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Mechanical systems with frictional contact:
Geometric theory and numerical simulation

Giuseppe Capobianco

Institut fur Nichtlineare Mechanik, Universitat Stuttgart

For many applications, the modeling of frictional contact is crucial for the
understanding of the system’s dynamics. This is for example the case for
legged robots, where the contact of the foots with the ground is used for
locomotion. Another prominent example are industrial robots, which need
to grasp objects for the fulfillment of their task.

In this talk, the mathematical description and the simulation of mechani-
cal systems with frictional contact are presented. Typically, these sys-
tems are explicitly time-dependent, due to actuation for example. Moreo-
ver, since we use a hard contact model including unilateral constraints
¥l and a set-valued Coulomb-type friction law, the velocity of such systems
4 must be allowed to jump whenever an impact occurs. Hence, first a geo-
| metric theory for the description of time-dependent finite-dimensional
mechanical systems is introduced and the fundamental ideas of non-
smooth mechanics are discussed. Then, a nonsmooth generalized-alpha
@ method for the simulation of mechanical systems with frictional contacts
Il is presented. This method extends existing generalized-alpha schemes
to account for frictional contact by including a Coulomb-type friction law
on velocity and acceleration level. Moreover, the presented method uses
the Gear-Gupta-Leimkuhler approach to stabilize the unilateral con-
WM straints, such that numerical penetration of the contacting bodies can be
avoided - a big issue of the most popular time-stepping schemes such as
Moreau's scheme. Finally, the method is validated using a set of bench-
mark mechanical systems.

f;--.-n.{:-..,.-..‘ _fl'r-i'i'h-l""'f[frr
--r .rf-rf.qf -.."IT'-.-.E J—':j:‘ﬂ'i"-f-!“lf y

ek f‘ﬂ*—,'{ _g.:.-qu s .1‘.'-.nﬁ Prof. Dr.-Ing. P. Steinmann Lehrstuhl fiir Technische Mechanik
Prof. Dr.-Ing. K. Willner Egerlandstrale 5, 91058 Erlangen

‘: A “_{ £ .v'*-. B8 Prof. Dr.-Ing. S. Leyendecker Lehrstuhl fir Technische Dynamik
ik il "':'l - ﬂ‘f Immerwahrstralle 1, 91058 Erlangen




