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Abstract

The objective of this study is to acquire a full characterization of a hyper-elastic material.
The process is realized by performing a Dynamic Mechanical Analysis (DMA) with a
viscoelastic material (illustrated in Figure 1), which is extended by image processing
algorithms in order to measure the changing distance of two dots in the direction of
contraction (it can be seen in Figure 2). Due to the non-linear behavior of the material, the
model cannot be expressed by Neo-Hookean model precisely, so in order to overcome
this problem, hyper-elastic material models are introduced. Hyper-elasticity provides a
means of modelling the stress- strain behavior of such materials [1]. Using the Weak Form
PDE interface of COMSOL Multiphysics® software, three mathematical models are
developed, where the strain- energy density function depends on different hyper-elastic
constitutive equations, including the painted dots which are placed by using domain point
probes (which can refer Figure 3). The chosen constitutive equations are Mooney-Rivlin [2],
Yeoh [3] and Arruda-Boyce [4]. The results of DMA portrait the non-linear behavior of the
material, while the results of the numerical study demonstrate that the all three models
exhibit the correct trend of the non-linear behavior of the material, further the Arruda-
Boyce model shows the best fitting performance (demonstrated in Figure 4).
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Figures used in the abstract

Figure 1Figure 1: The stretched material sample.

Figure 2Figure 2: On this figure the detection aims the left and the right dot, respectively.



Figure 3Figure 3: Geometry model including two probes. The probes placements corresponds to
the position of the painted dots of the real sample.

Figure 4Figure 4: The resultant deformation shown in COMSOL.
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