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Standard Test Method for
Coefficient of Linear Thermal Expansion of Electrical
Insulating Materials *

This standard is issued under the fixed designation D 3386; 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 epsilon (e) indicates an editorial change since the last revision or reapproval.

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

1. Scope 4. Summary of Test Method

1.1 This test method covers determination of the coefficient 4.1 This test method uses a thermomechanical analyzer to
of linear thermal expansion of electrical insulating materials bydetermine the change of dimension as a function of tempera-
use of a thermomechanical analyzer. ture of a small specimen of a solid electrical insulating

1.2 This test method is applicable to materials that are solidnaterial. Coefficients of linear thermal expansion are calcu-
over the entire range of temperature used, and that retaiated from the values. Other thermal observations may also be
sufficient hardness and rigidity over the temperature range smade.
that irreversible indentation of the specimen by the sensin% o
probe does not occur. . Significance and Use

1.3 Transition temperatures also may be obtained by this 5.1 Measurements of coefficient of linear thermal expansion
test method. are useful in evaluating the suitability of solid insulating

1.4 This standard does not purport to address all of thematerials for use in combination with other materials where
safety concerns, if any, associated with its use. It is themechanical stresses may develop as a result of differences in
responsibility of the user of this standard to establish appro-coefficients.
priate safety and health practices and determine the applica- 5.2 This test method may be compared with Test Method
bility of regulatory limitations prior to use. D 696, but tests made with this test method use much smaller

1.5 The values stated in Sl units are the standard. specimens. This eliminates the need for large liquid baths and
greatly reduces the time required to reach temperature equilib-
rium. As a result, the time required for making a test is less than
2. Referenced Documents for Test Method D 696, and the test method can conveniently

21 ASTM Standards: be used over a wider temperature range than for Test Method

D 374M Test Methods for Thickness of Solid Electrical P 696
Insulation (Metric¥ 6. Apparatus

D 696 Test Method for Coefficient of Linear Thermal Ex-
pansion of Plastics Between — 30°C and 39°C

D 1711 Terminology Relating to Electrical Insulatfon

D 6054 Practice for Coordinating Electrical Insulating Ma-
terials for Testing

Note 1—There is no similar or equivalent ISO/IEC standard.

6.1 The thermomechanical analyzer shall include:

6.1.1 Aspecimen holder and probe, into which the specimen
can be placed. Changes in height of the specimen are sensed by
movement of the probe. Use a probe of a shape and size such
that, for the material being tested, the load applied to the
3. Terminology specimen by the probe shall not cause indentation of the
specimen within the range of test temperatures of interest.

6.1.2 Means for sensing movement of the probe resulting
from changes in height of the specimen and for translating
- these movements into a signal suitable for input to the recorder.

1This test method is under the jurisdiction of ASTM Committee D09 on The sensing element should be capable of sensing a change in

Electrical and Electronic Insulating Materials and is the direct responsibility ofheight of 0.1 pm of the test specimen, with provisions for less
Subcommittee D09.01 on Electrical Insulating Varnishes, Powders, and Encaps%—ensitive ranges when needed
lating Compounds. . to .

Current edition approved Dec. 10, 2000. Published January 2001. Originally ©6-1.3 M?ans for uniformly heating the specimen h0|d_er ata
published as D 3386 — 84. Last previous edition D 3386 — 94. predetermined rate over the range of temperatures of interest.
? Annual Book of ASTM Standards, Vol 10.01. This will consist of a furnace and temperature controller with
2 Annual Book of ASTM Standards, Vol 08.01.
4 Annual Book of ASTM Standards, Vol 10.02.

3.1 See Terminology D 1711 for definitions of other terms
relating to electrical insulation.
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provisions for precooling the furnace and specimen holderpaH change in height of the specimen (in the same units)
when measurements of subambient temperatures are to be over the temperature interval T, and
made. AT temperature interval, °C (see Fig. 1).

6.1.4 Means for measuring temperature in immediate prox-
imity to the test specimen.

6.1.5 Equipment for recording changes in specimen heigm]

Note 4—AH and AT may on some instruments be read directly from
e recorder chart. On other instruments constant factors may need to be

asa funCti.on of SpeCimen_ temperaturg. applied to the chart readings to obtain these values.
6.1.6 Micrometer, meeting the requirements of Test Meth-
ods D 374M. 12. Report

12.1 Report the following information:

12.1.1 Designation of the material, including the name of
the manufacturer and information on composition when
7. Test Specimens known,

7.1 Specimens shall be between 2.5 and 7.5 mm in height 12.1.2 Method of preparation of the test specimen,
and shall have flat and parallel upper and lower surfaces, 12-1.3 Specimen orientation with respect to original sample,

Note 2—Instruments from TA Instruments and Perkin-Elmer have
been found suitable.

Lateral dimensions shall not exceed 10 mm. if applicable, _
12.1.4 Specimen height,
8. Calibration 12.1.5 Temperatures between which the coefficient of linear

8.1 Calibrate the apparatus in accordance with the instrufh€rmal expansion has been determined, ,
ment manufacturer's recommendations. 12.1.6 Average coefficient of linear thermal expansion per

degree Celsius,
9. Conditioning 12.1.7 Transition temperatures, if noted,

9.1 Condition the test specimens fbh at10°C above the 12.1.8 Instrument manufacturer and model number,

maximum specified temperature of the run, followed by 40 h at 12'1'?0??%9&5’ i usgd, and rate of gas flow, and
the standard laboratory atmosphere in accordance with Practice™="~ -Y chart record.
D 6054. 13. Precision and Bias

10. Procedure mi%\fé.(:il The precision of this test method has not been deter-
10.1 Measure the height of the specimen to within 0.01 mm. 13 5 QOperators familiar with this test method estimate that
10.2 Place the specimen in the specimen holder under thggiyidual values may vary from the mean value by as much as

probe. Place the thermocouple or other means for sensing; o, poth within a given laboratory and between laboratories.

specimen temperature in contact with the specimen, or as negy, closely controlling both the dimensions and the orientation
the specimen as possible. of the test specimens, better reproducibility has been achieved.

10.3 Assemble the furnace to the specimen holder. If 133 The bias of this test method has not been determined.
measurements at subambient temperatures are to be made, cool

the specimen holder and furnace to at least 20°C below thé4. Keywords

lowest temperature of interest, using procedures as given by 14.1 linear thermal expansion; thermomechanical analyzer;

the instrument manufacturer. Do not allow the refrigerant usedransition temperature

for cooling to come into direct contact with the specimen.
10.4 Increase the furnace temperature at-50.5°C/min

over the desired temperature range.

Note 3—A gas purge may be used to replace the air around the
specimen for measurement of expansion in different atmospheres.

H
10.5 Record the specimen temperature and change in speci- . £H *
men height. & . 2T
2 aT

11. Calculation

11.1 Calculate the average coefficient of thermal expansion,
«, over the temperature intervals of interest as follows:

a = (AH/AT)H 1)

TO Tl

where:
H = original height of specimen,

Temperature
FIG. 1 Specimen Height versus Temperature
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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).





