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Abstract: This paper considers the control of an electro-hydraulic servosystem (EHSS) for translational positioning using a nonlinear five-parameter PI compensator. A linear dynamic model of the system and the structure of the compensator are given. A simulation example of the system control has been made. The nonlinear PI compensator gives better results than the linear PI compensator during the transient response.
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1. INTRODUCTION





Electrohydraulic servosystems are widely used in industrial plants, because they can provide high performance in applications of precise positioning task. Their advantages are large torque, higher speed of response, large power density of hydraulic components and simplicity of control by electrical signals. However, the control of electrohydraulic servosystems is often not optimal because of nonlinearities and parameter variations in the hydraulic and mechanic subsystem. Such nonlinearities are the consequence of fluid compressibility, flow-pressure characteristic, internal and external leakage, disturbances etc. Their complex structure is difficult for the development of a suitable, low-order model of the dynamic of the plant. In order to obtain high performance in modern controlled mechanical systems it is necessary to use the modern technology in hydraulic components and instrumentations as well as the control strategies to ensure the desired system behaviour (Situm & Petric, 1996). The objective of this paper is to use nonlinear five-parameter PI compensator with nonconstant gains for hydraulic plant control. The plant consists of two elastically connected masses which are driven by the servohydraulic actuator. The goal of the research is to obtain fast motion with no overshoot and precise positioning of the mechanic part of the system. A nonlinear PI compensator was proposed by (Shahruz & Schwartz, 1997). The parameters of the compensator are tuned by solving an optimization problem. The proposed compensator can be used for the linear time-invariant SISO system. Therefore, the dynamic model of the system has been linearized, but taking into account that it should present the system behaviour well enough.





2. DESCRIPTION OF THE CONTROL SYSTEM





The physical model of an electrohydraulic servosystem for translational positioning is shown in Fig. 1. Two masses system connected by a spring is driven by a hydraulic cylinder, which is controlled by a servovalve. A higher input signal (voltage u) produces a larger valve flow through the servovalve and a faster motion of the piston of the cylinder. The position of larger mass m1 is the controlled variable (x1). The mathematical model of the servosystem is composed of the transfer function which describes servovalve dynamic:


�


Fig. 1. Two masses driven by servohydraulic actuator





	� EMBED Equation.2  ���			(1)


the transfer function which presents the dynamic behaviour of valve controlled piston and mass m2 :


	� EMBED Equation.2  ���		(2)


where 	� EMBED Equation.2  ���	hydraulic natural frequency,


	� EMBED Equation.2  ��� damping ratio,


and the transfer function which presents the dynamic behaviour of mass m1 - spring system:


	� EMBED Equation.2  ���		(3)


Table 1. Symbol definitions


Symbols�
Description�
�
� EMBED Equation.2  ����
Piston area on side A and side B�
�
� EMBED Equation.2  ����
Bulk modulus�
�
� EMBED Equation.2  ����
Total leakage coefficient�
�
� EMBED Equation.2  ����
Valve flow gain�
�
� EMBED Equation.2  ����
Viscous damping coefficient�
�
� EMBED Equation.2  ����
Gain factor�
�
� EMBED Equation.2  ����
Total volume of fluid under compression�
�
� EMBED Equation.2  ����
Natural frequency�
�
� EMBED Equation.2  ����
Damping ratio�
�



3. NONLINEAR PI COMPENSATOR





In (Shahruz & Shwartz, 1997) the authors proposed a technique for designing a specific nonlinear five-parameter PI compensator for controlling linear time-invariant SISO systems. A cost function for solving an optimization problem and tuning the optimal parameters of nonlinear compensator was given. 


The structure of nonlinear five-parameter PI compensator is presented in Fig. 2.





�





Fig. 2. Structure of nonlinear PI compensator





For the closed-loop control system a state-space form of system � EMBED Equation.2  ��� is:





	� EMBED Equation.2  ���, � EMBED Equation.2  ��� is the zero vector	(4)


	� EMBED Equation.2  ���			(5)





The control input to the plant is:





� EMBED Equation.2  ���	(6)





The tracking error of the system is the input to the compensator:


	� EMBED Equation.2  ���		(7)


The aim of the designing procedure is to find the optimal parameters � EMBED Equation.2  ���, � EMBED Equation.2  ���, � EMBED Equation.2  ���, � EMBED Equation.2  ���, � EMBED Equation.2  ��� of the compensator so that the system has satisfactory transient response on step input � EMBED Equation.2  ���.


For � EMBED Equation.2  ��� and � EMBED Equation.2  ��� the compensator takes form of the linear PI compensator.


In case of a lightly damped system the proportional part of the compensator (� EMBED Equation.2  ���) needs to have positive parameters � EMBED Equation.2  ��� and � EMBED Equation.2  ���, and a negative parameter � EMBED Equation.2  ���. At the beginning of the process control, for the large tracking error � EMBED Equation.2  ��� between the desired step input � EMBED Equation.2  ��� and the output of the closed-loop system � EMBED Equation.2  ���, the proportional part of the compensator has small amount and does not influence the overshoot. When the error � EMBED Equation.2  ��� decreases, and the output � EMBED Equation.2  ��� gets closer to the desired input � EMBED Equation.2  ���, the proportional part with positive � EMBED Equation.2  ��� and negative � EMBED Equation.2  ���provides the damping of the system, and the good dynamic behaviour in the rise time.


The integral part of the compensator , � EMBED Equation.2  ���, for the large error � EMBED Equation.2  ��� has a small amount and for the small error � EMBED Equation.2  ��� has a large amount. The integrator is almost inactive at the beginning of the control for the large error � EMBED Equation.2  ��� and then increases when the error � EMBED Equation.2  ��� decreases. This helps the reducing the wind-up problem and provides a fast system response with minimal overshoot.





4. SIMULATION EXAMPLE





To demonstrate the effectiveness of the EHSS control, we considered the output response with a linear and a nonlinear PI compensator. The program for simulating has been developed in MATLAB environment. The parameters of the mechanical part of the system are: � EMBED Equation.2  ���, � EMBED Equation.2  ���, � EMBED Equation.2  ���, � EMBED Equation.2  ���, � EMBED Equation.2  ���.


The parameters of the hydraulic system were derived as in (Merritt, 1967) and (Mannesmann-Rexroth catalogue) and their amounts are:


� EMBED Equation.2  ���; for servovalve with mechanical feedback, type 4WS2EM6, and pressure of 7 MPa,


� EMBED Equation.2  ���; � EMBED Equation.2  ���; � EMBED Equation.2  ���; � EMBED Equation.2  ���; � EMBED Equation.2  ���; � EMBED Equation.2  ���


� EMBED Equation.2  ���; � EMBED Equation.2  ���; � EMBED Equation.2  ���; � EMBED Equation.2  ���;


The system is lightly damped and has dominant complex conjugated poles very close to imaginary axis. The simulation results of the EHSS with a linear and a nonlinear PI compensator to the step input of the amplitude � EMBED Equation.2  ���, as well as the control inputs to the plant are shown in Fig. 3. 


�	�


Fig. 3. Responses with linear and nonlinear PI compensator.





The parameters of nonlinear PI compensator were set to:


� EMBED Equation.2  ���; � EMBED Equation.2  ���; � EMBED Equation.2  ���; � EMBED Equation.2  ���; � EMBED Equation.2  ���.


The coefficients of linear PI compensator are tuned by Ziegler-Nichols method and their amounts are: � EMBED Equation.2  ���; � EMBED Equation.2  ���.





5. CONCLUSION





The comparison of responses to the linear model of electrohydraulic servosystem shows that the application of a nonlinear five-parameter PI compensator gives better results than the application of a linear PI compensator. The system has a faster output response and a good dynamic behaviour in rise time, with no overshoot, but this control strategy requires larger actuator force at the beginning of the control process.
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