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A Study on Position Control of an Electro-Hydraulic Servo System
Using High Speed On-Off Valves

T. dJ. Yoo - J. Y. Huh, K. S. Rhyu
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Abstract

This paper presents position control of an electro-hydraulic servo system, which is operated by
four 2-2way high speed on-off valves with either PWM PID control method or sliding mode control
method. The advantages of using high speed on-off valves instead of electro-hydraulic servo valves
or electro-hydraulic proportional valves are low price, robustness for oil contamination and direct
control without a D/A converter. The system consists of load cylinder, inertia car, potentiometer and
external load cylinder. The experiments were carried out under several conditions, and the results
were compared. As a result, the sliding mode method has shown good control performance and the
robust and stable positioning of the elector-hydraulic servo system can be achieved accurately.
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Fig. 1 Modelling diagram of a hydraulic system
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Table 1. System parameters used in computer

simulation
Parameter Value Dimension
Ak 10.02 cm?
By 5.46 kgf slem
K1 4444.4 cm?/s
K> 0.8519 cm®kgf s
Pref ] 140 I kgflem?
Ps 70 kgflem?
PL 0~200 kgf
Qmax 133 cels
Ls | 21 kef
T 20 ms
Ts 2 ms
W 10~50 kgf
Xuvmox 0.03 cm
& 12000 f kgflem?
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Fig. 4 Simulation results for various dead volume
of electro-hydraulic servo system
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Fig. 5 (a) Simulation results for various inertia
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Fig. 5 (b) Simulation results for various inertia
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Fig. 6(a) Simulation results for various external
loads with PID control
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Fig. 6 (b) Simulation results for various external
loads with sliding mode control
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Fig. 7 Electro-hydraulic servo system with high speed on-off valves
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Table 2 Specifications of experimental apparatus

Equipment Specification
Electric motor 5 HP
Hydraulic pump  Quex=19.8/min __ |
Prax=210kgt/cm?
™
| Brmaliend o,
Hydraulic External Load Dpuax=15.8cm®/rev
system
Pump Prax=210kgf/'em?
Qumax=8!/min
High speed Xymar=0.3mm
on-off valve Ton=4ms
Tor=1.5ms
Length=10cm
Res. =5KQ+20%
Potentiometer Lin.=+0.1%
V=DC 12v
Div.=4096
Electric A, =8Ch
Equipment Data acquisition Ao =2Ch
board Dy, =16Ch
Dout=16Ch
Prog.timer=3Ch
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Fig. 10 (b) Experimental results for various iner-
tia weight with sliding mode control
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