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CHAPTER 1 

INTRODUCTION 

1.1  Introduction 

The present thesis focuses on nonlinear fuzzy control for force tracking of 

electro-hydraulic Servo System. That is in order to satisfy the force 

tracking trajectory with good performance  . This chapter is organized in 

the following sections:  

 Literature review  

 Force control 

 Scope of work  

 Outline of the thesis. 

 

1.2  Literature Review 

1.2.1 Literature scan and classification 

An overview and classification of control problems and control design 

techniques that are found in the literature were carried out. In general, 

hydraulic servo-control problems can be treated either as: 

- Position Control Problems (Merritt, 1967[32]; Yun and Cho, 

1991[51]). This is the standard application of hydraulic Servo-

Control. 

- Velocity Control Problems (Anderson, 1988[6]; (Chern and Wu, 

1992[9]; Jen and Lee, 1992[20]). Velocity control is not only 

generally used for rotary drive applications, but also often included 

implicitly as velocity compensation in position control schemes. 

- Force Control Problems (Sepehri et al., 1990[42]; Backe, 1992[8]; 

Heintze and van der Weiden, 1995[17]). This is typically the case 

in metal forming machines and testing machines. 
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Despite the clear distinction in the above mentioned types of control 

problems, it is difficult to give a characterization in terms of control 

design techniques that were used to solve a certain control problem. 

Practical reasons such as availability of computer power and transducers, 

experiences and preferences of control designer could play an important 

role in the choice for a certain control design strategy (Van Schothorst, 

1997[44]). A modest classification and a brief survey of the literature of 

Hydraulic Servo-System (HSS) is given in Table 1.1. 

 

Table 1.1 Literature overview about HSS control techniques 
Control technique Sample of Selected references 

Classical feedback control Merritt(1967[32]),Viersma(1980[45]), 

Anderson(1988[6]) 

Extensions to feedback 

control (feedforward 

control, non-linearity 

compensation) 

Polzer and Nissing(2000[37]), Heintze and Van der 

Weiden, (1995[15]) 

Predictive control Kotzev et al.(1994[24]), Wu et al, (1998[14]) 

Adaptive control 

(self-tuning/learning 

control) 

Kulkarni et al. (1984[25]), Finney et al. (1985[12]), 

Huang and Wang (1995[16]), Yung and Cho( 

1988[49], 1991[50]), Liu and Alleyne, (1999 [40]), 

Plummer Vaughan (1996[36]) 

Variable structure control 

(sliding mode control) 

Lee and Lee (1990[27]), Chern (1992[9]), Hwang and 

Lan (1994[17]) 

Feedback 

linearization(input-output 

linearization) 

Vossoughi and Donath (1995[46]), Alleyne (1996[1]), 

Alleyne (1996[4]) Tunay et al. (2001[43]), Laval et all, 

(1996[26]),  Niksefat and Sepehri, (2001[33]) 

Fuzzy control Navale (2006[38]), Zhao and Virvalo (1995[52]), Aly 

et al, (2000[5]), Wahid (2002[47]) 

Bilinear control Del Re and Isidori (1995[10]) 
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1.3 Force Control 

In hydraulic actuators, the control signal activates the spool valve that 

controls the flow of hydraulic fluid into and out of the actuator. This flow 

in turn causes a pressure differential buildup that is proportional to the 

actuator force. Hydraulic systems are by nature highly nonlinear. 

Nonlinearities arise from the compressibility of the hydraulic fluid and 

the complex flow properties of the servo-valve and subject to parameter 

uncertainty; parameters change with time as a result of variations in 

operating conditions and component degradation. For example, the 

supply pressure is subject to variation that may be generated by the 

operation of other actuators in multi-user environment (M.Jelali and 

A.Kroll, 2003) [31]). The flow and pressure coefficients, characterizing 

fluid flow into and out of the valve, are functions of load and supply 

pressure and can vary under different operating conditions (J. Watton, 

1990) [21]. Also, the effective bulk modulus in hydraulic systems can 

significantly change under various load conditions, oil temperature, and 

air content in the oil (J. Yu, Z. Chen, and Y. Lu, 1994) [22]. Design of a 

controller in the face of such a range of parameter variations and 

disturbances is challenging. 

 

Several force control strategies have been proposed for hydraulic 

actuators. Conrad and Jensen, 1987[11], used combinations of velocity 

feedforward, output feedback, and a Luenberger observer with state 

estimate feedback for force control of a double-rod hydraulic actuator. 

The simulation and experimental results for a constant set point of the 

force showed superior performance of the proposed method over 
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conventional (P or PI) force feedback controllers. However the variations 

of load and supply pressure were not considered in their study. 

 

Chen et al., 1990 [48], designed a sliding-mode controller for a single-rod 

hydraulic actuator interacting with a spring as a load. Using position, 

velocity, acceleration, force, and pressure feedback, the variable-structure 

controller proved to be capable in both static and dynamic force control 

tasks. The effect of servo-amplifier gain variation was also examined. 

However, the effect of variations in spring stiffness was not studied. 

 

The two most common approaches that were developed to compensate 

for nonlinear behavior of hydraulic servo-systems are adaptive control 

and variable structure control. Adaptive control strategies have been 

considered for hydraulic force control. Liu and Alleyne, 1999 [40], 

developed a switching control scheme using a Lyapunov-based adaptive 

law to reduce parametric uncertainty. The implementation of the 

controller, which is based on the measurements of position, velocity, 

acceleration, pressure, and spool displacement, showed good performance 

for high-frequency force/pressure tracking. 

 

Wu et al., 1998 [14], applied a generalized predictive control algorithm to 

a hydraulic force control system. The controller was experimentally 

evaluated for various environmental stiffness and set points. The method, 

however, relies heavily on online parameter estimation and consequently 

is computationally expensive. 
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Laval et al., 1996[26], used an H∞ approach to robustly control the force 

exerted by a double-acting symmetric hydraulic cylinder with servo-

valve. The importance of uncertainties in the environment, measurement, 

and nonlinearities on the performance of hydraulic force control systems 

was high-lighted. Limited test results, demonstrating the achievement of a 

stability/performance trade-off utilizing an H∞ approach, were presented. 

The controller is very conservative when there are uncertainties in bulk 

modulus.  

Niksefat and Sepehri, 2001[33], used application of QFT for design of 

robust force controllers for hydraulic actuators. They have showed that it 

is feasible to employ a single fixed-gain force controller for a hydraulic 

actuator, and that control performance can be insensitive to structured 

plant variation. 

 

Bobrow,1999 [13] derived and implemented a nonlinear tracking control 

law for hydraulic servo-system which provided exponential stability for 

force tracking and also developed an accurate friction model using 

position tracking. 

 

When the direct measurement of force is not feasible, the problem of 

pressure tracking arises. This often occurs in industrial applications where 

the environment may not allow for the use of a force sensor. One of the 

problems involved with pressure tracking, is a significant amount of 

pressure sensor noise and friction (Liu and Alleyne, 1999 [3]).  

Despite the existence of a great number of force control concepts, 

methods, and algorithms, there is still a gap between theory and industrial 

practice. The reasons have been ascribed to the poor industrial control 
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architecture, which does not allow the implementation of sophisticated 

algorithms.  

 

1.4 Scope of Work 

Force control is required in many industrial applications such as 

manufacturing, automation, material handling, etc. Tracking control for 

hydraulic systems is a key system requirement as these devices must 

often follow prescribed motions. The performance of these systems is 

highly affected by the friction present to some degree in almost all 

hydraulic actuators. Therefore, it is useful for the designers of these 

hydraulic systems to have a trusted simulation tool of the friction model 

to evaluate the systems performance. 

 

The subject of study of this thesis is to design a controller to track certain 

force trajectory. A literature survey of the tracking force control is 

performed. The survey revealed that considerable static and dynamic 

friction exists in hydraulic systems. A friction model which includes 

coulomb friction, stribeck effect and viscous friction is used and verified. 

This friction model is implemented in SIMULINK control box of the 

MATLAB software. The model is verified experimentally. 

 

In order to build a control system for tracking force of hydraulic system, a 

suitable measurement system is necessary. A literature survey of the 

techniques used for force tracking control in hydraulic system showed 

that approaches can be classified in two categories:  

1. Ideally measurement by a load cell attached to the piston 

cylinder rod.   
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2. Practically by cylinder differential pressure sensors instead of 

a load cell.  

With the cylinder differential pressure sensor, it is possible to generate an 

accurate estimated value of the force from the available measurements. In 

this thesis the second approach is adopted. 

 

A mathematical model for the system was developed which needed to be 

accurate. A simulation of the model with SIMULINK control box of the 

MATLAB is performed and the model is verified experimentally using 

three different input signals namely: ramp, step and 5 Hz sine wave. 

The fuzzy controlled system which is consisting of linguistic defined 

fuzzy sets and the control rules are used. In this thesis two integral 

methods are added to the PD conventional fuzzy control system. Fuzzy 

controller uses Gaussian membership functions for the inputs and outputs 

of the control system to diminish the steady state output errors. For the 

inference process (the base rules set) the Mac Vicar-Whelan control 

matrix is used, and the center of gravity (COG) method is used for 

defuzzification method. The fuzzy controller is applied to an 

experimental system. The experimental results show satisfactory 

matching, for force tracking for step, ramp and 5 Hz sine wave signals. 

 

1.5 Outline of the Thesis 

This thesis is organized in six chapters and three appendices starting with 

a literature review in the first chapter. The mathematical problem is 

presented in the second chapter which also includes the SIMULINK 

model and its simulation. The third chapter discusses the verification of 

the model with the experimental results. In the fourth chapter, the 
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intelligent control method, Fuzzy logic controller (FLC) is presented in 

detail for controlling the hydraulic servo system to track the force 

trajectory. Chapter five applies the fuzzy controller to SIMULINK 

simulation model and experimental system. Chapter six, summaries the 

discussions and conclusions of the present work and the future work 

suggested. In Appendix A, basic mathematical modeling of the hydraulic 

system is given in details. In appendix B, the MATLAB file for 

simulation is given. In appendix C, data for hydraulic and electronic 

components are given.  




