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1.B. 45-063=100
INSULATING OlL

WEMCO® C INSULATING OIL P.D.S. 2772
WEMCO CI--INHIBITED INSULATING OIL--P.D.S. 9855

Wemco C insulating oildand Wemco-CI oil are developments of the West-
inghouse Electric Corpdration in cooperation with oil refiners. They have
been proven suitdble for use in all Westinghouse oil-insulated apparatus.
In order to insureithe jproper performance of the apparatus, only Westing-
house approved 6ils should be used.

This publication gives the instructions for handling, inspection and mainte-
nance whichWexperience has shown are important in obtaining the best
service (from{the insulating cil.



PART THREE

PURIFICATION AND RECONDITIONING

PURITY OF OIL

Wemco C oil is clear and nearly water-white in
color. It is free from water, acid, alkali, and dele-
terious sulfur compounds.

The oil is carefully refined so as to have a high
resistance to emulsion; that is, the water is not held
in suspension but quickly separates out. This is
particularly essential in circuit-brecker service

T STING METHODS

time arnd the catalytic action of exposed metals’in
the apparatus to which it is subjected™ High tem-
perature over a short period of time'‘erfsomewhat
lower temperature over a long periodyof 4ime affect
the characteristics of the oil, particularly in the
development of organic aciditytend sludge.

Heat in the presence of oxygen affects the un-
saturated hydrocarbons, at¥first through formation
of organic acids and lgten by precipitation in the

CAUTION: Care must be taken if glass battery
jars are used, as direct heating by flame or electric
hot point may cause breakage. Use of steam in
this case insures against breakage.

The temperature of the emulsifying bath shall be

the steamingeperation is approximately 12 to 15 cc
greater gthan the actual volume due to displace-
ment €aused by steam, thermometer and steam
delivery tube.

Separation. The sterm dalivervy tnhe chall ha
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WEMCO® C INSULATING“OIL P.D.S. 5582246
WEMCO CI--INHIBITED INSULATING OIL--P.D.5. 55822AV

Wemco C insulatingoil’ and Wemco-CI oil are developments of the West-
inghouse Electric Corporation in cooperation with oil refiners. They have
been proven suitable for use in all Westinghouse oil-insulated apparatus.
In order to insute, themproper performance of the apparatus, only Westing-
house approved oilsyshould be used.

This publicationfgives the instructions for handling, inspection and mainte-
nance wiich experience has shown are important in obtaining the best
service from the insulating oil.



PART ONE

RECEIVING, STORING AND HANDLING

SHIPMENT

Wemco C and Wemco CI oils are shipped in
tank cars, drums or cans. Modern tank cars are
usually equipped with breathers which bar the ad-
mission of moisture and are otherwise weil gas-
keted to protect the oil from moisture. These pre-
cautions are necessary because the volume of the
oil changes with temperature variations.

When shipped in drums, the drums are providecd
with screw bungs having gaskets to prevent ad-
mission of water.

When shipped in cans, the cans are hermetically
sealed immediately after filling and should not be
opened until the oil is needed.

STORING

Drums. As soon as a drum of oil has been un-
loaded, the bung should be examined for damage
or leaks.

It is very desirable that oil in drums be stored,in
a closed room. Outdoor storage of oil is always
hazardous to the oil and should be avoided if at'all
possible. Regardless of storage locdtion®all
drummed oil should be stored with the bungs down
so that the bungs are under positive 61l pressure.
Do not open the drums until thHe oiljis actually
needed. Partially emptied drumsgmust be tightly
resealed and stored the same astnew drums.

Cans. One and five-gallon_cans ofoil must not
be exposed to the weatherd Seals should be kept
intact until the oil is actually needed. It is not
necessary to make dieléctric tests on oil in sealed
cans.

Screw caps gre provided on the cans to use
when the oildis only partially removed after the
hermetic seal*has been broken. By replacing the
screw caps, contamination by moisture and dirt
will be retarded but the oil must be tested before
using.

Storage Tank. The storage tank should be
mousitedYon piers so that it will not touch the
ground, and will be accessible to all points for
inspection for leakage.

Im\larger storage systems, it is desirable to pro-
vide equipment to supply dry air for breathing
purposes. This is often accomplished by the use of

a breather making use of silica gelgor aluminum
oxide as the drying medium.

The tank should preferably haveéya ‘€onvex bot-
tom, allowing the installation of a'drain cock at the
lowest point for removing any #ree”water or dirt
which might settle out. When, a“eylindrical tank is
installed with its axis horizontaltone end should be
a little lower than thegethemgwith ¢ drain cock at
the lowest point, and theWeil suppiy pipe should
enter at the opposite end of the tank. The oil may
enter and leave the tank by the same pipe, but this
should be afyscme/distance from the bottom to pre-
vent stirringup,any settlings when the tank is
being filled. 1t is“desirable that the pipe be pro-
vided with, aswing joint and float, so that it will
automgticailyy move with the change in oil tevel
and femaingnear the surface of the oil.

FIRE PROTECTION

IMPORTANT: While Wemco C or Wemco CI oil
will not take fire unless brought to a high tempera-
ture (320° F), it should be remembered that under
abnormal conditions such a temperature can be
reached. so that proper precaution against fire
should be taken. The best way to extinguish burn-
ing oil is to smother the flames so that the supply
of fresh air is cut off. Chemical fire extinguishers
are effective, but water should not be used unless
it is applied by a special atomizing spray nozzle.

HANDLING

SAMPLE AND DIELECTRIC TEST ALL OIL BE-
FORE PLACING IT IN APPARATUS.

Before putting the oil into equipment see that
the tank is free from moisture and foreign material.
The presence of impurities, particulariy moisture,
in the oil or apparatus may lower its dielectric
strength to an unusable value. If the oil is sup-
plied in more than one container, each container
must be sampled and tested.

Although the drums and tank cars are thor-
oughly washed and dried at the refinery before
filling, a certain amount of scale is sometimes
loosened from the inside in transit. Therefore, it is
recommended that all the oil be passed through
a filter press to remove any moisture or solid con-
taminats which may be present.

PN
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RECEIVING, STORING AND HANDLING

The preparation and filling of outdoor apparatus
should preferably be done on a clear, dry day; if
this is not practicable, protection against moisture
must be provided.

All vessels used for transferring the oil should
be carefully inspected to see that they are abso-
lutely dry and free from dirt.

Whenever possible it is recommended that all
equipment should be allowed to stand for at least
eight hours between filling and energizing the ap-
paratus to allow gas bubbles to escape from the
oil. This is especially important when filling under
vacuum is impossible.

IMPORTANT: Always use a metal or oil proof
hose when handling the oil. A hose made of nat-
ural rubber must not be used. Oil may easily be-
come contaminated from the sulfur in the natural
rubber. and should not be allowed to come in
contact with it.

When is is necessary to fill equipment with oil,
it is essential that the oil be allowed to come to the
same temperature as the apparatus. This may
require eight hours, or even longer, under extreme
temperature conditions. Otherwise, condensation
of moisture may lower the dielectric strength of the
oil to am unusable value. Cold oil, infdfums
should never be brought into a warmer ‘area“and
transferred to equipment until it has reached, the
same temperature as the apparatus.

FILLING DRUMS

The practice of filling dsumsiwith oil is undesir-
able and should be avoided whenever possible, for
unless the utmost preg@utions ure taken, the oil
is likely to become contaminated.

If it is necessary toffill drums for storage, use
only those drums Which are in good condition
and which have been used previously for trans-
former oild’ A good, practice is to reserve drums
for this purpese byfsealing them immediately after
being emptied %0 exclude dirt and water. Before
reusing each drum should be carefully examined to
be sure it isyclean and free of water.

A "new washer should be used with the bung
eachutime the drum is refilled, to insure a tight seal.
These washers may be obtained from the oil re-
fineries and it is recommended that a supply be
keépt on hand. Natural rubber composition washers
should never be used as they would be attacked
by the oil.

Cleaning Contaminated Drums. The cleaning, of
drums which have contained used insulating) oil
requires great care in order to insure a theroughly
cleam drum. It is preferable to return such drums
to the refinery where adequate cleaning facilities
are available, rather than to attempt to cléan them.
If it is necessary to clean suchfdrums, the follow-
ing procedure is recommended:

Rinse the drum thoroughly with Stoddard solvent
or other suitable solvent, using about one gallon
each time, until the solvent shows no discoloration
after using. Allow it to“drain, then pump out the
last traces of solventiwith/a vacuum pump, using a
brass pipe flattened, at the lower end to explore
the corners of the drum.

CAUTION: Dopnot use a steel pipe because of
the danger of /a spark igniting the vapor.

Heat the drum with bunghole down, in a venti-
lated 6ven @t a temperature of at least 88°C (190°F)
forgsixteen hours. Screw the bung on tightly before
remoying drum from the oven. Use a new washer
with the bung to insure a tight seal. A simple oven
for this purpose may be made from sheet metal
and heated with steam or an electric heater.

CAUTION: An open flame must always be kept
away from the oven to prevent igniting inflam-
mable gases.

REFILLING DRUMS

CAUTION: STATIC ELECTRICITY—Pumping and
filtering of oil under certain circumstances may
cause electrical charges to be built up in the oil to
such an extent that electrical breakdown of the
gas above the oil is possible. When a filter press
is used to filter the oil in the equipment, precau-
tionary measures should be taken to prevent an
explosion caused by the possible static discharge
of the electrical charge which could be built up
in the equipment. If this electrical discharge takes
place in an explosive gas mixture, the result could
be a damaging explosion.

This static charge is variable and depends upon
a number of variable factors. Since some of these
factors are beyond the range of control, it may be
best to surmise that they will always be present.
Thus there will always be the possibility of this
static discharge.

A thorough purging with the use of nitrogen. of
the accumulated gases forined in any electrical
equipment should be made before filtering the oil
This will offset any possible reaction between the
static discharge and the accumulated gases.



PART TWO

OIL CHARACTERISTICS,

P
CHARACTERISTICS OF INSULATING OIL 2. Reaction—Neutral
Wemco “C" insulating oil is a refined mineral oil 3. Neutralization Number—Mg. KOH per g. oil
obtained from the fractional distillation of crude —0.03 max. ASTM D374
petroleum. It contains no moisture, inorganic acid, .
= 4. —
alkali, free sulfur, asphalt, tar, vegetable, or ani- Precipitation Number—zero
mal oils. It is used as an insulating and heat S. Free or Corrosive Sulfur—snen-corrosive —
transfer medium and is intended principally for ASTM DI1275
use in tanks of oil 1nsulcxted_ c1_rcu1t breakers, 6. Steam Emulsion—<@5 so® max.— ASTM 1935
switches and transformers. In circuit breakers and
other apparatus subject to arcing, the cooling and 7. Flash Point—238“Fy(145°C) Min.—ASTM D92
delonizing characteristics of the oil become M- g, pour Point—_Mitg 50°F (minus 45.0°C) Max.—
portant in extinguishing the arc. ASTM D97
Weraco “CI"” inhibited insulating oil has a mini- . ) ) . .
mum of 0.15 percent by weight of Di-Tertiary-Butyl- 3. Viscosity—Saybolt Universal—100°F (37.8°C)
Paracresol, (D.B.P.C.) added to Wemco “C" insulat. Max—562 se¢ —RASTM De8
ing oil to provide additional oxidation resistance 10, Moisturé Content—35 ppm. Max. ASTM D1533
for use in distribution transformers that may be | . . .
subject to breathing of air and where it is difficult 11¢ Specific Gravity — 80°F (15.5°C) —.898 Max.
to maintain tight seals. ASW DI238
. 123 Specific Heat—0.488 Approx.
ADVANTAGES OF WEMCO "C” Olk _ _ -
1. High dielectric st th 13. Inorganic Chlorides or Sulfates — None — '
. High dielectric strength. ASTM D878
2. Low viscosity—provides for good heat tfransfer. . . .
14. Coefficient of Expansion 32°F (0°C)—.000725
3. Freedom from inorganic acids, alkalis, and ‘
corrosive sulfur—prevents injury to insul@tionfand 15. Coefficient of Expansion 212°F (100°C) —
materials of construction. 000755
4. Good resistance to emulsification. In‘case of 16. Interfacial Tension dynes/cm.— 40 Min.
moisture contamination it quicklyysettles’ to the ASTM D371
bottom of the tank. 17. Dielectric Constant--2.2
5. Freedom from sludging under ‘mormal operat- . . .
ing conditions over long periods%ef time—accom- 18. Dielectric Strength—30 KV Min.—ASTM D877
plished by proper selection of crudes and refining )
methods. 19. Weight per gallon—7.5 lbs.
6. Because of its low viscesity it is more able to 20. Power Factor—60 cycle 25°C—Max. .05 %—
dissipate the areingWproducts in circuit breakers, ASTM D924
tap changers, @&ind otherarcing contact apparatus. ), Inhibitor (D.B.P.C.) (PDS 9855 (Wemco CI
7. Low pour péint allows use under low tempera- only) Min. 0.15% ASTM DI1473
ture conditions.
8. The higher than average flash point allows
higher operating temperatures with freedom from
fire hazard.
CAUSES OF DETERIORATION OF OIL
RHYSICAL PROPERTIES AND Transformers. Deterioration of oil is a problem
TEST PROCEDURE to which much thought and research has been de- s

I"Color—nearly water white—0.5 max.—ASTM
D1500

voted. Westinghouse Sealedaire, Inertaire, Ther-
mosiphon, and expansion tank transformers are



SAMPLING AND INSPECTION

the results of this research in methods of prevent-
ing deterioration.

Generally speaking, however, the principal
causes of deterioration of insulating oils are:

1. Presence of moisture.
2. Oxidation.

3. Excessive temperature.

Condensation from moist air due to breathing of
the transformer, especially when the transformer is
not continuously in service, may injure oil. (The
moist air drawn into the transformer condenses
moisture on the surface of the oil and inside of the
tank.) The oil may also be contaminated with
water through leakage such as from leaky cooling
coils or covers.

Sludge is an oxidation product, the amount
formed in a given oil being dependent upon the
temperature and the time of exposure of the oil to
the air. In the refining process for our transformer
oil, the components of the oil which are most
readily oxidized to form sludge are removed so as
to provide an insulating oil which will not sludge
under normal operating temperatures.

Note: Excessive temperatures may causé€ siudg-
ing of any transformer oil regardless of ‘how gwell
it is refined.

Transformer oil which has begun togsludge, will
continue to do so even after it has been recondi-
tioned by means of the centrifuge omfilter press, as
these methods of reconditioning do not{remove the
deterioration products which are inyprocess of for-
mation but have not yet Been“precipitated as
sludge.

Reconditioning by means “@fgfuller’s earth and
vacuum dehydration will refhove many of the de-
terioration products, andif stabilized by the addi-
tion of an oil inhjbiter,qfurther sludging can be
prevented for long périods of time.

Another gftect, of ‘6xygen is to gradually produce
organic ar, "fdtty” @cids in oil in service. These
should not be confused with the mineral acids such
as sulphuric aeld used in refining, as in small
amounts the former do not have a deteriorating
effect upondnsulation.

Circuit Breakers. The principal causes of deteri-
oratioen)of insulating oil in circuit breakers or other
are, producing apparatus, are:

1. Presence of water.

2. Carbonization of the oil (caused by operation
of the circuit breaker).

ot } /g 7 e nd

FIG. 1. Drum Thief.

The arcing of the oil in circuit breakers produces
small amounts of water, acids, and carbon due to
oil decomposition. These acids may in extreme
cases form metal soap on plated hardware but this
in no way harms the apparatus. Water may also
result from the entrance of moist air into the tank.
Some of the carbon is deposited on the contact
components and at the bottom of the tank while
the remainder continues in suspension in the oil.

Carbonization takes place not only when the
circuit breaker opens heavy short circuits, but also
whenever an arc is formed, even during such light
service as the opening of the charging current of
the line, and this latter service, repeated, may
eventually produce enough carbon to be a source
of trouble.



SAMPLING AND INSPECTION
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FIG. 2. Tank Car Thief.

The carbon may reduce the dielectric strengthvof
the oil, lower the surface resistance of the insula-
tion if water is present, and also may lowersthe, re-
sistance to emulsification. The carbon alene/may
not be detected by the dielectric test, p@rticuldgrly
if the oil is free from moisture.

In cold weather, a larger amount ‘ef carbon is
formed than in warm weather because of the in-
creased viscosity of the oil at‘lew temperatures.
Also the carbon is not as readily dispersed through
the oil.

SAMPLING OIL FROM
SHIPPING CONTAINERS

The dielectrigfstrengthyof oil is affected by the
most minute tfaces of gertain impurities, particu-
larly water. It istimpertant that the greatest care
be taken in obtaining the samples and in handling
them to avoid contamination. There have been low
dielectric test results reported from the field which,
upon investigation, have been found to have been
largelywa, matter of carelessness in handling. The
follewing instructions, based on the specifications
of the American Society for Testing Materials, must
bénfollowed to assure accurate results:

Sample Bottle. The sample container shall be
made of amber glass. of at least 16 oz. capacity,

and shall be cleaned and dried. The glass bottle.is
preferable to a metal container as it may be ex-
amined to see if it is clean. It also allows visual
inspection of the oil before testing, particularly as
regards free water and solid impurities. However,
any samples to be tested for color power factor or
sludge-forming characteristics must4e kept in the
dark, as light produces changeséin these properties.
This is not necessary for any othep, tests.

The clean, dry bottle shall be ghoroughly rinsed
with Stoddard solvent or jother suitable solvent
which has previously withstoed a dielectric test of
at least 25 kv in a standaid test cup, and shall be
allowed to drain. It isfpreferable to heat the bottle
and cap to a tempefature of 100°C (212°F) for one
hour after thoroughly “dsaining. The bottle shall
then be tightly cappedwand the neck of the bottle
dipped in melted paraffin.

IMPORTANT: Glass jars having rubber gaskets
or stoppers mush not be used. Oil may easily be-
come J¢ontaminated from the sulfur in natural
rubber.

Thieves for Sampling. A convenient and simple
thiet (See Fig. 1) for use with 55 gal. drums may
bel{made of metal as follows:

Length 36 in., diameter 1%4 in. with cone shaped
caps over the ends and openings at the ends 3 in.
in diameter. Three legs equally spaced around the
thief at the bottom, and long enough to hold the
opening s in. from the bottom of the container
being sampled, aid in securing a good represent-
ative sample. Two rings soldered to the opposite
sides of the tube at the outer end will be found
convenient for holding the thief by slipping two
fingers through them and leaving the thumb free
to close the opening. In an emergency a piece of
glass tubing 36 in. long may be used. For the tank
cars, a thief employing a trap «t the bottom may
be used. (See Fig 2.)

The thief shall be suitable for reaching the bot-
tom of the container and the sample shall be taken
with the thief not more than about ' in. from the
bottom.

Thieves should be cleaned before and after use
by rinsing with Stoddard solvent or other suitable
solvent; be sure that no lint or other fibrous ma-
terial remains on them. When not in use they
should be kept in a hot, dry cabinet or compart-
ment at a temperature not less than 37.8°C (100°F),
and shall be stored in a vertical position in a rack
having a suitable drainage receptacle at the base.

Samples shall not be drawn from containers in-
doors until the oil is at least as warm as the

P,
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SAMPLING AND INSPECTION

surrounding air. Cold oil may condense enough
moisture on the surface from a humid atmosphere
to seriously affect its insulating properties. Sam-
pling oil from containers out of doors is undesir-
able, due to the possibility of condensation of
moisture, and should be avoided whenever pos-
sible. (Samples should never be taken in the rain.)

Procedure. The drums to be sampled shall be
assembled in line, with bungs up, and numbered.
The bungs shall be unsealed and removed and
laid with the oily side up beside the bungholes. The
unstoppered sampling receptacle can be placed on
the opposite side of the bungholes. The top hole of
the thiet shall be closed with the thumb, the thief
quickly thrust to the bottom of the container and
the thumb removed. When the thief is filled, the
thumb shall be replaced, the thief quickly with-
drawn and the contents allowed to flow into the
sampling receptacle. The lower holes shall not be
closed with the fingers of the other hand. The free
hand shall not be used to guide the stream of oil
except by touching the thief, and this only when
necessary. The oil shall nct be allowed to flow
over the hand or fingers betfore it flows into the
sampling receptacle.

When the sampling receptacle is filled, it shall
be closed quickly and the bung replacedyin the
container and tightened. The sampling receptacle
shall be taken under cover to the testingilaboratory
as quickly as feasible.

After using, thoroughly cleangall thiéves omd
sampling receptacles as outlined\above.

The tank cars of oil shall fe 'sampled by intro-
ducing the thiet through the manhole on top of the
car, the cover of which shall,be femoved carefully
so as not to contamin@ate the“oil with dirt. The
sample shall be taken(as near as possible to the
bottom of the tank®@ar.“This shall not be done
while rain or snow isffalling.

When separatetsamples are being taken from a
consignmeént or’part‘of a consignment, care should
be exercised#o prevent contaminating the samples.
A separate thieffshall be used for each sample or
the thief previously used shall be well drained and
then thoroughly washed with oil from the next con-
tainer to be sampled; the oil thus used for washing
should be thrown away before the next sample
isjtaken. (Enough thieves shall be provided to
insure thorough drainage of each thief after rinsing
with oil to be sampled betore using it to withdraw
the actual sample) For obtaining only a few
samples, two thieves are sufficient, but tor obtain-
ing a large number of samples {for example, sam-

pling a carload of drummed oil) six or moresthieves
are desirable.

When one average sample of a consignment or
batch is being taken, the same thief may be used
throughout the sampling operation, ané it is not
necessary to rinse the thief withy oil before taking
any of the portions that go te_miake up the total
average sample.

Quantity of Sample. If'is/recommended that one
16 oz. bottle of oil be taken as a sample for dielec-
tric tests, and a one quart‘sample be taken when
complete physical®@nd chemical tests are to be
made. At least gfigysample should be taken from a
tank car of oil’, One¥%sample may be taken from
each drum, enif desired, a composite sample may
be made from oilyfrom five drums, provided all of
the drums areJairtight. When the bung is first
loosened, a%hissing sound should be heard, which
indicates that the drum has been airtight. If the
test ofythe composite sample is not satisfactory, a
sample from each of the drums represented should
be tested.

When drums have been stored exposed to the
weather, a sample from each drum shall be tested.
The sample of oil should be examined for free
water, and if any is noted, the drum of oil should
be put through a blotter filter press and resampled
for dielectric strength.

If the sample is being taken from a tank car,
and water appears, follow the same procedure.

SAMPLING OIL FROM APPARATUS

When taking samples of oil from apparatus in
in which a thief cannot be used, use the sampling
valve and follow the procedure outlined above as
far as practicable.

Care should be taken to procure a sample which
fairly represents the oil at the bottom of the tank.
A sufficient amount of oil should therefore be
drawn off before the sample is taken, to insure that
the sample will not be that which was stored in the
sampling pipe. For this reason, the valve and the
drain pipe should be sufficiently small to be emp-
tied with convenience and yet sufficiently large to
give an even flow of oil and avoid clogging by
sediment. A % in. pipe and valve is recommended.
This, of course, may be separate from the drainage
pipe and valve or it may be connected to the drain-
age valve by means of a suitable reducer.

It is of utmost importance that the sample of
insulating oil represents the actual condition of the
oil in the apparatus. Every precaution should be

9



SAMPLING AND INSPECTION

taken to keep the sample and container free from
foreign impurities or moisture.

If the apparatus is installed outdoors, care should
be taken to prevent contamination of the sample
by rain, snow, etc.

A glass bottle is recommended as a sampling
receptacle, so that any water present may readily
be seen.

If the sample contains free water it is not suitable
for dielectric test and the sample and bottle should
be discarded. A second sample should be taken
after at least two quarts of oil have been with-
drawn. If free water still exists in the sample, the
oil in the apparatus should be put through a blotter
filter press and resampled for dielectric strength.

In order to make sure that the dielectric strength
is up to its proper value, the insulating oil in any
piece of apparatus should be tested before its ini-
tial operation, and at regular intervals thereafter.

PERIODIC INSPECTION

Oil may deteriorate in service even under what
seems to be the most favorable conditions. The
more handling an insulating oil receives,gthe
greater the opportunity for contamination unless
adequate precautions are taken.

IMPORTANT: It is essential to provide for jperi-
odic inspection and test, and to purify the oil when-
ever necessary in order to maintainfit in, ‘good
condition.

BRegular inspection and tests of insulating oils by
electric utilities and other largeyuisers have proven
the necessity of this practice. _Wheie,these inspec-
tions and tests have been sgstematically followed
it has been found that failurefef the apparatus due
to the fact the oil had become contaminated with
moisture and sedimént, ha§ been reduced to a min-
mum and has regultedyjin greater economy of op-
eration. In view of ghe importance of the subiect,
it is, therefore, reeemmefded that all companies, in
the interest of goodiservice, adopt some system of
oil inspection and test.

The frequency4ef inspecting and testing depends
upon thefservice to which the oil is subjected, and
the comstruction of and the materials used in the
apparatus.

Even though field experience has shown that it
is§notinecessary to frequently examine the oil in
Inertaire or Sealedaire transformers, such oils
should be inspected to insurz that the Inertaire
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equipment is being maintained and the tanks are

tight.

The oil in circuit breakers and transformers
which are operated under extremely heavy loads
requires more frequent inspection than that igynor-
mal or light service.

It is recommended that operators” prepare a
schedule for inspection based omy thé" operating
conditions. Reference to the s tation Jog, together
with the record of dielectric test§ of the oil, should
determine the frequency ofyinspection and test.
The period between sucéessivetinspections should
not be longer than sixsmonths or until experience
indicates that the time between tests can be ex-
tended. If the dielectrig, strength of the oil drops
below 22 KV in the/standard dielectric test the oil
should be bletter [pressed. In the event that the
dielectric stremgth 1s not readily restored to 268 KV
or abov@methertests should be made to determine
if theyoil“should”be reconditioned or replaced.

Chécking,©il Level. It is essential that the
propenpoil level be maintained. Low oil level may
céruse, breakdown of insulation or flashover of
bughing in any apparatus, or malfunctioning of cir-
cuit®Breakers mechanically or electrically.

Checking Dielectric Strength. The oil should be
tested reqularly for dielectric strength and purified
when the tests show need of it. The testing should
be systematized and complete records kept. It is
particularly important in a circuit breaker to check
the dielectric strength after exposure to near rating
short-circuit operations.

Checking for Carbonization. The presence of car-
bon in circuit breaker oil may introduce a hazard,
due to the tendency of the carbon to lower the
dielectric strength of the oil, and also to deposit on
insulating surfaces, thereby reducing the insulation
resistance.

Visual inspection of the oil samples should be
made and, if any appreciable amount of carbon is
present, the »oil should be reconditioned even
though the dielectric test is good.

IMPORTANT: Certain washing compounds have
been used by some operating companies to assist
in separating the carbon from the oil. Investigation
in the Westinghouse laboratories has shown that
these compounds leave the oil in poor condition.
Customers are warned against using any form of
chemical treatment that has not been investigated
and recommended by Westinghouse Electric Cor-
poration.

A,



SAMPLING AND INSPECTION

Checking for Sludge. Transformers should be
reqularly examined for evidence of sludge. A
visual inspection will indicate its presence. Appre-
ciable amounts of sludge may clog the oil ducts
and interfere with heat transfer. It is desirable
that such oil be reconditioned or replaced imme-
diately. If the oil is to be returned to service, oil
inhibitor should be added to extend the life of the
oil. Oil which has once sludged, will, after being
reconditioned, sludge more quickly than the first
time unless the inhibitor is added.

WESTINGHOUSE OIL TESTING SERVICE

Many users of transformers and large oil circuit
breakers do not have the necessary facilities for
testing insulating oil. In order that these users may
be able to make the periodic tests recommended,
Westinghouse Electric Corporation has established
an oil testing service to provide a careful test by
experienced engineers, and a prompt report of
test results.

Two special 16 oz. sample bottles per mailing
container (Westinghouse Sampling Set Style #1608
629) as well as necessary packing and printéd
matter, may be obtained by contacting the grearest
Westinghouse office.

After drawing the sample of oil, the, customer
should seal the bottle with care, and mail it to
the Westinghouse Electric Corp., Plant Laboratory,
Sharon, Pa. The details of this transdction have
been simplified by the inclusiongin’ the®Sampling
Set of an instruction sheet4andVa printed return
label. The instructions cover “the “taking of the
sample and its proper prepdtation for mailing, and
the label carries an envelope®for enclosing cus-
tomer's order covering ghie testifig work. (Also see
details given in Price List 45:825).

If customer desifesito use his own bottles, he
should be suge tQobtain Form 24670 from the
Westinghouge Office:*Lack of this form will cause
much deldy infvariéus accounting procedures in-
volved, and, thereby delay the test. Samples should

be taken in accordance with ASTM D-117Note
that the bottles and containers involved #ill net be
returned to the customer.

When samples of oil are received for testing they
are sent to the engineering testing labosatory and
tested for dielectric strength jin, accordance with
methods described in ASTM D-LI7

As soon as the test has ‘Been made, a report
giving the average is sént/by mail directly to the
person in the customer’'s organization who has
been designated on theyorder to receive it.

In addition togdieleetric tests, Westinghouse is
also prepared,to make a physical and chemical
examination,_ (The customer should plainly indi-
cate the type/of, service desired.)

This\senvicesconsists of an examination of the
oilb, by a‘competent oil chemist. Recommendations
willybe"made as to the suitability of the oil for con-
tinuedWuse, whether it would be desirable and
econemical to clean it, and in a general way, the
preferred method of cleaning. In submitting
samples for this service, the history of the oil
represented should be given as completely as pos-
sible. Samples should be not less than one pint.

Other tests available include a complete Physi-
cal and Chemical Examination; a power factor test;

and the establichment of a Power Factor Curve
from 25°C to 100°C.

The Physical and Chemical Examination encom-
passes tests of acid and base numbers, color,
interfacial tension test, pour point, specific gravity,
and viscosity.

A combination is offered of the dielectric test,
the acid and base number test, the interfacial
tension test, and the power factor test. This com-
bination covers those tests most often requested
for general purposes.

(For turther details on available tests, refer to
the nearest Westinghouse Office.)
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PART THREE

PURIFICATION AND RECONDITIONING

PURITY OF OIL

Wemco C oil is clear and nearly water-white in
coloi. It is free from water, acid, alkali, and dele-
terious sulfur compounds.

The oil is carefully refined so as to have a high
resistance to emulsion; that is, the water is not held
in suspension but quickly separates out. This is
particularly essential in circuit-breaker service
since this apparatus cannot be tightly closed like a
transformer and some moisture may be introduced
into the oil. Wemco C oil has been designed with
this particular property in mind and precipitates
water and carbon promptly. However, certain
impurities develop while the oil is in service and
these impurities must be removed to insure safe
operation of the apparatus. The source and kind of
impurities developed in the oil depend upon the
type of apparatus in which it is used.

In circuit-breaker service, each time the circuit
is opened some carbon is formed in the oil, even
when only a small charging current is being infer-
rupted. The resistance to emulsion of the ,oil\is
also lessened, both by a change in the oil andyby
the presence of carbon in the oil. Oil whighyhas
been subjected to arc action in the circuit breakes
tends to slowly form organic acids, whieh further
tend to lower its resistance to emulsion/ Thefmajor
portior: of the carbon slowly precipitatesgto the
bottem of the tank, but the morg tinely divided
carbon has a tendency tc remainysuspended in the
oil, and lower the dielectric strength. Both carbon
and moisture are attracted fo the insulating sur-
faces of the bushings by the electrostatic field, and
when so deposited, lower”the insulation resistance
of the terminals from linego ground.

Oil in transfofmers 1§y generally subjected to
heat, oxidationdand gomeiimes to moisture. Heat in
the presence of oxygenfproduces a gradual physi-
cal and chemical change in oil and the extent of
this change will depend upon the amount of heat,
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time and the catalytic action of exposed metals in
the apparatus to which it is subjected. High tem-
perature over a short period of timé orgsomewhat
lower temperature over a long periodfof time affect
the characteristics of the oil, partigularly in the
development of organic acidity and,sludge.

Heat in the presence of @xygen/aftects the un-
saturated hydrocarbons, at first through formation
of organic acids and lateryby/precipitation in the
form ordinarily called sludge.

RECONDITIONING

The reconditionirig of oil used in circuit breakers
and transformers, consists principally of the re-
moval ofewaterjcarbon and sludge and the restor-
ation of resistence to emulsification, thereby putting
the oildin, theWbest condition to separate out any
water which®may later be introduced.

The four types of equipment in general use for
simple|veconditioning of oil in transformers and
circuitfbreakers are: the centrifuge, the blotter filter
press, the combination centrifuge and filter press
and the combination fullers earth and vacuum de-
hydration process. (See Part Five.)

IMPORTANT: In general. when small quantities
of oil have been contaminated with fire extinguish-
ing agents, it is preferable to replace the oil rather
than to attempt to reclaim it.

Insulating oil which has been contaminated with
carbon tetrachloride or soda sulfuric acid cannot
be reclaimed. (It would have to be refined.)

When large quantities of oil have been contami-
nated with other fire extinguishing agents, the re-
claiming of the oil will depend upon the kind and
degree of contamination. There may be factors
other than the fire extinguishing agent (for in-
stance, high temperatures cracking the oil, carbon-
ized insulation, etc.) which should be considered.
Any question should be referred to 'the nearest
Westinghouse Office.

o,
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PART FOUR

TESTING METHODS

Instructions for all tests listed correspond in
general to the recommendations of the American
Society for Testing Materials.

DIELECTRIC STRENGTH TEST

Apparatus. The transformer and the source of
supply of energy shall not be less than ¥z kva, and
the frequency shall not exceed 100 cycles per
second. Requlation shall be so controlled that the
high tension testing voltage taken from the second-
ary of the testing transformer can be raised gradu-
ally without opening either primary or secondary
circuit. The rate of rise shall approximate 3000
volts per second. The voltage may be measured
by any approved method which gives root-mean-
square values.

Some protection is desirable to prevent excessive
flow of current when breakdown of the oil takes
place. This protection preferably should be in the
primary or low voltage side of the testing trans-
former. It is not especially important for transt
formers of 5 kva or less, as the current is limited
by the requlation of the transformer.

The test cup for holding the sample ofyoil “shall
be made of a material having a suitable dielectric

FIG. 3. Oil or Fluid Test Cup for Dielectric Test.

strength. It must be insoluble in and unattacked
by mineral oil and gasoline, and nonabsorbent as
far as moisture, mineral oil and gasolinéare con-
cerned.

‘The electrodes in the test cup between which the
sample is tested shall be cizculagdiscs of polished
brass or copper, 1 in. in diameter, with square
edges. The electrodes ghall be/mounted in the test
cup with their axes horizental and coincident, with
a gap of 0.100 in. between their adjacent faces, and
with tops of electfodes about 1% in. below the top
of the cup. (A ‘suitable test cup shown in Fig. 3,
and portableg@stingyoutfits in Figs. 4 and 5.)

Procedure.” The /spacing ot electrodes shall be
checked "with, a standard round gauge having a
diameter of 0.100 in., and the electrodes then
lockedyin pesition.

Thejelectrodes and the test cup shall be wiped
clean with dry, calendered tissue paper or with a
¢cleany dry chamois skin and thoroughly rinsed with
Stgddard solvent or other suitable solvent until
they are entirely free from fibres.

The test cup shall be filled with dry benzine,
and voltage applied with uniform increase at the
rate of approximately 3000 volts (rms) per second
until breakdown occurs. I the dielectric strength
is not less than 25 kv, the cup shall be considered
in suitable condition for testing the oil. If a lower
test value is obtained the cup shall be cleaned
with solvent and the test repeated.

Note: Evaporation of solvent from the electrodes
may chill them sufficiently to cause moisture to
condense on their surface. For this reason, after
the final rinsing with solvent, the test cup should
be immediately filled with the oil which is being
tested, and the test made at once, or the electrodes
should be thoroughly dried before using.

The temperature of the test cup and of the oil
when tested shall be the same as that of the room,
which should be between 20 and 30 C (68 and 86F).
Testing at lower temperatures is likely to give
variable results which may be misleading.

The sample in the container shall be agitated
with a swirling motion to avoid introducing air, so
as to mix the oil thoroughly betore filling the test
cup. This is even more important with used oil
than with new oil as the impurities may settle to
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TESTING METHODS

FIG. 4. Portable Oil Testing Set Y2 Kva. 35,000 Volis.

the bottom and the test may be misleading.

The cup shall be filled with oil to a height of'no
less than 0.79 in. (20 mm) above the top 6f the
electrodes.

The oil shall be gently agitated by rocking the
cup and allowing it to stand in the cup/ffor thzee
minutes before testing. This will allow_air bubbles
to escape.

Voltages shall be applied and“imcreéd@sed uni-
formly at a rate of approximately, 3000%volts (rms)
per second until breakdown o¢€urs‘as, indicated by
a continuous discharge acrossithelgap. (Occasional
momentary discharges which de not result in a
permanent arc may occur; ‘these should be dis-
regarded.)

Provision shall be“madé®for opening the circuit
as promptly a§ possibleyafter breakdown has oc-
curred in ordentd prey¥ént unnecessary carboniza-
tion of the oil.

TESTS

a. Except as specified in (b) one breakdown test
shall{be, made on each of five fillings of the test
cups, Ifythe” average deviation from the mean ex-
ceeds 107percent or if any individual test deviates
moze)than 25 percent from the average, additional
tests shall be made. The dielectric strength shall
be determined by averaging the first five tests that
conform to the allowable variations.
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b. When oil is tested in considerable quantity,
so that the time required for testing is excessive
and when it is merely desired to determine whether
the breakdown safely exceeds the limit specified,
or in those cases where the amount of oil available
for test may be very limited, one breakdown test
shall be made on each of two fillings of the test
cup. If neither breakdown is belowthe specified
value, the oil may be considered, satisfactory and
no further tests shall be required. “If, either of the
breakdowns is less than the jspeeified value, a
breakdown shall be madeyon{ea¢h of three addi-
tional fillings and test resultsyanalyzed in accord-
ance with (a).

Report. The report shalh include the volts (rms
value) at each punctire, the average voltage for
each of the two orifive fillings, grand average
voltage, andythe (approximate temperature of the
oil at the time ‘of, the test.

FIG. 5. Portable Truck Type Oil and Insulation
Testing Set, 5 Kva. 30,000/60.000 Volts.

/ﬁ‘"\
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TESTING METHODS

NEUTRALIZATION TEST

The Neutralization Number is the weight in milli-
grams of potassium hydroxide required to neutral-
ize the acid in one gram of oil. The Neutralization
Number of new Wemco C oil is 0.03 maximum.

Solutions Required.

a. Standard Potassium Hydroxide Solution (alco-
holic, 0.1 N)-—add 6 g. of c.p. solid KOH to 1 liter of
c.p. anhydrous isopropyl alcohol. Boil, add 2 g. of
c.p- Ba (OH).. and boil again. Cool, filter and store
in a chemically resistant bottle protected by a
guaid tube containing soda lime and soda asbestos
(Ascarite). Standardize against pure potassium acid
phthalate using phenolphthalien as an indicator.

b. Titration Solvent—Add 500 ml. of c.p. ben-
zene and 5 ml. of water to 495 ml. of c.p. anhydrous
isopropyl alcohol.

L 4
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c. Alpha-Naphtholbenzein Indicator S
Prepare a solution containing 10 g. of al
tholbenzein per liter of c.p. anhydrous is
alcohol.

Procedure. Into a 250 ml. Erlenmeyex’ﬂask in-
troduce 40 g. of Wemco C oil ighed to nearest
0.1 gram. Add 100 ml. of a;g solvent and
3 ml. of the indicator solutlon e immediately

at a temperature below onsider the end
point definite if the colo to green persists

for 15 seconds. A blan e determined on the
solvent.
Calculations. utralization number or mg
KOH per g. 0 - (@L@‘_’x ¢ 56.1
lution required for sample
solution requlred for blank.
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PART FIVE

RECONDITIONING

APPARATUS FOR RECONDITIONING

RECONDITIONING

In order that oil in circuit breakers and trans-
formers performs its function, certain essential
properties must be maintained. Various types of
equipment are available to assist the operator in
the maintenance of insulating oil.

The first step is to classity oils in service based
upon an evaluation of their properties.

GROUP I—This group contains oils which aie
in satisfactory condition for continued service.

GROUP II—This group contains oils which are
low in dielectric strength or contain insoluble con-
taminants and requires only minor reconditioning
by blotter press and or centrifuge to restore them
to condition for continued service.

GROUP III— This group contains oils in poor
condition which should be reclaimed or scrapped
depending upon economic considerations.

GROUP IV— This group contains oils in such
poor condition that it is advisable to dispose of
them.

Many tests are available which can belapplied
to transformer oils in order to classify them inte"the
four groups described. It is recomimended that the
latest revisions of standards as descéribed by the
American Society for Testing Materials (ASTM)
be used.

APPARATUS FOR RECONDITIONING

There are several types,of®feconditioning ap-
paratus available, the relative advantages of each
of which are as follows:

1. The centrifuge connected as a separator, may
be used where‘thére afe large quantities of water
present in the oil,“without waiting for it to settle
out, and connected as. a clarifier, for removing
small quantities, of water. It will remove sludge
and coarse carbon particles but not all finely
divided carbon.

2wmThe, filter press is suitable for reconditioning
oilVeontaining small quantities of water and will
remove finely divided carbon and sludge. It will
not materially reduce organic acidity or improve
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the resistance to emulsification ex¢ept_as this is
caused by the presence of carbon!

3. The combination centrifuge“@and®filter press,
passing the oil first through thé centrifuge, may be
used advantageously in the removal’of large quan-
tities of carbon and water. Thunites the exceptional
qualities of the centrifuge withbthe excellent char-
acteristics of the blotter press. This flexibility of
operation makes iflveryfdesirable as standard
equipment in the_recénditioning of insulating oil
for the removal fot large quantities of carbon from
the oil. HoWwever, (the'clogging of the pores of the
filter reduces)the, output of this combination.

CAUTION:, STATIC ELECTRICITY—In the opera-
tion ‘of\a filter press it is necessary that the problem
of“staticWelectricity be recognized and areas and
tanks |vented as much as possible. (See caution
notegon Static Electricity—Part I page 5.)

4. A fuller's earth filter is the method most fre-
quently used for oils in Group IIl. In generdl],
reclaiming is done by one of two methods, percola-
tion through the fuller’s earth, or by contact at an
elevated temperature with finely divided material.
The excellent absorbent properties of the fuller’s
earth will remove acids and cther contaminants.

5. A vacuum dehydrator is an efficient means of
reducing the water content of insulating oils and is
frequently used in conjunction with a fuller's earth
filter. Here the oil is exposed to a high vacuum
and heat for a short interval of time.

The final criterion of the etfectiveness of any
method of reconditioning is the quality of the re-
conditioned oil. The dielectric strength of the re-
conditioned oil should be at least 26 KV to provide
some margin over the lowest limit of 22 KV.

Oils which have been reconditioned by a fuller’s
earth process should have properties closely ap-
proaching those of new oil. It is recommended that
to extend the life of reconditioned oils that at least
0.2 percent by weight of inhibitor, Di-Tertiary-Butyl-
Paracaesol, (D.B.P.C.), be added to the oil.



APPARATUS FOR RECONDITIONING

BLOTTER FILTER PRESS

The blotter filter press (see Fig. 8) is probably
most widely used for the reconditioning of insulat-
ing oils which have become unfit for use due to the
presence of carbon or other foreign matter. It is
essentially a number of sets of filter papers in
parallel, each set containing several thicknesses.
The oil is pumped through the filter paper which
absorbs the waler and strains out the sediment.

Note: Cleaning devices intended for recondition-
ing of insuloting oii should never be used for other
types of work, due to the danger of contaminating
the oil

Capacity. The capacity of these machines, with
oil pressure and filtering area fixed, depends on
the viscosity of the oil and its freedom from dirt.
With fuirly clean oil at ordinary room temperature,
the capacity of the machines will vary from normal
to about 15 per cent above normal, depending on
the viscosity (which varies with the temperature).
It has been found that the best results are obtained
when the oil temperature is about 50°C. The aver:
age working pressure of these machines is [less
than 40 lbs. per square inch and the presstirejxelief
valve is set at the factory to by-pass the full'flow
at 60 to 70 lbs. per square inch.

Apparatus. There are two standard, sizes of
Westinghouse filter presses: B-10 and A-30. The
letter designates the size of filter ggaperiithe number
indicates the relative capacity, in Jigallons per
minute.

The complete outfit consists,of filter press, motor,
strainer, pump, gas trap; ptessure gauge, drip pan,
casters and piping. The piping is arranged so the
suction line can be tested for leaks under pressure.

The strainer c@n gbef cleaned by unscrewing a
plug. The pumps‘@re ©of the positive pressure type
and are directlyfeonnected to the motor through
flexiblegcouplings.

The filterypress proper is made up of a series of
cast iron plates and frames assembled alternately,
with the filter papers between them. By means of
a,screw dnd cast-iron end block, the plates, frames
and papers are forced tightly together. Except for
a"machined rim which serves as a joint to prevent
the escape of oil, the plates are cast with small
pyramids on both surfaces.

The plates and frames have holes in two corners
and supporting lugs at the sides. The plates have
handles cast on the top edge. When the plates and

FI1G.'7. Filter Press Frame with Blotters in Place.

frames are assembled with the filter papers be-
tween, the holes form the inlet and outlet. The
frames have the holes in the upper corner con-
nected by small ducts to the middle of the frame.
The plates have ducts leading from the surface of
the plate to the hole in the lower corner. (See
Fig. 7.)

The oil enters under pressure at the top corner
through the inlet formed by the holes in the frames,
plates, and filter papers, flows into the frames
through the same ducts, and completely fills the
chamber formed by the frame and two sets of filter
paper. As there are no outlet ducts in the frame,
the oil is forced through the paper and flows along
the grooves betwen the rows of pyramids and out
through the ducts provided at the lower corner of
the plates. The dry filter paper takes up the mois-
ture and removes the sediment from the oil.

Operation. The filter press is made ready for
operation by placing a set of five sheets of filter
paper, that have been thoroughly dried in an elec-
tric oven, between each filter plate and frame. The
holes in the filter paper must line up with the holes
in the plates and frames. The sediment is strained
out by the first layer of paper and the moisture is
taken up by the capillary action of the paper,

Oil which has only a very small quantity of
moisture may be satisfactorily reclaimed by the
filter press, but when a large quantity of water is
to be removed, the centrifuge or combination centri-
fuge and filter press is preferred, and is also
more eccnomical.
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APPARATUS FOR RECONDITIONING

If any moisture remains, it indicates that the
filter papers are saturated with moisture and should
be renewed. No rule can be given as to how often
the papers must be changed, as this depends en-
lirely on the condition of the oil. The usual pro-
cedure is to run the machine for about half an
hour (if the oil is not in very bad condition) and
then shut down; remove one sheet from the inlet
side of each set and put in a new sheet on the out-
let side of each set. (The frame is the inlet side
and the plate is the outlet side.) Frequent dielectric
tests should be made during this procedure as wet
oil may necessitate recharging the filter press with
a full set of papers before the five sheets have
been removed in succession.

The quickest method of filtering a quantity of
oil is to pump all the oil through the filter and into
another tank which is clean and dry. If care is
taken to change the filter papers before they be-
come saturated, the oil will be clean and dry. If a
second tank for holding the oil is not available, or
if it is desired to filter the oil of a transformer while
it is in service, the oil may be pumped from the
bottom of the tank through the filter and returned
to the top of the same tank under the surface of the
oil to prevent aeration. This operation shouldfbe
continued until the oil in the tank shows a{suffi/
ciently high dielectric strength.

When a large quantity of oil is to be diltered,
time may be saved by using two filter presses,one
of which may be operated while the other is being
recharged.

The filter press is not intended toyremove large
amounts of free water from the eil. Obwiously the
changing of filter papers neceSsaryyfor obtaining
dry oil would so reduce thegeapacity as to make
this method of reconditioning impractical. In such
cases, the water may be remeved by a centrifuge,
or should be allowed td settle out and be drawn off
from the bottom of‘the container before passing the
oil through a filter press.

With badlygfouled gil, it may be necessary to
pass the oil through the filter press several times to
take out the more finely divided carbon which is
not caught on the filter papers, especially when
they are new. The efficiency of the filter press for
removing,carbon increases as the pores of the filter
papers *hecome partly clogged. This produces a
material, slowing-down in the rate of flow through
theyfilter papers.

Filtering through filter papers does not materi-
ally reduce organic acidity or improve resistance
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FIG. 8.'B.10 Filter Press with Top and Side Panel
Remboved. (Explosion-Proof Model).

to_emulsification except as the latter is affected by
the ‘presence of carbon, although the dielectric
sttength may be restored to a satisfactory value.

The caracity of the filter press is much reduced
when operating at low temperatures.

When the oil has to be filtered at low tempera-
tures an additional pump in the pipe line is de-
sirable.

Oil in transformers contaminated by only a small
amount of moisture may be reconditioned by draw-
ing the oil from the bottom of the tank, passing it
through the filter press or centrifuge and pumping
it back into the top of the transformer, preferably
at a point below the surface of the oil. The oil
should be put through the system until a sample
drawn from the bottom of the transformer gives
salisfactory dielectric values.

Pumping the oil from a circuit-breaker tank to the
purifying outfit and directly back to the tank is not
desirable, as the clean oil is again contaminated by
the carbonized oil remaining in the tank. Also, it is
then impossible to clean the carbon deposit from
the surfaces inside the tank. Do not filter oil from a
circuit-breaker while the breaker is in service on
an energized line.

Filter Paper. The filter paper used is a special
grade of blotting paper about .025 in. thick: it con-
tains no coloring matter or chemicals which might
injure the oil. Five sheets cut to the proper size,
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APPARATUS FOR RECONDITIONING

FIG. 9. Electric Drying Oven.

12% in. square for the A sizes and 7% in. square
for the B sizes, and with holes punched to corress
pond with the holes in the plates and frames, are
between each plate and the adjacent framés.

To obtain the best results in reconditioning oil,
the paper must be perfectly dry when fitst placed
in the press. Filter paper always takes up maeisture
if exposed to the air for any length of{timejand for
this reason care must be used in_handling. The
standard paper is carried in packagesjcontaining
one ream carefully wrapped ‘in, waxed paper and
covered with heavy wrappingfpaper.

ELECTRIC DRYING OVEN

The importance fot ghe drying oven cannot be
over-emphasizéd  sidce /the effectiveness of the
whole filterifig progess is dependent on the dryness
of the paper. fFor satisfactory results, the dried
filter paperyshould’ either be inserted in the filter
press and usedydmmediately, or kept in dry trans-
former oil until it is transferred to the filter press.
No filter paper can be effectively dried after it has
onge become saturated with oil. Therfore, care
should be taken to insure that the paper is thor-

oughly dried when placed in the filter.

The oven can be used on 110/220/440 DC) or
single phase AC, 1000 watts. The normal capdcity
of 7 inch or 12 inch paper is 180 sheets.

The paper is suspended from two rods?with the
sheets separated from each othé¥, thus permitting
thorough circulation of heated\air. |The rods can
be rearranged for hanging either 42"inch or 7 inch
filter paper.

Normally, the filter paper should be dried 6 to 12
hours, depending upon cendition of the paper and
spacing of the sheetslin the oven.

The cabinet is conmstructed of fabricated sheet
steel and insulated. with Y2 inch asbestos board.
(See Figure/9)

The airvents,are designed to provide cross venti-
lation so\that, dry heated air replaces moisture
laden “Gix,

Qil canybe dried rapidly and thoroughly if the
filter “pdaper is carefully prepared, transferred to
they press without reabsorbing moisture, and re-
placed when its effectiveness is exhausted. If good
results are not obtained, it is probably because
the paper was not sufficiently dry when placed in
the press, due either to improper drying or careless
handling.

CENTRIFUGE

The centrifuge is the most convenient equipment
known for removing water from oil. It also removes
solid material other than finely divided carbon.
The temperature of the oil should be maintained
at 48.9 to 51.7 C (120 to 125F) in order to insure
removal of all the water at full capacity of the
machine. A higher temperature gives no advan-
tage, and if excessive, will permit the oil to carry
more moisture through in solution. (A 6 kw heater
will raise the oil about 15.6 C (60 F) per 100 gallons
per hour.) The centrifuge equipment may be ar-
ranged to act as a separator, discharging the oil
and water by different outlets, or as a clarifier, dis-
charging the oil but retaining the water and other
impurities in the bowl”.

*For further details, see manufacturer’s information.
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Part | — Inerteen® Insulating Fluid

CHARACTERISTICS

Inerteen is a highly pure, synthetic non-
inflammable and non-explosive insulating and
cooling liquid. Chemically stable and nearly water
white in color, Inerteen is not affected by
reaction with other materials regularly used in the
manufacture of Inerteen apparatus. It is non-
oxidizing and non-corrosive at temperature con-
siderably above those normally obtained in Iner-
teen apparatus. Inerteen will not sludge under any
operating condition. Water is the main enemy of
Inerteen and keeping it dry will insure long
service life.

The dielectric strength of Inerteen will com;
pare favorably with that of insulating ©il When
tested under the same conditions. Quality samples
of Inerteen tested under laboratoryyconditions
may show a dielectric strength in excess 6£.40KV.
Care must be exercised in handling and teésting
Inerteen. Inerteen must be kept invclean, sealed
containers to prevent loss byf ¢vaperation or
contamination by moisture or dirt.

Inerteen exerts a stromg solvent action on
most varnishes, gums, and, paints. Such materials
are not used in thegeonstaliction of Inerteen
apparatus. No materials should be used in Iner-
teen apparatus exeeptWthiose approved by the
Westinghouse Ele¢tri¢’ Gorporation.

Inerteen has anyirritating effect upon the skin.
If it is ngcessary to handle it, see the precautions
under ‘““Handling?’. It should be remembered that
mineral oil i1s%ompletely miscible with Inerteen;
in fact, it is impossible to separate mineral oil and
Inerteen.

SPECIFIC CHARACTERISTICS OF INERTEEN

As outlined in ‘““Method of Testing Askarels
A.S.T.M. D901.” the specific characteristics of
Inerteen are:

—

Burn point: None

2. Chemical stability: Nog®eneration of free
chlorides under normal opérating conditions.

3. Color: (Maximum) Q0 A.P.H.
Condition: Clear

S. Dielectric constant;
At 1000 hertz2aé77°F (25°C), 5.7t0 5.9
At 1000 hertz,212°F (100°C), 4.8 t0 5.0

6. Dieleetricstrength: (Minimum) 77°F (25°C)
At pointiof shipment, 35KV
At, point of receipt, 30KV

7. Electrical Resistivity: (Minimum)
500 x 10° ohms/cm® (212°F (100°C) at
500 volts DC)

8. “Power factor:
At 60 hertz, 77°F (25°C) 2%
At 60 hertz, 212°F (100°C) 25%

9. Fixed (Minimum) 42
percent

10. Free chlorides: Less than 0.10 ppm

11. Neutralization number: Less than 0.014 mg
of KOH/gram

12. Pour Point: (Maximum) plus 7°F (minus
14°C)

13. Refractive index:
At 77°F (25°C), 1.624 to 1.626

14. Specific gravity:
At 60°F/60°F (15.5°C/15.5°C), 1.381 to
1.392

15. Density: 11.5 pounds per gallon

16. Viscosity:
At 100°F (37.8°C), 8292 seconds

17. Moisture: (Maximum) 35 ppm

chlorine content:

ENVIRONMENTAL CONSIDERATIONS

Inerteen is a synthetic insulating fluid madc by
the chlorination of a relatively common chicmical,
biphenyl. The chlorination is necessary to impart
nonflammablc properties to the Inerteen. The
resulting polychlorinated biphenyls (PCB’s) arc
relatively insoluble in water but soluble in fat,



and extremely persistent in the environment. It
has been shown by several laboratories that
measurable amounts of the PCB’s, particularly
those with more than 50% chlorination, are
present in our general environment and are a
threat to certain species of wildlife. While Iner-
teen is generally regarded as being non-toxic to
humans, very high standards of control in the
overall program against pollution must be exer-
cised.

Electrical apparatus (such as transformers and
capacitors) using Inerteen are normally sealed to
prevent escape of Inerteen into the environment.
However, a carefully planned program of waste
disposal must be followed at every step of the
equipment life. This includes manufacture, repair
and final disposition of the fluid and the Inerteen
contaminated parts. To date the only acceptable
destruction of the PCB’s is by incineration at
2250°C or higher under carefully controlled
conditions. At this temperature Inerteen will
breakdown into HCI, CO2 and water vapor, An
alkaline scrubber is necessary to neutralize the
HC1 and the final products released togthe
atmosphere are CO2 and steam. To be surg that
the Inerteen and Inerteen contaminated materials
do not contaminate the environment they must
be incinerated in approved equipments

HANDLING

1. Safety Precautions

Breathing. The odor of dnésteen is noticeable
at concentrations ‘belowsthe Maximum Ac-
ceptable  Cancentratien.  Concentrations
which exceed,thi$' may cause irritation of the
eyes, nose, throat.and upper respiratory tract.
Much higher concentrations could cause in-
ternal reactions.

Swallewing. Inerteen is highly toxic if taken
interfiallyy, Swallowing of an ounce or two
could “eause severe irritation of the digestive
tract and serious internal reactions.

Skin"Irritation. Although Inerteen is only a
moderate skin irritant when contact is for

short duration, it can be absorbed through'the
skin. Repeated contact over pgblonged peri-
ods may result in severe derimatiti§ which may
persist for many months afterfyremoval from
exposure.

Protective Equipment. ‘Whenshecessary, und-
er emergency conditions, %o enter a space
containing very high coneentrations of Iner-
teen fumes or vapor, @ither an approved gas
mask or self-contained breathing equipment,
should be worn.“Eor lower, but still signifi-
cant concentrations, cartridge type chemical
respirator Yshould be worn. If the odor of
Inert€ém,is noticed while wearing respiratory
equipment, the wearer should go immediately
into fresh air.

Neoprene coated aprons and neoprene
goated gloves may be used where necessary to
protect the skin. Hand cream designed to
protect against oils and petroleum solvents,
(such as Plv 9 Gel made by Milburn Co. of
Detroit) may be of some value where the use
of gloves is not practical.

When handling Inerteen, wash hands often
with warm soapy water and in case of spillage
onto clothing, remove the clothing as soon as
possible. The clothing must then be laundered
prior to use.

Storage

Inerteen is shipped in tank cars, drums or
cans. Inerteen in drums or cans should be
stored in a covered area and when stored
out-of-doors the bungs should be down to
prevent collection of water around the bung.
A storage tank should be mounted on piers
above the ground ana accessible to all points
for inspection for leakage. There should be a
curb on the ground around the tank to
contain any spillage or leakage.

It is desirable, if possible, to keep Inerteen
in storage at a temperature slightly above
ambient to prevent moisture condensation.



SAMPLING AND INSPECTION

Sampling. Each container of Inerteen must
be sampled and tested prior to being added to
a transformer and then should be added only
if the dielectric strength is 30KV or above.

It is desirable that periodic inspection of
Inerteen apparatus be made and that samples
of Inerteen be taken from each compartment
and tested. Initially a sample should be taken
after about 3 months of operation and then,
where operating conditions permit, at inter-
vals of 6 months to 1 year. Accurate records
should be maintained and if dielectric
strength drops below 22KV it should be
reconditioned.

If facilities are not available for testing
Inerteen, see “Westinghouse Inerteen Testing
Service” below.

Westinghouse Inerteen Testing Service/Many
users of Inerteen do not have théynecessary
facilities for testing. In order thatgthese users
may be able to make the (periodic tests
recommended, WestinghousegElectric Corp-
oration has established an| Inefteen testing
service to provide carefuldestsby experienced
engineer, and provide alprompt report on the
test results.

Two special l6v ozafsample bottles per
mailing container Westinghouse
S#24B 1743602, aswwell as necessary packing
and printed mattes) may be obtained by con-
tacting theynearest'Westinghouse Office. (The
bottledand the,container will not be returned
to the customer.)

Aftepdrawing the sample of Inerteen, the
customer should seal the bottle and mail it to
the Westinghouse Electric Corporation, Ma-
terials“Engineering Laboratory, Sharon, Pa.
16146. To simplify these details, an instruc-
tion and order sheet and a printed return label
have been included in the carton container.
The instructions cover the taking of the
sample and its proper preparation for mailing.
The order sheet must be sent to the nearest
Westinghouse office.

In addition to dieleetric tests, Westing-
house is also prepared (ftogndke a physical and
chemical examination, if ;80 requested. (The
customer should plainlygindicate the type of
service desired.)

The physicalyand chemical examination
consists of dmyexamination of the Inerteen by
a competent, chemist. Recommendations will
be made'as todthe suitability of the Inerteen
for cemtinied use, whether it would be
desirable ‘and economical to clean it, and in a
general way, the preferred method of clean-
ing.“In_submitting samples for this service, the
histery of the Inerteen represented should be
given as completely as possible. (For details
refer to the nearest Westinghouse Office).

SAMPLING INERTEEN

The dielectric strength of Inerteen is affected by
the most minute traces of certain impurities,
particularly water. It is important that the great-
est care be taken in obtaining the samples and in
handling them to avoid contamination. There
have been low dielectric test results reported from
the field which, upon investigation, have been
found to be largely a matter of poor sampling. All
sampling and testing equipment used for handling
Inerteen and servicing Inerteen should be used for
no other purpose. Care must be used in taking
samples of Inerteen and sealing them prior to
testing. It is desirable that samples of Inerteen be
removed from any container on clear days only,
and when the temperature of the Inerteen is at
least as high as the temperature of the sur-
rounding air.

Use only tin containers with screwed metal
caps or glass bottles with Inerteen resistant lids to
hold Inerteen samples. If it becomes necessary to
use other than factory sampling containers, they
should be rinsed with clean naptha, washed with
detergent and water, and rinsed thoroughly in hot
water, and then dried at approximately 110°C for
four hours with neck down in circulating air oven.
If the containers are not used immediately after
cleaning, they should be sealed tightly and stored
in a dry, clean place. An aluminum foil liner
should be put in the lid.



Provision is made on all Inerteen transformers
to obtain a top sample of the Inerteen, however
on a transformer that is in operation, a sample
may be taken from either the top or bottom since
any moisture present will be mixed in, due to
circulation of Inerteen. In sampling, allow at least
one quart of Inertecn to run out to flush the
sampling conncction before collecting the sample.
This flush material must be collected in a suitable
container for disposition as per the section on
“Inertecn Disposal” page 6. The Inerteen should
be put into the sample containers immediately
and the caps screwed on tightly. The label for
each container should be marked clearly with the
serial number of the transformer or compartment
from which the Inerteen was taken.

Before taking samples from a storage tank,
the Inerteen should be allowed to settle for
approximately twelve hours so that if there is any
moisturc present, it, having a lower specific
gravity, will rise to the top where the sample isg0
be taken. A clean sneak-thief should be used to
obtain the samples. Essentially, the same precaus
tions to prevent moisture and dirt contaminatien
should be used as outlined above.

It is recommended that one 16 oz.fbottle of
Incrtecn be taken as a sample for testingaA tleast
one sample should be taken from @ tamk car of
Inertecn. One sample may beptaken from each
drum, or if desired, a compositetsample may be
made from Inerteen from fivedrums¥provided all
of the drums are airtight. When the bung is first
loosened, a hissing sound sheuld®be heard, which
indicates that the drum hag becn airtight. When
the composite typeof testingsi§ used and a sample
is found to be ungatisfactony, a sample from each
of the drums represcated shust be tested.

When drums have been stored exposed to the
weather, a sample from each drum must be tested
to dctermine if it i’suitable for use.

DISPOSEFION OF SAMPLE & CON-
TAINER;, All samples must be collected in sealed,
labelled containers for disposition as described in
sectionwon “Incrteen Disposal” page 6. All sol-
vent,rinses of test containers must be handled in a
like manner.

All containers, rags, and other solid materials
involved in testing must be collectedgfor proper
disposition.

TESTING METHODS

Instruction for all testSylisted correspond in
general to the recommendations of the American
Society for Testing Materials.

1. Dielectric Strength Test

The testing transfésmer and the source of supply
of energygshablynot be less than 1/2 KVA, and the
frequeneéy shall not exceed 100 Hertz per second.
Regulationyshall be so controlled that the high
tensiony testing voltage taken from the secondary
ofgthe, testing transformer can be raised gradually
withiout” opening either primary or secondary
¢ircuit! The rate of rise shall approximate 3000
volts per second. The voltage may be measured by
an approved method which gives root-mean-
square values.

Some protection is desirable to prevent ex-
cessive flow of current when breakdown of the
Inerteen takes place. This protection preferably
should be in the primary or low voltage side of
the testing transformer. It is not especially im-
portant for transformers of 5 KVA or less, as the
current is limited by the impedance of the
transformer.

The standard test cup for holding the sample
of Inerteen shall be made of a material having a
suitable dielectric strength. It must be insoluble in
and unattacked by Inerteen or benzine and non-
absorbent as far as moisture, Inerteen, or gasoline
are concerned.

The clectrodes in the test cup between which
the sample is tested shall be circular discs of
polished brass or copper, | in. in diameter, with
square (90°) edges. The electrodes shall be
mounted in the test cup with their axes hori-
zontal and coincident, with a gap of 0.100 in.
between their adjacent faces, and with tops of
electrodes about 1-1/4 in. below the top of the



cup. (A suitable test cup is shown in Fig. 1, and Voltages shall be applied and increased
portable testing outfits in Fig. 2.) uniformly at a rate 6f approximately 3000
volts (rms) per second until/breakdown occurs

a. Procedure as indicated by a_continuous discharge across

The spacing of electrodes shall be checked
with a standard round gauge having a diam-
eter of 0.100 in., and the electrodes then
locked in position.

The electrodes and the test cup shall be
wiped clean with dry, calendered tissue paper
or with a clean, dry chamois skin and thor-
oughly rinsed with Inerteen-free, dry benzine
until they are entirely free from fibers.

The test cup shall be filled with dry
benzine, and voltage applied with uniform
increase at the rate of approximately 3000
volts (rms) per second until breakdownfoc#
curs. If the dielectric strength is notd€ss, than
25KV, the cup shall be considereddin suitable
condition for testing the Inerteen. Tf,a lower
test value is obtained the cup shall"be cleaned
with benzine and the test repeateds

The temperature of thegtest cup and of
the Inerteen when tested shall bé the same as
that of the room, whichysheuld be between
68°F and 86°F. (20°Qfandy30°C) Testing at
lower temperaturesyis likely to give variable
results which may b€ misleading.

Fig. 1. Fluid Test Cup for Dielectric Test

The sample {in the container shall be
agitated withg™ayswirling motion (to avoid
introducing @ir)’ S0 as to mix the Inerteen
thoroughlydbefore filling the test cup. This is
even gnorg, impertant with used Inerteen than
withgnew Ingrteen as the impurities may be
precipitated’and the test may be misleading.

The cup shall be filled with Inerteen to a
heightyof no less than 0.79 in. (20 mm) above
the top of the electrodes.

The Inerteen shall be gently agitated by
rocking the cup and allowing it to stand in the
cup for three minutes before the first and one

minute before each succeeding puncture. This
will allow air bubbles to escape. Fig. 2. Portable Oil Testing Set, 1/2 KVA, 35,000 Volts




the gap. (Occasional momentary discharges
which do not result in a permanent arc may
occur; these should be disregarded).

b. Number of Tests

I. Except as specified in (I1I) one break-
down test shall be made on each of five
fillings of the test cup. If the average
deviation from the mean exceeds 10
percent or if any individual test deviates
more than 25 percent from the average,
additional tests shall be made. The dielec-
tric strength shall be determined by aver-
aging the first five tests that conform to
the allowable variations.

II. When Inerteen is tested in consider-
able wquantity, so that the time required
for testing is excessive and when it is
merely desired to determine whether the
breakdown safely exceeds the limit specié
fied, or in those cases where the amount
of Inerteen available for test may be very,
iimited, one breakdown test shall be made
on each of two fillings of the test cup. AT
neither breakdown is below this value, the
Inerteen may be considered satisfactory
and no further tests shall be requised. 1f
either of the breakdowns is Iess“than the
specified value a breakdown shall be made
on each of three additional fillings and
test results analyzed in agcordance with (I).

c. Report

The report shall ineludegthe/volts (rms value)
at each breakdown andythe average of the two
or five breakdown$ and” the temperature of
the Inerteen at"th€ tim€ of the test.

2. Neutralization Test

The Neutralization” number is the number of
milligrams_ of, potassium hydroxide required to
neutralize'th®acid in one gram of Inerteen.

Solutions Required

a.\ Standard Potassium Hydroxide Solution
(alcoholic, 0.IN) — add 6 g. of c.p. solid KOH

to 1 liter of c.p. anhydrous isopropyl alcohol.
Boil, add 2 g. of c.p. Ba (OH)? and beil again.
Cool, filter and store in a cHemically resistant
bottle protected by a guard tube ‘Containing
soda lime and soda asbesto$ (Ascarite). Stand-
ardize against pure potassium dcid phthalate
using phenolphthalein as‘am,indicator.

b. Titration Solventy-“Add 500 ml. of c.p.
benzene and S mk'of water to 495 ml.of c.p.
anhydrous isoprepylalcohol.

Procedure. Inte a” 250/ml. Erlenmeyer flask intro-
duce 40 g. of Inésrteen weighed accurately. Add
100 ml. ofsthe titration solvent and 3 ml.of the
indicater , selution. Titrate immediately at a
temperature below 30°C. Consider the end point
definitel if the color change to green persists for
15 seconds. A blank shall be determined on the
solvent:

Calculations. The neutralization number or
mg.

KOH per g. of Inerteen = === ——— W

A = ml.KOH solution required for sample.
B = ml.KOH solution required for blank.
N = normality of KOH solution.

W = grams of sample used.

RECONDITIONING

Reconditioning will be necessary to remove
water, foreign material and hydrogen chloride
which may be present and contaminating Iner-
teen. The blotter filter press, cartridge filter and
the Inerteen conditioner will remove water and
dirt which may be present. Various models of
each of these types of apparatus are available. The
Inerteen conditioner is the most effective for
removing moisture, dirt, and other contaminating
materials. It basically consists of a clay container,
a clay filter, pump, attendant valves, gauges and
fittings.

Water cannot be effectively removed from
either clay or filter material once they have
become saturated with Inerteen therefore care

g,



should be taken to see that these materials are
thoroughly dry prior to use. Any equipment used
for conditioning lnerteen should first be thor-
oughly cleaned with benzine or naphtha to
remove all traces of material foreign to Inerteen.
If at all possible, separate equipment should be
used for filtering Inerteen only.

Hydrogen chloride, caused by arcing, may be
eliminated by vigorously bubbling dry nitrogen
through Inerteen. This should be done as quickly
as possible following the failure to prevent the
attack of HC1 on the cellulose insulation. The
nitrogen should be passed in through the drain
valve at the bottom and allowed to escape
through a vent at the top. The nitrogen should be
discharged through a pressure regulator attached
to a stand pipe above the level of the Inerteen in
the transformer to prevent the Inerteen from
flowing into the regulator. The nitrogen should e
bubbled through the Inerteen at a rate ofg®ne to
three cubic feet per minute for a periodfof 4/to 6
hours. This may require two to eight cylinders
(220 cu. ft. each) depending on the size ofythe
apparatus.

DISPOSAL

Inerteen Liquid. Collect all sCrap In€rteen liquid
in a suitable metal container “which can be
satisfactorily sealed. Once the, Inerteen is col-
lected it may be returned imisealed drums or tank
cars to Monsanto of otHer certified disposal
company. Ship prepaidte.:

Monsanto Company

W. G, Ktummgich Plant

Sauget, Jllimeis
Afttention:Supervisor Dept., 246

This includes all glass, metals; papers, insulation,
clay rags, filter cartridges, efc.

These materials may_beWncCinerated if suitable
arrangements can be madeéyfor it to be done at a
temperature sufficient fo/breakdown the Iner-
teen. Or they may be,purged by cleaning with a
proper fluid and“the resultant fluid then may be
incinerated usifig, af® approved procedure and
temperature:

The following disposition is recommended for
variousymaterials.

Material Disposition

Absorbing clay, filter paper, cartridges
sawdust and rags Incinerate

Coils Solvent clean or incinerate
Cores Solvent clean
Tanks & Frames Solvent clean
Copper or Aluminum Solvent clean
Insulation Incinerate

A chargepwill be made for all returned

Inerteen.

Solvent-Rinses Contaminated with Inerteen. Sol-
vent, rinses or other liquids contaminated with
lmerteen should also be collected in sealed drums
oritank cars and sent either to Monsanto or other
certified disposal company.

Solids Contaminated with Inerteen. All solids
materials contaminated with Inerteen must be
stored in impervious containers until disposal.

Incineration. Incineration, whether of liquids or
contaminated solid materials, must be done at a
temperature of at least 2250°C and the stack
must be equipped with a suitable scrubber to
remove HCI.

Cleaning Contaminated Drums. The cleaning of
drums which have contained used Inerteen re-
quires great care in order to insure a thoroughly
clean drum.

[t is preferable to retum such drums to the
supplier where adequate cleaning facilities are
available, rather than to attempt to clean them.

If it is necessary to clean such drums, the
following procedure is recommended:

Rinse the drum thoroughly with gasoline or
petroleum distillate, using about one gallon
each time, until the solvent shows no discolor-
ation after using. Allow it to drain, then
pump out the last traces of solvent with a
vacuum pump, using a brass pipe flattened at
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the lower end to explore the corners of the
drum. Collect all solvent rinse material for
disposition as described above.

CAUTION: Do not use a steel pipe because
of the danger of a spark igniting the gasoline
or petroleum distillate vapor.

Next, heat the drum with bunghole down in
a ventilated oven at a temperature of at least
88°C. (190°F) for sixteen hours. (A simple
oven for this purpose may be made from sheet
metal and heated with steam or an electric
heater.) Blow out the drum with dry nitrogen or

dry air to remove any lingering explosive vapors.
Screw the bung on tightly beforefremoving the
drum from the oven. Use a newywasherywith the
bung to insure a tight seal.

CAUTION: Open flamesymust always be
kept away from the oven to prevent igniting
inflammable gases which'might be remaining
in drum when placed in“the oven.

The practice “of refilling drums with Inerteen
is undesirabley and “should be avoided whenever
possiblegfior unless the utmost precautions are
taken,, theyInerteen is likely to become con-
taminated.

Part Il — Installation and Maintenapce

of Inerteen Transformers

INSTALLATION

For convenience in handling, all transformess”are
equipped with lugs or eyes for lifting and mov-
ing the complete assembly filiedy with Inerteen
by use of a crane. Additional“means”’are pro-
vided for the heavier parts such as covers, core
and coils, radiators and terminal chambers. Jack-
ing lugs are also suppliedgonpeither the base or
corners of the tank.@A tramsformer should only
be lifted or movedgby facks®placed against these
lugs and not agaifist the C@oling tubes, radiator
valves, or other fittings.

An indoor installation requires that the room
in which the transformers are placed must be well
ventilated so that’ the heated air can readily
escape andW\be replaced by cooler air from the
outside. Ifthe room is poorly ventilated, this
excharige, of air takes place too slowly and the
temperature of the air in the room may become
excessSively high. At any given load the tempera-
tutegrise of a self-cooled transformer will be a
fixed number of degrees above the temperature of

the surrounding air. The temperature of the
transformer is the sum of this rise and the air
temperature; therefore, care must be taken to
provide a room sufficiently ventilated to permit
operation of transformers at a reasonable temp-
erature. Area of the air inlets should be such that
the ambient temperature never exceeds 40°C
(104°F) with an average over twenty-four hours
not exceeding 30°C (86°F); 50 to 60 square feet
per 1000 kva of transformer capacity has been
satisfactory. Outlet openings with the same total
area should be provided.

Self-cooled transformers should always be
well separated from one another and from ad-
jacent walls, partitions, etc., in order to permit
free air circulation about the cases. This separa-
tion should not be less than 24 to 36 inches
depending on the size of the units.

INSPECTION

All Inerteen transformers are carefully inspected
and tested at the factory and they are in good

iy



condition when shipped; but it is desirable to
inspect each transformer thoroughly before plac-
ing it in service.

When a transformer is shipped complete and
filled with Inerteen, this inspection should in-
clude a check of the Inerteen level, the tightening
or adjustment of any parts that may have become
loose or out of place, and determining the extent
to which moisture may have entered the trans-
former. The latter can best be determined from
the dielectric strength of the Inerteen. Inerteen
used for filling transformers should have a dielec-
tric strength of 30KV or higher. When it tests less
than this the Inerteen should be filtered. If the
dielectric strength is very low or if there is any
other evidence of moisture, it is necessary to dry
the transformer.

Inerteen transformers should be dried by the
short circuit method with the transformer im-
mersed in the Inerteen and with the tank sealed
tightly. During the drying out opgration, the
Inerteen should be circulated through aWfilter
press or preferably through an Inemteenycondi-
tioner. A filter press will remove dift andmunost of
the moisture, but the conditioner Wwill' remove
these and other contaminating(materials as well.

The desired load currént should be obtained
by short circuiting onewindipg and impressing
the proper impedangew voltdge on the other
winding. The full load impedance may usually be
found on the instguctien plate for the trans-
formers; if the impeédance of the transformer is
not known, “it, should be requested from the
Westinghottse Eleetric Corporation, Sharon, Penn-
sylvaniag by ddentifying the transformer with its
serial number.

If the transformer is at or lower than room
temperature at the start of the drying process,
circulation of 125 to 150% of full load current
willshasten the heating, and a higher top Inerteen
temperature can be obtained more quickly by
blanketing the coolers when tubular coolers are
used or by shutting off the radiator valves when
radiators are used. The cover should be lagged to
prevent condensation.
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The loading should be carefully watched and
when the top Inerteen reachésfa temperature of

60°C, the load should“be reduced to obtain an
approximately constanfytopylnerteen temperature

based on the following table:

Short Circuit;Amperes |[Maximum Temperature
in Percent of Eead of the Top Inerteen

0% 85°C
75% 80°C
85% 75°C

While the windings of the transformer heat
up, do not permit the temperature of the top
Imerteen to exceed the value specified for a given
percentage of load. This precaution is necessary
because the windings will heat up more quickly
and operate at a higher temperature than the
Inerteen. If the windings are allowed to reach too
high a temperature, the insulation will be dam-
aged. The drying of a transformer should be
continued until the dielectric strength of samples
of Inerteen taken from the transformer test at
30KV or higher.

The cover should be kept tightly sealed during
the temperature run, and until the transformer
has cooled down to room temperature to prevent
condensation. This also prevents the release of
hot Inerteen vapors which are quite objection-
able, particularly if the ventilation is poor.

CAUTION: It is not safe to attempt the
drying out of transformers unless constant
attention is given to the job.

ACCESSORIES AND FITTINGS

Bushings, fittings, and accessories when boxed
and shipped separately should be mounted as
shown on the outline drawing. Proper installation
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instructions when necessary are included in the
instruction leaflets for component parts. Care
must be exercised when these components are
fitted to eliminate the accidental introduction of
moisture in any form inside the transformer.
Where blind flanges are removed before fittings
are mounted, the level of the Inerteen must be
lowered below the openings that will be made.

FINISH

Any portion of the paint film damaged during
shipment or installation must be repaired as
quickly as possible.

To do this, clean the damaged portion by
means of a scraper or sandpaper, wipe thoroughly
with a solvent dampened cloth, apply Westing-
house primer paint and allow it to dry for at least
24 hours, then apply a coat of Westinghousé
finish paint.

FILLING

When putting new apparatus into servicg, seethat
the apparatus tank is free from meisturesand
foreign material.

IMPORTANT: Extreme precautions must
be taken to insure the absolute dryness and
cleanliness of the apparatus before filling it
with Inerteen, and,to prévent the entrance
of water and dirt during“the transfer of the
Inerteen to theapparatust

The preparation and filling of outdoor appa-
ratus should preferably be done on a clear, dry
day; if this is not possible, protection against
moisture must be provided.

AdTwessels used for transferring the Inerteen
shouldybe carefully inspected to see that they are
abselutely dry and free from contamination. Use
onlygall-metal hose or pipe when filling, since the
lining of most other types of hose may be soluble

in Inerteen and will contaminate jityin a short
time. All joints should be tight; wher€ practical,
fill through the drain valve to Keep aerdtion to a
minimum and vent the top ofsthe tank to allow
the air to escape. Be sure that valves and pipe
connections between theqmaintank and any
Inerteen filled compartmentsyare open for free
circulation of gas and liquid. Otherwise, trapped
air or gas may causef{theylnerteen level in some
parts of the transformer to be below the safe
operating level.

If it is necessaryto fill a transformer out-of-
doors, patticularly®on a damp day, care should be
taken toWprevent the entrance of moisture. In
order €0 aveid condensation the temperature
inside'theWunit should be kept several degrees
above'the outside air temperature.

Thetank and compartments, if any, should be
filled¥at ambient temperature to the point on the
gauges marked “25° — Liquid Level.” If the
ambient varies greatly from 25°C (77°F) when
filled, the Inerteen level should be checked when
the average fluid temperature is 25°C; sufficient
Inerteen should be added to or drained from the
tank to bring the level to the proper height. The
transformer should never be operated or left
standing, even out of service without the Inerteen
level being indicated on the gauge.

Filling Under Vacuum. Entrapped air is a po-
tential source of trouble in all liquid filled
transformers. Therefore, it is desirable to fill all
Inerteen transformers under a full vacuum. This is
done for the transformers shipped from the
factory and should be done where practicable
when transformers are filled in the field, provid-
ing the transformer cases have been so designed.
If the cases have not been designed for full
vacuum and it is imperative to get the maximum
winding impulse strength immediately, the trans-
formers should be filled with Inerteen under full
vacuum by placing them in an auxiliary vacuum
tank.

Where purchaser does not have an established
technique for vacuum filling, the following pro-
cedures may be used whether vacuum is applied

P



directly to the transformer or the complete
transformer is placed in an auxiliary vacuum tank.

1. Apply and maintain continuously a vac-
uum of at least 28 inches of mercury for at
least one-half hour to units rated 25KV and
below, or for four hours to units above 25KV.

2. While retaining the vacuum, slowly fill
with Inerteen to the normal 25°C level or
with approximately 90% of the required
amount where it is impossible to gauge
properly.

3. Maintain the specified vacuum for at least
one-half hour after filling.

4. Adjust Inerteen to normal level and seal
the transformer tank. Do not reopen until the
temperature at the top of the fluid is equalg®
or higher than the ambicnt temperature in
order to avoid condensation on the siéirfage of
the Inerteen.

In those cases where the transformers ate not
filled under vacuum, full voltage sheuld®mot be
applied to the windings for at least{24/hoQurs after
the Inertecn has bcen put into theycase. /lhis time
is nccessary to allow the air,bubbles t© escape.

PLACING IN SERVIGE

Pressure Testing. Allg#Inertcén transformers are
pressurc-tested at thegfactory and shipped free of
leaks. After installations®and before voltage is
applied, it s dcsirable to pressure-test each
transformeg, cSpecially if any fittings or covers
have beenremoved, and replaced during installa-
tion. Compréssedgdry nitrogen or dry air may be
used for the, purpose. It is recommended that the
space above the lnerteen be blown out with dry
nitrogen, then close all vents and apply a pressure-
test of fiv@ pounds per squarc inch for a period of
sixgto cight hours. The test pressure can best be
limifed by the use of a pressure rcgulator attached
topthe nitrogen cylinder. A check for leaks of
joints above the Inerteen level may be made by
painting them with a solution of soap and
glycerin and watching for gas bubbles. At the
conclusion of the test the internal pressure should
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be returned to normal by _momentarily venting
the gas space.

High Altitude. Where tramnsfommers are to be used
at a high altitude (moféythan3000 feet above sea
level) a fitting above the|liquid level should be
opened to equalize the’ internal and external
pressures at a temperature of approximately 25°C
before placingthetsansformer in service.

Grounding dransfermer Tank. Regardless of the
type of feundation or floor on which a trans-
former s tomest, the tank should be definitely
and{permanently grounded to eliminate the possi-
bility§ofyebtaining static shocks or being injured
bymaccidental grounding of a winding to the case.
A“ground pad or lug is always provided near the
bettom of the tank for the purpose of connecting
the“grounded lead.

CAUTION: A good low-resistance ground is
necessary for adequate protection — a poor
ground may be worse than none at all.

Grounding Low Voltage Winding. Every effort is
made in insulating transformers to guard against
any chance of breakdown between high voltage
and low voltage windings: however, in order to be
absolutely safe, it is advisable that low voltage
circuits with which persons may come in contact
be grounded. The maximum voltage that can be
obtained to ground is then limited to the normal
voltage that exists between the grounded point
and the line; this is true even though the high
voltage and low voltage windings become con-
nected electrically.,

In grounding the winding, the neutral point
should be used if it is available. When trans-
formers operate on single phase circuits with the
middle point of the low voltage, the maximum
voltage that can exist between any part of the low
voltage circuit and ground is one-half of the low
voltages.

MAKING CONNECTIONS

A diagram, usually on the metal instruction plate
attached to the side of the case, shows the proper



14

power terminal connections to be made for
various voltages. Care should be taken to see that
all connections and only those shown are prop-
erly made, for a wrong connection may cause
severe damage.

Some installations require an auxiliary source
of power or control leads to be wired to
terminals at the transformer; a wiring diagram,
either a separate drawing or included as part
of the outline drawing, shows the connections
to be made.

Voltage Application. When voltage is first
applied to the transformer, it should, if possi-
ble, be brought up slowly to its full value so
that any wrong connection or other trouble
may be disclosed before damage can result.
After full voltage has been applied successfully,
the transformer should be operated without
load for a few hours. It should be kept undes
close observation during this time and also dar-
ing the first few hours while loaded.

INSPECTION

[t is desirable that periodic inspections of In-
erteen apparatus be made and thafysamples of
Inerteen be taken from each andfromWall com-
partments of any apparatus and tested after a
short period of service. See sectiom,on Sampling
and Inspection.

Any increase in operating temperature at
normal load should§be Vifivestigated and if the
cause cannot bed'determined, the transformer

should be taken out of service and given a
thorough inspection.

Any symptoms, such as “wnuS@al noises,
high or low Inerteen levels, Joperation of re-
lief device, etc., should Ubé Investigated at
once.

Transformers whieh have been subjected to
unusually severe qgperating conditions, such as
overloads, frequent shert circuits, or special units
should be inspe€tedfat least once a year. This can
usually beéndone! adequately by lowering the
Inerteen level and inspecting with a light through
the mdnhele.§ Before this inspection is made,
the [Inerteen “Should be allowed to cool to
reduce“the ‘@amount of Inerteen fumes given off
whigh are¥quite objectionable and should not
beginhaled.

During periodic inspection, all accessories
should be inspected to see if they are operating
properly.

CAUTION: Never enter a vault or any other
confined area in which a transformer relief
device has been known to operate or in
which a transformer has failed, until the area
has been thoroughly ventilated. Then enter
cautiously, with another person in attend-
ance. The pungent, somewhat irritating
fumes of hydrogen chloride are easily de-
tected and can serve as a guide in entering
the enclosure.

i,
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Part | — Inerteen® Insulating Fluid

CHARACTERISTICS

Inerteen is a highly pure, synthetic non-
inflammable and non-explosive insulating and
cooling liquid. Chemically stable and nearly water
white in color, Inerteen is not affected by
reaction with other materials regularly used in the
manufacture of Inerteen apparatus. It is non-
oxidizing and non-corrosive at temperature con-
siderably above those normally obtained in Iner-
teen apparatus. Inerteen will not sludge under any
operating condition. Water is the main enemy of
Inerteen and keeping it dry will insure long
service life.

The dielectric strength of Inerteen will coms
pare favorably with that of insulating @il when
tested under the same conditions. Qualify samples
of Inerteen tested under laboratoryiyconditions
may show a dielectric strength in excess 6£40K V.
Care must be exercised in handling and testing
Inerteen. Inerteen must be kept indclean, sealed
containers to prevent loss by evaperation or
contamination by moisture or ditt.

Inerteen exerts a strong solvent action on
most varnishes, gums, and, paiats. Such materials
are not used in thegeonstmiiction of Inerteen
apparatus. No materials should be used in Iner-
teen apparatus exeeptthOse approved by the
Westinghouse Ele¢tri¢’ Gorporation.

Inerteeft has amyirritating effect upon the skin.
If it is neCessary to handle it, see the precautions
under “Handling?’. 1t should be remembered that
mineral oil i1S%€ompletely miscible with Inerteen;
in fact, it is impossible to separate mineral oil and
Inerteen.

SRECIFIC CHARACTERISTICS OF INERTEEN
As outlined in “Method of Testing Askarels

A.S.T.M. D901,” the specific characteristics of
Inerteen are:

Burn point: None

2. Chemical stability: Noggeneration of free
chlorides under normal opgrating conditions.

3. Color: (Maximum) 0 A.P.H.
Condition: Clegar

5. Dielectric constant;
At 1000 hertz2é72° F (25°C),5.71t0 5.9
At 1000 hertz,212°F (100°C), 4.8 to 5.0
6. Dieleetricstrength: (Minimum) 77°F (25°C)
At pointief shipment, 35KV
At point'of receipt, 30KV
7. FElectrical Resistivity: (Minimum)
500 x 10° ohms/cm® (212°F (100°C) at
500 volts DC)
8.““Power factor:
At 60 hertz, 77°F (25°C) 2%
At 60 hertz, 212°F (100°C) 25%

9. Fixed chlorine content: (Minimum) 42

percent
10. Free chlorides: Less than 0.10 ppm

11. Neutralization number: Less than 0.014 mg
of KOH/gram

12. Pour Point: (Maximum) plus 7°F (minus
14°C)

13. Refractive index:
At 77°F (25°C), 1.624 to 1.626

14. Specific gravity:
At 60°F/60°F (15.5°C/15.5°C), 1.381 to
1.392

15. Density: 11.5 pounds per gallon

16. Viscosity:
At 100°F (37.8°C), 82-92 seconds

17. Moisture: (Maximum) 35 ppm

ENVIRONMENTAL CONSIDERATIONS

Inerteen is a synthetic insulating fluid made by
the chlorination of a relatively common chemical,
biphenyl. The chlorination is necessary to impart
nonflammable properties to the Inerteen. The
resulting polychlorinated biphenyls (PCB’s) are
relatively insoluble in water but soluble in fat,



and extremely persistent in the environment. It
has been shown by several laboratories that
measurable amounts of the PCB’s, particularly
those with more than 50% chlorination, are
present in our general environment and are a
threat to certain species of wildlife. While Iner-
teen is generally regarded as being non-toxic to
humans, very high standards of control in the
overall program against pollution must be exer-
cised.

Electrical apparatus (such as transformers and
capacitors) using Inerteen are normally sealed to
prevent escape of Inerteen into the environment.
However, a carefully planned program of waste
disposal must be followed at every step of the
equipment life. This includes manufacture, repair
and final disposition of the fluid and the Inerteen
contaminated parts. To date the only acceptable
destruction of the PCB’s is by incineration at
2250°C or higher under carefully controlled
conditions. At this temperature Inerteen will
breakdown into HCI1, CO2 and water vaporgAn
alkaline scrubber is necessary to neutralize the
HC1 and the f{inal products released tog®the
atmosphere are CO) and steam. To be surg that
the Inerteen and Inerteen contaminated jgwaterials
do not contaminate the environment they must
be incinerated in approved equipmen t

HANDLING

1. Safety Precautions

Breathing. The odor of dnerteen is noticeable
at concentrations belowsthe Maximum Ac-
ceptable Concentration. Concentrations
which exceedjthi§ mayy cause irritation of the
eyes, nose, throatand upper respiratory tract.
Much higher concentrations could cause in-
ternal reactions.

Swallowing. Inerteen is highly toxic if taken
internallys Swallowing of an ounce or two
could,_‘cause severe irritation of the digestive
tragt and serious internal reactions.

Skin Irritation. Although Inerteen is only a
moderate skin irritant when contact is for

short duration, it can be absorbed through the
skin. Repeated contact over prolomged peri-
ods may result in severe dermatitis which may
persist for many months after'semoval from
exposure.

Protective Equipment. When®necessary, und-
er emergency conditions, | to enter a space
containing very highy, con€entrations of Iner-
teen fumes or vapor, €ither an approved gas
mask or self-contaied breathing equipment,
should be worn. Fer lower, but still signifi-
cant congentrations, cartridge type chemical
respirator \shoeuld be worn. If the odor of
Inertechmis_noticed while wearing respiratory
equipment, the wearer should go immediately
int@ fresh air.

Neoprene coated aprons and neoprene
¢oateéd gloves may be used where necessary to
pootect the skin. Hand cream designed to
protect against oils and petroleum solvents,
(such as Ply 9 Gel made by Milburn Co. of
Detroit) may be of some value where the use
of gloves is not practical.

When handling Inerteen, wash hands often
with warm soapy water and in case of spillage
onto clothing, remove the clothing as soon as
possible. The clothing must then be laundered
prior to use.

Storage

Inerteen is shipped in tank cars, drums or
cans. Inerteen in drums or cans should be
stored in a covered area and when stored
out-of-doors the bungs should be down to
prevent collection of water around the bung.
A storage tank should be mounted on piers
above the ground ana accessible to all points
for inspection for leakage. There should be a
curb on the ground around the tank to
contain any spillage or leakage.

It is desirable, if possible, to keep Inerteen
in storage at a temperature slightly above
ambient to prevent moisture condensation.



SAMPLING AND INSPECTION

Sampling. Each container of Inerteen must
be sampled and tested prior to being added to
a transformer and then should be added only
if the dielectric strength is 30KV or above.

It is desirable that periodic inspection of
Inerteen apparatus be made and that samples
of Inerteen be taken from each compartment
and tested. Initially a sample should be taken
after about 3 months of operation and then,
where operating conditions permit, at inter-
vals of 6 months to | year. Accurate records

should be maintained and if dielectric
strength drops below 22KV it should be
reconditioned.

If facilities are not available for testing
Inerteen, see “Westinghouse Inerteen Testing
Service” below.

Westinghouse Inerteen Testing Service./Many
users of Inerteen do not have theéynecessary
facilities for testing. In order thatgthese users
may be able to make the fperiodic tests
recommended, WestinghousegFElectric Corp-
oration has established an| Inefteen testing
service to provide carefuldests,by experienced
engineer, and provide a(prompt report on the
test results.

Two special Léw ozZygample bottles per
mailing contain®r Westinghouse
SH#24B 1743602, aswwell as necessary packing
and printed mattery may be obtained by con-
tacting theynearestyWestinghouse Office. (The
bottlegand the,container will not be returned
to th€ customer.)

Aftegdrawing the sample of Inerteen, the
customer should seal the bottle and mail it to
the Westinghouse Electric Corporation, Ma-
terials®Engineering Laboratory, Sharon, Pa.
16146. To simplify these details, an instruc-
tien and order sheet and a printed return label
have been included in the carton container.
The instructions cover the taking of the
sample and its proper preparation for mailing.
The order sheet must be sent to the nearest
Westinghouse office.

In addition to dieleetric tests, Westing-
house is also prepared (toaftake a physical and
chemical examination, if ;@ requested. (The
customer should plainlygindicate the type of
service desired.)

The physicalyand chemical examination
consists of dagexamination of the Inerteen by
a competenty, chémist. Recommendations will
be madeyas todthe suitability of the Inerteen
for cemtinied use, whether it would be
desirable“and economical to clean it, and in a
general way, the preferred method of clean-
ing. ‘lm,_submitting samples for this service, the
histery of the Inerteen represented should be
given as completely as possible. (For details
refer to the nearest Westinghouse Office).

SAMPLING INERTEEN

The dielectric strength of Inerteen is affected by
the most minute traces of certain impurities,
particularly water. It is important that the great-
est care be taken in obtaining the samples and in
handling them to avoid contamination. There
have been low dielectric test results reported from
the field which, upon investigation, have been
found to be largely a matter of poor sampling. All
sampling and testing equipment used for handling
Inerteen and servicing Inerteen should be used for
no other purpose. Care must be used in taking
samples of Inerteen and sealing them prior to
testing. It is desirable that samples of Inerteen be
removed from any container on clear days only,
and when the temperature of the Inerteen is at
least as high as the temperature of the sur-
rounding air.

Use only tin containers with screwed metal
caps or glass bottles with Inerteen resistant lids to
hold Inerteen samples. If it becomes necessary to
use other than factory sampling containers, they
should be rinsed with clean naptha, washed with
detergent and watcr, and rinsed thoroughly in hot
water, and then dried at approximately 110°C for
four hours with neck down in circulating air oven.
If the containers are not used immediately after
cleaning, they should be scaled tightly and stored
in a dry, clean place. An aluminum foil liner
should be put in the lid.



Provision is made on all Inertcen transformers
to obtain a top sample of the Inerteen, however
on a transformer that is in operation, a sample
may be taken from cither the top or bottom since
any moisture present will b¢ mixed in, due to
circulation of Inerteen. In sampling, allow at least
one quart of Inerteen to run out to flush the
sampling connection before collecting the sample.
This flush material must be collected in a suitable
container for disposition as per the section on
“Inerteen Disposal” page 6. The Inerteen should
be put into the sample containers immediately
and the caps screwed on tightly. The label for
each container should be marked clearly with the
serial number of the transformer or compartment
from which the Inerteen was taken.

Before taking samples from a storage tank,
the Inerteen should be allowed to settle for
approximately twelve hours so that if there is any
moisturc present, it, having a lower specific
gravity, will rise to the top where the sample is o
be taken. A clean sncak-thief should be used to
obtain the samples. Essentially, the same precats
tions to prevent moisture and dirt contaminatien
should be used as outlined above.

It is recommended that one 16 oz./fbottle of
Incrteen be taken as a sample for t€sStinghAt least
one sample should be taken from @ tamk car of
Incrteen. One sample may betaken from each
drum, or if desircd, a composite'sample may be
made from Inertecen from five drims ¥provided all
of the drums are airtight. When the bung is first
loosened, a hissing sound shreuld®™be heard, which
indicates that the drum hasf'b&en airtight. When
the composite type of testingsis used and a sample
is found to be unsatisfactony, a sample from each
of the drums repfescnted must be tested.

When drums have been stored exposed to the
weather, a sample from cach drum must be tested
to determine if it is%suitable for use.

DISPOSITION OF SAMPLE & CON-
TAINER. All samples must be collected in sealed,
labelled, containers for disposition as described in
sectiohmon ‘“‘Inerteen Disposal” page 6. All sol-
yvemt, rinscs of test containers must be handled in a
ltke manner.

All containers, rags, and other solid materials
involved in testing must be collectedfor proper
disposition.

TESTING METHODS

Instruction for all testsylisted correspond in
general to the recommendations of the American
Society for Testing Materials.

1.  Dielectric Strength Test

The testing transfosmer and the source of supply
of energyashallynot be less than 1/2 KVA, and the
frequeney shall not exceed 100 Hertz per second.
Regulationyshall be so controlled that the high
tensiomytesting voltage taken from the secondary
of gthe, testing transformer can be raised gradually
without¥ opening either primary or secondary
circuit!’ The rate of rise shall approximate 3000
volts per second. The voltage may be measured by
an approved method which gives root-mean-
square values.

Some protection is desirable to prevent ex-
cessive flow of current when breakdown of the
Inerteen takes place. This protection preferably
should ®e in the primary or low voltage side of
the testing transformer. It is not especially im-
portant for transformers of 5 KVA or less, as the
current is limited by the impedance of the
transformer.

The standard test cup for holding the sample
of Inerteen shall be made of a material having a
suitable dielectric strength. It must be insoluble in
and unattacked by Inerteen or benzine and non-
absorbent as far as moisture, Inerteen, or gasoline
are concerned.

The electrodes in the test cup between which
the sample is tested shall be circular discs of
polished brass or copper, | in. in diameter, with
square (90°) edges. The electrodes shall be
mounted in the test cup with their axes hori-
zontal and coincident, with a gap of 0.100 in.
between their adjacent faces, and with tops of
clectrodes about 1-1/4 in. below the top of the



cup. (A suitable test cup is shown in Fig. 1, and Voltages shall be applied and increased
portable testing outfits in Fig. 2.) uniformly at a rate of approximately 3000
volts (rms) per second untildpbreakdown occurs

a. Procedure as indicated by a _continuous discharge across

The spacing of electrodes shall be checked
with a standard round gauge having a diam-
eter of 0.100 in., and the electrodes then
locked in position.

The electrodes and the test cup shall be
wiped clean with dry, calendered tissue paper
or with a clean, dry chamois skin and thor-
oughly rinsed with Inerteen-free, dry benzine
until they are entirely free from fibers.

The test cup shall be filled with dry
benzine, and voltage applied with uniform
increase at the rate of approximately 3000
volts (rms) per second until breakdown foc#
curs. If the dielectric strength is notdéss,than
25KV, the cup shall be considereddin suitable
condition for testing the Inerteen. Ifjd lower
test value is obtained the cup shall'be cléaned
with benzine and the test repeatgds

The temperature of thegtesticup and of
the Inerteen when tested shall b the same as
that of the room, whichgshould” be between
68°F and 86°F. (20° Ofand¥30°C) Testing at
lower temperaturesyis likely to give variable
results which may b€ misleading.

Fig. 1. Fluid Test Cup for Dielectric Test

The sample ‘in the container shall be
agitated withg"apswirling motion (to avoid
introducing air)’ s0 as to mix the Inerteen
thoroughly®before  filling the test cup. This is
even norg,impertant with used Inerteen than
withgnew Inepteen as the impurities may be
precipitated’and the test may be misleading.

The cup shall be filled with Inerteen to a
heightyof no less than 0.79 in. (20 mm) above
the top of the electrodes.

The Inerteen shall be gently agitated by
rocking the cup and allowing it to stand in the

cup for three minutes before the first and one
minute before each succeeding puncture. This
will allow air bubbles to escape. Fig. 2. Portable Qil Testing Set, 1/2 KVA, 35,000 Volts




the gap. (Occasional momentary discharges
which do not result in a permanent arc may
occur; these should be disregarded).

b. Number of Tests

I. Except as specified in (II) one break-
down test shall be made on each of five
fillings of the test cup. If the average
deviation from the mean exceeds 10
percent or if any individual test deviates
more than 25 percent from the average,
additional tests shall be made. The dielec-
tric strength shall be determined by aver-
aging the first five tests that conform to
the allowable variations.

II. When lnerteen is tested in consider-
able quantity, so that the time required
for testing is excessive and when it is
merely desired to determine whether the
breakdown safely exceeds the limit specijé
fied, or in those cases where the amount
of Inerteen available for test may be very
iimited, one breakdown test shall be made
on each of two fillings of the test cup. Af
neither breakdown is below this value, the
Inerteen may be considered satisfactory
and no further tests shall be nequired. [f
either of the breakdowns is less“than the
specified value a breakdown shall be made
on each of three additional fillings and
testresultsanalyzed in aécordance with (I).

c. Report

The report shall iffeludefthe volts (rms value)
at each breakdown andythe average of the two
or five breakdowns and” the temperature of
the Inerteen at“the time of the test.

2. Neutralization Test

The Neutralization” number is the number of
milligrams_ Of potassium hydroxide required to
neutralizeith®dcid in one gram of Inerteen.

Solutions Required

a.\ Standard Potassium Hydroxide Solution
(alcoholic, 0.1N) — add e g. of c.p. solid KOH

to 1 liter of c.p. anhydrous isopropyl alcohol.
Boil, add 2 g. of c.p. Ba (OH)? and beil again.
Cool, filter and store in a chemieally resistant
bottle protected by a guard tube “containing
soda lime and soda asbesto§ (Ascarite). Stand-
ardize against pure potassium acid phthalate
using phenolphthalein as'an indicator.

b. Titration Solvemty—“Add S00 ml. of c.p.
benzene and 5 md.of water to 495 ml of c.p.
anhydrous isopsepyhalcohol.

Procedure. Ifite a” 250/ml. Erlenmeyer flask intro-
duce 40 g. of\Inerteen weighed accurately. Add
100 ml. éfathe titration solvent and 3 ml.of the
indicater , selution. Titrate immediately at a
temperature below 30°C. Consider the end point
definite if the color change to green persists for
15 seconds. A blank shall be determined on the
solvent:

Calculations. The neutralization number or
mg.

KOH per g. of Inerteen = ~*——-> W

A = ml.KOH solution required for sample.
B = ml.KOH solution required for blank.
N = normality of KOH solution.

W = grams of sample used.

RECONDITIONING

Reconditioning will be necessary to remove
water, foreign material and hydrogen chloride
which may be present and contaminating Iner-
teen. The blotter filter press, cartridge filter and
the Inerteen conditioner will remove water and
dirt which may be present. Various models of
each of these types of apparatus are available. The
Inerteen conditioner is the most effective for
removing moisture, dirt, and other contaminating
materials. It basically consists of a clay container,
a clay filter, pump, attendant valves, gauges and
fittings.

Water cannot be effectively removed from
either clay or filter material once they have
become saturated with Inerteen therefore care
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should be taken to see that these materials are
thoroughly dry prior to use. Any equipment used
for conditioning Inerteen should first be thor-
oughly cleaned with benzine or naphtha to
remove all traces of material foreign to Inerteen.
If at all possible, separate equipment should be
used for filtering Inerteen only.

Hydrogen chloride, caused by arcing, may be
eliminated by vigorously bubbling dry nitrogen
through Inerteen. This should be done as quickly
as possible following the failure to prevent the
attack of HCI on the cellulose insulation. The
nitrogen should be passed in through the drain
valve at the bottom and allowed to escape
through a vent at the top. The nitrogen should be
discharged through a pressure regulator attached
to a stand pipe above the level of the Inerteen in
the transformer to prevent the Inerteen from
flowing into the regulator. The nitrogen should/be
bubbled through the Inerteen at a rate ofgéne 'to
three cubic feet per minute for a periodfof 4/to 6
hours. This may require two to eight ‘€ylinders
(220 cu. ft. each) depending on the Size offythe
apparatus.

DISPOSAL

Inerteen Liquid. Collect all sérapimerteen liquid
in a suitable metal container%which can be
satisfactorily sealed. On¢e the Inerteen is col-
lected it may be retumned inysealed drums or tank
cars to Monsanto or other certified disposal
company. Ship prepaidito:

Monsanto(Company

W. G, Kgummsich Plant

Sadget, Illnois
Attengion,Supervisor Dept., 246

This includes all glass, metals, papers, insulation,
clay rags, filter cartridges, efc.

These materials may be&inCinerated if suitable
arrangements can be fade,for it to be done at a
temperature sufficient fto)breakdown the Iner-
teen. Or they may be purged by cleaning with a
proper fluid andSthe resultant fluid then may be
incinerated using an" approved procedure and
temperatures

The following disposition is recommended for
varigus,materials.

Ma'terial Disposition

Absorbing clay, filter paper, cartridges
sawdust and rags Incinerate

Coils Solvent clean or incinerate
Cores Solvent clean
Tanks & Frames Solvent clean
Copper or Aluminum Solvent clean
Insulation Incinerate

A chargey avill be made for all retumed
Inerteen.

Solvent-Rinses Contaminated with Inerteen. Sol-
vent rinses or other liquids contaminated with
Imerteen should also be collected in sealed drums
orytank cars and sent either to Monsanto or other
certified disposal company.

Solids Contaminated with Inerteen. All solids
materials contaminated with Inerteen must be
stored in impervious containers until disposal.

Incineration. Incineration, whether of liquids or
contaminated solid materials, must be done at a
temperature of at least 2250°C and the stack
must be equipped with a suitable scrubber to
remove HCI .

Cleaning Contaminated Drums. The cleaning of
drums which have contained used Inerteen re-
quires great care in order to insure a thoroughly
clean drum.

It is preferable to retumn such drums to the
supplier where adequate cleaning facilities are
available, rather than to attempt to clean them.

If it is necessary to clean such drums, the
following procedure is recommended:

Rinse the drum thoroughly with gasoline or
petroleum distillate, using about one gallon
each time, until the solvent shows no discolor-
ation after using. Allow it to drain, then
pump out the last traces of solvent with a
vacuum pump, using a brass pipe flattened at
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the lower end to explore the corners of the
drum. Collect all solvent rinse material for
disposition as described above.

CAUTION: Do not use a steel pipe because
of the danger of a spark igniting the gasoline
or petroleum distillate vapor.

Next, heat the drum with bunghole down in
a ventilated oven at a temperature of at least
88°C. (190°F) for sixteen hours. (A simple
oven for this purpose may be made from sheet
metal and heated with steam or an electric
heater.) Blow out the drum with dry nitrogen or

dry air to remove any lingering explosive vapors.
Screw the bung on tightly before fremoving the
drum from the oven. Use a newywasher with the
bung to insure a tight seal.

CAUTION: Open flamesymust always be
kept away from the oven to/prevent igniting
inflammable gases which ‘might be remaining
in drum when placed in‘the oven.

The pragtice ‘of refilling drums with Inerteen
is undesirableyand ‘should be avoided whenever
possible gfor unless the utmost precautions are
taken, theylInérteen is likely to become con-
taminated.

Part Il — Installation and Maintenance

of Inerteen Transformers

INSTALLATION

For convenience in handling, all transformersfare
equipped with lugs or eyes for lifting and mov-
ing the complete assembly filiedywith Inerteen
by use of a crane. Additional “means¥are pro-
vided for the heavier parts su€h as covers, core
and coils, radiators and terminal chambers. Jack-
ing lugs are also supplied g6npeither the base or
corners of the tank. A transformer should only
be lifted or moved by Jacks®placed against these
lugs and not against the COeling tubes, radiator
valves, or other fitings.

An indoor installation requires that the room
in which the transformers are placed must be well
ventilated so that® the heated air can readily
escape and Wbe replaced by cooler air from the
outside. Ifwthe room is poorly ventilated, this
exchapge, Of air takes place too slowly and the
temperature "of the air in the room may become
excesSively high. At any given load the tempera-
tlireyrise of a self-cooled transformer will be a
fixed number of degrees above the temperature of

the surrounding air. The temperature of the
transformer is the sum of this rise and the air
temperature; therefore, care must be taken to
provide a room sufficiently ventilated to permit
operation of transformers at a reasonable temp-
erature. Area of the air inlets should be such that
the ambient temperature never exceeds 40°C
(104°F) with an average over twenty-four hours
not exceeding 30°C (86°F); 50 to 60 square feet
per 1000 kva of transformer capacity has been
satisfactory. @utlet openings with the same total
area should be provided.

Self-cooled transformers should always be
well separated from one another and from ad-
jacent walls, partitions, etc., in order to permit
free air circulation about the cases. This separa-
tion should not be less than 24 to 36 inches
depending on the size of the units.

INSPECTION

All Inerteen transformers are carefully inspected
and tested at the factory and they are in good

Ay,



condition when shipped; but it is desirable to
inspect each transformer thoroughly before plac-
ing it in service.

When a transformer is shipped complete and
filled with Inerteen, this inspection should in-
clude a check of the Inerteen level, the tightening
or adjustment of any parts that may have become
loose or out of place, and determining the extent
to which moisture may have entered the trans-
former. The latter can best be determined from
the dielectric strength of the Inerteen. Inerteen
used for filling transformers should have a dielec-
tric strength of 30KV or higher. When it tests less
than this the Inerteen should be filtered. If the
dielectric strength is very low or if there is any
other evidence of moisture, it is necessary to dry
the transformer.

Inerteen transformers should be dried by the
short circuit method with the transformeg, im{
mersed in the Inerteen and with the tank sealed
tightly. During the drying out operatiom, the
Inerteen should be circulated throughy a “filter
press or preferably through an Inesteen“eondi-
tioner. A filter press will remove dirt andimost of
the moisture, but the conditioner will/ remove
these and other contaminating [matefials as well.

The desired load currefit, should be obtained
by short circuiting oneJwinding and impressing
the proper impedance®voltdge on the other
winding. The full load \impedance may usually be
found on the instmuction” plate for the trans-
formers; if the impgdahce of the transformer is
not known, ityshould be requested from the
Westinghouse Electric Corporation, Sharon, Penn-
sylvania,{by jidentifying the transformer with its
serial numbeg.

If the transformer is at or lower than room
temperature at the start of the drying process,
circulation of 125 to 150% of full load current
will*hasten the heating, and a higher top Inerteen
temperature can be obtained more quickly by
blanketing the coolers when tubular coolers are
used or by shutting off the radiator valves when
radiators are used. The cover should be lagged to
prevent condensation.
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The loading should be casefully watched and
when the top Inerteen, reaches @ temperature of
¢0°C, the load should Be,reduced to obtain an
approximately constantatopbnerteen temperature
based on the following tables

Short CircuitAmperés |Maximum Temperature
in Percent'of Load of the Top Inerteen

50% 85°C
75% 80°C
85% 75°C

While the windings of the transformer heat
up, do not permit the temperature of the top
I'merteen to exceed the value specified for a given
percentage of load. This precaution is necessary
because the windings will heat up more quickly
and operate at a higher temperature than the
Inerteen. If the windings are allowed to reach too
high a temperature, the insulation will be dam-
aged. The drying of a transformer should be
continued until the dielectric strength of samples
of Inerteen taken from the transformer test at
30KV or higher.

The cover should be kept tightly sealed during
the temperature run, and until the transformer
has cooled down to room temperature to prevent
condensation. This also prevents the release of
hot Inerteen vapors which are quite objection-
able, particularly if the ventilation is poor.

CAUTION: It is not safe to attempt the
drying out of transformers unless constant
attention is given to the job.

ACCESSORIES AND FITTINGS

Bushings, fittings, and accessories when boxed
and shipped separately should be mounted as
shown on the outline drawing. Proper installation
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instructions when necessary are included in the
instruction leaflets for component parts. Care
must be exercised when these components are
fitted to eliminate the accidental introduction of
moisture in any form inside the transformer.
Where blind flanges are removed before fittings
are mounted, the level of the lnerteen must be
lowered below the openings that will be made.

FINISH

Any portion of the paint film damaged during
shipment or installation must be repaired as
quickly as possible.

To do this, clean the damaged portion by
means of a scraper or sandpaper, wipe thoroughly
with a solvent dampened cloth, apply Westing-
house primer paint and allow it to dry for at least
24 hours, then apply a coat of Westinghouse
finish paint.

FILLING
When putting new apparatus into service, seejthat

the apparatus tank is free from ‘moisture’ and
foreign material.

IMPORTANT: Extreme precautions must
be taken to insure the absolute/dryness and
cleanliness of the apparatus before filling it
with Inerteen, and, to|prevent the entrance
of water and dirt during*the transfer of the
Inerteen to thefapparatus:

The preparation and filling of outdoor appa-
ratus should preferably be done on a clear, dry
day; if this is not possible, protection against
moisture must be provided.

Allmyessels used for transferring the Inerteen
should,be carefully inspected to see that they are
abseltitely dry and free from contamination. Use
only,all-metal hose or pipe when filling, since the
lining of most other types of hose may be soluble

in Inerteen and will contaminate 4t in a short
time. All joints should be tight; whefe practical,
fill through the drain valve to k€ep aeration to a
minimum and vent the top ofmthe“tank to allow
the air to escape. Be sure {that valves and pipe
connections between theymaing tank and any
Inerteen filled compartmentspare open for free
circulation of gas and_liquid4/Otherwise, trapped
air or gas may caus¢ theylnerteen level in some
parts of the transtommer to be below the safe
operating level.

If it is necessary to fill a transformer out-of-
doors, particularly?on a damp day, care should be
taken togprévent the entrance of moisture. In
order Jto aveid condensation the temperature
insid¢” thenwnit should be kept several degrees
abovetthe outside air temperature.

The tank and compartments, if any, should be
filled”at ambient temperature to the point on the
gauges marked “25° — Liquid Level.” If the
ambient varies greatly from 25°C (77°F) when
filled, the Inerteen level should be checked when
the average fluid temperature is 25°C; sufficient
Inerteen should be added to or drained from the
tank to bring the level to the proper height. The
transformer should never be operated or left
standing, even out of service without the Inerteen
level being indicated on the gauge.

Filling Under Vacuum. Entrapped air is a po-
tential source of trouble in all liquid filled
transformers. Therefore, it is desirable to fill all
Inerteen transformers under a full vacuum. This is
done for the transformers shipped from the
factory and should be done where practicable
when transformers are filled in the field, provid-
ing the transformer cases have been so designed.
If the cases have not been designed for full
vacuum and it is imperative to get the maximum
winding impulse strength immediately, the trans-
formers should be filled with Inerteen under full
vacuum by placing them in an auxiliary vacuum
tank.

Where purchaser does not have an established
technique for vacuum filling, the following pro-
cedures may be used whether vacuum is applied
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directly to the transformer or the complete
transformer is placed in an auxiliary vacuum tank.

I. Apply and maintain continuously a vac-
uum of at least 28 inches of mercury for at
least one-half hour to units rated 25KV and
below, or for four hours to units above 25KV.

2. While retaining the vacuum, slowly fill
with Inerteen to the normal 25°C level or
with approximately 90% of the required
amount where it is impossible to gauge

properly.

3. Maintain the specified vacuum for at least
one-half hour after filling.

4. Adjust Inerteen to normal level and seal
the transformer tank. Do not reopen until the
temperature at the top of the fluid is equal4®
or higher than the ambient temperature]in
order to avoid condensation on the s@irfage of:
the Inerteen.

In those cases where the transformers are, not
filled under vacuum, full voltage sheuld®mot be
applied to the windings for at least(24/hqQurs after
the Inerteen has been put into thescase. M his time
is nccessary to allow the air ,bubbles tQ escape.

PLACING IN SERVICE

Pressure Testing. All#Tnerteén transformers are
pressure-tested at the(factory and shipped free of
leaks. After instadl@ions™ and before voltage is
applied, it is desirable to pressure-test each
transformeg, cspecially if any fittings or covers
have been’removed, and replaced during installa-
tion. Comprgssedgdry nitrogen or dry air may be
used for the,purpose. It is recommended that the
space above the Inerteen be blown out with dry
nitrogen, then close all vents and apply a pressure-
test of five pounds per square inch for a period of
six§to cight hours. The test pressure can best be
limited by the usc of a pressure regulator attached
toythe nitrogen cylinder. A check for leaks of
joints above the Inerteen level may be made by
painting them with a solution of soap and
glycerin and watching for gas bubbles. At the
conclusion of the test the internal pressure should
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be returned to normal by momentarily venting
the gas space.

High Altitude. Where transfommers are to be used
at a high altitude (moréythan3000 feet above sea
level) a fitting above the|liquid level should be
opened to equalize fhef internal and external
pressures at a temperature of approximately 25°C
before placing_thetsansformer in service.

Grounding Transfermer Tank. Regardless of the
type of feundation or floor on which a trans-
former is tomest, the tank should be definitely
and{permanently grounded to eliminate the possi-
bility§ofebtaining static shocks or being injured
bymaccidental grounding of a winding to the case.
A“ground pad or lug is always provided near the
bettom of the tank for the purpose of connecting
the“grounded lead.

CAUTION: A good low-resistance ground is
necessary for adequate protection — a poor
ground may be worse than none at all.

Grounding Low Voltage Winding. Every effort is
made in insulating transformers to guard against
any chance of breakdown between high voltage
and low voltage windings; however, in order to be
absolutely safe, it is advisable that low voltage
circuits with which persons may come in contact
be grounded. The maximum voltage that can be
obtained to ground is then limited to the normal
voltage that exists between the grounded point
and the line; this is true even though the high
voltage and low voltage windings become con-
nected electrically.

In grounding the winding, the neutral point
should be used if it is available. When trans-
formers operate on single phase circuits with the
middle point of the low voltage, the maximum
voltage that can exist between any part of the low
voltage circuit and ground is one-half of the low
voltages.

MAKING CONNECTIONS

A diagram, usually on the metal instruction plate
attached to the sidc of the case, shows the proper
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power terminal connections to be made for
various voltages. Care should be taken to see that
all connections and only those shown are prop-
erly made, for a wrong connection may cause
severe damage.

Some installations require an auxiliary source
of power or control leads to be wired to
terminals at the transformer; a wiring diagram,
either a separate drawing or included as part
of the outline drawing, shows the connections
to be made.

Voltage Application. When voltage is first
applied to the transformer, it should, if possi-
ble, be brought up slowly to its full value so
that any wrong connection or other trouble
may be disclosed before damage can result.
After full voltage has been applied successfully,
the transformer should be operated without
load for a few hours. It should be kept undef
close observation during this time and also dar-
ing the first few hours while loaded.

INSPECTION

It is desirable that periodic inspections of In-
erteen apparatus be made and thatysamples of
Inerteen be taken from each and,from%all com-
partments of any apparatus amd tested after a
short period of service. See seetiom, en Sampling
and Inspection.

Any increase in operating temperature at
normal load shouldybeVinvestigated and if the
cause cannot bef'determined, the transformer

should be taken out of service and given a
thorough inspection.

Any symptoms, such as “wnuSual noises,
high or low Inerteen level§, joperation of re-
lief device, etc., should ®be¢ jinvestigated at
once.

Transformers whieh have been subjected to
unusually severe @perating conditions, such as
overloads, frequent shert circuits, or special units
should be inspectediat least once a year. This can
usually bénwdone! adequately by lowering the
Inerteen level and inspecting with alight through
the m@nhele.\ Before this inspection is made,
the JInerteen “should be allowed to cool to
reducethe ‘amount of Inerteen fumes given off
whigh are¥quite objectionable and should not
beginhaled.

During periodic inspection, all accessories
should be inspected to see if they are operating
properly.

CAUTION: Never enter a vault or any other
confined area in which a transformer relief
device has been known to operate or in
which a transformer has failed, until the area
has been thoroughly ventilated. Then enter
cautiously, with another person in attend-
ance. The pungent, somewhat irritating
fumes of hydrogen chloride are easily de-
tected and can serve as a guide in entering
the enclosure.

N






QF
&

o
\}‘b

Westin %s

THE LEADER OF

‘b

N
O
<<>Q’

T SFORMER INDUSTRY

)



Instructions for
WEMCO®“ C and WEMCQO C1

Insulating Oils

Westinghouse Electric Corporation

Power Transformer Division, Sharon, Pa.
1.B. 45-063-100B Effective May, 1969 Supersedes 1.B. 45-063-100A May, 1964



TABLE OF CONTENTS

PART ONE RECEIVING, STORING AND HANDLING Pages 4-5

Shipmeent ... e e e e s 4
SHOTINgG ..ot e e 4
Fire Protection ......... ...ttt i i e 4
Handling ... i e 4
Filling Drums . ........ ittt ittt 5
Refilling Drums . ......coiuiuiiiiiiit ittt et iii i en et e S

OIL CHARACTERISTICS,

PART TWO SAMPLING AND INSPECTION Pages 6-11
Characteristics of Insulating Oil ........ ... .. o i e 6
Causes of Deterioration of Oil .......... ..o b oMo 6

Tremsformers ............ ... iiiiiiiiiii L A 6
Circuit Breakers ..........oooiiiiiiiiiiiinn e Wi 7
Sampling Oil from Shipping Containers .......... M. % .. .. ..., 8
Sampling Oil from Apparatus ....... ...t ipes M et 9
Periodic Inspection ............ .o oo e 10
Checking Oil Level .........coiiiiiiii i@ i 10
Checking Dielectric Strength ........ ... am ..ot 10
Checking for Carbonization ............ L &% .ol 10
Checking forSludge .............. .. L4 oot 11
Westinghouse Oil Testing Service ... 4. .. 4 ..., 11

PART THREE PURIFICATION AND RECONDITIONING Page 12

Purity of Oil ... .o 12
Reconditioning .......... . @ sl .o e 12
PART FOUR TESTING METHODS Pages 13-17
Dielectric Strength®Test™r . .. .. ... ... . e 13
Neutralization Testd. (... .o e 15

RECONDITIONING AND
PART FIVE¢ APPARATUS FOR RECONDITIONING Pages 16-19

Blotter Filter Press . ..ottt e et e e e e e e e e 17
Electric Drying Oven ........ouiitiiitt ittt it 19
Centm UGe . ..t e e 19



WEMCO® C INSULATING-OIL P.D.S. 55822A6G
WEMCO CI--INHIBITED INSULATING OIL--P.DS. 55822AV

Wemco C insulating ol and Wemco-CI oil are developments of the West-
inghouse Electric Cerporation in cooperation with oil refiners. They have
been proven suitable foér use in all Westinghouse oil-insulated apparatus.
In order to insuze the proper performance of the apparatus, only Westing-
house approved oils, should be used.

This publicationygives the instructions for handling, inspection and mainte-
nance which ‘experience has shown are important in obtaining the best
service from the insulating oil



PART ONE

RECEIVING, STORING AND HANDLING

SHIPMENT

Wemco C and Wemco CI oils are shipped in
tunk cars, drums or cans. Modern tank cars are
usually equipped with breathers which bar the ad-
mission of moisture and are otherwise well gas-
keted to protect the oil from moisture. These pre-
cautions are necessary because the volume of the
oil changes with temperature variations.

When shipped in drums, the drums are providecd
with screw bungs having gaskets to prevent ad-
mission of water.

When shipped in cans, the cans are hermetically
sealed immediately after filling and should not be
opened until the oil is needed.

STORING

Drums. As soon as a drum of oil has been un-
loaded, the bung should be examined for damage
or leaks.

It is very desirable that oil in drums be storéd in
a closed room. Outdoor storage of oil is @lways
hazardous to the oil and should be avoided if atiall
possible. Regardless of storage locationyall
drummed oil should be stored with the bungsf{down
so that the bungs are under positive gil pressure.
Do not open the drums until the oil\is agtually
needed. Partially emptied drums_must Be tightly
resealed and stored the same asqnew dgums.

Cans. One and five-gallon ¢ans of%il must not
be exposed to the weather#Seals“8hould be kept
intact until the oil is actually needed. It is not
necessary to make dieleetric t€sts on oil in sealed
cans.

Screw caps are providéd on the cans to use
when the oil 4s only powtially removed after the
hermetic sealthas been”broken. By replacing the
screw caps, cont@mifiation by moisture and dirt
will be retarded but the oil must be tested before
using.

Storage Tank. The storage tank should be
mountedfon piers so that it will not touch the
ground, @nd will be accessible to all points for
inspeetion for leakage.

Injlarger storage systems, it is desirable to pro-
vide "equipment to supply dry air for breathing
purposes. This is often accomplished by the use of

a breather making use of silica gel or aluminum
oxide as the drying medium.

The tank should preferably have,a @6nvex bot-
tom, allowing the installation offajdrainy cock at the
lowest point for removing any free¥water or dirt
which might settle out. When a'eylindrical tank is
installed with its axis horizontaljone end should be
a little lower than the othew, with c drain cock at
the lowest point, and thejoil supply pipe should
enter at the opposite‘end of the tank. The oil may
enter and leave the tank By the saume pipe, but this
should be afsome distance from the bottom to pre-
vent stirringlup, any’ settlings when the tank is
being filled. R, isWdesirable that the pipe be pro-
vided with ‘@swing joint and float, so that it will
automatically, move with the change in oil level
and rémain_near the surface of the oil.

FIRE PROTECTION

IMPORTANT: While Wemco C or Wemco CI oil
will not take fire unless brought to a high tempera-
ture (320" F), it should be remembered that under
abnormal conditions such a temperature can be
reached, so that proper precaution against fire
should be taken. The best way to extinguish burn-
ing oil is to smother the flames so that the supply
of fresh air is cut off. Chemical fire extinguishers
are effective, but water should not be used unless
it is applied by a special atomizing spray noazzle.

HANDLING

SAMPLE AND DIELECTRIC TEST ALL OIL BE-
FORE PLACING IT IN APPARATUS.

Before putting the oil into equipment see that
the tank is free from moisture and foreign material.
The presence of impurities, particularly moisture,
in the oil or apparatus may lower its dielectric
strength to an unusable value. If the oil is sup-
plied in more than one container, each container
must be sampled and tested.

Although the drums and tank cars are thor-
oughly washed and dried at the refinery before
filling, a certain amount of scale is sometimes
loosened from the inside in transit. Therefore, it is
recommended that all the oil be passed through
a filter press to remove any moisture or solid con-
taminats which may be present.

P



RECEIVING, STORING AND HANDLING

The preparation and filling of outdoor apparatus
should preferably be done on a clear, dry day; if
this is not practicable, protection against moisture
must be provided.

All vessels used for transferring the oil should
be carefully inspected to see that they are abso-
lutely dry and free from dirt.

Whenever possible it is recommended that all
equipment should be allowed to stand for at least
eight hours between filling and energizing the ap-
paratus to allow gas bubbles to escape from the
oil. This is especially important when filling under
vacuum is impossible.

IMPORT ANT: Always use a metal or oil proof
hose when handling the oil. A hose made of nat-
ural rubber must not be used. Oil may easily be-
come contaminated from the sulfur in the natural
rubber, and should not be allowed to come in
contact with it.

When is is necessary to fill equipment with oil,
it is essential that the oil be allowed to come to the
same temperature as the apparatus. This may
require eight hours, or even longer, under extremé
temperature conditions. Otherwise, condensation
of moisture may lower the dielectric strength of the
oil to an unusable value. Cold oil  in“Wdrums
should never be brought into a warmer ‘area“‘and
transferred to equipment until it has reached, the
same temperature as the apparatus.

FILLING DRUMS

The practice of filling dmums“with oil is undesir-
able and should be avoided whenever possible, for
unless the utmost precdutions are taken, the oil
is likely to become contaminated.

If it is necessary[togfil) drums for storage, use
only those drums, which’ are in good condition
and which Have been used previously for trans-
former oild A good,practice is to reserve drums
for this purpese byfsealing them immediately after
being emptied tof'exclude dirt and water. Before
reusing each drum should be carefully examined to
be sure it is,lean and free of water.

A nmew washer should be used with the bung
each™ime the drum is refilled, to insure a tight seal.
These, washers may be obtained from the oil re-
fineries and it is recommended that a supply be
kept on hand. Natural rubber composition washers
should never be used as they would be attacked
by the oil.

Cleaning Contaminated Drums. The cleaning, of
drums which have contained used insulatinggoil
requires great care in order to insure a thexoughly
clean drum. It is preferable to return such drums
to the refinery where adequate cleaning facilities
are available, rather than to attempt to clean them.
If it is necessary to clean suchgdrums, the follow-
ing procedure is recommended:;

Rinse the drum thoroughly with Stoddard solvent
or other suitable solvent, using about one gallon
each time, until the solvent'shows no discoloration
after using. Allow it to“drain, then pump out the
last traces of solventWwith @ vacuum pump, using a
brass pipe flattefiedyat“the lower end to explore
the corners of the drum.

CAUTION{ Dognot use a steel pipe because of
the dan@ger of @ spark igniting the vapor.

Heat the dmum with bunghole down, in a venti-
lated. oven at a temperature of at least 88°C (190°F)
fér sixtéen hours. Screw the bung on tightly before
removing drum from the oven. Use a new washer
with the bung to insure a tight seal. A simple oven
for “this purpose may be made from sheet metal
and heated with steam or an electric heater.

CAUTION: An open flame must always be kept
away from the oven to prevent igniting inflam-
mable gases.

REFILLING DRUMS

CAUTION: STATIC ELECTRICITY—Pumping and
filtering of oil under certain circumstances may
cause electrical charges to be built up in the oil to
such an extent that electrical breakdown of the
gas above the oil is possible. When a filter press
is used to filter the oil in the equipment, precau-
tionary measures should be taken to prevent an
explosion caused by the possible static discharge
of the electrical charge which could be built up
in the equipment. If this electrical discharge takes
place in an explosive gas mixture, the result could
be a damaging explosion.

This static charge is variable and depends upon
a number of variable factors. Since some of these
factors are beyond the range of control, it may be
best to surmise that they will always be present.
Thus there will always be the possibility of this
static discharge.

A thorough purging with the use of nitrogen, of
the accumulated gases formed in any electrical
equipment should be made before filtering the oil.
This will offset any possible reaction between the
static discharge and the accumulated gases.



PART TWO

OIL CHARACTERISTICS,

SAMPLING AND INSPECTION

CHARACTERISTICS OF INSULATING OIL

Wemco “C” insulating oil is a refined mineral oil
obtained from the fractional distillation of crude
petroleum. It contains no moisture, inorganic acid,
alkali, free sulfur, asphalt, tar, vegetable, or ani-
mal oils. It is used as an insulating and heat
transfer medium and is intended principally for
use in tanks of oil insulated circuit breakers,
switches and transformers. In circuit breakers and
other apparatus subject to arcing, the cooling and
deionizing characteristics of the ocil become im-
portant in extinguishing the arc.

Weraco "“CI"” inhibited insulating oil has a mini-
mum of 0.15 percent by weight of Di-Tertiary-Butyl-
Paracresol, (D.B.P.C.) added to Wemco "C" insulat-
ing oil to provide additional oxidation resistance
for use in distribution transformers that may be
subject to breathing of air and where it is difficult
to maintain tight seals.

ADVANTAGES OF WEMCO “C” OlL
1. High dielectric strength.

2. Low viscosity—provides for good heat transfer.

3. Freedom from inorganic acids, alkalis, and
corrosive sulfur—prevents injury to insulation“and
materials of construction.

4. Good resistance to emulsification, In‘case of
moisture contamination it quicklylysettles” to the
bottom of the tank.

5. Freedom from sludging under mermal operat-
ing conditions over long periods“ef time—accom-
plished by proper selection of crudes and refining
methods.

6. Because of its, low viscosity it is more able to
dissipate the areingWproducts in circuit breakers,
tap changers, @&nd otherfarcing contact apparatus.

7. Low pour point allows use under low tempera-
ture conditions.

8. The higher than average flash point allows
higher operating temperatures with freedom from
fire hazard.

PHYSICAL PROPERTIES AND

TEST PROCEDURE

INColor—nearly water white—0.5 max.—ASTM
D1500

2. Reaction—Neutral

3. Neutralization Number—Mg. KOH per g. oil
—0.03 max. ASTM D974

4. Precipitation Number—zero

5. Free or Corrosive Sulfur—/non-corrosive —
ASTM DI1275

6. Steam Emulsion—85 sechymax.—ASTM 1935
7. Flash Point—298°Fy(145°C) Min.—ASTM D92

8. Pour Point—Mints 50°F (minus 45.0°C) Max.—
ASTM D97

9. Viscositys—Saybolt Universal—100°F (37.8°C)
Max.—62 see.—ASTM D88

10, Moisture*Content—35 ppm. Max. ASTM D1533

11¢ Specific Gravity — 60°F (15.5°C) — .898 Max.
ASTM DI1298

123 Specific Heat—0.488 Approx.

13/ Inorganic Chlorides or Sulfates — None —
ASTM D878

14. Coefficient of Expansion 32°F (0°C)—.000725

15. Coefficient of Expansion 212°F (100°C) —
.000755

16. Interfacial Tension dynes/cm.—40 Min.
ASTM D971

17. Dielectric Constant—2.2
18. Dielectric Strength—30 KV Min.—ASTM D877

19. Weight per gallon—7.5 lbs.

20. Power Factor—60 cycle 25°C—Max. .05 %—
ASTM D924

21. Inhibitor (D.B.P.C) (PDS 9855) (Wemco CI
only) Min. 0.15% ASTM DI1473

CAUSES OF DETERIORATION OF OIL

Transformers. Deterioration of oil is a problem
to which much thought and research has been de-
voted. Westinghouse Sealedaire, Inertaire, Ther-
mosiphon, and expansion tank transformers are

LR
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SAMPLING AND INSPECTION

the results of this research in methods of prevent-
ing deterioration.

Generally speaking, however, the principal
causes of deterioration of insulating oils are:

1. Presence of moisture.
2. Oxidation.

3. Excessive temperature.

Condensation from moist air due to breathing of
the transformer, especially when the tremsformer is
not continuously in service, may injure oil. (The
moist air drawn into the transformer condenses
moisture on the surface of the oil and inside of the
tank.) The oil may also be contaminated with
water through leakage such as from leaky cooling
coils or covers.

Sludge is an oxidation product, the amount
formed in a given oil being dependent upon the
temperature and the time of exposure of the oil to
the air. In the refining process for our transformer
oil, the components of the oil which are most
readily oxidized to form sludge are removed so as
to provide an insulating oil which will not sludge
under normal operating temperatures.

Note: Excessive temperatures may causefsludg-
ing of any transformer oil regardless of how well
it is refined.

Transtormer oil which has bequn to sludge, will
continue to do so even atter it has béen/recondi-
tioned by means of the centrifuge or {iltet press, as
these methods of reconditioning dofnot xemove the
deterioration products which are injprocess of for-
mation but have not yet beenWprecipitated as
sludge.

Reconditioning by means“ef fuller's earth and
vacuum dehydration will remove many of the de-
terioration products, andiif stabilized by the addi-
tion of an oil inhibitor, further sludging can be
prevented for léng pefiods of time.

Another effect of'éxygen is to gradually produce
organic oy "fatty’” acids in oil in service. These
should not bejcontused with the mineral acids such
as sulphuric acid used in refining, as in small
amounts the former do not have a deteriorating
effect upon imsulation.

Circuit Breakers. The principal causes of deteri-
orafienof insulating oil in circuit breakers or other
arc, producing apparatus, are:

1. Presence of water.

2. Carbonization of the oil (caused by operation
of the circuit breaker).

36" : 5

Y4 %

N
) 3 ‘ 8
8

FIG. 1. Drum Thief.

The arcing of the oil in circuit breakers produces
small amounts of water, acids, and carbon due to
oil decomposition. These acids may in extreme
cases form metal soap on plated hardware but this
in no way harms the apparatus. Water may also
result from the entrance of moist air into the tank.
Some of the carbon is deposited on the contact
components and at the bottom of the tank while
the remainder continues in suspension in the oil.

Carbonization takes place not only when the
circuit breaker opens heavy short circuits, but also
whenever an arc is formed, even during such light
service as the opening of the charging current of
the line, and this latter service, repeated, may
eventually produce enough carbon to be a source
of trouble.
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The carbon may reduce the dielectric strengthyof
the cil, lower the surface resistance of the insulas
tion if water is present, and also may lowermthe ‘re-
sistance to emulsification. The carbon alone may
not be detected by the dielectric test, particularly
i the oil is free from moisture.

In cold weather, a larger amountyof“carbon is
formed than in warm weather Because?of the in-
creased viscosity of the oil gt lowitemperatures.
Also the carbon is not as regdily digpersed through
the oil.

SAMPLING"OIL“FROM
SHIPPING {CONTAINERS

The dielectrigfstrength of oil is affected by the
most minute graces of certain impurities, particu-
larly water. It4s impértant that the greatest care
be taken in obtaining the samples and in handling
them to avoid contamination. There have been low
dielectric test results reported from the field which,
upon in¥estigation, have been found to have been
largely, aumatter of carelessness in handling. The
following instructions, based on the specifications
ofithe American Society for Testing Materials, must
be followed to assure accurate results:

Sample Bottle. The sample container shall be
made of amber glass, of at least 16 oz. capacity,

and shall be cleaned and dried. The glass bottle is
preferable to a metal container as it may be ex-
amined to see if it is clean. It also allows visual
inspection of the oil before testing, particularly as
regards free water and solid impurities. However,
any samples to be tested for color power factor or
sludge-forming characteristics mustgbe kept in the
dark, as light produces changes,in theSe properties.
This is not necessary for any other tests.

The clean, dry bottle shallfbe thoroughly rinsed
with Stoddard solvent or othér jsuitable solvent
which has previously withsteod“@ dielectric test of
at least 25 kv in a stan@ard test cup, and shall be
allowed to drain. It igspreferable to heat the bottle
and cap to a temperaturefef 100°C (212°F) for one
hour after thoroughlyfdraining. The bottle shall
then be tightly fapped and the neck of the bottle
dipped in melted paratfin.

IMPORTANT: “Glass jars having rubber gaskets
or stoppersamust not be used. Oil may easily be-
comeycontaminated from the sulfur in natural
rubber.

Thieyes for Sampling. A convenient and simple
thiefy(See Fig. 1) for use with 55 gal. drums may
be made of metal as follows:

Length 36 in., diameter 1% in. with cone shaped
caps over the ends and openings at the ends % in.
in diameter. Three legs equally spaced around the
thief at the bottom, and long enough to hold the
opening Y in. from the bottom of the container
being sampled, aid in securing a good represent-
ative sample. Two rings soldered to the opposite
sides of the tube at the outer end will be found
convenient for holding the thief by slipping two
fingers through them and leaving the thumb free
to close the opening. In an emergency a piece of
glass tubing 36 in. long may be used. For the tank
cars, a thief employing a trap at the bottom may
be used. (See Fig 2.)

The thief shall be suitable for reaching the bot-
tom of the container and the sample shall be taken
with the thief not more than about % in. from the
bottom.

Thieves should be cleaned before and after use
by rinsing with Stoddard solvent or other suitable
solvent; be sure that no lint or other fibrous ma-
terial remains on them. When not in use they
should be kept in a hot, dry cabinet or compart-
ment at a temperature not less than 37.8°C (100°F),
and shall be stored in a vertical position in a rack
having a suitable drainage receptacle at the base.

Samples shall not be drawn from containers in-
doors until the oil is at least as warm as the
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surrounding air. Cold oil may condense enough
moisture on the surface from a humid atmosphere
to seriously affect its insulating properties. Sam-
pling oil from containers out of doors is undesir-
able, due to the possibility of condensation of
moisture, and should be avoided whenever pos-
sible. (Samples should never be taken in the rain.)

Procedure. The drums to be sampled shall be
assembled in line, with bungs up, and numbered.
The bungs shall be unsealed and removed and
laid with the oily side up beside the bungholes. The
unstoppered sampling receptacle can be placed on
the opposite side of the bungholes. The top hole of
the thief shall be closed with the thumb, the thief
quickly thrust to the bottom of the container and
the thumb removed. When the thief is filled, the
thumb shall be replaced, the thief quickly with-
drawn and the contents allowed to flow into the
sampling receptacle. The lower holes shall not be
closed with the fingers of the other hand. The free
hand shall not be used to guide the stream of oil
except by touching the thief, and this only when
necessary. The oil shall not be allowed to flow,
over the hand or fingers before it flows into the
sampling receptacle.

When the sampling receptacle is filled, it shall
be closed quickly and the bung replaced“in the
container and tightened. The sampling reeeptacle
shall be taken under cover to the testin@ laboratory
as quickly as feasible.

After using, thoroughly cleanfall thieves and
sampling receptacles as outlined ‘above.

The tank cars of oil shall be sampled by intro-
ducing the thief through the manhole on top of the
car, the cover of which shallfbe,removed carefully
so as not to contamin@ate the oil with dirt. The
sample shall be taken‘as near as possible to the
bottom of the tank’cat., This shall not be done
while rain or snow \isffalling.

When separate samples are being taken from a
consignmeént of part of a consignment, care should
be exercisedfto prévent contaminating the samples.
A separate thieffshall be used for each sample or
the thief previously used shall be well drained and
then thoroughly washed with oil from the next con-
tainer to be sampled; the oil thus used for washing
sheuld be thrown away before the next sample
is\taken. (Enough thieves shall be provided to
insure thorough drainage of each thief after rinsing
with oil to be sampled before using it to withdraw
the actual sample) For obtaining only a few
samples, two thieves are sufficient, but for obtain-
ing a large number of samples {for example, sam-

pling a carload of drummed oil) six or moxe®thieves
are desirable.

When one average sample of a consignment or
batch is being taken, the same thief may be used
throughout the sampling operation, and”it is not
necessary to rinse the thief with¥oil before taking
any of the portions that go toanake up the total
average sample.

Quantity of Sample. It is/recommended that one
16 oz. bottle of oil be taken as a sample for dielec-
tric tests, and a one quaxt sample be taken when
complete physical ‘and chemical tests are to be
made. At least gnelsample should be taken from a
tank car of oil{}One sample may be taken from
each drum, ofif desired, a composite sample may
be made fromfoil¥Mrom five drums, provided all of
the drums, aregairtight. When the bung is first
loosenedj)a“hissing sound should be heard, which
indicatesythat the drum has been airtight. If the
test ofithe composite sample is not satistactory, a
sample, from each of the drums represented should
be tested.

When drums have been stored exposed to the
weather, a sample from each drum shall be tested.
The sample of oil should be examined for free
water, and if any is noted, the drum of oil should
be put through a blotter filter press and resampled
for dielectric strength.

If the sample is being taken from a tank car,
and water appears, follow the same procedure.

SAMPLING OIL FROM APPARATUS

When taking samples of oil from apparatus in
in which a thief cannot be used, use the sampling
valve and follow the procedure outlined above as
far as practicable.

Care should be taken to procure a sample which
fairly represents the oil at the bottom of the tank.
A sufficient amount of oil should therefore be
drawn off before the sample is taken, to insure that
the sample will not be that which was stored in the
sampling pipe. For this reason, the valve and the
drain pipe should be sufficiently small to be emp-
tied with convenience and yet sufficiently large to
give an even flow of oil and avoid clogging by
sediment. A % in. pipe and valve is recommended.
This, of course, may be separate from the drainage
pipe and valve or it may be connected to the drain-
age valve by means of a suitable reducer.

It is of utmost importance that the sample of
insulating oil represents the actual condition of the
oil in the apparatus. Every precaution should be

9
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taken to keep the sample and container free from
foreign impurities or moisture.

If the apparatus is installed outdoors, care should
be taken to prevent contamination of the sample
by rain, snow, etc.

A glass bottle is recommended as a sampling
receptacle, so that any water present may readily
be seen.

If the sample contains free water it is not suitable
for dielectric test and the sample and bottle should
be discarded. A second sample should be taken
after at least two quarts of oil have been with-
drawn. If free water still exists in the sample, the
oil in the apparatus should be put through a blotter
filter press and resampled for dielectric strength.

Ir: order to make sure that the dielectric strength
is up to its proper value, the insulating oil in any
piece of apparatus should be tested before its ini-
tial operation, and at reqular intervals thereafter.

PERIODIC INSPECTION

Oil may deteriorate in service even under what
seems to be the most favorable conditions. The
more handling an insulating oil receivesf the
greater the opportunity for contamination gunless
adequate precautions are taken.

IMPORTANT: It is essential to provide for/ peri-
odic inspection and test. and to purify the oilfwhen-
ever necessary in order fo maintain it im, good
condition.

Reqular inspection and tests of ansulating oils by
electric utilities and other largéfusers,have proven
the necessity of this practice gWhere these inspec-
tions and tests have been systematically followed
it has been found that failuretef the apparatus due
to the fact the oil had Ppecome contaminated with
moisture and sediment, hdas been reduced to a min-
mum and has rgsultedWin greater economy of op-
eration. In view offthe importance of the subiect,
it is, therefore, ree@mmeénded that all companies, in
the interest of goodigervice, adopt some system of
oil inspection and test.

The frequency”of inspecting and testing depends
upon thetservice to which the oil is subjected, and
the comStruction of and the materials used in the
apparatus.

Even though field experience has shown that it
isqnot necessary to frequently examine the oil in
Inértaire or Sealedaire transformers, such oils
should be inspected to insurz that the Inertaire
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equipment is being maintained and the tanks_are
tight.

The oil in circuit breakers and transformers
which are operated under extremely heavy loads
requires more frequent inspection than that imnor-
mal or light service.

It is recommended that operatérs prepare a
schedule for inspection based omnythe operating
conditions. Reference to thefstation “log, together
with the record of dielectric tests of the oil, should
determine the frequency ofyinspection and test.
The period between suc@essive’inspections should
not he longer than sig@months or until experience
indicates that the time between tests can be ex-
tended. If the dielectrig, strength of the oil drops
below 22 KV in(the standard dielectric test the oil
should be blotter (préssed. In the event that the
dielectric strength,is not readily restored to 26 KV
or aboveMetherntests should be made to determine
if theyoil should” be reconditioned or replaced.

CheckinggfOil Level. It is essential that the
propergil level be maintained. Low oil level may
c¢ausey breakdown of insulation or flashover of
bushing in any apparatus, or malfunctioning of cir-
cuitbreakers mechanically or electrically.

Checking Dielectric Strength. The oil should be
tested reqularly for dielectric strength and purified
when the tests show need of it. The testing should
be systematized and complete records kept. It is
particularly important in a circuit breaker to check
the dielectric strength after exposure to near rating
short-circuit operations.

Checking for Carbonization. The presence of car-
bon in circuit breaker oil may introduce a hazard,
due to the tendency of the carbon to lower the
dielectric strength of the oil, and also to deposit on
insulating surfaces, thereby reducing the insulation
resistance.

Visual inspection of the oil samples should be
made and, if any appreciable amount of carbon is
present, the 2il should be reconditioned even
though the dielectric test is good.

IMPORTANT: Certain washing compounds have
been used by some operating companies to assist
in separating the carbon from the oil. Investigation
in the Westinghouse laboratories has shown that
these compounds leave the oil in poor condition.
Customers are warned against using any form of
chemical treatment that has not been investigated
and recommended by Westinghouse Electric Cor-
poration.
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Checking for Sludge. Transformers should be
regularly examined for evidence of sludge. A
visual inspection will indicate its presence. Appre-
ciable amounts of sludge may clog the oil ducts
and interfere with heat transfer. It is desirable
that such oil be reconditioned or replaced imme-
diately. If the oil is to be returned to service, oil
inhibitor should be added to extend the life of the
oil. QOil which has once sludged, will, after being
reconditioned, sludge more quickly than the first
time unless the inhibitor is added.

WESTINGHOUSE OIL TESTING SERVICE

Many users of transformers and large oil circuit
breakers do not have the necessary facilities for
testing insulating oil. In order that these users may
be able to make the periodic tests recommended,
Westinghouse Electric Corporation has established
an oil testing service to provide a careful test by
experienced engineers, and a prompt report of
test results.

Two special 16 oz. sample bottles per mailing
container (Westinghouse Sampling Set Style #1608
629) as well as necessary packing and printgd
matter, may be obtained by contacting the nearest
Westinghouse office.

After drawing the sample of oil, the, customer
should seal the bottle with care, and mail #»to
the Westinghouse Electric Corp., Plant#fLaboratory,
Sharon, Pa. The details of this transagtion” have
been simplified by the inclusion gn"theaSampling
Set of an instruction sheet @nd (@ printed return
label. The instructions cover “the “#@king of the
sample and its proper prepozd@tion for mailing, and
the label carries an enveélopeWfor enclosing cus-
tomer’s order covering they testing work. (Also see
details given in Price List 45:8235).

If customer desirésJto use his own bottles, he
should be suze to\obtain Form 24670 from the
Westinghougse Office™¥ack of this form will cause
much delay ingvariéus accounting procedures in-
volved, dnd, therebyrdelay the test. Samples should

be taken in accordance with ASTM D-117.\\Note
that the bottles and containers involved will net be
returned to the customer.

When samples of oil are received for testing they
are sent to the engineering testing laboratory and
tested for dielectric strength in, accordance with
methods described in ASTM D-117¢

As soon as the test has been made, a report
giving the average is sent by mail directly to the
person in the customer's{ organization who has
been designated on theyorder to receive it.

In addition to_dieleetric tests, Westinghouse is
also prepared to make a physical and chemical
examination. (The customier should plainly indi-
cate the type jof, service desired.)

This\senvicemConsists of an examination of the
oilL by a‘competent oil chemist. Recommendations
willjbe"made as to the suitability of the oil for con-
tiniedWuse, whether it would be desirable and
éconemical to clean it, and in a general way, the
preferred method of cleaning. In submitting
samples for this service, the history of the oil
represented should be given as completely as pos-
Sible. Samples should be not less than one pint.

Other tests available include a complete Physi-
cal and Chemical Examination; a power factor test;
and the establichment of a Power Factor Curve
from 25°C to 100°C.

The Physical and Chemical Examination encom-
passes tests of acid and base numbers, color,
interfacial tension test, pour point, specific gravity,
and viscosity.

A combination is offered of the dielectric test,
the acid and base number test, the intertacial
tension test, and the power factor test. This com-
bination covers those tests most often requested
for general purposes.

(For further details on available tests, refer to
the nearest Westinghouse Office.)
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PART THREE

PURIFICATION AND RECONDITIONING

PURITY OF OIL

Wemco C oil is clear and nearly water-white in
colow It is free from water, acid, alkali, and dele-
terious sulfur compounds.

The oil is carefully refined so as to have a high
resistance to emulsion; that is, the water is not held
in suspension but quickly separates out. This is
particularly essential in circuit-breaker service
since this apparatus cannot be tightly closed like a
transformer and some moisture may be introduced
into the oil. Wemco C oil has been designed with
this particular property in mind and precipitates
water and carbon promptly. However, certain
impurities develop while the oil is in service and
these impurities must be removed to insure safe
operation of the apparatus. The source and kind of
impurities developed in the oil depend upon the
type of apparatus in which it is used.

In circuit-breaker service, each time the circuit
is opened some carbon is formed in the oil, even
when only a small charging current is being inter-
rupted. The resistance to emulsion of the oiljis
also lessened, both by a change in the oil and, by
the presence of carbon in the oil. Oil which has
been subjected to arc action in the circuitfbrgaker
tends to slowly form organic acids, which further
tend to lower its resistance to emulsiont Thegmajor
portion: of the carbon slowly precipitatesgto the
bottem of the tank, but the moré’finely divided
carbon has a tendency tc remain suspended in the
oil, and lower the dielectric strength. “Both carbon
and moisture are attracted fto the “insulating sur-
faces of the bushings by thetelectrostatic field, and
when so deposited, lowef the insulation resistance
of the terminals from linefto ground.

Oil in transformers is_generally subjected to
heat, oxidationfand&omelimes to moisture. Heat in
the presence of e%ygend produces a gradual physi-
cal and chemical chénge in oil and the extent of
this change will depend upon the amount of heat,
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time arid the catalytic action of exposed metals in
the apparatus to which it is subjected. High"tem-
perature over a short period of timé& orsomewhat
lower temperature over a long periodfof time affect
the characteristics of the oil, particularly in the
development of organic acidity and sludge.

Heat in the presence ofgoxygen’ affects the un-
saturated hydrocarbons, at figst through formation
of organic acids and lategby/ precipitation in the
form ordinarily called sludge.

RECONDITIONING

The recoxrditioning of oil used in circuit breakers
and transformerns consists principally of the re-
moval gfewaten, carbon and sludge and the restor-
ation of resistance to emulsification, thereby putting
the oillin thepbest condition to separate out any
water whieh’may later be introduced.

The four types of equipment in general use for
simplenreconditioning of oil in transformers and
circuit breakers are: the centrifuge, the blotter filter
press, the combination centrifuge and filter press
and the combination fullers earth and vacuum de-
hydration process. (See Part Five.)

IMPORTANT: In general. when small quantities
of oil have been contaminated with fire extinguish-
ing agents, it is preferable to replace the oil rather
than to attempt to reclaim it.

Insulating oil which has been contaminated with
carbon tetrachloride or soda sulfuric acid cannot
be reclaimed. (It would have to be refined.)

When large quantities of oil have been contami-
nated with other fire extinguishing agerts, the re-
claiming of the oil will depend upon the kind and
degree of contamination. There may be factors
other than the fire extinguishing agent (for in-
stance, high temperatures cracking the oil, carbon-
ized insulation, etc.) which should be considered.
Any question should be referred to ‘the nearest
Westinghouse Office.

P
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PART FOUR

TESTING METHODS

Instructions for all tests listed correspond in
general to the recommendations of the American
Society for Testing Materials.

DIELECTRIC STRENGTH TEST

Apparatus. The transformer and the source of
supply of energy shall not be less than %2 kva, and
the frequency shall not exceed 100 cycles per
second. Regulation shall be so controlled that the
high tension testing voltage taken from the second-
ary of the testing transformer can be raised gradu-
ally without opening either primary or secondary
circuit. The rate of rise shall approximate 3000
volts per second. The voltage may be measured
by any approved method which gives root-mean-
square values.

Some protection is desirable to prevent excessive
flow of current when breakdown of the oil takes
place. This protection preferably should be in the
primary or low voltage side of the testing trans-
former. It is not especially important for trans-
formers of § kva or less, as the current is lumited
by the regulation of the transformer.

The test cup for holding the sample of“il shall
be made of a material having a suitable dieleetric

FIG. 3. Oil or Fluid Test Cup for Dielectric Test.

strength. It must be insoluble in and unattacked
by mineral oil and gasoline, and nonabsorbent as
far as moisture, mineral oil and gasoline “are con-
cerned.

‘The electrodes in the test cup, betwéen which the
sample is tested shall be cireularidiscs of polished
brass or copper, 1 in. inl diameter, with square
edges. The electrodes shall lbefmounted in the test
cup with their axes horizontal and coincident, with
a gap of 0.100 in. between their adjacent faces, and
with tops of electrodesyabout 14 in. below the top
of the cup. (A suitable test cup shown in Fig. 3,
and portable f#esting ‘outfits in Figs. 4 and S.)

Procedure. The /spacing of electrodes shall be
checked withya standard round gauge having a
diameéter, ofy 0.100 in., and the electrodes then
logked“in_position.

The“electrodes and the test cup shall be wiped
clean with dry, calendered tissue paper or with a
clean,’dry chamois skin and thoroughly rinsed with
Stoddard solvent or other suitable solvent until
they are entirely free from fibres.

The test cup shall be filled with dry benzine,
and voltage applied with uniform increase at the
rate of approximately 3000 volts (rms) per second
until breakdown occurs. If the dielectric strength
is not less than 25 kv, the cup shall be considered
in suitable condition for testing the oil. If a lower
test value is obtained the cup shall be cleaned
with solvent and the test repeated.

Note: Evaporation of solvent from the electrodes
may chill them sufficiently to cause moisture to
condense on their surface. For this reason, after
the final rinsing with solvent, the test cup should
be immediately filled with the oil which is being
tested, and the test made at once, or the electrodes
should be thoroughly dried before using.

The temperature of the test cup and of the oil
when tested shall be the same as that of the room,
which should be between 20 and 30 C (68 and 86F).
Testing at lower temperatures is likely to give
variable results which may be misleading.

The sample in the container shall be agitated
with a swirling motion to avoid introducing air, so
as to mix the oil thoroughly before filling the test
cup. This is even more important with used oil
than with new oil as the impurities may settle to
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TESTING METHODS

FIG. 4. Portable Oil Testing Set Y2 Kva, 35.000 Volts.

the bottom and the test may be misleading.

The cup shall be filled with oil to a height gf ne
less than 0.79 in. (20 mm) above the top 4! the
electrodes.

The oil shall be gently agitated by rocking the
cup and allowing it to stand in the cup for three
minutes before testing. This will allowgair bubbles
to escape.

Voltages shall be applied and“ncreased uni-
formly at a rate of approximately 3000 volts (rms)
per second until breakdown o¢eurs‘as indicated by
a continuous discharge acrgss theygap. (Occasional
momentary discharges which do not result in a
permanent arc may ogceur; 4thése should be dis-
regarded.)

Provision shall betmadeé for opening the circuit
as promptly ds possibler after breakdown has oc-
curred in ordex t6 prevent unnecessary carboniza-
tion of the oil.

TESTS

a. Exeept as specified in (b) one breakdown test
shall’be made on each of five fillings of the test
cups, Ify the average deviation from the mean ex-
ceeds 10 percent or if any individual test deviates
more, than 25 percent from the average, additional
tests shall be made. The dielectric strength shall
be determined by averaging the first five tests that
conform to the allowable variations.
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b. When oil is tested in considerable quantity,
so that the time required for testing is excgssive
and when it is merely desired to determine whether
the breakdown safely exceeds the limit specified,
or in those cases where the amount of oil available
for test may be very limited, one breakdown test
shall be made on each of two fillings of the test
cup. If neither breakdown is, belowgthe specitied
value, the oil may be considered satisfactory and
no further tests shall be requined.“Vf either of the
breakdowns is less than the/specified value, a
breakdown shall be made, on'edch of three addi-
tional fillings and test zesult§yanalyzed in accord-
ance with (a).

Report. The report shall include the volts (rms
value) at each puncture, the average voltage for
each of the two/omhfive fillings, grand average
voltage, and, thel.approximate temperature of the
oil at the time“of the test.

FIG. 5. Portable Truck Type Oil and Insulation
Testing Set, 5 Kva, 30.000/60.000 Volts.
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TESTING METHODS

NEUTRALIZATION TEST

The Neutralization Number is the weight in milli-
grams of potassium hydroxide required to neutral-
ize the acid in one gram of oil. The Neutralization
Number of new Wemco C oil is 0.03 maximum.

Solutions Required.

a. Standard Potassium Hydroxide Solution (alco-
holic, 0.1 N)—add 6 g. of c.p. solid KOH to 1 liter of
c.p. anhydrous isopropyl alcohol. Boil, add 2 g. of
c.p. Ba (OH)., and boil again. Cool, filter and store
in a chemically resistant bottle protected by a
guard tube containing soda lime and soda asbestos
(Ascarite). Standardize against pure potassium acid
phthalate using phenolphthalien as an indicator.

b. Titration Solvent-—Add 500 ml. of c.p. ben-
zene and S ml. of water to 485 ml. of c.p. anhydrous
isopropyl alcohol.

L 4

N
S

Q
o
¥

L 4

c. Alpha-Naphtholbenzein Indicator So nO
Prepare a solution containing 10 g. of alpha-naph-
tholbenzein per liter of c.p. anhydrous iso yl
alcohol.

Procedure. Into a 250 ml. Erlenmeyer ﬂask in-
troduce 40 g. of Wemco C oil d to nearest
0.1 gram. Add 100 ml. of t on 'solvent and
3 ml. of the indicator solution immediately
at a temperature below n51der the end
point definite if the color to green persists

for 15 seconds. blank e determined on the

solvent.

Calculations. lrallzahon number or mg
KOH per g. of ’ (Aﬂ(_l\i)lSS_l_
tion required for scxmple.
) solution required for blank.
of KOH solution.
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PART FIVE

RECONDITIONING

APPARATUS FOR RECONDITIONING

RECONDITIONING

In order that oil in circuit breakers and trans-
formers performs its function, certain essential
properties must be maintained. Various types of
equipment are available to assist the operator in
the maintenance of insulating oil

The first step is to classify oils in service based
upon an evaluation of their properties.

GROUP I—This group contains oils which are
in satisfactory condition for continued service.

GROUP II—This group contains oils which are
low in dielectric strength or contain insoluble con-
taminants and requires only minor reconditioning
by blotter press and or centrifuge to restore them
to condition for continued service.

GROUP III—This group contains oils in poor
condition which should be reclaimed or scrapped
depending upon economic considerations.

GROUP IV—This group contains oils in ‘such
poor condition that it is advisable to dispose of
them.

Many tests are available which can_be applied
to transformer oils in order to classifyffhemginto the
four groups described. It is recommended that the
latest revisions of standards as desezibed by the
American Society for Testing ‘Materials (ASTM)
be used.

APPARATUS FOR RECONDITIONING

There are several types of reconditioning ap-
paratus availablethe telative advantages of each
of which are asgfollows:

1. The centfifugé, connected as a separator, may
be used where'there #ire large quantities of water
present in the oil,"without waiting for it to settle
out, and connected as a clarifier, for removing
small quantities of water. It will remove sludge
and cdarse carbon particles but not all finely
divided, carbon.

7™Ehe filter press is suitable for reconditioning
oil\containing small quantities ot water and will
remove finely divided carbon and sludge. It will
not materially reduce organic acidity or improve
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the resistance to emulsification ekcept as this is
caused by the presence of cdrbon:

3. The cembination centrifugeWand filter press,
passing the oil first through thejéentrifuge, may be
used advantageously in the remoyal of large quan-
tities of carbon and water. It unites the exceptional
qualities of the centrifdge with the excellent char-
acteristics of the blofter préss. This flexibility of
operation makes 4t very» desirable as standard
equipment in thegrecenditioning of insulating oil
for the removal of/large quantities of carbon from
the oil. However, the clogging of the pores of the
filter reduces the output of this combination.

CAUTION: STATIC ELECTRICITY—In the opera-
tion of,a filter press it is necessary that the problem
of static’ electricity be recognized and areas and
tanks vented as much as possible. {See caution
noté on Static Electricity—Part I page 5.)

4. A fuller’s earth filter is the method most fre-
quently used for oils in Group III. In general,
reclaiming is done by one of two methods, percola-
tion through the fuller’s earth, or by contact at an
elevated temperature with finely divided material.
The excellent absorbent properties of the fuller's
earth will remove acids and other contaminants.

S. A vacuum dehydrator is an efficient means of
reducing the water content of insulating oils and is
frequently used in conjunction with a fuller's earth
filter. Here the oil is exposed to a high vacuum
and heat for a short interval of time.

The final criterion of the effectiveness of any
method of reconditioning is the quality of the re-
conditioned oil. The dielectric strength of the re-
conditioned oil should be at least 26 KV to provide
some margin over the lowest limit of 22 KV.

Oils which have been reconditioned by a fuller’s
earth process should have properties closely ap-
proaching those of new oil. It is recommended that
to extend the life of reconditioned oils that at least
0.2 percent by weight of inhibitor, Di-Tertiary-Butyl-
Paracaesol, (D.BP.C.), be added to the oil.

P
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APPARATUS FOR RECONDITIONING

BLOTTER FILTER PRESS

The blotter filter press (see Fig. 8) is probably
most widely used for the reconditioning of insulat-
ing oils which have beconie unfit for use due to the
presence of carbon or other foreign matter. It is
essentially a number of sets of filter papers in
parallel, each set containing several thicknesses.
The oil is pumped through the filter paper which
absorbs the waler and strains out the sediment.

Note: Cleaning devices intended for recondition-
ing of insuloting oil should never be used for other
types of work, due to the danger of contaminating
the oil.

Capacity. The capacity of these machines, with
oil pressure and filtering area fixed, depends on
the viscosity of the oil and its freedom from dirt.
With fuirly clean oil at ordinary room temperature,
the capacity of the machines will vary from normal
to about 15 per cent above normal, depending on
the viscosity (which varies with the temperature).
It has been found that the best results are obtained
when the oil temperature is about 50°C. The avef-
age working pressure of these machines is less
than 40 lbs. per square inch and the pressare relietf
valve is set at the factory to by-pass the, fullftlow
at 60 to 70 lbs. per square inch.

Apparatus. There are two standardWsizes of
Westinghouse filter presses: B-10 and| A:80. The
letter designates the size of filter papey; the number
indicates the relative cap@city@in /gallons per
minute.

The complete outfit consiststef filter press, motor,
strainer, pump, gas trap, préssure gauge, drip pan,
casters and piping. The piping is arranged so the
suction line can be tested for leaks under pressure.

The strainer can fefcleaned by unscrewing a
plug. The pumps areyof the positive pressure type
and are directly ‘€ennected to the motor through
flexible €ouplings;

The filter presés proper is made up of a series of
cast iron plates and frames assembled alternately,
with the filter papers between them. By means of
a screw and cast-iron end block, the plates, frames
andjpapers are forced tightly together. Except for
aqymachined rim which serves as a joint to prevent
the)escape of oil, the plates are cast with small
pyramids on both surfaces.

The plates and frames have holes in two corners
and supporting lugs at the sides. The plates have
handles cast on the top edge. When the plates and

FIG. 73 Filter Press Frame with Bloiters in Place.

frames’ are assembled with the filter papers be-
tween, the holes form the inlet and outlet. The
frames have the holes in the upper corner con-
nected by small ducts to the middle of the frame.
The plates have ducts leading from the surface of
the plate to the hole in the lower corner. (See
Fig. 7.)

The oil enters under pressure at the top corner
through the inlet formed by the holes in the frames,
plates, and filter papers, flows into the frames
through the same ducts, and completely fills the
chamber formed by the frame and two sets of filter
paper. As there are no outlet ducts in the frame,
the oil is forced through the paper and flows along
the grooves betwen the rows of pyramids and out
through the ducts provided at the lower corner of
the plates. The dry filter paper takes up the mois-
ture and removes the sediment from the oil.

Operation. The filter press is made ready for
operation by placing a set of five sheets of filter
paper, that have been thoroughly dried in an elec-
tric oven, between each filter plate and frame. The
holes in the filter paper must line up with the holes
in the plates and frames. The sediment is strained
out by the first layer of paper and the moisture is
taken up by the capillary action of the paper.

Oil which has only a very small quantity of
moisture may be satisfactorily reclaimed by the
filter press, but when a large quantity of water is
to be removed, the centrifuge or combination centri-
fuge and filter press is preferred, and is also
more eccnomical.
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APPARATUS FOR RECONDITIONING

If any moisture remains, it indicates that the
filter papers are saturated with moisture and should
be renewed. No rule can be given as to how often
the papers must be changed, as this depends en-
tirely on the condition of the oil. The usual pro-
cedure is to run the machine for about half an
hour (if the oil is not in very bad condition) and
then shut down; remove one sheet from the inlet
side of each set and put in a new sheet on the out-
let side of each set. (The frame is the inlet side
and the plate is the outlet side.) Frequent dielectric
tests should be made during this procedure as wet
oil may necessitate recharging the filter press with
a full set of papers before the five sheets have
been removed in succession.

The quickest method of filtering a quantity of
oil is to pump all the oil through the filter and into
another tank which is clean and dry. If care is
taken to change the filter papers before they be-
come saturated, the oil will be clean and dry. If a
second tank for holding the oil is not available, or
if it is desired to filter the oil of a transformer while
it is in service, the oil may be pumped from the
bottom of the tank through the filter and returned
to the top of the same tank under the surtace of the
oil to prevent aeration. This operation should be
continued until the oil in the tank shows datsuffi-
ciently high dielectric strength.

When a large quantity of oil is to begfiltered,
time may be saved by using two filter presses, 6ne
of which may be operated while the other isbeing
recharged.

The filter press is not intendedgtolzemove large
amounts of free water from the @il. Obviously the
changing of filter papers necessaryyfor obtaining
dry oil would so reduce the®™capacity as to make
this method of reconditioning impractical. In such
cases, the water may besremowved by a centrifuge,
or should be allowed tg séttle out and be drawn off
from the bottom of'the contdiner before passing the
oil through a filter press.

With badlyWfoiiled 46il, it may be necessary to
pass the oil throughgthe filter press several times to
take out the more finely divided carbon which is
not caught on, the filter papers, especially when
they are new. The efficiency of the filter press for
remoying, carbon increases as the pores of the filter
papers become partly clogged. This produces a
material) slowing-down in the rate of flow through
thepfilter papers.

Filtering through filter papers does not materi-
ally reduce organic acidity or improve resistance
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FIG. 8.'B:10 Filter Press with Top and Side Panel
Removed. (Explosion-Proof Model).

topemulsification except as the latter is affected by
the “presence of carbon, although the dielectric
strength may be restored to a satistactory value.

The capacity of the filter press is much reduced
when operating at low temperatures.

When the oil has to be filtered at low tempera-
tures an additional pump in the pipe line is de-
sirable.

Oil in transformers contaminated by only a small
amount of moisture may be reconditioned by draw-
ing the oil from the bottom of the tank, passing it
through the filter press or centrifuge and pumping
it back into the top of the transformer, preferably
at a point below the surface of the oil. The oil
should be put through the system until a sample
drawn from the bottom of the transformer gives
satisfactory dielectric values.

Pumping the oil from a circuit-breaker tank to the
puritying outfit and directly back to the tank is not
desirable, as the clean oil is again contaminated by
the carbonized oil remaining in the tank. Also, itis
then impossible to clean the carbon depesit from
the surfaces inside the tank. Do not filter oil from a
circuit-breaker while the breaker is in service on
an energized line.

Filter Paper. The filter paper used is a special
grade of blotting paper about .025 in. thick; it con-
tains no coloring matter or chemicals which might
injure the oil. Five sheets cut to the proper size,
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APPARATUS FOR RECONDITIONING

FIG. 9. Electric Drying Oven.

127% in. square for the A sizes and 7% in. square
for the B sizes, and with holes punched to corres?
pond with the holes in thz plates and framesmare
between each plate and the adjacent frameés.

To obtain the best results in reconditiening oil,
the paper must be perfectly dry when first%placed
in the press. Filter paper always takes ip moisture
if exposed to the air for any length of timie and for
this reason care must be used inghandling. The
standard paper is carried in packages containing
one ream carefully wrapped in, waxed paper and
covered with heavy wrappingipaper.

ELECTRIC_.DRYING OVEN

The importance of sthe] drying oven cannot be
over-emphasized “sinces’the effectiveness of the
whole filterifig process)is dependent on the dryness
of the paper.fFor @satisfactory results, the dried
filter paper should either be inserted in the filter
press and used immediately, or kept in dry trans-
former oil until it is transferred to the filter press.
No filter papeér can be effectively dried after it has
once\\become saturated with oil. Therfore, care
should be taken to insure that the paper is thor-

oughly dried when placed in the filter.

The oven can be used on 110/220/440,DC jor
single phase AC, 1000 watts. The normal capacity
of 7 inch or 12 inch paper is 180 sheets.

The paper is suspended from two rods with the
sheets separated from each othér, thus permitting
thorough circulation of heated air. The rods can
be rearranged for hanging either,l2 inch or 7 inch
filter paper.

Normally, the filter paper should be dried 6 to 12
hours, depending upen condition of the paper and
spacing of the sheets in‘the oven.

The cabinet ist constructed of fabricated sheet
steel and insulated “with Y4 inch asbestos board.
(See Figure 9)

The air'yents are designed to provide cross venti-
latiofmyso that “dry heated air replaces moisture
laden“air.

Qil%ean, be dried rapidly and thoroughly if the
filter paper is carefully prepared, transferred to
the press without reabsorbing moisture, and re-
placed when its effectiveness is exhausted. If good
results are not obtained, it is probably because
the paper was not sufficiently dry when placed in
the press, due either to improper drying or careless
handling.

CENTRIFUGE

The centrifuge is the most convenient equipment
known for removing water from oil. It also removes
solid material other than finely divided carbon.
The temperature of the oil should be maintained
at 48.9 to 51.7C (120 to 125F) in order to insure
removal of all the water at full capacity of the
machine. A higher temperature gives no advan-
tage, and if excessive, will permit the oil to carry
more moisture through in solution. (A 6 kw heater
will raise the oil about 15.6 C (60 F) per 100 gallons
per hour.) The centrifuge equipment may be ar-
ranged to act as a separator, discharging the oil
and water by different outlets, or as a clarifier, dis-
charging the oil but retaining the water and other
impurities in the bowl*.

*For further details, see manufacturer’'s information.
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