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Abstract: Problem statement: While classical PID controllers are sensitive taiatons in the
system parameters, Fuzzy controllers do not needigw information about the system variables in
order to be effective. However, PID controllers hedter able to control and minimize the steadiesta
error of the system. To enhance the controllerguerédnce, hybridization of these two controller
structures comes to one mind immediately to exptbi& beneficial sides of both categories.
Approach: A hybrid fuzzy PID controller for the Electro-Hyalrlic Position Servo System (EHPSS)
was proposed in this study. The proposed contfdree was separated into two parts, fuzzy controller
and PID controller. Fuzzy controller was used totad the piston when the piston locates far awaynf
the target position. PID controller is applied whaa piston is near the desired positiBesults: We
demonstrated the performance of control scheme exiperiments performed on the EHPSS.
Conclusion: The results from the experiments showed that thegsed hybrid fuzzy PID controller
has superior performance compared to individual &Btroller and fuzzy controller.

Key words: PID controller, fuzzy controller, hybrid fuzzy PlBontroller, electro-hydraulic position
servo system

INTRODUCTION linearization. Therefore, it seems to be quiteiditt to
perform a high precision servo control by usingdén
The application of hydraulic actuation to heavy control method.
duty equipment reflects the ability of the hydrauli Classical PID controller is the most popular cohtr
circuit to transmit larger forces and to be easilytool in many industrial applications because thap c
controlled. It has many distinct advantages sucth@s improve both the transient response and steadg stat
fast response speed, very high system stiffnessaanderror of the system at the same time. Moreovenag
higher force to weight ratio (Zhao and Virvalo, B99 simple architecture and conceivable physical imdnit
Li et al., 2006). The electro-hydraulic servo system,of its parameter (Parnichkun and Ngaecharoenkul,
among others, is perhaps the most important sygiem 2000; Erenoglu et al., 2006). Traditionally, the
position servo applications because it takes thearameters of a classical PID controller, i.e, K and
advantages of both the large output power of ti@tid ~ Kp, are usually fixed during operation. Consequently,
hydraulic systems and the rapid response of etectrisuch a controller is inefficient for control a st
systems. Typical applications of Electro-Hydraulic while the system is disturbed by unknown factsther
Position Servo Systems (EHPSS) include injectiorsurrounding environment of the system is changed.
molding machines, different kinds of machine tcensl Fuzzy control is robust to the system with vaoati
construction machinery, etc. However, there ar® alsof system dynamics and the system of model frebeor
many challenges in the design of electro-hydraulicsystem which precise information is not requireédhads
control system (Zhao and Virvalo, 1993;dtial., 2006; been successfully used in the complex ill-defined
Chuang and Shiu, 2004). For example, they are thprocess with better performance than that of a PID
highly nonlinear phenomena such as fluidcontroller. Another important advance of fuzzy
compressibility, the flow/pressure relationship andcontroller is a short rise time and a small oveostho
deadband due to the internal leakage and hysteaedis However, there are still difficulties in the design
the many uncertainties of hydraulic systems due tduzzy controller. One of the important problems
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involved with the design of fuzzy logic controllisrthe
complexity of fuzzy controller. The complexity of
fuzzy controller increases exponentially when the *
number of input variables increases. The hybrid of
fuzzy and PID controllers takes advances of the
nonlinear characteristics of the fuzzy controllad ahe
accuracy near a set point which is guaranteed by th

classical PID controller (Parnichkun and . .. ;
Ngaecharoenkul, 2000). Fig. 1: Dynamic model of the EHPSS

MATERIALSAND METHODS 6=57.30 (4)

Dynamic model of electro-hydraulic position servo  \here the constant 57.3 cm/rad is the transforrgaig
systems: The block diagram of the hydraulic position from radius to centimeters. The variables of posié,
servo system (Chuang and Shiu, 2004) is showngn Fi velocity w and load pressurg Pare all measurable.

1. The valve displacement and the flow rate are  rperefore, the electro-hydraulic position servo
governed by the orifice law that is: system call be described as:

Q =XKyR-sgn(X, )R = X K @

Xy = =8y Xy~ 8, X, AgXgT fj (561)
Where: _
K; = A constant depended on the specific X2 = ~8xX:~ 8%~ 85X5~ f, (5b)
hydraulic component
Psand R = The supply pressure and the load pressurex, = -a, X, — a,X,~ agX,~ f+ bt (5¢)

Hence, the valve flow gainkvill be depended on
the working conditions. The volume and continuity
expressions can be combined to yield:

Y =CX +CXp+ CiX, (5d)

A where, y =8 means the hydraulic position and:
Q =Dw+G,R+ L @
t Q= &= &= &= f1= f3: 0,8, 57.

This is the usual form of the continuity equation: a21=% ,azzz% ,832=% D,a},3=v G .
t t
D = Volumetric displacement b= 48 df= 1
Ci, = The total leakage coefficient =y (OKsan fz‘j T

t

B = The bulk modulus of the oil and

V¢ = The total volume of the oil Using the forward difference transformation, that

w = The velocity of the hydraulic cylinder is:
The resulting torque equation is: g = X(k*1) = x(k)
T
T=DP = Jo+ Bo+ T (3)
where, T is the sampling time period, one has the
Where: discretized system equations as:
J = The total inertia coefficient of the hydraulic
cylinder . X,(k +2) = X, (K) = Ta X, (K)~ Tayx, (K) (ca)
B = The viscous damping constant ~Tax, (k) Tf, (K)
The spring load [T will vary depended on the
Hook’s law, that is: X, (K +1) = X, (K) = Tay, X, (k)= Ta,,X, (k) (6b)
-T k)-Tf, (K
T.= K0 5% (K) = Tf, (K)
where, K; is the Hook's constant. The hydraulic Xa(K*1D Xa(k)=Taux, (k)= Tagx, (k) (6¢)
cylinder positior8 is obtained by: ~Tag X, (k)= T, (K)+ Thu(k)
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Fig. 2: Diagram of a fuzzy control system

>

Amplifier

NBE NZ P PB

NB N PB

: : : : : Chatput

-l0-8 -6-4-2 0 2 46 810

1

0

Fig. 3: Fuzzy sets of a usual fuzzy PD controller

Y(K) = €., (K) + €,%,(K) + ¢;X4(K) (6d)
Control systems: There are various types of control
system logic used in classical control, modern rabnt
and intelligent control systems, each having bee
studied and implemented in many industrial
applications. Every control system method has it
advantages and disadvantages. Therefore, theigead
implement hybrid systems consisting of more thae on
type of control technique.

PID control: The PID control method has been widely
used in industry during last several decades becafis
its simplicity. The implementation of PID contraldic,

as shown in Eq. 7, requires finding suitable valfges
the gain parameters K K, and K;. To tune these
parameters, the model is linearized around differen
equilibrium points:

u(k)=K e(k)+ Klzk:e(i)+ Ko [e(k)- e(k- 1} @)

where, e(k) is the error signal. However, the PI&thad
is not suitable for controlling a system with agkr
amount of lag, parameter variations and uncertaimty
the model. Thus, PID control logic cannot accuyatel
control position in a hydraulic system.

64

Fuzzy control: Fuzzy control has found many
applications in a variety of fields since Zadeh@3p
introduced fuzzy set theory in 1965. Among the most
successful applications of this theory has beeratka

of Fuzzy Logic Control (FLC) initiated by the resela

of Mandani and Assilian (1975).

FLC has the advantage that it does not require an
accurate mathematical model of the process. It ases
set of artificial rules in a decision-making talded
calculates an output based on the table. Figuteo®/'s
a schematic diagram of a fuzzy control system. tinpu
variables go through the fuzzification interfacel are
converted to linguistic variables. Then, a datatersd
rule base holding the decision-making logic areduse
infer the fuzzy output. Finally, a defuzzificatiomethod
converts the fuzzy output into a signal to be sent

When used in a control system, FLC is robust since
it provides a fast rise time and a small amount of
overshoot. However, some difficulties can occur whe
designing the FLC.

One problem is that the complexity of fuzzy
controllers increases exponentially with respecthe
number of input variables. Furthermore, fuzzy
controllers are similar to that of standard PD oultgrs
in that the steady state error of the controlledabde is
difficult to eliminate (Kimet al., 1994).

The control parameters and set of terms that
describe each linguistic variable must be deterchine
when designing a FLC. Obviously, the position ie th
electro-hydraulic is the parameter to be controitethe

ystem. A two-dimension structure will be used to
roduct fast calculations. The two input linguistic
ariables are the error of the position “e” and ¢neor
change of the positionAe” The output is the voltage
signal to control amplifier and servo valve. Thttse
FLC has two antecedences and one consequence.

First, the two input variables must be defined in
terms of linguistics. The error (e) in position is
expressed by a number in the interval from -10Q0 1
There are five linguistic terms of the error in ipios:
Negative Big (NB), Negative (N), Zero (Z), Positi(f)
and Positive Big (PB). Similarly, the fuzzy set tbie
error change of the positio€) is presented as {NB,
N, Z, P, PB} over the interval from -10 to 10. Higa
the fuzzy set of the output signal is presentedNis
N, Z, P, PB} over the interval from -10 to 10.

The knowledge base for a fuzzy controller consists
of a rule base and membership functions. It is
reasonable to present these linguistic terms by
triangular-shape membership functions, as shown in
Fig. 3. A fuzzy control knowledge base must be
developed that uses the linguistic description e t
input variable. In this study, an expert's expeceand
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knowledge method is used to build a rule base €t al., J K <fol? '
2007). The rule base consists of a set of linguitt [ .
THEN rules containing two antecedences and one '
consequence, as expressed in the following form:

| =TT ,

| | controller |

Set-point r — Cutput
T gt | duEr ] ROl gppe [T

:IFe=Aandd & B THEN & (C +% - | controller | i il

Ri,j,k‘ T

where, 1< i <5, 1<j <5 and 1< k < 5. The total

number of IF-THEN rules is 25 and is represented irFig. 4: Block diagram of a hybrid fuzzy PID conteol
matrix form, called a fuzzy rule matrix (Liet al.,

2007), as shownin Table 1. e

The decision-making output can be obtained using' DAQ | Amplifier — .
a max-min fuzzy inference where the crisp output is | card | card r‘,la‘l e Cylinder
calculated by the Center Of Area (COA) method. 1"_‘(|g + ln _:_,p_, i - - |
Since the dynamics of cylinder is not symmetric, | : ’—=v—'l’“
due to the difference in the effective area ofrwside | PC-based | : Potentiometer

and the head side of the piston. The designed faety
of the fuzzy controller accounts for this asymmetry
A set of fuzzy rules is shown in the Tablel. TheFig. 5: PC-based position control of the EHPSS
fuzzy rules in the center of the table are relatethe
steady state behavior of the process. When both thEgble 1: Fuzzy rules of a fuzzy controller

position error (e) and the change of position e(f@) Ae

are negative, the position is high the set poid &n NB N 7 p PB
moving further away. In response the control actioryg NB NB N N Z
should be negative such that it will reduce theitfms N NB N N z P
error. While the Ae” is positive and the “e” is negative £ N N 4 P P

, the piston is moving toward, then the controlicact g %, lF; ':,B E,BB

should be low enough to slow down the approacheo t
set point. Other fuzzy rules are obtained in Table

consider from Fig. 2. Description of experiment equipment: The

specifications of the EHPSS are depicted in Fign8

Hybrid of fuzzy and PID control: While conventional | 2Ple 2 respectively. Figure 5 shows a diagramhef t
PID controllers are sensitive to variations in tystem (€Sted system. The position control of the EHPSS
parameters, fuzzy controllers do not need precis@'ocedure is described as follows: Upon the inténde
information about the system variables in ordebeo initial and ending position of the piston (strokeje
effective. However, PID controllers are better atde 9iven, the computer receives the feedback signal
control and minimize the steady state error of the¢hrough DAQ card (A/D) from linear potentiometer,
system. Hence, a hybrid system, as shown in Fig. 4€alizes various control algorithm and transmits a
was developed to utilize the advantages of both PIimontrol signal through DAQ card (D/A) and amplifier
controller and fuzzy controller. card to servo valve. The piston displacement ahdgr

Figure 4 shows a switch between the fuzzy coumiroll is proportional to the input signal.
and the PID controller, where the position of thdtch
depend son the error between the actual value end s RESULTS
point value.

If the error in position reaches a value highemth The experimental results: The control algorithms of
that of the thresholdoethe hybrid system applies the PID, fuzzy and hybrid fuzzy PID were applied to the
fuzzy controller, which has a fast rise time ansh@ll EHPSS shown in Fig. 5 using LabVIEW by Nation
amount of overshoot, to the system in order toemtrr Instruments as the development platform. In our
the position with respect to the set point. Whea th experiments we compare the performance of individua
position is below the threshold, er close to the set PID and fuzzy controllers to the proposed hybrizzfu
point, the hybrid system shifts control to the Pithich ~ PID controller. A testing of response of the sysieas
has better accuracy near the set position. performed using a step input signal.
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Table 2: Specifications of the EHPSS

Elements Descriptions

Cylinder Piston diameter 16 mm, piston rod diam&@mm, stroke 200 mm

Servo valve (linear motor type)  Directly actuatpda valve, grade of filtration 10m, nominal flow rate 1.5 | mifi (atApy = 5 bar/control edge),
leakage oil flow <0.01 | mit} (at 60 bar), nominal current 680 mA, resolutionnA, setting time of signal jump
0...100% = 60 ms, repetition accuracy <1%

Supply pressure 60 bar

Linear potentiometer Output voltage 0...10 V, measystroke 200 mm, linearity tolerance 0.5%

Amplifier card Set point values 10 VDC, solenoid outputs (PWM signal) 24 V, ditffrequency 200 Hz, max current 800 mA,
DAQ Card NI 6221 PCI Analog input resolutions 16Hfinput ranget10V), output resolutions 16 bits (output rard®V), 833 kS &

(6 ps full-scale settling)
Operating systems and program  Windows XP and L&\8.2
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Fig. 8: Output responses of a hybrid fuzzy PID
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Fig. 6: Output responses of a PID controller . .
9 P P The results from experiments find that the control

S parameters need to be adjusted to different values.
Figure 6 shows the optimum dynamic response which
adjusted the gain K = 5.6. Moreover, the PID
controller also led to overshoot in the system.afgé

o value of overshoot leads to vibrations and nois# th

120 { | could harm the hydraulic components and shortein the

| ‘ life cycles. Figure 7 shows the dynamic responise (r

\ time) of the system using a fuzzy controller wastda
than that of the PID controller. The parameter ealaf

a hybrid fuzzy PID were experimentally determingxd

40 | be: K> = 5.6 and g¢= 0.92, Figure 8 shows the dynamic

—_— e response of system. From Fig. 6-8, the hybrid fuzzy

2 PID gives the most satisfying results of rise time,

overshoot and steady state error.
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Time (sec) DISCUSSION

Fig. 7: Output responses of a fuzzy controller The experimental results using a step input signal
revealed that the PID controller accurately cotecbl
Figure 6-8 shows the step response for the PIDthe steady-state position but did not robustly tend
fuzzy and hybrid fuzzy PID controllers, respectivel parameter variations in the system while the fuzzy
The PID control method was applied to a systencontroller provided a fast rise time of the positio the
with many difference positions of the EFE  system. In the order to attain the advantages tif the
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fuzzy and PID controllers, a hybrid control schemwas
developed. The experimental results show that the
hybrid fuzzy PID controller proposed in this studgs

Li, C.C., X.D. Liu, X. Zhou, X. Bao and J. Huang,

2006. Fuzzy control of electro-hydraulic servo
systems based on automatic code generation.

indeed possess the advantages of both PID and fuzzy Proceeding of the 6th International Conference on

controllers.  According to their researches of
(Parnichkun and Ngaecharoenkul, 2000; Ereneghil.,
2006; Liuet al., 2007). Therefore, it can be concluded
that the hybrid fuzzy PID controller is suited ftire
EHPSS.

CONCLUSION

The objective of this study was to develop a aintr
scheme for the EHPSS. First, a PID controller and a

Intelligent Systems Design and Applications, Oct.
16-18, IEEE Computer Society, Washington DC.,
USA., pp: 244-247.
http://portal.acm.org/citation.cfm?id=1173306

Liu, H., J.C. Lee and B.R. Li, 2007. High precision

pressure control of a pneumatic chamber using a
hybrid fuzzy PID controller. Precision Eng.
Manufactur., 8: 8-13.
http://www.dbpia.co.kr/view/ar_view.asp?arid=868
143

fuzzy controller were individually applied to the Mandani, E.H. and S. Assilian, 1975. An experimniant

EHPSS. The PID controller accurately controlled the
steady state error but did not robustly handle pater

linguistic synthesis with a fuzzy logic control.
Mach. Stud., 7: 1-13.

variations in the system while the fuzzy controller Parnichkun, M. and C. Ngaecharoenkul, 2000. Hybrid

provided a fast rise time and low overshoot of the

dynamic response output of the system. Then, the

hybrid fuzzy PID controller proposed in this studgs

of fuzzy and PID in kinematics of a pneumatic
system. Proceeding of the 26th Annual Conference
of the IEEE Industrial Electronics Society, Oct- 22

tested experimentally and the results were compared 28, IEEE Xplore Press, Nagoya, Japan, pp: 1485-

with that of individually applied PID and fuzzy
controllers. The results from the experiments shioat
the proposed controller has superior performance

Zadeh,

1490. DOI: 10.1109/IECON.2000.972342
L.A., 1965. Fuzzy sets. Inform. n€ol,
8: 338-1588.

compared to individual PID controller and fuzzy Zhao, T. and T. Virvalo, 1993. Fuzzy control of a

controller. Hence, it can be concluded that theridyb
fuzzy PID controller is suited for the EHPSS.
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