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Prerequisites/Prior Knowledge:

Geometric time integration methods play
an important role in the simulation of con-
strained mechanical systems. In particu-
lar, the symplectic two-stage Lobatto IlIA-
llIB pair, commonly known as the RATTLE
method [1], is widely used for the numeri-
cal integration of holonomically constrained
multibody systems. Its excellent long-term
energy behavior and structure-preserving
properties make it highly attractive for many
applications in computational mechanics.

However, symplectic methods are generally
not well suited for stiff problems. Flexi-
ble multibody systems and systems arising
from finite element discretizations often re-
quire methods with strong damping of spu-
rious high-frequency modes. For such prob-
lems, stiffly accurate and L-stable integration
schemes are typically preferred.

Rosenbrock-Wanner (ROW) methods form an
attractive class of linearly implicit integrators
for stiff ordinary differential equations and
differential algebraic equations [2], [3]. In
contrast to fully implicit Runge-Kutta meth-
ods, they require only the solution of linear
systems and can be designed such that the
same matrix factorization is reused through-
out all stages of a time step. This property
makes them particularly appealing for large-
scale mechanical simulations.

The objective of this thesis is to develop and
investigate a partitioned Rosenbrock-Wanner
method for constrained mechanical systems

G = B(q)u
M(q)u = f(q,u) + G(q)" A
0=g(q).

The goal is to replace the Lobatto IlIIB dis-
cretization of the velocity equations by a stiffly
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accurate ROW scheme while retaining the par-
titioned structure of the method.

A particular challenge is the simultaneous
achievement of the following properties:

e stiff accuracy,
e [-stability,

¢ reuse of a single matrix factorization per
time step.

As shown in [4], these requirements cannot
be satisfied by a two-stage ROW method.
The authors therefore propose a three-stage
scheme that possesses all desired properties
and is specifically designed for constrained
mechanical systems. This method provides
a promising foundation for constructing a
RATTLE-like ROW integrator.

Depending on the type of thesis and the indi-
vidual progress, an extension to nonsmooth
dynamical systems is desirable.
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