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Two-time-scale composite control of flexible manipulators
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Abstract: This paper studies the problems of trajectory tracking and vibration suppression of flexible manipulators.
Firstly, the dynamic model of the flexible manipulator is established using Lagrange and assumed-mode method, and a
two-time scale model of the flexible manipulator is obtained by singular perturbation theory. Then, a trajectory tracking
controller is designed based on the slow-time scale model by using sliding mode control theory. An optimal vibration
suppression controller with inaccurate known parameters is designed based on the fast-time scale model by using adaptive
dynamic programming (ADP). A two-time scale controller is formed by combining the trajectory tracking controller and
the optimal vibration suppression controller, and the stability of closed-loop system is proved by singular perturbation
theory. Finally, the performance of the composite controller is verified by simulation in MATLAB/Simulink environment.
Compared with the existing methods, the controller designed in this paper leads to a better vibration suppression effect and
higher tracking accuracy.
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Fig. 1 Model diagram of flexible manipulator
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Fig. 2 Structure diagram of the composite controller
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