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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

the

non-governn
Internationa

Internationa
The main ta
adopted by

Internationa

Attention is
rights. ISO s

ISO 6721-2
properties.

This second
revision. It
inclusion of
changes are

ISO 6721 ¢
mechanical

Part 1:
Part 2:
Part 3:
Part 4:
Part 5:

Part 6:

TITyoO—toce SO oOTTtoy

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
sk of technical committees is to prepare International Standards. Draft International Stang
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was prepared by Technical Committee ISO/TC 61, Plastics,»Subcommittee SC 2, Mecha

edition cancels and replaces the first edition (ISO 6721-2:1994), of which it constitutes a n
also incorporates the Technical Corrigendum ISO 6721-2:1994/Cor.1:1995. Apart from

the Corrigendum (which concerns the last sentence in the first paragraph in Annex C), the
the updating of the references and the correction of ISO 6721-3 to ISO 6721-1 in Subclause
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Plastics — Determination of dynamic mechanical properties —

Part 2:
Torsion-pendulum method

1 BScope

This| part of ISO 6721 specifies two methods (A and B) for determining the/linear dynamic| mechanical
propgrties of plastics, i.e. the storage and loss components of the torsionalOmodulus, as g function of
temperature, for small deformations within the frequency range from 0,1 Hz t0.10 Hz.

The temperature dependence of these properties, measured over a sufficiently broad range of temperatures
(for Txample from —50 °C to +150 °C for the majority of commerciallyavailable plastics), gives information on
the f{ransition regions (for example the glass transition and thelmelting transition) of the polymer. It also
provides information concerning the onset of plastic flow. The two methods described are not applicable to
non-symmetrical laminates (see ISO 6721-3, Plastics — Determination of dynamic mechanical properties —
Part(3: Flexural vibration — Resonance-curve method). The methods are not suitable for testing| rubbers, for
which the user is referred to ISO 4664-2, Rubber, vulcanized or thermoplastic — Determination of dynamic
properties — Part 2: Torsion pendulum methods at low.frequencies.

2 Normative references
The [following referenced documents(are indispensable for the application of this document. For dated
references, only the edition cited_applies. For undated references, the latest edition of thg referenced
docyment (including any amendments) applies.

ISO b721-1:2001, Plastics — Petermination of dynamic mechanical properties — Part 1: General principles

3 [Terms and definitions

For the purposesiof this document, the terms and definitions given in ISO 6721-1:2001, Clause 3, [apply.

4 Principle

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 member, 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
IVin ISO 6721-1:2001, Table 2, and the type of modulus is G, as defined in ISO 6721-1:2001, Table 3.

The inertial member 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.

© 1SO 2008 — All rights reserved 1
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1 upper (fixed) clamp 4  lower (movable) clamp
2  temperajure-controlled chamber 5 rod
3  testspegimen 6 inertial member
Figure 1 — Apparatus for method A
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1 counterweight 5  upper (movable) clamp
2  wire 6 testspecimen
3  inertial member 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 member can be used throughout the whole run, which results in a
frequency decreasing naturally with increasing temperature, or the inertial member 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 decaying amplitude are measured. From these quantities, the storage
component G4, and loss component G, of the torsional complex modulus G, can be calculated.

5 Test apparatus

51 Pendulum

Twoltypes of torsion pendulum are specified for use with this part of ISO 6721:

a) fhe inertial member is suspended from the test specimen and the lower end of the specimén is excited
method A, Figure 1);

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

Both|types of pendulum consists of an inertial member, two clamps for gripping the specimen (ong of which is

connected to the inertial member by a rod) and a temperature-controliéd chamber enclosing the specimen and
the dlamps. For method B, a counterweight and connecting wire are.also required.

5.2 | Inertial member

5.2.1 General

The [moment of inertia, I, of the inertial member)\which may be made of aluminium, for instance, shall be
seleg¢ted as a function of the torsional stiffness of the specimen, so that the temperature-deperjdent natural
freqyency of the system lies between approximately 0,1 Hz and 10 Hz.

Wheh testing standard specimens (see'6/2), a moment of inertia, 7, of about 3 x 10-° kg-m?2 is recommended if
the game inertial member is to be used throughout a run.

NOTE For certain materials{e.g. filled polymers, a value of I of about 5 x 10~ kg-m2 may be necessary
If a ponstant frequency.is)desired over a broad temperature range, interchangeable inertial members with
diffefent values of I may be used, thereby permitting the moment of inertia to be varied in steps|of less than

20 %, i.e. the frequency to be corrected in steps of less than 10 %. When testing standard specimens (see
6.2) pt a frequengy‘of about 1 Hz, a maximum moment of inertia of about 3 x 10~3 kg-m?2 is recommended.

5.2.2 Method A (see Figure 1)

The fotal mass of the inertial member, the lower clamp and the connecting rod shall be such that the weight,
W, carried by the specimen is not too high [see Annex A, Equation (A.2)].

5.2.3 Method B (see Figure 2)
The total mass of the inertial member, 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 [see Annex A,
Equation (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 rotation and
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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 member 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 member shall be thermally non-conducting.

5.4 Oscil
The oscillati

pendulum o
not more thg

5.5 Oscil
Optical, eleg

oscillating s
(within the tn]

5.6 Temp

See I1ISO 674

ation-inducing device

scillates initially through an angle of not more than 1,5° in each direction for normal materia
n 3° in each direction for low-modulus materials (such as elastomers).

ation-frequency and oscillation-amplitude recording equipment

trical or other recording systems may be used provided they have no“significant influence o
ansition region £ 5 %).

erature-controlled chamber

1-1:2001, Subclause 5.3.

5.7 Gas supply

See ISO 674

5.8 Temp

See I1ISO 674

5.9 Devig

See ISO 674

6 Tests

1-1:2001, Subclause 5.4.

erature-measurement device

1-1:2001, Subclause 5.5.

es for measuring test-specimen dimensions

1-1:2001, Subclduse 5.6.

pecimens

6.1 Gene

ral

bn-inducing device shall be capable of applying to the pendulum a torsional impulse such th3

stem. The entire equipment for measuring frequency and amplitude shall be accurate to 4

t the
s, or

h the
1%

See ISO 6721-1:2001, Clause 6.

6.2 Shape and dimensions

Rectangular

free length, L:

width, b:

thickness, 4:

test specimens having the following dimensions are recommended:
40 mm to 120 mm, preferably 50 mm
5 mm to 11 mm, preferably 10 mm

0,13 mm to 2 mm, preferably 1 mm
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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

See

See

8

See

If mg
than

9.1

See

9.2

See

9.3

SO 6721-1:2001, Subclause 6.3.

Number of specimens

SO 6721-1:2001, Clause 7.

Conditioning
SO 6721-1:2001, Clause 8.

chanical conditioning of the specimen is required, the specimen shall be twisted through an g
5°, but less than 90° in both directions about the torsional=test axis and returned to its normal

Procedure

Test atmosphere

SO 6721-1:2001, Subclause 9.1.

Measurement of specimen cross-section

SO 6721-1:2001, Subclause 9.2.

Mounting the test specimens

Clamp the test specimen between the upper and lower clamps. The longitudinal axis of the te

shall
later.

bl oscillations that will interfere with the normal oscillation process.

After

ngle greater
position.

st specimen

coincide®with the axis of rotation of the oscillating system. Any misalignment of the specimen will cause

clamping the test specimen, measure the distance between the clamps (the free 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

heati

9.4

See

ng or cooling (see 9.4).

Varying the temperature

ISO 6721-1:2001, Subclause 9.4.
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9.5 Performing the test

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

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
non-linear behaviour of the material under test (see ISO 6721-1:2001, Annex B).

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

10 Expregsion of results

10.1 Symt
b

h

Jq
Jo

ols and correction factors
width, in metres, of a rectangular specimen
thickness, in metres, of a rectangular specimen

free length, in metres, of specimen

moment of inertia, expressed in kilogram metre squared (kg-m2), of the inertial memb

appropriate, including the movable clamp and the connécting rod)

frequency, in hertz, of the damped oscillating system
frequency, in hertz, of the pendulum as used.in method B, without the specimen

logarithmic decrement for damped oscgillations of pendulum plus specimen

logarithmic decrement for damped ©Oscillations of a method B pendulum, without the specime

so-called dimensional factor-for the specimen, expressed in reciprocal cubic metres (m=3)

For specimens with(arectangular cross-section:
Fg=3LIbIE,
where F(.is the so-called dimensional correction factor.

When'0 < /b < 0,6

br (if

(1)

F.=1-0,63h/b
When 0,6 < hlb < 1

F,=0,843/(1 + h?/b?)
For specimens with a circular cross-section:

Fg = 32L/nd*

where d is the diameter, in metres, of the specimen.

()

®)

(4)
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Fy damping correction factor, given by the equation
Fy=1-(A2n)2 (5)
Gt torsional storage modulus, in pascals, of the specimen
"o torsional loss modulus, in pascals, of the specimen

NOTE 1 For reasons given in Annex B, the symbol F; used for the damping correction factor has a different subscript
from that used previously in ISO 537 (now withdrawn).

NOTE 2 Equations (2) and (3) are only approximately valid, the maximum error being 0,9 % (see Annex Q).

NOTE 3  The dimensional factor does not include any length corrections to allow for clamping._effects. Therefore, only
meagurements carried out on specimens with the same thickness, width and length ratios will yield,accurately comparable
resulfs (see ISO 6721-1:2001, Table 1 and Note 6 to Definition 3.1).

10.2 Calculation of logarithmic decrement, A
The |ogarithmic decrement, A, may be calculated using the following equation:
A =In (X, /X, 1) (6)

whefe X, and X 4 are the amplitudes of two successive oscillations in the same difection (see
ISO p721-1:2001, Definition 3.10).

To calculate A from the amplitudes of any two oscillations p and ¢ in the same direction, use the efjuation

1
pP—q

A=

In (Xq /X, ) 7)

wherle

X, is the amplitude of the pthroscillation;

X, is the amplitude of the ¢th oscillation.

The [following equation’shall be used in the case of amplitudes that cannot be recorded of a damped
sinugoidal curve withvan accurate baseline (see Figure 3):

A=inf]x;.4) - qum(xg; /x;) (®)

* * *

aval AV AV +h Adiffar. batas - WS H W) A vy L
Whel ZX y ceey 4y y ZX +1 arU ure UIIIUIUnUUO UUI.VV\;U:HI YSULUUTOOIVO pUOILIVU anu ncgauvc ampll UdeS Of the

oscillation concerned,

. * _ + —
i.e. Xq = Xq Xq
NOTE Equation (8) only corrects for a constant shift in the baseline, not for a time-dependent baseline drift. A time-
dependent baseline drift may 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-pulse starting, with each pulse applied in a
different direction.
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=

Figure 3 — Amplitude X versus time ¢ for damped vibrations showing a baseline shift

10.3 Calcu

The torsiona
cross-sectio

G, =4

A

[«

Assuming
Equation (5)

Gto =1
Jo being 0 fo
For rubber-li

10.4 Calcy

The torsionad

N may be calculated from the equation

T

2] 2 [1 —(Af2r)? - (fo/fd)z} < L/bh3 F,

ke materials,igh longitudinal forces acting upon the specimen shall be avoided (see Annex

AR

>

lation of torsional storage modulus, G4,

| storage modulus (see ISO 6721-1:2001, Definition3.2) of a test specimen with a rectan

21 (fszd - f02) Fy

rectangular cross-section with _aslew #i/b ratio [see Equations (1) and (2)] and inse
one obtains

method A.

lation.of torsional loss modulus, G,

| loss'modulus G, (see ISO 6721-1:2001, Definition 3.3) may be calculated from the equatio

gular

9)

rting

(10)

=}

Gio =4nlfs (A-A) Fy

Ag being 0 for method A.

(11

For method B, if Ay <A and assuming a rectangular cross-section with a low A/b ratio [see Equations (1)

and (2)] and

inserting Equation (5), one obtains

Gl =121l f2ALIbR3F,

(12)
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The precision of this technique has been determined from the results of round robins in which 15 laboratories
participated(’]. Interlaboratory precision was as follows:

for G, in the glassy region: + 7 %;

for G, at the glass-transition temperature: + 30 %;

for G}, below the glass-transition temperature: + 10 %.

Utili
intra

NOT
curveg

12

The

n) i

o) i

p) i

ing G, or G, the glass-transition temperature could be determined to within + 3 °C. Ah
aboratory precision were about half those for interlaboratory precision.

E The glass-transition temperature was determined from the point of inflexion of the log™G {; versu
or from the maximum of the G"|, versus temperature curve associated with the glass transition.

Test report
est report shall include the following information:
b reference to this part of 1ISO 6721, plus the method (i.e,-the type of pendulum) used (4

SO 6721-2B;

o m) see ISO 6721-1:2001, Clause 12;

f a fixed frequency was used: the frequency chosen and the variation in frequency caused
he inertial member;

maximum temperature;

f method A was used: the mass of thee inertial member.

e values for

5 temperature

\ or B), e.g.

by changing

f the same inertial member was used: the-frequency range between the minimum temperature and the
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Annex A
(normative)

Influence of longitudinal force, W

As stated in ISO 537, one of the predecessors to this International Standard, a longitudinally superimposed
force W acting on the specimen generates an additional torsional stiffness, resulting in an apparent modulus
increase AG ' ' i itudi i ' gt are
suspended from the specimen. Therefore, the appropriate correction is necessary only for the pendulum, used
in method A, in which the disc, the rod and the lower clamp are suspended from the specimen:Fof the
pendulum uged in method B, the counterweight balances the force W (see Figures 1 and 2).

The modulug correction is given by
AGyy = WblAh3F, A1)

and is subtrpcted from the value of the storage modulus, calculated from Equation (9). A number of points
should be ngted with regard to this correction, however:

— Itis necgssary only for measurements in the rubber elastic region.
— Rubbers show a so-called “primary normal stress difference”, however, which increases in proportipn to
the squire of the shear strain. This effect produces a non<inear, i.e. non-harmonic, distortion of the

vibratioms, which can be avoided by restricting measurements to small-amplitude vibrations.

— It is unglear how this effect should be taken into_account for the loss modulus G” since the basic
equations have not been developed for viscoelasticity.

In order to gvercome the difficulties listed abovelany weight, 7, that generates a modulus correction |AGy
greater than|1 % of the storage modulus G, shall be avoided, i.e. the following condition shall be satisfied:

W< 0,06G" 1 h3F /b A2)
The moment of inertia of a solid circular inertial member of constant thickness and diameter 4 and mass #} is
I =md?/B A.3)

The moment of inertia, .and the mass, m, can therefore be adjusted independently to some extent.

10 © ISO 2008 — All rights reserved
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Annex B
(informative)

Damping correction factor, F

-2:2008(E)

Several different mathematical treatments for the torsion-pendulum test are given in the literature (see
References [1] to [6]).

All 3

condgerned.

With

which was given in 1ISO 537 (now withdrawn) in that the correction term (A/r)? in 1ISQ 537 was po
negative as in Equation (5) of this part of ISO 6721. According to Struik[4l-and” Schaeferl8], this results

than
from
pringd

Accd
the g

On t
the @

AssU

This

Sch4

uthors have arrived at the same result as far as the loss modulus, G%,, given by Eagy

the use of an over-simplified version of the equation of motion which neglects Boltzmann's s
iple.

omplex modulus given by

Gio| = 4n21 £ [1 + (A/Zn)z}Fg

omplex modulus is

Gro| = 4721 f2F 1+ 2(A127)2 + (412
ming A < 2,4, this can be approximated (error < 1 %) to
|Gro|  4n®1 f3 Fy [1 + (A/ZR)Z}

is consistent with the“interpretation given by Nielsen [see Equation (B.1)].

eferl®l has shewn that Equation (10) is exactly valid for any purely positive relaxation spectru

ation (11) is

respect to the storage modulus, however, the equations given in References [2] and [3] agfee with that

sitive, rather

uperposition

rding to Nielsenl'], the positive correction term does not relate to the storage part, but to the magnitude of

(B.1)

ne other hand, using Equation (10) with the negative correction term and Equation (12), the fnagnitude of

(B.2)

(B.3)

© 1SO 2008 — All rights reserved

11


https://standardsiso.com/api/?name=a861bc57c5f75b8f802afd805f28f35c

ISO 6721-2

:2008(E)

Annex C
(informative)

Dimensional correction factor, 7,

Equations (2) and (3) for the correction factor F; are only approximately valid. Equation (2) represents a first-
order approximation for small thickness-to-width (%4/b) ratios as does Equation (3), but only %/b ratios close to 1.

Figure C.1 shaws the error involved in using Fquations (2) and (3) rather than the exact but complicated

equation

Fy =1

given by Ne
limited to a
erroris 0,9 9

The withdra
form as Equ

=1

The error in
that Equatio

For thin spe
superior to B

192

—5 (1) " tanh[(2n +1)b/2h](2n +1)"°

n=0

derveen and Van Der Wall8], this error being plotted against the ratio 4/5.If the range of
maximum value of 0,6 in Equation (2) and a minimum value of 0,6 in Equation (3), the maxi

0.

vn standard 1SO 537 gave a second-order approximation which,swhen rearranged into the g
htions (2) and (3), gives the following equation:

0,63(h/b) (1 - h4/12b4)

olved in using this equation rather than Equation(C.1) is also plotted in Figure C.1, which s
n (C.2) is more accurate only over the range 0,5< 4/b < 0,75.

Cimens (i.e. those with the recommended. #/b ratio), and owing to its simple form, Equation
quation (C.2) [Equation (3) has been included merely for the sake of completeness].

12

C.1)

/b is

mum

ame

C.2)

nows

2)is
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