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Abstract

This paper addresses the control of hydraulically driven manipulators with friction compensation. A cascade control
strategy combined with a friction observer based on the Lugre friction model and including stiction effects is used and
the convergence properties of the closed loop system are established using the Lyapunov method. This controller design
and analysis are the new contributions of the paper. The theoretical analysis resulted in practical rules to tune the con-
troller gains in order to guarantee its stability and the convergence of all the tracking errors, including the friction ob-
server errors. An experimental implementation outlines the controller design details and illustrates the main features of
the proposed strategy.
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serving as a portable pneumatic power supply for mobile untethered robotic systems. The device is configured such that
the transduction from thermal energy to stored energy, in the form of compressed gas, is efficient relative to other small-
scale portable power supply systems. This efficiency is achieved by matching the dynamic load of the compressor to the
ideal adiabatic expansion of the hot gas combustion products. It is shown that a load that is dominantly inertial provides
a nearly ideally matched load for achieving high thermodynamic efficiency in a heat engine. The device proposed ex-
ploits this fact by converting thermal energy first into kinetic energy of the free piston, and then compressing air during
a separate compressor phase. The proposed technology is intended to provide a compact pneumatic power supply
source appropriate for human-scale robots. An analytical model of the proposed device is developed, and an FPC proto-
type is designed and built and its yielded experimental results are compared with theoretical.
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