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Reaching Movement of a Multi-joints Redundant Manipulator in Gravity
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This paper proposes a new straightforward control method which is applicable to the reaching movement
by a three degrees-of-freedom redundant manipulator in the two dimensional vertical plane with the gravi-
tational force. This control law does not include any apparent compensator for the gravity, and not contain
the Jacobian matrices. In the formulation of the arm, nonlinear springs and a wire-driven structure are
implemented in the arm according to antagonistic mechanism like the upper limb structure of the human.
The proposed controller is designed based on the joint space of the robot, as a result, the singular point on
the motion pathway does not appear. Finally, in the simulation of precise positioning control of the end
effector, we reveal that the desired trajectories of each joint are all virtual physical quantity, to which the

joint is not required to converge through the reaching movement.
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Fig.1 A three degrees-of-freedom redundant arm in the
gravity.

Fig.2 A model of the three-links arm
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Table 1 Mechanical parameters and others

I; | 1.0x10~ % [kgm?] 2 400 [N/m?]
Imi | 1.0x107° [kgm?] || Az, 0.01 [m]
m; 200 [g] g | 9.807 [m/s?]
R 0.02 [m] r 0.01 [m]
L; 0.1 [m] ¢ 0.4 [Ns/m]
Cm 0.01 [Ns/m] Te 0.5 [Nm]
Th1 Tc+1.0 [Nm] Kp1 2.0

Th2 Te+1.0 [Nm] Kpo 0.86
Tb3 Te [Nm] Ky 2.0
Ka 0.5 Kao 0.5
Kas 0.8
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Fig.3 Simulation results of a successful reaching move-
ment of the arm.
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