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Multiple Sliding Mode Robust Adaptive Control for
Valve Controlled Asymmetric Cylinder System

Bai Han Wang Qingjiu  Xu Zhen Guan Cheng
(College of Mechanical and Energy Engineering , Zhejiang University, Hangzhou 310027, China)

Abstract

Considering the characteristics of valve controlled asymmetric cylinder system, a multiple sliding
mode robust adaptive controller was designed. First, backstepping technique and state feedback
linearization method were used to attain a multiple sliding mode controller. Next, based on Lyapunov
stability theory, the uncertain parameters adaptation laws were presented and a robust adaptive
controller combined with sliding mode method was designed to track piston displacement accurately.
Experimental results show that the multiple sliding mode robust adaptive control approach has a strong

robustness and enhances the tracking performance remarkably.

Key words Valve controlled asymmetric hydraulic cylinder, Multiple sliding mode control,
Adaptive control, Robust control
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Fig.1 Schematic diagram of the hydraulic system
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Fig.3 Tracking error with parameter estimation
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