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Vibrational Control of an Underactuated Mechanical System:

Control Design through Averaging Analysis
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(Keum-Shik Hong, and Kyung-Jinn Yang)

Abstract : An open loop vibrational control for an underactuated mechanical system with amplitude and
frequency modulation is investigated. Since there is no direct external input to an unactuated joint, the dynamic
coupling between the actuated and unactuated joints is utilized for controlling the unactuated joint. Feedback
linearization has been performed to incorporate fully the known nonlinearities of the underactuated system
considered. The actuated joints are firstly positioned to their desired locations, and then periodic oscillatory inputs
are applied to the actuated joints to move the remaining unactuated joints to their target positions. The
amplitudes and frequencies of the vibrations introduced are determined through averaging analysis. A systematic
way of obtaining an averaged system for the underactuated system via a coordinate transformation is developed.
A control design example of 2R planar manipulator with a free joint with no brake is provided.
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Active Joint /[ Free Joint

¥ 1 AFREE 7Fd EYE 2R HUEHIE.
Fig. 1. A planar 2R manipulator with a free
joint.
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Fig. 2. Trajectories of transformed system (27)
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Fig. 3. Phase portrait of averaged sysem (29)
(a=05 w=4nr).
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Fig. 5. Control strategy.
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