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This standard is issued under the fixed designation D 5023; 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 * priate safety and health practices and determine the applica-

1.1 This test method covers the use of dynamic mechanicdlility of regulatory limitations prior to use.
instrumentation for gathering and reporting the visco-elastic Nore 1—There is no similar or equivalent ISO standard.
properties of thermoplastic and thermosetting resins and com-
posite systems in the form of rectangular bars molded directly. Referenced Documents
or cut from sheets, plates, or molded shapes. The data2.1 ASTM Standards:
generated, using three-point bending techniques, may be usedD 618 Practice for Conditioning Plastics and Electrical
to identify the thermomechanical properties of a plastics Insulating Materials for Testirfg
material or composition using a variety of dynamic mechanical D 4000 Classification System for Specifying Plastic Mate-
instruments. rials®
1.2 This test method is intended to provide means for D 4065 Practice for Determining and Reporting Dynamic
determining the modulus as a function of temperature for a  Mechanical Properties of Plastics
wide variety of plastics materials using nonresonant forced- D 4092 Terminology Relating to Dynamic Mechanical
vibration techniques, in accordance with Practice D 4065. Plots Measurements on Plastics
of the elastic (storage); loss (viscous); and complex moduli and )
tan delta as a function of frequency, time, or temperature ard- Terminology
indicative of significant transitions in the thermomechanical 3.1 Definitions: For definitions applicable to this test

performance of the polymeric material system. method refer to Terminology D 4092.
1.3 This test method is valid for a wide range of frequencies,
typically from 0.01 to 100 Hz. 4. Summary of Test Method

1.4 Apparent discrepancies may arise in results obtained 4.1 A specimen of rectangular cross section is tested in
under differing experimental conditions. These apparent differflexure as a beam. The bar rests on two supports and is loaded
ences from results observed in another study can usually ey means of a loading nose midway between the supports. The
reconciled, without changing the observed data, by reporting itest specimen of known geometry is placed in mechanical
full (as described in this test method) the conditions undefinear displacement at fixed frequencies at either isothermal
which the data were obtained. conditions or with linear temperature increases. The elastic

1.5 Due to possible instrumentation compliance, the datanoduli or loss moduli, or both, of the polymeric material
generated are intended to indicate relative and not necessarigystem are measured using three-point bending.

absolute property values. . .
. . Note 2—The particular method for measurement of the elastic and loss
1.6 Test data obtained by this test method are relevant ar‘H:ioduli and tan delta depends upon the individual instrument’s operating

appropriate for use in engineering design. principles.
1.7 The values stated in Sl units are to be regarded as the
standard. The values given in parentheses are for informatiop Significance and Use
only. 5.1 This test method provides a simple means of character-
1.8 This standard does not purport to address all of theizing the thermomechanical behavior of plastics materials
safety concerns, if any, associated with its use. It is thausing very small amounts of material. The data obtained may
responsibility of the user of this standard to establish appro-be used for quality control, research and development, and
establishment of optimum processing conditions.

1 This test method is under the jurisdiction of ASTM Committee D20 on Plastics
and is the direct responsibility of Subcommittee D20.10 on Mechanical Propertes———————
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*A Summary of Changes section appears at the end of this standard.
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5.2 Dynamic mechanical testing provides a sensitive tesB. Test Specimens
method for determining thermomechanical characteristics by g 1 The test specimens may be cut from sheets, plates, or
measuring the elastic and loss moduli as a function ofngided shapes, or may be molded to the desired finished
frequency,_temperature, or time. Plots_ of modul_l and tan deltgimensions. Typically, the support span shall be 16 (tolerance
of a material versus temperature provide graphical representay o, —-2) times the depth of the beam. Specimens shall be long
tion indicative of functional properties, effectiveness of CUréenough to allow overhanging on each end of at least 10 % of
(thermosetting resin system), and damping behavior undepe support span, but in no case less than 6.4 mm (0.25 in.) on

specified conditions. each end. Overhang shall be sufficient to prevent the specimen
5.3 This test method can be used to assess: from slipping through the supports. A typical rectangular test
5.3.1 Modulus as a function of temperature, beam is 64 by 13 by 3 mm (2.5 by 0.5 by 0.125 in.) tested
5.3.2 Modulus as a function of frequency, flatwise on a support span, resulting in a support-to-span ratio
5.3.3 The effects of processing treatment, _ of 16 (tolerance +4 or —2). Rectangular test specimens of other
5.3.4 Relative resin behavioral properties, including curegimensions can be used but should be clearly identified in the

and damping. _ _ report section.
5.3.5 The effects of substrate types and orientation (fabri-

cation) on modulus, and 9. Calibration

5.3.6 The effects of formulation additives which might
affect processability or performance.

5.4 For many materials, there may be a specification th
requires the use of this test method, but with some procedural L
modifications that take precedence when adhering to th&0- €onditioning
specification. Therefore, it is advisable to refer to that material 10.1 Condition the test specimens at 23®°C
specification before using this test method. Table 1 of Classit73.4* 3.6°F) and 50t 5 % relative humidity for not less
fication System D 4000 lists the ASTM materials standards thathan 40 h prior to test in accordance with Procedure A of
currently exist. Practice D 618 for those tests where conditioning is required.

9.1 Calibrate the instrument using procedures recommended
a@y the manufacturer.

6. Interferences 11. Procedure

6.1 Since small test specimen geometries are used, it iS 17 1 Use an untested specimen for each measurement, such
essen_tlal th_at the specimens be representative of the polymetig temperature or time sweep. Measure the width and depth of
material being tested. the specimen to the nearest 0.03 mm (0.001 in.) at the center of
the support span.

11.2 Center the specimen on the supports, with the long axis
the specimen perpendicular to the loading nose and sup-

7. Apparatus

7.1 The function of the apparatus is to hold a rectangulabf
test specimen of a polymeric material system so that th

material acts as the elastic and dissipative element in @ 19 3 pre joaq the test specimen so that there is a positive
mechan!cally driven linear d|sp|acement system. Dynamig, .o -~ \onitor the normal force to ensure adequate pre-
mechanical instruments operate in a forced, constant amplitu Sading

and at a fixed frequency. . . :
7.2 The apparatus shall consist of the following: nalrr%ifliiglaercttjitshp?agzﬁwlreeri frequency (or frequencies) for dy

7.2.1 Loading Nose afﬁd Suppo sThe 'Oad”Fg nose an_d 11.5 Select the linear displacement amplitude.
supports shall have cylindrical surfaces having a sufficient
: . o . : 11.6 Temperature Sweep
radius to avoid excessive indentation or failure due to stress .
11.6.1 Temperature increases should be controlled to 1 to

concentration directly under the loading nose. o ; . ) R - -

7.2.2 Linear Deformation (strain}-A device for applying 2 C/ml_n for linear increases and 2 to_5 C/min Wlth_a minimum
continuous linear deformation (strain) to the specimen. In thé ;:r-;::ltr:a rtir;(iar:mﬁ]les%ag dﬂmi I:)orrr‘:‘t{ehpemgs(?sasfg i(T)?]'Str\]": glualmﬁe
force-displacement device the deformation (strain) is applie& ng . glassy region, 9
and then released (see Table 1 of Practice D 4065). glass-transition region, up to the softening or leathery-rubbery

state.

7.2.3 Detectors—A device or devices for determining de- o . .
pendent and independent experimental parameters, such 311'6'2. The tan delta peak shall comude_\_/wth tth‘ dramatic
ange in modulus through the glass-transition region.

force (stress) or deflection (strain), frequency, and temperaturg.
Temperature should be measureable with a precisiohl6tC, .
frequency to+1 %, and force tar1 %. 12. Calculation

7.2.4 Temperature Controller and Ovena A device for 12.1 The equations listed in Practice D 4065 are used to
controlling the temperature, either by heating (in steps ofalculate the following important rheological properties mea-
ramps), cooling (in steps or ramps), or maintaining a constargured in forced, nonresonant dynamic displacement:
specimen environment, or a combination thereof. A tempera- 12.1.1 Storage (elastic) modulus in bendi&g,
ture controller should be sufficiently stable to permit measure- 12.1.2 Loss (viscous) modulus in bendirkg,
ment of environmental-chamber temperature to within 1°C.  12.1.3 Complex modulus in bending?, and

7.3 Nitrogen or other inert gas supply, for purging purposes. 12.1.4 Tan deltag*.
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13. Report

13.1 Report the following information: HoouLus

13.1.1 Complete identification of the material tested, includ-
ing type, source, manufacturer’'s code, number, form, principal
dimensions, and previous history,

13.1.2 Direction of cutting and loading specimen, including
pre-load force,

13.1.3 Conditioning procedure,

13.1.4 Description of the instrument used for the test,

13.1.5 Description of the calibration procedure, s e

13.1.6 ldentification of the sample atmosphere by gas comj, i
position, purity, and rate used, g g

13.1.7 Depth and width of specimen, 2

13.1.8 Support span length, g

13.1.9 Support span-to-depth ratio,

13.1.10 Radius of supports and loading nose,
13.1.11 Frequency of dynamic displacement,
13.1.12 Amplitude of displacement,

13.1.13 Thermal gradient,

13.1.14 Number of specimens tested, TABLE 1 DMRT Three-Point Bending, Elastic Modulus, E * (E*°
13.1.15 Equations used to calculate values, Pascals) or (E ** dynes/cm 2) at Selected Temperatures
13.1.16 Table of data and results, including moduli and tan

TEMPERATURE
FIG. 1 Dynamic Mechanical Properties in Three-Point Bending
(at Different Frequencies)

’ Material Temperature, °C
delta as a function of temperature, and . 20 s s 100 20
13.1.17 A plot of the modulus (moduli) and tan delta as ap W——
- - olycarbonate:
function of temperature (Fig. 1). Mean 2302 2319 2187 2079 1818
Standard deviation 0.044 0.078 0.073 0.042 0.005

14. Precision and Bias

T P olypropylene:
14.1 The repeatability standard deviation has been deteF’—Mean 1242 05744 02893 0.1835

mined for the materials shown in Table 1. A single laboratory standard deviation 0.255  0.0553 0.0151 0.0117
evaluated four thermoplastic neat resins and composites andS_

the values shown were obtained with the same test method Wméan 2204 2232 1461
the same laboratory by the same operator using the samestandard deviation 0.011  0.004  0.052

equipment in the shortest practical period of time using test _
Glass Reinforced

specimens taken at random from a single quantity of homoges g carmonate:
neous material. Mean 4014 3970 3883 3687  3.582
Standard deviation 0.130 0.087 0.118 0.064 0.134
15. Keywords
15.1 dynamic mechanical rheological properties; elastic;
flexural viscoelastic behavior; linear displacement; loss; storage modulus; tan delta

SUMMARY OF CHANGES

This section identifies the location of selected changes to this test method. For the convenience of the user,
Committee D20 has highlighted those changes that may impact the use of this test method. This section may also
include descriptions of the changes or reasons for the changes, or both.

D 5023 — 99: D 5023 - 01:
(1) Added precision and bias statement. (1) Title changed.
(2) Added Summary of Changes.

ASTM International 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 International 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.
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This standard is copyrighted by ASTM International, 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).



