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Fig. 7 Effect of the active power assistance (Step
respense)

a) gravity/Coulomb friction compensation
(a=p=0, y=o=1)

b) gravity/Coulomb frictionfviscous friction com-
pensation
(=0, =0.5, r=0=1)

¢) gravity/Coulomb friction/viscous friction com-
pensation
(=0, f=y=4=1)

d) gravity/Coulomb {riction/viscous {riction/in-
ertia compensation
(a=0.5, B=y=48=1)
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Fig. 8 Effect of the active power assistance
(Damping characteristic)

a) gravity/Coulomb friction compensation
(a=P=0, r=0=1)
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(a=0, B=0.5, r=06=1)
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ertia compensation

(a=P=0.5, r=d=1)
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a) step response (a=0.85)
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Handling Force Detection and Active Power Assistance in Human
Handling of Direct Drive Manipulator*

Hirohiko ARAT** Susumu TACHI**

When a manipulator is handled with human force, it is necessary to reduce reaction force caused
by inertia, friction, gravity, etc. This paper describes an active power assistance system for a
direct-drive manipulator, which assists handling force with motor, and force detection system for
that purpose. This method detect handling force by combination of motor-torque detection with
motor-current and rotation detection with internal sensors (tacho-generator etc.). It does not need
special force sensors. Some configurations of power assistance system are also shown. Effectiveness

of the proposed method is demonstrated by feasibility experiments.

Key words : Human handling of a manipulator, Reaction force, Force detection, Active power

assistance, Direct-drive manipulator

* Received May 21, 1985
** Robotics Department, Mechanical Engineering Laboratory
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