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Planar sliding with dry friction
Part 2. Dynamics of motion
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Abstract

Some problems in the dynamics of sliding of planar rigid bodies are treated by geometric
methods based on the limit surface description of friction (S. Goyal, A. Ruina and J.
Papadopoulos, Wear, 143 (1991) 307-330). The problems we consider, where the normal
force is known a priori, have unique solutions although the friction force (and torque)
may be a discontinuous function of the direction of motion. When a freely sliding object
comes to rest it always does so with one of several definite ratios of translation to
rotation. These special generalized velocity directions, termed eigen-directions, depend
on the friction law used, the contact pressure distribution and the mass distribution. The
eigen-directions correspond to local extrema of the generalized frictional load [P| on the
limit surface, 7.e. to directions in load space where P is parallel to the generalized
direction of motion g. For most objects, if the contact region is sufficiently smaller than
the radius of gyration, final motion is always pure rotation about the center of mass; if
the contact region is sufficiently spread out final motion is a pure translation. A simple
model of a car with locked rear wheels shows the effect of speed and orientation on
skid stability at finite speeds. Sliders have a propensity to rotate about points of support.

1. Introduction

Ishlinskii et al. [1] and (apparently independently) Vgyenli and Eriksen
[2] noticed the special motions of a sliding ring and a sliding disk as they
come to rest during free sliding on a horizontal plane under the influence
of gravity and dry friction. In particular, a rigid ring, with all contact pressure
and mass concentrated on a circle, ends up by rotating about a point on
the ring just before stopping, no matter what the initial condition (unless
the initial condition is pure rotation or pure translation). Similarly, a disk
with uniform pressure and mass distribution, comes to rest by rotation about
a point 0.653 of the disk radius from the center, irrespective of the initial
condition (again, unless the initial condition is a pure rotation or a pure

*Present address: AT&T Bell Laboratories, Murray Hill, NJ 07974, U.S.A.

0043-1648/91/$3.50 © Elsevier Sequoia/Printed in The Netherlands






