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Thesis Title : The Study of Some Factors that Affect
Breakdown Voltage of Vegetable oils
Name : Mr. CHONGRAG BOONSENG

Thesis Advisor : Mr. NITHAD KRISNACHINDA

Level of Study : Master of Engineering in Electical
Engineering.
Department : Electrical Engineering.

Acadamic Year : 1988

Abstract.

The study of some factors that affect electrical
breakdown voltage of vegetable oils is quite important in the
development of electrical insulating oil for high voltage
devices. This thesis concerns the characteristics of
electical breakdown voltage versus various factors. And we have
seen that the effects of electrode area , electrode geometry ,
electrode material , electrode coating , gap length , number of
breakdown , space charge , viscosity , insulating barrier and
the structure and polarity of their molecules pay some
significant roles on the electrical breakdown voltage of
vegetable oils , which produced from soya-bean ,rice bean and
palm. The metallic electrodes for the research work are made
of brass , stainless steel and aluminum. The test procedures
followed the specification of IEC ,IEEE and ASTM standards. We
can conclude that vegetable oil (soya-bean) is comparable with

transformer oils on the high voltage applications.
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Toluene 1 20.4 20.4 1 16.0 16.0
3 42.3 14.1 3 21.8 7.3

4 48.0 12.0 5 25.0 5.0

n~Octhane 1 20.4 20.4 1 13.3 13.3
2 38.3 19.1 2 18.4 6.1

3 49.8 16.6 3 26.0 5.2

Chloro—- 1 18.8 18.8 1 18.3 18.3
benzene 3 27.3 9.1 3 25.5 8.8
5 35.5 7.1 5 37.0 7.4

Carbon- 1 16.0 16.0 1 14.1 14.1
tetra— 3 21.8 7.3 3 21.0 7.0
chloride 4 28.8 5.5 4 28.0 7.0

d daTeasuny (8.4.)

B.D.V. ﬁa 50% uTQﬁuLUTQQﬁQﬁﬁﬂﬂﬂuqu(kV)

B.D.S. ﬁa ﬂ?ﬂuﬂqnudau1qﬁﬁ1uﬂ1ﬁaqau1u(kV/m.m.)
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Standard Test Method for

Method 5702—Federal Test
Method Standard No. 781b

DIELECTRIC BREAKDOWN VOLTAGE OF INSULATING
LIQUIDS USING DISK ELECTRODES

This standard is issued under the fixed dcsxgnanon D877, the number :mmedmtely following the designation indicates the year of
original adopllon or, in the case of revision, the year of last revision, A number in parentheses indicates the year of last reapproval.
A superscript epsilon (¢) indicates an editorial change since the last revision or reapproval. )

This method has been approved for use by agencies of the Department of Defense and for listing in the DoD Index of Specifications

and Standards.

1. Scope

1.1 This test method covers a referee and a
routine procedure for determining the dielectric
breakdown voltage of insulating liquids. These
procedures are applicable to liquid petroleum
oils, hydrocarbons, and askarels commonly used
as insulating and cooling mediums in cables,
transformers, oil circuit breakers, and similar
apparatus. The releree procedure, with modifi-
cations, is suitable for testing silicone fluids (see
Methods D 2225). The referee procedure is also
suitable for testing alkylbenzenes. The suitability
of either the referee or the routine procedure for
testing liquids having viscosities exceeding 900
¢St (mm?/s) (5000 SUS) at 40°C (lO4°F) has not
been determined.

1.2 This test method is recommended for ac-
ceptance tests on unprocessed insulating liquids

received from vendors in tank cars, tank trucks,.

and drums. It may also be used for the routine
testing of liquids from power systems apparatus
rated 230 kV and below.

1.3 This test method is not recommended for
testing filtered, degassed, and dehydrated oil prior
to and during the filling of power systems appa-
ratus rated above 230 kV, or for testing samples
of such oil from apparatus after filling. Test
Method D 1816 is more suitable for, and is rec-
ommended for, testing such oils.

1.4 Both the Sl and inch-pound units are
equally acceptable.

1.5 This standard may involve hazardous ma-
terials, operations, and equipment. This standard
« does not purport 10 address all of the safety prob-
lems associated with its use. It is the responsibil-

ity of whoever.uses this standard to consult and
esiablish appropriate safety and health practices
and determine the applicability of regulatory limi-
tations prior to use.

2. Applicable Documents

2.1 ASTM Standards:
D484 Specnﬁcatxon for Hydrocarbon Dry-
cleaning Solvents?
D923 Methods of Sampling Electrical Insulat-
ing Liquids®
D 1816 Test Method for Dielectric Breakdown
" Voltage of Insulating Oils of Petroleum Or-
igin Using VDE Electrodes®
D 2225 Methods of Testing Silicone Fluids
Used for Electrical Insulation?
2.2 Institute of Electrical and Electronics En-
gineers Standard:
No. 4 Measurement of Voltage in Dielectric
Test*

3. Significance and Use

3.1 The dielectric breakdown voltage of an
insulating liquid is of importance as a measure
of the liquid’s ability to withstand electric stress
without failure. It serves to indicate the pres-

! This test method is under the jurisdiction of ASTM Com-
mittce D-27 on Electrical Insulating Liquids and Gases and is
the direct tesponsibility of Subcommittee D27.05 on Electrical
Test.

Current cdition approved July 27, 1984, Published Scptem-
ber 1984, Originally published as D 877 46 T. Last previous
edition D 877 - 84,

2 Annual Book of ASTM Standards, Yol 05.01.

3 Annual Book of ASTM Standards, Vol 10.03.

4 Available from The Institute of Electrical and Electronics
Engineers, Inc., 345 E. 47th St, New York, NY 10017,
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ence of contaminating agents, such-as water,
dirt, moist cellulosic fibers, or conducting par-
ticles in the liquid, ope or more of which may
be present in significant concentrations when

low dielectric breakdown values are found by.

test. However, a high dielectric breakdown
voltage does not indicate the absence of all
contaminants; it may merely indicate that the
concentrationsof contaminants that are present
in the liquid between the electrodes are not
large enough to deleteriously affect the average
breakdown voltage of the liquid when tested
by this method. See Appendix X1.

4. Apparatus

4.1 Transformer—The desired test voltage
may be most readily obtained by a sicp-up
transformerenergized from a variable low-volt-
- age commercial power frequency source. The
transformer and controlling element shall be of
suchssize and design that, with the test spec1men
in the circuit, the crest factor (ratio of maximum
to mean effective) of the 60-Hz test voltage
shall not differ by more than +5 % from that
of a sinusoidal wave over the upper half of the
range of test voltage. The crest factor may be
checked by means of an oscilloscope, a sphere-
gap, or a peak-reading voltmeter in conjunction
with a root-mean-square voltmeter. Where the
wave form cannot be determined conveniently,
a transformer having 4 rating of not less than
% kVA at the usual breakdown voltage shall
be used. Transformers of larger kilovolt-am-
pere capacity may be used, but in no case
should the short-circuit current in the specimen
circuit be outside the range of 1 to 10 mA/kV
of applied voltage. This limitation of current
may be accomplished by the use of a suitable
external series resistor or by the designed re-
actance of the transformer.

. 4.2 Circuit-Interrupting Equipment—The test
transformer primary circuit shall be protected

by an automatic circuit-breaking device capa- .

ble of opening in 3 cycles or less on'the current

produced by breakdown of the test specimen.

A 5-cycle breaker may be psed if the short-
circuit current as described in 4.1 does not
exceed 0.2 A. The current-sensing element that
trips the circuit breaker should operate when
the specimen-circuit current is in the range of
21020 mA. A prolonged flow of current at the
time of breakdown causes carbonization of the
liquid and pitting and heating of the electrodes,
and thereby increases the electrode and test cup

D877

maintenance and time of testing.

4.3 Vollage Control Equipment—The rate of
voltage rise shall be 3 kV/s %20 %. Voltage
control may be secured by a motor-driven vari-
able-ratio-autotransformer. Preference should
be given to equipment having an approxi-
mately straight-line voltage-time curve over the
desired operating range. Motor drive is pre-
ferred to manual drive because of the difficulty
of maintaining a reasonably uniform rate-of-
voltage rise with the latter. The rate-of-voltage
rise may be calculated from measurements of
the time required to raise the voltage between
two prescribed values. When motor-driven
equipment is used, the speed control rheostat
should be calibrated in terms of rate-of-voltage
rise for the test transformer used.

4.4 Voltmeter—The voltage shall be measured
by a method that fulfills the requirements of
IEEE Standard No. 4, giving rms values, prefer-
ably by means of:

4.4.1 A voltmeter connected to the second-
ary of a separate potential transformer, or

4.4.2 A voltmeter connected to a well-dé-
signed tertiary coil in the test ttansformer, or

4.4.3 A voltmeter connected to the low-volt-
age side of the testing transformer if the mea-
surement error can be maintained within the
limit specified in 4.5.

4.5 Accuracy—The combined accuracy of
the voltmeter and voltage divider circuit should
be such that measurement error does not exceed
5 % at the rate-of-voltage rise specified in 4.3.

5. Electrodes

5.1 The electrodes shall be polished brass
disks 25 mm or | in. in diameter, and at least
3 mm or % in. thick, with square edges.

6. Test Cup

6.1 A test cup having rigidly mounted elec-
trodes with parallel faces and axes in a coinci-
dent horizontal line shall be used. The cup shall
be constructed so that no part of it is less than
13 mm or % in. from any part of the fest
electrode disk. The total leakage and charging
current of the cup, when filled with a good
grade of oil, shall be less than 200 pA at20kV,
60 Hz. It shall be made of a material of high
dielectric strength, and shall not be attacked by
any of the cleaning or test liquids. It shall not
absorb moisture or the cleaning and test liquids.
The top of the cup should be about 32 mm or
1% in. above the top of the electrodes. The cup
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shall be designed to permit easy removal of the
electrodes for cleaning and polishing, and to
permit easy adjustment of the gap spacing.

7. Adjustment and Care of Electrodes and Test
Cup

7.1 Electrode Spacing—The spacing of the
electrodes during tests shaii be 2.5 mm or 0.100
in. This shall be determined with a standard
round gage of 2.5 £ 0.01 mm or 0.100 =+ 0.0005
in., or flat steel “go” and “no-go” gages having
thicknesses of 2.49 and 2.51 mm or 0.0995 and
0.1005 in., respectively. The spacing shall be
rechecked following any polishing, wiping, or
cleaning operation in which the cup is disas-
sembled or the electrodes disturbed, and at the
beginning of each day’s testing.

7.2 Cleaning—The electrodes and the cup
shall be wiped clean with dry, lint-free tissue
paper or a clean dry chamois. It is important to.
avoid touching the electrodes or the cleaned
gage with the fingers-or with portions of the
tissue paper or chamois that have been in con-
‘tact with the hands. After adjustment of the
gap spacing, the cup shall be rinsed with a dry
hydrocarbon solvent, such as kerosine or Stod-
dard solvent.® A low-boiling solvent should not
be used as its rapid evaporation may cool the
cup, causing moisture condénsation. If this oc-
curs, the cup should be warmed slightly to
evaporate the moisture before using it. .Care
shall be taken to avoid touching the electrodes
or the inside of the cup after cleaning. After
thorough cleaning, the cup shall be flushed
with new, dry, filtered liquid of the type being
tested, (preferably degassed oil if the cup is
being used for testing oils). A voltage break-
down test shall be made on a sample of this
liquid in the manner specified in this method.
If the breakdown voltage is in the proper range
for liquid in this good condition, the test cup
shall be considered as properly prepared for
. testing other samples. If a lower value is ob-
tained, the cup shall -again be thoroughly
" cleaned and the test repeated with a clean dry
liquid.

7.3 Daily Use—At the beginning of each day’s
testing, the electrodes shall be examined for pit-
ting and contamination. They should be repol-
ished if pitting is severe. Carbon or dirt should
be wiped off, and the gap setting checked. The
cup shall be flushed, and tested with a clean dry
liquid as described in 7.2.

D877

7.4 Polishing of Electrodes—When examina-
tion of electrodes shows minor scratching or
pitting, the electrodes should be removed from
the test cup and polished by buffing with jeweler’s
rouge using a soft cloth or soft buffing wheel.
(Resurfacing may be necessary in order to re-
move deep pit marks or edge damage.) Care must
be taken in resurfacing or in polishing to ensure
that the electrode faces remain perpendicular to
the axis and that the edges do not become
rounded. All residue from the buffing must be
removed before the electrodes are reinstalled in
the test cup. This can be accomplished by re-
peated wiping with lint-free tissue paper saturated
with a suitable solvent (such as petroleum ether),
followed by solvent rinsing or ultrasonic clean-

‘ing. After the electrodes have been reinstalled in

the test cup, clean and adjust spacing in accord-
ance with 7.1 and 7.2.

7.5 Storage of Test Cup—When not in use,
the cup, if used for referee tests, shall be stored
filled with a new, dry, filtered liquid of the type
being tested, and tightly covered.

8. Sampling

8.1 A sample of the liquid to be tested shall
be obtained with the sampling apparatus ap-
plicable to the type of liquid as specified in
accordance with Methods D923. The sample
shall be taken in a dry, clean bottle that shall be
tightly sealed and shielded from light until ready
to be tested (Note 1). Prior to starting the test,
the sample shall be inspected for the presence of
moisture, sludge, metallic particles, or other for-
eign matter. If the sample shows evidence of free
water, the diclectric breakdown test may be
waived, and the sample shall be reported as un-
satisfactory.

NoTE 1--It is suggested that 2 L of sample be
made available when referee tests are to be made,
and 1 L of sample be made avallable when routine
tests ar€ lo be made.

8.2 The dielectric breakdown voltage of lig-
uids may be seriously aired by the migra-
tion of impurities througi‘{J the liquid. In order
that a representative test specimen containing
the impurities may be obtained, the sample
container shall be gently inverted and swirled
several times before filling the test cup. Rapid
agitation is undesirable, since -an excessive

3 See ASTM Specification D 484, for Hydrocarbon Dryclean-
ing Solvents, Annual Book of ASTM Standards, Vol 05.01.
8
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amount of air may be introduced into the lig-
uid. Immediately after agitation, a small por-
tion of the sample shall be used to rinse the test
‘cup. The cup shall then be filled slowly with
the liquid to be tested in a manner that will
avoid entrapment of air. It should be filled to
a level not less than 20 mm or 0.8 in. above the
top of the electrodes. In order to permit the
escape of air, the liquid shall be allowed to
- stand in the cup for not less than 2 min and not
more than 3 min before voltage is applied.
NoTe 2—Itis impractical to handle liquids having
viscosities ranging between 10 and 22 ¢St (mm?/s)
(60 and 100 SUS) at 100°C (212°F) in the manner
outlined in 8.2. When testing high-viscosity liquids in
this range, the sample should be allowed to stand
until it reaches room temperature, which should not
be less than 20°C (68°F). The sample container
should not be swirled as prescribed in 8.2, but should
be inverted for at least 30 .min before the test, and

then reinverted and opened just prior to filling the
test cup. '

9. Test Temperature

9.1 The temperature of the specimen when
tested shall be the same as that of the room,
but the room temperature shall in no case be
less than 20°C (68°F). Testing liquids at tem-
peratures lower than that of the room will give
variable and unsatisfactory results.

10. Rate of Rise of Voltage

10.1 Voltage shall be applied and increased
from zero at the rate of 3 kV/s £ 20 % until
breakdown occurs as indicated by operation of
the circuit-interrupting equipment, and the
value recorded. Occasional momentary dis-
charges may occur which do not result in op-
eration of the interrupting equipment, and shall
be disregarded.

11. Procedure

11.1 Referee Testing—When it is desired to
determine the dielectric breakdown voltage of
a new-liquid for referee purposes, one break-

down shall be made on each of five successive -

fillings of the test cup. The breakdown voltage
thus obtained shall be subjected to the criterion
for statistical consistency as specified in 11.3. If
the five values meet this criterion, their average
shall be reported as the dielectric breakdown
voltage of the sample. If they do not meet this
criterion, one breakdown on each-of five addi-
tional cup fillings shall be made, and the aver-
age of the ten breakdowns shall be reported as
the dielectric breakdown voltage of the sample.
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No breakdown shall be discarded.

11.2 Routine Testing—When it is desired to
determine the dielectric breakdown voltage of
a liquid on a routine basis, five breakdowns
may be made on one cup filling with l-min
intervals between breakdowns. The average of
the five breakdowns shall be considered the
dielectric breakdown voltage of the sample,
_provided the breakdown values meet the crite-
rion for statistical consistency as specified in
11.3. If the breakdown voltages do not meet
this criterion, the contents of the cup shall be
discarded, the sample container again gently
inverted and swirled, the cup again filled, and
five breakdowns made on this second cup fill-
ing. The average of the 10 breakdowns shall be
considered as the dielectric breakdown voltage
of the sample. No breakdown shall be dis-
carded. . .

- 11.3 Ceriterion for Statistical Consistency—

11.3.1 Calculate the mean and standard de-
viation of the five breakdowns as follows:

8 -
=%y x; and s=\[%(§:xiz—5£’)
) = &1

where:

X = mean of the five individual values,

x; = ith breakdown voltage, and

s = standard deviation. '

If the ratio §/X exceeds 0.1, it is probable that
the standard deviation of the five breakdowns
is excessive, and therefore that the probable
error of their average is also excessive.

11.3.2 Alternative Criterion—Calculate the
range of the five breakdowns (maximum break-
down voltage minus minimum breakdown volt-
age), and multiply this range by three. If the
value so obtained is greater than the next to the

" lowest breakdown voltage, it is probable that

the standard deviation of the five breakdowns
is excessive, and therefore the probable error of
their average is also excessive.

12. Report

12.1 The report shall include the following:

12.1.1 ASTM designation of the test method
used {D 877),

12.1.2 Procedure used, that is, referee test or
routine test.

12.1.3 Approximate viscosity of the liquid
tested, . .
12.1.4 Temperature of the liquid and the
room at time of test, and

[2.1.5 Individual breakdown values and the
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average breakdown value in any of the following
ways that may apply:

12.1.5.1 Five breakdowns, one on each of five
cup fillings that meet the criterion of statistical
consistency,

12.1.5.2 Ten breakdowns, one on each of ten
cup fillings when the first five breakdowns do not
meet the criterion for statistical consistency,

12.1.5.3 In routine testing, five breakdowns
on one cup filling that meet the criterion of
statistical consistency, or

12.1.5.4 When the routine test is employed,
five breakdowns on each of two cup fillings when

D877

the breaKdowns on the first cup filling do not
meet the criterion of statistical consistency.

12.1.6 If the sample was observed to contain
free water or other contaminants, the repori:
should so indicate, with a statement that the test
was not made.

13. Precision and Bias

13.1 The precision of this test method has not
been determined. No statement can be made
about the bias of this test method because a
stahdard reference material is not available.

APPENDIX

(Nonmandatory Information)

X1. OTHER FACTORS THAT AFFECT THE D,IE[:ECI'RIC BREAKDOWN VOLTAGE OF INSULAT-
ING LIQUIDS AT COMMERCIAL POWER FREQUENCIES

X1.1 The dielectric breakdown voltage of a liquid
at commercial power frequencies is also affected by
the degree of uniformity of the electric field, the area
of the electrodes or volume of the liquid under rhax-
imum stress, the length of time for which the liquid
is under stress, the temperature of the liquid (espe-
cially insofar as it affects the relative saturation level
of moisture in solution), ‘gassing tendencies of the
liquid under the influence of electric stress, concen-
tration of dissolved gases (especially if saturation
levels are exceeded as a result of sudden cooling or
decrease in pressure, which may cause the formation
of gas bubgles), incompatibiht with materials of
construction, and velocity of flow. A decrease in

dielectric strength of the liquid can have an accen-
tuated effect on the electric creepage strength of solid
insulating materials immersed in the liquid.

X1.2 gecausc of the separate, cumulative, and in
some cases, interacting effects of the influences listed
above, the average breakdown voltage of a liquid as
determined by tﬁis test method cannot be used for
design purposes. Alternative test procedures that may
yield more meaningful indications of the functional
dielectric strength of a liquid are under consideration
(for example, a step-by-step method of apglying volt-
age, and using the lowest rather than the average
value of breakdown voltage obtained in the pre-
scribed number of tests).

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in
connection with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity
of any such patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years
and if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional
standards and should be addressed to ASTM Headquarters. Your commerits will receive careful consideration at a meeting of the
responsible technical commiltee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Comumittee on Standards, 1916 Race St., Philadelphia, Pa. 19103.
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QHHQ Designation: D 3300 - 85

Standard Test Method for

DIELECTRIC BREAKDOWN VOLTAGE OF INSULATING
OILS OF PETROLEUM ORIGIN UNDER IMPULSE

CONDITIONS'

~

This standard is issued under the fixed designation D 3300; the number itamediately following the designation indicates the
year of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last
reapproval. A superscript epsilon () indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 Thistest method covers the determination
of the dielectric breakdown voltage of insulating
oils under impulsc conditions.

1.2 The values stated in inch-pound units are
to be regarded as the standard.

1.3 This standard may involve hazardous ma-
terials, operations, and equipment. This standard
does not purport to address all of the safety prob-
lems associated with its use. It is the responsibil-
ity of whoever uses this standard to consult and
establish appropriate safety and health practices
and determine the applicability of regulatory limi-
tations prior to use. See X1.2.3

2. Applicable Documents

2.1 ASTM Standards:

D923 Methods of Sampling Electrical Insulat-

" ing Liquids?

D 1816 Test Method for Dielectric Breakdown
Voltage of Insulating Oil of Petroleum Ori-
gin Using VDE Electrodes?

2.2 Other Document:

IEEE 262 Standard Impulse Test for High
Voltage Electrical Apparatus®

3. Significance and Use

3.1 Insulating liquids used in high-voltage
apparatus are subjected to transient-voltage
stresses arising from such causes as nearby
lightning strokes and high-voltage switching
operations, as well as being subjected to steady-
state voltage stresses associated with continuous
operation of the apparatus at commercial-
power frequencies. The ability of the insulating
liquid to withstand such transient-voltage
stresses has become increasingly important to

determine, as the use of oil-filled apparatus has
been extended to operating voltages of 345 kV
and higher (extra-high and ultra-high voltage).
This is of primary importance to the designers
of such equipment. Its importance to other
types of apparatus has yet to be determined.

3.2 Transient voltages caused by lightning-
and switching-surge phenomena may be either
negative or positive in polarity. Although po-
larity of the voltage wave has little or no effect
on the breakdown strength of an oil in uniform
fields, polarity does have a marked effect on
the breakdown voltage of an oil in nonuniform
electric fields. _

3.3 The transient voltages referred to above
may also vary over a wide range in both the
time to reach crest value and the'time to decay
to half crest or to zero magnitude. The IEEE
standard impulse test (see 2.2) specifies a 1.2
by 50-us negative polarity wave. The standard
wave shape for switching-surge tests on trans-
formers is 100 ps to crest and greater than 1000
ps to zero.

3.4 The purchaser of the impulse generator
may want to specify the necessary flexibility to
make possible switching-surge tests. Consider-
ation may be given to other electrode configu-
rations such as VDE electrodes, similar to those
used in Test Method D 1816, since it may be
desirable to obtain the ratio between power fre-

! This test method i; under the jurisdiction of ASTM Com-
mittee D-27 on Electrical Insulating Liquids and Gases and is

the direct responsibility of Subcommittee D27.05 on Electrical
Test.
. Current edition approved July 26, 1985. Published October
1985. Originally published as D 3300 - 74. Last previous edition
D3300-83. .

2 Annual Book of ASTM Standards, Vol 10.03.

3 Available from the Institute of Electrical and Electronics
Engincers, 345 E. 47th St., New York, NY 10017.



-161~

.

b o 3300

quency and impulse breakdown under similar
conditions.

4. Apparatus

4.1 Impulse Generator, capable of producing
a standard 1.2 by 50-s full wave adjustable to
positive or negative polarity. The generator
shall have a nominal voltage rating of at least
300 kV in 10-kV steps. Generators having a
capability of 1000 W.s (1000 J) at 300 kV have
been found satisfactory. The impulse generator
purchasers may desire to make a provision for
the future testing of the switching-surge char-
acteristics of oils in accordance with 3.3.

4.2 Voltage-Control Equipment—The “con-
trols shall include a suitable measuring device
for predetermining the crest voltage to within
+5%. A voltage stabilizer is desirable at the
input to the d-c power supply used for charging
_ the impulse-generator capacitors.

4.3 Electrodes:

4.3.1 Two electrode configurations may be
specified—sphere-to-sphere  and  point-to-
sphere.

4.3.2 The electrodes shall consist of polished
steel or brass spheres of 0.5 in. (12.7 mm)
diameter and a steel point. The point may be
an ordinary steel phonograph needle with a
0.06 mm = 20 % radius of curvature of point.*
Needles with drawn tips are not recommended.

4.3.3 The effect of variation in the radius of
curvature of point is subject to further investi-
gation. Both electrodes shall be easily replace-
able.

4.4 Test Cell:

4.4.1 Thetest cell shall be made of a material
of high dielectric strength and of such dimen-
sions that the electrical breakdown is restricted
to the electrode gap. Test cell materials shall
resist attack by, and be insoluble iz, 2ay of the
cleaning or test liquids used. Test cells such as
those shown in Figs. 1 and 2 have been found
satisfactory. ’

4.4.2 The sphere electrode shall be rigidly
fixed and the point electrode mounted such
that the gap may be adjusted from zero to the
required value. If sphere-to-sphere tests are to
be made, the point electrode should be con-
vertible to sphere mounting.

5. Sampling

5.1 Obtain a sample of the liquid to be tested
using appropriate ASTM sampling apparatus-in
accordance with Methods D 923.

6. Adjustments and Care of Electrodes and
Test Cell

6.1 Electrode Spacing:

6.1.1 For the cell shown in Fig. 1, reduce the
electrode gap to zero ‘spacing. Proceed very
carefully to avoid damaging the point. The
point of contact shall be established electricaily
with an chmmeter. Open the gap to the speci-
fied spacing using a dial micrometer or other
suitable method.

6.1.2 For the cell shown in Fig. 2, the gap
may be set with a go-no-go gage.

6.1.3 The gap spacings shall be 1.0 in. (25.4

mm) for point-to-sphere and 0.15 in. (3.8 mm)
for sphere-to-sphere electrode configuration.
6.2 Cleaning—Degrease the cell and elec-
trodes by rinsing them with reagent grade pe-
troleum ether, washing with detergent and hot
water, rinsing thoroughly in hot tap water, and
then rinsing them with distilled water. Dry the
cell and hardware in an oven for 2 h at approx-
imately 105 to 110°C, remove, and store in a
desiccator until needed. i

6.3 Daily Use—Use new or polished sphere
electrodes at the beginning of each day’s test-

ing. Discard the point electrode and replace it
after each breakdown; replace the sphere elec-
trodes after every five breakdowns when testing

. point-to-sphere. More frequent replacement

may be necessary when testing sphere-to-
sphere. Sphere electrodes may be cleaned and
polished for reuse in point-to-sphere testing.
However, the use of polished spheres is not

_recommended for sphere-to-sphere testing.

When not in use, clean and store the cell in
accordance with 6.2,

7. Test Temperature

7.1 The temperature of the sample when
tested shall be the same as that of the room,

. but the room temperature shall in no case be

less than 20°C. Testing liquids at temperatures

lower than that of the room may give variable

and unsatisfactory results. Record the test tem-

_perature. -

8. Procedure

8.1 Set the electrode spacing to the desired
value.

4 The following steel needles have been found satisfactory for
this method: Duotone No. 6 Needle, available from Duotone
Co., Inc., 6875 S.W. 81st St., Miami, FL'33143, and Dcan No.
18 Filter Point Ncedle, available from John Dean, Inc., 20
Mechanic St., Putnam, CT 06260. .
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omctry, location of the ground plane, voltage measure-
ment procedures, and small variations in the gcometry
of the needle electrode. None of these had any signifi-
cant effcct on the precision. It has become apparent
that unknown factors determing the initiation of break-
down under the impulsc conditions used in this

. mcthod.

§plit collar

SR

Two #22 drilled holes,
for tightening bottom
hardware by means of
spanner wreanch

FIG. 1 Test Cell

D.3300 .

10.1.2.1 With 95 % confidence, any two lab-
oratories following this method, each making five
determinations and reporting the average, -can
expect to agree within 45 kV.

10.1:2.2 With 50 % confidence, any two lab-
oratories should agree within 15 kV.

$22 drilled

\/ holes
/)
WV/
L}/
N
N
Pin
vise < Nylon tubing
* 1.5 in.(38 mn.)inside diam.
3.0 in.(76 mm.)outside diam.
4,5 in.(115 mm.) long
Phono
Needle
¥ * Sress Sphere
0.5 in. (13 mm.) Diam.

Xnife-edge flange .

T.F.E. - Fluorocarbon Gasket



-163-

i

8.2 Rinse the test cell with a sample of the
liquid to be tested and discard this liquid.
Slowly fill the cell with the test liquid, being
careful to avoid entraining air bubbles. Allow
it to set undisturbed for 2 min prior to testing,

8.2.1 For the test cell shown in Fig. 1, un-
screw the upper electrode holding assembly to
fill it with the sample oil while holding the cell
at an angle to prevent splashing, which could
create air bubbles. Screw the top portion down
until the metal flange seats firmly.

8.3 Connect the fixed electrode to ground
and the movable electrode to the impulse gen-
erator.

8.4 Apply the impulse wave of specified po-
larity starting approximately 40 kV below the
expected breakdown level. Apply three unpulse
waves at each voltage level. Allow a minimum
.0of 30 s between each test.

8.5 Increase the voltage level in steps of 10
kV or less until breakdown occurs, noting the
crest voltage level at breakdown. It is necessary
to have at least three withstand levels priof to
breakdown.

8.5.1 The measurement of the voltage at
breakdown is very critical. For suggested mea-
suring techniques refer to Appendix X1,

8.6 After each breakdown, change the point
electrode and follow, 8.1 and 8.2.

8.7 Make five breakdown tests of each sample
of liquid. Examine the five breakdowns for sta-
tistical consistency, and if they meet the criterion
described in 8.9, use their average to determine
the impulse breakdown voltage of the sample.

8.8 Ifthe spread from maximum to minimum
is more than 30 kV, it is necessary to obtain
breakdowns for five additional fillings.

Note [—This is a temporary statement and refers
only to point-to-sphere electrodes and a 1.2 by 50-us

negative test wave. This statement will be expanded
when more test ‘data are obtained.

8.8.1 Retain and réport all test data.

8.9 Criterion for Statistical Consistency:

8.9.1 Calculate the mean and standard devia-
tion of the five breakdowns as follows:

[ 5 )
X=VSIZ X,ands=v‘/4[2lX, "5}]
=] . =

where:

X = mean of the five individual values,

X: = ith-breakdown voltage, and

s = standard deviation.

If the ratio- s/X exceeds 0.1, it is probable that
the standard deviation ofthe five breakdowns is

I

D 3300

excessive and therefore that the probable error of
their average is also exccssive.

8.9.2 Alternative Criterion—=Calculate the
range of the five breakdowns (maximum break-
down.voltage minus minimum breakdown volt-
age), and multiply this range by three. 1f the value
so obtained is greater than the lowest breakdown,
it indicates that the standard deviation of the five
breakdowns, and, therefore, the probable error
of their average, is excessive.

Note 2—The Criterion for Statistical Consistency

spccified in 8.9.1 and 8.9.2 apply only to negative
polarity waves if point-to-sphere electrodes are used.

8.10 It may be necessary to partially immerse
the test cell in oil to prevent external flashover.
This is necessary with the cell shown in Fig. 1.

8.11 If a second insulating liquid is to be
tested, thoroughly clean the test cell in accord-
ance with 6.2,

9. 'Report
9.1 The report shall include the following:
9.1.1 Sample identification,
9.1.2 Electrode configuration, polarity, and

gap space,

9.1.3 Impulse crest voltage for each break-
down (do not discard any data),

9.1.4 Wave shape identification,

9.1.5 Starting voltage crest level, voltage
steps, and highest voltage withstand level,

9.1.6 Sample and ambient temperature,

‘9.1.7 Sample water content,

9.1.8 Barometric pressure, and

9.1.9 Date of test.

10. Precision

10.1 Using the point-to-sphere electrode con-
figuration, the following precision statements are
applicable to both positive and negative polarity:

10.1.1 Repeatability:

10.1.1.1 With 95 % confidence, a laboratory
following this method and comparing the aver-
ages of two successive series of 5 breakdowns on
one sample of oil, can expect the two determi-
nations to agree within 13 kV.

10.1.1.2 With 50 % confidence, the averages
of any two successive series should agree within
5kV.

10.1.2 Reproducibility: -

Note 2—Considerable work has been done by
Committee D-27 and by IEC Subcommittee 10A in an

attempt to improve the precision of this test method.
[tems considered were oil pretreatment, test cell ge-
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

METHOD FOR THE DETERMINATION OF THE
ELECTRIC STRENGTH OF INSULATING OILS

FOREWORD

The formal decisions or agreements of the I.LE.C. on technical matters, prepared by Technical Committees on which all the
National Committees having a special interest therein are represented, express, as nearly as possible, an international
consensus of opinion on the subjects dealt with.

They have the form of recommendanons for mtern'mom‘ use and they are accepted by the National Committees in
that sense

In order to promote this international unlﬁcatlon the LE.C. expresses the wish that all National Committees having as
yet no national rules, when preparing such rules, should use the LE. C recommendations as the fundamental basis for

‘these rules in so far as national conditions will permit.

The desirability is recognized of extending international agreement on these matters through an endeavour to harmonize

national standardization rules with’ these recommendations in so far as national condmons will permit. The National

Committees pledge their influence fowards that end

1

PREFACE

This recommendation 'was.prepa'red by Technical Committee No. 10, Insulating Oils.

A first draft was circulated in 1961, and, as a result of the meeting held at InterJaken in June 1961,

a proposal was submitted to the National Committees for approval under the Six Months’ Rule in January
1962.

The following countries voted explicitly in favour of publication :

Austria : Netherlands

Belgium o " Norway

Bulgaria .- Poland -

Czechoslovakia Portugal

Denmark Romania

Finland : Sweden

France : Switzerland s
Germany . - Turkey )

Hungary . Union of Soviet Socialist Republics

Israel United States of America

.
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METHOD FOR THE DETERMINATION OF THE
ELECTRIC STRENGTH OF INSULATING OILS

1. Introduction

Electric strength is not a criterion of insulating oil manufacturing quality, but a conventional test
intended to reveal the extent of physical pollution by water and other suspended matter, and the advi-
sability of carrying out drying and filtration treatment before the oils are introduced into the apparatus

for which they are intended. '
The measured value of the electric strength depends essentially on the apparatus and procedure used.

Although in principle the technical problem concerning the assessment of electric strength is the
same for new oils, treated oils and used oils, it would seem that this test should be standardized solely
for the purpose of international transactions in new oils intended for eléctrotechnical uses, transactions
in which a common denominator is desired. Each National Committee can standardize, in its own
‘country, a special different method for the control of used oils. ' .

" The test described below consists in subjecting the oil, contained in a specified apparatus, to an
. a.c. electric field with a continuously increasing rate of voltage rise, till the oil breaks down,

"2.  General

The test is, in principle, the same for all classes of oil (for transfermers, for oil-filled cables, for
circuit-breakers, for capacitors), whether new or.used. It is mainly intended for the acceptance of new
oils at the time of their delivery; its application is restricted to oils having a viscosity of not more than
© 50 centistokes at 20°C.

3. Sampling

As the electric strength is exceptionally sensitive to the slfghtest contamination of the sample, the
importance of careful sampiing, with special reference to possible absorption of humidity, cannot be
too strongly emphasized. Samples of insulating oil for electric strength tests are only drawn by or under
the immediate supervision of persons of judgement, skill and experience in the handling of insulating oils.

The oil is sampled at the place where it is consldcred to be most polluted, for examplc at the lowest
point of the receptacle holding it.

4. Condition of the oil

The test is carried out on the oil as received, without drying or degassing.

5. Test écll

The cell, made of glass or plastic, is transparent, with an effective volume between 300.and 500 ml.
It is preferably closed. ‘
Two types of cell are 111ustrated see Figures 1 and 2 page 15.



6. Electrodes

The copper, brass, bronze or stainless steel polished electrodes are either spherical (12.5 mm to '
13.0 mm diameter) as given in Figure 1 or spherical surfaced of the shape and dimensions given in
Figure 2. The electrodes are mounted on a horizontal axis and are 2.5 mm apart.

.The gap between them is.set to an accuracy of = 0.1 mm by means of thickness gauges. The axis
of the electrodes is immersed to a depth of approximately 40 mm.

Electrodes are replaced as soon as pitting caused by discharges is observed.

7. Preparation of the cell

When it is not in use, it is recommended to store the apparatus full of dry oil in a clean dry place,
protected from dust. )

If it has not been used for some time, it is thoroughly cleaned : the electrodes are removed, cleaned
and finally rinsed with dry clean new oil. Replacement of the electrodes is carried out with the greatest
care, avoiding all direct contact with the fingers. '

Immediately before use, the cell is cleaned by rinsing with the test oil (several times, if possible)
before proceeding to the final filling under the conditions laid down in Clause 7.

8. Preparation of -the sample

The vessel containing the test oil is gently agitated and turned over several times in such & way as
'to ensure as-far as possible a homogeneous distribution of the impurities contamed in the oil without
causing the formation of air bubbles.

Immediately after this, the sample is poured down into the test cell, slowly in order to avoid air
bubbles forming (e.g. by means of a clean, dry glass rod). The operation is carried out in a dry place
_ free from dust. )

The oil temperature at the time of the test shall be the same as that of the ambient air, preferably
in the neighbourheod of 20°C (15-to 25°C), and noted.

9.  Test method

The test cénsists in appiying to the electrodes an increasing a.c. voltage of frequency 40 to 62 Hz
(c/s), the rate of i increase of the voltage being regular 'md equal to 2 kV/s, starting from zero up to the
value producing breakdown.

The circuit is opened manually if a transxent spark (audible or visible) occurs between the electrodes
or automatically if an established arc occurs.

In the latter case the dutomatic switch shall break the voltage within 0.02 s.

The breakdown voltage is the voltage reached during the tcst at thc time the ﬁrst spark occurs between
electrodes, whether it be transient or established. ‘

The test shall be carried out six times on the same cell filling.

The first application of the voltage.is made as quickly as possible after the cell has been filled, provided
there are no longer any air bubbles in the oil, and at the Jatest ten minutes after filling. After each break-
down, the oil is gently stirred between the electrodes by means of a clean, dry glass rod, avoiding as far
as possible the production of air. bubbles. For the five subsequent tests, the voltage is.re- applied one
minute after the disappearance of any air bubbles that rhay have been formed. If the observation of
the disappearance of air bubbles is not possible, it is necessary to wait five minutes before a new breakdown
test is started. ’

The electric strength -is the arithmetic mean of the six results which have been obtained.
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10. Electrical apparatus

The characteristics of the electrical apparatus shall comply with the following requirements:

10.1  Transformer

’fhe test voltage may be obtained by using a step-up transformer supplied from an a.c. (40 to
62 Hz (c/s)) low-voltage source. The primary voltage is gradually increased, either manually or
by an automatic control device. :

t

The voltage applied to the electrodes of the oil-filled cell has an a{pproximale]y sinusoidal wave- ‘
form, such that the peak factor is within the following limits: 1.34 (i.e. /2 — 5%) and 1.48
(i.e. 24+ 5%). ' '

The transformer and associated equipment arc designed (o producc a minimum short-circuiit
current of 20 mA for voltages higher than 15 kV.

10.2  Protective gear

The test is carried out . . as to prevent high-tfrequency oscillations as far as possible.

Ay

To protect the equipment and to avoid decomposition of the oil at the instant of break-
down, a resistance limiting the breakdown current mdy be .inserted in series with the -test cell.

The primary circuit of the high-voltage transformer is fitted with a circuit-breaker operated
by the current flowing foliowing the breakdown of the sample, and with a delay not more than 0.02 s.
The circuit-breaker is fitted with a no-voltage release coil to protect the equipment.

10.3  Voltage regulation

Voltage kgulation may be ensured by one of the following methods :

@) Variable-ratio auto-transformer;
b) Resistance type voltage divider;
¢) Generator-field regulation;

d) Induction regulator.

Preference is given to an automatic system for increasing the voltage, because it is difficult to
obtain manually a reasonably uniform rate of voltage rise as a function of time.

10.4 Measurement of test voltage

. For the purpose of this document, the magnitude of the test voltage is defined as its peak value
divided by ‘/2 - ——
il A .

This voltage may be measured by means of a peak-voltmeter or by means of another type of
voltmeter connected to the input or output side of the testing transformer, or to a special winding
provided thereon; the instrument then used must be.calibrated against a sphere gap up to the full
voltage which it is desired to measure.

The ratio of the voltage derived .-from the sphere-gap to the voltage indicated on the auxiliary
-instrument may be dependent upen the presence of the test cell or of the sphere-gap and it is important
that the fest cell (or an equivalent load) should be in the circuit during the calibration.

The sphere-gap may be disconnccted during the actual test if its presence is known to have a
negligible influence on the voltage ratio. .
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11. Results
The report shows, expressed in kilovolts,. the breakdown voltages obtaired during all the tests which
have been carried out, and the average of the results. '

The report shall mention the type of electrodes used, the frequency of the test voltage and the
oil -temperature. ' , .
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CALTEX

PRODUCT BULLETIN

TRANSFORMER OIL

DESCRIPTION

Caltex Transformer Oil is a high quality electrical
insulating cil that is specially refined and processed
to meet the requircments of major US electrical
equipment manufacturers. Careful processing and
handling ensure that the oil is stable and free of
water and other contaminants, and remains free of
contaminants until it reaches the user.

Caltex Transformer Oil meets the Westinghouse

+specification for WEMCO Oil, the General Electric

specification for GE 10 C Oil and ASTM Dr 3487,
Type 1.

Caltex Transformer Oii does net contain

polychlorinated bipheayls (PCBs)

APPLICATION

Caltex Transformer Qil is recommended for use as
an electrical insulating oil in applications such as
transformers and oil immersed switchgear where an
ofl meeting the GE, Westinghouse, ASTM or other
comparable specification is required by the equip-
ment manufacturer or user. It should not, of
course, be used where safety considerations require
the use of a nonflammable insulating oil.

PERFORMANCE QUALITIES

Good insulating properties, indicated by high
dielectric strength and low power factor (dxel=ctnc
loss), are the result of careful control in manufac-
ture and handling. High diclectric strength ensures
good insulation of electrical conductors and preven-
tion of arcing between electrodes under the voltage
stresses cncountered in normal insulating oil ser-
vice. Low loss tangent minimizes energy loss duc to
the changing polarity of the alternating current.

Good heat transfer and fluid flow characteristics as
a result of low, controlled viscosity and low pour
point. This assures effective cooling of transformer
cores and windings, and freedom of movement of
switches, circuit breakers, pumps, regulators, load
tap changer mechanisms, etc.

ELECTRICAL
INSULATING OILS

Excellent oxidation stability minimizes develop-
ment of sludge and acidity in storage and service.
Sludge and acidity can have an adversc effect on the
electrical properties and cooling ability of the oil,
and shorten service life.

ELECTRICAL CHARACTERISTICS

The dielectric breakdown strength of an insulating
material is a measure of its resistance to electrical
breakdown when an electric potential is applied
across it. The actual value obtained in a test is a
function of both the insulating ability of the
material under test, and the test conditions. Elec-
trical insulating oils are tested by immersing two
electrodes in a sample of the oil, then applying an
AC voltage across the electrodes. The voltage is
then increased in a specified manner unti! electrical
breakdown occurs. The various tests used differ in
clectrode shape and spacing, and rate of increase of
voitage, and thus give different breakdown values
for. the same oil. The important consideration,
however, is tnat oils meeting the minimum dielectric
breakdown strength specified in any of the current
specifications, regardless of the test method
specified, have adequate insulating ability for all
normal applications for which they are recommend-
ed.

The dielectric strength of an insulating oil is reduc-
ed if there is water or solid particles in the oil. Ox-
idation products resulting from oil deterioration in
service also lower the dielectric strength. As a
result, periodic checks of the dielectric strength of
an oil can be.a uscful method of determining if con-
tamination or deterioration of the oil has occurred.

Any two adjacent conductors form a capacitor. In a
theoretically perfect capacitor, the phase difference
between an applied AC voltage and the current is
90° and the power dissipated is zero. If the dielec-
tric between the conductors is less than perfect, the
phase difference will be less than 90° and some
power dissipation will occur. In order to keep this
loss low, it is desirable to have the dielectric as near
perfect as is practical. For insulating oils the value
for this characteristic that is reported

“This bullatin was prepared in good faith from the best Informatian availabls at lhc time cf tssue. However,
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is the power factor, or loss tangem, expressed either
as a percent or as a decimal -at a specified
temperature. These values are determined cx-
perimentally and represent trigonometric functions
of the angle of phase differencc. With the particular
functions used, a value of zero would represent a
90° phase difference and the ideal condition, so low
values are desirable.

Oxidation and contamination of an oil can cause
power factor or loss tangent of an oil to rise, so
determination of this property may provide useful
information about a used clectrical insulating oil.
Since these values vary with temperature, com-
parisons must always be made at the same temper-
ture.

The resistivity of an electrical insulating oil is a
measure of the resistance to DC current flow bet-
ween opposite faces of a centimeter cube of the oil.
The resistivity of mineral insulating oil is naturally
high but, as with loss tangent, is very sensitive to the
presence of even minute amounts of suspended
water, free ions or ion-forming materials such as
acidic oxidation products or polar contaminants.
Again, measurement of the resistivity of a used in-
sulating oil may provide useful information as to
whether or not the oil is suitable for further service.

LIMITING ELECTRICAL PROPERTIES
CALTEX TRANSFOPMER OIL

Dielectric Strength (Breakdown), kV

Disk Electrodes (ASTM D877) 30 min
VDE Electrodes (ASTM D1816)
1.02 mm gap 28 min*
2.0 mm gap 56 min*
Power Factor, % '
At25°C 0.05 max
At100°C 0.30 max

* These limits apply only to new oil which has
been filtered, dehydrated and degassed.

SERVICE CONSIDERATIONS

The sensitivity of the electrical properties of elec-
trical insulating oils to contaminants such as water
and solid particles makes it extremely important to
handle and store these products so that the risk of
contamination is minimized. As a general rule, all

shipments of electrical insulating oils should be
tested for dielectric strength before being placed in
service. If the dielectric breakdown strength is low,
the oil should be reconditioned by filtration and/or
dehydration.

Drums of electrical insulating oils should be stored
indoors if at all possible. If drums must be stored
outside, they should be placed on their sides on
racks that will keep them clear of any ground water.
The bungs should be horizontal so the weight of the
oil in the drum will be against the bungs to prevent
breathing of moisture. The drums should be
covered with a waterproof cover to keep off rain,
and to prolect the drum markings from being
obliterated.

Electrical insulating oils should be checked in ser-
vice at periodic intervals to determine if they are
suitable for continued service. Proper sampling and
inspection of the equipment are important to obtain
maximum benefits from this checking. Information
on proper sampling techniques are contained in
ASTM Standard D923, IP Standard 51, and Caltex
Technical Bulletin 90.

OTHER SPECIFICATIONS

Although not routinely tested for compliance, ex-
perience has shown that most production batches of
Caltex Transformer Oil will meet the requirement:
of the following specificatiéns:

Canadian Standard C50

British Standard BS 148:1959 (non-current)
British Standard BS 148:1972

1EC 296, Class I

Australian Standard 1767

Japanese Industrial Standard C2320

Where confirmation of the foregoing is desired by a
potential user, further information and test data
can be funished on request.

TYPICAL TESTS

The physical and chemical properties shown in the
table are average values based on recent produc-
tion. They are not limiting values. Minor variations
which do not affect product performance are to be
expected in normal manufacture.
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CALTEX TRANSFORMER OIL

Corrosive Sulfur, ASTM D1275 Pass
Density, Kg/litre @ 15°C 0.884
lash Point, COC, °C 147
Interfacial Tension
Dynes/cm @ 25°C 40
Oxidation Stability
ASTM D2440
Total Acid Number, mg KOH/g 0.27
Sludge, Mass % 0.08 .
Westinghouse MTS-80171, Hours 200
Pour Point, °C —42
Total Acid Number, mg KOH/g 0.01
Viscosity, Kinematic )
cSt@ 0°C 58.6°
cSt @ 40°C 8.68
Water Content, ASTM D 1533, mg/ka 25

INHIBITED TRANSFORMER OIL

An oxidation inhibited product such as Caltex
Transformer Qil (Inhibited) may be desired for
transformers designed to operate at elevated
temperature or in distribution transformers
operated for long periods without maintenance.
Caltex Transformer Oil (Inhibited) is an oxidation
inhibited version of Caltex Transformer Qil which
contains 0.15 to 0.30 percent by weight of the anti-
oxidant., Additional information and data on
Caltex Transformer Oil (Inhibited) is available on
request.
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NIPPON UNICAR COMPANY LIMITED

ASAHI-TORAI BI.DGL b= OHTEMACIH 2.01HOME

CHIYODA=RE, TORNYO 0O JAPADN

TELEX:J22917 NIPUNICA « PIONE :03-270-2551 SO 622

PRODUCT STANCARES

NGC PCLYSTEVIZNE~-LL FCOR Tl

PR T

§PECITIC FEATURES

NUC Polyechylene-LL, NUCG-3211, is produced using
Unicn Carbide's proprletary gas-phase procsss.

oo meede
Sas

¥d Vemen crsemasssdmd £omemes e d o s 2v e o L TN
- e Y S —— S— - - - S . - i
- & be Ry

i W g R e
‘standéing puncture gtrength, X Mgkl ngth

and cverall toughness, wnile Bphl €§§¥ gcad
e s dagsignad

hea: ssaling latitude. Thia pipeHatEys

for high slip type tubular f.‘.si;on..,y
- -

yae nddtauiiau B,

3ASIC COMPOUND PROPERTIZS A pOLYETHYLENE cO

Aoril 11,1283

TrsT MSTHCD

PRCPERTY

Mel:s Index, l90°C ASTM D 1238

Denzl=y, 23°C ASTM D 1508 g/=L 0.920
¥TTY PRCPESRTIZS
(0.04 r= thick tubulax £ilm)
PRCPERTY TEST METHOD UNIT \ NUC3-321L

- .o _... . %% - .o > Patatel Yome J omeem ™ A1 N
HOLLO T OGa u\js.u, Yoy ot avs W o N L e o
Tansila Strangh, IO asT T &S RgS=2 3z
Ulsi=aca Elcangacien, MD ASTM D 882 % 600
Ulti=aza Zlongation, TD ASTM D 882 1 760
Stifiness ASTM D 882 kg/2 2,400
Dars Drop Impact St-ength ASTM D 17Q9A(TSQ) g 150
Sazs asTe o 1202 * 2.0
Glran ASTM D 2457 (45°) - 7S
S1io Pzcperty H
Surfacs Treatabilitly Geed

=k axt-usizn die:200-210°C

Lo mason s Sev o
~

. ——— -do o mla
- - -

PR PT R A ARITR T T AN - do o 2
POP AV i Ly O uuagcaacu 8 ot ol

Winor machine madifications may be nec=ssary
cobelar 24lm exzrusicn ecuirment.

o o o
o ar!

APSL=CATION: NUC Polyethylene-ilL, NUCG-3211, =

#vszen focd bags, ics bags and othex are

e

of
binaticn of outstanding toughness, exceptional
excallent machinability cn conversion lines. :

product will permit dewngaging.
re dezancent upch using

of this
The propexzTy values given a
as indicated and are of<arad hersin as a guide
czmzound.

NCTE. :

ig reccmmended for tha manuiacTex

for optimtm use DY conventicnal

se v

1icaticns which requize a com=
rangila strength znd
mha supezior physical prcperties

she tesgting methocs
in *%e use of the





