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ABSTRACT

NonSmooth MultiBody Systems (NSMBS)The article is devoted to the development of new higher
resolution and higher order time integration methods for nonsmooth multibody systems. Although this
work may be applied to any nonsmooth second order dynamics (friction, nonsmooth bilateral con-
straints, cohesive zone models), we will focus our presentation to the particular class of NSMBS sub-
jected to perfect unilateral constraints. (More details onNSMBS can be found in [1]) :
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M(q)v̇ = F (t, q, v) + G(t, q)λ

q̇ = v

y = g(t, q)

0 6 y ⊥ λ > 0

v+ = F(v−, q, t)

(1)

Non smooth event capturing schemesBesides the standard event-driven approach,Nonsmooth event
capturing methodsalso called shortlytime–stepping schemesperform the numerical integration of (1)
on a time step, which do not dependent on the exact location ofnonsmooth events(impact, take–off,. . . ).
The advantages of this class of methods are the convergence proofs and the efficiency even in the case
of finite accumulation of impacts and the fact that are able towork without an accurate event detection
procedure. The major drawback of these methods is their order. In practice, they are at best of first order
at impact but also on smooth solutions. Most well-known time–stepping scheme are Moreau’s scheme
[2] and Schatzman–Paoli’s scheme [3].

The objective of this paper is to propose two alternative nonsmooth event capturing methods, with
higher–order convergence results and/or better efficiency. The first scheme is obtained by means of
adaptive time–step strategy and the other one by coupling with other standard one–step schemes for
smooth dynamics (Runge–Kutta schemes). The term ”higher order” applies to methods which whose
global error behaves at an order greater than1. The term ”high resolution” applies to methods that are
at least first order methods when non smooth events are encountered and of higher order on smooth
solutions.



Illustrations of the results After a study of the local error estimates and practical error evaluation,
an adaptive time–step strategy has been proposed. On Figure1, the strategy is successfully applied to a
bouncing ball problem and a linear impacting oscillator. Details in the development and the implemen-
tation of the schemes will be given in the final paper.
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(a) The bouncing ball example
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MoreauTS Precision-Work Diagram. Linear Oscillator Example
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(b) The linear oscillator example

Figure 1: Precision Work diagram for the Moreau’s time-stepping scheme. Order 1

Schemes of any orderSchemes of any schemes of any order are built by coupling any higher order
one–step scheme for smooth Dynamics (Runge–kutta schemes in this paper) and the Moreau’s time–
stepping scheme. On Figure 2, this scheme shows to well behave even with accumulations of impacts
and appears to be a good substitute the event–driven approach
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(a) The linear oscillator example
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(b) The Bouncing Ball example

Figure 2: Precision Work diagram for the Moreau’s time-stepping scheme.

Outline The paper will provide with detailed results on order estimates in practical case, the adaptive
time–step strategy and also the way how several schemes are coupled without an accurate location of
events. Other nonlinear examples will be also treated.

REFERENCES

[1] Acary, V. and B. Brogliato.Numerical Methods for Nonsmooth Dynamical Systems: Appli-
cations in Mechanics and Electronics. Vol. 35 of LNACM. Springer Verlag. 2008

[2] J.J. Moreau. “Unilateral contact and dry friction in finite freedom dynamics”.Nonsmooth
Mechanics and Applications, # 302 in CISM, Courses and lectures, pages 1–8. Springer
Verlag, Wien–New York, 1988.

[3] L. Paoli and M. Schatzman. “ A numerical scheme for impactproblems I: The one-
dimensional case”SIAM Journal of Numerical Analysis, 40(2):702–733, 2002.


