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Standard Test Method for
Stiffness Properties of Plastics as a Function of
Temperature by Means of a Torsion Test *

This standard is issued under the fixed designation D 1043; 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 epsilone] 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 * taining to plastics used in this test method, see Terminology

1.1 This test method covers the determination of the stiff? 883 or Terminology D 4805.
ness characteristics of plastics over a wide temperature ran

by direct measurement of the apparent modulus of rigidity. i )
1.2 The values stated in Sl units are to be regarded as the4-1 The property measured by this test is the apparent

standard. The values given in parentheses are for informatioffodulus of rigidity, G, sometimes called the apparesitear
only. modulus of elasticity. It is important to note that this property

1.3 This standard does not purport to address all of the!S Not the same as the modulus of elasticiy,measured in
safety concerns, if any, associated with its use. It is thd€nsion, flexure, or compression. The relationship between
responsibility of the user of this standard to establish appro-n€se properties is shown in Annex Al.

priate safety and health practices and determine the applica- 4-2 The measured modulus of rigidity is termed “apparent”
bility of regulatory limitations prior to use. since it is the value obtained by measuring the angular

_ _ _ deflection occurring when the specimen is subjected to an
Nore 1—This test method is not equivalent to ISO 458/1:1985 or ISOapplied torque. Since the specimen may be deflected beyond its
458/2:1985 and results cannot be directly compared between the tW@Iastic limit, the calculated value may not represent the true

%€ Significance and Use

methods. modulus of rigidity within the elastic limit of the material. In

2. Referenced Documents addition, the value obtained by this test method will also be
21 ASTM Standards: affected py the cr.eep_chara_cter.istic_:s of the material, sinc_e the
D 618 Practice for Conditioning Plastics for Tesfing load application time is ar_bltranly flxed_. For many mater_lals,
D 638 Test Method for Tensile Properties of Plagtics there may be a specification that requires the use of this test

method, but with some procedural modifications that take

Plastics by Means of a Cantilever Beam pregedence when adhering to.the sp(a_qificgtion. Theref(_)re, it_is
D 883 Terminology Relating to Plastfcs advisable to refer to th'at mater_lgl specmcatlon b_efore using this
D 1053 Test Method for Rubber Property—Stiffening at test method.'TabIe 1 in Classification D 4000 lists the current
Low Temperatures: Flexible Polymers and Coated Fab'—A‘rs‘T'\/I m_aterlals standar_ds. - .
rics? 4.3 This test method is useful for determining the relative

changes in stiffness over a wide range of temperatures.

D 747 Test Method for Apparent Bending Modulus of

D 4000 Classification System for Specifying Plastic Mate-
rials* 5. Apparatus

D 40 ification for Nylon Injecti d Extrusi . . . .
Mat6e6rij§l?ec' cation for Nylon ‘hjection an xirusion 5.1 Testing Machine-A machine capable of exerting a
; ; torque sufficient to deflect a test specimen in the range of 5 to
D 4805 Terminology of Plastics Standafds 100° of arc, depending on the stiffness of the specimen and its
3. Terminology span. A schematic diagram of a suitable machine is shown in
Fig. 1.

Note 2—Two machines of different torque capacities are being used:
one covers the range of approximately 0.0113 to 0.113 N-m (0.1 to 1.0

1 This test method is under the jurisdiction of ASTM Committee D-20 on Plasticsin__|bf) and the other of approximately 0.113 to 1.81 N-m (1.0 to 16 in.-Ibf)
and is the direct responsibility of Subcommittee D20.10 on Mechanical Propertie%r higher. Some machines also allow varying the span, which is especially
Current edition approved April 10, 1999. Published July 1999. Originally ;.\, 1ant if shearing failures can occur (as in laminates at a span/width of

3.1 Definitions—For definitions of the technical terms per-

published as D 1043 — 49. Last previous edition D 1043 — 92.

2 Annual Book of ASTM Standardéol 08.01. 6). . . )
3 Annual Book of ASTM Standardol 09.01. Note 3—The amount of torque may be varied to suit the stiffness of the
4 Annual Book of ASTM Standardg! 08.02. test specimen, and various weights should be available for this purpose.
5 Annual Book of ASTM Standardéol 08.03. The actual amount of torque being applied by any given combination of
*A Summary of Changes section appears at the end of this standard. Docu ments
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transfer liquid are placed to pre-cool before starting the test.

specimens are isotropic. Where the testing machine permits
varying the span, the span to widi/'g) ratio should be 6 to 8.
FIG. 1 Torsion Tester It is recommended that spans of 38 to 100 mm (1.5 to 4 in.) be
used. The specimen may be used for nonrigid materials on the
weights, torque wheel radii, and shaft bearings should be determined bpw-range machine which has a spdr ¢f 38 mm (1.5 in.).
calibration. The accuracy of the apparatus can be subject to change, andg.2 Thickness-The thickness of the specimen may vary
therefore periodic calibration is necessary to ensure reliable test resultﬁetween approximately 1 and 3 mm (0.040 and 0.125 in.). This

ZESStmg machine calibration procedures are given in Annex A2 and Anne?ange normally makes it possible to test materials of widely

Note 4—For operation at low temperatures the shaft of the machindlifferent stn_‘fnesses. . )
must be provided with a heated collar next to the lower bearing to prevent 6.3 Duplicate specimens of each material shall be tested.

Load Cord
Torque ~Pulley Note 6—For_ time-efficient Iow-temperature use of the equ_ipment,
Scale Graduated space for cooling enough containers of the heat-transfer medium for a
0-360° Stop Pin day’s work is desirable. Depending on the temperature ranges involved,
mechanical refrigeration or a dry-ice chest, or both, will be advantageous.
o) O 5.2.6 Heater—A controlled electric immersion heater in the
Dewar flask shall be used in conjunction with an agitator to
vary the temperature.
5.3 Micrometer—A micrometer accurate to withirr0.0025
Stop Pi mm (£0.0001 in.) or better shall be used for measuring
op Pin . . .
Torque Pulley / Goolant Level specimen thickness and width.
Load Index 5.4 Modifications to Testing Equipment The modifica-
Pulley ; : tions described in Annex A4 will increase the accuracy and
Boarings / J sens.itivity of the testing equipment. The mo_difications are
A / readily adaptable to several types of test equipment used for
1 4 testing plastics. Some of the modifications are desirable, but
Load not a necessity, for obtaining meaningful data.
specimen_— || T o 6. Test Specimens .
Glamp || Spon Support 6.1 Geometry—Test specimens shall be of the rectangular
Test Specimen 4 Rod geometry shown in Fig. 2. They may be cut from compres_sion—
molded sheets, extruded sheet, or from parts of uniform
L thickness having flat parallel surfaces. The specimens may also
b o~ be injection molded. Care shall be taken to ensure that the test
ewar Flask v

the formation of ice. More replications are often needed, especially for nonhomo-
5.2 Temperature Control geneous materials. If the results from testing the first two
5.2 1 Flask—A Dewar flask of suitable dimensions. specimens differ significantly, test a third specimen and discard

5.2.2 ThermometesA thermometer graduated in 1°C divi- the outlier (the valve that varies the most from the other two).
sions and having the necessary range. The bulb shall be located
in close proximity to the test specimen. A digital-readout RTD
thermometer having an accuracy of 1°C or better may be
used.

5.2.3 Timer, for controlling load application time.

Conditioning

7.1 Conditioning—For those tests where conditioning is
required, condition the test specimens at 232°C (73.4+
3.6°F) and 50+ 5 % relative humidity for not less than 40 h

5.2.4 Heat-Transfer Mediur-For normal laboratory pur- prior to testing in accordance with Procedure A of Practice

poses, a substance that is liquid over the desired temperatu _@618; In cag_e;s ?)f dislag_reeLnenFa_the tolerances shallB&
range shall be used for the heat-transfer medium, provided f-1-8°F) and=2 % relative humidity.

has been shown that the liquid does not soften or otherwise 7.1.1 Note tha’g for some hygroscopm materials, ?L.JCh.as
affect the test specimen. nylons, the material specifications (for example, Specification

D 4066) call for testing “dry as-molded specimens.” Such
Note 5—Among the liquids found useful are acetone, ethanol, butan0|(equirements take precedence over the above routine precon-

mec}ha”toel’ F‘O;hma' ht‘?xa?eé;it'éccl’geb‘)"' alndiﬁl‘:iét“tre Ofemetthy' p[‘(;’s‘;gf‘(t:%iitioning at 50 % relative humidity and require sealing the
and water in the ratio o y volume. For temperatures to — ; : g, .
(-94°F), a mixture of 50 parts ethanol, 30 parts ethylene glycol, and 2(?peCImenS in water vapor-impermeable containers as soon as

parts water may be found useful.

50.8£0,025 mm R
5.2.5 Refrigeration—Means shall be provided for cooling | [T zoro00" oas0so00n
the heat-transfer medium. This cooling can be by means of a {f% —
refrigeration cooling coil built into the instrument and im- T e 625£0025m orar
mersed in the Dewar flask of heat transfer fluid or by means of 0000
a low temperature chamber in which Dewar flasks of heat FIG. 2 Test Specimen Documents
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molded and not removing them until ready for testing. b = specimen thickness (smaller cross-sectional dimen-
sion), mm (or in.),

8. Procedure ¢ = angle of deflection of torque pulley, degrees, and

8.1 Measure the width and thickness of the specimen tod = value depending on the ratio afto b. Table 1 gives
three significant digits. the values of u for various ratios @f to b. A third

8.2 Carefully mount the specimen in the apparatus. Adjust column gives thickness if the width is 6.350 mm
the clamps so that the specimen is not under compression or (0.250 in.). If Table 1 is not adequate, may be
tension and is in complete contact with the clamp’s internal calculated by means of the equation given in Annex
surfaces. AL o

8.3 Place the thermometer in position with it's bulb or  9-2 Plot the apparent modulus of rigidity values, calculated
sensing tip in close proximity to the test specimen. in accordance with 9.1, on a logarithmic scaé¥sustempera-

8.4 Fill the Dewar flask with the heat-transfer medium. ThelUre On a linear scale.

heat-transfer medium may be precooled to a temperature Iowerrlg'3 If desired, Le"’l‘d frofm 'thg'grgph the Itemperatur.(::-_ at WIhiCh
D e ol 10l = a0 2 speci vale
.5 Pl he flask i iti he i L ’ -

thg ggita";‘gret e flask in position on the instrument, and starf psi, 35 000 psi, 45 000 psi, or 135 000 psi). The

- . . . . temperature at which the apparent modulus of rigidity is equal

8.6 By intermittent use of the immersion heater, bring the, . .
; . ! to 310 MPa (45 000 psi) has been designated(See Note

bath to the desired test temperature. This heating can b&

; . 1.1).
controlled by an automatic temperature controller, if the
instrument is so equipped. Note 9—If the increments of temperature change used in the test are
8.7 Condltlon the SpeCImen at the test temperature for @Iaﬂvely small (fOI’ example about 3°C .Or SOF) it may be pOSSIb|e '[0
minimum of 3 min. interpolate between test points to determine the temperature for a specific

apparent modulus of rigidity, such as 310.3 MPa or 45 000 psi. However,
8.8 Release the torque pulley. Aft& s note the angular this interpolation should be done on a semi-log basis to be approximately

deﬂ_G_Ction of the pU”_ey and retum_the torque pulley to i_tS _initia| equivalent to the results of the semi-log plot. That is, the log of the
position. If the reading thus obtained does not fall within themodulus must be used to interpolate between the test temperatures, using

range from 5 to 100° of arc, vary the applied torque in such dhe following formula, which is an example for interpolating to determine
way as to produce such a reading. For nonrigid materials, thi$e Tr (310 MPa or 45 000 psi).

reading should fall between 10 and 100°. If it necessary to vary (T,—T,) X (log Gy, — log 45000
the applied torque, wait another 3 min. and repeat the proce- Te=Ti+ (log Gy, —log Gy,

dure at the same temperature.

@)

where:

Note 7—In order to obtain measured values of apparent modulus of T,
rigidity, G, that are comparable to the true valueGyfit is desirable that T, higher of the two test temperatures,
measurements be made within the elastic limit of the material being testedg apparent modulus of rigidity at temperatudrg psi,
Therliefore, torquels shall be chosen thalt will c;ause dﬁflectéons that 3re as and
small as practical to measure accurately on the machine being used. It i PR :
often desirable to reduce the torque slightly before taking successive™ '2 apparent modulus of rigidity at temperatdig psi.
readings, particularly in the temperature range where the material igq Report
rapidly decreasing in rigidity. L .

Note 8—Better reproducibility is obtained if torques are chosen such 10.1 Report the fqllom_ng mforma'uon: . . .
that the deflection obtained at a given temperature is similar to or greater 10.1.1 Complete identification of the material, including
than that obtained at the previous lower temperature. name, stock or code number, date made, form, etc.,

10.1.2 Dimensions of the test specimen,
10.1.3 Detalils of conditioning the specimen prior to testing,
10.1.4 Identification of the heat transfer medium used,

lower of the two test temperatures,

8.9 After each suitable reading is obtained, repeat the steps
indicated in 8.6-8.8 for the next desired temperature. The
torque may be lowered prior to each reading, if desired (Note

7 and Note 8). TABLE 1 Values for u?

Ratio of

9. Calculation ) Thickness when Width is
o T\?1lilg|t<?1éz'stob u 6.350 mm (0.250 in.)
9.1 Calculate the apparent modulus of rigidi®, for each :
temperature as follows: 2.00 3.66 3.175 mm (0.125 in.)
2.25 3.84 2.819 mm (0.111 in.)
G = 917Tl/ab%ud (1) 2.50 3.99 2.540 mm (0.100 in.)
2.75 4.11 2.311 mm (0.091 in.)
3.00 4.21 2.108 mm (0.083 in.)
) 3.50 4.37 1.829 mm (0.072 in.)
where: - . 4.00 4.49 1.600 mm (0.063 in.)
G = apparent modulus of rigidity, Pa (or psi), 4.50 4.59 1.422 mm (0.056 in.)
T = applied torque, N-m (or in.-Ibf), 5.00 4.66 1.270 mm (0.050 in.)
L = specimen length (span), mm (or in.), ‘75-88 j-;; 3-8‘151 mm (8-8‘312 in.)
a = specimen width (larger cross-sectional dimension), : : 914 mm (0.036 in.)
H A Taken from Trayer and March, Report 334, National isory Committee for
mm (or in.), Aeronautics, 1629, ocuiments
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10.1.5 Table of data and results, determine the temperature at which the apparent modulus of

10.1.6 Plot of logarithm of apparent modulus of rigidity rigidity, G, is equal to 241.3 MPa (35 000 psi). Based on this
versustemperature, data, the repeatability is approximately+2°C for a material

10.1.7 The temperature at the specified apparent modulus @fith a mean value of —35.7°G € 2.83 X standard deviation,
rigidity values, if desired (see 9.3), and see Practice E 177).

10.1.8 Date of test.

11. Precision and Bias 12. Keywords

11.1 Limited precision information is available from one 12.1 Clash-Berg; modulus of rigidity; plastics; shear; tor-
laboratory testing a flexible vinyl material (plasticized PVC) to SIon

ANNEXES

Al. CALCULATIONS

Al.1 Calculation of Factoru D 747, when Poisson’s ratio is assumed to be 0.5, a suitable
A1.1.1 The factoru may be calculated by the following value for soft rubber at room temperature. It must be empha-
equation: sized, however, that this is an experimental correlation only.
u = 5.33—[(3.36b/a)(1 — (b*12a%)] (A1.1) Note Al.1—Because of the correlation betweerobtained from this
test method and stiffness from Test Method D 747, values in the literature
where: ) . have frequently been given in termsBfwvhen this test method has been
u = factor depending on the ratio afto b, used. In this case, where Poisson’s ratio is assumed to b&Qiidicates
a = specimen width, mm (or in.), and that temperature at which the material exhibits a modulus of elastigity,
b = specimen thickness, mm (or in.). of 930.65 MPa (135 000 psi). The teffij has been used to indicate the

temperature at which the modulus of elasticity is 68.95 MPa (10 000 psi).

AL:2 Calculation of App.arent Modulus of ElaS“.CITy A1.2.3 In general, the calculation of modulus of elasticity
Al.2.1 The relationship between modulus of rigid®.and  from data obtained in this test method rist recommended
modulus of elasticityE, is expressed by the following equation sjnce there is evidence that suggests that Poisson’s ratio varies
(A = Poisson’s ratio): from material to material and may vary from temperature to
E=2G(1+N\) (Al.2)  temperature for the same material. In addition, data from the
test may be obtained at deflections outside of the elastic limit
Al1.2.2 It has been shown for some highly extensible plasof the material and thus would give misleading valueg&.of
tics that the value foE calculated from the above equation value of modulus of elasticity may be obtained in tension as
agrees well with experimental values obtained by Test Methodescribed in Test Method D 638.

A2. SETUP AND CALIBRATION PROCEDURE OF TORSIONAL-STIFFNESS APPARATUS BY COMPARING THE
MEASURED TORQUE APPLIED AGAINST A CALIBRATED WIRE STANDARD

A2.1 Apparatus—Analytical balance, calipers, accurate to A2.2.1 The mass (to the nearest 0.1 mg) of each of the loads
0.1 mm (or equivalent measuring device), stop watch, andised to apply the torques,
standard torsion wire. Construct a standard torsion wire by A2.2.2 The diameter of the torque pulley of the apparatus to
cutting a piece of tempered spring wire 45 mm (1.75 in.) longthe nearest 0.1 mm (0.004 in.); if the grooves are cut in the
This wire should be similar in dimensions and stiffness to thepulley for the load cords, measure the diameter in the grooves,
2.0 gf-cm per degree of twist wire described in Test Method A2.2.3 The diameter of the load cord used to the nearest 0.1
D 1053. Flatten slightly approximately 2 mm (0.062 in.) of mm (0.004 in.), and
each end of the wire and insert in the end holes of two brass A2 2.4 The exact torques in N-m (in.-Ibf) for each of the

mounting lugs so that exactly 38.1 mm (1.50 in.) of wire is gpplied torques 0.012 to 0.12 N-m (0.1 to 1 in.-Ibf) from the
exposed between the lugs (see Fig. A2.1). Squeeze the bragfiowing equations:

lugs with a hydraulic press so that they grip the wire firmly. aAo241R = (diameter of the torque pulley + diameter of
The lugs shall be made of brass 6.4 by 12.7 by 3.2 mm (0.2f,¢ |0ad cord)+ 2, and

by 0.50 by 0.13 in.) with a 3.73-mm (0.147-in.) diameter hole A2.2.4.2 Exact torgues in N-m (in.-1bf):

in the middle of the lugs and a hole centered in one end slightly ~ X ques (in.-Ibf):

larger than the diameter of the spring wire. Too113= REWoo13 (A2.1)
To0226= REWq o206
A2.2 Procedure—Determine the following (see Fig. 1): To113= RS Whis Documents
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