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ABSTRACT — Looking back at the development of electrical prosthetic hands from 1968 up to date, there have been
three problems. (1) The first problem was that electrical prosthetic hands from infants to adults are difficult to develop
their mechanisms. (2) The second problem was that electrical prosthetic hands are not well fitted to the end of their lost
parts. (3) The size and shape of electrical prosthetic hands were not adaptive to their growth. To solve these problems, we
made it our basic policy to build up the actuators fitted for the welfare devices and prosthesis. Another problem is the rapid
increasing population of the elderly in Japan, requiring families to take care of their bedridden persons at home. The
externally powered upper-limb orthotic technologies supported movements in daily life. An integrated design concept
with mechanism, control and human interface was the distinctive answer to meet this request.

The key issue is design of the actuator. We define the requisite conditions of the actuators for service robots as:
1) antagonistic motion like human, 2) compact and high torque output, 3) easy operation and in-home use.

In this research, hydraulic actuation is implemented due to its high output torque and smoothly connected movements. As
for controllability, the bilateral servo system is composed clearing the problem in interface, enabling the caregiver to
operate the robot and prosthesis arm by guiding it directly with their hand without the need of program teaching or joystick
command as seen in industrial robots. The bilateral servo system has been formally utilized for the manipulator’s servo
system applied to the handicapped.

Keywords: Electrical prosthetic hand, Orthotic technology, Bilateral servo system
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Fig.21 Total prosthesis controlled by microcomputer
(1974 %)
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Fig. 22 Structure of total arm driving bi-articular
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Fig.23 Shoulder mechanism with space linkage
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Fig.25 Sample of shape measuring by optical cutting
method, plaster model in the left and the model after
measuring data processing in the right
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Fig.26 Anatomic locations of forearm like orthotic arm
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Fig.27 Movement of ulnar and radius by engineering
design driving bilateral servo mechanism
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Fig.28 Bilateral servo system for forearm structure
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Fig.29 Superimposed torque of forearm mechanism
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Fig.3 2 Basic transfer robotic action for power assist
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