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Structural Requisites of Actuator for Groping Motion and Its Realization

by Hiroyasu IKEDA* and Noboru SUGIMOTO*

Abstract; Normally, the kinetic control of robot actuators can be achieved by providing positional
feedback control. In this positional feedback control of actuators, a positional deviation manages
a large amount of energy output. Therefore, if a robot comes in contact with humans during
groping motion, the positional deviation will be caused and, as a result, force corresponding to
this positional deviation is imparted to targets including humans. As the robot touches targets
during groping motion, the level of force imparted targets can not be assured of safety by only
a touch sensor and a collision avoidance control.

In relation to the above, this paper deals with structural requisites of a actuator for groping
motion. The principal requisite is found that the positional control system of the actuator should
have the function as a means to judge whether the energy output of the actuator is appropriate
for targets or not. As the contact of targets with the robot can be detected by an increase of the
reactive force, or positional deviation, the positional control system can be performed only under
the condition that the actuator does not give force larger than the allowable level to targets.

Furthermore, the actuator should have a soft spring characteristics not to give an excessive
force to targets when the robot touches targets, because the targets the robot gropes are unknown
to the robot. And after recognition of contact with targets, the variable spring characteristics
that can function as a stiff spring is needed to be realized by the control system. As this spring
characteristics is virtual, a false actuator output may be generated if the control system fails.

Then, the actuator is necessary to have a known viscous load as a means to confirm the
normality of this spring characteristics before it contacts with targets. For this reason, if the
positional control is provided at a constant speed, i.e.,J by means of lump input during groping
motion within a free space with no constraint, a certain positional deviation can be caused, and
as a result, the appropriate actuator output can be confirmed. And if the positional deviation can
not be confirmed, the viscous load can vanish the energy inevitably by itself without permitting
the energy accumulated in the spring due to the spring characteristics, to be emitted to targets.

In this paper, the ER (Electro-Rheological) actuator for groping motion was developed, in
which the actuator has variable spring characteristics exerted by adjusting air pressure and the
ER fluid damper as a physical viscous element. By employing this actuator composition and
an inhibit in control for pneumatic output by the ER fluid damper, structural requisites of the
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actuator for groping motion were satisfied, and the functional kinetic control became possible.

Keywords; Robot, Actuator, Groping Motion, Feedback Control, Viscosity, Electro-Rheological
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Fig. 1. Energy Flow on Feedback Control System
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