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This project is motivated by virtual-reality-
based assembly planning, where interactive
simulation is used to evaluate accessibility,
insertion paths, and potential collisions bet-
ween components. To enable real-time per-
formance, the current framework employs a
linearly Guyan-reduced shell model, which
presently neglects contact interactions. The
objective of this thesis is to extend the exi-
sting model by incorporating physically con-
sistent contact constraints against a triangu-
lated rigid surface.

The employed linearized shell model is gover-
ned by

Ku = f ,

where K denotes the stiffness matrix, u the
unknown displacement field, and f the ap-
plied external forces.

Real-time performance is achieved through
static condensation (Guyan reduction). To this
end, the system is partitioned into master (m)
and slave (s) degrees of freedom according to[

Kmm Kms

Ksm Kss

][
um

us

]
=

[
fm

fs

]
.

Assuming fs = 0, the slave subsystem can be
condensed, yielding the slave displacements

us = −K−1
ss Ksmum ,

which are entirely determined by the ma-
ster degrees of freedom. The master displa-
cements are then obtained from

um =
(
Kmm −KmsK

−1
ss Ksm

)−1
fm .

The central objective of this thesis is to extend
the reduced-order model to account for unila-
teral contact between the shell structure and
a triangulated rigid surface. The contact inter-
action shall satisfy Signorini’s law

0 ≤ gN ⊥ λN ≥ 0 ,

where gN denotes the normal gap and λN the
corresponding contact force.

Key research questions include the develop-
ment of an efficient solution algorithm for
real-time simulation of the resulting inequa-
lity and complementarity problem. A major
success criterion is the preservation of inter-
active simulation rates required for VR-based
assembly planning while introducing cont-
act on complex triangulated geometries with
only moderate computational overhead.

The project is a joint effort between INM &
Fraunhofer ITWM and lies at the intersection
of contact mechanics, model reduction, and
real-time simulation. It involves both theore-
tical and algorithmic development and offers
the opportunity to contribute to a research-
level numerical framework with direct indu-
strial relevance.
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