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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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Plastics — Determination of dynamic mechanical
properties —

Part 2:
Torsion-pendulum method

1

This
prog

Scope

document specifies two methods (A and B) for determining the linear dipnamic
erties of plastics, i.e. the storage and loss components of the torsional modulus, as a

temperature, for small deformations within the frequency range from 0,1 Hzto"10 Hz.

NOT
temp

on the transition regions (for example the glass transition and the melting transition) of the pol

prov

The

des information concerning the onset of plastic flow.

methods are not suitable for testing rubbers, for which theluser is referred to ISO 4664-2.

2

The
cons
und{

ISO

For 1

ISO

Normative references

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

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

Terms and definitions
he purposes of this. do¢ument, the terms and definitions given in ISO 6721-1 apply.
ind IEC maintaifrterminological databases for use in standardization at the following a

SO Onlinehrowsing platform: available at https://www.iso.org/obp

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

4

rincinle
r

mechanical
function of

D The temperature dependence of these properties, measured ower/a sufficiently brqad range of
eratures (for example from -50 °C to +150 °C for most commercially available plastics), gives information

mer. It also

two methods described are not applicable to non-synifmetrical laminates (see ISO §721-3). The

following documents are referred to in thé€“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 amendmerts) applies.

hciples

ddresses:

A test specimen of uniform cross-section is gripped by two clamps, one of them fixed and the other
connected to a disc, which acts as an inertial element, by a rod. The end of the specimen connected to the
disc is excited, together with the disc, to execute freely decaying torsional oscillations. The oscillation
mode is that designated IV in ISO 6721-1, and the type of modulus is Gy, as defined in ISO 6721-1.

The inertial element is suspended either from the specimen (method A, see Figure 1) or from a wire
(method B, see Figure 2). In the latter case, the wire is also part of the elastically oscillating system.

© IS0 2019 - All rights reserved
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Key
1 upper (fijed) clamp 4 lower (movable) clamp
2 temperatfire-controlled chamber 5 rod

3 testspecinen 6 inertial element

Figure 1 — Apparatus for method A
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1  counterweight 5 upper (movable) clamp
2 wire 6  testspecimen
3 inertial element 7  temperature-controlled chamber
4 rod 8 lower (fixed) clamp

Figure 2 — Apparatus for method B
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During a temperature run, the same inertial element can be used throughout the whole run, which
results in a frequency decreasing naturally with increasing temperature, or the inertial element can
be replaced at intervals by a member of different moment of inertia in order to keep the frequency
approximately constant.

During the test, the frequency and the decaylng amplitude are measured. From these quantities, the
storage component G and loss component G of the torsional complex modulus G can be calculated.

5 Testapparatus

5.1 | Pendulum
Twoltypes of torsion pendulum are specified for use with this document:

a) the inertial element is suspended from the test specimen and the lower énd of the $pecimen is
excited (method A, Figure 1);

b) the inertial element is suspended from a wire attached to a counterweight and the uppgr end of the
specimen is excited (method B, Figure 2).

BotH types of pendulum consist of an inertial element, two clamps‘for gripping the specimen (one of
whigh is connected to the inertial element by a rod) and a teniperature-controlled chambé¢r enclosing
the §pecimen and the clamps. For method B, a counterweight.dand connecting wire are also fequired.

5.2 | Inertial element

5.2.1 General

The [moment of inertia, /, of the inertial element, which may be made of aluminium, for ingtance, shall
be s¢lected as a function of the torsional stiffness of the specimen, so that the temperaturg-dependent
natural frequency of the system lies between approximately 0,1 Hz and 10 Hz.

When testing standard specimens, (see 6.2), a moment of inertia, I, of about 3 x 1015 kg:m?2 is
recommended if the same inertialelement is to be used throughout a run.

NOTE For certain materials/e.g. filled polymers, a value of I of about 5 x 10-5 kg-:m2 can be necessary.

If a ¢onstant frequency-is desired over a broad temperature range, interchangeable inertial elements
with different valuesof I may be used, thereby permitting the moment of inertia to be varfied in steps
of leps than 20 %yie. the frequency to be corrected in steps of less than 10 %. When testing standard
spedimens (see'6:2) at a frequency of about 1 Hz, a maximum moment of inertia of about 3 ¥ 10-3 kg-m?2
is recommended.

5.2.2 ~ Method A (see Figure 1)

The total mass of the inertial element, the lower clamp and the connecting rod shall be such that the
weight, W, carried by the specimen is not too high [according to Annex A, Formula (A.2)].

5.2.3 Method B (see Figure 2)

The total mass of the inertial element, the upper clamp and the rod must be balanced by a suitable
counterweight, so that the longitudinal force, W, acting on the specimen is minimized [according
to Annex A, Formula (A.2)]. The wire supporting these parts is part of the elastically oscillating system.

5.3 Clamps

The clamps shall be designed to prevent movement of the portion of the specimens gripped within them.
They shall be self-aligning in order to ensure that the specimen axis remains aligned with the axis of

© IS0 2019 - All rights reserved 3
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rotation and the test specimen remains adequately secured over the whole temperature range without
distortion occurring, thus allowing the free length of the specimen to be accurately determined.

The movable clamp shall be of low mass.

The moment of inertia of the whole system (consisting of the movable clamp, the inertial element and
the connecting rod) shall be determined experimentally.

To prevent heat passing from the specimen out of the temperature-controlled chamber and in the
opposite direction, the rod connecting the movable clamp and the inertial element shall be thermally
non-conducting.

5.4 Oscillation-inducing device

The oscillation-inducing device shall be capable of applying to the pendulum a torsionalimpulse such
that the pendulum oscillates initially through an angle of not more than 1,5° in eaghrdirection for
normal matjerials, or not more than 3° in each direction for low-modulus materials (such as elastomjers).
5.5 Oscillation-frequency and oscillation-amplitude recording equipment

Optical, ele¢trical or other recording systems may be used provided they have no significant influence
on the osclllating system. The entire equipment for measuring frequency and amplitude shall be
accurate tof+ 1 % (within the transition region + 5 %).

5.6 Temperature-controlled chamber

According tp ISO 6721-1.

5.7 Gas qupply

According tp ISO 6721-1.

5.8 Temperature-measurement device

According tp ISO 6721-1.

5.9 Deviges for measuring'test-specimen dimensions

According tp ISO 6721-1.

6 Test specimens

6.1 Gendral

According to ISO 6721-1.

6.2 Shape and dimensions

Rectangular test specimens having the following dimensions are recommended:

free length, L: 40 mm to 120 mm, preferably 50 mm

width, b: 5 mm to 11 mm, preferably 10 mm

thickness, h: 0,13 mm to 2 mm, preferably 1 mm

4 © IS0 2019 - All rights reserved
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Specimens which are rectangular in cross-section but whose thickness and/or width varies along the
main axis of the specimen by more than 3 % of the mean value shall not be used. When comparing
different materials, the dimensions of the specimens shall be identical. Specimen dimensions differing
from the preferred ones (50 mm x 10 mm x 1 mm) should be chosen to conserve geometric similarity
with the preferred specimen shape.

Alternative specimen shapes may be used (e.g. cylindrical or tubular); in such cases, dimensions and
tolerances shall be agreed upon by the interested parties.

6.3 Preparation

Accqrding to ISO 6721-1.

7 Number of specimens

Accqrding to ISO 6721-1.

8 [onditioning
Accqrding to ISO 6721-1.

If m¢chanical conditioning of the specimen is required, the speeimen shall be twisted throygh an angle
gredter than 5° but less than 90° in both directions about.the torsional-test axis and retyirned to its
norrhal position.

9 Procedure

9.1 | Test atmosphere
Accqrding to ISO 6721-1.

9.2 | Measurement of speciniern cross-section

Accqrding to ISO 6721-1.

9.3 | Mounting the test specimens

Clamp the test spécimen between the upper and lower clamps. The longitudinal axis of the teft specimen
shal| coincide wiith the axis of rotation of the oscillating system. Any misalignment of the specimen will
cause lateral.escillations that will interfere with the normal oscillation process.

Aftef clamping the test specimen, measure the distance between the clamps (the freg length L)
to £[0;5 %. When setting up the oscillating system in the chamber, check to make sure that the test
specimen is not stressed.

After assembling the oscillating system complete with test specimen, and checking its alignment, start
the heating or cooling (see 9.4).

9.4 Varying the temperature
According to ISO 6721-1.

9.5 Performing the test

Start the free oscillations by setting the pendulum (5.1) in motion using the oscillation-inducing
device (5.4).

© IS0 2019 - All rights reserved 5
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Record the oscillation frequency and the oscillation amplitude as it decays.

Check that no amplitude decay is caused either by friction between moving and fixed parts of the
apparatus or nonlinear behaviour of the material under test (see ISO 6721-1).

If the frequency is kept fixed during a temperature run, ensure that the inertial element is changed as
and when necessary.

10 Expression of results

10.1 Symlyols and correction factors

b widt
h thicl
L free
I mon

prop
fa freq
fo freq
A loga
Ap loga
Fg so-c

For specimg
Fg =3L
where F.is
When O <h
F.=1-
When 0,6 <

F.=0,8

C

h, in metres, of a rectangular specimen
[ness, in metres, of a rectangular specimen

length, in metres, of specimen

riate, including the movable clamp and the connecting rod)

lency, in hertz, of the damped oscillating system

hency, in hertz, of the pendulum as used in method B, without the specimen

[ithmic decrement for damped oscillations of penddlum plus specimen

[ithmic decrement for damped oscillations of-a'method B pendulum, without the specin
hlled dimensional factor for the specimen, expressed in reciprocal cubic metres (m-3)
ns with a rectangular cross-section:

bh3F

C

the so-called dimensionalycorrection factor.
b<0,6

0,63h/b

h/b<1

43/(1+h2 /bz)

ent of inertia, expressed in kilogram metre squared (kg:m2), of the)inertial element (if ap-

nen

@)

(2)

(3)

For specimens with a circular cross-section:

Fy=32L/nd*

where dist

he diameter, in metres, of the specimen.

Fq damping correction factor, given by the formula

(4)
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Fy=1-(A/2n)? (5)
G;o torsional storage modulus, in pascals, of the specimen
G:O torsional loss modulus, in pascals, of the specimen

NOTE1 Formulae (2) and (3) are only approximately valid, the maximum error being 0,9 % (see Annex C).

NOTE2 The dimensional factor does not include any length corrections to allow for clamping effects.
Therefore, only measurements carried out on specimens with the same thickness, width and length ratios will
yieldlaccurately comparable results (see ISO 6721-1).

10.2 Calculation of logarithmic decrement, A

The Jogarithmic decrement, /A, may be calculated using Formula (6):

A=In(X, /X401) (6)

whefe X and X1 are the amplitudes of two successive oscillations inthe same direction (see [SO 6721-1).
To calculate /A from the amplitudes of any two oscillations p andqg\in the same direction, use Hormula (7):

1
p—q

A = ln(Xq /xp) (7)

where

K, is the amplitude of the pth oscillation;
K, is the amplitude of the qth oscillation.

The Formula (8) shall be used in the case of amplitudes that cannot be recorded on a dampefl sinusoidal
curye with an accurate baseline (see Figure 3):

4=1n(X; /X;H):ﬁln(X; /X;) (8)

*

q
. . . * —
oscillation concefned, i.e. X, =X;r -Xg -

* *
whefe X, ..., X, Xqfpare the differences between successive positive and negative amplifudes of the

NOTE Formula (8) only corrects for a constant shift in the baseline, not for a time-dependent bpseline drift.
A tirfe-dependent baseline drift can be caused by the non-oscillating part of the relaxation process, following

application’of the single pulse to start the system oscillating. It can be decreased by using double-plse starting,
with|each pulse applied in a different direction.

© IS0 2019 - All rights reserved 7
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Figuife 3 — Amplitude X versus time ¢t for damped vibrations showing a baseline shift

10.3 Calcylation of torsional storage modulus, G;O

The torsion
be calculatd

G't0 =41

Assuming 3
Formula (5]

Gy =11

(o]

fo being 0 fq

For rubber
Annex A).

10.4 Calcylation of torsional loss modulus, G,

hl storage modulus (see ISO 6721-1) of a test specimen with a rectangular cross-section

d from Formula (9).
1( 25 13,

rectangular cross-section with-allow h/b ratio [see Formulae (1) and (2)] and inset
, one obtains

n2If} [1—(/1/2n)2 ~(fo /fd)2}<L/bh3FC

r method A.

like material$, high longitudinal forces acting upon the specimen shall be avoided

The torsion

leulatad from Foreaaala (110
rEHratte e oerreor a1t

G =4mf§ (A= Ag)F,

Ag being 0 for method A.

may

(9)

ting

(10)

(see

(11)

For method B, if Ag < </A and assuming a rectangular cross-section with alow h/b ratio [see Formulae (1
and (2)] and inserting Formula (5), one obtains

Gy =127IfF AL / bR®F,

(12)
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11 Precision

The precision of this technique has been determined from the results of interlaboratory tests in which
15 laboratories participated[Zl. Interlaboratory precision was as follows:

— for GLO in the glassy region: £7 %j;
— for G.'co at the glass-transition temperature: £30 %;

— for G.'E'0 below the glass-transition temperature: +10 %.

Utilizing G;o or G'tlo, the glass-transition temperature could be determined to within + 3¢C| The values
for ipntralaboratory precision were about half those for interlaboratory precision.

NOTE The glass-transition temperature was determined from the point of inflexion of the log G, versus

temglerature curve or from the maximum of the G, versus temperature curvé associated with the glass
trangition.

12 [lest report

The test report shall include the information given in the testreport of ISO 6721-1 plus the :Lollowing:

a) preference to this document (i.e. ISO 6721-2), plus theXmethod (i.e. the type of pendul
pbr B), e.g. ISO 6721-2B;

m) used (A
b) |f a fixed frequency was used: the frequency, chosen and the variation in frequency caused by
Changing the inertial element;

c) [fthe same inertial element was used: the,frequency range between the minimum tempgrature and
he maximum temperature;

d) |fmethod A was used: the mass 0f the inertial element.

© IS0 2019 - All rights reserved 9
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Annex A
(normative)

Influence of longitudinal force, W

A longitudinally superimposed force W acting on the specimen generates an additional torsional

stiffness, resulting in an apparent modulus increase AGw. This longitudinal force, W, is the

weight of a
necessary g
suspended

force W (se¢

The moduly

AGW =

and is subt

points shoulld be noted with regard to this correction, however:

It is neq

Rubben
to the 4
the vibi

[tis un
equatid

In order to
AGwy greate
satisfied:

w<0,0

The momer
mass m is

[=md?

Il the parts that are suspended from the specimen. Therefore, the appropriate correcti
nly for the pendulum used in method A, in which the disc, the rod and the lower elamp are

from the specimen. For the pendulum used in method B, the counterweight balance
 Figures 1 and 2).

s correction is given by

Wb/ 4hF,

racted from the value of the storage modulus, calculated from Formula (9) A numb

essary only for measurements in the rubber elastic region.

sshowaso-called “primary normal stress differencé”, however, which increasesin propoj

rations, which can be avoided by restricting measurements to small-amplitude vibratio

ns have not been developed for viscoelasticity.

overcome the difficulties listed @hove, any weight, W, that generates a modulus correg
I than 1 % of the storage modulus G, shall be avoided, i.e. the following condition sha

4G, hF, /b

t of inertia of7a,solid circular inertial element of constant thickness and diameter d

/8

The moment 6Pinertia, [, and the mass, m, can therefore be adjusted independently to some extent.

total
bn is

the

A1)

br of

tion

quare of the shear strain. This effect produces ‘anonlinear, i.e. non-harmonic, distortign of

ns.

Clear how this effect should be taken into account for the loss modulus G”, since the basic

tion
11 be

A.2)

and

A.3)

10
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