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Abstract

Protection of the oil pipelines which extracted from the wells was found to shut the well
and prevent the leakage of oil when broken using safety valve. This valve is automatically
activated by loss of pressure between the well and pipelines, which take the pressure, signal
from hydraulic pressure sensor through pressure control valve which has constant or
variable value but it is regulated manually. The manual regulatory process requires the
presence of monitoring workers continuously near the wells which are always found in
remote areas. In this paper, a smart system has been proposed that work with proportional
pressure control valve and also electronic pressure sensor through Arduino controller,
which is programmed in a way that satisfies the relationship between pressure loss and the
real value of well's pressure that works at every moment and according to the condition of
area. The system was designed to make sure it works by using simulation program
(Automation Studio). A laboratory device was also built that simulates the system's work to
ensure the performance and design of the system and as a result, a proportional relationship
between sensor pressure on the pipeline and the well's pressure has been obtained by using
the passage of the signal through Arduino controller which proved that it worked smartly. It
has been concluded that the wells could be operated and protected smartly and remotely
without presence of workers and monitors.

Nomenclature
.0 Solenoid force generated N the throttle opening in
€ by coil current the valve which connects
i(t) Colil current Amp the pump outlet and the
! The working Pa cylinder
pressure(load pressure) Q,  The flow rate through
Py The supply pressure Pa the throttle opening m’/sec
Qs  The flow rate through m’/sec connecting the cylinder
the oil passage into the and reservoir
internal feedback ug The overlap of spool m
mechanism in the valve Uy The output voltage of the v
Q, The flow rate through m’/sec amplifier
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x,  The armature m pressure is adjusted manually. In
displacement this paper, the control system will
. modify such that the pressure is
Displacement of m . . .
Xe(®  lenoid adjusted  automatically  using
pressure sensors that are auto-
Introduction sensitized without intervention of

workers. The process of pressure
measurement will transfer of the
electronic signal to the control
valve that works on proportional
pressure. The block diagram of
pressure control system is shown in
Fig. 1 and the practical system is
shown in Fig. 2

The specifications of oil wells in
southern Iraq are working under
different pressures at different time
depending on the place and
environments. They used safety
valves located on the way of pipe
line that transport the oil from well
to storage tank. The required
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Figure (1) The block diagram of pressure control system[]
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Figure (2) The electro-hydraulic closed loop system (EHCLS)

Proportional pressure control
valve

The proportional pressure relief
valves are directly operated by
means of proportional solenoids.
They are used for converting
electrical input signals into a
proportional pressure output signal
[5]. These wvalves are used for
limiting the pressure in a system
[6]. The type of proportional
pressure control valve used was
DBEP6A06-13/45AG24K4M
which is shown in Fig. 3. A
proportional amplifier type VT-
VSPAIK-1 [7] used to control the
circuit of the proportional pressure
relief valves. The proportional
amplifier is shown in Fig. 4.

Figure (3) Proportional pressure relief
valve type DBEP 6 A06-
13/45AG24K4M
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Figure (4)
type VI-VSPA1K-1
Working principle of proportional

valve controller

Proportional amplifier

Proportional valve controller is a

device that provides a control
current to the coil of proportional
valve. It can control the force or
displacement of solenoid by this
control  current  consequently
change the opening of valve to
achieve the aim of controlling the
oil pressure or flow in hydraulic
circuit. Solenoid force generated by
the coil current is [4]:

fe(D) = ((ON)?/(2Rgl(xe)) (1)

Where f.(t) solenoid force is
generated by coil current; i(t) is
coil current; Nis number of coil
turns; Rg is air-gap reluctance; 1 is
air gap length is a function of x,.
Linearization of Eq.(1) gives

fe(t) = Kii(t) + Kyexe (1) (2)

Where K; is current-force gain of
solenoid; K,, is displacement-force
gain of solenoid; x,(t) is displacement
of solenoid.The special structure design

of solenoid makes itself have a
horizontaldisplacement-force
characteristic, so K,, = 0, Therefore,
Eq.(2) can be simplified to

fe(t) = K;i(t) 3)

From Eq. (3) the solenoid force can be
obtained which it is proportional to the
coil current.

Mathematical model for the
proportional pressure control valve

According to the working principle of
the proportional pressure control valve,
the mathematical model for the process
it can establish. The valve is used
together with the proportional solenoid
and proportional amplifier [8]

1- The voltage equation of
proportion solenoid coil circuit

The valve adopts the electromagnet
which i1s a one-way trip controlling
type, and the amplifier which is single-
input and single-output DC one. The
proportional solenoid control coil

voltage is
dxe

0 =L+ (Re+ 1)+ Ky 2 (4)
Where ugyis the output voltage of the
amplifier (V); L is the electrical
inductance of a single coil (H); I is the
electric current through the coil (A);
R, is the resistance of a single coil({2);
7, is the internal resistance of the

amplifier(Q); K, 1s the motional EMF
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coefficient(V.s/m); x, is the armature
displacement (m).

2-The thrust equation of an
armature output

Proportional solenoid is the excitation
power — mechanical conversion device
with the displacement of the level —
force characteristic, after power
armature in a magnetic field is powered
by the effect of the electromagnetic
force and the electrical signal which is
exported by the proportional control
amplifier will be converted into a force
or a displacement. Within the working
stroke, the resulting electromagnetic
force in Eq. (3)

3- The balance equation of the spool
In a stroke-controlled proportional
solenoid, there are electromagnetic
force, inertial force, friction force and
fluid power, as well as the spring force
on the spool, ignoring the hydraulic
clamping force, then the force balance
equation can be written as follow:-

d%x; dxg

12 +BlE+

K1(x10 + xs) + Ks(xs - va) (5)

Fp, —piAs = M4

Where p; 1s the working pressure (load
pressure) (Pa); A is the section area of
the spool (m®); M, is the equivalent
mass of the spool (kg); B; is the
integrated damping coefficient (N.s/m);
K;is the return spring stiffness (N/m);
K, is the fluid dynamic stiffness
coefficient (N/m); x;, i1s the pre-

compression of the spring (m); x,is the
spool displacement (m); x,, is the
opening volume form port A to port T

(m).

4- The equation of the flow balance
The orifice flow of the control valve
[3] (see Fig. 5)

Q1 = CarA(us + x,) [2(Ps =P (6)
0 = CoAlus—x)) 2P (]

dxg
Qf = _ASE (8)

Where Q;is the flow rate through the
throttle opening in the valve which
connects the pump outlet and the
cylinder,Q,.is the flow rate through the
throttle  opening
cylinder and reservoir,Qf is the flow

connecting  the

rate through the oil passage into the
internal feedback mechanism in the
valve, C4; and C,4, are the discharge
coefficients of the throttle openings in
the valve; P; is the supply pressure
(Pa); (A =m.d* , dg is the diameter
of spool section (m)) is the area of the
throttle openings(m®); p is the density
(kg/m3); u,is the overlap of spool (m).
If the pressure is too low in the

controlled volume, the valve opens

to supply pressure to fill up the

volume until it reaches the target

pressure. If the pressure is instead
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too high, the valve opens to tank in studied in this work is shown in
order to reduce the pressure in the Fig.5.

controlled volume. The controlled
pressure is sensed by the valve and
compared with the target pressure.
The valve is therefore self-regulated.

Electronic circuit with Arduino
UNO Board

The circuit are designed and built
experimentally by the researcher
from electronic components. The
block diagram of this circuit is
shown in Fig. 6.

reservoir I

oltl 2|l] &

= » N ¥ .!r
7

|
/d
\. Lics ‘/‘ Y = I
. . had | ]

~ .- Details F |
(|

N,
i =
] L
(By authors) propo I'liﬂl.’m'l— P Q
solenoid i -

Figure (5) A schematic of the proportional pressure control valve [3]

The target pressure is set by an
electronic signal and corresponds to
the force applied on the spool by a
solenoid [2]. The wvalve that is

Sienal measured . _
fref;l it jnie +| Amplifiedby2 Arduino UNO

" 0-5V
sensor (0-2.5V) ey board

PWM (0-255) signal (0-5V) {0-10v)

Pulse Width =
Modulation signal — RC LPF analog ! Amplified by 2 —T

=3 VT-VSPA1lK-1
Card

Figure (6) Block diagram of electronic circuit
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Procedure of writing Arduino
program for pressure sensor
1-Find calibration of proportional

pressure control valve, the range of
pressure is (0-25 bar). The results of
calibration are listed in Table (1)

Table 1 Calibration of proportional
ressure

Pressure Voltage | Current

[bar] [volt] [Amp.]
25 0.36
24 0.28
18 0.21

10 0.15
0.12
0.1
0

2- Reading pressure sensor 1 at (0 -
2-5-10-18-24-25 bar) in order to get
relationship between pressure and

voltage. The results of reading are
listed in Table (2)

Table 2 Reading pressure sensor
control valve

Output voltage

Pressure [bar] [4.9mv/unit]

25 995

24 881

18 698

10 456

280

198

0

3-Find the mathematical equation of
proportional pressure control valve
by using curve fitting tool package
in MATLAB where the input is the

pressure from sensor reading in
Table (2) and output is voltage of
proportional control valve in Table
(1) divided by 2. The Arduino
program flow chart is shown in flow
chart (1)

V=al«p3+ a2+«p? + a3«
p + a4 9)

Where al= 6.714%107, a2 =
-1.062*%107, a3 = 0.006945 and
a4 =0.0104

Simulation analysis with
Automation Studio

Automation Studio (AS) package
was developed in (2003) by
(FAMIC Technologies inc/Canada)
to contain comprehensive libraries
of hydraulic, pneumatic, ladder
logic, and digital electronic symbols.
This  package i1s  completely
integrated software package that
allows the user to design, simulate
and animate circuits consisting of
various automation technologies [1].
Smart sensing variable pressure of
well petrol safety valve was built
and simulated with this program. All
components and parameters of the
system have been selected and
connected as in the actual system in
the project work sheet as shown in
Fig. 8
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1
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Figure (8) The project work sheet of simulation analysis

Results and Discussion

Simulation results using
automation studio

Electro-hydraulic system has been
built with automation studio
package. Fig. 9 shows the linear
speed of single-acting cylinder with
spring return at different pressures.
Fig. 10 shows input pressure to
single-acting cylinder with spring
return and Fig. 11 shows the
measured data of pressure sensor at
different pressure.

Experimental Results

In this section we list the results of
calibration of proportional pressure
control valve as shown in Fig. 12
and the behavior of pressure sensor.
The experimental results were
obtained from the test rig by using
two pressure sensors, two cases are
shown below .The two results were
taken when there was no pressure
drop in the hydraulic system and
happen leakage in the this mean
there is pressure drop, the leakage
occurred when the shut-off valve
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was opened. We explore these software connected with Arduino
results obtained from MATLAB board.

Linear Speed of Single-Acting Cylinder with Spring
Return
16
14 = speed at 5 bar
- 12 = speed at 10 bar
S~
g 10 speed at 15 bar
- 8 = speed at 20 bar
g 6 1 speed at 25 bar
wv 4 a
2 -
0
0 5000 10000 15000 20000 25000 30000
Time (ms)

Figure (9) Linear speed of single-acting cylinder with spring return

Input Pressure_Single Acting Cylinder With Spring
Return
40
35
30
8 25
g 20
2
§ 15
e 10
P
0 5000 10000 15000 20000 25000
Time (ms)
Figure (10) Input pressure of single-acting cylinder with spring return
pobu (e yale
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Case one: no pressure drop in the
hydraulic system

Fig. 13 shows behavior of the pressure
sensor 1 at 5 bar with time.

The equation of pressure sensor is

= pressure sensor at 5 bar
= pressure sensor at 10 bar
pressure sensor at 15 bar

pressure (bar)
=
(9]

10 = pressure sensor at 20 bar

= pressure sensor at 25 bar

0 2000 4000 6000 8000 10000

Time (ms)

Figure (11) Measured data of pressure sensor at different pressure

25—

[ [ [ [ [ [ [ [ [ [ [
0 100 200 300 400 500 600 700 800 900 1000

pressure

Figure (12) The calibration curve of proportional pressure control valve

al =159.8,b1 =23.75, c1 =8.245, a2
=261.9,b2=286.14,c2=41.95,a3 =
173.2,b3 =41.03, c3=19.59

value is taken in the Arduino program.

f(t)= al *exp(-((v-b1)/c1)"2) +
a2*exp(-((v-b2)/c2)"2) + a3*exp(-((v-

b3)/c3)"2) (10)
Where
P ol (o= yale
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Case two: pressure drop in the Notice that when the oil leakage occurs
hydraulic system the pressure will drop to (1 bar).
Fig. 14 shows behavior of the pressure Directly the sensor detects at very high
sensor at 20 bar with pressure drop. response.

15 T T T T T T T T T
1.25—
L
= T ]
8 o L i
3 I
> :';I ':.'
os|- g F i
1
B
e Pi X --©- Equation of pressure sensor 1 at 5 bar |
% : -~%- Pressure sensor 1 at 5 bar
0 &)K/)SK.’* [ [ [ [ [ [ [ [
0 10 20 30 40 50 60 70 80 90 100
Time (s)
Figure (13) Behavior of pressure sensor at 5 bar (Refer to Eq. (10))
45 T T T T T T T T _
41— —
35— —
oL ]
PR 4
15— -
0.5 —
0 [ [ [ [ [ [ [ [ [
0 10 20 30 40 50 60 70 80 90 100
Time (s)
Figure (14) Behavior of pressure sensor at 20 bar with pressure drop
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Means well is outflow
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Pump operated until

pressure p is built

Relief valve
still closed
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!
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Re.._. .alve )
> should open Relief valve open
mean safety valve
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change up or

No
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down for 10 second o
This is the set
pressure p
‘ Yes
—> | Reliel ... still
open
No
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- drop to less than
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is broken is closed
S
O ' l End

Flow chart (1) Arduino program flow chart
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Conclusions

As a result of this study, the
following conclusions are made

1- It can be made smart sensing of
variable pressure for oil well safety
valve using proportional pressure
control valve, since the system takes
instantaneous pressure as calibrated
to be a set point, accordingly the
proportional pressure control valve
will depend on the value of setting.
It is possible to apply this system on
the surface safety valves for wells
and oil transport pipelines.

2-In the case of the pressure source
was change the pressure sensor will
sense the
processing by the Arduino program

new pressure and

that it was became the new setting
automatically through proportional
pressure control valve.

3-The (AS) package can be used as a
simulation system for the design of
hydraulic systems. It can deal with
two types of users (professional and
beginners). As well can be used to
understand and study any hydraulic
system.

References

1- Automation Studio (AS) user
manual (2008) "Automation Studio

circuit design simulation software",
Fluid Power and Automation
Technologies,http://www. utomation

2-A. D. Amico, Pressure Control in
Hydraulic Power Steering Systems,
no. 1626. 2013.

3-K. Yang, I. Oh, and I. Lee,
“Pressure Control of Hydraulic
Servo System Using Proportional
Control Valve,” KSME Int. J., vol.
Vol. 13, no. 3, pp. 229-239, 1999.

4-L. Q. Sen, B. Hong, and L. Jun,
“Research on Embedded Electro-
hydraulic Proportional Valve
Controller,” n 2009 Third
International

Intelligent Information Technology
Application, 2009, vol. 1, pp. 91-94.

Symposium on

5-  Tonyan, J.(1985)
"Electronically Controlled
Proportional Valves" by Marcel
Dekker

Michael

6- Web site "Proportional Pressure
Relief Valve Type DBEP Datasheet"
Retrieved from

http://www.boschrexroth-
us.com/country units/america/united
_states/sub_websites/brus_brh_i/en/
products ss/08 proportional servo
valves/a_downloads/re29164 0203.
pdf 2014/4/18

2015 ple 22 Axo2 suall

At igl! Eagmedlg it yll Ay yalf Cilnalondl Sl Ales

polu (i yale
Ol ol molS Ll
Al Jale L


http://www.boschrexroth-us.com/country_units/america/united_states/sub_websites/brus_brh_i/en/products_ss/08_proportional_servo_valves/a_downloads/re29164_0203.pdf
http://www.boschrexroth-us.com/country_units/america/united_states/sub_websites/brus_brh_i/en/products_ss/08_proportional_servo_valves/a_downloads/re29164_0203.pdf
http://www.boschrexroth-us.com/country_units/america/united_states/sub_websites/brus_brh_i/en/products_ss/08_proportional_servo_valves/a_downloads/re29164_0203.pdf
http://www.boschrexroth-us.com/country_units/america/united_states/sub_websites/brus_brh_i/en/products_ss/08_proportional_servo_valves/a_downloads/re29164_0203.pdf
http://www.boschrexroth-us.com/country_units/america/united_states/sub_websites/brus_brh_i/en/products_ss/08_proportional_servo_valves/a_downloads/re29164_0203.pdf
http://www.boschrexroth-us.com/country_units/america/united_states/sub_websites/brus_brh_i/en/products_ss/08_proportional_servo_valves/a_downloads/re29164_0203.pdf

28

=
<& i

:\_,\__u;d\

7- Web site "Rexroth Electrical
Amplifier" Retrieved from
http://www.boschrexroth-
us.com/country units/america/united
_states/sub_websites/brus_brh i/en/
products_ss/03 electronics/a_downl
oads/re30111 2010-10.pdf
2014/4/18

8-Y. Guangwei and L. Muyi,

“Simulation research of
proportional pressure-reducing
valve,” in International
Conference on Advanced
Technology  of Design and

Manufacture (ATDM 2010), 2010,
pp. 121-126

S sl Beoznd ol daidad) il SN sl
e i) a1 3 v oleva ol

Aght (e s 0

Sl Ol S did

g IS Bkid

dldoed! Jaar Jals Lo

P! o dudid d

a1/ ks Aaalr/ o)y el Asudid S

Al

108 gl (3 S Cigu i Sl o puui a9 el (BLE (o 54 5L (30 7 i) Jadid) ceailil Aglas plaws A

rall Guusie (ro Jarall 5yl Al GUIg il gl (pn ekl Gldaay Guwsdl die LARL Jeay pleall
hgdy dedail @y (SS9 Aedll pdie £ ol (1o i Aedll Sl 055 of Lef 51 Jadally @Sl ples e (Sl g )algl
1D B3 Buas Glalis (3 (1950 Ladhs Sllg ,oedl 0,2 el Sy (Bl 09 Jlas dalgd ity (S9ud) il ddes
Bobi s (30 A9 (9 AT Jadudall uusceiis SUAS 9 (oLl Jasually @Sl plow o Joat .83 doglais 71 ABN @l ol
oy S Al el oodl dads dedg dasall GRS (e A8l Gasmy S dlize o @3 51 gl ) s e slos po
BISkell galij plbdeiuly lgles (po USLG Ao glaidl muaual @i .89 dallg Adlaill &f piiie cuwsg Alaxd JS lgde
feaiailly Aaglaidl oo slaf (ro JSUL Ao glaill Jas Slow (8 pides lga sbis @3 cUaS(Automation studio ).

IS (e edl Jars g 9.0¥1 L e ¢ 9o gll (il Jadd (ro Acwld A3Me e Jgasdl @3 Jad Sl A iiSg
oS3 JSs Lgalas g 5L Jas GISe¥ls dil g Uiiud @3 . oS3 JShy Jany 48] S S 9o W1 o) pe B )L 59 0

el R e g Jlas L1 0999 s (e 9

2015 ple 22 Axo2 suall

At igl! Eagmedlg it yll Ay yalf Cilnalondl Sl Ales

polu (i yale
Ol ol molS Ll
Al Jale L


http://www.boschrexroth-us.com/country_units/america/united_states/sub_websites/brus_brh_i/en/products_ss/03_electronics/a_downloads/re30111_2010-10.pdf%202014/4/18
http://www.boschrexroth-us.com/country_units/america/united_states/sub_websites/brus_brh_i/en/products_ss/03_electronics/a_downloads/re30111_2010-10.pdf%202014/4/18
http://www.boschrexroth-us.com/country_units/america/united_states/sub_websites/brus_brh_i/en/products_ss/03_electronics/a_downloads/re30111_2010-10.pdf%202014/4/18
http://www.boschrexroth-us.com/country_units/america/united_states/sub_websites/brus_brh_i/en/products_ss/03_electronics/a_downloads/re30111_2010-10.pdf%202014/4/18
http://www.boschrexroth-us.com/country_units/america/united_states/sub_websites/brus_brh_i/en/products_ss/03_electronics/a_downloads/re30111_2010-10.pdf%202014/4/18

