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In numerical simulations of mechanical systems, it is often advantageous to
model all or some of the bodies as perfectly rigid. Collisions between rigid bodies
have traditionally been treated by introducing spring-damper elements between the
bodies. Novel, more sophisticated methods to handle contact in rigid multibody
dynamics have been studied during the last two decades [4], [5], [1].

In the present paper, we follow an approach that was pioneered by Hahn [2]
and expanded upon by Mirtich [3]. The idea of impulse-based dynamic simulation
is to treat all contact between bodies by a series of collisions that are modelled as
accurately as reasonably possible. Unsurprisingly, this paradigm works very well
for systems which exhibit rapid high frequency collisions e.g. a lottery machine or
a part feeder. However, even for continuous contact the paradigm still allows for
fast and efficient computation [3].

Consider a multibody system with generalised positions and velocities (q, v)
under influence of gravity. We assume that all bodies are perfectly rigid and that
contacts between bodies are subject to Coulomb friction. Consequently, collisions
between bodies are taken to be instantaneous leading to nonsmooth solution tra-
jectories. Initially, we assume that all bodies are in free motion influenced only by
gravity.

If two bodies of the system come into contact we need to compute a collision
response to advance the simulation. While these bodies are assumed rigid in our
model, in reality the collision response is determined by the elastic properties
of the bodies. In particular, if we take some compliant contact model and let
tc → 0 the contact forces will tend to infinity. A way to avoid this problem is to
employ a change of variable [6]. In place of the time t, we may use some other
parameter which is strictly increasing during the collision. For most situations,
a suitable parameter is the component of the impulse delivered by one body to
the other which is normal to the collision surface. In this way, collisions can be
handled accurately and fast. We shall prove that for any sequence of numerical
solutions (qε, vε) depending on the collison parameter ε there exists a subsequence
that converges to an appropriately defined generalised solution of the multibody
system. Moreover, we compare the performance of an impulse based algorithm
with a more standard time-stepping scheme for a set of test problems.
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