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A Study of Position and Pressure Control of Hydraulic
Cylinder with High Speed On/Off Valve

Jong-Hyun Im

Department of Automotive Engineering, Graduate Schoo!

of Industry, Pukyong National University
Abstract

High speed on/off solenoid valves have been used for pressure
control or flow control» in hydraulic servo system for various
machines. These systems require faster valve switching speed to
improve control precision. The authors designed and manufactured
an electronic valve driving circuit with fast response characteristics
by using a 3 power source. In experiments by using a hydraulic
system incorporating the new valve driving circuit, the new circuit
shortened the switching delay time from 5 ms to 1.3ms. And also
the hydraulic system with the new circuit showed excellent
position tracking control performances. And also the author
investigated characteristics of pressure in the hydraulic cylinder.

The main results obtained are as follows :

(1) When we use the three power source type valve driver
designed and manufactured in this paper, the valve opening time
was shortened from 5ms to 1.3ms. Accordingly the valve opening
duration time has been shortened drastically by 1/5, compared to
the timing of the traditional constant current type valve driver
circuit.

(2) The steady state control characteristics are investigated by

applying three power source type valve driver designed and



manufactured to the hydraulic cylinder.

In case of using three power source type valve driver to control
hydraulic system, the range which the system has no response
investigated by changing carrier wave frequency.

When carrier wave frequency is 100Hz, using three power
source type valve driver, the high speed on/off valve is not
moving from duty ratio 0% to 20%.

(3) Position tracking control characteristics are investigated using
PI controller. When using three power source type valve driver(2),
good position control characteristics are shown by comparing
between three power source type valve driver and constant current
type valve driver.

(4) Pressure control characteristics are investigated by using
three power source type valve driver and good pressure control
characteristics are obtained applying PI controller

(5) It is possible to use high speed on/off valve in the pressure
control of clutch actuation with automatic transmission system. The
author investigated pressure reduced method using PI controller
and also it is known that the characteristics of pressure increases

during power shift which causes vibration in vehicle.
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Nomenclature

area

discharge coefficient
carrier frequency
integral gain
proportional gain
atmospheric pressure
load pressure

supply pressure

mean load pressure

dimensionless mean load pressure

mean flow entering to control volume through valve

mean load flow

dimensionless mean load flow

mean flow leaving control volume through valve

on time

period

actual on time

delay time of valve opening

delay time of valve closing

displacement of piston

fluid density

duty ratio

dimensionless actual on time
dimensionless delay time of valve opening

dimensionless delay time of valve closing
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(a) structure of the high speed on/off solenoid valve [3 way 2 position type]
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Fig. 1 Structure of the high speed on/off solenoid valve
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Fig. 4 Photograph of the experimental system(2)
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Fig. 5 Electric circuit of the driver (1)
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Table 1 Conceptional classification of hydraulic control 17l

Control type Valve type control form

Servo valve

Continuously hydraulic ‘
Proportional valve
control

Pulse motor controled

valve
PWMi(pulse width
modulation)
PFM(pulse frequency
modulation)
) High speed on/off PNM(pulse number
Pulse hydraulic control .
valve modulation)
PCM(pulse code
modulation)
PAM(pulse amplitude
modulation)
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