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Foreword

This British Standard has been published under the author-
ity of the Rubber Industry Standards Committee and is a
complete revision of the 1964 edition. The main object has
been to rationalize the test procedures, and the emphasis

is on testing under conditions relevant to engineering appli-
cations so that pertinent design data can be obtained.
However, the method is also suitable for quality control
purposes. :

The major changes incorporated in this revision are as
follows.

(a) The procedure is restricted to tests in simple shear.
(b} A shape factor is specified rather than precise test
piece dimensions.
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This revision is based on but has a wider scope than Draft
International Standard ISO/DIS 4664 — Vulcanized
rubbers — Determination of dynamic properties for classifi-
cation purposes {by forced sinusoidal shear strain}, which
has been prepared by Technical Committee 1SO/TC 45 —
Rubber and Rubber Products — of the International
Organization for Standardization (1SQ). The definitions
adopted in this revision are in agreement with the corres-
ponding definitions given in I1SO 2856.

“Attention is drawn to Parts A8 and A31 of this British

Standard which respectively describe methods of measuring
dynamic properties by impact tests and by low-frequency
torsional oscillations.
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British Standard

Methods of testing vulcanized rubber

Part A24. Measurement of dynamic moduli

1. Scope

This British Standard describes a method for measuring
the dynamic properties of vulcanized rubber using forced
sinusoidal oscillations.

For low values of tan & {< 0.2} this method is not very
precise and it is unlikely that the attainable accuracy will
be better than + 0.02.

2. References

The titles of the standards publications referred to in this
standard are listed on the inside back ‘cover.

3. Definitions
For the purposes of this British Standard the following
definitions apply (see figure 1).
3.1 elastic shear modulus {in-phase modulus) G'. The
component of applied shear stress which is in-phase with
the shear strain, divided by the shear strain.

G' = gy /s
3.2 loss shear modulus (out-of-phase modulus) G”. The
component of applied shear stress which is 90 ° out-of-phase
with the shear strain, divided by the shear strain.

G" = 0'2/3
3.3 complex modulus G *. The resuitant shear stress divided
by the resultant shear strain where each is a vector which
may be represented by a complex number.

G* = G'+iG"

3.4 absolute value of the complex modulus [G*!

IG* = (G +G")% = go/S
3.5 loss tangent {foss factor) tan §

tand = G"/G'
where

8 is the phase angle between the sinusoidal force and
deformation.

3.6 shear stress amplitude. The ratio of the maximum
applied force, measured from the mean force, to the cross-
sectional area of the unstressed test piece (zero to peak in
one direction only).

go = Fo/2A for a double shear test piece.’
3.7 shear strain amplitude {dimensiontess}. The ratio of
the maximum deformation, measured from the mean

deformation, to the free thickness of the unstrained test
piece (zero to peak in one direction only).

S = Xo/h

The terms given above are strictly applicable only to a linear
material, i.e. one for which the stress is proportional to the
deformation. For materials containing substantial quantities
of filler this is not true, and the terms cannot therefore have
a precise significance. However, if the amplitude of defor-
mation is held constant, effective values of these quantities
can be measured on the understanding that their magnitude
depends on the deformation amplitude.

Other terms, although not appearing in the body of the
text, are frequently used in test procedures and design calcu-
lations. The more common expressions are described in
appendix A,

" 4. Type of deformation
" The deformation used shall be simple shear. This deforma-

tion has the merits that (a) a substantial proportion of

. manufactured articles are used in this type of strain, and

(b) the stress-strain behaviour is more nearly linear than in
tension or compression, especially for rubbers containing
little filler. Sinusoidal forced oscillations of a constant
frequency and strain amplitude shall be employed as the
method of measurement. Forced oscillations, rather than
resonance or free oscitlation methods, are used because
this ensures control of the strain amplitude, which, as
discussed in clause 8, is important.

5. Test piece

The test piece shall be of either circular or square cross
section and shall be bonded to rigid end plates using a
normal adhesion system. -

To avoid significant bending, the diameter {or side in the
case of square test pieces) shall be at least four times the
thickness. This will ensure that the deformation is essen-
tially simple shear of the calculated magnitude and that
the apparent shear modulus differs by less than 3 % from
the true value.

No recommendation is made for absolute test piece
dimensions because of the range of sensitivities of the
testing machines available. However, the difficuities of
ensuring uniform vulcanization in thick pieces suggests
that thicknesses of more than 12 mm should be avoided.
Double shear test pieces of the general form shown in
figure 2 are preferred as being the most-convenient, The
measured properties are an average for the two segments
of rubber.
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