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Development of a Cooperative System Comprised
of a Robot and a 7 D.O.F. Crane with Three Wires

Hisashi OSUMI, Tamio ARAI, Hajime ASAMA,
Hayato KAETSU, Masami SUGIHARA and Gakuji HASHIMOTO

We propose a strategy for cooperation between a position-controlled manipulator and a crane
with three wires. A compliant mechanism consisting of three free joints is designed and installed at
the tip of the manipulator to avoid excessive inner forces due to mutual! positioning errors of the
manipulator and the crane. Since the cooperative system with the compliant mechanism becomes
kinematically redundant, the characteristics of the redundancy are analyzed and a way to exploit the
redundancy is discussed. The robot is position-controlled as a master and the crane is velocity-
controlled as a follower by the feedback signals from the sensor systems of the crane and the free
joint mechanism. The experimental results obtained using a prototype cooperation system verify the
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effectiveness of the cooperative strategy and the system architecture.
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Fig.1 Seven D.O.F. crane with three wires
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Fig.2 Cooperative system between two position-
controlled robots
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Fig.3 Vibrations of wire suspension systems
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Fig.4 Spring-mass model of a wire suspension system

free joint mechanism

Fig.5 Hand mechanism with three free joints
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Fig.7 Kinematic redundancy of crane and robot
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Fig.8 Kinematic relationship of crane and robot
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Table 1 Resolutions of crane sensor system

X,y direction [mm)] 70107

wire length [mm] 50x107

rotation about x,y axis 50x10°
[rad]

rotation about z axis [rad] | 17x10°

Table 2 Resolutions of free joint angles

drl ’ dri [rad] 15x107?
4, [mm] 30x10"

Fig.10 Free joint mechanism
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Fig. 12 Experimental results
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