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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Scope

document describes a forced, non-resonance method for determining the compoenents o
plex modulus E* of polymers at frequencies typically in the range 0,01 Hz t¢' 100 Hz.

Higher frequency measurements can be made, but significant error§)in the dynami
ured are likely to result (see 10.2.2 and 10.2.3).

»

method is suitable for measuring dynamic storage moduli in therange 0,01 GPa to 5 GH
brials with moduli outside this range can be studied, alternatiye'modes of deformation 4
 used for higher accuracy [i.e. a shear mode for G’ < 0,01 GPa*(see ISO 6721-6) and a fle
"> 5 GPa (see ISO 6721-3 or ISO 6721-5)].

[

method is particularly suited to the measurement of\loss factors and can therefore be c
to study the variation of dynamic properties with‘temperature and frequency through
5-rubber relaxation region (see ISO 6721-1). The*availability of data determined over ¥

th frequency and temperature enables master plots to be derived, using frequency-t
{procedures, which display dynamic properties over an extended frequency range
Normative references

eratures.

titutes requirements of this document. For dated references, only the edition cited

q

h721-1, Plastics = Determination of dynamic mechanical properties — Part 1: General pri

Terms and definitions
the pusposes of this document, the terms and definitions given in ISO 6721-1 apply.

id)IEC maintain terminological databases for use in standardization at the following a

f the tensile

c properties

a. Although
re intended
xural mode

pnveniently
most of the
vide ranges
bmperature
at different

following documents are-eferred to in the text in such a way that some or all of their content

hpplies. For

ited references, the latest edition of the referenced document (including any amendments) applies.

hciples

ddresses:

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/

Principle

The specimen is subjected to a sinusoidal tensile force or deformation at a frequency significantly
below the fundamental resonance frequency for the clamped/free longitudinal mode (see 10.2.2). The
amplitudes of the force and displacement cycles applied to the specimen and the phase angle between
these cycles are measured. The storage and loss factor are calculated using formulae given in Clause 10.
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5 Testdevice
5.1 Loading assembly

5.1.1 General

The requirements on the apparatus are that it shall permit measurements of the amplitudes of, and
the phase angle between, the force and displacement cycles for a specimen subjected to a sinusoidal
tensile force or deformation. Various designs of apparatus are possible: a suitable version is shown
schematically in Figure 1. A sinusoidal force is generated by the vibrator V and applied to one end of the
specimen S[by means of the clamp C1. The amplitude and frequency of the vibrator table displaceinent

are variabl¢ and monitored by the transducer D. The member between V and C; shall be much st
than the specimen and shall have a low thermal conductance if the specimen is to be eneclosed

temperatu

While each|member of the load assembly may have a much higher stiffness than,the specimen
presence of|clamped or bolted connections can significantly increase the apparatus-compliance. It
then be necpssary to apply a compliance correction as described in 10.2.4.

At the oth
supported
thermal coq

Alternative

5.1.2 C(la

The clamps
from slippi
misalignme
force applig
and test sp
1 % of the 3
maintain al
thickness.

The derivat
different va

single specimen if one of the’elamps has a hole in the centre of its base through which the specimen

pass as the

5.1.3 Transducers

The term tj

-controlled cabinet.

end of the specimen, a second clamp C; is connected to a force transducer F whi
y a rigid frame. The member between C; and F shall also have-sufficient stiffness and
ductance.

y, the force can also be calculated from the current supplied to the vibrator.

mps

shall be capable of gripping the test specimen‘with sufficient force to prevent the speci
hg during the tensile deformation and maintaining the force at low temperatures.
nt of the clamps with respect to the forcétransducer will produce a lateral component o
d to the transducer during loading of-the specimen. The alignment of the loading assel
ecimen shall be such that any laterdl component recorded by the transducer is less
pplied tensile force. A clamp design with self-aligning faces is recommended since thig
gnment of the specimen axis\with the axis of the load assembly independently of speci

ion of a length correetion (see 10.2.5) requires measurements of specimen stiffnes
lues of the specimeénlength as defined by the clamp separation. These may be made

clamp separation is reduced.

ansducer in this document refers to any device capable of measuring the applied for

iffer
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5 for
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cers

displaceme

nt;7or the ratio of these quantities, as a function of time. The calibrations of the transdy

shall be traceable to national standards for the measurement of force and length. The calibrations shall
be accurate to * 2 % of the minimum force and displacement cycle amplitudes applied to the specimen
for the purpose of determining dynamic properties.

5.2 Electronic data-processing equipment

Data-processing equipment shall be capable of recording the force and displacement cycle amplitudes
to an accuracy of = 1 %, the phase angle between the force and displacement cycles to an accuracy
of + 0,1° and the frequency to an accuracy of + 10 %.

5.3 Temperature measurement and control

According t

2

0 ISO 6721-1.
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5.4 Devices for measuring test specimen dimensions

According to ISO 6721-1.

Key

1 force transducer F

2 flamp Cy

3  flamp Cq

4  festspecimen S

5 Hisplacement transducer D
6  yibrator V

Fighire 1 =Schematic diagram of a suitable loading assembly for determining dynamic moduli
by a tensile forced non-resonance method

6 Test specimens

6.1 General
According to ISO 6721-1.

6.2 Shape and dimensions

Test specimens of rectangular cross-section are recommended to facilitate load introduction. The
width and thickness shall not vary along the specimen length by more than 3 % of the mean value.
It is also recommended that the length of the specimen between the clamps be longer than six times

© IS0 2019 - All rights reserved 3
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the specimen width in order to make the constraint by the clamps to free lateral contraction of the
specimen negligible.

Where high accuracy of results is requested, a specimen length is recommended which will permit a
clamp separation of about 50 mm to 100 mm or more in order to achieve adequate accuracy in the
determination of the dynamic tensile strain.

Cross-sectional dimensions are not critical. For test conditions under which the polymer exhibits glassy
behaviour, the cross-sectional area shall be selected sufficiently small so that the vibrator is able to
generate tensile displacements that may be measured with adequate accuracy. Alternatively, when
the polymer exhibits rubbery behaviour, a larger cross-sectional area may be necessary to achieve
sufficient agcuracy i the measurement of force.

NOTE Al variation in dynamic properties can be observed between specimens of different thickness
prepared by injection moulding owing to differences which can be present in the structure of the polymer in|each
specimen.

6.3 Preppration

According tp ISO 6721-1.

7 Numbler of specimens

According tp ISO 6721-1.

8 Conditioning

According tp ISO 6721-1.

9 Procefdure

9.1 Test ptmosphere
According tp ISO 6721-1.

9.2 Meagurement of specimen cross-section

According tp ISO 6721-1.

9.3 C(Clamping theé specimen

Mount the 4peeinien between the clamps using a clamping force that is sufficient to prevent slip upder
all test congditions. If measurements are observed to depend upon clamp pressure, then a congtant
pressure should preferably be used for all measurements, especially when applying a length correction
(see 10.2.5).

NOTE If measurements are observed to depend upon clamp pressure then the clamped area of the specimen
is probably too small. A larger clamp face or a wider specimen can eliminate this problem. For measurements
with a sub-ambient starting temperature, it can help to fix the sample at room temperature just loosely and
tighten it in the cold.

9.4 Varying the temperature
According to ISO 6721-1.

4 © IS0 2019 - All rights reserved
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Performing the test

A static tensile force shall be applied to the specimen that is sufficient to prevent buckling under the
decreasing part of the superimposed dynamic load. A dynamic force shall then be applied which yields
force and displacement signal amplitudes which can be measured by the transducers to the accuracy
specified in 5.1.3.

If the tensile strain exceeds the limit for linear behaviour, then the derived dynamic properties will
depend on the magnitude of the applied strain. This limit varies with the composition of the polymer
and the temperature and is typically in the region of 0,2 % for glassy plastics. The dynamic strain range
for linear behaviour can be explored by varying the dynamic displacement amplitude at a constant
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will
indi

lency and recording any change In dynamic modulus with strain amplitude. A low
ld be used for this purpose to minimize any temperature increase caused by meeh
ever, it should be noted that, because of the non-uniform strain in the specimen.in t
t of nonlinear behaviour will be less apparent than in tests where the strain distributior
nlinear behaviour is detected in the strain range of interest, the dynamic-strain lim
rded in the test report.

amplitudes of, the phase difference between and the frequency o¢f\the force and d
hls and the temperature of the test shall be recorded. Where measirements are to bg
es of frequency and temperature, it is recommended that thé lowest temperature

1lency range is then repeated at the next higher temperatute)(see ISO 6721-1).

5-rubber transition region), the energy dissipated“by the polymer may raise its t
iciently to give a significant change in dynamic~properties. Any temperature rise w
lly with increasing strain amplitude and frequency. If the data-processing electronics i
ysing the transducer outputs within the ficstfew cycles, then the influence of any temp
then change with time as the specimen temperature continues to rise, and such obser
ate the need to exercise some cautionin-the presentation and interpretation of results

I frequency
anical loss.
his test, the
is uniform.
t should be

splacement
made over
be selected

and measurements be made with increasing frequency, keeping the temperature copstant. The

those test conditions under which the polymer exhibits medium or high loss (for example in the

emperature
ill increase
s capable of
brature rise
vations will

10 Expression of results

10.1 Symbols

La lengthrof-the specimen between clamps, in metres

I lenigth correction term, in metres

b specimen width, in metres

h specimen thickness, in metres

f measurement frequency, in hertz

SA measured amplitude of the dynamic displacement, in metres

AFp measured amplitude of the dynamic force, in newtons

OEa, OF measured phase difference and corrected phase difference, respectively, between the
force and displacement cycles, in degrees

ka, k measured magnitude and corrected magnitude, respectively, of the complex stiffness
of the specimen, in newtons per metre

W E’' apparent tensile storage modulus and corrected tensile storage modulus, respectively,

in pascals

© IS0 2019 - All rights reserved 5
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E//

tan Og,, tan 6g

tensile loss modulus, in pascals

apparent tensile loss factor and corrected tensile loss factor, respectively

kg stiffness of the force transducer, in newtons per metre
mpg mass of that part of the loading assembly between the force transducer and the test
specimen, in kilograms
Koo measured stiffness, in newtons per metre, of a steel test specimen whose cross-sectional
dimensions are the maximum that the clamps can accommodate (see Note). This spec-
imen shall be at Ieast 100 times stiffer than the stiffest polymer specimen to be tested
NOTE The magnitude of ke will give an estimate of the stiffness of the loading assembly, which js‘equivplent
to a spring donnected in series with the specimen and will enable a correction for apparatus compliance fo be
deduced (seq 10.2.4).
10.2 Calcylation of the tensile storage modulus E’
10.2.1 Gerral
An approximate value for the tensile storage modulus E’; is determined®rom Formula (1).
AF, L kL
E', =—~x-2cosdp, =—22cosd 1
a 'R bh Ea bh Ea ( )
10.2.2 Avdidance of specimen resonance
Formula (1)becomes invalid as the drive frequency approaches the fundamental longitudinal resonpnce
frequency f} of the specimen, given approximately,hy
1
11 (E'; )2
= 2
fs 21] [ ) ) (2)
where p is the polymer density in kilograms per cubic metre. An error in the use of Formula (1) becgmes
significant at applied frequencies-such that
1
0,02(E', \2
al L P
Calculation§ of dynamic properties shall therefore be confined to frequencies below that given by the
equality in Formila (3).

© ISO 2019 - All rights reserved
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10.2.3 Correction for transducer resonance

At sufficiently high frequencies, the applied deformation will excite the force transducer into resonance.
The resonance frequency fr is given by

1
1 (kg 2
fr =—[—FJ @
21| mg
The transducer output will have a significant error for all applied frequencies such that
ARy (5)
The resonance frequency fr of the force transducer and supported mass mp can be determined directly
by recording the natural frequency of the transducer output after striking the attaehed clamp without

the §pecimen.
The [specimen stiffness corrected for transducer resonance is given toa good approyimation by
Forrhula (6).
4n2m 2 2
=k, - Anme ST =k, 1—f—2 (6)
ke fr
It is|[recommended that Formulae (4) and (5) be used toxselect a force transducer whos¢ resonance
freqpiency is above the frequency range for which a corréction to the force measurement is hecessary.
10.24.4 Correction for apparatus compliance
If ky pxceeds 0,02ke, the compliance of the testassembly is not negligible and the measured d{splacement
diffdrs significantly from that of the specimén. The following correction shall then be appligd:

|

k
k, [cosSEa —k—a
k cosOf = =

(7)
ka
1-2 T oS Ok
where O is given by Formula (10). The value of k cos 6g obtained from Formula (7) shall be used in
place of k, cos 8, in Fo¥mula (1)] to give a more accurate estimate for E’,.
NOTE The compliance correction is unnecessary if the displacement transducer is located so ap to measure
the change in clamip separation or if extensometers are attached to the specimen.

.2.5 Application of a length correction

OFX es—10 account of

some distortion of the specimen within and around the clamp.Applying a small correction to L, such
that the effective length is L, + I and assuming [ is independent of L, yields from Formula (1).

k(L, +1)
bh

’

COSOp, (8)

where a correction for apparatus compliance has been applied where necessary using Formula (7). A
value for the length correction I may be determined from measurements of specimen stiffness k for a
series of different clamp separations L,. From Formula (8), a plot of 1/(k cos 6ga) against L, enables [ to
be determined from the intercept at 1/(k cos 6ga) = 0 and E' from the gradient.

NOTE1 The value for I will vary with the cross-sectional dimensions of the specimen and with temperature if
this causes significant changes in dynamic modulus.
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