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Abstract

Problems involving contact and impact with friction are among the most difficult ones in mechanics
and at the same time of crucial practical importance in many engineering branches. The main diffi-
culty lies in the severe non-linearity and discontinuity because the natural first order constitutive laws of
contact/impact and friction phenomena are expressed by non-smooth multivalued force-displacement or
force-velocity relations [1, 2, 3, 4, 5]. A large number of algorithms for the numerical solution of the
related finite element equations and inequalities have been presented in the literature. In this work, we
try to address some issues on the numerical modeling of large deformation contact/impact problems:

• We apply the bi-potential formulation to unify the Signorini conditions and the friction laws
(isotropic or anisotropic) [6, 7];

• The application of the augmented Lagrangian method to the contact laws leads to implicit equa-
tions of projection onto the Coulomb friction cone, strictly equivalent to the original contact in-
equality. An iterative Uzawa or Newton algorithm can be used to solve the non-linear implicit
equations [8];

• In the case of non-smooth impact simulation, implicit and explicit schemes can be used for integra-
tion of the time discretized equation of motion. The questions of energy dissipation due to friction
and of wave propagation through the multibody system are also addressed [9, 10].

The developed algorithms, implemented in the in-house finite element program FER/Impact, are success-
fully applied to simulate large deformation static and dynamic contact problems. For example, Figure
1 shows the impact of a flash-ball of rubber materials onto the human leg. Figure 2 shows the multiple
contacts of hyperelastic bodies.

Figure 1. Flash-ball impact onto human leg



Figure 2. Multiple contacts of deformable bodies
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