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Abstract

A single degree-of-freedom nonlinear mechanical model of the stick-slip phe-
nomenon is studied when the Stribeck-type friction force is emulated by
means of a digitally controlled actuator. The relative velocity of the slip-
ping contact surfaces is considered as bifurcation parameter. The original
physical system presents subcritical Hopf bifurcation with a wide bistable
parameter region where stick-slip and steady-state slipping are both stable
locally. Hardware-in-the-loop experiments are performed with a physical os-
cillatory system subjected to the emulated Stribeck forces. The effect of
sampling time is studied with respect to the stability and nonlinear behav-
ior of this experimental system. The existence of subcritical Neimark-Sacker
bifurcations are proven in the digital system, the stability and bifurcation
characteristics of the continuous and the digital systems are compared, and
the counter-intuitive stabilizing effect of sampling time is shown both analyt-
ically and experimentally. The conclusions draw the attention to the limita-
tions of hardware-in-the-loop experiments when the corresponding systems
are strongly nonlinear.
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1. Motivation and introduction

There is a set of historical dynamical problems in engineering that causes
permanent difficulties in the design of certain machines, machine parts. One
common feature of these systems is that the desired steady-state behavior
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