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Standard Test Method for
Stability of Insulating Oils of Petroleum Origin Under
Electrical Discharge *

This standard is issued under the fixed designation D 6180; the number immediately 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 epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope 3. Summary of Test Method

1.1 This test method covers a laboratory technique that 3.1 A test specimen is introduced into a discharge cell and
measures the stability of new, used, or reclaimed insulatingegassed under vacuum at room temperature. An ac potential
oils, similar to those described in Specification D 3487 in theof 10 kV is applied between a high voltage electrode and a
presence of a controlled electric discharge. When subjected grounded salt water electrode for 300 min. The gradual rise of
this type of discharge, insulating oils absorb energy andhe pressure inside the discharge cell is measured on an
produce gases as well as ionized molecules (charge carrierg€lectronic vacuum meter as a function of time. The dissipation
The quantity of these decay products can be measured and ctattor of the oil at 100°C is determined before and after the
provide an indication of the stability of oils under the condi- stability test.
tions of this test. o

1.2 The gases are retained in the discharge cell and theft Significance and Use
pressure measured. The charge carriers remain in the test4.1 During this test, insulating oil in an evacuated cell is
specimen. The change in the dissipation factor before and aftsubjected to a high voltage discharge between two electrodes.
the discharge is determined. The discharge generates free electrons. These electrons collide

1.3 The values stated in Sl units are to be regarded as theith the oil molecules causing many of them to become
standard. The values stated in parentheses are for informati@hectronically excited. Some of these molecules lose this
only. energy as a quanta of light emitting fluorescent radiation. Some

1.4 This standard does not purport to address all of theof the other excited molecules decompose into gases, ionized
safety concerns, if any, associated with its use. It is themolecules and free radicals. These changes can provide an
responsibility of the user of this standard to establish appro-indication of the stability of oils under the conditions of this
priate safety and health practices and determine the applicatest method. The measures of these changes are the increase of
bility of regulatory limitations prior to useSpecific cautionary the pressure in the test cell and the increase in the dissipation

statements are given in 5.3 and 7.1. factor of the test specimen.
4.2 During the test, the gas content increases in the cell and
2. Referenced Documents the concentration of charge carriers increases in the oil.

2.1 ASTM Standards:

D 923 Practice for Sampling Electrical Insulating Liqiids ©- APparatus

D 924 Test Method for Dissipation Factor (or Power Factor) 5.1 Discharge Celf* shown in Fig. 1, includes an electronic
and Relative Permittivity (Dielectric Constant) of Electri- vacuum meter. The cell must be made of quartz, be of spherical

cal Insulating Liquid$ shape, and have a 500 mL capacity. The electrode is sealed in
D 3487 Specification for Mineral Insulating Oil Used in the cell as shown in Fig. 1. The free electrons are generated by
Electrical Apparatus a cylindrical copper electrode 15 mm (0.6 in.) in diameter and
2.2 |EEE Standard: 10 mm (0.4-in.) long, which is placed in the center of the
4-1995 |IEEE Standard Techniques for High-Voltage Testdischarge cell.
ing® 5.2 Glass Dish approximately 150 mm (6 in.) in diameter
and 100 mm (4 in.) deep for holding a salt-water ground
electrode.

1 This test method is under the jurisdiction of ASTM Committee D27 on 5.3 Test Chamber with safety interlocked door, which
Electrical Insulating Liquids and Gases and is the direct responsibility of SUbCOmdeenerglzes the test transformer when Opened and |arge enough
mittee D27.05 on Electrical Test.

Current edition approved Oct. 10, 1998. Published January 1999. Originally
published as D 6180-97. Last previous edition D 6180-97.

2 Annual Book of ASTM Standardgol 10.03.

2 Available from the Institute of Electrical and Electronic Engineers, Inc., P.O.  * A suitable discharge cell is obtainable from Insoil Canada Ltd., 231 Hampshire
Box 1331, Piscataway, NJ 08855. Place, N.W., Calgary, AB Canada T3A 4Y7.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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FIG. 1 Discharge Cell

to contain the desired number of cells with at least 100 mm (4 5.8.3 A voltmeter connected to the low voltage side of the

in.) clearance between cells, sides, and top. testing transformer if the measurement error can be maintained
5.4 Power Source Step-Up Transforméd0 Hz, 200 VA, within the limit specified in 5.9.

115 or 230 V to at least 10 kV. Design the transformer of such 5.9 Accuracy—The combined accuracy of the voltmeter and

a size that, with the test specimen in the circuit, the voltage/oltage measuring circuit should be such that the measurement

waveshape is approximately a sinusoid with both half cyclegrror does not exceed 5 %, calibrated by means of a recom-

alike, and it should have a ratio of peak-to-rms value equal tanended method in IEEE Standard N2 4.

they/2 = 5 %. 5.10 Vacuum Pumplaboratory-type capable of attaining a
5.5 Variable-Tap Autotransformer or Equivalen200 VA  vacuum of less than 100 Pa.
min, 115 or 230 V for applying voltage to transformer. 5.11 Clamp Standfor supporting cell in chamber.

5.6 Relay 115 or 230 V, double-pole, for energizing trans- 5.12 Vacuum GaggeElectronic vacuum meter.
former.
5.7 Switch double-pole, 115 or 230 V, on-off switch for 6. Sampling
applying voltage to circuit. 6.1 Insulating oils for this test should be sampled in accor-
5.8 Voltmeter—Measure the voltage by a method that ful- §3nce with Test Method D 923.
fills the requirements of IEEE Standard NG, 4jiving rms
values, preferably by means of: 7. Cleaning Test Cell
5.8.1 A voltmeter connected to the secondary of a separate 7.1 Before using the cell, it should be thoroughly flushed

potential transformer, or t with suitabl Ivent such trol th hept
5.8.2 Avoltmeter connected to a well-designed tertiary coiloUt With stitable solvent such as petroleum ether or heptane.

in the test transformer, or Note 1—Caution: Solvents should be used under a ventilated hood.
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Deposits that are not removed by solvent cleaning may 8.8 Measure the pressure inside the discharge cell in Pa by
accumulate on the side of the flask. If this occurs, the depositeading the electronic vacuum meter to obtain a measure of the
should be removed by mechanical means, using a stronguantity of gases evolved.
detergent and brush to ensure that the cell is free of all 8.9 Remove the test specimen from the cell and determine
impurities. its dissipation factor at 100°C.

7.2 The electrode also should be free of liquid dielectric or
solid deposits which may be accumulated on its surface. Thi§. Report
can be done using very fine sand paper followed by wiping the 9.1 Report the following information:
surface with filter paper to remove any residual sand paper grit. 9.1.1 Initial pressure of the Discharge Cell at beginning of
Finally, rinse the cell with distilled water followed by a volatile test.
solvent such as alcohol. Remove as much of the water-solvent9.1.2 The dissipation factor of the dielectric liquid in
from the cell as possible. The last traces of water-solvent wilhercent at 100°C before the stability test.
evaporate from the cell and electrode during the 30 min 9.1.3 \bltage impressed across Discharge Cell during test.

degassing operation. 9.1.4 Length of time voltage was impressed across Dis-
charge Cell.
8. Procedure 9.1.5 Pressure of the Discharge Cell at end of test.

8.1 Test up to four cells at the same time, preparing and 9.1.6 The dissipation factor of the dielectric liquid in
connecting each in the same manner to the high voltage angercent at 100°C after the stability test.
vacuum system.

8.2 Assemble each clean discharge cell using an ApiezohO. Precision and Bias

M® or equivalent stopcock grease on all joints. Evacuate each 10.1 Precision—The precision of this test method has not
cell to an absolute pressure of 100 Pa or less, then close tien investigated through an interlaboratory test program.
valve and shut off the pump. After 15 min, there should be no 10.2 Repeatability— An estimate of the repeatability has
increase in the pressure readings; if there is, locate and stop theen developed based on data supplied by a single laboratory.

leak. _ S ~ This data s listed in Table X1.1, Table X1.2 and Table X1.3 of
/8.3 Determine the dissipation factor at 100°C of the liquidthe Appendix. These results suggest that the 95 % repeatability
dielectric to be tested. See Test Method D 924. limit for the pressure measurement is 199 Pa. Also, these

8.4 Use a pipet to introduce a test specimen of 805 mL.  results suggest that the 95 % repeatability limit for the dissi-
Degas the reassembled cell for 30 min. After isolating thepation factor measurement is 0.50 %.
discharge cell from the vacuum source, ensure pressure is10.3 Reproducibility— No data are available on which to
maintained at 100 Pa or less for 15 min to prove no leaks havgase an estimate of the reproducibility or this test method. An

been introduced. _ N interlaboratory test program will be conducted to develop this
8.5 Place a glass dish containing 500 mL of tap water afata.

room temperature with 10 g of dissolved sodium chloride, i )
technical grade, under each discharge cell. The level of the salt’NoT™e 3—Fig. 2 and Table 1 show test results produced by this test
ethod. Fig. 2 shows the absolute pressure change for three mineral oils.

solutlon_must be the same as that O.f the test Spe.C'mens for ea,r‘r:hle 1 shows the dissipation factor change for three mineral insulating

test station (see Fig. 1). For each dish, use a stainless steel Wiigs sample No. 1 is an oil sample, which has been reclaimed by Fuller's

of approximate length 500 mm (19 in.) and diameter 0.5 mNEarth. Upon reclaiming, the color of Sample No. 1 was reduced from 3.5

(0.02 in.) to form a ring around the inside circumference of theto 1.5. Sample No. 2 is an oil sample, which has never been in a

dish containing the salt solution. This wire must be below theransformer. Sample No. 3 is an oil sample, which was taken from an

surface of the salt solution. Connect this wire to the ground. operating transformer, which was experiencing an unexplained gassing
8.6 Ground one terminal of the high-voltage transformer™oPlem™

and connect the other terminal to the high-voltage electrode. 10.4 Bias—No information can be presented on the bias of
8.7 Perform this test method at room temperature mainthe procedure in this test method for measuring the pressure

tained at 25+ 5°C. With the door of the test chamber closed, change or the dissipation factor because no material having an

raise the voltage no faster than 0.5 kV/s to approximately 3 t@ccepted reference value is available.

4 kV, at which voltage a sudden burst of foam will appear on

the surface of the test specimen. After the foam subsidedl. Keywords

increase the voltage no faster than 1 kV/s to 10 kV. Maintain 11.1 dissipation factor; electrical discharge; gas formation;

discharge voltage for 5 h. gassing tendency; insulating oil; oxidation stability; stability

Note 2—An emission of bluish fluorescent light provides evidence
that, under the impact of accelerated electrons, a significant number of
hydrocarbon molecules become electronically excited. Some of them
decompose evolving gases.

TABLE 1 Dissipation Factor Increase of Oils Subjected to an
Electrical Discharge

Dissipation Factor at 100°C, %

Oil Type Before Test After Test
Reclaimed Sample No. 1 0.38 0.72
5 Hydrocarbon grease for use at normal room temperature with a vapor pressure New Sample No. 2 0.32 0.94
of 2.6 X 10~ Pa at 20°C. Available in the U. S. A. from AVO Biddle Instruments, Aged Sample No. 3 0.83 3.36

510 Township Line Road, Blue Bell, PA 19422.
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FIG. 2 Pressure Increase With Time for Insulating Oils Subjected to Electrical Discharge
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APPENDIX
(Nonmandatory Information)

X1. DATA USED TO DEVELOP PRECISION AND REPEATABILITY ESTIMATES

X1.1 Data are given from a single laboratory for the TABLE X1.2 Results of Stability Measurement  *
First New Oil Second New Oil
TABLE X1.1 Results of Stability Measurement A Dissipation Dissipation
Factor Factor

Pressure, Pa Pressure, Pa

Date Tested Pressure, Pa Dissipation Factor at @ 100°C, at 100°C,
100°C % %
January 20, 1997 2033 0.97 fsr ; ;igg (1)'3451 gi%g (1)'5132
January 29, 1997 2117 n/a est : |
January 31, 1997 2099 n/a AThe above results were obtained by testing two new transformer mineral oils.
February 21, 1997 2133 1.23
February 24, 1997 2150 1.25 . A
March 26, 1997 2199 1.00 TABLE X1.3 Results of Stability Measurement
March 27, 1997 2259 0.97 First New Oil Second New Oil
A The above results were obtained by testing a new mineral transformer oil. Dissipation Dissipation
Pressure, Pa Factor Pressure, Pa Factor
. . ) ! @ 100°C ’ at 100°C
measurement of stability for a single new oil sample. The % %
stability tests are the results of testing on several different days** ? s s b s
and are presented in Table X1.1. Test 3 1733 2._]_]_ 1866 1:54

“The above results were obtained by treating two new transformer mineral oils.
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ASTM International 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 International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, 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 Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).



