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Abstract 
   

Electric arc furnace applications in industry are related to position system of its pole, up and down of 
pole. The pole should be set the certain gap. These setting are needed to calibrate. It is done manually. In 
this research will proposed smart 
directional control valve. The output of this research will develop and improve the working of the electric 
arc furnace. This research requires study and design of the system to achieve th
using Automation Studio software (AS), in addition to mathematically analyzed and where they were 
building a laboratory device similar to the design and conduct experiments to study the system in practice 
and compared with simulation. 

Experimental tests show that the performance of 
is good and the output results are good and acceptable. 
clearly convergence. It was concluded that the possibility of the implementation of this project in industrial processes 
such as electric arc furnaces to control the distance between the pole and smelting molten material in addition to other 
applications. 
 
Keywords: Proportional valve, LVDT, Electro hydraulic, electric furnace, Automation studio.
 
 
1. Introduction 
 

Electric arc furnace [EAF] is used to produce 
metals such as steel by melting scrap using 
electrical supply [1], the graphite electrode, is 
used to converted electrical energy to extensive 
heat by means of high current electric arcs drawn 
between the electrode tips and the metallic charge.
If closed loop position control is used, the position 
changes proportionally to input current. In the 
hydraulics industry, the term proportional valve 
refers to a specific type of valve which is quite 
distinctive to servo valves. Thus, when talking 
about proportional valves, it is talking about a 
solenoid activated valve with very distinctive 
operating characteristics [2]. The smart systems 
control the gap by controlling the amount of 
current flowing through the electric pole whic
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arc furnace [EAF] is used to produce 
metals such as steel by melting scrap using 
electrical supply [1], the graphite electrode, is 
used to converted electrical energy to extensive 
heat by means of high current electric arcs drawn 

s and the metallic charge. 
If closed loop position control is used, the position 
changes proportionally to input current. In the 
hydraulics industry, the term proportional valve 
refers to a specific type of valve which is quite 

Thus, when talking 
about proportional valves, it is talking about a 
solenoid activated valve with very distinctive 
operating characteristics [2]. The smart systems 
control the gap by controlling the amount of 
current flowing through the electric pole which 

should be designed using hydraulic system that 
consists of proportional directional control valve. 
The hydraulic proportional control valve can be 
used to describe any action where one parameter 
varies in some proportion to another. In the case 
of a servo valve, the spool position moves in 
proportion to the input signal [1]. The output of 
this system will develop and improve the work of 
electric arc furnace. 
 
 
2. Electro Hydraulic Closed Loop System
 

Electro-hydraulic system is essential in 
engineering field because it can provide very high 
forces, high control accuracies, high power to 
weight ratio and also have a compact structure. 
Due to that reason, research for the control of 
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force and position of electro-hydraulic system 
attract a great interest to both researchers and 
engineers [3]. 

A closed loop system, whether the reference 
signal is set manually or automatically, can 
perform control of cylinder position, speed and 
force [4]. Hydraulic closed loop or hydraulic 
servo system can be defined as any system with a 
servo or proportional valve. It consisted of a 
spool, and an outer sleeve with flow ports drilled 
in the sleeve. The position of the spool determines 
the flow areas and hence controls the am
flow through the valve. The spool could be 
positioned in a number of ways. 

The electro-hydraulic module of the position 
control system contains hydraulic cylinder and 
four ways, electrical solenoid hydraulic 
proportional valves with their electroni
transfer the signal between the controller module 
and solenoids of the valve. Each valve controls 
the flow and direction of the hydraulic fluid that 
passes through it towards the hydraulic cylinder 
leading to move the cylinder up and down with
acceptable speed [5]. 

The term proportional valve that shown in 
figure (1). It refers to a specific type of valve 
which is quite distinctive to servo valves. The 
function of proportional valves is to provide a 
smooth and continuous variation in flow or 
pressure in response to an electrical input. 
solenoids on these valves shift the spool more or 
less, According to the voltage applied to 
proportional solenoids, they can change the speed 
at which the spool shifts or the distance that it 
travels [6]. 
 

 
Fig. 1. The proportional control valve
(4WRE6E08-11/24Z4/M) with ratio 2:1
 
 
3. Test Rig of Hydraulic System
 

The main concept of proposal work is based on 
design the hydraulic system to control the position 
of gap. Figure (2) shows the proposal 
components of this design shows in 
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Fig. 1. The proportional control valve type 
11/24Z4/M) with ratio 2:1  [7]. 

Test Rig of Hydraulic System 

The main concept of proposal work is based on 
design the hydraulic system to control the position 
of gap. Figure (2) shows the proposal design. The 
components of this design shows in Table (1). 

Fig. 2.  The schematic of proposal design.
 
 
Table 1, 
The component of hydraulic system

Device Specifications 

Proportional 
directional control 
valve with 
proportional 
amplifier 

4WRE6E08
Rexroth Co.,
pressure: 315, Control stroke: 
4.5mm.
Volt, VT

Hydraulic pump Fixed displacement gear pump, 
200 bar 

Hydraulic cylinder 90mm piston, 45mm rod, 
400mm stroke

Pressure relief 
valve  

 

Hydraulic Tank Made of cost iron, 30 liters 
capacity

 
 

The rig is designed using hydraulic 
components as shown in 
designed as like parts of the work and electric arc 
furnaces. Where designed the hydraulic system 
and connect all components with electronics parts 
that representative the movement of the gap in the 
arc furnaces. Directional proportional contr
valve used to control the direction and speed of 
the flow that pass to the hydraulic cylinder to 
control the movement of electrode in electric arc 
furnace. 
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Fig. 2.  The schematic of proposal design. 

The component of hydraulic system. 

Specifications  

4WRE6E08-11/24Z4/M, 
Rexroth Co., A-B-P operating 
pressure: 315, Control stroke: 
4.5mm. Associated amplifier: 24 
Volt, VT-5007 
Fixed displacement gear pump, 
200 bar  
90mm piston, 45mm rod, 
400mm stroke 

Made of cost iron, 30 liters 
capacity 

The rig is designed using hydraulic 
components as shown in Figure (3). It has been 
designed as like parts of the work and electric arc 
furnaces. Where designed the hydraulic system 
and connect all components with electronics parts 
that representative the movement of the gap in the 
arc furnaces. Directional proportional control 
valve used to control the direction and speed of 
the flow that pass to the hydraulic cylinder to 
control the movement of electrode in electric arc 
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(a) 
 

 
(b) 

 
Fig. 3. (a) Electro-hydraulic closed- loop system for 
position control test rig. (b) Connect valve and 
power unit with electro hydraulic closed loop rig.

 
 

The proportional directional control valve is 
used in the rig from REXROTH type 
(4WRE6E08-11/24Z4/M) [7] with ratio 2:1. The 
hydraulic cylinder is a part of hydraulic system 
used to convert the power of pressurized fluid to 
mechanical. The piston has two packing, facing in 
opposite directions, to seal the fluid in both 
directions. Hydraulic power units apply
pressure that drives motors, cylinders, and other 
complementary parts of a hydraulic system.

In addition to hydraulic power unit is a 
complete system with two ports, one for supplied 
flow to the hydraulic system and other for return 
flow from the hydraulic system
components that used in the design is 
proportional amplifier    has been used to control 
the circuit of the proportional directional control 
valves and the sensor (B3530) [9] 
displacement transformer LVDT that us
test rig is used to measure the movement of 
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mechanical. The piston has two packing, facing in 
opposite directions, to seal the fluid in both 

Hydraulic power units apply the 
pressure that drives motors, cylinders, and other 
complementary parts of a hydraulic system.  

hydraulic power unit is a 
complete system with two ports, one for supplied 
flow to the hydraulic system and other for return 

raulic system. Electronic 
components that used in the design is a 

has been used to control 
the circuit of the proportional directional control 

[9] linear variable 
displacement transformer LVDT that used in the 
test rig is used to measure the movement of 

electrode then convert the mechanical movement 
to electrical signal and gives the reading to a 
proportional amplifier. 
 
 
4. Mathematical Analysis of Hydraulic 

System 
 
    In overrunning load, all proportional valve 
spools can meter fluid in and out as shown in 
Figure (4). 
 

 
Fig. 4.  Circuit diagram of potential overrunning 
load. 

  
  

When using a 2:1 area ratio cylinder with a 1:1 
area ratio spool [6], 
�� � ��  
�� � 2��                                 
There are two orifices: 
�� � ����∆
�                                       

�� � ����∆
�                                     
Where: 
Q- Flow of hydraulic cylinder in two directions 
(LPM). 
C- Discharge coefficient. 
A1 & A 2- Area of hydraulic cylinder in two 
directions (mm2). 
∆
- Pressure drop (bar). 
Therefore 
�� � �� �∆
�⁄   And  �� �
�� �∆
�⁄ � �� �∆
�⁄                             

�� ��⁄ � �∆
� �∆
��                             

∆
� � 4∆
�                                              

By summing forces, we solve P3.
�
� ∙ ��� � �
� ∙ ��� � �


� � ��
� ∙ ��� � ��/��                         
Where: 

Khwarizmi Engineering Journal, Vol. 11, No. 1, P.P. 11- 18 (2015)

 

electrode then convert the mechanical movement 
to electrical signal and gives the reading to a 

Mathematical Analysis of Hydraulic 

In overrunning load, all proportional valve 
spools can meter fluid in and out as shown in 

 

Circuit diagram of potential overrunning 

When using a 2:1 area ratio cylinder with a 1:1 

                                  

                                   …(1) 

                                           …(2) 

Flow of hydraulic cylinder in two directions 

 
Area of hydraulic cylinder in two 

� �� �∆
�	⁄  

                                   …(3)  

�                                    …(4) 

                                                    …(5) 
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� 0                        …(6) 

                                …(7) 
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F- The load of electrode (N). 
Then determine: 
∆
� = 
� − 
� 
∆
� = 
� − 
�   ; 
�=0 
∆
� = 
� 

Determined for 1:1 area ratio spools. Squaring 
both sides of the equation (3.24): 
�� �� = (�∆
� √∆
�)�⁄   

(�� ��⁄ )² = (√∆
�)² (�∆
�� )² 
∴ ∆
� = [(��)² ∙ ∆
�] (��)²⁄                          …(8) 

Substituting the equation (3.28) in (3.27): 

� = [(��)� ∙ (
� − 
�)/��²]                        …(9) 

�
� − 
��(��)² (��)� = (
� ∙ �� + F) ��⁄⁄                                                                    
                                                                      …(10) 

� =
[
�(�� ��)²− (� ��)]⁄⁄ [(�� ��) + (��/��)²⁄⁄ ]                                                                  
                                                                      …(11) 
For 2:1 area ratio cylinder controlled by a valve 
with a 2:1 area ratio spool: 
�� = 2�� 
�� = 2��	 Or  �� = ��/2 
Therefore 
�� = (�� √∆
�)⁄                                           …(12) 

�� =
!"
�
= (��/√∆
�)                                 …(13) 

#"
�#$

= �∆%"
�∆%$

                                                     …(14) 

∴ ∆
� = ∆
�                                                 …(15) 
∴   �
� − 
�� ∙ ��² (2��)�⁄ = [(
� ∙ ��) + �] ��⁄                                         

                                                                      …(16) 

� =
[
� ∙ (�� 2��)²− (� ��⁄ )]⁄ [(�� ��⁄ ) + (�� 2��⁄ )�]⁄                                                                    
                                                                      …(17) 
In resistive load, for 1:1 ratio valve. 

�[(
� ∙ ���/��

�) +
(� �&) ] [(�� ��)²+ (�' �&)]⁄⁄⁄⁄                                                                                        

                                                                      …(18) 
For 2:1 area ratio valve resistive load: 

� =
[
� ∙ (��/2��)� −
(� ��) ] [(�� 2��)²+ (�� ��)]⁄⁄⁄⁄               …(19) 
 
 
5. The Simulation of Electro Hydraulic 

Closed Loop System  
 
    The hydraulic system is designed and simulated 
using the program (Automation Studio Package 
5.2). It has been designed as the same concept 
parts of the work and electric arc furnaces. Where 
designed the hydraulic system and linked them 

with joystick that representative the movement of 
the gap in the arc furnaces. Figure (5) explains the 
design and operation of the system in an 
Automation Studio. 
 

 
 

Fig. 5. The simulation in Automation Studio. 
 
 

A typical hydraulic circuit of the test rig in AS 
is drawn by changing the position of joystick in x-
axis and y-axis to change the position of actuator 
(hydraulic cylinder), these positions lead to 
operate the hydraulic system and remain until 
returning the proportional valve to reference.  
Results are drawn in the form of a graph showing 
the effect of movement on the pressure and flow 
of each component. 
 
 
6. The Experimental Work of Electro 

Hydraulic Closed Loop System 
(EHCLS) For Position Control 

  
The objective of this test is to study the 

characteristics of the combination between the 
hydraulic cylinder and proportional directional 
valve for best performance for position control 
hydraulic system .Two cases have been studied, 
when the cylinder moved at high-speed and at 
low-speed. During the operation of the hydraulic 
system, voltage and pressure signals are taken 
from LVDT sensor and pressure sensor 
respectively. Signals send to ARDUINO and 
process them programmatically. Then the out 
results are drawn as the graph on computer to 
explain the relation between the parts with respect 
to time. 
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Fig. 6. The connection of electronic circuit.

 
 

6. Results and Discussion 
 

As the results figure (7) shows the relation 
between duration times vs. output volts 
During operation of hydraulic cylinder up and 
down, LVDT measure the movement and convert 
it to electrical signal that display by using 
ARDUINO direct on computer. The curve start 
from low value and increasing up to highest value 
until the hydraulic cylinder stopped when the 
stroke measured was (97.8mm). When repeated 
the test more than once, the value be close. The 
train of curve means the nature of movement.
 

  
Fig. 7. Variation of LVDT signal with input 
movement at time. 
 
 
    The applied pressure of hydraulic pump range 
(5-3 bar) during the system operation and (10 bar) 
when stopped according to cracking pressure of 
relief valve. For calculated the speed of movement 
of cylinder that used these values to calculate the 
flow using these equations:  

( =	)
*
                                                         

And   
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The applied pressure of hydraulic pump range 
3 bar) during the system operation and (10 bar) 

when stopped according to cracking pressure of 
relief valve. For calculated the speed of movement 
of cylinder that used these values to calculate the 

                        … (20) 

� = � + (                                        

Area in the case of the descent of the cylinder 
calculated from: 
� = �� − �� 

    When increasing the distance (gap), the input 
signal value of proportional amplifier change 
leads to the opening of the valve and flow the 
liquid at high speed, the cylinder move and 
therefore have high volumetric flow rate then the 
speed decreased gradually to stand 
reaches the specified distance as well as the 
volumetric flow. The relation of position with 
time assigned shown in figure (8). The position 
with time can be speed according to equation (20) 
as shown in figure (9). As well as the flow 
calculated according to equation (21) as shown in 
figure (10). From both of two figures the trains 
going down in high slop and after 5 second 
become slow with graduate until steady state. This 
means the proportional valve is closed 
proportionally to input signal that c
LVTD. 
 

 
Fig. 8. Variation of cylinder position with value    
input signal. 
 

 

 
Fig . 9. Variation of cylinder speed with input 
signal. 
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Fig. 10. Variation of cylinder flow with value             
input signal. 
 
 

 
Fig . 11. Variation of  pressure of hydraulic                                                               
system with input signal. 

 
 

    There is a high pressure drop across the orifice 
cause to high flow rate that makes the system is 
unstable. The high pressure and flow because the 
load applied is low on proportional amplifier. The 
load applied has a small effect on the results. 
When the load increased, the high load applied 
low pressure load which cause low flow rate and 
make the system is stable. Figure (11) shows the 
behavior of pressure system at input port of 
hydraulic cylinder. It is appear that the high 
pressure in start moving because of moving from 
rest, and going down as steady state until low 
when stop.  
    A comparison between experimental and 
simulation results show convergence in results 
clearly. The purpose of this comparison is to see 
the behaviors of the system. The position is 
agreed between experimental and simulation 
results as shown in figure (12). The difference 
comes because the valve in the simulation not 
exactly in the test but in same function. The speed 
is convergent with variations between two results. 
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There is a high pressure drop across the orifice 
cause to high flow rate that makes the system is 
unstable. The high pressure and flow because the 
load applied is low on proportional amplifier. The 
load applied has a small effect on the results. 

oad increased, the high load applied 
low pressure load which cause low flow rate and 
make the system is stable. Figure (11) shows the 
behavior of pressure system at input port of 
hydraulic cylinder. It is appear that the high 

se of moving from 
rest, and going down as steady state until low 

A comparison between experimental and 
convergence in results 

clearly. The purpose of this comparison is to see 
the behaviors of the system. The position is 
agreed between experimental and simulation 
results as shown in figure (12). The difference 
comes because the valve in the simulation not 
xactly in the test but in same function. The speed 

is convergent with variations between two results. 

The highest value for the speed arrives in 
simulation is (14.6 cm/sec) and more than the 
result in practical this is because the speed of 
movement joystick fast compared with the motion 
sensor in practical as well as for flow curve 
depending on equation (21) that illustrate 
relationship between the speed and flow. Figures 
(13) and (14) show the comparison of speed and 
flow as well Figure (14) shows for pres
    There is a difference between the values due to 
high flow rate in simulation that caused high 
pressure and the accuracy of program (AS) in the 
measurement compared with the measured 
pressure in the practical. 
    The experimental results are repr
real behavior of the system under many 
nonlinearity factors like friction effects between 
the oil and hoses and oil compressibility, while 
the simulation results represent the simulation 
process for the system depends on input data for 
all components in the simulation  program. There 
is difference in the results between experimental 
and simulation results. 
 

 
Fig. 12. Comparison in position between   
experimental and simulation results.

 
 

 
Fig. 13. Comparison in speed 
and simulation results. 
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Fig. 14. Comparison in flow between experimental 
and simulation results. 

 
 

 
Fig. 15. Comparison in pressure between 
experimental and simulation results. 
 
 
7. Conclusion 
 
    The control of position by used electro closed 
loop hydraulic system is important mechanism in 
industrial applications. The hydraulic component 
and electronic interface must be 
arranged carefully. An experimental and 
theoretical work has been conducted to design 
position control by used closed loop hydraulic 
system with directional proportional control valve.
    Experimental tests show that the performance 
of (EHCLS) for position control is good and the 
output results are good and acceptable. 
practical results and simulation using (AS) 
program are clearly convergence. This leads us to 
the possibility of using this program for testing 
and analysis and design of any hydraulic system. 
It provided the introduction of the real values 
the same parts of the system in the program to 
give the correct results.  
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�د �)E��-� 7F1789 . ا�/�9�28ت ?�ن ا�9&س ا���A,�@" ?" ا�<��=� ���2> ,&;: ا�789 و�6(/5 4-&دا وھ2&ط�G# :!&# . 8/1)7 #-��1ة Iاد ذ��ا=

�رو����� ا�F�0ھ". �/� 1�و�1�Aام ��4م ا� ��8ة ا��إ�Rاج ھMا . ا�/���2" ?" ھMا ا�PG2 ا!/�ح #�N&#� ھ��رو����� ذ(�� �L-F ھMا ا�L�-1 789 ذ(�� ,��/'
"@�,�Aن ا�9&س ا���? "? T2ط PG2ا� .T�9G/� م�N� ���>درا�� و� PG2ا ا�M8/1)7 ھ  U#���, ام�'/��, L�V�/ا�+�ض وا�)Automation Studio 5.2 (

��ء , �� P�6ر�1;�� و �A(�(G� Yإ� �?�;Z�,�2ي/Rز و�A.  :# م =�)�� و #�9ر���N�  . L]��#Simulation �/<��� وإ.�اء ا�/�Fرب ��را�� ا�
 E#ان أداء E�2� ��21�F/�2رات ا�/R0ا (EHCLS)  :!&ا�� Y(= و�) ��8ة/�و��)_ #/�9ر,�  U@�Simulation ا�-���( و!&ر�_ #: �/�@U اMRت ا�
=cوة =)Y إ#����� ��M�b ھMا ا���aوع ?" ا�-�)��ت ا�<��=�� #LV أ?�ان ا�9&س ا���A,�@" �) ��8ة =)Y ا�� �?� ,�E ا�789 و�A4 ا��&اد . و29#&��
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