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Abstract

In classical Filippov systems, there are codimension-1 discontinuity manifolds
in the phase space. We consider systems possessing an isolated codimension-2
discontinuity manifold surrounded by smooth behaviour of the vector field. These
vector fields are out of the scope of classical Filippov systems and they lead to
the definition of extended Filippov systems.

In these systems, there are continuously many directions which are orthogonal
to the discontinuity manifold. By analysing the behaviour of the vector field in
the vicinity of the discontinuity manifold, the so-called limit directions can be
determined. The limit directions show the tangent lines of the trajectories which
tend to the discontinuity manifold in forward or backward time. In each point
of the discontinuity set, these attracting and repelling limit directions character-
ize the structure of the dynamics projected onto the orthogonal complement of
discontinuity manifold. The limit directions can be used for the definition of the
sliding and crossing regions in extended Filippov systems.

Figure 1. Simple configurations of the limit directions in the or-
thogonal space of the discontinuity manifold. Left panel: two at-
tracting limit directions. Right panel: an attracting and a repelling
limit direction.
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The motivation behind the introduction of extended Filippov systems is the
Coulomb friction between rigid bodies in 3D contact problems. In these sys-
tems, the limit directions correspond to the direction of the relative velocity at
transitions between slipping and rolling of the bodies.
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