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Abstract- Electro hydraulic servo cylinders are widely used in versatile industrial applications such as machine tools, 
industrial robots, autonomous manufacturing systems and various actuators in aircrafts. They can be applied in closed loop 
control systems to achieve accurate force, velocity or position control. An Actuator when coupled with an EH Servo valve & 
feedback device is called a servo actuator. Finding the load handling capabilities, positional accuracies of the particular 
hydraulic actuator much before its actual operation will be very helpful for the designer for analyzing the performance of the 
system. In this work, position control of load and its performances are proposed to be studied. The modeling of the EH Servo 
system (Servo Cylinder and its components) are to be studied using MATLAB. 
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I. INTRODUCTION 
 
Machining is basically removal of material, most 
often metal, from the work piece, using one or more 
cutting tools to achieve the desired dimensions. There 
are different machining processes, such as, turning, 
milling, boring etc. Normally, machining process is 
based on the relative motion between the work piece 
and the tool. In the modern industries, the 
performance of machines is determined by a 
Computer numerical control (CNC). Computer 
numerical control could be defined as one in which 
the functions and motions of a machine tool are 
controlled by means of a prepared program 
containing coded alphanumeric data. CNC can 
control the motions of the work piece or tool and 
miscellaneous operation. 
A basic servo valve is one in which the control flow 
at constant load is proportional to the electrical input 
current. Flow from these servo valves will be 
influenced in varying degrees by changing load 
pressures. Position control is used in this design to 
put the actuator in approximately the right position 
for applying a controlled amount of force [1]. 
Electro hydraulic servo systems can be found in 
several industrial applications such as commercial 
aircrafts, industrial process control and machine tools. 
These systems are characterized by high power to 
weight ratio, fast response, and high stiffness. Electro 
Hydraulic servos come in different types. The most 
common types are the position servo, the velocity 
servo, and the force servo. This present work is 
concerned with the position control of the Electro 
Hydraulic servo system. The system description and 
the mathematical model are discussed in the ensuing 
sections. Several control strategies were discussed for 
the position, speed, pressure, and force control of 
Electro Hydraulic Servo Systems (EHSS) [2]. 
There are clear design goals for Electro Hydraulic 
drive control system to achieve fast response to step 
command signals with minimal overshoot (dead-beat 

response) and approximate zero steady state errors for 
various input signals. Those goals have to be 
obtainable in a rough industrial environment, where 
significant system behavior changes may occur due to 
nonlinear characteristics of system elements, 
temperature changes, noise and other environmental 
influences [3]. 
 

 
Fig.1. Flapper nozzle servo actuator 

 
In Electro-Hydraulic servo system, they are 
implemented single stage and double stage servo 
valves. The first stage is a double nozzle flapper 
valve controlled by an electric torque motor and the 
second stage of the flapper valve is a 4-way valve 
with a sliding spool whose output, flow at a fixed 
valve pressure drop is proportional to the spool 
displacement from null. In the present work, a two 
stage Electro-Hydraulic servo valve is used.  
Flapper position is controlled by the electromagnetic 
torque motor (Fig. 1). Here first voltage is given to 
the servo controller then it converted in to current. 
The torque developed by the torque motor is 
proportional to the applied current. Currents are 
generally small, in the milliamp range. A torque 
motor consists of two permanent magnets with a coil 
winding attached to a magnetically permeable 
armature. 
The armature is part of a flapper piece. When a 
current is applied to the coils, magnetic flux acting on 
the ends of the armature is developed. The direction 
of the magnetic flux (force) depends on the sign 
(direction) of the current. The magnetic flux will 
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cause the armature tips to be attracted to the ends of 
the permanent magnets (current direction determines 
which magnetic pole is attracting and which one is 
repelling). This magnetic force creates an applied 
torque on the flapper assembly, which is proportional 
to applied current. 
PID control is invented and being used till date 
successfully. PID is used in more than 90% of 
practical control systems, ranging from consumer 
electronics such as cameras to industrial processes. 
The PID controller helps get our output (velocity, 
temperature, position) where we want it, in a short 
time, with minimal overshoot, and with little error. It 
also the most adopted controllers in the industry due 
to the good cost and given benefits [5]. 
 
II. EXPERIMENTAL DETAILS 
 
2.1. Hydraulic Machine Tool Positioning Servo 
Transfer Function 
In this design, a position servo which is made up of 
valve controlled cylinder in a constant pressure 
system will be used. The actuator or load position is 
measured by a position transducer, which converts 
the displacement of the piston Xp and produces an 
electric signal output (in volts) Uf. The piston 
position feedback gain factor, Kf is factored into the 
output signal.  

 
Fig.2. Schematic Diagram of Position Servo 

 
The error generated by the servo difference amplifier 
signal is then combined with the gain factor Ksa to 
produce the output signal i. 
Table 1 shows the parameters that would be used in 
the design of the hydraulic servo position system. 

 
Table1: Simulation Parameters 

 

2.2. PID in Control System 
A PID controller is a generic control loop control 
feedback mechanism widely used in industrial control 
system. 
A PID controller attempts to correct the error between 
a measured process variable and a desired set-point 
by calculating and then outputting a corrective action 
that can adjust the process accordingly. The PID 
controller calculation involves three separate 
parameters; the proportional, the integral and 
derivatives values. 
The proportional value determines the reaction to the 
current error, the integral determines the reaction 
based on the sum of recent errors and the derivative 
determines the reaction to the rate at which the error 
has been changing. By tuning the three constants in 
the PID controller algorithm, the PID can provide 
control action designed for specific process 
requirements. 
A proportional controller (proportional gain=Kp) has 
the ability to reduce the rise time but cannot eliminate 
the steady-state error. An integral control (integral 
gain=Ki) has the capability of removing the steady-
state error, but may worsen the transient response. A 
derivative control (derivative gain=Kd) has the power 
to increase the stability of the system, reduce the 
overshoots and improve the transient responses. 
The response of the controller can be described in 
terms of the responsiveness of the controller to an 
error, the degree to which the controller overshoots 
the set-point and the degree of system oscillation. In 
PID, control action is defined by, 
 
Where T is sampling time, e �k � is error at time k 
 
The term e �k � is 
 
e �k � � yd �k �� y �k � 
 
Where  yd �k � is the desired value. 
 
 
KP - contributes to stability and medium rate 
responsiveness.  
KI  - tracking and disturbance rejection, slow rate 
responsiveness may cause oscillation. 
 
KD - in minimizing sensitive to noise and for fast rate 
responsiveness. 
 
2.3. PLC in Control System 
A Programmable Logic Controller (PLC) is a device 
that was invented to replace the necessary sequential 
relay circuits for machine control. 
The PLC works by looking at its inputs and 
depending upon their state, turning on/off its outputs. 
Ladder logic is the main programming method used 
for PLC’s. Ladder logic has been developed to mimic 
relay logic. By selecting ladder logic as the main 
programming method, the amount of retraining 
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needed for engineers and trade people was greatly 
reduced. 
The input-output ports of the CPU of the PLC set the 
input-output port of a panel and connect the external 
relay which operates on 24V DC. The control loop is 
a continuous cycle of the PLC reading inputs, solving 
the ladder logic and then changing the outputs. 

 
Fig.3. Simplified diagram of servo valve position control 

 
2.4. Linear Variable Differential Transformer 
The Linear Variable Differential Transformer 
(LVDT) is type of electrical transformer used for 
measuring linear displacement (position). 
LVDT works under the principle of mutual induction, 
and the displacement which is a non-electrical 
energy, is converted into an electrical energy. 
LVDT consists of a cylindrical former, where it is 
surrounded by one primary winding in the center of 
the former and the two secondary windings at the 
side. The number of turns in both the secondary 
windings are equal, but they are opposite to each 
other, i.e., if the left secondary windings is in the 
clockwise direction, the right secondary windings 
will be in the anti-clockwise direction. 
Hence the net output voltages will be the difference 
in voltages between the two secondary coils. 

 
Fig.4. Construction of Liner Variable Differential Transformer 

CONCLUSION 
 
The control problem of electro hydraulic servo 
cylinder is studied in this paper. PID controller 
dramatically improved performance by reducing both 
the rise time and settling time to within specification, 
but the outstanding steady state error was a concern. 
In this project to improve the steady state error and 
improve the accuracy of the system The PID-
controller with PLC and LVDT is going to be used. 
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