOLD ‘

GUSSET PLATES~
«(as required)

Figure 1.

COIL
PACKAGE

' BE I E B

BOTTOM

/PLATE

A

Cross-sectional view of the tank and core clamping.

circuit manifold (Figure 1). Tank mem-
bers directly resisting the short-circuit
forces are totally boxed in for mechani-
cal strength. The short-circuit forces
acting on the end yoke steel are con-
tained by core friction between over-
lapping laminations. This friction force
is developed and maintained by com-
pressing large hellcal-coil 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-frame 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 2-3/18-in. gap between the lower
conter 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
soctiont is uniformly pulled down tocom-
press ait the helical-coll springs simul-
taneously. -

When thetwotank flangesareincon-
tact, measurements are taken of the ac-
tual compression of each spring to assure
factory-specitied spring compression.
Aftermeasurements have confirmed that
each spring is adequately compressed,
the tank flanges are welded together
around the entire perimetsr. The hy-
draulic equipment is then removed.

WARNING

The coenter tank section of the trans-
former Is springloaded and must be
removed only by using hydraulic e-
quipment and speclal instructions
which must be obtained from The Ser-
vice Department, McGraw-Edison
Company, Power Systems Group,
Canonsburg, PA 15317. Before any
springloaded central tank section is
burmed loose from the bottom tank
flange and released, it is imperative
that the coll leads be unbrazed and/or
unbotited from the lead support super-
structure. DO NOT ATTEMPT TO
SEPARATE THE CENTER TANK
FROM THEBOTTOMTANK SECTION
BY BURNING PRIOR TO OBTAINING
THE HYDRAULIC EQUIPMENT
FROM McGRAW-EDISON.

These instructions do not claim to cover all datails or variations in the equipment, procedure, Or process aescribed, nor to provide directions

for mesting svery possidle contingancy during installation, operation, or maintenance, W
problem not covarad sulliciantly for the user's purpose, pleasa soatact ycur AcGraw-

hen additicnal infcrmation s Jdnsirad to salisty a
Edison Powar Syslen:s Group sales engineer.

Fabruary 1982 ¢ Naw Issue
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Pressure disk assembly and locations.

. 30-TON .. PRESSURE DISKS
HELICAL CENTER TANK g DRAULIC f&fi’g‘m ors  Threaded pressure disks around the
colL SSB{,NG SECTION for pulling down center tank  COre perimeter (between the spring as-
TER TANK ASSEMBLY to compress springs, semblies) at the top of the core insula-
gggﬂEON 3 tion clamp the core steel laminations for
* .SHIPPING short-circuit strength. These pressure ~
Sgev r;:LIJ_:LI,.G . disks also hold the core laminations in
. 4 . . position during upright or laydown ship-
HELICAL COIL SPRING
. PIPE ASSEMBLY 2 ment of the transformer.
TOP CORE — = CAUTION
INSULATION 3’3&5&5‘“5 All pressure disks are pretorqued to
CORE 250—450 ft-1b at the factory prior to
CENTER “——sTACK shipment, but require retightening
TANK to aminimum of 250 ft-Ib atinstailation.
FLANGE It is also recommended that the pres-
sure disks be retorqued during peri-
0 odic transformer maintenance.
B8OTTOM
TANK All pressure disks are accessible from
FLANGE inside the transformer tank. To retighten
. each pressure disk, refer to Figure 3 and
pall » 1. Locsen the top locking nut.
2. Tighten the disk to 250 ft-Ib.
SariomM £ BOTTOM TANK SECTION 3. Retighten the top locking nut.
Figure2. - ACCESS HOLE
External pulidown arrangement to compress helical springs. For tightening
- prossure disk.
. ((—
~— o~ ’ r ) | ¢ g— CENTER TANK
[ SECTION
LEG e BOXED .
STEEL SIDE e WRENCHING
FRAME SURFACE
(13/16" square)
D SHORT SHORT THREADED THREADED
CIRCUIT CIRCUIT PRESSURE """ PRESSURE DISK
D FORCE ‘ FORCE DISK
L11X212 - LOCK NUT
D D D BOTTOM NUT
FILLET
WELD (weided)
YORE RO
STEEL ..
HELICAL THREADED
COIL'SPRING PRESSURE ,
ASSEMBLY DISK CORE INSULATION
Figure 3.

MCGRAN-EDISON

Power$
Mc‘:ftwmmnr
Past Office Box 2880
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GENERAL ' Typical McGraw-Edison core-form, load tap changing power transformer (with arcing

Service Information S210-10-1 pertaing tap-switch-type mechanism) designed for vacuum filling.

specifically to vacuum filling McGraw-

Edison oil-immersed core-form power ,

transformers, load tap changing power ‘

transformers and shell-form power trans- o reduce the risk of moisture entering  Low-vacuum: tanks capable of with-

formers. These instructions apply only to  the insulation, it is recommended that the standing approximately five to eight psi

vacuum flllmg.unlts that were received coils be covered with oil when the tank is, vacuum as shown on the outline drawing

and installed in a normal manner and opened. Although this preferred pro- and the connection diagram nameplate.

where no special field drying is required.  cedure is described in these instructions. | oe 1 e sh

 Because high-vacuum fing (near-ful  an attemative method—using dry ait—is O i G an o sannecion
. . | rmissible and is described on page’s. i )

removing entrapped air and surface mois- pe page's diagram nameplate mustnotbe exceededl

ture that reduce insulation strength, high- SSURE.

vacuum filling is recommended for all - :&!"Aﬂgg‘smcuu“ DBQGN

transformers where it is permitted by.the : ; s

tank design. High-vacuum—rather than Zg?#{:e‘éai%‘:g"&omé:;?:egf main tanks

low-vacuum—filling is required for all High-vacuum: tanks cap.abln of vith ..

transicrmers rated above 69 kv and/or 4 h
16 Mva. standing 15 psi vacuum.

Th33g instiuuhuns Yo ol Slaiin 10 cover ali details or vanalions in the aquipiéni, ProLetula, &F BieCass Jesci.Sad. fO7 1o Providt Ciies
uons for meeirg evary possible contingency during instal‘ation, operation, or maintenance. When addiional information is gesirsd 10 sat-
1sly a problem not covered sulliciently lor the user’s purpcse. plaase contact your MeGraw-£dison Power Systems Group salgs enginess

Anrd 1673 Sucersedes 10/74 1




PRELIMINARY PREPARATIONS
PRIOR TO FILLING

Before filling the transformer

tank with oil: )

1. Fit and properly seal all accessories
that can be connected during filling:
valves. detachable radiators. heat ex-
changers. 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_rigi ®wctions be-
tween the top of tt¥e sand other
members.

NOTE: This 1s essentual 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 vacuumleveis to be used.

8. Open all shut-off valves used to isolate
the auxiliary gas expansion spacein the
bracing bands.

NOTE: These shut-off valves must
remain open during vacuum filling as
well as during normal operation to
maintain equal 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 for purging the transformer tank.

If oil appears when the cap is removed, it

is probably residual qil from the factory

testing process.

7. The type of oil-protective 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
following paragraphsin whichitemsare
grouped according to their pressure-
vacuum design limitations.

High-Vacuum Parts

The high-vacuum-rated 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 Transicrmer tanks cesigred
for tull vacuum are oretestea at the
'aCKny

2. Ractiators.
3. At !:M.l‘ol e

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 openmgs
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. Auxiliary oil- or gas-expansion tanks
(except bracing bands used for expan-
sion space).

A. For high~vacuum fulling. gas connec-
tions must be disconnected at the
tank and the outlets must be sealed.

B. Qilconservator connections are

* usually provided with valves that
can be tightty closed.

Figure 2,
Typicsl McGraw-Edison lood tap ehmging
power transformer (with bolated inter-

rupter-type mechanism) designed for
vacuum filling.

ure 3.

4. Pressure-lype protective relays such '!yplcal McGraw-Edison contour design shell-form power transformer designed for

as sudden- or'-s=..'° relays

vacuum filling (590 Mva with FOA coollng)




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

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-Type 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-preservation and handling faciti-
ties. The interrupter switch compartment
has a crossflow, open-breathing system to
exhaust the arcing gases. A mechanical
pressure-relief 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 oil-gage level. Since vacuum
filling is not required for this outside com-
partment, the walls are designed for a
maximum of 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 switchmountedon the Fennsylite
panel, requires that equal pressure be
. maintained on both sides of the panel at
all times. Equal pressure is attained by
connecting the top of the compartment
to the top of the main tank with copper
tubing. ’
Avidivein the connecting copoer tubing
allows inspection and maintenance of the
selector switchwithoutlosing the nitrogen
in the main tank. The slight pressure on

LA I
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Figure 4. .
Typical McGraw-Edison contour design shell-form power transformer designed for
vacuum filling (161 Mva with forced-air/forced-oil cooling equipment to increase

capacity to 214 and 268 Mva ).

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. Do 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
filling or normal operation. Important spe-
cial instructions applying to drainage pro-
cedures are fumished as part of the specific
instructions book for each transformer.

Arcing Tap-Switch-Type Load
Tap Changers
Arcing tap-switch-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 from 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
dlesigned for a maximum of five psi pres-
sure or vacuum and should be filled
accordingiy. -

See Figure 6 for a typica! vacuum oil-
filling hookup; see Table 1 for sequence
and values.

|

Figure 5.

Typical McGraw-Edison double com-
partment containing isolated interrupter-
type load tap changing equipment.
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PREINSTALLATION VACUUM

Purpose

To evacuate any gas pockets prior to the

initial oil filling and to remove any surface

moisture introduced while the core-and-

coil unit was exposed to the atmosphere.
NOTE: To make this vacuum effective in
removing moisture, the temperature of
the core-and-coil 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 8.)

3. Blank off all accessories that are not
capable of withstanding high vacuum,
(See PRELIMINARY PREPARATIONS
PRIOR TO FILLING and Figure 6.)

4, Connect a vacuum gage to the cover.

5. Connect the vacuum hose to the cover
outlet.

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

WARNING
Ouring the first two hours that a trans-
former is under high vacuum, all per-
sonnel must stay clear 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.

Table 1
High-Vacuum-Filling Sequence and Values

High-Voltage Operating Class (kv)
69 or 115- :
Operation loss 230 345 500 765
Preinstallation
vacuum
Pressure. max 50 torr 25 torr 4 torr 2 torr 1 torr
Hold hours 2+Ehr 2+Ehr 4+E hr 8+E hr 12=-E hr
Partial oil fili for
inspection and !
installation |
Pressure during
filling, max 60 torr 30 torr 6 torr 4 torr 2 torr
P not.re~ not re-
Orain oil quired quired yes yas yes
Final vacuum
. Pressure, max 50 torr 25 torr 4 torr 2 torr 1 torr
Hold hours 2+Ehr 2+Ehr 4+E hr 8+E hr 12+E hr
. Figel oil fifl duri
assure durin
filling, max 9 60 torr 30 torr 8torr | 4 torr 2 torr
H notre- not re- recom- recom- yes
Degassed oil quired quired mended mended
Pressurize*
and run pumps
Pressure (1b) 2-3 2-3 2-3 23 2-3
Total hold/run :
pumps (hr) 68/6 12/6 12/12 24/12 48/12

*See special procedure on page 5 {0r a conservator or similar system.

1torr = 1 mm hg = 1000 microns

E = hours the core-and-coil was exposed during inspection and/or installation.

Use E/2 if the coils were covered with oil,

Oil diatectric strength: See Service Information $210-05-3. Insutating Oil.

PARTIAL FILL FOR
INSPECTION AND
INSTALLATION

NOTE: To minimize the exposure of the
core-and-coilunittothe moistatmosphere,
the coils should be covered with oil when
the tank is open for an extended period
of time such as when installing a top tank
section or bushings.

VACUUM GAGE W

CONSERVATOR
' P
INTERRUPTER | BRACING
L~ -
ﬂ/ )
/ TRANSFORMER
SELECTOR TANK COOLING .
. REGULATOR = o

Oll. FILTER o

—
|

C

o YAGULM
PUNMP

Figure 6.
Typical vacuum oil-filling hookup.

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-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-
fiedin Table 1.

B. Each container of oil must pass

‘through a filter press 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 Cand 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 il 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
ordry air.

WARNING
Do nqt enter the tank unless the oxy-
gen ccntent is at least 18 percent.

Do not open the transformer uniess
the temperature of the transformer and
the cil 1s at least 10 C avove the gew
point of the outside air.
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5. After 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: Qil is drained from the tank to
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-
sequent vacuum cycle and becomes
entrapped i the nsulation,

FINAL VACUUM

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-filling operation.
NOTE: To make this vacuum effective in
removing moisture. the temperature of
the core-and-coil 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 PRELIMINARY PREPARATIONS
PRIOR TO FILLING and Figure 6.)

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

4, It is recommended for all transformers
—and it is essential for conservator
transformers—that a clear-plastic sight
hose be connected between the top
and the bottom of the tank to determine
the rate of qil flow and the oil level
reached.

§. 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 t~o hours that a trans-
former is under high vacuum, all per-
sonnel must stay clear 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.

"

FINAL OIL FlLL.

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-
fied in Table 1 of Service Informa-
tion $210-05-3, Insulating Qil.

" B.Each container of oil must pass
through a filter press as it is entered
into the transformer tank.

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

NOTE: On higher voltage transform-
ers (Table 1), it is recommandad that
the oil be pretreated in a vacuum-
degassing-and-dehydrating unit. This
unit should be capable of upgrading
the oil entered into the transtormer
to the dielectric strength, water con-
tent, and gas content specified in
Table 1 of Service (nformation
$210-05-3. Insulating Oif.
2. Enter the 0il into the tank.
A. Control the rate of flow so that the

pressure does not exceed that shown

in Table 1.

Sealed tank: Fill to the 25 C level.

Tank with a conservator-type sys-

ten: Fill to within two or three inches

of the cover.

PRESSURIZE AND RUN PUMPS

Purpose

To help assure that any entrapped gas
has had sufficient time to be absorbed by
the oil.

Procedure for Sealed-Tank

Construction

1. Release the vacuum by 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 will gradually drop
due to absorption of the nitrogen into
the oil.

4. Place the tank sealing equipment in
operation.

8. Allow the 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.

Construction

1. Release the vacuum to atmo
pressure by introducing dry ni..
or dry air into the gas space abave «...
oil level. ‘

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

3. Open the shut-off valve on the thermo
trap line.

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

8. Allow the transformer to stand with the
pumps (if supplied) operating for the
minimum times shown in Table 1.

LOW.VACUUM FILLING

If a tank is not designed for high vacuum
or if high-vacuum facilities are not avail-
able; it is permissible to use a iow vacuum
for filling a transformer with oil if the unit
is rated 69 kv or below and/or 10 mva self-
cooled or below.

When low-vacuum-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.

ALTERNATIVE O

INSPECTING ANDINSTALLING

A TRANSFORMER WITHOUT

OlL COVERING THE COILS

If it is necessary to ingpect 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.

Procedure for consowato:“;

WARNING ,
D0 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
blowin dry air at the bottom of the tank
while venting at the top.

4, Final vacuum and fill the tank in accord-

ancewith Table 1.
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MoGRAWEDISON

Power Transformers

Tap Changing Equipment

Large Geneva-Gear-Drive Tap Changer

Power Systems Group

S210-40-1

Service Information

DIRECT OPERATING
MECHANISM .

General

A geneva-gear-drive tap changer has an
external operating mechanism with a
geneva-gear 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 self-adjusting
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 ths

.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~changer operating mechanism,
Figure 2, consists of an operating handle
with a lock-pin assembty to hold the handle

f ;vl-*.i‘:;.‘

Figure 1.

X3

¥

' Operating mechanism for geneva-gear-drive tap changer. ',

in tap position, a geneva-gear index to
indicate the respective tap position, and
an oiktight and gas-tight stuffing box with
self-adjusting packing that allows the
operating shaft to go through the side of
the transformer tank. The manual operat-
ing handle of the operating mechanism is

rigidly fastened to one end of a noncor--

rosive shaft. The other end of this shaft
within the tank has a rigidly fastened ir-

' reversible cross pin. In operation, the pin

transmits the operating torque applied at
the handle to the slotted steel! coupling
fixed to the drive shaft which operates the
geneva-gear-driven tap changers. Means
are provided for padiocking the operating
handlein each tap position. Placed nearby
is a plate with instructions for preparing
the shaft for untanking the transformer.

a'osmoro COVER PLATE gﬁ:lge OPERAL‘ENG POSITION
DOW HAND OF DRIVE
GENEVA GEAR SHAFT SHAFT DURING
. INDEX STUFFING 80X, UNTANKING
L\, MOUNTING BOLT
— T\ LOCK-PIN KNOB IRREVERSIBLE"
N o SELF- CROSS PIN ~
.~ -..-"\ PROVISION ADJUSTING
! @) i JoaorSR G PACKING .\ storreosreeL [
OPERATING /.,-, / A i COUPLING WITH i
HANDLE - R / . _l,
} (o) o T tome
( O ) g CHANGER
\ / £§ GENEVA
2 ORIVE
o/
! ‘ L"—" - y stop
. b o KEY PP I__]
INTERLOCK
OPERATING MECHANISM WHEN STUFFING MOUNTING TANK WALL INTERNAL
MOUNTING SCREW REQUIRED 80X FLANGE ORIVE SHAFT

Figure 2.

Cross section of operating niecnhanism for geneva-gsar-urive tap changer.

These instructions do not claim to covar all dotails or variations in the equipment, procedure, o2 process descrhed nar in provids direct:ans
for mesting avary possible contingercy durning mstaliation. oparaticn. o maintenance. Whea additional nifennalion s 385024 (0 3aus’y a
problem 210! covered sulficientiy tor the ussr's purpose. ploase contact your MeGraw-Ecison Powncr Svsier:s Crour s2'éseryroc’




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 connection-diagram 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
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 CHANGING TAPS
Completely deenergize the transformer.
Remove the padlock (if provided) and pull
out the lock-pin knob to release the oper-
ating handle. (The pin is springloaded and
cannot be entirely removed.) Tum the
operating handle until the desired tap
position is indicated and the fock pin drops
into the retaining hole. Each complete
revolution of the operating handle makes
one tap change. The cam design of the
geneva-gear indexing plate prevents
overtravel of the limit positions. 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 tap-changer operating
handle. With the operating handie pad-
locked in any tap position, record the
actual position of the tap-changer con-
tacts corresponding to this position, re-
move the operating-mechanism 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 ccupling 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 pin wiil then be against
the internal side of the stuifing box which
prevents the shaft from being completely
withdrawn from the tank and crovides the
proper ciearance for untanking.

1f the tap changer shaft must be turned

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

When the core-and-coil unit is to be
placed backinto the tank, reverse the pro-
cedure just described being very cautious
not to alter the contact position corre-
spondingto 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.

Maintenance

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

GROUND-LEVEL OPERATING
MECHANISM

General

A ground-level 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 intemal tap
changer drive shaft. This shaft passes
through seff-adjusting packing in an oil-
tight and gas-tight stuffing box.

installation
The operating mechanism and the tap

.changer are usually shipped completely

assemblaed. 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 desired tap position before energizing
the unit. .

Description

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
extermnal operating handle to the drive
shaft of the internal tap changing mecha-

nism. ;

The manual operating handle is pro-
vided with a geneva-gearindexto indicate
the respective tap position and a'lock-pin
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 with in-
structions for preparing the tap changer
shaft for yntenking the unit

——— bt es v u e
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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 connection-diagram 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-pin 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 CHANGING TAPS
Completely deenergize the transformer.
Remove the padlock (if provided) and pull
the lock-pin knob upward to releass the
operating handle. (The pinis springloaded
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-gear .indexing plate prevents
overtravel of the limit positions. After the
tap change has been made and the lock
pin is in the retaining hole, replace the
padiock.

PROCEDURE FOR UNTANKING
TRANSFORMER
Refer to the instruction plate mounted
below the operating-mechanism gear
housing. With the operating handle pad-
locked in any tap position, record the
actual position of the tap-changer con-
tacts comesponding 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
shatt to disengage the steel coupling, be-

recorded position. Withdraw the gear and

ing careful not to tun the shaft from its .

shaft assembly-until it comes to a positive
ston.The cross pin will then oe against the
‘internal side of the stuffing box, which
cravents the shaft from being comaletely
withdrawn from the tank and provides the
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proper clearance for untanking.
I the tap changer shaft must be turned
from its recorded contact position for any
reason, it must be retumed to the recorded
contact position before retanking the
+fransformer. Y
When the core-and-coil 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.

Maintenance

The springloaded, self-adjusting 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, if necessary.

REPLACEMENT PARTS
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
Systems Division Office, or write directly
to McGraw-Edison Power Systems Divi-
sion, Canonsburg, Pa. 15317.

»
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PACKING RING ASSEMBLY

GEAR BOX MOUNTING POSITION OF
MOUNTING BOLT FLANGE INTERNAL ORIVE
HORIZONTAL SHAFT SHAFT DURING
IRREVERSIBLE UNTANKING
CROSS PIN )
GEAR COVER 24
' STEEL COUPLING ’H |
/Ll TOTAP
MITER 17 | prorwwipiene £t < CHANGER
GEARS | . R
GENEVA
ORIVE
CROSS-PIN
sTop INTERNAL
ORIVE SHAFT
TOP GEAR HOUSING STUFFING BOX
. / STUFFING BOX
COUPLING { MOUNTING BOLT
STUFFING B8OX
/ [" PACKING
VERTICAL SHAFT RETAINER
INSTRUCTION
— PLATE
ADJUSTABLE
/ SHAFT
- % SUPPORT
. = ]l;-——— MOUNTING BOLT
PROVISION FOR
PADLOCKING ,
OPERATING
HANDLE
OPERATING
MECHANISM
. MOUNTING 8OLT
GENEVA GEAR MOUNTING
INDEX BRACKET
Figure 3. . .
Mechanism for ground-level operation of geneva-gear-drive tap changer.
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DIRECTLY UNDER THE TANK WALLMEMBERS — SEE MEPS N
SERVICE INFOAMATION S210-08-2 FOR SPECIFIC .
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6., THIS DRAWING IS INTENDED TO EXPLAIN THE LIMITATIONS
THAT THE TRANSFORMER IMPOSES ON THE PIER OR
FOUNDATION CONSTRUCTION. IT DOES NOT INTEND TO
INSTRUCT IN THE DESIGN OF THE PIERS THEMSELVES, NOR
DOES IT CLAIM TO COVER ALL DETAILS AND VARIATIONS,
WHEN AODDITIONAL INFORMATION 1S DESIRED, THE MATTER
SHOULOD BE REFERRED TO THE McGRAW-EDISON COMPANY
POWER SYSTEMS DIVISION.
7. PROVISION FOR JACK SUPPORT IN JACKPAD AREA 1SB8Y
CUSTOMER WHEN REQUIRED.
8. SEE TRANSFORMER OUTLINE DRAWING FOR L, W, AND H.

McGRAW-EDISON COMPANY
| Power Systaems Division
CANCNSSUASG, PA 18317 « U.S.A.
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Addendun to-Instructions S210-05-5 for iransformers'shipped filled with dry
air. Replacéd‘itgms in 5210-05-5 referring to shipping in dry nitrogen.

SPECIAL INSTRUCTIONS FOR TRANSFORMERS
SHIPPED FILLED WITH DRY AIR

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

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

The transformer should arrive at the destination with' a positive pressure
(as determined with a pressure gauge usually available on the transformer).
Pressure will vary approximately with temperature in accordance with table,

TEMPERATURE GAS PRESSURE
4o° ¢ 3-1/2 psi
30° C 3~1/4 psi
25° ¢ 2-1/2 psi
20° ¢ 2-1/4 psi .
15° ¢C 2' psi
10° ¢ 1-3/4 psi

5° ¢ 1-1/2 psi
o° ¢ 1 psi
-5° ¢C 3/L4 psi
! ~10° C 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 without a proportionate decrease in
temperature, leakage may be indicated, The transformer should be pressure
tested and any leaks corrected before the transformer goes into service.

CAUTION: Do not weld or-burn on any transformer filled with dry air. If
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 MCGRAW EDISON POWER SYSTEMS DIVISION DATE 30 JAN196T

"REVISED 28 March 196
APPROVED CANONSBURG, PENNSYWVANIA REVISED 1 Nov. 1973

REVISED 21 MAY 1981

DRAWING A-2L40265
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Power Transformers

Cooling Systems .
Class FOA Cooling Equipment

Service Information

$210-50-3

Page 1

GENERAL

Each Class FOA cooling unit consists of an oil-circulating
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 1. Assembly for core-form transformers is similar.

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

EQUIPMENT DESCRIPTION

PUMPS

The pump is shown in Figure 2. The pumping element is
mounted on the shaft of a squirrel cage induction motor
rthat 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 specific 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 wall,

The front of the enclosure is a chamber that houses the fans
and 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,
y Figure 3, for each pump indicates proper pump operation
- and is designed to operate in a vertical or horizontal pipe.

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.
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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 insteuctions do aot ¢laim to cover all details or variations in the equipment, procedury, or process descrioed, nor to proviae aizeclicns

for mzeting avery possible contingency during installation, operation,

or maintenance. When additional information is desired to sausly a
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be filled with oil. The recommended filling 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 filling the cooling units.
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Figure 2
Typical o1t pump.

CAUTION

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

ELECTRICAL EQUIPMENT - 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,
if the 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.

MOUNTING
FLANGE

Figure 3
Qil-flow indicator.

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% of the rated transformer capacity. The
second bank of coolers is started automatically by a
wirding temperature relay. Transfer switches permi: the
selection of either cooling bunk to operate continuousiy.
For specific operating instructions, refer to the wirne
diagram.

o




MAINTENANCE
PUMPS

The pumps should require no maintenance. The bronze
sleeves and thrust bearings in the motor are continuously
‘fubricated 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 isolated 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.

$210-50-3, Page 3

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 #DC-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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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,
temperature-sensitive 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 insarted into an

ANS! Standard transformer thermom-
etar well. All thermometers and resist-
ance transducers used by McGraw-
Edison Company (or the Pennsylvania
Transformer Company) since 1950
will either fit or can be easily adapted
to fit the present ANSI well. All of
these thermometars are ambient com-
pensated and are furnished with from
zero to four electrical snap-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 mechanisms motinted
at eye level. All thermometers are

/

Thuse instractions ao not claim o cover ail astans or variations n the aquipment, proceaqure, or p:oce.sa’ dascribeo, 1ior to prov.de direc-
tions for maating every possible contingancy during instaliation, operation, or maintsnance. When additional information 1s desired to sat-
isly u protiem not covered sulliciently for the user's purposoe, pleass contact your McGraw-Edison Power Svstems Group seles enginear.
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WINDING TEMPERATURE -
THERMOMETER

coil, When used, the resistor is install-
ed between terminals S and U and the

_Transformer winding hottest ,s'pgg :“ohmic value of the resistor appears on
temperature is duplicated in a small' '“'the certified test sheets. Do not re-

electrical heating coil having thermal
characteristics 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 will correspond 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

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.

QA/FA transformers having an OA
rating of 100 mva or above and alt 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 self-cooled rating
(unless otherwise required) are fur-
nished with a winding temperature
thermometer containing an electrical
switch to control the second stage of
forced cooling.

TANK WALL —|

O-RING GASKET

L —

CLAMPING NUT

THERMOMETER OR -

. WELL FOR
' TEMPERATURE

GASKET

TRANSDUCER

Figure 3,

Typical mounting arrangement tor winding temperatire equipment.
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SWITCH SETTING
. KNOBS & INDICATOR
{SWITCHES NUMBERED
FROM LEFT TO RIGHT)

RED DRAG HAND
INDICATES MAX,
TEMPERATURE

MICRO SWITCH RATINGS

10 amps at 125 V.A.C.
10 amps at 250 V.A.C.
.50 amps at 1256 V.D.C.
.25 smps at 250 V.D.C, -

ALIBRATION
ADJUSTMENT
SCREW

RESET SHAFT
UNDER COVER
CONTROL CABLE CREW

s E====9] Toraran "w;oms'c -
= ) | OIFFERENTIAL 6 TO 10° ¢ ',’,',’,’,7;,’,‘,: ﬂ“ “:;.-
GREEN Lo === SWITCHNO. 2. $POT '.“" .
T4 g D | ADJUSTABLE - (SWy » 25%1 TO 172°C .
prris TERER :____?!_: OIFFERENTIAL -€° TO 10°C
uE o e o= oy SWITCH NO.3-SPOT
RANG § H =1 ADJUSTABLE - (SW3+ 9°) TO 100°C
REC-ELK ] R | OIPFERENTIAL- € TO 10°C
THREE-SWITCH, DIAL-TYPE THERMOMETER . .
SWITCH SETTING ® _@ o
KNOBS & INDICATORS .
(SWITCHES NUMBERED @
FROM LEFT TO RIGHT)
RED DRAG HAND
INDICATES MAX.
TEMPERATURE
MICRO SWITCH RATINGS
10 amps at 125 V.A.C. INDICATOR
10 amps at 250 V.A.C.
.50 amps at 125 V.D.C.
.25 amps at 250 V.D.C. 2 2
. . CALIBRATION
CONTROL cABL ESET SHAFT UNDER ADJUSTMENT SCREW
COVER SCREW
- :‘:;Z: Fo2220 ] Toastaset s zo' u'c ®
T _j__-; OIFFERENTIAL -6° TO 10°C )
GREEN (== = === SWITCH NO.2.$#0T | S— |
RED ¥ T | ADIUSTABLE - {SWy +23%1 TO 1M4°C ﬁ
R | OFFEAINTIAL- 6 TO 10° C
e F =2 = == SWITCHNO 3.300T . .
CRANGE D | ADJUSTASLE - (W9 + 91 TO 172° C .
— —2 J OIFFEAENTIAL . 6°TO 10° C
WHITE.SLX Fedhulbntiadudnl +°1 SWITCH NO. 4 .SPOT O
RED ALK } T | ADJUSTABLE -iSW3 9% TO 190° C - .
q‘l OIFFERENTIAL 6° TO 10*C

a

”

. FOUR-SWITCH DIAL-TYPE THEARMOMETER

Figure 4.
4




S5210-70-3

TEN OHM, COPPER, RESISTANCE-
TYPE TRANSDUCER o
The -ten ochm, copper, resistance-ty

transducer (Figure 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(0.0385635) + 10

T =25.95(A1)-234.6

Rt = Resistance for any given temperaturs,
ohms

T = Temperature for any given resistancs, °C

WINDING TEMPERATURE
ASSQCIATED EQUIPMENT 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 ths bushings. Figure 3 shows a
typical arrangement. The weather-
proof tarminal box that receives the
leads for the current transformer and
heating coils is mounted on the trans-
former case.

CORK SPACERS

WELL FITTING

10 OHM COIL LEADS
TO CONTROL CABINET

Figure 5.

O-RING GASKET

CLAMPING NUT
TERMINAL BLOCK

10 OHM

coiL

LEADS TO CURRENT
TRANSFORMER

v

The ten ohm, resistance-type of winding temperature indicating equipment,

mountid in the tank wall,

INSTALLATION

The temperaturs indicating equipment
is completely installed at the factory.
It is only necessary’ to mazke the
required electrical connections « for
alarm leads or remote indication when
required,

ESISTANCE

WARNING

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

CAPTIVE NUT

O-RING GASKET

s

pb gl

(AT ¥

d
"l

7/8” - 14NF-2

Figure 6. ’
Thermometer well,
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SETTING SWITCH CONTACTS

A,

Instructions for re-setting switches
on one- and twa-switch thermom-
eters.

I Hemo4ve 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). ‘

2. Remove bezel.

3. Remove nameplate - covering
mechanism in lower section.

4. Connect an indicating davice
(test light, ohmmoeter, etc.) to
the appropriate switch leads.
(1f 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).

5. Making use of an extsrnal heat-
ing supply, bring the indicator
to the point on the scale cor-
responding to the desired
switch setting.

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

7. Tightan the adjustment screw

and check the switch action by
varying the bulb temperature
(Step 5).

8. Reassamble in reverse order.

Instructions for resetting switches
on three- and fourswitch ther-
mometers.

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

2. Loosen approprists switch set-
ting knob and move the switch
indicator to the desired setting.
Resecure knob and replace the
‘bezel (Figure 4},

SWITCH SETTINGS CHEC

1. Connect an indicat
light, ochmmaeter, s...,
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 thermomater bulb from
the well by loosening the captive
nut which secures it to the waell,
The well must bs held securely
with a second wrench during re-
moval (Step 4). See Figure 6.

3. Remova 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 nsmeplate covering in the
lower section, -

7. Loosen calibration adjustment
screw. Using a Phillips-head screw-
driver to hold the screw stationary,
move the pointer across the scale
to check the switch sattings 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
indlcator 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.

-evice {test

"

to the ap-

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 WINDING TEMPERATURE
EQUIPMENT

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

shown in Figure 7.

1.

5‘

The recommended test circuit is

Connect powaerstat (T1) V. A. rat-
ing depandent on ratio to T2 (160
V. A. with recommended Triad
T2) to T2and to a stable 115 volt,
60 hertz power source.

it the transformer containing the
winding temperature equipment is
energized, connect jumper J2 be-
tween terminals S and V.

Open jumper J1.

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

Connect the low-voltage winding
of transformer T2, through am-
meter (A) to terminais S and U in
winding temperature circuit,




- S5210-70-3

T4 - Variable ratio transformer (pow-
erstat, variac, etc).

IE Tp - Stepdown transformer 115/6 to
i ’ 25 volts, 15 amps (Triad F22A or
\',_/L_, { ) e ) similar).
Sw j‘_l p < NS . s - i) A - Ammeter (2.5 - 25 amp points on
3 3 :i H scale must be both legible and
115V b 3 5 RS HC ) accurate).
2 9 CT:: R - Shunt resistor (if provided).
. o—e R Hc- Hoating coil.
Ty T2 (-—J, > 49 - Winding temperature thermom-
o rens ‘\‘; . ater,
. P Lo 20 CT-Internal winding temperature
5 T it - _,.‘ current transformer.
) Jq - U-Vjumper (provided).
Figure 7. _ J2 - §-V jumper (not provided).
Test circuit for winding temperature equipment. SW- S.P.S.T. switch.
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6. Figure 8 shows the heat.ing coil eter reading differential should be  MAINTENANCE .

gradient curve and formulas used recorded before starting test). Both types of temperature indicating
to determine the test currents re- (Suggested heating coil test cur-  equipment are tested and calibrated at
quired to obtain the corresponding rents IHc are 5 and 7.5 amps). 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

heating coil currents. Consult the 8
certified test sheets to determine
the value of shunt resistor (R).

. When evaluating the test results,
keep in mind that thermometer
accuracies + three degrees can in-

NOTE: If test sheots are not available, fluence the outcome especially at
disconnect resistor temporarily and low currents where gradients P equivalent) saturated with graphite,
measure its resistance with a Wheat- e ere gradien a"’_o should be applied to the thermometer
stona bridge. The resistor (when pro- the same magnitude as the reading . .

e : . bulb before insertion into the well
vided) must be in placs during test, accuracy. Thermomaeter switch sat- :

tings should also be oconsidered _‘(This reduces response time batween

7. Using the appropriate formula the winding temperature and the ther-

from Figure 8, select at least two (The indicator may temporarily-tag: b

test currg:nts and circulats the cal- the actual temperature by one"o+ - Mometer indication).

culated test currents in the heating = two degrees just before a switch is CAUTION

coil circuit until the heating coil actuated. Resistance transducers

temperature is constant (45 to 60 placed in the thermomater wells The terminals of any open or

minutes). The heating coil gradient instead of the thermometers will inoperative auxiliary winding

can be determined by subtracting give better accuracy if a test result must be short circuited. Wiring

the oil temperature reading from is in doubt. diagrams supplied with the trans-

the hot spot reading, (Thermom- former indicate the proper ter-
minals for this operation,

McGRAW-EDISON

Power Systems Group
MoOraw-Edison Compa
Post Offiee Box 2830 i

Pittsburgh, PA 13230
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Seorvice 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 transtormers
and compartments with the application of
suitable gasket materials.

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

OPERATION

The pressure-relief setting of the device
and the type of insulating liquid with which
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 overcome 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
rasetting or replacement of parts for
subsequent pressure-relief operations,
except that the indicator rod must be
retumed to its original position.

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

. gasket, This allows the diaphragm to seal
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.

PRESSURE-RELIEF ALARM
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-
prassed 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 SPDT with the N.C.
contacts held open in the normal 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.

Table 1.
Switch Ratings
Voltage Current
(Vac) | (vde) | (amps) | Type of Load
125, 250 10 Non-inductive
125, 250 10 Inductive
125 0.5 Non-inductive
250 025 | Non-inductive
i (18) ceson  INSULATING !
! ¥/ DESIGN FLUID
i | ' PRESSURE
: ]
[ 4 y 4
—T—1—1
e

DN

1. Rating nameplate

2. Alarm switch (optional)
3. Plug for switch mounting
4, Switch reset lever

5. Mounting bolt

6. Mounting flange

7. Tank cover

8. Diaphragm

9. Inside gasket

Figure 1.
Cross saction of mechanical pressure-

relief device.

10. Qutside gasket
11. Mounting gasket

12. Base

13. Cover support stud

14, Cover

15. Cover bolt

16. Large spring

17. Small spring

18. Indicator—tripped position

- wremam o ey
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INITIAL INSPECTION
The mechanical pressure-relief device
and alarm switch are usually shipged com-
pletely installed and ready for operation,
Shouldthe 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.
Itisnot
ical relief device from the transformer or
oil-filled compartment during vacuum
treatment, as the device will withstand
full vacuum. -

to remove the mechan- .

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 pressure-relief devices supplied
must be used for the intended applica-
tion only. Some transformers will have
one pressure-relief device setting for
the main transformer and another for
an auxiliary compartment. However,
pressure-relief devices with the same
rating and for the same insulating liquid
are interchangeable. .

MAINTENANCE

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 will be promptly given.

REPLACEMENT PARTS

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
Figure 1and include all pertinent informa-
tion contained on the nameplate attached
to the transformer. Address all corre-
spondence to the nearest McGraw-Edison
Company, Power Systems Group district
office or write directly to the factory.

MCGRAW-EDISON

Power Systems Group
Post Office Box 2830
Pittahvyrnbk 04 13270
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HGURE }
Pressure bleeder device mounted horizontclly on side of compariment.-

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 14 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. °

The bleeder 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.

L
.

Replaces PTI 197-1 dated 8/60
No change in text

FROM COMPARTMENT
DIAPHRAGM

SEAL

ADJUSTING_ SCREW

CAP —
SCREEN

GASKET

VENT TO ATMOSPHERE
FIGURE 2

Schemoatic drawing of vertically movated bleeder device shewing posi-
tion of dicphrogm during relief of pressure,

Pariodic 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 == 14 psi.

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

These Inslructions do nol claim lo cover all detai's or varialions in the equipment, procedure, or process described, nor lo provide direclions
wor mealing avscy possidle coatingency during installation, operstion, or maintunance. When aditonal nformaticn is dasived le satisly 2
croblem no! ccvered sufficiently for the user's purpose, please conlacl your McGraw-£dison Fowe: Systems Division siles ergineer,
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Magnetic Liquid-Level Indicator
Installation Instructions Service Information
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DESCRIPTION

McGraw-Edison transformers are equipped
with magnetic liquid level indicators.
Figure 1, 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- RN AN ,
magnetic partition to the fluid level indi- e LT A
cating pointer on the dial. The entire Lot ’
assembly is simple in operation and
rugged in construction. No stuffing
glands. multiplying apparatus or gears
arerequired.

A tight seal is maintained between the
gage and the mounting flange on the tank

wall with a controlled-compression gas- GAGE TANK WALL
keted joint. A gasket is also provided be- HOUSING

tween the dial and the dial housing. A ggggme\

solid metal partition behind the dial pre--

vents the entrance of any fluid that may

h . RUBBER
affect dial readings or cause leakage. GASKETS | ailéllNNgr

The gage may be equipped with alarm
switch, Figure 2, which will operate when

the oil level reaches the low point as indi- Eﬁ'é’ﬁ'ér
cated by the pointer on the dial. \

SOLOER IN PLACE

INSTALLATION' LENS
The gage is usually installed at the factory FLOAT ARM
and is ready for operation. The indicating  INOICATING = 7

pointer should be approximately at the POINTER ~ |
25 C mark on the dial with the float rod in
a horizontal position inside the tank. In —
the event the transformer hasbeen jamed  Homaman = C
during shipment, the float rod may stick
in a vertical position. This would be igl(i)—
cated by the pointer resting at the T
HIGH position on the dial. The gage may MOUNTING FLANGE 2
be rendered operative by merely retum- ' PARTITION MOUNTING SCREW
ing the float rod to the 25 C horizontal
position. Figure 1.

To aid in checking the accuracy of the = Magnetic liquid-level indicator.
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.’ In 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.

FLOAT

.
v

e emae e semem i e mumas

These instructions ¢o not claim to cover ail details or variations in the equipmaent, procedure, or process dascribed, nor to provede uiChidas
‘or meating avery pcssibla contingancy during instaliation, operation, or maintenance. When additional information 1s dasirec to s3bsly 2
sroblem not coverad suiliciently for the user’s purpose, pleasa contact your McGraw-Edison Power Systems Divis:Cor shint &0« w3% \
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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 auxiliary tanks:

1f the complete gage assembly is shipped
separately, or if a replacement is made,
the oi! 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 oiland air-
tight gasketed seal. Secure the gage
housing to the nonmagnetic partition.
Check the operation of the float by mov-
ing it over its entire range. The movement
of the indicating pointer on the dial 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 contactsare rated at 5amps at 250
voltsac, or 0.02 amps at 250 volts de, with
an inductive load.

MAINTENANCE

The gage assembly will generally require
no maintenance. If for some reason the
gage assembly becomes inoperative,
examine it to determine whether the com-
plete gage assembly or only the gage
needs to ba replaced.

Ordinarily, lens breakage will not affect
the operation of the gage. However, in
the event of such breakage the gage can
be removed and replaced without lower-
ing the cil level within the tank. To remove
the gage, loosen the screws on the black'
enameled gage housing and remove tiw
housing and the attached gage. It is not
necessary to break the gasketed joint
between the mounting flange on the tank
and the nonmagnetic partition.

REPLACEMENT PARTS

When ordering replacement parts, the
serial number found on the nameplate of
the transformer should be given. Address
all correspondence to the nearest
McGraw-Edison Power Systems Division
office. or the Service Section, McGraw-
Edison Power Systems Division, P.O. Box
440, Canonsburg, Pennsytvania 15317.

-

RUBBER GASKETS

INDICATING

POINTER \ -

MICRO
SWITCH

MAGNET

NONMAGNETIC="" |
PARTITION

LIQUID

LEVEL

GAGE HOUSING MOUNTING SCREW

/

2 TANK WALL

DRIVING MAGNET

@/sowsn IN PLAC.

CONDUIT

CABLE GRIP

LEADS

Z

X

| e, ELOAT ARM

FLOAT

PARTITION MOUNTING SCREW

MOUNTING FLANGE

Figure 2,
Magnetic liquid-level indicator with atarm switch.
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GAS DETECTOR RELAY
FOR ATMOSEAL' TYPE TRANSFORMERS

Fig.1 Gas-detector rekay system. Alorm coble shown cvt off is normally ferminated in the control housing !
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GAS DETECTOR RELAY FOR ATMOSEAL
" TYPE TRANSFORMERS

INTRODUCTION

The gas-detector relay warns of the approach of
transformer faults which are preceded by a period
of gradual deterioration and gas cvolution. The
relay can only be used on transforiners that are com-
pletely filled with oil (such as those equipped with
Atmoseal or conservator oil preservation systems).

The relay, Fig. 1, is mounted near the edge of the
transformer cover so that the dial can be obeerved
from the ground.

The gas-detector relay is usually shipped in place
on the transformer cover. Occasionally the relay is
removed in order to meet shipping clearances.

_MAGNETIC
COUPLING

DESCRIPTION

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

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

An alarm switch, with normally open and normally
closed contacts, operates when 200 cc of gas have
accumulated in 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

FLOAT

LIQUID~TIGHT
PARTITION

RECEPTACLE

Fig. 2 Schematic ;Im of reloy mechanism
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pin-type receptacle. See Figs. 2 and 3. The switch

is rated as follows:

K

Type of Circwit | Type of Load | Circult Volts | Amperes
AC fndvctive end 115 10
Nea-inductive 230 s
DC ladoctive 128 0.08
(. > — — R X
R i Recirict storting
AC - larveh currents
or lndective fo valves bolow
DC . Alreedy
125 | Clesed | Closiag
ond | Contects|Contects
250 30 15

A test valve and petcock are located on the side
of the transformer control housing, See Fig. 4.
The valve is connected to the relay float chamber,

thus providing a convenient means of obtaining a

gas sample. The collected gas can be tested in
order to determine whether or not a fault is develop-
ing within the transformer. The procedure for
obtaining and testing a gas sample is described later.

Fig. 3 Relay receptacle pin location and alarm switch
connections

INSTALLATION
The gas-detector relay when shipped separately

must be assembled and located as shown on the .
transformer Outline drawing. A pipé plug closes

the opening in the flange on the transformer cover.
When installing, proceed as follows:

1. l.ocate the gas-defector reiay as shown on the
transformer Outline drawing.

2. Mount the relay and relay support (when
furnished; with the hardware provided. Plsce
rhis short side of the support towards the center

Fig. 4 Sampling valve and petcock with cover removed

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

3. Install the length of. tubing between the trans-
former cover flange and the relay chamber.
Refer to the Gas Detector Relay Installation
drawing. Be sure the tubing is straight. Use
a coupling to aseemble the straight tubing to
the flange on the transformer cover. See Fig. S.
Make & minimum bend at the flange coupling
so that a constant pitch is maintained to the
relay, coupling. It may be necessary to make
a slight bend at the relay coupling. After
connecting the tubing, and tightening the
mounting bolts, assemble the pipe (or tube)
supports as shown on the installation drawing.

4. Connect the tubing between the relay and the
sampling valve on the side of the control hous-
ing if tubing or housing was removed for ship-
ment. Make sure tubing is not kinked or
pinched closed at any point.

S. Remove the protective cap from the receptacle
on the relay. . .

6. Install the cable assembly provided, The
cable end is fitted with a pin.type connector.
‘Do not make sharp bends in the cable (radius
should be greater than three inches:,

7 Make wiring connactions The commoen supnly
line to the alarm should be grounded.

After installing the gas.detector relay, refer to

installation initructions in the lzaflet entitied “As.
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LRELAY SUPPORT
(when furnished)

e T\

e TRANSFORMER
- COVER

\—‘I'UBE (use minimum bend,
only at fittings)

Fig. 5 Outline of typical relay installation on transformer cover

moseeal Oil-Preservation System’” which refers to the
gas detector relay in its installation peocedure. The
oil chamber of the gas-detector relay must be allowed
to fill during the initial oil filling of the Atmoseal
expansion tank before the aircell in the tank has been
deflated.

The system can be primed using the syringe as a

suction pump. See Figs. 6 and 7.
" 1. Insert syringe petcock “C™ into petcock “B”,
opening the petcocks and valve “A”,

2. Using the syringe &3 a suction pump; withdraw
air from the line (and relay chamber) until oil
appears in the syringe. Close petcock “B” to
maintain the system each time the syringe is
_removed to eject air.

Fig. 8 Syringe with flame chack device attached

3. Close valve “A’ and petcock “B’* and remove
_ the syringe.
4, System is now primed (full of oil). Indicator
should read zero cc.
5. Replace syringe (after cleaning; refer to *“Main-
tenance’’) in its container and fasten the sampl-
ing valve cover in place.

SAMPLING

The rate of gas accumulation in the gas-detector
relay is an indication of the magnitude of the fault,
Should sufficient gas accumulate to give an alarm, a
sample is removed and analyred as described in the
following persgraphs. The remaining gas is ex-
hausted from the relay and the length of time noted
to obtain a second alarm. Repetition of this pro-
cedure will show the megnitude of development of a
fault. Depending upon the results, orderly arrange-

_ments can be made to remove the transformer from

service before a failure occurs. In this manner
damage can be minimized and the mozt convenient
time for inspection and repair selected. Note that
if installation or servicing has occurred within the
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VALVE A PETCOCK B

PETCOCK C-

Fig. 7 Taking gos sample

preceding two week period, air may have been en-
trapped.

OBTAINING GAS SAMPLE

The gas sampling device consists of & grad-
uated syringe ot 50 cc capacity and a scparable
petcock, see Fig. 6. The syringe petcock has an
externally tapered end, designed to be inserted into
the matching petcock on the sampling valve assem-
bly, assuring a leakproof joint between petcocks that
can easily be made and broken. Make sure both
petcocks are closed anytime that the syringe is re-
moved from the sampling valve,

Refer to Fig. 7 and proceed as follows:

1. Insert the closed syringe into petcock “B".

2. Openvalve “A", petcock “B" and petcock “C",

3. Fill the syringe.

4. Close both petcocks and remove the syringe.

Repeat the above 4.step procedure until approxi-
mately 10cc of gas appears in the syringe. Then
expelthecontmtnofthetyrmgemdmtbdrwn
50 cc gas sample for testing.

AsmanySOccgusamplucanbemthdnwnu
required for making the tests, however, the system

should be restored te its “primed’’ condition in order *
to observe any further accumulation of gas on the

indicator.

Frime the system as described previously under .

“Instaliation”.

TESTING GAS SAMPLE
Combustibility Test

Test the gas for combustibility by obtaining a gas
sample as described under “Sampling’.

After obtaining the gas sample and before perform-

Fig. 8 Method of testing gos for combustibility
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mzthe test for combustibility, it uneceuarytohwe
a flame check on the syringe to prevent possible flash
back. A flame check device will be found stored
along with the sampling syringe. Attach the flame
check device to the tapered syringe petcock and test
the gas sample as follows:

Hold a naked flame }-inch beyond the flame check
device and expel 2 to 5 cc of gas into the flame.
See Fig. 8. If the flame beightens, the gas is com-
bustible and indicates the presence of an electrical
fault,. CAUTION: PROPER SAFETY PRE-
CAUTIONS MUST BE OBSERVED WHEN US-
ING AN OPEN FLAMBE IN A POTENTIALLY
HAZARDOUS ATMOSPHERE. 1f the gas is
not combustible, it is air. ’

To prevent swelling of the rubber in the syringe,
clean thoroughly as described in the “Syringe'’ para-
graphs under “Maintenance.” Replace the syringe
'in the container and fasten the sampling valve cover
in place.

Fiﬁ. 9 Chemical test of gas sample

Chemical Tes?

Prepare a solution of palladium chloride by adding
approximately 0.1 gram of palladium chloride to
100 cubic centimeters of water. Filter the solution
through coarse labocatory filter paper to remove any

of bubbling gas through the solution, it is recom-
mended that some means be used to reduce the size
of the gas bubbles expelled from the syringe petcock.
For instance, a medicine dropper squeere-bulb with
:udaedmdpiueedbyapmmbcphcedoverthe
end of the petcock.

Submerge the end of the syringe in the palladium
chbrﬁcnh;ﬁmnndapdthemabwlynntﬂthe
syringe is empty. See Fig. 9. The solution reacts
with any of the main constituents of arc-formed gases
(hydrogen, carbon monoxide and acetylene) to form
a finely divided black precipitate within three to four
minutes. When only very small concentrations of
these gases are present (appeoximately ten percent of
the total volume), a darkening of the solution con-
stitutes a positive test.

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

To prevent swelling of the rubber in the syringe,
clean thoroughly as described in the “Syringe’” para-
graphs under “Maintenance.” Replace the syringe
in the container and fasten the sampling valve cover
o place.

MAINTENANCE

Litﬂexﬁnintmncewmmmnyberequ&ed. It
is desirable to make an occasional inspection to check
external connections. Also inspect the relay after

‘it has operated.

TESTING ALARM CONTACTS

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

1. Open valve “A” and insert gas-sampling device,
with the syringe full of air, into petcock “B"

2. Open petcocks “B"” and “C"” and pump air
through the test valve and’up into the gas
chamber,

3. Cloee petcock “B", remove device gnd recharge
with air.

4. Repeat operations 1, 2, and 3 until the:float

-
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chamber is filled with air and the alarm switch

. huopet'amd.

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

SYRINGE . . e e

After cach use, clean the syringe thoroughly and
replace carcfully in the box on the inside of the
coatrol housing door.

Clunthemmgemthnmhdedpsolineorthb

naptha, Remwethembbernndcluntttbotw;hly

.
114

Py . o .

6-68(1M)

insidé and outside in order tc; prevent swelling due
to the transformer oil. Allow thé parts to dry.
Coat the rubber with silicone oil before reassembling.

[~ CAUTION - Observe proper safety precau-
tions when_using the_solvent,due to posaible

toxic or explosive characteriatics.

The syringe and petcock can be obtained from
most medical supply firms, if it becomes necessary
to replace them. ThemuzeitaNo 850-8
madebyBecwu,DWdebm -

POWER TRANSFORMER DEPARTMENT

GENERAL @D ELECTRIC

, . PITTSFIELD, MASS.
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900,910 Series
Rapid Pressure
Rise Rela

FEATURES
. @ High sensitivity and repeatability in response to fauit
pressures.

* Temperature compensation for consistent performance
over wide temperature variations. (Standard Relay
operates from -40° to 180°F. Special low temperature
models available.)

¢ Balanced system inherently resistant to shock and
vibration.

¢ Small size and low silhouette.
e Easy installation via flange or thread mountmg

Lm\lﬁﬂ‘.?.ﬂ‘ﬁ\’.&‘\'!‘ﬁ.




APPLICATION

Internal arging in oil filled power
transformer tanks generates exces-
sive gas pressures that can se-
verely damage equipmentand pre-
sent extreme hazards to operating
personnel. The QualiTROL 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
de-energize the transformer and
institute an alarm if desired.

The 900 Series Relay is calibrated
for use under oilandthe 910 Series
foruseinthe gas space. The design
of both Relays is such thatthey 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 full vacuum or
20 psi positive pressure without
damage.

OPERATION

Please refer to Figure 1.

Changes in transformer internal
pressure deflect the sensing bel-
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 differen-
tial deflection of the two contro!
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 equillb-
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 vaive 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-,
halif* pint of oil to.flow, out. This
will insure that all air has been
purged from the lower cavity and
the sensing bellows is exposed to
only insulating fivid.

This procediure s not necessary tor
the 910 Series (mounted in the gas
space).

Ail urits usea .n the horizontal

positior- raust oe instalted with
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RESPONGE CURVE FOR 904, 910 SERILS RAPID PRESSUAK RISE RELAY

TESTING

SET Up

1. De-energize the Rapid Pressure Rise
Relay control circuit and remove the cable
plug from the unit.

2, Connect the test light to pins “A™ and
“C” in the electrical connector.

3. Remove the Y4 pipe plug from the
cover of the Relay and install a cross con-
nector in the tapped hole.

4. Connect a 0 - 5 psi pressure gage to the
top of the cross and a squeeze bulb to the
other side, using rubbertubing if necessary.
S. if there is a %, NPT breather plug in the
Relay housing, remove it and replacae it with
a solid pipa plug of the same size.

8. If there is a drain hole situated near the ‘

base of the housing, plug this hole with a
small tapered rubber plug. .

7. The objective of this set up is to prevent
any air from escaping the housing while the
test is being conducted. To insure this, be
positive that the system is airtight when the
set up 18 complete;

OPERATING PROCEDURE

1 Placa fingar over the open cort of the
cross connecior and operate the squeeze
bulbto attain test pressure (3.00-3.25 psifer
306G Sernes) 12 50-2.75 psi for 210 Series)

R 2. B AL A RTINS K SN .

on the gage and hold this pressure for 30
seconds minimum by squeezing the bulb
as necessary. |

2. After 30 seconds, remove finger quickly
from the open port, allowing the air to
escape rapidly from the Relay housing. /f
the test light glows, the Rapid Pressure Rise
Relay is within specification [or this portion
of the test. It the test light does not glow,
several more attempts shoud be made to
verify operating procedure. If the light bulb
still fails to light, the Relay is not within
specification.

3. Wait 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 300 Series) (.75-
1.00 psifor910Series) on the gage and hotd
for 30 saconds minimum by squeezing the
bulb as necessary.

S. After 30 seconds, remove finger quickly.
allowing air to escape rapidly from the
Relay housing. /! the test ight does not
glow, the Rapid Fressure Rise Relay 1s with-
in specification lor this gortion of the :est.
If the tast light does glow severai more a2«
tempts should be made 20 venty scerat1g
procedure. If the light bulb still continueste
ight, the Ralay is rot within s2a.at oo

42 T
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DISASSEMBLY

1. Reverse the “Set Up" procedure de-
scribed in steps 1 through 7.

2. If any Rapid Pressure Rise Relay fails to
perform as specified above, it should be
retumed to the factory for examination.

i SQUEEZE
: suLs
I

TEST LIGHT TO TERMINAL “A*
WITH BATTERY
/4
TO TERMINAL “C”
TEST PRESSURE* '
. _ RESULT
900 Series | 910 Series
3 00-3.25 psi | 2.50-2.75 psi Light bulb
should light
1,351,308l .75 1,2C poi "Light oulc
should not light

"ROtIC encren 2 G 05

RAPID
PRESSURE
RISE RELAY

Vs NPT
PIPE PLUG
48.C. N.OI—-—-C )
COM. A
;‘
Yo —
INTERNAL
WIRING DIAGRAM ]
3.5'D1A. i
T an_'
]
i
? g 1 ' 7.953 MAX, 6.0|00
. 6.000 1°; FLAT -
LENGTH
%s HEX
BLEED VALVE )_ H4
—f—iL. :'.4 ./u HEX ————'
I 135 [ )I V] ] BLEED VALVE 2% NPT
FLANGE MOUNT THREAD MOUNT
MODEL 900-003-01 900-004-01 910-005-01 910-006-01
MOUNTING Flange Thread Thread Flange
APPLICATION Oll Space Oil Space Gas Space Gas Space

CON-630 SERIES y

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

Part Number Cable Length
CON-830-1 2 feet
CON-830-2 3 feet
CON-830-3 8 feot

. CON-830-4 5 feet
CON-830-5 4 feet
CON-830-8 6 feet
CON-830-7 7 feet
CON-830-8 15 feet

BLACK
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SEAL-IN RELAY

QualiTROL Series 909 Seal-in Relays are
designed for use with QualiTROL 800 or
910 Series Rapid Pressure Rise Relaysto
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 to operate from standard sub-
station DC voltages of 24, 48, or 125 voits.

b S eohanss

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

Each QualiTROL Seal-In Relay utilizes
components selected to reduce en-
vironmental problems and provide re-
quired product life. All external con-
nections and internal reconnections are
made on screw type terminal blocks
capable of accepting up to #14 AWG
wire.

QIX-SEAL IN RELAY
3 »

MODEL SERVICE
909-007-01 | 24,48, or 125 vDC
909-008-01 | 115, 220. or 230 VAC

909-004-01°

24. 48, or 125 VDC

909-005-01°

115, 220. or 230 VAC

" Special Hermetically Sealed Relay

RAPID PRESSURE RISE RELAY

SERIES 900 OR 910

=
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A WORD ABOUT
QUALITROL

The QualiTROL Corporation, over
the last 30 years, has become a
leader in supplying pressure, lig-
uid level and temperature controls
primarily to utilities and electrical
equipment manufacturers. We
have established a reputation 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. Call us.
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TO ORDER, OR FOR QUOTATIONS, SPECIFY

l. Model numbers

it. If model numbers cannot be 'determined:
A. Rapid Pressure Rise Relay

1. Application
a. Gas Space
b. Under Ol

2. Mounting *
a. Thread
b. Flange

B. Connector and Cable Assembly

1. Cable length (even foot lengths only)

C. Seal-in Relay
1. Power source

a. Alternating current (AC)

b. Direct current (OC)

D. Any special environmental or operating conditions.
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McGraw-Edison Type PA bushing.

i

GENERAL

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.

Qil level in the Type PA bushing is
adjusted at the factory and set at the nor-
mal position (see Figure 2) on the oil-
level gage at an ambient temperature of
approximately 25 C (77 F). The oil level
should remain virtually unchanged for
this temperature throughout the life of 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.
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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 potential device..

SHIPPING

Each Type PA bushing is packed in the
horizontal positicn—braced and blocked
at the center flange to prevent movement
during shippina—in an individual crate.

INITIAL INSPECTION
Immediately upon receipt of a bushing—
preferablybefore unloading—thoroughly
inspect the bushing for chipped orcracked
porcelain and oil leakage.

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

IDENTIFICATION RECORDS
Retain complete identification records
for each bushing: :

+ Serial number.

*» Type, description, and rating.

« All pertinentinstructions and drawings.

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

HANDLING UPON RECEIPT

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-

CAUTION

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

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

Bushing Rating Not Bushing Weight
kV) (1b*)
115 855 -
138 875
161 925
196 16525
*Agd 20 to 40% for crating.

NOTE: For applications above 196 kV
refer to the bushing outline drawing
accompanying the eyuipmant,
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. B.Attach rigging similar to that shown

in Figure 3 to the bushing:

(1) Attach the main harness to the
lifting eyes on the bushing
flange.

(2) Attach an auxiliary tackle to a
sling around the top of the
bushing.

CAUTION

If a Type PA bushing is set down on
its lower end at any time, be ex-
tremely careful to sat it down in such
a manner that the spherical contact
surface and the bottom terminal
corona shield are not damaged.

PREPARING A BUSHING

FOR STORAGE

Type PA bushings may be stored out-

doors. The bottom and top terminals of a

bushing to be stored outdoors for an ap-

preciable period should be given a heavy

coat of grease.

1.Store the bushing in the upright
(vertical) position, supported in this
position at the center flange.

2.1f a bushing cannot be stored in the
vertical position:

A.Tilt the bushing from the horizontal
position so that the expansion
chamber is at least 8 to 10 in. above
the lower terminal, .

B.In the tilted position, the bushing
should be supported at the center
flange and upper porcelain'or expan-
sion chamber.

INSTALLATION

1. Attach the main sling of the lifting rig
to the lifting eyes in the bushing flange
(Figure 3).

2 Attach the auxiliary sling of the rig at
the top of the bushing for positioning
(Figure 3).

3. Lift the bushing to the vertical position.

4.Wipe the entire bushing. Be sure to
clean off all dirt, oil, and moisture that
may have adhered to the surface during
shipping and/or storage.

S.if the bushing has been shipped or
stored in the horizontal position, keep
the bushing in the upright (vertical)
position for 48 hours before energizing
it.

+ Bafore installing the bushing, rock it
back and forth—while suspended—
to release all trapped gas.

6.A bushing installed at an angle with
the vertical should be mounted with
the oildevel gage facing either up or
down in the plane of tilting to properly
indicate the oil level.

7.When attaching the bushing to the
apparatus, the mounting bolts should
be tightened a fraction of a tum at a
time—moving progressively in one di-
rection—until the bolts are uniformly
tight. '

* Approximate torque to which bushing
bolts should be tightened:

%-in. bolt, NC thread: 60 f-lb;
¥%-in. bolt, NC thread: 85 ft-1b.

ELECTRICAL CONNECTIONS
Connections between a bushing and the
apparatus on which it is to be mounted
may be either fixed-conductor or draw-
lead.

Fixed-Conductor COnnoct!ons’

1. For afixed-conductor bushing, the tube
or rod of the bushing is used as the
conductor and a connection is made
directly to a terminal at the bottom of
the bushing. The upper and lower ter-
minal constructions are shown in
Figures 4 and 5,

A.The top terminal of a bushing which
uses the central tube or rod as the
conductor need not be removed.

B. To install a fixed-conductor bushing,
bolttheflangetothe apparatuscover.
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1. Six 3 =18 capecrews for ratings
115 kV through 196 kV.

2. Terminal flange of bushing.

3. Nitrile o-ring gasket.

4. Tinplated copper terminal.

Figure 4,
Top terminels of fixed-conductor
bushings.
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196-kV RATING

1, Curved, tinplated contact surface of
lower terminal.

2, Eight %—13 tapped holes on 6%in. boit
circle for terminal fitting or corona shield.

3. Screwed-on adapter ring (used for corona
shield and terminal fitting) locked in posie
tion with setscrew.

4.Four 3%—16 tapped holes on 3%-in. bolt
circle for corona shield of draw-lead

bushings.
5. Porcelam shell of bushing sealed to
6. tsetrmmal .
op gaske!
7. Sealing gasket.

Figure 5.

Lower wmimb and

o et e e
1600, and 2000 amps.

Draw-Lead Connections
1. For a draw-lead bushing, a draw-lead
cable is passed through the central
tube of the bushing and a connection
is made between the top-end terminal
and the apparatus. The upper terminal
and the lower-end shield constructions
are shown in Figures 6 and 7. The ter-
minal and lead are normalty made up by
the transformer manufacturer. A draw-
lead bushing is equipped with a corona
shield (Figure 7) on the lower 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 8).
NOTE: Terminal adapter 3 is not re-
moved unless the bushing is being
converted for fixed-terminal use,
{3) Determine the exact required
length of the draw lead.

e i me—— cemay - - ——————
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1. Lead pulling eye.

2. Terminal anchor pin,

3. Adapter ﬂange held with
six 3 —18 capscrows.

4. Nitrile o-ring gasket for adapter

S. Nitrile o-ring gasket for terminal.

6. Copperd ead terminal with hole
for crimp connection.

7. Tin plated copper terminal.

Figure 6.
Toptenwufadaw-leedb(mmgmted
up to 800 ampes.

. (4) Crimp, braze, or sweat the lower
end of terminal 8 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 (anure 6)
with its o-ring 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 S0 ft-lb.

REXTERNAL LINE CONNECTIONS
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

cqntraction of the line or from wind loads. *

=]
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196-kV RATING

1. Corona shield.

2. Lower terminal.

3. Four ¥~ 16 capscrews.
4. Four %4—13 capscrews.

Figure 7.
Corona shields for lower terminals of
draw-lead bushings.

CAPACITANCE TAP
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 screwed-on sealing cap 8 (Fig-
ure 8) with an intemnal grounding contact.
If 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
threaded-end connections. To use
Westinghouse PBA-2 potential devices,
Westinghouse adapter 302306-GO1
must be used.

WARNING

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.

e immes an e —— — e
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To connect the bushing to a potential

device: ]

1. Unscrew sealing cap 8 (Figure 8). (Ap-
proximately ¥% pint of oil will drain from

- the housing). .

2.Connect the potential device cable
tightly in place.

2. Remove filling-hole plug 3 {Figura 8).

4, Fill the housing with cable compound
(GE A13A1B2 cable compound or
transformer oil), leaving an air space
of about % in. over the liquid.

sealing ring.

§.Cap o-fing gasket.
6. Tap contact finger,

CAUTION .
Do not remove tap contact finger 6
(Figure 8) of the capacitance tap.
Removal of this contact finger will

cause oil leakage from the bushing.

POWER-FACTOR TESTING

The power factor of a McGraw-Edison
Type PA bushing when it is shipped from
the factory is not in excess of 0.60%.

If power-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.

MAINTENANCE

Under normal operating conditions, a

McGraw-Edison Type PA bushing re-

quires only a minimum amount of main-

tenance:

1.A? occasional cleaning of the porce-
lain.

2. A check of the oil lavel.

3. A scheduled power-factor test.

In exceptionally contaminated (dust-
or saitdadened) atmospheres, all exposed
bushing surfaces should be cleaned at
regular intervals to prevent an accumu-

Do not attempt to disassemble a
bushing in the field. Special bushing jigs;
and fittings—available only at the factory
or in an especially well-equipped shop~
are required.

Powerful springs in the oil-expansion
chamber, capable of maintaining gasket-
sealing pressure under varying operating
conditions, are preset and focked at the
factory. They need no further adjustment.

The oil-drain 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 for a major inspection—and pos-
sible disassembly of the bushing. Thisis 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 consuiting McGraw-
Edison for a recommendation.

»

@

7. Grounding contact clip. lation sufficient to cause corona or

8. Screwed-on saaling cap. fiashover.

Figure 8. E :

Capecitor-tap outiet assembly.
Power Systems Divislon
Post Office Box 2880
Bistabhoragh, PA 182390
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MCGRAW-EDISON

Type PA Apparatus Bushings

With Prismatic Oil-Level Gages

Power Systems Division

"Supplement 1

S315-10-1

Service Information

-

EXPANSION CHAMBER

OIL LEVEL—
NORMAL

OIL LEVEL—~
LOW, WHEN
BELOW BOTTOM
OF GLASS

F:_?un 1,
Prismatic 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
uniess 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 fllled with nitrogen gas at5
to 10 psi to accommodate the resuit-
ant oil volume changes and eliminate
voids.

Actual oll level can be observed on
the prismatic oil-level gage as in-
dicated in Figure 1. The oil level is at a
satlsfactory height as long as the oil
level can be seen in red on the face of
the glass prism. Low oll 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 is low, the

bushing should be examined for a possi-

ble oll leak since continued loss of oil
could result in an electrical failure.

March 1979 Suparseages 3174

Powar Systerns Siviston
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Plittaburgh, Pa 13220
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MaSRAW-DISON

Power Systems Division
Power Transformers S910-05-1
Removing and Replacing Welded-on - -
Tank Covers and&cﬁom Service Information
These instructions cover in-the-field re- %*x 1" Equipment
HEAT-RESISTANT

moval and replacement of welded-on tank
covers and sections of core-form and
shell-form transformers.

TANK COVERS AND SECTION
JOINTS

Core-form 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 core-form and shell-form 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-level line.

wx 1"
HEAT-
RESISTANT TAPE

Tanks of McGraw-Edison contour-de~
sign, shell-form transformers are made in
three sections with joints as illustrated in
Figure 3. The core and coils are assembled
in the bottom saction, the core resting on
the sheit of this section. Access to the core~
and coils requires the removal of thetopor +
both top and center sections, depending o’
the required exposure of the core and coils:-
By removing the top section alone, come:s

plete access is gained to the tap changer: ;

=~
L3

and busconnections. Both section joints of.-
a shell-form transformer are below oil levet..

Heat-resistant gaskets in all coverand-
section joints facilitate safe welding or
burning out the joints. The gasketsactas
arc orflame barriers and provide apartial
seal for inert gas during the welding or
cutting operation.

W x 1"
HEAT-
RESISTANT TAPE

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

TAPE

I

%' DIA
HEAT-RESISTANT
ROPE

i

TOP AND BOTTOM
JOINTS SIMILAR

Figure 3
Typical section joints of shell-form trans-
formers. ’

iy,

PREPARING A TRANSFORMER
FOR DISASSBHBU_I
Suitable oil handling equipmentis required
to lower the oil level in the transformertoa
point wherethe transformercan beentered
and all connections with the cover can be
disconnected.

All shell-form and some split-tank, core-

" form transformers must be completely

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

If the joints of oil-filled transformers are
to be flame cut—which requires purging—
the oil should be lowered in stages:
1. Lower the oil sufficiently toenterthetank

and disconnect the intemal connections.
2 Resoal the tank and purge with nitrogen.
3. Continue supplying nitrogen asthe oilis

drained, -thti's maintaining the purged -

condition with the efficient use of nitro-

4, Asthe cooling connections areremoved,
temporarily seal the openings in the
transformer.

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%).

AEMOVING A WELD

".BY CHIPPING -

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. - .

1. A heavy pneumatic hammer.

2. A 3/8-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.

§. Protective gloves and safety glasses.

Procedure

1. Cover all tank openings to prevent
entranceof chips. .

2. Apply a lubricant (oil or grease) to the
joint. .

3. Directing the long point of the 3/8-inch
chiset 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-
fusionline.

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

6. Wipe away all loose chip particles so
that none can fall into the transformer
when itis opened. :

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

NOTE: Matching the pesition of the adjoin-
ing parts is especially importantin contour-
design tanks because there areusuallyrigid
pipe connections bridging thesa joints and
these connections require very closs align-

Positioning a diamond-point chisei ior
chipping a weid. ‘

Thuse instructions 2o not ¢laim (o cover all details or variations in the equipment procgdure. Of process descrded. 1Gr I Pigyi e 125
tions for meei:ng every possible contingency during instailation. operation. or maintenance. When additronal information is s1es rag *> sat-
ity @ problem nui coveraa sullicientiy for the usar's purpose, picase contact your McGraw-Edisor Sowsr Systems Divis:og $a 25 srgmeaee
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8. Drive the flat chisel directly into the iOint Equiplﬂ.l’lt PAR,TIAL F",.LET R{MAlN(NG
to crack the seal. 1. A heavy-duty, gas-cuttlng tOrCh pre- / /S / D\
NOTE: Aliftonthecoverortank sectionwil ferably an oxy-acetylene torch, gk

CORNER CUT BACK 11
help to break open the joint. 2. Heavy-duty, flame-cutting tips or goug- S 02070 i
9..Lift off the cover or tank setz:’:ti?ﬂt veq‘ ing tips equivalent to AircoStyle 183, size sue\nmnoovef' 3
refully to avoid damaging the interna .6 0rno.8.
g:semb{y_ 9 noN?)gE: Very heavy welds can be moro ef- y PARTIALFILLET REMAINING |
ficiently cut with no. 10 or no. 12 tips.
CAUTION . 3. Sufficient c-clamps to permit about 15~ Fiqure 6,
Itis especiallyimportant that the center inch spacing along the weld joint. Typical section through gas-cut tillet weid.
section of shell-form tanks be lifted 4. A heavy machinist's hammer or pneu-
evenly—straight up—because clear- matic hammer.

2. Openthe weld jointbycuttingdiagonally
down through the center of the fillet, cut-
ting slightiy beyond the fusion line to in-

ances to the core assembly are very 5. Aflatchisel.
small and damage could be caused by 6. Purging equipment (including adequate

poor lift. nitrogen). . .
7. Oxygen-content measuring equipment. ?-'Ii;gse :eld penetration as shown in
REMOVING A WELD BY AR st Man i NOTE: This may leavethe edges of thefillet
BURNING B. Awetheat-resistantblanketisrec- in place, a condition which is acceptable
Opening a welded joint by gas cutting : ommended becausa thisis good material and saves rod
(_buming) is safe and fast if proper precau- C. High-temperature Quik Cote when rewelding.
tions and procedures are followed. Gascut- t ivalent 3. As cutting progresses, apply a c-clamp
ing is especially suitable for larger trans- cement or equivalent. in the center of each 15-inch (approx-
ling is especially r9 9. Welding g! d weld ! : : o
formers where the welds are heavier. - Welding gloves and welding goggles. > imate) section to keep.the joint sealed
. Procedure as well as possible, thus conserving gas
WARNING 1. Starting atacorner, useaneutralflame a“gg_‘g”g;‘ggmm be taken of driv
When buming outaweldjointorreweld- to heat the weld joint to a white heat : ;  dfiv-
ing a joint, all tank openings must be beforeintroducing the cuttingoxygen ing ""““ﬂg’;“’m‘?”&@hﬁm‘
sealed and the gas space purged with to the joint. s Asmeac(ha:g-incmh wsecmt! '°i‘m utalpmm.
nitrogen. The oxygen content must be NOTE: Move the torch forward slowlyan  “* £ S960, At mt:r’;’ "bc 'k °&3t°'
reduced to a value not exceeding 3%. :acl;aorwncc;‘ ttho;move;t&zckcium:gabout cg&gm gr equi w?a.]ent o th:' foint :g
1t ali ant 0 DIow Ou! cutasshownin
The tank must be kept under positive Fioures. conserve nitrogen gas.

pressure—up to one psi—so that there
will be an outward flow of gas atleakage
points in the weld joint. The transformer
must be under continuous inert-gas
pressure when weld joints are cutopen.
Gas pressure should be held onthe tank
for two or three minutes after the weld
cutting has been completed.

Ouring cutting and welding opera-
tions, fire-extinguishing equipment
(COzis suggested)—and themanpower
to handle it—must be on hand.

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

In the bumning-outoperation,asasec-
tionis burned out, pack thejointwitha
paste made of high-temperature Quik
Cote cement or equivalent, and water
to control spots of burning oil and to
help seal gas leaks.

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

© bod

Fiqure 5,
Positioning the torch and flame-cutting a weld.
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5. Before removing the c-clamps, all slag 6. Clamp the tank parts at close intervals,
and spatter must be carefully cleanedoff reducing the gasket thickness by about
the tank. one-half to make the best possible seal

NOTE: If necessary, usatheairhammerand and alignment.
flat chisel to remove irregularities and 7. Purge the tank with inert gastolessthan
particles that are not good metal. 3% oxygen content and hold the tank

6. Before unclamping, match-mark or key, . under pressure during theentire reweld-

the position of adjoining parts so they mg operation.
can be raturned to the same relative
postions. Rewelding The Joints

1. On all joints, use 5/32-, 3/16-, or 1/4-
inch-diameter American Welding
Soclety Type E-6010, E-6012, E-7018
low-hydrogen, or E-7024 welding rods.
NOTE: E-7018 low-hydrogen rods must be
dry—moisture content must be less
than 0.6%—to prevent hydrogen embrittie-
ment which can resuit in porosity and weid
cracking.
2. If the edges of the cover of core-form
transformers can be pulled down tight
with clamps, a satisfactory seal can

7. Aftertheclampshavebeenremoved, use
the air hammer and flat chisel to break
the joint open.

NOTE: Alifton the cover or tank sectionwill
hslp in this operation.

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

NOTE: This is especially important for the
midsection of contour-design tanks be-
causs clearances to the core assambly are

very close.

v usually be effected by laying afillet weld
REWELDING A TANK JOINT atleast as large as the original weld with
Preparing The Tank For asingle pass.

Rewelding 3. Ifthe edges cannot be closed tightly,one

1. Thoroughly clean the meeting faces of pass may not adequately fill (or burning
the coverand thetanksections beforere— gasket cement may cause gases to blow
assaembling. out), preventing a good single-pass

NOTE: Very litle chipping should be weld.
necessary if the material is good metal. 4. For welding joints between sections of

2. Remove the old heat-resistant gasket contour-design tanks, three weld
and clean the flange surface. passes—resulting in a 1/2-inch fillet

3. Exercise great care’ to prevent any weld-—-are recommended for structural
foreign material from getting into the as well as sealing reasons.
transformer in the clean-up operation. A. Laythefirstfilletinthercotofthejoint.

NOTE: This may require some form of bar- NOTE: This is a plugging weld which
rier with a sealing tip that can be moved does not provide a perfect seal, but it
along the tank llange as the surface is does provide strength and a base for
cleaned. the final two fillet welds.

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 mustbein-
stalled around the entire tank perimeter
to be welded. Tightbuttjoints, without
gaps, are required atthe comer splice
points. Cement the gaskettotheflange
using G.E. compound no. 1201 (Glyp-
tal) or equivalent.

5. Carefully position the tank parts using
the match-marks or keys made before

cupied by the three fillet welds.
C. Slag mustbe chipped away aftereach
weld pass.

SEALING FILLETS —~%

B. Figure 7 shows the general areas oc-

breaking the joint open.

Figure7. .
Typical bead deposit of a three-pass fillet
reweid,

TESTING FORLEAKS

After all welding has been completed., test

the weld joint forleaks. 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 theweldjoints,
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.

——— —— ey Y e aus m
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STATION AND INTERMEDIATE HIGH-VOLTAGE ARRESTERS §-200, 5-210, 5-225, D-235
INDOOR OR ‘OUTDOOR SERVICE $-230, $-300, S-990

TRANQUELL® Station Arresters
| 2.7-612 kV Rms

5918
Page 3
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PRICES Power Transformer Products-P(ABS000) .
Nommolly Uted on System Single-pole Arreitert?
gon D Yoltoge Coss (l-()‘ High-current Shunt Gops Gaplets
Arrester o Oeda or kmpedonce Sokdly Grounded Model Number Ust Prics, Model Number Ust Price
el K\ Grounded Neutral Sytem Newirol System (Gray Percelain) GO-760' |  (Gray Porcelain) 7
s kV.-emy AVorme * * > x
STANDARD OUTDOOR CONSTRUCTION—METAL TOP )
2.7 2.20 2.4 —_ -— - FLIIRGA002 $ 250
3 2.54 24 416 - - L11RGAOQ3 250
K3 3.70 ,16° - - pt 9L1I1RGAOOS .28y
53 4.20 416 8 48° - — - NIIRGAOCS 280
) 5.08 48 -— - - L) 1RGA008 289
7.3 8.0 89° — - - A1IRGAOGY 381
83 4.90 69 — - - A TIRGAOOS 181
b4 71.62 7.2 !2.47. — - LIIRGADO? 341
10 8.47 7.62 13.2 - - 9L11AGAO10 423
2 10.16 7.97 1).8 - - NIIRGAOI2 42
15 12.70 12.8° 2078 —_ — AVIRGAOLS 599
13 15.2¢ 138 24.94 - -— FLIIRGAOIS 430
21 17.1 — 2494 — -— NVIRGAO2Y 643 -
24 9 23¢ — - -— PLIIRGAO24 748
7 219 P51 s * - - LVIRGAO2Y "y
k] 244 — s -_— - NIIRGAC "7
38 29.3 34.5° -_— — -— AIIRCAOIS 1"z
3 33 a3 = = = A1 IRaAcLs 1903
pr 38: a0 - - pas A1IRGACLS jai
54 4.7 — & AIITHAGSL 1702 PLIITNAOSS 1502
.. & 44 — & LI1THACSO 1814 A1ITNAGLD 1488
-] 5.3 69 -_— NIITHACLS 2100 " AO6S « 1933
72 83 . & — PLIITNAD?2 2198 911 1INAOT2 2044
90 72,9 -— ns L1 1THAQPO 2848 L1 1TNACPO 2647
98 778 — ns RIITHACPS 2943 FLIITNAO?S . 2774
108 875, ns 138 LIITHALOS U AUIITNALICS ms
' 120 97.2 15 1331181 AIITHAL20 * 3799 AIITNAL20 8N
132 108 138 181 PLIITHALI2 4203 ANIIINAIZ2 910
7] 10 138/18) 181 FLIITHATAL 423 ANTNALAL 4301
i\ ue 161 — FLIITHALSS s FLIITNALSS 5102
172 139 - 230 RIITHAYT2 509 RIITNAIZ2 3453
180 146 - 230 HI1THATS0 6104 A1ITNALISO 5476
192 152 — 230 PLIITHALO2 a3 AITNAID2 5926
228 164 230 - AIITHAZ2S 751 NI1TNA22S 7208
240 17 230 — L1 ITHAZ4O o7 FL1ITNA240 7631
258 NIITHA2SE [ PL11TNA2SS 8536
264 214 MIITHAZ64 7NN NIITNA264 821
274 PLIITHA274 L )] 1,8 A276 7293
For Nominel 343 LV
s 228 Systems NIITHA2ES o182 NIINA; 774
294 232 : AIITHAZ94 0413 HL11TNA294 10018
300 234 ANIITHAZ0D ods3 RN, 10258
312 234 LIITHAIIZ (3074 RNTNANZ 10749
:'oois; 243 11THSI00 0683 - -
312(s 253 For Nominel 400 LV ANTHSIIZ 1 — -—
338 263 Sysiems TITHAIZS 2448 PLIITNAIIS 11964
360 273 . . RIITHASSO 3584 9LI1INAISO 13011
394 "3 . LICEHAIPS 431 - -—
420 340 For Nasmingl 500 b¥ N16EHAL20 7289 - -
444 350 (it SLISEHALLS 2002 — —
ET) 476 : LIGEHASES 35504 pom -
a12 98 For Nowinal 765 LV syisems RISEHASY2 37618 - —
PORCELAIN-TOP ARRESTERS FOR CUBICLE OR OUTDOOR MOUNTING
I 2?7 2,20 2.4 - — — LIIRGS002 $ 250
3 2.54 2.4 416 - - ATINGE003 250
45 370 4.16° - - - . ANIRGHOO4 289
s 420 416 & 48° - - - PL1IRGS00S 289
6 $.08 48 — - - AIIRGBO0S 289
1 1.5 8.10 8.9 - - - L1 IRGB007 34)
83 690 69 - -— - 21 1RGO0 36)
) 9 7.62 712 12.47 — - MIRGI0? 41
10 8.47 7.62 13.2 - - 111261010 o
| 4 1 = = | g @
('. H 1524 133 2094 = = ANGI0NE 20
ril 170, - 2494 -— - AIRGEON 43
i 24 1913 5oy 23° il - = N1 10G1024 744
‘ 27 2090 23 34.8 - - HRURGI0Y 947
] t Sce note, page 101, . . timum arrester characteristics are provided with the high current
® Application of specificd rating is permissible for ungrounded or resist- shunt gaps designs. Refer to page 101 for data. Slighily high protective
ance grounded systems where a single phase ground ma& be tolerzted charactceristics arc pravided with the gapless design. Refer o page 102
for a substantial period of time not to exceed the TRANQUELL for data.

arresier's overvoltage capability as deseribed in GET-6460.
" Arresters are available with different protective characteristivs. Op.

& Moyor revvion snce Feb. 8, 1982 inve. «C Cr~ Prces ond dar 1ubvedct 1o chonge wimoct nalce
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