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A Study on the PWM Control of Electro-hydraulic
Servo Systems Using High Speed on_off Valves

Tae-Jae Yoo* - Keel-Soo Rhyu**

Abstract

The rapid development of today in industry and the social trend of evading
work in 3D fields calls for electro- hydraulic systems In construction equipment,
agricultural equipment, machine tools, automobile industry, and aeronautical and
space industry. One of the major parts in hydraulic systems is the electro-hydraulic
control valve.

Electro-hydraulic valves can be classified into two classifications: valves which
arc controlled by analog signal and valves which are controlled by digital signal.
The former includes electro-hydraulic servo valves and electro proportional control
valves which require D/A converters as interface to a digital computer and are too
costly and sensitive to oil contamination because of complexity in structures. The
latter includes high speed on off valves which do not require D/A converters
because they are normally operated in a pulse width modulation(PWM) method, and
are low in price and robust to oil contamination because of their simple structures.
There have been increasing demands for high speed on off valves in hydraulic
systems due to such features. Two control methodologies, that is, PID control and

sliding mode control are derived in terms of their parameters for position control.
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The reason such control laws are chosen is their salient features: simple
structure and popularity of the PID controller and insensitivity to parameter
variations and disturbances of the sliding mode controller.

A set of computer simulation and experiments are conducted to illustrate the
effectiveness of the proposed control methods and to check effects of the overall

system performance to system parameter changes.
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Fig. 1 Electro-hydraulic servo position system with high speed on-off vaives
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Fig. 2 Schematic diagram of an electro-hydraulic system
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Fig. 3 Block diagram of the PWM PID controller
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Fig 5 Simulation and experimental result with PID control



VAW E S ARG AT AA A 25 0] PWMA ool 8} ol 243

1 e - J—
_— 08 - M i
3 !
g 08 |- g

oaf [ - Exper.

e - simu.
02| JJ
J
00 B 05 1 1.5
Time(sac)

Fig 6 Simulation and experimental result with sliding mode control
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Fig. 7 Experimental results for various supply pressures with PID control
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Fig. 8 Experimental results for various supply pressures with sliding mode control
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Fig. 9 Experimental results for various inertia weights with PID control
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Fig 10 Experimental results for various inertia weights with sliding mode control
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Fig. 11 Experimental responses of the PID control system to externa! load changes
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Fig. 12 Experimental results of the sliding mode control system to external load changes
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Fig. 5.13 The results of simulation and analysis result
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