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ABSTRACT

Friction problems involving rubber components are frequently encountered in industrial applications,
especially in tire design and development. Their treatment within the framework of numerical simula-
tions is often performed by means of the Finite Element Method (FEM). A large number of algorithms
for the modeling of contact problems by the finite element method have been presented in the liter-
ature. See for example the monographs by Wriggers [1] and Laursen [2], and the references therein.
The bi-potential method proposed by de Saxcé and Feng [3] turns out to be particularly efficient for the
treatment of quasi-static frictional contact problems [4]. Recently, this method has been successfully
applied to the modeling of dynamic contact problems [5]. A first order implicit scheme is applied to
integrate the equations of motion.

This present work focuses on the modeling of the contact problem between a rubber tread block and
a rigid surface. We show the difficulties of an implicit finite element method when applying a high
friction coefficient.

We consider the contact between a rubber block and a rigid surface with friction as illustrated in Fig.
1(a). The finite element simulation is performed in two steps. In the first step, a uniformly distributed
pressure p is applied to the top surface of the rubber block. Under maintenance of this pressure, the
block is moved in horizontal direction at constant sliding velocity v in the second step. This problem was
proposed and solved by Hofstetter et al. [6] by using the explicit finite element code ABAQUS/Explicit.
Our work is to solve the similar problem by an implicit finite element method in which a system of
equations needs to be solved. We observe difficulties when applying a high friction coefficient (e.g.,
µ > 1.0). A high stress concentration appears at the right lower corner of the block, as shown in Fig.
1(b). It is also noted that in this zone, the stiffness matrix becomes singular, which leads to divergence
of the solution procedure .

We also solve the problem when taking into account the third bodies between the rubber block and the
rigid surface as shown in Fig. 2.
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Figure 1: Contact between a rubber block and a rigid surface

Figure 2: von Mises stress with third bodies
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