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superscript epsilonef 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 February 2003.

1. Scope 2.2 Other Standard:

1.1 This test method covers new electrical insulating liquids 'EC 247-1978 Measurement of Relative Permittivity, Di-
as well as liquids in service or subsequent to service in cables, ~€lectric Dissipation Factor (Tan 8) and DC Resistivity of
transformers, oil circuit breakers, and other electrical appara-  Insulating Liquids$
tus.

1.2 This test method provides a procedure for making3' o o ) )
referee tests at a commercial frequency of between 45 and 653-1 Definitions—Definitions of terms used in this test
Hz. method are given in Terminology D 2864.

1.3 Where it is desired to make routine determinations:4
requiring less accuracy, certain modifications to this test’
method are permitted as described in Sections 19 to 27.

Terminology

Significance and Use
4.1 Dissipation Factor (or Power Factos-This is a mea-

1.4 This standard does not purport to address all of theSU'® of the dielectric losses in an electrical insulating liquid
safety concemns, if any, associated with its use. It is thé/v.he.n used in an alternating e!ectric field and of the energy
responsibility of the user of this standard to establish appro-dissipated as heat. A low dissipation factor or power factor
priate safety and health practices and to determine thdndicates low ac dielectric losses. Dissipation factor or power

applicability of regulatory limitations prior to useSpecific ~ [actor may be useful as a means of quality control, and as an
warnings are given in 14.4.2. indication of changes in quality resulting from contamination

and deterioration in service or as a result of handling.
2. Referenced Documents 4.1.1 The loss characteristic is commonly measured in
2.1 ASTM Standards: terms of dissipation factor (tangent of the loss angle) or of

D 150 Test Methods for AC Loss Characteristics and PerPoWer factor (sine of the loss angle) and may be expressed as

mittivity (Dielectric Constant) of Solid Electrical Insulat- & décimal value or as a percentage. For decimal values up to
ing Materialg 0.05, dissipation factor and power factor values are equal to

D 923 Test Method for Sampling Electrical Insulating Lig- each other within about one part in one thousand. In general,
uids since the dissipation factor or power factor of insulating oils in

D 2864 Terminology Relating to Electrical Insulating Lig- 900d condition have decimal values below 0.005, the two
uids and Gasés measurements (terms) may be considered interchangeable.

E 145 Specification for Gravity-Convection and Forced- 4:1.2 The exact relationship between dissipation fadijr (
Ventilation Ovens and power factorRF) is given by the following equations:

D PF
PF=—— D=—rn—0 @)

\/1+D? \/1-(PF)?
L This test method is under the jurisdiction of ASTM Committee D27 on (PF)

Electrical Insulating Liquids and Gasesand is the direct responsibility of Subcom- The reported value oD or PF may be expressed as a
mittee D27.05 on Electrical Test. _ __decimal value or as a percentage. For example:
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Dor PF at 25T = 0.002 or 0.2% (2) ready for use, at which time clean and dry the cell again in
4.2 Relative Permittivity (Dielectric Constantjinsulating accordance with Section 13.
liquids are used in general either to insulate components of an
electrical network from each other and from ground, alone or PROCEDURE FOR MAKING REFEREE TESTS
in combination with solid insulating materials, or to function asg  Test cells

the dielectric of a capacitor. For the first use, a low value of .
P 9.1 The design of test cells that conform to the general

relative permittivity is often desirable in order to have the rements aiven in the Annex ar nsidered suitable for
capacitance be as small as possible, consistent with acceptaﬁ?équ ements give € exare considered suitable for use

hemical and h ransfer properties. However, an intermedi Making these tests.
chemical and heat transfer properties. However, an intermed 9.2 Automatic Thermo-Regulator Cell:

val f relativ rmittivity m metim vanta-
ate value of relative permittivity may sometimes be advanta 9.2.1 When tests are to be made above room temperature

geous in achieving a better voltage distribution of a-c electriqout below the flash point, an automatic thermo-regulator cell

fields between the liquid and solid insulating materials with b d | it id it heat f the test
which the liquid may be in series. When used as the dielectrigzlrll € used as long as It provides uniform heating of the tes

in itor, it i irabl have a higher val f relativ .
a capacitor, it is desirable to have a higher value of relat ¢ 9.2.2 The automatic thermo-regulator cell must be able to

permittivity so the physical size of the capacitor may be as rovide rapid, controlled rate of temperature rise, and be able

small as possible. P L S o
P to maintain a liquid temperature constant to withiri°C.

Note 1—See Terminology D 2864 for further definitions.

) ) 10. Apparatus
5. General Considerations 10.1 Forced-Draft Oven:

~ 5.1 Measuring equipment used in these procedures shall be10.1.1 when the tests are to be made above room tempera-
in accordance with Test Methods D 150. ~ture, a suitable forced-draft, thermostatically controlled oven

5.2 Theory relating to dielectric measurement techniquegha|l be used as the test chamber. The oven must be capable of
and to the sources Of dieleCtI’iC IOSS iS giVen in Test Method%eeting the temperature requirements set out in Section 14.
D 150. For tests at room temperature the unheated oven can be
. conveniently used as the test chamber.

6. Sampling 10.1.2 Provide the test chamber with an opening in the wall
6.1 Sample electrical insulating liquids in accordance withthrough which two lengths of TFE-fluorocarbon-insulated (or
Test Methods D 923. Samples to be subjected to this tesfimilar) shielded cable pass to make electrical connection from
should preferably be obtained through a closed system. lfhe measuring equipment and high-voltage transformer, respec-
exposed to atmospheric conditions, it is preferable to take thgvely, to the test cell. Use a perforated ceramic plate or disk to

sample when the relative humidity is 50 % or less. If it is notinsulate the test cell from the metal flooring of the oven if the
feasible, the length of time the sample is exposed to atmofiooring is not insulated from the oven. Provide a safety
spheric conditions must be kept to a minimum. interlock on the door of the oven so that the electrical circuit
6.2 Some liquids, in certain applications, require speciakupplying voltage to the test cell will be broken when the oven
handling and processes in the sampling, and these will bgoor is opened.
found in the governing procedures. Consult such procedures 10.1.3 A cross-sectional view of the test chamber with a
before samples are taken. The relative humidity should benree-electrode test cell in place and with test cables connected
taken at the time of sampling and recorded with the samplg shown in Fig. 1.
identification.
6.3 The quantity of sample taken for this test shall bell. Test Temperature
sufficient for at least three separate determinations of loss 11.1 The temperature at which a referee test is made shall be
characteristics and relative permittivity. mutually agreed upon between the purchaser and the seller.
6.4 The loss characteristic measurement (dissipation factileasurements are made at many different temperatures. For
or power factor) may be affected by contamination introduceccceptance tests, it is generally made at a temperature of
during sampling and subsequent handling. 100°C, while for routine testing it is usually made at room
o ) temperature, 85 or 100°C. In some research investigations,
7. Conditioning and Storing Sample tests may be made at considerably higher temperatures while in
7.1 Store the sample in its original sealed containerpther cases, particularly for tests on cable oils in service, tests
shielded from either natural or artificial light. Some liquids, may be made over a range of temperatures.
such as oils of petroleum origin, undergo changes when
exposed to sunlight. Allow the sealed container to stand2. Test Voltage
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
sufficient period of time to permit the sample to attain roomshall not be less than 200 V/mm (5 V/mil) (rms). Tests at higher

temperature before it is opened. stresses are desirable but shall not reach such values that
) 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).
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FIG. 1 Test Set-Up for Dissipation Factor Measurements at Elevated Temperatures Using Three-Electrode Test Cell

12.2 Because the ac loss characteristics can vary withrroneous results. Take care that the surfaces on which the
voltage stress, for reference purposes it is desirable to make tiktemponent parts of the cell are placed in the oven are clean.
measurements at a specific value of voltage stress within the 13.5 At the expiration of the drying period, assemble the

limits in 12.1. cell in the oven, using clean cotton gloves as protection for the
12.3 Referee tests should be carried out in the frequenclgands and observing the precaution given in 13.3.
range 45-65 H2. 13.6 If using a forced-draft oven, quickly transfer the
assembled test cell to the test chamber maintained at a
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 imporcell to attain temperature equilibrium. The exact temperature
tance when measuring loss characteristics because of tiéll 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 reasorRelow the test temperature, is transfered to the cell, the test
clean and dry the cell immediately prior to making the test, andemperature is attained and maintained within 20 min. If using
strictly observe the procedures and precautions outlined in 13:@n 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 surfactme 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. Takethat the elapsed time necessary for the test specimen to attain
extreme care during the washing and rinsing of some test celtemperature 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, ugeme. 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. Danto 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.
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14.4 Forced-Draft Oven: values used in this computation, discard these results, reclean

14.4.1 Remove the cell from the test chamber, lift out thethe cell, obtain another sample, and repeat the procedure until
inner electrode, but do not rest it on any surface, and fill the celiwo measurements from a sample are obtained that do meet the
with a portion of the heated sample. Replace the beaker witprescribed limits.
the remainder of the heated sample on the hot plate. Insert the . e
inner electrode and rinse the electrodes by twice raising and®: Procedure—Relative Permittivity
lowering the inner electrode. Remove the inner electrode and 16.1 Measure the capacitance of the test cell with air as the
hold it suspended in air; then decant the rinsing liquid anddielectric and then with the cell filled with the liquid. Use these
immediately fill the cell from the remainder of the heated measurements in calculating the relative permittivity from the
sample. Replace the inner electrode. following equation (Note 4):

14.4.2 Insert a mercury thermomet&vdrning—see Note K' = CJC, ©)
2), graduated in 0.25°C increments, or other temperature
measuring devices (for example, thermocouples) that providevhere: . o o
equal accuracy, in the thermometer well provided in the innerk’ relative permittivity of the liquid, =~ _
electrode. Immediately return the filled cell to the test chamberCx = capacitance of test cell with the liquid as the dielec-
(adjusted to a temperature above the desired test temperature) tric, and L . .
and make the necessary electrical connections to the cell.  ~v capacitance of test cell with air as the dielectric.

Note 2—Caution: A spring-loaded thermocouple may be used for Note 4—Refer to Sections 3 and 7 of Test Methods D 150.

measuring the temperature of the inner electrode, but extreme cauti0:[|7 Report
shall be exercised that these wires do not come in contact with theé ° o ]
high-voltage lead and do not pick up stray emf's. 17.1 Report the following information:

14.4.3 Perform the operations described in 14.4.1 and gi; 'Sl'%gp(l)? tlggpggﬁaljlsoend
14.4.2 as rapidly as possible. o '
pily asp 17.1.3 Measurement procedure: referee,
Note 3—The above technique, after much experimenting, has been 17.1.4 Average voltage gradient in the sample while under
evolved to give the most repeatable results for tests at 100°C. Litthest in volts per millimeter (volts per mil) (rms)
experience has been obtained from tests at higher temperatures. However,1’7 1.5 Frequency of applied voltage '

individual laboratories engaged in work at temperatures above 100°C have .
9ad P 17.1.6 Temperature of the sample while under test,

probably developed their own technique. . >
17.1.7 Temperature and humidity of the room during test,

ijg 1A(l;t0m|at|c '_I'Termo-Rte?rL]JIator C(Iall: tainer to obtai 17.1.8 Dissipation factor or power factor of the sample,
5. ently swirl or invert the sample container to o amusually expressed as a percentage (%), and

a representative test specimen. 17.1.9 Relative permittivity (dielectric constant) of the

14.5.2 Fill the test cell and flush to rinse thoroughly both thesample, when required.

inner and outer electrodes with a portion of the sample. Decant
the rinsing liquid and immediately fill the cell with a new 18. Precision and Bias

aliquot of sample. _ 18.1 Precision
14.5.3 Replace inner electrode and make all necessary 181 1 The precision of this test method has not been
electrical connections to the cell. determined through an interlaboratory test program. It will be

14.5.4 Set the automatic thermo-regulator for the test temygijaple by July 2005.
perature and initiate heating. Record data as soon as the testig 1 2 Asingle operator statement has been developed from

temperature is reached. ten results on one material from a single laboratory.
o 18.1.2.1 The single operator coefficient of variation for
15. Procedure—Loss Characteristics power factor by the referee method at 25°C has been found to

15.1 Make the measurements while the temperature of thiee 5.4 %, therefore, results of two properly conducted tests
inner electrode is within=0.5°C of the desired test tempera- (each the average of two fillings) by the same operator on the
ture. same sample using the same equipment should not differ from

15.2 On completing the initial measurement, remove thesach other by more than 15 % of their average.
inner electrode, pour off the liquid, and refill the cell, following  18.1.2.2 The single operator coefficient of variation for
the same procedure and exercising the same precautions ugmalver factor by the referee method at 100°C has been found to
in making the first filling, and take another measurement. If thébe 1.6 %; therefore, results of two properly conducted tests
difference in the measurements of the two test specimens {gach the average of two fillings) by the same operator on the
equal to or less than 0.0001, plus 10 % of the higher of the tw@ame sample using the same equipment should not differ from
values, no further tests are required, and the reported value feach other by more than 5 % of their average.
the sample shall be taken as the average of the two measure-18.1.2.3 The single operator coefficient of variation for
ments. If the difference in the measurements of the two testelative permittivity (dielectric constant) has been found to be
specimens is greater than 0.0001, plus 10 % of the higher of th@27 %; therefore, results of two properly conducted tests by
two values, refill the cell and take a third measurement. If thehe same operator on the same sample using the same equip-
difference between the third measurement and either the first @nent should not differ from each other by more than 1 % of
second is not within 0.0001, plus 10 % of the higher of the twotheir average.
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18.2 Bias frequency is determined by the nature of the dielectric losses, that is,
18.2.1 As there is no accepted reference material availabhether they are predominantly polar or ionic, or are a combination of
for dissipation factor (or power factor), no bias statement Ca,l?oth types. Accordingly, there is no simple conversion factor for deter-
be made ' mining the dissipation factor at 60 Hz, for example, if the measurements
’ . . . ... .. are made at either a higher or lower frequency.
18.2.2 The bias in percent of the relative permittivity,
determined as a ratio of the capacitance of the test cell whep4. Cleaning Test Cell

filled with the liquid to that of the cell when filled with air, is 24.1 Since some two-electrode cells cannot be dismantled
expected to be at least as good as the bias of the capacitang@ cleaning procedure given in Section 13 cannot always be
measurements involved. With care, the bias of a capacitangg|iowed. Where this applies, it is imperative that each labo-

measurement can approactd.1 % + 0.02 pF. ratory evolves a good cleaning procedure for the cell used so
PERMISSIBLE MODIFICATIONS WHEN MAKING that repeat_able re_sults can be obtained. Solvents_ mentioned in
ROUTINE TESTS 13.2 as being satisfactory may be used as cleaning agents.
24.2 When a number of samples of tb@metype of fluid
19. General are to be tested consecutively, the same test cell may be used

without cleaning it, provided the measured value of power
factor or dissipation factor of the sample previously tested was
Iless than the specified value. If the measured value of the last
sample tested was greater than the specified value, the test cell
shall be cleaned before being used for further tests.

19.1 The following sections outline certain modifications to
the Procedure for Making Referee Tests, permissiblevhen
it is desirable to get an approximation of the dissipation facto
or power factor of a sample, oR) when testing a group of
samples of theametype of insulating liquid to determine if the

dissipation factor or power factor is greater or less than somgg Preparation of Specimen and Filling Test Cell

specified value. _ ) ) _
25.1 Because of the difference in construction of the various

20. Test Cell types of test cells that may be used for routine tests, no detailed
20.1 Any test cell conforming to the requirements given inproc_edure for preparation of the specimen and filling of the.test

the Annex may be used. For routine tests, however, thgell}s given. Due regard should be given to the precautions

requirement for a guard electrode may be waived, provide@utlinéd in Section 14. _ _

that the two-electrode cell used is of adequate capacitance and2>-2 Always rinse the test cell with a portion of the sample

with sufficient ratio of surface area to sample thickness, in© Pe tested before the cell is filled.

order to provide proper operation of the measuring equmenba Electrical Connection

21. Test Chamber 26.1 When making electrical connection to a two-electrode

21.1 An oil bath having uniform temperature distribution cell, securely clip the shield on the lead usually connected to
and provided with adequate temperature regulation may b&1€ guard electrode (see Fig. 1) to the TFE-fluorocarbon
used for routine tests, provided that when the test cell ighsulation in order to prevent contact with any surface.
immersed in the bath, the temperature difference in the test cell 26-2 Always connect the high-voltage lead to the outer
between any part of the inner electrode and the outer electroddectrode as shown in Fig. 1.
does not exceed 2°C. A less satisfactory method is use of a h 17
plate, but variations in temperature throughout the cell may " Number of Tests
lead to questionable results. In general, the use of a forced-draft 27.1 Only a single test specimen need be tested in measur-
air test chamber or automatic thermo-regulator cell is prefering dissipation factor or power factor.
able.

28. Report
22. Test Temperature 28.1 Report the following information:

22.1 The loss characteristic measurement may be made28.1.1 Sample identification,

when the test specimen is within2.0°C of the desired 28.1.2 Type of test cell used,

temperature. 28.1.3 Measurement procedure: routine,
28.1.4 Average voltage gradient in the test specimen
23. Test Voltage sample, while under test, in volts per millimetre (volts per mil)

23.1 In order that low-voltage instrumentation may be usedrms),
for making the routine tests, no minimum voltage stress is 28.1.5 Frequency of applied voltage,
specified. However, the precaution on high electrical stresses 28.1.6 Temperature of the sample while under the test,

given in Section 12 shall be observed. 28.1.7 Temperature and humidity of the room during test,
23.2 Frequencies from 25 to 1000 Hz may be used foand
routine tests. 28.1.8 Dissipation factor or power factor of the sample,

o - o usually expressed as a percentage (%).
Note 5—The dissipation factor of an electrical insulating liquid usually y exp P ge (%)

decreases with increasing frequency in the frequency range covered - .
23.2. An explanation for this behavior is given in Appendix X3 of Testtyg' Precision and Bias
Methods D 150. The manner in which dissipation factor varies with 29.1 Precision
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29.1.1 The precision of this test method has not beetbe 3.1 %; therefore, results of two properly conducted tests by
determined through an interlaboratory test program. It will bethe same operator on the same sample using the same equip-
available by July 2005. ment should not differ from each other by more than 9 % of

29.1.2 Asingle operator statement was developed from tetheir average.

results on one material from a single laboratory. 29.2 Bias—As there is no accepted reference material

29.1.2.1 The single operator coefficient of variation for ,,.: At :
) available for dissipation factor (or power factor), no bias
power factor by the routine method at 25°C has been found Qtatement can be rFr)1ade (or p )

be 3.8 %); therefore, results of two properly conducted tests by

the same operator on the same sample using the same equip;:

ment should not differ from each other by more than 11 % o

their average. 30.1 dielectric constant; disspation factor; power factor;
29.1.2.2 The single operator coefficient of variation for relative humidity

power factor by the routine method at 100°C has been found to

. Keywords

ANNEX
(Mandatory Information)

Al. CELLS USED FOR MEASURING DISSIPATION FACTOR (OR POWER FACTOR) AND RELATIVE
PERMITTIVITY (DIELECTRIC CONSTANT) OF ELECTRICAL INSULATING LIQUIDS

Al.1 Design of Cel—A cell for the purpose of measuring cleaning solvents. The dissipation factor of these insulating
the loss characteristic and relative permittivity (dielectric materials must necessarily be low, particularly that between the
constant) of electrical insulating liquids shall meet the follow-guard and measuring electrodes; otherwise difficulty may be
ing general requirements: experienced in balancing the guard circuits at elevated tem-

Al.1.1 The design of the cell shall be such as to facilitateperatures. Insulating materials that have proven satisfactory are
easy and thorough cleaning of its component parts, permit thieoron nitride, borosilicate glass, quartz, steatite, and TFE-
use of the cell in a suitable temperature bath, and providéuorocarbon. Thermoplastic materials such as hard rubber and
means for measuring the temperature of the liquid under tespolystyrene, although having good electrical properties, are not

Al1.1.2 The materials used in constructing the cell shall besuitable as they soften below 130°C. Insulating materials of the
nonporous and capable of satisfactorily withstanding the temmolded mica-dust type, have been found to absorb solvents and

perature to which the cell will be subjected under test. Theherefore are not considered as satisfactory in the measurement
alignment of the electrodes shall not be influenced by thigf |ow loss liquids.

temperature nor by the operation of filling the cell with the test
liquid.

A1.1.3 The electrodes or their surfaces shall be made of
metal capable of resisting attack by mild acids such as ar

A1.1.7 In designing the cell, the distance across the surface
of the test specimen and across the solid insulating material
getween the guard and the measuring electrode shall be great

found in oils of petroleum origin, particularly after prolonged enough adequately to withstand the test potential used. Leak-

exposure at elevated temperatures. Metals that have been fou@%e across these paths has been found to produce an unsteady

satisfactory from this standpoint are gold, nickel, Monel,Pridge balance on some bridges.

platinum, and stainless steel. In general, plated surfaces haveAl.1.8 The surface area of the measuring electrode and the

been found less satisfactory than solid metal electrodes whegap spacing between the measuring electrode and high-voltage

testing liquids having low loss. Plated surfaces that may belectrode shall be such that the ratio of surface area to thickness

satisfactory for testing liquids having low acidity and for short of the test sample shall be large enough to provide sufficient

periods of time are gold, platinum, nickel, chromium overcurrent for adequate operation of the measuring equipment. No

nickel, or rhodium. minimum capacitance is therefore suggested. It is required,
Al.1.4 In order to achieve a high order accuracy in deterhowever, that the precision of the measurements meets the

mining the dissipation factor (or power factor) or dielectric intended accuracy of this test method.

constant, a guard electrode shall be provided which adequately

shields the measuring electrode. Use a shielded wire or coaxial A1 2 Fig. A1.1—The cell shown in Fig. Al.1 is a two-

cable for connecting the guard and measuring electrodes 1o thgrminal cell intended solely for making routine tests. The

bridge. o ) concentric cylinders are of nickel-plated brass which are
ALL5 The solid insulation used to support the guardyq nieq on a TFE-fluorocarbon base and contained in an
electrode relative to the measuring electrode shall not extengoo_mL borosilicate glass beaker. The volume of oil required

into the portion of th? sample _bemg tes_ted. . Yvhen using this cell is 500 mL. The cell is suitable for use at
A1.1.6 The insulating materials used in constructing the cel o
voltages up to 5 kV and temperatures up to 150°C.

shall not absorb or be adversely affected by the test liquids or
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