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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 epsilonejf indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

€' Note—Editorial corrections were made in December 1999.

1. Scope electric Dissipation Factor (Tan 8) and DC Resistivity of

1.1 This test method covers new electrical insulating liquids ~ Insulating Liquid$
as well as liquids in service or subsequent to service in cableg, Terminology
transformers, oil circuit breakers, and other electrical appara- N o ) .
tus. 3.1 Definitions—Definitions of terms used in this test
1.2 This test method provides a procedure for makingn€thod are given in Terminology D 2864.
referee tests at a commercial frequency of between 45 and 6p Significance and Use

Hz. N ..
1.3 Where it is desired to make routine determinations 4-1 Dissipation Factor (or Power Factor-This is a mea-

requiring less accuracy, certain modifications to this tesPure Of the dielectric losses in an electrical insulating liquid
method are permitted as described in Sections 19 to 27. when used in an alternating electric field and of the energy
1.4 This standard does not purport to address all of thedissipated as heat. A low dissipation factor or power factor

safety concerns, if any, associated with its use. It is thdndicates low a-c dielectric losses. Dissipation factor or power

responsibility of the user of this standard to establish approJ@ctor may be useful as a means of quality control, and as an

priate safety and health practices and to determine thdndication of changes in quality resulting from contamination

applicability of regulatory limitations prior to useSpecific and deterioration in service or as a result of handling. _
precautions are given in 14.4.2. 4.1.1 The loss characteristic is commonly measured in

terms of dissipation factor (tangent of the loss angle) or of
2. Referenced Documents power factor (sine of the loss angle) and may be expressed as
2.1 ASTM Standards: a decimal value or as a percentage. For decimal values up to

D 150 Test Methods for AC Loss Characteristics and Per0-05, dissipation factor and power factor values are equal to
mittivity (Dielectric Constant) of Solid Electrical Insulat- €&ch other within about one part in one thousand. In general,
ing Materials? since the dissipation factor or power factor of insulating oils in

D 923 Test Method for Sampling Electrical Insulating Lig- good condition have decimal values below 0.005, the two

uids3 measurements (terms) may be considered interchangeable.
D 2864 Terminology Relating to Electrical Insulating Lig- 4-1.2 The exact relationship between dissipation fadijr (
uids and Gases and power factorKF) is given by the following equations:

E 145 Specification for Gravity-Convection and Forced-
Ventilation Oveng'

2.2 Other Standard:

IEC 247-1978 Measurement of Relative Permittivity, Di-

PF

B D o PF W
\/1+D? \/1-(PF)?
The reported value oD or PF may be expressed as a
decimal value or as a percentage. For example:

D or PF at 25C = 0.002 or 0.2% )

1 This test method is under the jurisdiction of ASTM Committee D-27 on . 4:2 Relative P_erm|tt|V|ty (|_3I8|eCtI’I_C Constam-)lnsulatlng
Electrical Insulating Liquids and Gasesand is the direct responsibility of Subcom“qwdS are used in general either to insulate components of an

mittee D27.05 on Electrical Test. electrical network from each other and from ground, alone or
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iy D 924

in combination with solid insulating materials, or to function asrequirements given in the Annex are considered suitable for use
the dielectric of a capacitor. For the first use, a low value ofin making these tests.

relative permittivity is often desirable in order to have the 9.2 Automatic Thermo-Regulator Cell:

capacitance be as small as possible, consistent with acceptabled.2.1 When tests are to be made above room temperature
chemical and heat transfer properties. However, an intermedbut below the flash point, an automatic thermo-regulator cell
ate value of relative permittivity may sometimes be advantacan be used as long as it provides uniform heating of the test
geous in achieving a better voltage distribution of a-c electricell.

fields between the liquid and solid insulating materials with 9.2.2 The automatic thermo-regulator cell must be able to
which the liquid may be in series. When used as the dielectriprovide rapid, controlled rate of temperature rise, and be able
in a capacitor, it is desirable to have a higher value of relativeo maintain a liquid temperature constant to withinl°C.
permittivity so the physical size of the capacitor may be as

small as possible. 10. Apparatus

Note 1—See Terminology D 2864 for further definitions. 10.1 Forced-Draft Oven:
. . 10.1.1 When the tests are to be made above room tempera-
5. General Considerations . X
] _ _ ture, a suitable forced-draft, thermostatically controlled oven

~ 5.1 Measuring equipment used in these procedures shall gya|| be used as the test chamber. The oven must be capable of
in accordance with Test Methods D 150. meeting the temperature requirements set out in Section 14.
and to the sources of dielectric loss is given in Test MethOd%onveniently used as the test chamber.
D 150. 10.1.2 Provide the test chamber with an opening in the wall
6. Sampling through which two lengths of TFE-fluorocarbon-insulated (or

6.1 Sample electrical insulating liquids in accordance withsimilar) shielded cable pass to make electrical connection from

Test Methods D 923. Samples to be subjected to this teg_pe measuring equipment and high-voltage transformer, respec-

should preferably be obtained through a closed system. ﬁlvely, to the test cell. Use a perforated cgramic plate or d_iskto
exposed to atmospheric conditions, it is preferable to take th suliate t_he test.cell from the metal flooring of th_e oven if the
sample when the relative humidity is 50 % or less. If it is not'100ring is not insulated from the oven. Provide a safety

feasible, the length of time the sample is exposed to atmdhterlock on the door of the oven so that the electrical circuit
spheric ,conditions must be kept to a minimum. supplying voltage to the test cell will be broken when the oven

6.2 Some liquids, in certain applications, require speciaflo0r iS opened. _ , ,
handling and processes in the sampling, and these will be 10.1.3 A cross—secuo_nal view of thg test chamber with a
found in the governing procedures. Consult such procedurégree—elegtrOQe test cell in place and with test cables connected
before samples are taken. The relative humidity should b& Shown in Fig. 1.
taken at the time of sampling and recorded with the sample
identification. 11. Test Temperature

6.3 The quantity of sample taken for this test shall be 11.1 The temperature at which a referee test is made shall be
sufficient for at least three separate determinations of losgwtually agreed upon between the purchaser and the seller.
characteristics and relative permittivity. Measurements are made at many different temperatures. For

6.4 The loss characteristic measurement (dissipation fact@cceptance tests, it is generally made at a temperature of
or power factor) may be affected by contamination introducedl00°C, while for routine testing it is usually made at room
during sampling and subsequent handling. temperature, 85 or 100°C. In some research investigations,
tests may be made at considerably higher temperatures while in

7. Conditioning and Storing Sample . L ;
o o _other cases, particularly for tests on cable oils in service, tests
7.1 Store the sample in its original sealed contamermay be made over a range of temperatures.
shielded from either natural or artificial light. Some liquids,

such as oils of petroleum origin, undergo changes when Test Voltage

exposed to sunlight. Allow the sealed container to stand : . . .
undisturbed in the room in which the test is to be made for a 12.1 The average stress to which the specimen is subjected

Suficient period of tme f permi he sample o atan roomhas o112 2% Nar 200 Vi (5Vim) (e Tets aigher
temperature before it is opened.

electrical discharges across the cell insulating surfaces occur or

8. Storing Test Cell that internal ionization of the specimen may be expected.
8.1 When not in use, clean and dry the test cell in accorStress ranges in normal usage for referee tests are 200 to 1200

dance with Section 13 and store in a dust-free cabinet unt¥//mm (5 to 30 V/mil) (rms).

ready for use, at which time clean and dry the cell again in 12.2 Because the ac loss characteristics can vary with

accordance with Section 13. voltage stress, for reference purposes it is desirable to make the

PROCEDURE FOR MAKING REFEREE TESTS measurements at a specific value of voltage stress within the
limits in 12.1.

9. Test Cells 12.3 Referee tests should be carried out in the frequency

9.1 The design of test cells that conform to the generatange 45-65 H2.
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FIG. 1 Test Set-Up for Dissipation Factor Measurements at Elevated Temperatures Using Three-Electrode Test Cell

13. Cleaning Test Cell temperature of above the desired test temperature and allow the

13.1 The cleanliness of the test cell is of paramount imporSell to attain temperature equilibrium. The exact temperature
tance when measuring loss characteristics because of théll depend on both the oven and cell design. The test chamber
inherent susceptibility of most insulating liquids to contami- Shall be such that when the test specimen, preheated to 2°C
nating influences of the most minute nature. For this reasorpelow the test temperature, is transfered to the cell, the test
clean and dry the cell immediately prior to making the test, andeémperature is attained and maintained within 20 min. If using
strictly observe the procedures and precautions outlined in 133N automatic thermo-regulator cell, follow 14.5.
to 13.5.

13.2 Dismantle the cell completely and wash all the com-14: Preparation of Specimen and Filling Test Cell
ponent parts thoroughly with a technical grade of a suitable 14.1 Use only a three-terminal cell for these tests.
solvent (such as acetone, pentane, petroleum ether, or heptane)14.2 When insulating liquids are heated to elevated tem-
Wash the component parts with a mild abrasive soap operatures, some of their characteristics undergo a change with
detergent. Take care not to lay the electrodes on any surfacéme and the change, even though of the minutest nature, may
Rinse all parts thoroughly with hot tap water, then with cold tapbe reflected in the loss measurement. It is therefore desirable
water, followed by several rinsings with distilled water. Take that the elapsed time necessary for the test specimen to attain
extreme care during the washing and rinsing of some test cellemperature equilibrium with the test cell be held to a mini-
to prevent any moisture from entering the thermometer well irmum. For optimum procedure do not exceed 20 min for this
the inner electrode. As a precaution against this eventuality, ugame. It is essential, therefore, that the procedure outlined in
a suitable stopper to plug this opening prior to starting thel4.3, 14.4.1 through 14.4.3, or 14.5.1 through 14.5.4 be closely
cleaning operation. followed.

13.3 After the surfaces of the measuring, guard, and high 14.3 In order that representative test specimens may be
voltage electrodes have been washed, do not touch thesbtained, gently tilt or invert the sample container and swirl the
surfaces during the rinsing or any subsequent operation.  liquid several times. Immediately after mixing the sample, pour

13.4 Place the component parts of the test cell in an ovea quantity of liquid sufficient for four fillings of the test cell
maintained at 110°C for a period of not less than 60 min. Ddnto a chemically clean, dry beaker and heat on a hot plate to
not dry test cells made of Monel at this elevated temperatura temperature 2°C below the desired test temperature. During
for more than 90 min as oxidation will take place causingthe heating period, stir the fluid frequently.
erroneous results. Take care that the surfaces on which thel14.4 Forced-Draft Oven:
component parts of the cell are placed in the oven are clean. 14.4.1 Remove the cell from the test chamber, lift out the

13.5 At the expiration of the drying period, assemble theinner electrode, but do not rest it on any surface, and fill the cell
cell in the oven, using clean cotton gloves as protection for thevith a portion of the heated sample. Replace the beaker with
hands and observing the precaution given in 13.3. the remainder of the heated sample on the hot plate. Insert the

13.6 If using a forced-draft oven, quickly transfer theinner electrode and rinse the electrodes by twice raising and
assembled test cell to the test chamber maintained at lawering the inner electrode. Remove the inner electrode and
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