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Optimal Reactionless Path Planning for Space Redundant Manipulator

LI Wenlong', KONG Xianglong'?, QIU Jun', MA Wei', ZHANG Xiaojing’
(1.Shanghai Institute of Satellite Engineering, Shanghai 200240, China;
2.School of Astronautics, Harbin Institute Technology, Harbin 150001, Heilongjiang, China;
3.School of Aeronautics and Astronautics, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: The motion of a free-floating space manipulator will generate reaction forces and moments on its carrier
spacecraft through force transmission, and thus affect the positions and directions of the base and the end-effector. The
analytic solution of the reactionless motion is solved by utilizing the reaction null-space (RNS) of the redundant
manipulator, which ensures zero attitude disturbances. Given the terminal time and minimum joint acceleration along
the whole trajectory, the Gauss pseudospectral optimization algorithm is adopted to find the optimal manipulator paths
satisfying the boundary conditions and path constraints including the joint angle and joint acceleration limits in the
reactionless trajectory solution set. The obtained optimal solution enables the manipulator to achieve the desired
configuration without affecting the attitude of the base. The algorithm is applied to the planar base-manipulator system
with 3 degrees of freedom. The simulation results show that the algorithm satisfies the given constraint conditions while
ensuring the attitude stability of the base, which validates the effectiveness of the algorithm.
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Fig. 1 Free-floating space manipulator
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Fig. 2 Planar redundant space manipulator with 3 degrees

of freedom
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Tab.1 Parameters of the manipulator system

Wik Fft/kg | #R/(kgmd| R+/m #5204 /rad ””ﬁffif/ S ekt
J JAE 500 83.61 1x1 0

1 5 1.5 0.2 [—xn/2 =/2] [—0.1 0.1] /6 0

T2 5 1.5 0.2 [—3n/4 3n/4] [—0.1 0.1] /6 0

T3 5 1.5 0.2 [—3n/4 3n/4] [—0.1 0.1] /6 0
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