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Abstract This paper describes a fully implicit algorithm
developed and optimized to simulate sheet metal form-
ing processes. This algorithm was implemented in the in-
house code DD3IMP. Attention is paid to the augmented la-
grangian method adopted to treat the contact with friction
problem. The global resolution of the coupled equilibrium
and contact problem is performed in a single loop, with a
static implicit iterative Newton-Raphson scheme. This de-
mands particular attention in the contact search algorithm,
which in this case adopts a parametric description of the
tools. In order to highlight the adopted strategies a review
of the state-of-the-art in sheet metal forming simulation is
presented, with respect to models reliability and efficiency.

1 Introduction

The virtual try-out of sheet metal forming components based
on the finite element method has become an indispensable
industrial tool in order to save money, time and effort in the
design, process set-up and production of deep drawn parts.
The importance of the numerical simulation in the shorten-
ing of the conception cycles of new deep drawn parts is un-
questionable, since it allows the optimisation of the process
parameters involved, like the lubrication conditions, the pre-
diction of the required tools force (punch, blank holder and
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die), the gap, etc. Also, according with the chosen material
for the blank it is possible to perform a direct comparison of
process parameters’ behaviour.

Due to its enormous economical impact, the application
of the finite element method to numerical simulation of deep
drawing processes has suffered many improvements in the
last years. However, there are still old and new challenges.
To achieve the complete virtual try-out of a component it is
essential to accurately predict forming defects, in particu-
lar geometrical defects associated with springback phenom-
ena and wrinkling. Other challenge is to accurately simulate
multi-stage processes. Reliable multi-stage forming simula-
tions are only possible with an accurate description of tech-
nological procedure and parameters, and if material’s me-
chanical behaviour is well understood. Much of the recent
research and development effort in the numerical simulation
of sheet metal forming has focused on these two aspects,
in order to improve accuracy of numerical codes. In fact,
if these aspects drive the accuracy in single-stage forming
processes, they become of paramount importance in multi-
stage forming processes; since errors play a cumulative role
and inaccuracy in former stages are amplified in subsequent
ones.

The majority of the research areas involved in numerical
simulation of deep drawing processes are still under devel-
opment in order to increase accuracy and robustness of nu-
merical codes, and reduce computational time and memory
requirements. In this context, the contact with friction prob-
lem is a very interesting topic. The contact between the tools
and the blank determines the evolutionary boundary condi-
tions of the forming process. Thus, it is essential to model
accurately such phenomenon in order to assure the final ac-
curacy of numerical results. Due to the strong non-linearity
of the contact with friction problem, solve this kind of prob-
lems with the finite element method presents many difficul-
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