Revisiting the behaviour of elastomers with energy balances: energy stored, intrinsic
dissipation, the physical meaning of the hysteresis loop...
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Most of phenomena involved in deformation of rubber depend on temperature and have
distinguishable thermal and calorimetric signatures. However, since the pioneer investigations
being those conducted by Gough and Joule in the 19th century, studies were dedicated more
to mechanical response, and the thermal aspects of the deformation of rubber were not really
explored experimentally. Therefore, revisiting the rubber deformation using experimental
thermomechanics should offer new perspectives to better understand damage and deformation
mechanisms. In the present study, temperature variations are measured during the mechanical
tests by means of infrared thermography. The heat sources produced or absorbed by the
material due to deformation processes are deduced from the temperature variations by using
the heat diffusion equation. The calorimetric signatures of the most important effects in
rubber deformation have been characterized in case of homogeneous and heterogeneous (at
the crack tip) mechanical fields. Moreover, complete energy balances carried out during
cyclic deformation show that viscosity is not systematically the preponderant contribution to
the hysteresis loop: the mechanical energy brought to the material is not entirely dissipated
into heat but can be predominantly used by the material to change its microstructure. This can
be quantified by defining a ratio in terms of energy. This presentation gathers several results
[1-9] obtained with several academic and industrial partners who are warmly acknowledged.
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