MATEC Web of Conferences 150, 01016 (2018)
MUCET 2017

https://doi.org/10.1051/matecconf/201815001016

An Electro-Hydraulic Servo with Intelligent Control Strategy

Saeed Mohammed!, Chong Chee Soon!, Rozaimi Ghazali'"*, Ahmad Anas Yusof?, Yahaya Md Sam®, and Chai Mau
Shern!

!Centre for Robotics and Industrial Automation, Faculty of Electrical Engineering, Universiti Teknikal Malaysia Melaka, Hang
Tuah Jaya, 76100 Durian Tunggal, Melaka, Malaysia.

2Faculty of Mechanical Engineering, Universiti Teknikal Malaysia Melaka, Hang Tuah Jaya, 76100 Durian Tunggal, Melaka,
Malaysia.

3Department of Control and Mechatronic Engineering, Faculty of Electrical Engineering, Universiti Teknologi Malaysia, 81310
Skudai, Johor, Malaysia

Abstract. Versatile engineering applications have been developed to assist, reduce, and avoid
human being from any heavy or harmful manufacturing processes. The gradually increased demand
in force and position controls have simultaneously increased the usage of Electro-Hydraulic Servo
(EHS) system. However, the time varying characteristics such as high-speed, outburst starting and
stopping dynamic have led the EHS system to suffer from uncertainties and nonlinearities effects.
Therefore, in order to enhance the performance of an EHS to surmount the uncertain and nonlinear
effects, a hybrid Fuzzy-PID control strategy is developed which particularly improve the accuracy
of the system by enhancing the control performance during the positioning tracking. By measuring
the performance of the proposed control approach, the transient response and steady-state analysis
will be performed which taking linear and intelligent control strategies as the references in the
assessment process. The finding indicates the capability of a hybrid Fuzzy-PID controller in

reducing the control effort applied to the EHS system.

1 Introduction

An actuator system is a device that produces mechanical
movement by changing different type of energies into
mechanical energy. The sources of the force are whether
a supply from electrical motor, pneumatic pressure or
hydraulic pressure. Hence, an actuator is classified
according to the source of supply. The hydraulic actuator
is an actuator system that utilizes pressurized hydraulic
fluid, which is functioned as a drive or a transmission
system to generating a dynamic [1]. A common structure
of an EHS system composed of hydraulic fluid, control
valve and cylinder [2].

The hydraulic actuator is widely used in industry due
to its ability in generating large torque, capable of
generating high power, and produce good positioning
with fast motion [3]. Due to its capabilities, the hydraulic
system has been used in many applications such as
power system [4], braking systems [5], manufacturing
system [6], flight simulation [7, 8], and cranes [9-11].
The low input power is converted into a high torque
movement that used to control hydraulic applications.

However, the nonlinear electro-hydraulic system is
suffering from nonlinearities and time varying
characteristics such as high speed, outburst starting and
stopping dynamic that produced by the flow and the
pressure in the hydraulic system. The nonlinear
properties causing a backlash in the control valve,
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actuator friction, distinction in fluid volume that make
the system models and controller designs more complex
[12].

The nonlinear properties that are produced through
pressure and flow rate of the hydraulic system required a
suitable controller to achieve better performances. In the
previous works, there are many type of control
techniques have been reported, which can be utilized to
control the tracking capability of a nonlinear electro-
hydraulic actuator system. Each of the control techniques
required a proper tuning technique and some of the
advanced tuning techniques have been reported recently
such as Particle Swarm Optimization (PSO) [13-18],
Genetic  Algorithm (GA) [19-21], and Differential
Evolution (DE) [22, 23].

All the controllers may be successfully controlled the
nonlinear electro-hydraulic actuator. However, the
output performance will be different. The numerical
analysis such as system overshoot, settling time and
steady-state error will be different for each type of
control techniques. This paper proposed a hybrid Fuzzy-
PID control approach to dealing with the nonlinear
characteristic of the EHS system. It is observed from the
literatures, there are not much comparison studies for
this type of controller in term of transient response and
steady state error evaluation. Therefore, an attempt to
compare these numerical analyses for the proposed
control strategies have been implemented in this paper.
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By using a hybrid Fuzzy-PID controller, the performance
of the system can be adjusted to having less overshoot,
steady state error, faster settling and rising time.

This paper is organized as, the common introduction
regarding the EHS system, the basic mathematical
modelling of the EHS system, and the theoretical
explanation of the Fuzzy-PID controller are presented in
Section 2. Section 3 presents the performance of the
proposed control approach implemented in the EHS
system. Finally, the conclusion will be drawn in Section
5.

2 Basic Structure of the EHS System

The development of the physical model for the EHS
system will be done by using MATLAB/Simulink 2016
software. In this study, the EHS system will be first
modelled according to the mathematical modelling of the
EHS system based on the first principles of the physical
law as discussed in [24]. After the formation of the EHS
system, the proposed Fuzzy-PID controller will be
applied, which is particularly applied to control the
displacement of the EHS system. Fig. 1 [25] indicates
the basic structure of the EHS system in this study.
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Fig. 1. Basic structure of the EHA system

The error value is identified by the sensor that
measure the output value, which will be subtracted with
the desired input value. This error value is then flows to
the controller followed with some calculation of the
controller parameters to obtain new output parameters.

Theoretically, the dynamic of the hydraulic
servovalve can be illustrated in general second order
equation as:

)4

d? d
% ot B =L 2 (1)
dt? dt I

where x, is the displacement of the servovalve spool, w,
is the natural frequency, ¢ is the damping ratio, I/ is
the normalized input current, and / is the input current.

The flow rate through the servovalve of the hydraulic
system is directly proportional to the spool motion and
the square root under constant load or varying load
condition. An ideal servovalve has a perfect geometry
and written as:

Q=K-x, AP, @)

The cylinder of the hydraulic consists of two
chambers A and B. Each chamber has volume and
pressure as shown in the equations (3)-(6).

Vu = Vline +Aa (xs +xp) (3)

B v,
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Vb = Vline +Ah (XS —Xp) (5)
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From the total dynamic equations, the force exerted
by the hydraulic cylinder against the load is shown in
equation (7).

dzxp dx,
szMp dtz +357+stp+va (7)

2.1 Integration of the Fuzzy-PID Controller

The development of the EHS system which consists of
controller and sensor are demonstrated in the block
diagram in Fig. 2.

r(k) e(k) u(K)|  Electro-Hydraulic y(K)
%@% Controller Servo System

SENSOR

Fig. 2. Basic block diagram of the EHA system

where (k) denotes the required performance, u(k) is the
input signal fed to the hydraulic plant, y(k) is the output
performance of the positioning tracking by using the
proposed hybrid controller, and e(k) represents the error
occurred during the execution process.

By designing the Fuzzy-PID control strategy which is
developed based on Fuzzy control theory, the basic
concept of the Fuzzy control approach is illustrated is
block-diagram in Fig. 3.
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Fig. 3. Integration of the hybrid Fuzzy-PID controller
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Since the assistant of the Fuzzy Logic control
approach applied to the PID controller is proven to be
performed better [7], therefore, the important properties
of the Fuzzy Logic will be used to tuned the PID
controller to obtain an optimal result for the EHS system
that dealing with large amount of parameter variation
[26].

Firstly, the conventional PID parameters obtained
through the auto tune and the Ziegler-Nichols tuning
techniques will be used as the initial value. Then, the
Fuzzy control theory will be applied to tune the PID
controller for the purpose of improving the positioning
tracking capability of the controller. By adopting the
gain value that effect on the transient response and the
steady-state error, the inputs and outputs of the Fuzzy
Logic will be first defined. The inputs consist of the
feedback error e(r) and the derivative of the error
de(t)/dt. While the outputs are the PID gains, including
K,, Ki and K, as shown in Fig. 4.

XX
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Fig. 4. Inputs and outputs of the Fuzzy-PID controller

The design rules for Fuzzy-PID related to the characteristic
of the processes will be set according to the membership
functions of the input error, which are composed of three
linguistic variables for the change of error, and four rules are
applied to design the Fuzzy-PID controller for example, if the
error is negative and the change of error is zero, then the
outputs must be K, negative, K; positive medium, and Ky
positive medium as shown in Fig. 5.
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Fig. 5. The design rules for the Fuzzy-PID controller
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3 Results and Discussion

In order to control the positioning tracking of the
nonlinear EHS system, the PID controller has been first
applied. Then, the Fuzzy controller has been utilized to
improve the performance of the EHS system. Followed
by the integration of the Fuzzy-PID controller that will

significantly enhance the performance of the EHS
system. Fig. 6 depicts the Fuzzy-PID development in the
Simulink environment. The parameter values of the PID
controller are tuned by using Fuzzy Logic according to
the membership function. The scaling factors obtained
through the Fuzzy Logic tuning approach including K,
K>, and K3 are 20.5, 0.458 and 1.5 respectively.

u X
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Fig. 6. Development of Fuzzy-PID controller in the Simulink
environment.

Fig. 7 demonstrates the Simulink model of the EHS
system that composes of the PID controller, Fuzzy logic
controller, and Fuzzy-PID controller.
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Fig. 7. Three different controllers applied to the EHS system

For the evaluation purposes, the EHS system has
been executed with the step and sinusoidal references
signal as depicted in Fig. 8 and 9, respectively.
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Fig. 8. The response of the controllers to a step reference signal
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For the step reference signal with the results of PID,
Fuzzy and Fuzzy-PID, the performance is assessed in
term of its steady state error (es) and transient response
performance, including overshoot (OS), settling time
(Ty), and rise time (7). The numerical analysis is
tabulated in Table 1. As indicates in Table 1, the
overshoot of the PID, Fuzzy, and Fuzzy-PID controllers
are 23.33%, 0.33%, and 2% respectively. The results
indicate the Fuzzy Logic controller is able to eliminate
the overshoot better than the others two controllers.
However, for the settling time and rise time, the Fuzzy-
PID controller is outperformed PID and Fuzzy logic
controller. The fast response is essential for the EHS
system in real-time applications since EHS system is
dealing with the time delay in nature. Although the
overshoot of the Fuzzy-PID is higher, the limit is in
acceptable boundary.

Table 1. The transient response and steady state error analysis

Controller 0S% Ts (s) T: (s) ess
PID 23.33 0.447 0.326 0
Fuzzy Logic 0.333 0.420 0.345 0
Fuzzy-PID 2.000 0.411 0.340 0

For the evaluation of the positioning tracking
capability, sinusoidal reference signal has been fed to the
EHS system as demonstrated in Fig. 9. It is clearly
depicted in Fig. 9, the nearest output signal produced by
these controllers responded to the required sinusoidal
reference signal is Fuzzy-PID, followed by Fuzzy logic
and PID controller.
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Fig. 9. The response of the controllers to a sinusoidal reference
signal

For the more specific analysis, the Root Means
Square (RMS) evaluation has been performed as
indicated in Table 2.

Table 2. The RMS analysis for the tracking error

Controller RMS (step) RMS (sinusoidal)
PID 7.248x10”° 5.224x10*

Fuzzy Logic 2.099x10!! 4.092x10*

Fuzzy-PID 9.950x10°13 3.410x10*

The RMS analyses clearly indicate the lower error
has been achieved by the Fuzzy-PID controller whether
is in step or sinusoidal reference signal. Hence, it can be
concluded that by using smallest amount of control
effort, the Fuzzy-PID controller is capable to perform
better than the conventional Fuzzy and PID controllers.

4 Conclusion

In this paper, three different type of controllers, which
are PID, Fuzzy logic and Fuzzy-PID controllers have
been successfully developed and applied to the nonlinear
EHS system. The performances of these controllers have
been evaluated and compared to the transient response
and the steady-state error analysis. The positioning
tracking capability also evaluated via different type of
trajectories. As a result, the numerical analyses indicate
the hybrid Fuzzy-PID is able to perform better compared
to PID and Fuzzy controllers. Approximately 20% of
improvement in the tracking error has been obtained by
using the Fuzzy-PID controller.
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