Viscoelastic deformation of carbon-black filled EPDM
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1. INTRODUCTION

Filled elastomers are important industrial materials because of their unique
flexibility and damping properties, and are used in a range of applications such
as seals, dampers, transmission belts and automotive tyres.

They exhibit a range of complex phenomena when subjected to repeated

loadings:

(1) the stress-softening phenomenon known as the Mullins effect

(2) complex pre-conditioning dependent viscoelasticity from intermolecular and
polymer-filler interactions

(3) a small degree of permanent set.

The generation of constitutive models able to accurately predict the mechanical
response of such components forms an essential part of their design, and can
also contribute to the understanding of the mechanisms underpinning such a

2. MATERIALS AND METHODS

The material used in these experiments was an accelerated sulphur cross-linked
carbon-black filled (50phr) oil-extended ethylene-propylene-diene (EPDM) rubber.

0.5mm thick sheets were compression-moulded for 13 minutes at 160°C; dog-
bone specimens were then cut from the sheets. Tensile testing was performed
using an Instron testing machine at room temperature. Strain was measured by a
counterbalanced elastomer extensometer. A constant true strain rate of 0.03 st
was imposed, as measured in the gauge length of the specimen by the
extensometer, using a feedback loop.

The tests consisted of a pre-deformation loading, followed by 3 unload-reload
loops, loading to a specified maximum stretch, and unloading to a tensile force of
0.1N to avoid buckling, see Fig.1. A range of 10 maximum stretches from A = 1.5-
6 were used. Representative stress-strain curves are shown in Fig. 2.

response. We present a series of experimental observations aimed at shedding
light on these phenomena and at supporting the implementation of a new

constitutive model able to capture these features.
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