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Fig. 1 Safety mechanism with double-slider and spring; (a)
prototype and (b) free body diagram of safety mechanism.
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Fig. 2 Nonlinear stiffness of safety mechanism; (a) after collision,
and (b) characteristic curve.
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Fig. 3 (a) 6 DOF industrial robot, (b) Joint 3 with safety mechanism.
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Table 1 Specifications of robot arm.

Mass center

Weight from load Speed Acceleration
o o 2
(ko) (mm) (/s) /")
Load 6 - - -

Joint 6 0.11 50 180 900
Joint 5 1.65 120 180 900
Joint 4 3.26 345 180 900
Joint 3 4.56 570 1125 375
Joint 2 10 900 57 190
Total 25.6 900

Table 2 Required maximum torque at joint 3.

Static Dynamic Extreme

Max. torque (Nm) 53.4 71 80
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Fig. 4 Simulation of human-robot collision; (a) modeling of robot
and human, and (b) simulation result.
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