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Trajectory for saving energy of a Manipulator with Passive Joint in Throwing Motion

Osamu SATO, Asaji SATO, Nobuya TAKAHASHI and Michio KONO

For the purpose of enlarging the work space of manipulator, this study proposes the trajectories for saving energy
about throwing motion. In this paper, equations of motion of a manipulator, whose mechanism has two actuated joints
and a passive revolute joint for a tray, are derived in consideration of characteristics of driving source. In order to
prevent the object falling from the tray, the passive joint for the tray is rotated by inertia force about actuated joints.
Considering the condition about motion of the tray, trajectories for saving energy of two actuated joints are calculated by
iterative dynamic programming. Initial searching region of dynamic programming is a shape which is surrounded by
two cosine-wave translated in parallel. This proposed searching region is used as an initial range of the iteration method,
and the region is shifted to minimize the energy consumption of the motor. The dynamic characteristics of manipulator
controlled based on above mentioned trajectory are analyzed theoretically and investigated experimentally.
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Fig.1 Mechanism of manipulator
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Fig. 6 Force which act on the object on the tray
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Table 1  Parameters of the manipulator
Parameter Value Parameter Value
L, Iz, 1s m 0.080 mi, ma kg 0.020
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Fig.8 Throwing motion of the manipulator (&; is actuated).
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Fig. 10 Influence about center of gravity of tray
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Fig, 16  Throwing motion of manipulator (|xa| = 0.6 m )
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Fig. 15 Experimental apparatus
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