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ABSTRACT

Although the Particle Finite Element Method (PFEM) originally was introduced to
analyse fluid mechanical problems ([1],[2]), it has been shown recently that this method
represents a very powerful tool to tackle specific solid mechanical problems as well [3].
Applications of interest are for example metal forming, machining or manufacturing
processes involving large deformations, multiple contacts and even the generation of
new boundaries. One main task for establishing a robust solution method is an
appropriate description of contact phenomena including friction and possible self-
contact. This work presents a general theoretical framework as well as a suitable
discretization strategy of a newly developed contact method based on a contact domain.

One of the main features working with the PFEM is the necessity of frequently
remeshing the introduced particles, which are actually represented by the finite element
nodes. The boundary detection which is necessary for the generation of the mesh is
done utilizing the Alpha-Shape Method ([4],[5]). Having these utensils at hand, it seems
quite natural to use the remeshing algorithm to construct an additional mesh between
two domain boundaries, which might come into contact [3]. This additional domain,
constructed between the possible contact boundaries, will be denoted as the contact
domain.

In contrast to many existing contact descriptions, the formulation of the required contact
constraints will not be done projecting one contact boundary onto the other, but using
the whole contact domain, which has the same dimension as the contacting bodies.
Lagrange Multipliers are introduced to represent the contact normal and tangential
stresses within the contact domain. As the basis for the discretization with finite
elements an appropriate weak form of the boundary value problem is introduced.

The discretization of this weak form finally leads to a classical Lagrange Multiplier
Method type system of equations. Knowing that this might lead to problems in the
solvability of the system, an additional, consistent stability term is introduced via an
internal penalty parameter. This leads to a well posed system of equations which allows



for elimination of the introduced Lagrange Multipliers performing a static condensation.

The main properties of the introduced contact domain method can be summarized as
follows:

e It can be easily implemented

e The computational cost is very low, as the contact-stiffness contributions can be
computed locally for every contact-domain element

e The area of application is not limited to PFEM but can be utilized with any other
discretization strategy

Various examples are presented to demonstrate the performance and the robustness of
the developed contact domain method.
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