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ABSTRACT

This work is devoted to the analysis of numerical integration methods for nonsmooth
multibody dynamics with joints, unilateral contacts and impacts. With an event–driven
strategy, the smooth dynamics, which is integrated between two events, may be equiva-
lently formulated as a Differential Algebraic Equation (DAE) of index 1, 2 or 3. When
a numerical time–integration scheme is used, these formulations are no longer equivalent
in terms of accuracy and drift of constraints. Usually, the robustness of an event–driven
scheme is very dependent on the kinematic level of the formulation of the constraints
and the induced drift in the numerical simulation. In this article, several numerical time
integration methods for each formulation are compared: the generalized-α scheme for
index-3 DAEs and index-2 DAEs , HEM5 and PHEM56 for index-2 DAEs, and RK4 and
Runge-Kutta-Fehlberg for index-1 DAEs. We compare these schemes in terms of effi-
ciency, violation of the constraints and the way they handle stiff dynamics. Comparisons
are performed on academic examples and numerous industrial benchmarks. One of the
major conclusions is that the index-2 DAEs solvers prove to be better than other schemes
to maintain low drifts. When the dynamics is stiff, implicit schemes outperform explicit
and half-explicit methods which are sometimes unable to compute the dynamics when
the system’s frequency range is wide.
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