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Foreword

This Part of BS 903, which has been prepared under the direction of the Plastics
and Rubber Standards Policy Committee, supersedes BS 903 : Part A24 : 1976,
which is withdrawn.

Since the 1976 edition there has been a rapid rise in the variety of instruments
available for the determination of the dynamic properties of rubber. In particular
the small scale dynamic analysers have become popular because of their relative
cheapness and because much data can be generated rapidly. They avoid some of
the problems encountered with large machines, such as heating caused by
hysteresis, although it may be more difficult to relate test results to service.
There is currently no guidance available on their use.

It was not found practicable to produce a detailed test method which would
allow for the variability of machines available. This standard has therefore been
written as a guide to ensure a common approach to the problem of dynamic
testing using all types of apparatus, rather than as a detailed test method.

Compliance with a British Standard does not of itself confer immunity from
legal obligations.
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Guide

1 Scope

This Part of BS 903 provides guidance on the
determination of dynamic properties of vulcanized
and thermoplastic rubbers. It includes both free
and forced vibration methods on both materials
and products. It does not cover rebound resilience
nor cyclic tests in which the main objective is to
fatigue the rubber.

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

2 Definitions

For the purposes of this British Standard, the
following definitions apply.

2.1 Terms applying to any period deformation

2.1.1 mechanical hysteresis loop

The closed curve representing successive
stress-strain states of the material during a cyclic
deformation.

NOTE. Loops may be centred around the origin of coordinates
or more frequently displaced to various levels of strain or stress;

in this case the shape of the loop becomes variously
asymmetrical, but this fact is frequently disregarded.

2.1.2 energy loss (J/m3)

The energy per unit volume which is lost in each
deformation cycle. It is the hysteresis loop area,
calculated with reference to coordinate scales.

2.1.3 power loss (W/m?)

The power per unit volume which is transformed
into heat through hysteresis. It is the product of
energy loss and frequency.

2.1.4 mean stress (Pa)

The average value of the stress during a single
complete hysteresis loop (see figure 1).

2.1.5 mean stress (dimensionless)

The average value of the strain during a single
complete hysteresis loop (see figure 1).

2.1.6 mean modulus (Pa)

The ratio of mean stress to mean strain.

2.1.7 stress amplitude (Pa)

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 on one side
only).

2.1.8 root-mean-square stress (Pa)

The square root of the mean value of the square of
the stress averaged over one cycle of deformation.
For a symmetrical sinusoidal stress the
root-mean-square stress equals the stress amplitude
divided by v2.

2.1.9 strain amplitude (dimensionless)

The ratio of the maximum deformation, measured
from the mean deformation, to the free length
(thickness) of unstrained test piece (zero to peak
on one side only).

2.1.10 root-mean-square strain (dimensionless)

The square root of the mean value of the square of
the strain averaged over one cycle of deformation.
For a symmetrical sinusoidal strain the
root-mean-square strain equals the strain amplitude
divided by V2.

2.2 Terms applying to sinusoidal motion

NOTE 1. A sinusoidal response to a sinusoidal motion implies
hysteresis loops which are or can be considered to be elliptical.
The term ‘incremental’ may be used to designate dynamic
response to sinusoidal deformation about various levels of mean
stress or mean strain (for example, incremental spring constant,
incremental elastic shear modulus).

NOTE 2. For large sinusoidal deformation, the hysteresis loop
will deviate from an ellipse since the stress-strain relationship
of rubber is non-linear and the response is no longer sinusoidal.

2.2.1 spring constant (N/m)

The component of applied force which is in phase
with the deformation, divided by the deformation.

2.2.2 elastic shear modulus (storage shear
modulus) G'(Pa)

The component of applied shear stress which is in
phase with the shear strain, divided by the strain.
2.2.3 elastic normal modulus (storage normal
modulus; elastic Young’s modulus) E'(Pa)

The component of applied normal stress which is in
phase with the normal strain, divided by the strain.
2.2.4 damping constant (N-s/m)

The component of applied force which is in
quadrature with the deformation, divided by the
velocity of deformation.

2.2.5 loss shear modulus G''(Pa)

The component of applied shear stress which is in
quadrature with the shear strain, divided by the
strain.

2.2.6 loss normal modulus (loss Young’s
modulus) E''(Pa)

The component of applied normal stress which is in
quadrature with the normal strain, divided by the
strain.

2.2.7 complex shear modulus

G* = G' + jG''(Pa)

The ratio of the shear stress to the shear strain,
where each is a vector which may be represented
by a complex number.
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