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ABSTRACT

Many plasticity problems, especially in the field of material forming, have a dominant 
steady-state character, so the direct calculation of this steady-state makes it possible to considerably
reduce the computation times, by a ratio of 10 to 50 [1, 2], against more common incremental 
approaches where this state is progressively reached through a large number of time steps and over
large domains. However, the elimination of time from the equations raises many difficulties, which 
are related to the very direct nature of such calculation. They manifest in the form of strong couplings
between the different problem equations: resolution of the thermomechanical problem, time 
integration of state variables and computation of the domain free surface. The direct resolution of 
such a multi-field problem is expensive in number of degrees of freedom per node [3], and therefore 
in computation time. On the other hand, its iterative resolution raises difficulties related to the 
treatment of the coupling terms, which result into convergence difficulties of the fixed-point 
algorithm. Following this second approach, in the framework of a velocity-based formulation of 
mechanical problem [2], this present work is more specifically focused on the treatment of contact 
terms and contact couplings, which plays a pivotal part in both the resolution of thermomechanical 
and free surface problems. Through the condensation of the SUPG-based free surface equations, a
consistent formulation of contact equations is derived; it allows properly writing the contact 
equations for the mechanical problem, either in an explicit or implicit form. This new contact 
formulation is evaluated on metal forming problems such as that of Figure 1, where it allows 
increasing the robustness of the steady-state algorithm and extending its application to more complex 
problems.

Figure 1: Multi-stand, quasi steady-state, rolling problem
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