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Damping Control of Liquid Container
on a Carrier with Dual Swing-Type Active Vibration Reducer
(Damping Path Planning for Multiple Turns and Introduction of
Constraint Condition on Maximum Amplitude of Liquid Sloshing)

Yu YOSHIDA™ Masafumi HAMAGUCHI and Takao TANIGUCHI
*3 Department of Electronic and Control Systems Engineering, Graduate School of Shimane University,
1060 Nishikawatsu-cho, Matsue-shi, Shimane, 690-8504 Japan

This paper presents a damping transfer control of a liquid container on a wheeled mobile robot with a dual
swing-type active vibration reducer. An optimal servo control with a Kalman filter is adopted as a damping control
of liquid sloshing using the vibration reducer. Damping path that has multiple turns of the mobile robot are designed
by use of an input shaping method. Maximum amplitudes of liquid sloshing are considered as the constraint
condition. The transfer velocity of the robot to satisfy the constraint condition is decided by means of a bisection
method through transfer control simulations. The usefulness of the proposed method has been confirmed through
simulation and experiment.

Key Words: Vibration Control, Liquid Sloshing, Moving robot, Maximum Amplitude, Constraint Condition
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Fig.2 Pendulum-type sloshing model
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Table 1 Values of parameters of curve section

i | Ry[m] | 6Os[rad] | 6s[rad] | Turning direction
1 0.5 Vs 25 Counterclockwise
2 04 Vi 15 Clockwise
3 04 2 10 Counterclockwise
Table2 Values of parameters of velocity
. Damping path +
Damping path Vibration reducer
Aomee VS 0.53 0.75
v [m/s] 0.51 0.60
W [m/s] 0.46 0.52
V3 [m/s] 0.40 0.47
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Fig.9 Designed damping path
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Fig. B-1  Movement in X-direction
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