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A BACKSTEPPING SLIDING MODE FAULT-TOLERANT
CONTROL FOR FREE FLOATING SPACE MANIPULATORS *

Song Qi

Wang Yuanbin'

Yu Xiaoyan'"*'

(1.School of Machine Engineer and Automation, Fuzhou University, Fuzhou 350116, China)
(2.Key Laboratory of Fluid Power and Electro-hydraulic Intelligent Control of Fujian Province, Fuzhou 350116, China)

Abstract

A sliding mode fault-tolerant control for a free-floating three-link space manipulator is investigated when po-

sition of its base is uncontrollable. Firstly, with an appropriate coordinate system, the dynamic equation of the free-float-
ing three-link space manipulator is established by the momentum conservation theorem, with the second Lagrange equa-
tion and the centroid of the system being employed or defined. Then, according to the non-singular sliding mode control
and integral sliding mode control theory, a switching function is constructed. Based on the inversion control strategy and
the high-order sliding mode control theory, a new control law is proposed. The controller has the combined characteris-
tics of high-order sliding mode control, non-singular sliding mode control and integral sliding mode control in term of
small chatting, non-singular and fast response. In order to achieve stable control under the fault function with unknown
fault sizes, a new adaptive rate is proposed, which improves the fault tolerance of the system. Finally, the effectiveness
of the proposed controller is verified by MATLAB simulation. It demonstrates that the trajectory control can be realized

quickly and stably in the case of a mechanical arm failure with a high precision.

Key words space manipulator, fault, sliding mode control, fault tolerant control, backstepping control
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