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Abstract

Electric arc furnace applications in industry amdated to position system of its pole, up and dowdr
pole. The pole should be set the certain gap. Thesengetiie needed to calibrate. It is done manually
this research will proposed smahydraulic to make this pole works as intelligentings proportiona
directional control valve.The output of this research will develop and imgrothe working of the electr
arc furnace.This research requires study and design of theesydb achieve e purpose and representat
using Automation Studio software (AS), in additioto mathematically analyzed and where they v
building a laboratory device similar to the designd conduct experiments to study the system in tipe
and compared with simulation.

Experimental tests show that the performancelectro hydraulic closed loop syst¢EHCLS) for position contrt
is good and the output results are good and adadepThe practical results and simulation using (/software are
clearly convergencdt was concluded that the possibility of the iempkntation of this project in industrial proces
such as electric arc furnaces to control the digtdretween the pole and smelting molten materiatutition to othe

applications.
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1. Introduction

Electric arc furnace [EAF] is used to prodi
metals such as steel by melting scrap u
electrical supply [1], the graphite electrode,
used to converted electrical energy to exten
heat by means of high current electric arcs dr
between the electrode $imnd the metallic charg
If closed loop position control is used, the posi
changes proportionally to input current. In
hydraulics industry, the term proportional va
refers to a specific type of valve which is qt
distinctive to servo valvesThus, when talkin
about proportional valves, it is talking abou
solenoid activated valve with very distincti
operating characteristics [2]. The smart syst
control the gap by controlling the amount
current flowing through the electric pole wh

should be designed using hydraulic system
consists of proportional directional control val
The hydraulic proportional control valve can
used to describe any action where one parar
varies in some proportion to another. In the «
of a sere valve, the spool position moves
proportion to the input signal [1]. The output
this system will develop and improve the work
electric arc furnace.

2. ElectroHydraulic Closed L oop System

Electrohydraulic system is essential
engineering field because it can provide very t
forces, high control accuracies, high powet
weight ratio and also have a compact struci
Due to that reason, research for the contrc
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force and position of electdoydraulic systen
attract a great interest to both researchers
engineers [3].

A closed loop system, wtieer the referenc
signal is set manually or automatically, ¢
perform control of cylinder position, speed ¢
force [4]. Hydraulic closed oop or hydraulic
servo system can be defined as any system v
servo or proportional valvelt consisted of -
spool, and an outer sleeve with flow ports dri
in the sleeve. The position of the spool determ
the flow areas and hence controls theount of
flow through the valve. The spool could
positioned in a number of ways.

The electrdhydraulic module of the positic
control system contains hydraulic cylinder «
four ways, electrical solenoid hydrau

proportional valves with their electrc cards that

transfer the signal between the controller mo
and solenoids of the valve. Each valve cont
the flow and direction of the hydraulic fluid tf
passes through it towards the hydraulic cylir
leading to move the cylinder up and down
acceptable speed [5].

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

Fig. 1. The proportional control valve type
(4AWREGE08-11/24Z4/M) with ratio 2:1 [7].

3. Test Rig of Hydraulic System

The main concept of proposal work is baset
design the hydraulic system to control the posi
of gap. Figure (2) shows the propodesign. The
components of this design showsTable (1).

R
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- I .

Fig. 2. The schematic of proposal design.

Tablel,

The component of hydraulic system.

Device Specifications
Proportional AWREGEQ-11/2474/M,

directional control Rexroth Co A-B-P operating

valve with pressure: 315, Control strok

proportional 4.5mm Associated amplifier: 24

amplifier Volt, VT-5007

Hydraulic pump Fixed displacement gear pun
200 bai

Hydraulic cylinder 90mm  piston, 45mm rol
400mm strok

Pressure relief

valve

Hydraulic Tank Made of cost iron, 30 litet

capacit

The rig is designed wusing hydrau
components as shown Figure (3). It has been
designed as like parts of the work and electric
furnaces. Where designed the hydraulic sy
and connect all components with electronics f
that representative the movement of the gap i
arc furnaces. Directional proportional ceol
valve used to control the direction and spee
the flow that pass to the hydraulic cylinder
control the movement of electrode in electric
furnace.
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(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
used in the rig from REXROTH tyf
(AWREGEO08-11/24Z4/M) [7ith ratio 2:1. The
hydraulic cylinder is a part of hydraulic syst
used to convert the power of pressurized fluir
mechanical. The piston has two packing, facin
opposite directions, to seal the fluid in b
directions. Hydraulic power units app the
pressure that drives motors, cylinders, and ¢
complementary parts of a hydraulic syst

In addition to hydraulic power unit is
complete system with two ports, one for supp
flow to the hydraulic system and other for ret
flow from the hydaulic syster. Electronic
components that used in the design a
proportional amplifier has been used to cont
the circuit of the proportional directional cont
valves and the sensor (B3530] linear variable
displacement transformer LVDT thated in the
test rig is used to measure the movemen

13

electrode then convert the mechanical mover
to electrical signal and gives the reading t
proportional amplifier.

4. Mathematical Analysis of Hydraulic
System

In overrunning load, all proportional val
spools can meter fluid in and out as showt
Figure (4).

Electrode

v — =
A A
[ Az
L s, !l
L_Al
P Pz
W
M
I—I AP,

Fig. 4. Circuit diagram of potential overrunning
load.

When using a 2:1 area ratio cylinder with a
area ratio spool [6],
A=A,

Q2 =20,

There are two orifices:
Q1 = CA1/AP,

Q: = CAZ\/A_PZ
Where:

Q- Flow of hydraulic cylinder in two directior
(LPM).

C- Discharge coefficient.

A1 & A, Area of hydraulic cylinder in tw
directions (mr).

AP- Pressure drop (bar).

Therefore

Ay = Qq1/4/AP; And A; = Q,/\/AP,
Q1/\/AP1 = QZ/\/APZ

Q1/Q; =\/AP1/\/AP2

APZ =4AP1

By summing forces, we solve |
(P3- A1) —(P-A) —F=0

P; =[(P,-Ay) + F]/A;
Where:

(1)
. (2)

..(3)
(4
..(5)

...(6)
(7
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F- The load of electrode (N).
Then determine:

AP1=Pp_P2
AP2=P3_P4 ;P4=0
AP2=P3

Determined for 1:1 area ratio spools. Squaring
both sides of the equation (3.24):

Q:1/Q2 = (JAP; /VAP,)
(Q1/Q2)% = (VAP,)?/({/AP,)?

APy = [(Q2)?- AP;]/(Q1)? .-(8)
Substituting the equation (3.28) in (3.27):
Py = [(Qz)z ’ (Pp - P;)/047 -(9)
(Pp — P,)(Q2)%/(Q1)* = (P, - A, + F) /Ay
...(10)
P, =
[P, (Q2/Q1)?— (F/AD]/[(A2/A1) + (Q2/Q1)4
...(11)

For 2:1 area ratio cylinder controlled by a valve
with a 2:1 area ratio spool:

Q2 =20,

AZ = 2A1 OI‘ Al = A2/2

Therefore

A, = (Q,/VAP,) ...(12)

Ay =2 = (Q:/VAP) ..(13)

Q2 _ /AP,

~ AP, = AP, 15§

(Pp —P;) - Q22/(2Q1)* = [(P, - A2) + F1/A,
...(16)

P, =

[Pp (Q2/2Q1)*— (F/AD]/[(Az/A) + (02/2Q1)2]
..(17)

In resistive load, for 1:1 ratio valve.

P3[(P,- Qf/Q3) +

(F/AR) 1/1(Q1/Q2)*+ (Ac/Ap)]
...(18)

For 2:1 area ratio valve resistive load:

P3 =

[Pp ' (Q2/2Q1)2 -

(F/A)1/1(Q2/20Q1)?+ (Az/A1)] ...(19)

5. The Simulation of Electro Hydraulic
Closed L oop 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

14

with joystick that representative the movement of
the gap in the arc furnaces. Figure (5) explaies th

design and operation of the system in an
Automation Studio.
| s e e e e e O
€ File Edit View Insert Layou s Window
& @O Ea

5]

RRRRR ST 00:01:45 440 NUM

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
(EHCLYS) 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 relat
between duration times vs. output vcof LVTD.
During operation of hydraulic cylinder up a
down, LVDT measure the movement and con
it to electrical signal that display by usi
ARDUINO direct on computer. The curve si
from low value and increasing up to highest v
until the hydraut cylinder stopped when tt
stroke measured was (97.8mm). When repe
the test more than once, the value be close.
train of curve means the nature of moven
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Fig. 7. Variation of LVDT signal with input
movement at time.

The applied pressure of hydraulic pump ra
(5-3 bar) during the system operation and (10
when stopped according to cracking pressur
relief valve. For calculated the speed of mover
of cylinder that used these values to calculate
flow using these equations:

y=2
T

And

... (20)

15

Q=AXV ..(21)

Area in the case of the descent of the cylir
calculated from:
A == Al - AZ

When increasinghe distance (gap), the ing
signal value of proportional amplifier char
leads to the opening of the valve and flow
liquid at high speed, the cylinder move ¢
therefore have high volumetric flow rate then
speed decreased gradually to stawhen it
reaches the specified distance as well as
volumetric flow. The relation of position wi
time assigned shown in figure (8). The posi
with time can be speed according to equation
as shown in figure (9). As well as the fl
calculated awording to equation (21) as shown
figure (10). From both of two figures the tra
going down in high slop and after 5 sec
become slow with graduate until steady state.
means the proportional valve is clos
proportionally to input signal thatomes from
LVTD.
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Fig. 8. Variation of cylinder position with value
input signal.
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Fig . 9. Variation of cylinder speed with input
signal.
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Fig. 10. Variation of cylinder flow with value
input signal.
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Fig . 11. Variation of pressure of hydraulic
system with input signal.

There is a high pressure drop across the ol
cause to high flow rate that makes the syste
unstable. The high pressure and flow becaus
load applied is low on proportional amplifier. T
load applied has a small effect on the res
When the ¢ad increased, the high load appl
low pressure load which cause low flow rate
make the system is stable. Figure (11) shows
behavior of pressure system at input port
hydraulic cylinder. It is appear that the h
pressure in start moving besauof moving fron
rest, and going down as steady state until
when stop.

A comparison between experimental
simulation results shoveonvergence in resul
clearly. The purpose of this comparison is to
the behaviors of the system. The positior
agreed between experimental and simule
results as shown in figure (12). The differe
comes because the valve in the simulation
exactly in the test but in same function. The sg
is convergent with variations between two resi

The highest value for the speed arrives
simulation is (14.6 cm/sec) and more than
result in practical this is because the spee
movement joystik fast compared with the moti
sensor in practicahs well as for flow curv
depending on equation (21) that illustr
relationship between the speed and flow. Fig
(13) and (14) show the comparison of speed
flow as well Figue (14) shows for prsure.

There is a difference between the values dt
high flow rate in simulation that caused h
pressure and the accuracy of program (AS) ir
measurement compared with the meas
pressure in the practical.

The experimental results are resented the
real behavior of the system under mi
nonlinearity factors like friction effects betwe
the oil and hoses and oil compressibility, wi
the simulation results represent the simula
process for the system depends on input dat
all compnents in the simulation program. Th
is difference in the results between experime
and simulation results.
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Fig. 12. Comparison in postion between
experimental and simulation results.
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Fig. 13. Comparison in speed between experimental
and simulation results.
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Fig. 14. Comparison in flow between experimental
and simulation results.
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Fig. 15. Comparison in pressure between

experimental and simulation results.

7. Conclusion

The control of position by used electro clo:
loop hydraulic system is important mechanisn
industrial applications. The hydraulic compon
and electronic interface must bchosen and
arranged carefully. An experimental ¢
theoretical work has been maucted to desig
position control by used closed loop hydra
system with directional proportional control va

Experimental tests show that the performe
of (EHCLS) for position controis good and th
output results are good and acceptatThe
practical results and simulation using (¢
program are clearly convergenddis leads us t
the possibility of using this program for test
and analysis and design of any hydraulic sys
It provided the introduction of the real valuof
the sameparts of the system in the program
give the correct results.
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