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Synchronous Position Controller Design of Hydraulic
Cylinders for a Sluice Gate Using Fuzzy PI
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Abstract In general a main technology of control a sluice gate is accurate synchronous position control
for the two cylinders when they are moving with the sluice gate together over 10[m]. Because the
nonlinear friction and the unconstant supply flow. Cylinders’ displacement will be different. In this case the
sluice gate may be deformed and abraded, and even the sluice gate may unable to work. In order to design
the controller for this system, we designed two kinds of Fuzzy PI controllers. Fuzzy PI position controller
and Fuzzy PI synchronous controller have been designed. We show some simulation results for its
availability,

Key Word : Hydraulic Cylinders, Fuzzy PI controller, Position Controller, Synchronous Controller Sluice
Gate, Position Controller

| . Introduction In this paper the object of study is a sluice
gate which has two cylinders, each cylinder's
The hydraulic cylinder system has been traction force is 250[ton], and the weight of

discussed in many places. In order to control sluice gate is 300[ton]. While sluice gate and
the position of cylinder servo valve can be cylinders are moving together at the same
used. Servo-hydraulic system can be used to time, since the supply flow and supply
provide large processing force and has a good pressure for cylinders are not constant and a
positioning capability, and this system always nonlinear friction force of piston in cylinders

complex and highly nonlinear.
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exists, the displacement of these two cylinders
will be different. Because of this difference
the sluice gate may be deformed and abraded,
and even the sluice gate may unable to work.

In this study synchronous and position
control of a sluice gate with two cylinders are
considered. In order to push the cylinders to
an exact position with an exact speed and in
order to remove the difference between
displacement of two cylinders, a fuzzy PI
system which has two Kkinds of fuzzy PI

controller has been designed.[5]

[1. System Description

Servo valves are often used to control the
cylinders in hydraulic system. The servo
valves can control the supply flow by
changing the area of orifice base on its input
current.

In this system the supply pressure Ps is
constant, and the return pressure Pt is 0. The
area of servo valve orifice and displacement of
valve spool is in proportional. The pressure in
each cylinder distributes equally, and no
cavity exists. The critical center valve of
servo valves is matched and symmetrical. The
oil density and temperature is constant.

The equation of servo valves is:

Ty, = K0 )

Where z,, is the servo valve position, K,

is the gain of servo valve, and ¢ is the input
current.
The orifice function is:
Q= Ky, (2)
Q=@ — @ 3
Where z,, is the position of servo valve,

Kq is the gain of servo valve flow, and @) is

the flow rate of cylinder head-side chamber,
)y is the flow rate of cylinder rod-side
chamber.
The continuity equation is:
p= Lo, Ay ()
LG Gyt

Where A; is the cylinder head-side area,

A, is the cylinder rod-side area, x, is the

p
displacement of the each single rod cylinder
piston, Qpis the total leakage coefficient, and
A+ 4,

P T o

The motion equation is:

is the average area of piston.

Mz,= P\A,— PyA,— Bjz,— F;(v) ()

Where P, and P, is the intensity of
pressure of left and right side of cylinder, 4,
is the cylinder head-side area, A, is the

cylinder rod-side area, B, is the viscous

D
damping coefficient, and F] F(v) is the nonlinear

friction force.[5]

lll. Design of Fuzzy Pl controller

3.1. Structure of controllers

In this study we consider two control
objectives of this hydraulic system. The first
objective is to push or pull the sluice gate
with an exact speed to an exact position. The
second objective is to remove the
displacement difference between two cylinders
when they are moving together.

Two Kkinds of fuzzy PI controller are
considered, one of them is fuzzy PI position
controller, and the other one is fuzzy PI

synchronous controller.
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3.2. Fuzzy PI position controller

First one is fuzzy PI position controller.
The inputs are the gap between reference
signal and the displacement of each cylinder
and its differential coefficient. The controller

rules are shown in table 1.

Table.l Fuzzy control rules for fuzzy position controller.

€
NL | | NS |Z0 | PS | PM | PL
NL | NL | NL NL | WM | NS | Z0

NS | NL | WM NS | Z0 | Z0 | PS
Z0 | NM | NS Z0 | PS | PS | PM
PS | NS | Z0 | Z0 |PS | PM | PM | PL
PM | Z0 | Z0 |PS |PM | PM | PL | PL
PL | Z0 |PS |PM | PL | PL | PL | PL

3.3. Fuzzy Pl synchronous controller

Another fuzzy PI controller is used to
remove the displacement difference between
these two cylinders. The synchronous controller
has been designed with three inputs, first and
second one are difference between two
cylinders and its differential coefficient, the last
input is the difference between reference signal
and displacement signal of each cylinders. The

rules are showed in table 2.

Table.2 Fuzzy control rules for fuzzy synchronous

controller.
e (Reference —z,=Nor Z0)
NLO|oW | NS 0 | PS PM | PL
0| 20| 2| 0| 0| 20| 2| 20
ps | 20 | 2| 20| 20| 20| 0| 2
| 2] | 2] 2| w| w]| w0
| 20| 20| 20| | 0] 0] 2
€ e (Reference*x,, =pP)
NL ] M| ONS 0 | S PM | PL
720 | NS NS NS 0 | Ps PS PM
ps | NS 20 | 20 | ps PMO| PM| PL
M| 70 | 20 | PS PN | PM | PL PL
PL | 20 | »ps M| PL | PL | PL| PL

V. Simulation Results

We apply the fuzzy PI controller to the
position and synchronous control of the
hydraulic system. The objective speed is
2.3[mm/s] at the retracting stroke, and the
objective displacement difference is under

10[mm]. The simulation results are shown in

figure 1 and figure 2.
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Fig.1 Ramp response of cylinders
(at retracting stroke)
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Fig.2 Displacement difference
between cylinder rods

Figure 1 shows the position change with
time for each cylinder. And figure 2 shows
between two

show The
average speed of cylinders are 2.3[mm/s], the

the displacement difference

cylinders. As these pictures
cylinders move with reference signal correctly.
And the displacement difference between two

cylinders is under 5.5[mml].
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V. Conclusions

Two kinds of fuzzy PI controllers have
been considered in this paper. These two
kinds of controllers can work together well.
Simulation result shows the average speed is
2.3[mm/s] and the difference of two cylinders
is under 55[mml]. It also shows that by using
fuzzy PI controller the cylinders can move
with the reference signal correctly, and the

difference of cylinders is bounded.
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