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This standard is issued under the fixed designation D 6343; 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 D 374M Test Methods for Thickness of Solid Electrical

1.1 This standard is a compilation of test methods for _Insulation [Metricf _
evaluating properties of thermally conductive electrical insu- D 412 Test Methods for Vulcanized Rubber and Thermo-
lation sheet materials to be used for dielectric applications. plastic Rubbers and Thermoplastic EIastomers—Teﬁsmn
1.2 Such materials are thin, compliant sheets, typically D 624 Test Method for Tear Strength of Conventional
produced by mixing thermally conductive particulate fillers ~_ Vulcanized Rubber and Thermoplastic Elastorfers
with organic or silicone binders. For added physical strength D 792 Test Methods for Density and Specific Gravity (Rela-
these materials are often reinforced with a woven or nonwoven _tive Density) of Plastics by Displacemént

fabric or a dielectric film. D 883 Terminology Relating to Plastits
1.3 These test methods apply to thermally conductive sheet D 1000 Test Methods for Pressure-Sensitive Adhesive-
material ranging from about 0.02 to 6-mm thickness. Coated Tapes Used for Electrical and Electronic Applica-

1.4 This standard does not purport to address all of the tions® -
safety concerns, if any, associated with its use. It is the D 1458 Test Methods for Fully Cured Silicone Rubber-
responsibility of the user of this standard to establish appro- _ Coated Glass Fabric and Tapes for Electrical Insuldtion
priate safety and health practices and determine the applica- D 1711 Terminology Relating to Electrical Insulatfon

bility of regulatory limitations prior to useSee also 18.1.2 and D 2240 Test Method for Rubber Property—Durometer
19.1.2. Hardnes$

1.5 The values stated in S| units are to be regarded as D 5470 Test Method for Thermal Transmission Properties
standard. of Thin Thermally Conductive Solid Electrical Insulation
Material$
Note 1—There is no IEC publication or ISO standard equivalentto this 1 054 Practice for Conditioning Electrical Insulating Ma-
standard. terials for Testing

2. Referenced Documents

2.1 ASTM Standards:
D 149 Test Method for Dielectric Breakdown Voltage and

Dielectric Strength of Solid Electrical Insulating Materials heat flow, under steady conditions, through unit area, per unit

at Commercial Power Frequencies L Lo .
D 150 Test Methods for AC Loss Characteristics and Per:[emperature gradient in the direction perpendicular to the area,

o . . . . for a nonhomogeneous material.
mgt'l\\;l'gér?:glecmc Constant) of Solid Electrical Insulat- 3.1.1.1 See 16.1 for a discussion of the terthermal

. onductivity and apparent thermal conductivityTo avoid
Dlﬁzla-[ﬁf’t '\I\ﬁg:z(r)ig%for DC Resistance or Conductance 0gonfusion, these test methods @ggparent thermal conductiv-
9 ity for measurements of homogeneous and nonhomogeneous
materials.

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 apparent thermal conductivity,—rthe time rate of

1 These test methods are under the jurisdiction of ASTM Committee D-9 on
Electrical and Electronic Insulating Materials and are the direct responsibility of
Subcommittee D09.19 on Dielectric Sheet and Roll Products. —
Current edition approved March 10, 1999. Published June 1999. Originally *Annual Book of ASTM Standardgol 09.01.
published as D 6343 — 98. Last previous edition D 6343 — 98. 4 Annual Book of ASTM Standardgol 08.01.
2 Annual Book of ASTM Standardgol 10.01. > Annual Book of ASTM Standardgol 10.02.
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3.1.2 See Terminologies D 1711 and D 883 for definitions9. Adhesion Strength

of other terms used in these test methods. 9.1 Significance and UseMaterials covered by this test
S method are optionally coated with a pressure sensitive adhesive
4. Significance and Use on one or both sides. In some cases performance in a particular

4.1 These test methods are useful to determine complian@pplication can be affected by the adhesion strength.
of thermally conductive sheet electrical insulation with speci- 9.2 Procedure—Test three specimens of 25-mm width in
fication requirements established jointly by a producer and accordance with Test Methods D 1000 except, clean the steel
user. panel with isopropyl alcohol.

4.2 These test methods have been found useful for quality 9.3 Calculation—From the 3 specimens, calculate the aver-
assessment. Results of the test methods can be useful &ge adhesion strength.
apparatus design. 9.4 Report—Report the average adhesion strength in new-

tons per metre of width.

5. Specimen Preparation . ' . 10. Breaking Strength
5.1 From a sample of sufficient size, prepare test specimens 10.1 Significance and UseBreaking strength can be a

of the dimensions and of the quantity to meet the reqwrementagnificant limitation on methods of applying tapes. Hence it

for each test procedure. may be important to measure the tensile force they can
— withstand.
6. Conditioning 10.2 Procedure
6.1 Unless otherwise specified, condition specimens in ac- 10.2.1 Prepare three specimens at least 500 mm long and 25
cordance with Procedure A of Practice D 6054. Perform allnm wide. If the material contains reinforcing fibers, cut the test
tests on specimens that are in equilibrium with the conditiongpecimen such that the machine direction reinforcing fibers are
of Procedure A of Practice D 6054. Make the tests in a chambegarallel to the long axis of the specimen. In the case of
maintained at 23t 2°C and 50= 5 % relative humidity. materials narrower than 25 mm, test the full width as received.
6.2 When required by a test procedure, condition specimens 10.2.2 Test the breaking strength in accordance with Test
in accordance with Procedure D of Practice D 6054 except thallethods D 1458.
either distilled or deionized water may be used. In such cases, 10.3 Calculation—From the test measurements on the 3
remove the specimens from the water into air maintained at 28pecimens, calculate the average breaking strength.

= 2°C and 50= 5 % relative humidity, remove surface water  10.4 Report—Report the average breaking strength in new-
with a paper towel, and begin testing within 30 s. tons per metre of width.

7. Precision and Bias 11. Tensile Strength and Elongation

7.1 No evaluation of precision or bias has been established 11-1 Significance and UseTensile test results with these
for the test methods herein as they relate to these thin thermai[aterials will vary with specimen geometry and conditions of
conductive materials. For general guidance only, reference mdgSting. Hence, these tensile measurements are not always
be made to Precision and Bias statements in the referenced t&gfiable indicators of usefulness in a particular application.

methods as listed in Section 2. Tensile properties of glass-fiber-reinforced materials vary with
the ratio of the glass-fiber thickness to the total thickness.
8. Thickness Measurements of tensile properties vary with the direction of

o L the glass fibers with respect to the direction in which the
8.1 Significance and UseThe accurate determination of specimen is cut.

thickness is essential for design purposes for both thermal 11 5 procedure
conduction and electrical insulation. Thickness enters into the 14 5 1 Prepare three specimens in accordance with Test
calculation of thermal, electrical, and tensile properties. Methods D 412 using Die C.

8.2 Procedure

8.2.1 Make thickness measurements on specimens in acc
dance with Test Methods D 374M, Method H. This test metho
uses a micrometer which applies a pressure of-24 kPa on

11.2.2 If the material contains reinforcing fibers, cut the test
pecimen such that any reinforcing fibers are at-4%0° to the
ong axis of the specimen.

11.2.3 In accordance with Test Methods D 412, measure the

the specimen, using a 6.25-mm diameter presser foot. ensile breaking strength and tensile elongation at a jaw
8.2.2 Clean the surfaces where the measurements are to Eparation rate of 500 mm/min (20 in./min).

made. Take five randomly spaced measurements to cover theq1 3 calculation

length and width of the specimen. Take measurements at leasty) 3 1 cajculate the tensile strength in kilopascals using the

6 mm from the edges of the specimen. initial thickness and width for each specimen. Calculate the
Note 2—At the compressive loads of this test method, some material@verage tensile strength from the three test measurements.

will undergo compression or compression deflection. The buyer and the 11.3.2 Similarly, calculate each elongation at break as a

seller may wish to agree on other conditions of pressure, anvil and presspiercentage of the initial jaw separation. Calculate the average

foot geometry, and the dwell time to be used. from the three test measurements.
8.3 Report—Report the thickness in millimetres as the 11.4 Report—Report the average tensile strength in kilopas-
average of the five measurements. cals and the average elongation in percent.
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12. Hardness tics of a material under a specific set of conditions, it is not
12.1 Significance and UseThis test method is empirical @PPropriate to use these results to predict performance in an
and intended for control purposes only. application where conditions differ from those of the test.
12.2 Procedure 15.2 Procedure _ o
12.2.1 Prepare a sufficient number of specimens to form a 15.2.1 Prepare specimens for two determinations as re-
stack approximately 6 mm high. quired by either Method A or Method B of Test Method
12.2.2 Determine the indentation hardness in accordandg 9470. _ _ _
with Test Method D 2240 with the following exception: 15.2.2 Measure the thermal impedance in accordance with
12.2.2.1 Read the scale with2 s after the presser foot is in TSt Method D 5470, using a pressure of 3.0.1 MPa and an
firm contact with the specimen. average specimen temperature of 5&G°C.

different locations on the specimen, calculate the averagil€ average thermal impedance. _ _
hardness. 15.4 Report—Report the average thermal impedance in
2
12.4 Report—Report the average hardness in accordancé™ -K)/W and the test method used.
with the Shore Hardness system. o
16. Apparent Thermal Conductivity
13. Specific Gravity 16.1 Significance and UseThermal conductivity applies
13.1 Significance and Use-Specific gravity can be a useful only to homogeneous materials. Thermally conductive electri-
tool to help verify proper filler loading and distribution. This cally insulating materials are heterogeneous since they typi-
value may also be required by designers of specific applicacally include ceramic fillers and elastomeric binders, and are
tions of these materials. often reinforced with glass fiber or a layer of dielectric film.
13.2 Procedure—Prepare two specimens of at least 650Hence the term apparent thermal conductivity is more appro-
mm? in area and test in accordance with Test Methods D 792priate. Because of the multilayer nature of these products, the

Method A-1. apparent thermal conductivity will vary with material thick-
13.3 Report—Report the average of the two test measureN€ss.
ments as the specific gravity. 16.2 Procedure
16.2.1 Prepare specimens in accordance with either Method
14. Tear Strength A or Method B of Test Method D 5470.

16.2.2 In accordance with Test Methods D 5470, determine
Re thermal impedance of layered stacks using 1, 2, and 3
ers of specimens at3 0.1-MPa pressure. Use either Test
thod A or Test Method B of Test Method D 5470.

14.1 Significance and Use
14.1.1 In certain applications, these materials are stressj
during installation in such a way as to introduce tearing stresse&Y

on the material. Tear strength measurements provide a mea culati leul h h | q
of comparing or specifying materials for such applications. . 16-3 Calculation—Calculate the apparent thermal conduc-
vity from the slope of a plot of thermal impedance against

14.1.2 The type of reinforcement, testing rate, and specimeﬁ

size affect the tear resistance. The results obtained by this tedp€cimen stack thickness. o
method are predictive of performance only under certain 16-4 Report—Report the apparent thermal conductivity in
specific conditions of use. W/(m-K) and the test method used.

14.2 Procedure o o
14.2.1 Prepare three specimens using Die C of Test Metho#i’- Permittivity and Dissipation Factor

D 624. 17.1 Significance and UseTest Methods D 150 discuss the
14.2.2 If the material contains reinforcing fibers, cut the tessignificance of dielectric properties and dissipation factor.

specimen such that any reinforcing fibers are at-480° to the 17.2 Procedure—Prepare four specimens. Use 75-mm di-

long axis of the specimen (the “A” dimension of Die C). ameter conducting paint opposed electrodes. Test each speci-

14.2.3 Measure the tear strength in accordance with Tesben at 1 kHz in accordance with Test Methods D 150 in air at
Methods D 412 using a jaw separation rate of 500 mm/min (2@& temperature of 2& 2°C.
in./min). 17.3 Report—Report the electrodes used, the individual
14.3 Calculation—Calculate the tear strength for each values, and the average value of permittivity and dissipation
specimen by dividing the maximum force by the specimerfactor for the four specimens.
thickness. Calculate the average from the three test measure-

ments. 18. Volume Resistivity
14.4 Report—Report the average tear strength in newtons 18 1 Significance and Use
per millimetre. 18.1.1 Volume resistivity is important in designing an insu-
lator for a specific application. Volume resistivity is affected by
15. Thermal Impedance humidity and temperature. The extent of change in volume

15.1 Significance and UseThermal impedance measure- resistivity needs to be considered in developing a design for a
ments are affected by applied pressure, thickness, any surfaspecific application.
irregularities, and uniformity of heat flow. Since the results 18.1.2 Warning—Lethal voltages are a potential hazard
obtained by these test methods represent thermal characterdiiring the performance of this test. It is essential that the test
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apparatus, and all associated equipment electrically connected 19.1.2 Warning—Lethal voltages are a potential hazard
to it, be properly designed and installed for safe operation.during the performance of this test. It is essential that the test
Solidly ground all electrically conductive parts which it is apparatus, and all associated equipment electrically connected
possible for a person to contact during the test. Provide meant it, be properly designed and installed for safe operation.
for use at the completion of any test to ground any parts whiclsolidly ground all electrically conductive parts which it is
were at high voltage during the test or have the potential forpossible for a person to contact during the test. Provide means
acquiring an induced charge during the test or retaining afor use at the completion of any test to ground any parts which
charge even after disconnection of the voltage source. Thomvere at high voltage during the test or have the potential for
oughly instruct all operators as to the correct procedures foracquiring an induced charge during the test or retaining a
performing tests safely. When making high voltage testgsharge even after disconnection of the voltage source. Thor-
particularly in compressed gas or in oil, it is possible for the oughly instruct all operators as to the correct procedures for
energy released at breakdown to be sufficient to result in fireperforming tests safely. When making high voltage tests,
explosion, or rupture of the test chamber. Design test equipparticularly in compressed gas or in oil, it is possible for the
ment, test chambers, and test specimens so as to minimize theergy released at breakdown to be sufficient to result in fire,
possibility of such occurrences and to eliminate the possibilityexplosion, or rupture of the test chamber. Design test equip-
of personal injury. If the potential for fire exists, have fire ment, test chambers, and test specimens so as to minimize the

suppression equipment available. possibility of such occurrences and to eliminate the possibility
18.1.3 See also Significance and Use statement in Tesf personal injury. If the potential for fire exists, have fire
Methods D 257. suppression equipment available.
18.2 Procedure 19.1.3 See also Significance and Use statement in Test

18.2.1 Prepare specimens in accordance with D 257. It iMethod D 149.

recommended that flat plate, guarded, and heated electrodes bel9.2 Procedure

used. Use electrodes which are satisfactory for electrical 19.2.1 Prepare 10 specimens of sufficient size to prevent

resistance measurement on specimens in thermal equilibriufrashover.

with any specific temperature between 20 and 150°C. 19.2.2 Condition five specimens in accordance with Proce-
18.2.2 Condition specimens in accordance with Procedurdure A of Practice D 6054.

A of Practice D 6054. 19.2.3 Condition the other five specimens in accordance
18.2.3 Condition additional specimens in accordance wittwith Procedure D of D 6054.

Procedure D of Practice D 6054. See also 6.2. 19.2.3.1 Preparatory to testing, remove surface water from
18.2.4 For each condition, measure the electrical resistana@ach specimen and begin testing within 30 s.

of two specimens at 50t 5-V dc and 60-s electrification time ~ 19.2.4 Make breakdown voltage tests and thickness mea-

using the procedures of Test Methods D 257. Use the thicknessirements in accordance with Test Method D 149 with the

as determined in Section 8 for the calculation of electricalfollowing conditions:

resistivity. 19.2.4.1 Test in air at 23 2°C.
18.2.5 If the results of the tests differ by a factor of more 19.2.4.2 Use Type | electrodes of Table 1.
than 10, test four additional specimens. 19.2.4.3 Use Method A (Short-Time Test).
18.3 Calculation 19.3 Calculation
18.3.1 From the specimens conditioned in accordance with 19.3.1 From the 5 specimens conditioned in accordance
18.2.2, calculate the median volume resistivity. with 19.2.2, calculate the average breakdown voltage and
18.3.2 From the specimens conditioned in accordance withverage thickness.
18.2.3, calculate the median volume resistivity. 19.3.2 From the 5 specimens conditioned in accordance
18.4 Report—Report the median, maximum, and minimum with 19.2.3, calculate the average breakdown voltage and
volume resistivity in ohm-centimetre for each condition. average thickness.

i i 19.4 Report—Report the average, maximum, and minimum
19. Dielectric Breakdown Voltage breakdown voltage and average thickness for each of the
19.1 Significance and Use different conditioning procedures.
19.1.1 This test method provides useful information as to
the suitability of a material for a particular application. Since20. Keywords
the conditions under which a dielectric behaves in service often 20.1 adhesion; apparent thermal conductivity; breakdown
differ from test conditions, the results obtained by this testvoltage; breaking strength; dissipation factor; electrical insula-
method are predictive of the performance only under certaition; hardness; permittivity; thermal conductivity; thermal
specific conditions of use and are not appropriate for applicaimpedance; thermally conductive; thermally conductive elec-
tions where conditions differ from those of the test method. trical insulation; thin electrical insulation
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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 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, 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).



