Vibro-impact dynamics of a universal experimental rig with two-sided constraints
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Abstract. This work studies the vibro-impact dynamics of a universal-sided drifting experimental rig with two-
sided constraints which can be used for experimental tesfimany piecewise-smooth dynamical systems, such as the
impact oscillator [1], the drifting oscillator [2], and tleapsule system [3], and their control strategies. In paleicwe
will focus on investigating the grazing and sliding bifutioas induced by the impact and friction encountered by the
experimental rig, and compare the dynamics of the systehsomie-sided and two-sided constraints.

I ntroduction

Vibro-impact systems have been widely utilised in engiimgepractice. One notable application is to provide
vibro-impact-driven progression for self-propelled maaism [4]. For such a mechanism, the environmental
friction and vibro-impact dynamics induce very rich and gbex non-linear phenomena in the system. Inspired
from the design of our previous experimental rig [5], whichsna vibro-impact two-sided drifting system with
one-sided constraint, a novel two-sided drifting experitakrig with two-sided constraints was developed as
shown in Figure 1(a). The aim of this work is to compare theadiyits of the vibro-impact systems with one-
sided and two-sided constraints, the so-called capsuteraywhich were studied numerically in [6]. We wish
to use this new rig to investigate various grazing and djdiifiurcations observed in the capsule system [3].
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Figure 1: (a) Photograph and (b) schematic of the novel tidleesdrifting experimental rig.

Experimental apparatus

A schematic of the experimental rig is presented in Figul®.1As can be seen from the figure, a linear DC
servomotor was mounted on a base frame which also held twmogugprings with adjustable stiffness. The
motor has a movable internal rod harmonically excited wittheaired frequency and amplitud®, and Py,

via the electromagnetic field provided by the coils in the anofThe moving rod will contact with the front

or the back support spring when their relative displacenm®eiqual to zero. The absolute displacement of
the base frame iX, which was measured by a linear variable differential tramser (LVDT). The relative
displacement between the rod and the base frafe,Xs, was measured through the motor using Hall sensors.
The accelerations of the rod and the ba§eand X, were obtained using two accelerometers mounted directly
on the rod and the base, respectively. The signals from thesgees were captured and observed in real time
using a data acquisition system.
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