a

INTERNATIONAL ISO
STANDARD 537

Second edition
1989-12-01

Plastics — Testing with the torsion pendulum

Plastiques — Essai au pendule de torsion

H

mnmm
mllll”"

Reference number
1SO 537 : 1989 (E)

Wﬂl“"“"”"m”""'
’“mllln

1|


https://standardsiso.com/api/?name=1133cb6c499f7fcbf930193aae6c4829

ISO 537 : 1989 (E)

Foreword

ISO (the Internatignal Organization for Standardization) is a worldwide federation of
national standards|bodies (ISO member bodies}. The work of preparing International
Standards is normlally carried out through I1SO technical committees. Each member
body interested in p subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, govern-
mental and non-gpvernmental, in liaison with I1SO, also take part in the work. 1ISO
collaborates closely with the International Electrotechnical Commission {IEC) on ali
matters of electrotechnical standardization.

Draft International| Standards adopted by the technical committees are circulated to
the member bodies for approval before their acceptance as International Standards by.
the 1ISO Council. They are approved in accordance with ISO procedures requiringcat
least 75 % approvhl by the member bodies voting.

International Stanflard 1SO 537 was prepared by Technical Committee 4SO/TC 61,
Plastics.

This second editioh cancels and replaces the first edition (ISO 537 ¥1980), of which it
constitutes a technical revision.

Annexes A and B [of this International Standard are for information only.
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INTERNATI

ONAL STANDARD

1ISO 537 : 1989 (E)

Plastics — Testing with the torsion pendulum

1 Scope

This Internationpl Standard specifies two methods (A and B)

for determining,

as a function of temperature, dynamic

mechanical properties (shear modulus and mechanical damp-

ing) of plastics
range from 0,1

for small deformations within the frequency
Hz to 10 Hz. The values of shear modulus and

mechanical damiping as measured by one of these methods
may not be in dgreement with the values as measured by the
other. The temperature dependence of these quantities over a

sufficiently bro
-50°C to +1
able piastics) a

d range of temperatures (for example from
b0 °C for the majority of commercially avail-
lows the transition regions (for example the

"glassy/rubbery’’ transition) of the polymer to be.détermined.

It also gives inf

rmation concerning the onset(of)plastic flow.

Methods A and B described here are not applicable to non-

symmetrical
1SO 6721.

2 Normati

The following
reference in this
Standard. At t

laminates,

for which atténtion is drawn to

e references

standards. contain provisions which, through
text;, constitute provisions of this International
ne-time of publication, the editions indicated

ISO 472 : 1988 Plastics — Vocabulary.

ISO 2856 %1981, Elastomers —

dynamic(testing.

General reqlirements for

1SQ4593 : 1979, Plastics — Film and sheeting — Determi-
nation of thickness by mechanical scanning.

ISO 6721 : 1983, Plastics — Determination of damping proper-
ties and complex modulus by bending vibration

3 Definitions

For the purposes of this International Standard| the foliowing
definitions, as well as those given in ISO 472,|1SO 2856 and
ISO 6721, apply.

3.1 shear modulus, G: For a body under shear, the shear
modulus G is the ratio of the shear stress and the shear strain.
The shear modulus is determined by measuring|the frequency
of free torsional oscillations of small amplitude. Pefined in this
way, the shear modulus is a measure of the stiffness of the
material under test.

were valid. All standards are subject to revision, and parties to
agreements based on this International Standard are encour-
aged to investigate the possibility of applying the most recent
editions of the standards indicated below. Members of IEC and
ISO maintain registers of currently valid International Stan-

dards.

ISO 291 : 1977,

Plastics — Standard atmospheres for con-

ditioning and testing.

ISO 293 : 1986,

Plastics — Compression moulding test

specimens of thermoplastic materials.

ISO 294 : 1975,

Plastics — Injection moulding test specimens

of thermoplastic materials.

3.2 logarithmic decrement of damping, A: For an
oscillating body, the logarithmic decrement of damping A is the
natural logarithm of the ratio of the amplitudes of two suc-
cessive oscillations in the same direction. For a test specimen
made of a particular material, the logarithmic decrement is a
measure of the internal damping properties of the material.

3.3 mechanical loss factor, d: A parameter (see annex A)
represented to a good approximation by the formula

Y Y
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4 Principle

A test specimen of rectangular cross-section is clamped be-
tween a fixed clamp and a rotatable clamp. The rotatable clamp
is connected to an inertial member {disc) by a connecting rod in
such a way that, when the disc is set in oscillatory motion
about its axis, the specimen is induced to perform torsional
oscillations with it.

The driving disc may be suspended, by means of the rod, from
the specimen {method A), in which case the oscillating system
comprises the disc, rod and specimen (see figure 1), or it may

be positioned abo

e the snecimen (method B) _supported by a
L 7 128 o Y

5.1.1.2 Method B (see figure 2)

The total weight of the disc, the upper clamp and the rod shall
be compensated by a suitable counterweight in such a way that
the tensile stress on the specimen does not exceed 0,1 MPa.
Discs with a broad range of moments of inertia may be used,
however, depending on the purpose of the test. In the case of
method B, not only the specimen, upper clamp, rod and disc,
but also the wire supporting these parts, belong to the
oscillating system.

5.1.2 Clamps

counterweight to
wire also forms p4

5 Apparatus

vhich it is linked by a wire, in which case the
rt of the oscillating system {see figure 2).

5.1 Torsion peéndulum

Two types of tors
International Stan

— driving dig|
of specimen ro

—  test specin
and counterw
(method B, fig

In both cases, the|
driving disc, two
which is connectg
freely with the d
surrounding the s
counterweight sug
necessary.

5.1.1 Driving di

5.1.1.1 Method
The total mass of
for example), the
shall be such tha

on pendulum apparatus are specified in this
Hard, namely:

c suspended from test specimen, lower end
tatable {(method A, figure 1);

hen suspended from driving disc (with a wire
bight), upper end of specimen rotatable
ire 2).

torsion pendulum apparatus consists of the
clamps for gripping the specimen (one.of
d to the disc by a rod and is abie to rotate
sc) and a temperature-controlled .chamber
pecimen and the clamps. For method B, a
porting the disc with the aid ofla wire is also

\ (see figure 1)

the disc_{which may be made of aluminium,
lower{clamp and the rod connecting them
the\tensile stress acting on the specimen

does not exceed (

,T"MPa. The moment of inertia I of the disc

The clamps shall be designed to prevent slippagé.of|the gripped
parts of the specimen. They shall be self-aligning, [so that the
specimen axis is maintained coincident with” the|axis of ro-
tation, and be able to adequately securé€ the test pigce over the
temperature range of interest without. distortion, tHus allowing
the free length to be accurately known.

The clamp at the free end of the“specimen shall be pf low mass
and negligible moment of¢inertia. If the latter is n¢t the case,
the moment of inertiacof the whole system (consigting of this
clamp, the disc and{the rod connecting them) shail be deter-
mined experimentally.

In order to prévent heat conduction between the sgecimen and
the space.@utside the temperature-controlled champer, the rod
connectigg the clamp at the free end of the specimen with the
disc.8hall be designed so that it is sufficiently thermally in-
sulating.

5.1.3 Temperature-controlied chamber

The test specimen and the clamps shall be englosed in a
temperature-controlled chamber. The chamber shall contain
either air or inert gas, depending on the purpose [of the test.
When inert gas is used, it shall be under slight prefsure, i.e. a
stream of gas shall be passed through the chambel at a rate of
about 1 200 mi/h.

The rod connecting the disc with the rotating clamp shall not
be in contact with the wall of the chamber, but the distance
between the rod and the wali shall be just sufficientto allow the
oscillating system to move freely.

The temperature-controlled chamber shall be designed so that
its temperature can be adjusted between limits wide enough
apart (for instance —100 °C and 300 °C or 60 °C and

shall be selected a
and the total mass

s a function of the stiffness of the specimen
of the disc, clamp and rod so that the natural

frequency of the system, which is temperature-dependent, is
between 0,1 Hz and 10 Hz.

For testing standard specimens (see 6.2), a value of / of about
3x 105 kg:m? is recommended. If, however, a nearly cons-
tant frequency over a broad temperature range is desired,
several discs with different values of / may be used, provided
that the tensile stress on the specimen does not become too
high (see above).

NOTE — For certain materials, e.g. filled polymers and semi-crystalline
polymers, a value of / of about 5x 10~5 kg-m2 may be necessary.

300 °C) to parmif the selectionofa temperaturgrange which is
suitable for the particular material under test and the purpose of
the test. It is recommended that the chamber be provided with
temperature-programming facilities.

The temperature in the vicinity of the specimen shall be uniform
to within = 1 K along the whole length of the specimen. If the
constant-temperature procedure is used (see 7.3.1), the
temperature variation shall not exceed *+ 1 K during the test.
When a constant rate of increase (or decrease) in temperature
is to be applied (see 7.3.2), the rate shall be not greater than
120 K/h and the temperature shall not vary by more than
+ 0,25 K in the close vicinity of the specimen during a single
measurement (a series of free oscillations after one twist im-
pulse has been applied to the oscillating system).
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@ Upper (fixed) clamp
@ Test specimen

&

@ Lower (rotatable) clamp

@ Disc

@ Temperature-controlledychamber

Figure 1 — Apparatus for method A
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Lower (fixed) clamp

Figure 2 — Apparatus for method B
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5.2 Device for setting the oscillating system in
motion

The device for setting the oscillating system in motion shall be
capable of applying to the oscillating system a single twist im-
pulse such that the angle of twist of the resultant oscillatory

motion does not exceed 1,5° in either direction.

When testing low-modulus materials (similar to elastomers),

the angle of twist

shall not exceed 3° in either direction.

5.3 Devices for recording the oscillatory motion

and for measu
the logarithmig

Optical, electrical
provided no addit
recorder is emplo
not varying by md
the oscillation fre
be capable of mea
transitior region

6.2 Shape and dimensions

It is recommended that rectangular test specimens with the
following dimensions be used:

— free length (distance between clamps), L: 40 mm to
120 mm, preferably 50 mm;

— width, b: 5 mm to 11 mm, preferably 10 mm;
— thickness, /1: 0,15 mm to 2 mm, preferably T mm.

Specimens of rectangular cross-section whose thickness

ifg The osciftation frequency and

decrement

or other recording equipment may be used
onal damping is caused by them. If a chart
ed, the chart strip shall move with a speed
re than + 1 %. The devices for measuring
uency and the logarithmic decrement shall
uring these quantities to + 1 % (within the

T 5 %).

5.4 Devices for measuring the test specimen

dimensions

The device for med
capable of determ
ISO 45393).

The device for n
specimen shall be
+ 0,05 mm and A

5.5 Device fo

The device for me|
specimen shall bg
+ 0,1 K. The use
sensor is recomm

6 Test speci

The quantities mq
amplitude of osci
formity of the sp|

suring the thickness of the specimen shall be
ning the thickness to + 0,003 mm (see also

easuring the width and the length of the
capable of determining these quantities to
E 0,17 mm respectively.

measuring temperature

Bsuring the temperature in the yicinity of the

capable of determining the(temperature to
pf an electronic thermometer with low-inertia
bnded.

mens

asured_by this method (the frequency and
ation) ‘are sensitive to the dimensional uni-
béimen, and to its physical state (e.g. the

and/or width varies along the main axis of the _specimen by
more than 3 % of the mean value shall notcheysed. When
comparing specimens made of different mateyials,| the dimen-
sions shall be identical. In the case of jectangulaf specimens
whose dimensions differ from the preferred dimerjsions given
above, the dimensions of the speciméns shall be chosen, as far
as possible, so that the ratios L fb and b// are thelsame as for
the preferred dimensions.

Specimens of other shapes)for example cylindrical or tubular)
may be used. In such €ases, the dimensions and Himensional
tolerances shall be~agreed upon by the interested parties.

Specimens having a thickness of less than 0,15 mm (down to
0,05 mm} may also be used, provided that the damping effect
of the meéasuring system without the specimen can be
calculated or neglected.

6.3 Number

For quality-control purposes, one specimen is shfficient. In
other cases, two specimens shall be tested.

6.4 Conditioning

Before measuring their dimensions, the test specimens shall be
conditioned as required by the specification for the|material, or
as agreed by the interested parties.

6.4.1 For environmental conditioning, the most |appropriate
set of conditions from ISO 291 shall be used| preferably
23 °C/50 % RH for 16 h.

6.4.2 For mechanical conditioning, if required, the test

specimens shall be twisted by not less than 5°, b{it not more
than 90°, in both directions and then brought back fto their nor-

degree of crystal

- 3 H :
T tv, Tter |a| stresses—as wel—as—to—T1ts

temperature. These facts shall be considered when choosing
for example the dimensions and dimensional tolerances, the
method of preparation and the conditioning procedure for a
particular material.

6.1 Preparation

Depending on the purpose of the test, i.e. determining the
properties of a material or of a particular finished product, test
specimens shall be machined from compression-moulded
plates (see ISO 293) or from the finished product. Exception-
ally, the specimens may be injection moulded (see ISO 294), if
agreed between the interested parties.

mal positions.

7 Procedure

7.1 Measuring the cross-section of a rectangular
specimen

Before the test, measure the thickness and width of the
specimen at not less than five places along its length. All
specimens that have visible irregularities or that show a vari-
ation in thickness and/or width greater than 3 % of the average
value shall be rejected.
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The procedure for measuring the dimensions of specimens of
other shapes shall be agreed upon by the interested parties.

7.2 Clamping and mounting of the test specimen

Clamp the test specimen between the upper and lower clamps.
The longitudinal axis of the test specimen shall be coincident
with the axis of rotation of the oscillating system. Any eccen-
tricity will cause lateral oscillations and thus interfere with the
normal oscillation process.

After clamping the test specimen, measure the distance be-

tween the clamps (the free length) to + 0.1 mm. When

ISO 537 : 1989 (E)

L free length, in metres, of a rectangular specimen;

! moment of inertia, in kilogram square metres (kg-m?}, of
the driving disc (if necessary inclusive of the rotatable
clamp and the connecting rod);

Ia natural frequency, in hertz, of the oscillating system

used in method A (specimen + driving disc + rod);

/s natural frequency, in hertz, of the oscillating system

used in method B {specimen + driving disc + rod +
wire);

fo natural frequency, in hertz, of the oscillating system

used in method B less the test specimen {driving disc +

mounting the os
the test specimeg

After checking t
start the heating
controlled enclo

7.3 Heating

The determinatig
or at continuou
the former case
properties on

measurements a

7.3.1

Set the tempd
temperature an
temperature equ
motion.

7.3.2 Continu
temperature (s

Set the tempera
temperature. All
and then set the
of change of ter

Cillating system in the chamber, take care that
h is not stressed.

at the oscillating system is centrally mounted,
(or cooling) {see 7.3) unit of the temperature-
ure.

or cooling) during the test

n may be carried out at constant temperature
ly increasing {or decreasing) temperature. In
the dependence of the dynamic mechanical
temperature i1s determined by making
t various temperatures.

Constanf temperature (see also 5.1.3)

rature-controlled chamber to the chosen
wait for the whole apparatus to come to
librium before setting the oscillating system in

busly increasing {or decreasing)
be also 5.1.3)

ure-controlled chamber to the ¢hosen starting
pw temperature equilibridm)to be established
required rate of temperature change. The rate
hperature shall not be-greater than 120 K/h.

7.4 Setting fhe oscillating system in motion

Induce the oscill
by twisting the
rotating the disc

hting system to execute free oscillations either
ower end of the specimen (method A) or by
(method B), depending upon the design of the

rod + wire);

A logarithmic decrement of the oscillating| system con-
sisting of the specimen and the driving disc (including
the connecting rod), in which damping of|the system is
caused only by the damping properties of the specimen;

Ag  logarithmic decrement ¢f the oscillating system used in
method B, consistinglof the specimen, the driving disc
(including the connecting rod} and the wire (natural fre-
guency fg);

Ay logarithmicdecrement of the oscillating system used in
method B jess the test specimen, consisting of the driv-
ing disc\{including the connecting rod) |and the wire
(nat@ralfrequency f,);

Fy issa-term related to the dimensions of a tegt specimen of
réctangular cross-section for which /A4 >{ 3. It is given
by the equation

3L 3L
F,= .(2)

g Y
b-h3<1—0,63£) bh=C
b
h

where C = 1 — 0,637)-

Fy; is a correction factor given by the equatign

A2
Fd,-:1+z—'5 .3
T

where A; = A, Agor A,

k is the torsional modulus, in kilogram squgre metres per
second {kg-m2/s), of the wire used in mpthod B. it is
given by the equation

k = 4n?l-f? S

apparatus (see
either direction.

Record the ampl

2-The nnglo of tadst shall not exceed 1,[-\0 ITa)

itude of the oscillations during the test. Deter-

mine the frequency of oscillation from this record.

8 Expression of results

8.1 Symbols

for variables and correction factors

b width, in metres, of a rectanguiar specimen;

h thickness, in

metres, of a rectangular specimen;

G is the shear modulus, in pascals, of the specimen.
NOTE — For reasons given in annex B, the correction term Sg used in
the first edition of this International Standard may be neglected.

8.2 Logarithmic decrement

The logarithmic decrement A (method A} or Ag {method B) is
calculated either from two successive oscillations in the same
direction, as in the following equation:

A
. ) ... (8)
An+1

A lor Ag) = In(
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where A, and A, are the amplitudes of two successive
oscillations in the same direction;

or from any two
following equatio

AlorAg) =

where

Am

oscillations in the same direction, as in the
n:

1 A
In (—’") .6
n—m A,

is the amplitude of the mth oscillation;

A, is the amplitude of the nth oscillation:

n>m

NOTE — The fo
logarithmic decrem

8.3.2 Method B
G = 4n2(f4-Fyg — f2-Fyo)Fy
If A, < 1, then Fy,=1
If, furthermore, Ag < 1, then Fyg=1 and
12r2(f% - fAL
G=-—-— -~ ~° L
b-h3-C

[see equation (2)].

8.4 Mechanical loss factor 4

owing alternative equation for calculating the
ent A or Ag can be used in the case of amplitudes

that cannot be megsured accurately with respect to the centreline of

the damped sinusol
AlorAg) = In

*

where An, An+1
positive and negati

8.2.1

Method A

dal curve:

AT 1 A"
= -ln( L Y
Ayt n-m A

and A;n are the distances between successive

e peaks of the curve.

The logarithmic decrement A for the specimen is given directly

by equation (5),

8.22 Method B

With this meth
logarithmic decrg
the specimen is @
as shown below

6) or (7), as applicable.

bd, equations (5), (6) and (7) give the
ment Ag. The logarithmic decrement A-for
alculated from A g using equation (9) dérived

feAg — foA
g = B/'8B o‘lo (8)
) oo 12

fB -+ 2 (fBAB —fo/lo)

2n )
Provided that A+ 0 (which is practiCally always the case), then

j% 1/2
A=Agl 51— -
(fé -fﬁ)
8.3 Shear mgdulus G

The mechanical loss factor d is calculated fram, lequation (1)
(see 3.3), i.e.

g=A4
bis

(see also annex A).

8.5 Maximum shearangle

In order to be able to- check that the maximum permissible
shear angle y has_not)been exceeded, this angle [is calculated
from the equation

L
’ L

... {12)
where a is the angle of twist, in radians, between the clamps.

9 Test report

The test report shall include the following particulars:
a) a reference to this international Standard;
b} a complete description of the material tested;
c) the test method used (A or B);

d) details of the test specimen:
1) preparation,
2) temperature/time history before testing (condition-
ing),
3) shape, dimensions and dimensional tolgrances,
4) number (if more than one);

e) details of the apparatus and the test procg¢dures:

1) description (particularly the moment of inertia and
mass) of the driving disc,

The shear modulus of a test specimen of rectangular cross-
section is calculated from equation (10) or (11), as applicable.

8.3.1 Method A

G = 4n2If3

F4F,

IfA < 1, then Fy=1and

_ten?gg

b-h3-C

-L
. {10)

[see equation (2}].

2; llld)\illlulll shUdl dllyh&‘,
3} frequency range,
4) whether air or inert gas was used,
5) the temperature programme used (constant, rising
or falling temperature);
f) the individual values or temperature plots of the
1) frequency,
2) shear modulus,
3) logarithmic decrement,
4) mechanical loss factor (if required).

If included in the form of a temperature plot, the shear
modulus values shall be plotted on a logarithmic scale.
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The relationships

1ISO 537

Annex A
(informative)

Mechanical loss factor

between the variables measured by the tor-

sion pendulum test described here (shear modulus G and
logarithmic decrement of damping A1) and those measured

using forced vib
modulus G*, the
loss factor d) car
because there arg
sion pendulum t
results.

NOTE — NIELSEN
the relationships:

IG* = G an

whereas STAVERMAN and SCHWARZL [Stuart (editor):

: 1989 (E)

Die Physik der

Hochpolymeren, Vol. 4, Springer Verlag, Berlin, Goettingen, Heidel-

berg (1956)] found that

4
grroTTs ea' pa t G U' the—Tor |p’b)( S>ITeEdT

absolute value |G*| of G, and the mechanical
not be expressed exactly with any certainty
different mathematical treatments of the tor-
bst in the literature, which lead to different

Rev. Sci. Inst. 22/9 (1951), p. 690] has published

G and d=—7"—"—

At a later date, STRUIK |Rheol. Acta 6¢(1967), p. 119
both of the formulae given above lead torwrong resuits. |

showed that
h his paper, he

also estimated the error caused by the Nielsen and the $taverman and

Schwarzl treatments,

Therefore at this time onfyythe following approximate relation-

ships can be used:

A
G=G'=|GY." and  d= "
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