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Design of Control System for Hydraulic Cylinders of
a Sluice Gate Using Fuzzy PI Algorithm
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Abstract

A main technology of opening and closing a sluice gate is accurate synchronous and position control for the two
cylinders when they are moving with the sluice gate together over 10[ml. Since the supply flow and supply pressure
of cylinders are not constant and a nonlinear friction force of the piston in cylinders exists, a difference will be made
between the displacement of two cylinders. This difference causes the sluice gate to deform and abrade, and even it
may be out of order. In order to solve this problem we design two kinds of fuzzy PI controllers. The former is for a
position control of two cylinders, the latter is for their synchronous control. We show some simulation results compare
the performance of fuzzy PI controller to the conventional PID controller.
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Fig. 1. Hydraulic servo system
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Fig. 2. Membership functions of input ”ep’ and "e p”

for position controllers.
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Fig. 3. Membership functions of output for position
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Table 1. Rules of fuzzy PI position controller
de/dt
NL | NM | NS 70 PS | PM | PL
NL NL NL NL NL | NM | NS | ZO
NM | NL NL | NM | NM | NS 70 | 70
. NS NL | NM | NM | NS 70 70 | PS

ZO | NM | NS | NS | ZO | PS | PS | PM
PS | NS | ZO | ZO | PS | PM | PM | PL
PM | ZO | ZO | PS | PM | PM | PL | PL
PL | ZO | PS | PM | PL | PL | PL | PL
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Fig. 4. Membership functions of the input "e,” for
synchronous controller.
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de/dt(Reference-displacement=N)

NL |NM | NS | ZO | PS | PM | PL
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Fig. 6. Membership functions of the input "d” for PM | ZO | ZO | ZO | ZO | ZO | ZO | ZO

synchronous controller.
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Table 3. System parameters for simulation
Item Parameter | Index Value Unit
Valve K, [3.337x10°°| m/mA
gain
Servo Rated .
valve current Lrated 1,500 mA
Rated flow .
a rato Qruted 160 L/min
Head-side . 9
piston area Al 851077 m
Rod-side _3 2
Single rod | piston area A2 17.38>¢10 m
cylinder A Cf?clzzﬂa 1. 214,780 N
static
firction f" 456,240 N
Head-side _3 2
piston area Al 8.52>10 m
Rod-side g 2
Single rod | piston area A2 17.36 <10 m
cylinder B Cf(:llclzr;f f. 197,690 N
static
firction fs 361170 N
Supply P, 315 MPa
pressure
Oil .
density p 897.03 kg /m3
Bulk
System modulus Be 706.08 MPa
Enzt:i M, | 30x10° kg
Viscous
damping Bp 10,000 Pa- sec
coefficient
Fuzzy PI ) Gain Ke? 0.04
position e, Gain Ke, 2x et
controller y, Gain Ky, 30
e, Gain Ke, 0.006
Fuzzy PI e.9 Gain Ke, 2xet
synchronous : 5
Controller d Gain Kd 0015
Y, Gain Ky, 15
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