
International Journal of Latest Engineering Research and Applications (IJLERA) ISSN: 2455-7137  

 

Volume – 03, Issue – 07, July 2018, PP – 34-39 

www.ijlera.com                              2018 IJLERA – All Right Reserved                                 34 | Page  

 

Mathematical Modeling and Simulation of a Position Control    

Electrohydraulic Servo System 
 

Dechrit Maneetham
 

Mechatronics Engineering Program 

Rajamangala University of Technology Thanyaburi 

Pathumthani, THAILAND. 

 

Abstract: In this paper, the position control of a hydraulic servo system using PID control is proposed for 

control of an electro-hydraulicactuator  in order to improve steady-state error and the adaptation scheme are 

applied to an experimental valve controlled cylinder. The comparisons between linear output feedback with a 

Proportional, Integral and Derivative control (PID). The application of a PID controller to a nonlinear output 

feedback is investigated by both the position and the velocity of the hydraulic servo system. The experiment was 

based on a microcontroller and the simulation was based on a MATLAB Simulink. The simulation and the 

hardware experimental results have shown that the PID controller gave the best performance as it had the 

smallest overshoot, oscillation, and setting time. 

Keywords: PID Control, Hydraulic System, Optimal Tuning, Closed Loop Control, Microcontroller. 

 

1.0 Introduction 
Hydraulic system are widely used in many application such as press machine and metal forming, 

because of their vast driving ability and high dynamic response characteristic. In many applications of hydraulic 

servo systems, when a linear motion is required, a piston control is  the first choice. In a simple application that 

only requires the piston to produce back and forth motions between the two end points, the valve that controls 

the piston simply operates in an on/off mode. With the development of advanced technology, a combination 

between a hydraulic servo system and electronic devices was established to take full advantages of the science. 

At the same time, the most common way is to provide the controller with a way to describe the PID control [11]. 

Most of the performances of a PID tuning for processes use frequency response. Therefore, a wide variety of 

PID tuning controllers have been investigated in using the Ziegler-Nichols rule [12]. An optimal tuning of PID 

is satisfied  even in the case where the system is dynamic and the system operating  points change [1]. 

Moreover, a variety of methods have been developed for the modelling and for the simulation such as modelling 

and the simulation of physical systems and the design  anintegrated system [2], [4].In [6], the velocity control of 

the hydraulic servo system achieves fast response. An alternative approach for a complex control with  a Fuzzy 

PID control was developed by [8]. The application of a hydraulic mini press machine has a number of 

characteristics that complicate the design of fault detection systems. The purpose of this paper is to discuss  how 

to achieve the best control performance of a hydraulic mini press machine. In section 2,  the discussion focuses 

on a dynamic model and on the method used to position the control in hydraulic servo systems. Section 3 

presents the conceptual design of a PID controller. In section 4, simulations and experimental results are 

separated by comparing a PID control. Finally, the paper 

is concluded in Section 5. 

 

2.0 System Model 
  The system model for a typical inertial load drive by a hydraulic servo system is shown in Figure 1.and   

Figure  2. The hydraulicsystem was developed by [1].  The system can be thought of as a double acting cylinder   

driving an inertial load at the end. The dynamic of the inertial load can be written as: 

 

 

 
 
 
 
 
 

Figure 1; A hydraulic servo valveFigure 2;Photo of high performance hydraulic servo valve 
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where 
tV is the total actuator volume 3( )m , 

e is the effective bulk modulus 2( / )N m , 
LP  is the pressure load 

( )Pa , A is the actuator ram area 2( )m , x is the actuator piston position 
tpC is the total coefficient of leakage

3( / . )m s Pa , 
LQ is the load flow 3( / sec)m , 

dC is the discharge coefficient, w is the spool valve area gradient 

( )m , 
vx is the spool valve position ( )m , 

sP is the supply pressure ( )Pa , and   is the fluid density 3( / )kg m . 

The valve of friction, a double acting hydraulic cylinder, drives a mass connected to its rod end in a horizontal 

direction. Thus, the load dynamics, we obtain are: 

 

L fP A mx kx F             (3) 

where m is the total mass of the actuator, 
fF is the friction force, A is the actuator ram area, and 

LP  is the load 

pressure, so 
1 2LP P P  . 

Assuming Equation (1), (2), and (3), the mathematical model in the system state equations are 
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2 3
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4 5x x  
2 2
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where ( )x  is the actuator piston position, 

2( )x  is the actuator piston velocity, 
3( )x  is the load pressure, 

4( )x  is 

the valve position, 
5( )x  is the input current to the servo system,  : 4 /e tA V  ,  : 4 /e tp tC V  , and 

 : 4 / 1/e d tC w V   .  

 
3.0 PID Controller 

PID controllers are so far the most commonly used devices in industrial processes [11]. They have 

several important functions. They provide feedback and they  have the ability to eliminate steady state offsets 

through an integral action and they can anticipate the future through a derivative action [13]. In practice, PID 

controllers are used at the lowest level and multivariable controllers provide the set points. The behaviour of a 

PID algorithm can be described as:  
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Where 

pK  is the proportional action, iT  is the integral time and dT is the derivative time. The PID controllers 

are parameterised by the following transfer function: 

 
( ) ( ) ( )

( ) 1 ( ) ( )

X s C s G s
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The closed loop third order is given as: 

 

3 2

5432.58
( )

179.65 8069.07
G s

s s s


 
         (7) 



International Journal of Latest Engineering Research and Applications (IJLERA) ISSN: 2455-7137  

 

Volume – 03, Issue – 07, July 2018, PP – 34-39 

www.ijlera.com                              2018 IJLERA – All Right Reserved                                 36 | Page  

 
The transfer function of Eq. (6) using Eq. (7) yields: 
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         (8) 

 
The results acquired under the conditions of the PID controller are given as 0.694,pk  1.84ik   and 1.64dk 

. The PID controller was designed by following the  standard procedure of a PID controller design. 

 

4.0 Microcontroller and Software Development 
A microcontroller based control system has been developed and has been used to provide the 

satisfactory control of a hydraulic servo system. The evaluations of the characteristics for the position control 

were obtained by using a microcontroller PIC 18F458 to control the hydraulic servo system and to reference the 

position information with a 256 (8 bit). The control methods were based on the position of the feedback control 

algorithm. They were used for the closed loop control of the hydraulic system. The PC delivered the signals to 

the  microcontrollerPIC18F458via its parallel port. This simulator was created in order to test the performance 

of the controller and mechanical system being integrated. It is a C Language code that sends data to control 

position valve by real time control algorithms. Figure 3. shows the schematic diagram of the microcontroller 

system design and Figure 4. shows the microcontroller system design used in conducting the control systems. 

 

 

 

 

 

 

 

 

 

 

 
            Figure 3;  A schematic diagram of  the                            Figure 4;  A photo of the microcontroller 

                   microcontroller system design                                                            system design 

 

5.0 Simulation and Experiment Results 
The objective of Simulink was as a hydraulic actuator, which was a representative of a hydraulic servo 

system. A simulation of the Matlab/Simulink based study was used to evaluate the performances of the 

controllers on a nonlinear model of an HSS when compared to the performance of the PID control. This is 

shown in Figure 7.  The parameters of the model had to be identified for designing the control algorithm. The 

steps for identifying dynamic models of the hydraulic system involve the design an experiment, selecting the 

model structure, choosing a criterion to fit, and devising a procedure to validate the chosen model. The system is 

first characterised by the position control
1( )x . The piston stroke is 0.2 .m , the mass of the actuator and the 

load m 9.19 .Kg  The friction relation is approximated as linear : 0.3063 .fF N  Secondly, the  system was 

characterised   by  the  velocity    control 2( ).x    Let                 

be    a differentiable   function, given   by                       i. e,  we   obtain    the   result   in   terms  of                     

 

The  response  is a  set to  the velocity  and   its  top  most  displacement   range   was                   

Referring the equation                                   .The   line   block  was required for each channel, where the 

velocity 2x was calculated. For that, the area and the force are added in to  the  block while the friction is 

subtracted from the block. The third method was to load the pressure system 
3( ).x  This was the most effective 

0.16 / .m s
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method. The pressure of the system was set considering the pressure of the load. The pressure limit was the 

supply pressure :5 .LP MPa  The value of 
LP was determinedby substituting

3LP x .  The   models   of  the 

components  are  composed  and  connected to the blocks. The  load flow  line    parameters   are  the  sum   of  

the blocks    from   the   function                       after   passing   through the function 
oC  block.  Overall, the main  

idea  of  the  modified  hydraulic subsystems was to use valve position ( )vx ,  the valve  velocity        and the 

input current (u). The upper and lower limits in servo valve were equal  to  the stroke of the servo valve                    

, the maximum  flow  limit through  the valve  Figure 5 show the block diagram of a closed loop system. 

 
Figure 5; Matlab Simulink Model of closed loop system 

 
6.0 Validation 

The main directions to model the dynamic behaviour of a hydraulic servo system are the various 

controls of the model’s complexity in order to achieve the different simulation and experiments. The controller 

was modelled using the Simulink approach in the Matlab programme, comparing  the  position and the velocity 

of the PID, which were based on an operating supply pressure of 6 Mpa as shown in Figure 6 – Figure 10. 

 
 
 
 
 
 
 
 

 
 

Figure 6; Unit position responses of the experiment               Figure 7; Unit position responses of  the simulation 

 
 
 
 
 
 
 
 
 
Figure 8;Unit velocity responses of the experiment              Figure 9;   Unit velocity responses of  the simulation 
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Figure 10; Observer performances of the step responses 

 
7.0 Conclusions 

This paper has documented the design, experimental evaluation, and the simulation of the position and 

the velocity servo control of a hydraulic mini press machine. The highly nonlinear behaviour of the system has 

limited the performance of the classical linear controllers that were used for this purpose. It was found that the 

proposed controller was better when compared with the traditional PID controller, both in the simulations and 

the experiments. The scheme has been tested on various processes in simulations and experiments where an 

accurate speed control with a fast response time was 0.123 m/s and the position was 42 mm. The simulations 

and the experiments  found a good effectiveness of the PID  method for a hydraulic servo system. The pressure 

control resulted in a performance error which was lower than any performance error that was controlled when 

keeping the system stable. Better performances of a higher control precision have been obtained in the position 

servo control system when compared with conventional PID  controller. 
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