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Design and Experiment of a miniature 4/3—-way proportional
valve for a servo—pneumatic robot hand
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ABSTRACT

In the past decade, industrial robots have substituted human workers successfully in certain areas,
however, the applications are limited due to the shortcomings in their mechanism and control strategies.
Many researchers, therefore, have focused on improving the mechanical and sensory capabilities.
Developing multi-degree-of-freedom end effectors, in other words robot hands, is one of the topics that
researchers have begun to improve the limitation. A set of direct drive type servo-pneumatic finger
joints has been developed for a dexterous robot hand. To control the pneumatic finger joints, a prototype
4/3-way proportional control valve has been designed and tested as a preliminary, research for the
control of the pneumatic finger joints. A series of experiments have been conducted to verify the
performance characteristics of the valve and the conventional proportional error control with minor-loop
compensation has been used to contro] the angular position of the finger joints.
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Fig. 1 Schematic diagram of double flapper
valve
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Fig. 2 Cut off view of proportional solenoid
valve
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Fig. 3 Schematic diagram of modified flapper
type proportional valve
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Fig. 4 Solenoid forces at different current
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Fig. 6 Experimental setup for blocked load
characteristics
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characteristic of the valve
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Fig. 9 Step input response of flapper
displacement

Fig. 102 Ao 489 T4 EA Ay 47
€ e Rojth. 27 Yo & e F&n
A AL dFHeZ 04% o2 e
g SEEEE wWE2A W 1A 2algio
AFE 2A 39 FFL 1S Aol A3y, o
AL ZHOEHE FE3E AolgtEel 7 =olx
a1 FY ZHolHe WE v Foz A% A4
B 9 X}(steady state error)7t AR A ®rl sz
2 odgy2e] AL WY Lyxolmg

—334-



228 Zo] FAd MFA AY FHAok dv &
9o 32U} Be BE A WrY WHE ¢
A zesolol B

02 00 02 04 as os
Time(sec)

Fig. 10 Step input response of control pressure
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Fig. 11 Proportional error control with minor
loop compensation
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Fig. 12 Experimental results for position
control with different feedback gain
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Fig. 12 Experimental results for position
control with different feedback gain
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