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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 I1SO 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, govern-
mental and non-governmental, in liaison with ISO, also take part in the work. 1SO
collaborates closely with the International Electrotechnical Commission (IEC) on all
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 1SO procedures requiring at
least 75 % approval by the member bodies voting.

International Standard 1SO 537 was prepared by Technical Committee ISO/TC 61,
Plastics.

This second edition 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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INTERNATIONAL STANDARD

1ISO 537 : 1989 (E)

Plastics — Testing with the torsion pendulum

1 Scope

This International 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 for small deformations within the frequency
range from 0,1 Hz to 10 Hz. The values of shear modulus and
mechanical damping as measured by one of these methods
may not be in agreement with the values as measured by the
other. The temperature dependence of these quantities over a
sufficiently broad range of temperatures (for example from
-50 °C to +150 °C for the majority of commercially avail-
able piastics) allows the transition regions (for example the
"“glassy/rubbery’’ transition) of the polymer to be determined.
It also gives information concerning the onset of plastic flow.
Methods A and B described here are not applicable to non-
symmetrical iaminates, for which attention is drawn to
1SO 6721.

2 Normative references

The following standards contain provisions which, through
reference in this text, constitute provisions of this International
Standard. At the time of publication, the editions indicated
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.
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ISO 472 : 1988, Plastics — Vocabulary.

ISO 2856 : 1981, Elastomers — General requirements for
dynamic testing.

ISO 4593 : 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 following
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. Defined in this
way, the shear modulus is a measure of the stiffness of the
material under test.

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
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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 above the specimen (method B), supported by a
counterweight to which it is linked by a wire, in which case the
wire also forms part of the oscillating system {see figure 2).

5 Apparatus

5.1 Torsion pendulum

Two types of torsion pendulum apparatus are specified in this
International Standard, namely:

— driving disc suspended from test specimen, lower end
of specimen rotatable {(method A, figure 1);

—  test specimen suspended from driving disc (with a wire
and counterweight), upper end of specimen rotatable
(method B, figure 2).

In both cases, the torsion penduium apparatus consists of the
driving disc, two clamps for gripping the specimen (one of
which is connected to the disc by a rod and is able to rotate
freely with the disc) and a temperature-controlled chamber
surrounding the specimen and the clamps. For method B, a
counterweight supporting the disc with the aid of a wire is also
necessary.

5.1.1 Driving disc

5.1.1.1 Method A (see figure 1)

The total mass of the disc (which may be made of aluminium,
for example), the lower clamp and the rod connecting them
shall be such that the tensile stress acting on the specimen
does not exceed 0,1 MPa. The moment of inertia I of the disc
shall be selected as a function of the stiffness of the specimen
and the total mass 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 I of about
3x10-5kg-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.

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

The clamps shall be designed to prevent slippage 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 secure the test piece 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 of low mass
and negligible moment of inertia. If the latter is not the case,
the moment of inertia of the whole system (consisting of this
clamp, the disc and the rod connecting them) shall be deter-
mined experimentally.

In order to prevent heat conduction between the specimen and
the space outside the temperature-controlled chamber, the rod
connecting the clamp at the free end of the specimen with the
disc shall be designed so that it is sufficiently thermally in-
sulating.

5.1.3 Temperature-controlied chamber

The test specimen and the clamps shall be enclosed 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 pressure, i.e. a
stream of gas shall be passed through the chamber 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 sufficient to allow the
oscillating system to move freely.

The temperature-controlied 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
300 °C) to permit the selection of a temperature range 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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