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ABSTRACT
[=] 5 [m]
: The control of the pressure of liquefied natural gas (LNG) is important
[=]: for safe operation and transportation. The paper presents the control of
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Emeritus Professor,

ST e controllers using a proper performance index. The step time response

Design and Production, of the control system using the four proposed controllers is presented
Faculty of Engineering, and the time-based characteristics are compared. The comparison
Cairo University, EGYPT. reveals the best controller among the four controllers depending on a

graphical and quantitative comparison study.

KEYWORDS: Liquefied natural gas (LNG), LNG tank pressure control, PID controller, PD-

PI controller, PI-PD controller, 2DOF controller, controller tuning.

INTRODUCTION

Liquefied Natural Gas (LNG) has great economic importance worldwise. As a fuel material
all its variables (temperature, pressure and level) have to be under control. Because storage
tank pressure is essential either in its lower limit or upper limit, LNG pressure control is
important and has to be considered with great attention. We start by taking an idea about

some of the research work regarding LNG pressure modeling and control:

Chorowski, Duda, Polinski and Skrzypacz (2015) stated that LNG must be vaporized and

pressurized to a pressure compatible with the ship-engines requirements. They presented the
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specific technical features of the LNG system and reviewed possible flow schemes of LNG
marine systems.!) Cap, Zhang and Zou (2018) introduced a control strategy for the LNG in
the insulation space in LNG carriers. They combined a nonlinear feedback technique with
closed-loop gain shaping algorithm. They compared three control strategies: with nonlinear
feedback, without nonlinear feedback and using 2DOF control strategies.”) Ovidi et al.
(2018) set up a computational fluid dynamics (CFD) model to analyze the dynamic behavior
of LNG tanks in heavy trucks. The model allowed the prediction of the dynamic pressure
built up in a damaged tank as an indication for the mechanical resistance.” Liu, Zhu, Zhang,
Shen and Zhang (2019) analyzed the safety attachment of LNG pressure control. They
obtained the minimum cut set of the safety attachment of LNG pressure control and put

forward the control measures and suggestions of LNG pressure control safety accessories.!!

Jo, Bangi, Son, Kwon and Hwang (2021) proposed the use of a model predictive control
(MPC) to regulate an LNG tank pressure. They developed a dynamic model for the LNG
storage tank pressure and a reduced-order model for the control purpose. They applied the
offset-free MPC controller to control the tank pressure.) Wang, Ju and Fu (2021) developed
a dynamic model to predict and investigate the performance of LNG fuel tank pressurization
under marine conditions. They showed that the heat transfer between LNG vapor and tank
wall dominates the pressurization process and the sloshing has severe impact on the tank
pressure.’® Sixian and Yonglin (2022) established a numerical model for phase change and
external heat leakage to study the pressure variation and temperature distribution of marine
LNG fuel tanks under sinusoidal sloshing excitation. They showed that when the external
sloshing excitation frequency is close to the fundamental natural frequency of the LNG fuel

tank, the tank pressure will drop rapidly resulting in engine shut down.!”

Wang, Ju, Wang and Zou (2022) developed a dynamic model for a high pressure gas supply
system and simulated the effects of the operating parameters on system performance. They
showed that the pressure overshoot increases as the methane content decreases and the tank
volume has a specific impact on the pressure response.’® Sun, Wang, Wang, Li and Yang
(2023) established a fluid-solid coupling analysis model for the dynamic response and
damage of a small-scaled domed LNG storage tank under penetration and explosion
conditions. They analyzed and compared the relationship of pressure at different positions of
the fluid and investigated the damage characteristics of the storage tank under different

conditions.™

WWW.Wjert.org ISO 9001: 2015 Certified Journal 19



http://www.wjert.org/

Galal. World Journal of Engineering Research and Technology

LNG Storage Tank Model for Pressure Control

The available literature didn’t have enough alternative for dynamic pressure models suitable
for pressure control strategies. There is a dynamic model available used for specific
controllers providing the tank pressure transfer function, G(s) as:?

Gp(S) = 3.25 €%/ [5(5-0.78)] 1)

The unit step time response of the tank pressure having the dynamics defined by Eq.1 is

shown in Fig.1 as generated by the ‘step’ command of MATLAB.!

step response of the LNG tank pressure

‘ J
Time (s)

Figure 1: Step time response of the LNG tank pressure.

The transfer function in Eq.1 represents an unstable system which represents the first
challenge of any controller or compensator because it has to stabilize the control system first
incorporating the unstable process. On the other hand it has to provide good performance for
the closed loop control system in terms of robustness and time-based characteristics.
Moreover, the controller/compensator proposed has to provide efficient suppression for the
process disturbance. This is what we are going to investigate for the four controllers

investigated in this research work.

Controlling the LNG Pressure Using a PID Controller

The PID controller is the most used controller from the first generation of PID controllers.
Even though it has some dynamic problems it is still in use up to know. To overcome the
dynamic problems of PID controllers, the author introduced the second generation of PID
controllers in 2014 and still investigating its application to a large class of processes with bad

dynamics and instability. In this work the PID controller will be applied first to control the
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LNG pressure and then three controllers from the second generation of PID controllers will
be applied and investigated for performance comparison with the PID controller.

An ideal PID controller has the transfer function, Gpp(s) given by

Gpin(s) = Kpct (Kifs) +Kgs (2

Where: K = proportional gain of the PID controller

Kj = its integral gain

Kq = its derivative gain

It has three gain parameters to be tuned for stable control system and good performance in
terms of maximum overshoot and settling time. The control system incorporating a controller
and the LNG pressure process with reference and disturbance inputs is shown in Fig.2. The
controller with output signal U(s) and input E(s) has to satisfy the requirements of the control

system with reference input R(s) and disturbance input D(s) through controller tuning.

D(s)
Ris) E(s) U(s) |, P(s)
s { controller] @ process —

Figure 2: Block diagram of the LNG pressure control system.

The control system of the LNG pressure control with PID control has the closed loop transfer
functions P(s)/R(s) and P(s)/D(s) using Egs.1 (with neglected time delay) and 2 given by:
P(s)/R(s) = N1r(S)/D1r(S) @)
Where:Nig(S) = 3.25Kd52+3.25Kpcs+3.25Ki

Dir(S) = $°+(3.25K-0.78)s%+3.25K 5c5+3.25K;

And P(s)/D(s) = N1p(s)/D1r(s) (4)
Where:Njp(s) = 3.25s

The PID controller is tuned as follows

e The unit step time response of the closed-loop control system for the reference input is
evaluated using Eq.3 using the step command of MATLAB.!%

e The optimization toolbox of MATLABM™! is used to minimize an Integral of Time
multiplied by Absolute Error (ITAE) performance index.™*?

e The tuning results for the PID controller parameters are as follows:

Kpe = 5.901413; K; = 93.144803; Kq = 962.511516 (5)
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The unit step time response of the control system for the LNG pressure control with both

reference and disturbance inputs using Eqgs.3,4 and 5 is shown in Fig.3.

PID control of LNG pressure (reference input)
1.5 T " . . :

p (mbar)

0 0.5 1 15 2 25 3
Time (s) %103
. .10-3 PID control of LNG pressure (disturbance input)

0 100 200 300 400 500 600 700 BOD 900 1000
Time (s)

Figure 3: PID control of the LNG pressure.

Comments

» The PID controller provided a very good reference input tracking step time response. It
has the following characteristics

+ Maximum overshoot: 0.0125 %.

+ Settling time: 0.00125 s

» The success of the PID controller regarding the reference input is faced with a failure in
suppressing quickly the disturbance step time response. It has the following
characteristics

+ The step time response is highly oscillating.

+ Maximum LNG pressure time response: 0.0033 mbar.

+ Time of maximum step time response: 5 s.

+ Settling time: 1600 s.

Controlling the LNG Pressure Using a PD-PI Controller

The PD-PI controller was introduced by the author in 2014 to control a number of difficult

processes including: first-order delayed processes,!*® highly oscillating second-order

process,™! integrating plus time-delay process,*® delayed double integrating process,™®

third-order process,*"! boost-glide rocket engine,*®! and LNG level control.[*"
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The PD-PI controller is composed of two cascaded feedforward control modes: PD-mode and
Pl-mode. It has a transfer function Gpppi(s) given by®!

Grori(S) = [KaKpezS” + (KaKi+KpetKpe2)s+Kipet Kil/s (6)
Where: K1 = proportional gain of the PD-control mode.

Kq = derivative gain of the PD-control mode.

Koez = proportional gain of the Pl-control mode.

K; = integral gain of the Pl-control mode.

The PD-PI controller has four gain parameters (Kyc1, K, Kpez and Kj) to be tuned to satisfy
the objectives of using the controller to control the LNG pressure and provide good control

system performance for reference and disturbance inputs.

The transfer function for reference input, P(s)/R(s) is given by
P(s)/R(s) = N2r(s)/D2r(S) ()

D2r(S) = $°+(3.25KgKpe2-0.78)s°+3.25(KgKi+Kipe1 Kpe2)s+3.25K e K

The transfer function for disturbance input, P(s)/D(s) is given by
P(s)/D(s) = N2p(s)/D2r(S) (8)

Where:N2p(s) = 3.25s

The PD-PI controller is tuned using the same tuning procedure used with the PID controller.
The tuned parameters of the PD-PI controller are as follows

Kpe1 = 9.88483, Kg¢= 100.57177

Koz =100.39382, K= 49.80543 9)

Using the closed-loop transfer function of the closed-loop control system in Eqgs.7 and 8 and
the PD-PI controller gains in EQ.9, the reference and disturbance input tracking unit step time
response of the LNG tank-pressure is shown in Fig.4.
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PD-PI control of LNG pressure (reference input)
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.+ 10-3PD-PI control of LNG pressure (disturbance input)
= : : : : :
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Figure 4: PD-PI control of the LNG pressure.

Comments
» The PD-PI controller provided a very good reference input tracking step time response. It
has the following characteristics:

+ Maximum overshoot: Zero

=

Settling time: 0.12 ms

» The PD-PI controller succeeded to suppress the disturbance time response. It has the
following characteristics:

+ Maximum LNG pressure time response: 0.0015 mbar.

+ Time of maximum step time response: 0.30 s.

+ Settling time: 5 s.

Controlling the LNG Pressure Using a PI-PD Controller

The PI-PD controller was introduced by the author in 2014 to control a number of difficult
processes including: highly oscillating second-order process,’” delayed double integrating
process,'? a third-order process,'”? coupled-dual liquid tank.”® and fourth order blending
process.””! The block diagram of a control system incorporating a PI-PD controller and a
controlled process is shown in Fig.5.22) The controller is composed of two elements: a PI
control mode element in the forward path of the block diagram and a PD control mode in a
feedback loop with the controlled process. The transfer functions of the two elements of the
P1-PD controller are

Gpi(S) = Kper+(Kifs)

And  Gpp(s) = KpeatKgs (20)
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Pl-mode IXs) Process
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Figure 5: Control system using a P1-PD controller.

The transfer function for reference input using Egs.1and 10 and the block diagram in Fig.5,
P(s)/R(s) is given by

P(s)/R(s) = N3r(s)/D3r(S) (11)

Where:Nsr(S) = 3.25Kpe15+3.25K;

Dar(s) = 5°+(3.25K-0.78)s°+3.25(K pe1+Kpco)s+3.25K;

The transfer function for disturbance input, P(s)/D(s) is given by:
P(s)/D(s) = N3p(s)/Dsr(S) (12)
Where:N3p(s) = 3.25s

The PI-PD controller is tuned using the same tuning procedure used with the PID controller.
The tuned parameters of the PI-PD controller are as follows:

Kpe1 = 33.77280, K; = 36.10420

Kpez = 22.06597, Ky = 11.37534 (13)

Using the closed-loop transfer function of the closed-loop control system in Egs.11 and 12
and the P1-PD controller gains in Eg.13, the reference and disturbance input tracking unit step

time response of the LNG tank-pressure is shown in Fig.6.

Comments

» The PI-PD controller provided a good reference input tracking step time response. It has
the following characteristics:

+ Maximum overshoot: 0.863 %

Settling time: 0.975 s

=

» The PI-PD controller succeeded to suppress the disturbance time response without
oscillation. It has the following characteristics:
+ Maximum LNG pressure time response: 0.0016 mbar.

+ Time of maximum step time response: 0.065 s.
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+ Settling time: 120 s.

PI-PD controlled LNG tank pressure

p{mbar)

Time (s)
=10 iPI-PD control of LNG pressure (disturbance Input)

p (mbar)

Time (s)

Figure 6: LNG pressure step time response using PI-PD controller.

Controlling the LNG Pressure Using a 2DOF Controller
A number of structures for the 2DOF controller were introduced by the author in 2015 to

5,122 greenhouse temperature?”? and a rocket engine.?® The

control second order processe
block diagram of one of the structures of the 2DOF controller is shown in Fig.7.%! The
2DOF controller has two elements: A feedforward element of a transfer function Ggi(S)
receiving the reference input R(s) and a feedback element of a transfer function Gg,(S)
receiving the process output signal as shown in Fig.7. The controller has the transfer

functions.

controller d
process
R(s) U(s) .l H(s)
Gai(s) —>O—4—— ] Gg(s)
Gea(s)
Figure 7: Structure of a 2DOF controller.[?>?)
ch_(s) = Kpc]_ + (K|/S)
And Gey(s) = Kpez + (Kifs) + Kgs (14)

WWW.Wjert.org ISO 9001: 2015 Certified Journal 26



http://www.wjert.org/

Galal. World Journal of Engineering Research and Technology

The 2DOF controller structure shown in Fig.7 has four gain parameters to be tuned to achieve

an optimal performance for the LNG pressure.

The transfer function for a reference input, [P(s)/R(s)] of the control system incorporating the
2DOF controller and the LNG tank pressure process is derived using the control system block
diagram in Fig.7 and Egs.1 and 14 and given by

P(s)/R(S) = N4r(S)/Dagr(S) (15)

Where:N4r(s) = 3.25K15+3.25K

Dur(S) = $°+(3.25K-0.78)s%+3.25K 525+3.25K;
The transfer function for disturbance input, P(s)/D(s) is given by:
P(s)/D(s) = Nap(s)/Dar(S) (16)

Where:Nyp(s) = 3.25s

The 2DOF controller is tuned using the same tuning procedure used with the PID controller.

The tuned parameters of the 2DOF controller are as follows
Kper = 11.37892,  K;=59.83575
Koz = 4.26698, Kg=14.41085 (17)

Using the closed-loop transfer function of the closed-loop control system in Egs.15 and 16
and the 2DOF controller gains in Eq.17, the reference and disturbance input tracking unit step
time response of the LNG tank-pressure is shown in Fig.8.

2DOF controlled LNG tank pressure

g

/

pimbar)

o

P

0 02 D4 0% 08 ' 12 14 16 1B
Time (s)

2D0F control of LNG pressure (disturbance input)

5/

Figure 8: LNG pressure step time response using 2DOF controller.
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Comments

The 2DOF controller provided a good reference input tracking step time response. It has the
following characteristics

+ Maximum overshoot: zero

+ Settling time: 1.147s

The 2DOF controller succeeded to suppress the disturbance time response with two
oscillation cycles. It has the following characteristics

+ Maximum LNG pressure time response: 0.044 mbar.

+ Time of maximum step time response: 0.42s.

+ Settling time: 4s.

Characteristics Comparison of the Four Controllers
The characteristics comparison takes two forms: graphical and quantitative ones as follows

Graphical comparison
» For the reference input: The comparison is split into two graphs as illustrated in Fig.9 for
PID and PD-PI in the top graph and for PI-PD and 2DOF controllers in the bottom graph.

Controlled LNG tank pressure for reference input

1.5

5 1

=

£

"] 0.5
——— PID controller
= PD-Pl controller

0 " " .

1] 0.2 0.4 0.6 0.8 1 12 1.4 16 1.8 2
Time (s) x10"3
Controlled LNG tank pressure for reference input

PI-PD controller
=———2DO0OF controller

1] 02 0.4 0.6 0.8 1 12 1.4 16 1.8 2
Time (s)

Figure 9: Reference input step time response.

For the disturbance input: The comparison is presented in Fig.10.
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10 Controlled LNG tank pressure for disturbance input

s PID controllar
| = PD-Plcontroler | |

p(mbar)

30 400 500 600
Time (s)

%
[ Ty
| — 2DOF controllor 1 1

p{mbar)

Time (s)

Figure 10: Disturbance input step time response,

Quantitative comparison: The time-based characteristics of the control system for the
pressure control of the LNG in the transporting tank are quantitatively compared in Table 1

for reference input tracking and Table 2 for disturbance input.

Table 1: Reference input time-based characteristics of the LNG pressure control using
PID, PD-PI, PI-PD and 2DOF controllers.

Characteristics | PID controller PD-PI PI-PD 2DOF
controller controller controller
Maximum 0.0125 0 0.863 0
overshoot (%)
Settling time (s) 0.00125 0.00012 0.975 1.147

Table 2: Disturbance input time-based characteristics of the LNG pressure control

using PID, PD-PI, PI-PD and 2DOF controllers.

(Characteristics PID controller PD-PI PI-PD 2DOF
controller controller controller
Maximum time 0.0033 0.0013 0.0016 0.044
response (mbar)
Time of
maximum time 5 0.30 0.065 0.42
response (mbar)
Settling time (s) 1600 3 120 4
CONCLUSION

e The objective of the paper was to investigate the use and tuning of PID, PD-PI, PI-PD and

2DOF controllers to control a LNG pressure in a transportation tank.

WWW.Wjert.org 1SO 9001: 2015 Certified Journal 29



http://www.wjert.org/

Galal. World Journal of Engineering Research and Technology

e The four controllers were tuned using the MATLAB optimization toolbox and the ITAE
performance index.

e The PID controller succeeded to reduce the maximum overshoot of the reference input
step time response to only 0.0125 % and succeeded to settle after 1.25 ms.

e The PID controller failed to suppress the disturbance input without oscillation and
sustained 1600 s before settling.

e The PD-PI controller succeeded to eliminate completely the maximum overshoot of the
control system and succeeded to settle after 0.12 ms.

e The PD-PI controller succeeded to suppress the disturbance time response and settle
without oscillation after only 5 s.

e The PI-PD controller could generate reference step time response with maximum
overshoot of 0.862 % and settles in less than one second.

e The PI-PD controller succeeded to suppress the disturbance step time response with only
one oscillation and settles after 120 s.

e The 2DOF controller succeeded to eliminate the maximum overshoot of the control
system and settles after 1.141 s.

e The 2DOF controller succeeded to suppress the disturbance step time response without
any oscillation and settle after 4 s.

e The proposed PD-PI controller was the best choice recommended to control such a

difficult dynamic process as depicted from Table 1, Table 2 and Figs.9 and 10.

REFERENCES

1. M. Chorowski, P. Duba, J. Polinski and J. Skzypacz, “LNQ systems for natural gas
propeller ships”, IOP Conference Series: Materials Science and Engineering, 2015; 101:
0120809.

2. J. Cao, X. Zhang and X. Zou, “Pressure control of insulation space for liquefied natural
gas carrier with nonlinear feedback technique”. Journal of Marine Science and
Engineering, 2018; 6: 133.

3. F. Ovidi et al., “CFD modeling of vertical LNG tanks adopted in heavy trucks refueling
stations”, Chemical Engineering Transactions, 2018; 67: 547-552.

4. H. Liu, G. Zhu, M. Zhang, J. Shen and X. Zhang, “Research on optimization of LNG
pressure control safety accessories based on fault free analysis”, IOP Conference Series:
Earth and Environmental Science, 2019; 295: 7.

WWW.Wjert.org ISO 9001: 2015 Certified Journal 30



http://www.wjert.org/

Galal. World Journal of Engineering Research and Technology

5. Y. Jo, M. Bangi, S. Son, J. Kwon and S. Hwang, “Dynamic modeling and offset-free
predictive control of LNG tank”. Fuel, 2021; 285, ID: 119074, 15.

6. C.Wang, Y. Ju and Y. Fu, “Dynamic modeling and analysis of LNG fuel pressurization
under marine conditions”. Energy, 2021; 232. ID: 121029.

7. W. Sixian and J. Yonglin, “Numerical study on pressure variation of marine liquefied
natural gas (LNG) fuel tanks under sinusoidal sloshing excitation”, IOP Conference
Series: Material, Science and Engineering, 2022; 1240: 1: 8.

8. C.Wang, Y. Ju, T. Wang and S. Zou, “Transient performance study of high pressure fuel
gas supply system for LNG fueled ships”, Cryogenics, 2022; 125. ID: 103510.

9. Y. Sun, C. Wang, W. Wang, T. Li and T. Yang, “Dynamic response analysis of a small
scaled ACLNG storage tank under penetration and explosion loading”, Acta Mechanica
Sinica, 2023; 39: 17.

10. Mathworks, “Step response of dynamic system”, https://www.mathworks.com/help
[ident/ref/dynamicsystem.step.html, 2023.

11. C. P. Lopez, MATLAB optimization techniques, Apress, 2014.

12. A. Shuaib and M. Ahmed, “Robust PID control system design using ITAE  performance
index (DC motor model), International Journal of Innovative Research in Science,
Engineering and Technology, 2014; 3(8): 15060-15067.

13. G. A. Hassaan, “Tuning of PD-PI controller used with first-order delayed process”,
International Journal of Engineering Research and Technology, 2014; 3(4): 51-55.

14. G. A. Hassaan, “Tuning of PD-PI controller used with a highly oscillating second-order
process”, International Journal of Science and Technology Research, 2014; 3(7):
145-147.

15. G. A. Hassaan, “Tuning of PD-PI controller used with an integrating plus time delay
process”, International Journal of Scientific & Technical Research, 2014; 3(9): 309-313.

16. G. A. Hassaan, “Controller tuning for disturbance rejection associated with delayed
double integrator process, Part I: PD-PI controller”, International Journal of Computer
Techniques, 2015; 2(3): 110-115.

17.G. A. Hassaan, “Tuning of PD-Pl controller used with a third-order process”,
International Journal of Application or Innovation in Engineering Management, 2020;
9(8): 6-12.

18. G. A. Hassaan, “Control of a boost-glide rocket engine using PD-PI, PI-PD and 2DOF
controllers”, International Journal of Research Publication and Reviews, 2023; 4(11):

913-923.

WWW.Wjert.org ISO 9001: 2015 Certified Journal 31



http://www.wjert.org/
https://www.mathworks.com/help/ident/ref/dynamicsystem.step.html
https://www.mathworks.com/help/ident/ref/dynamicsystem.step.html

Galal. World Journal of Engineering Research and Technology

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

G. A. Hassaan “Liquefied natural gas tank level control using PD-PI, I-PD and 2DOF
controllers compared with PID control”, World Journal of Engineering Research and
Technology, 2023.

G. A. Hassaan “Tuning of a PI-PD controller used with a highly oscillating second-order
process”, International Journal of Research and Innovation Technology, 2014; 1(3):
42-45.

G. A. Hassaan, “Controller tuning for disturbance rejection associated with delayed
double integrating process”, International Journal of Recent Engineering Science, 2015;
2(3): 1-5.

Singer and G. A. Hassaan, “Tuning of a PI-PD controller used with a third-order
process”, World Journal of Engineering Research and Technology, 2020; 6(4): 367-375.
G. A. Hassaan, “Tuning of controllers for reference input tracking of coupled-dual liquid
tanks”, ibid, 2022; 8(2): 86-101.

G. A. Hassaan, “Tuning of controllers for reference input tracking of a fourth order
blending process”, ibid, 2022; 8(4): 177-190.

G. A. Hassaan, “Tuning of a 2DOF controller used with a highly oscillating second-order-
like process”, International Journal of Modern Trends in Engineering and Research, 2015;
2(8): 292-298.

G. A. Hassaan, “Tuning of a 2DOF PI-PID controller used with second-order-like
process”, International Journal of Computer Techniques, 2018; 5(5): 67-73.

G. A. Hassaan, “Temperature control of a greenhouse using PD-PI, PI-PD and 2DOF
controllers”, International Journal of Engineering Innovations, 2023; 12(9): 156-167.

G. A. Hassaan, “Control of a boast-glide rocket engine using PD-PI, PI-PD and 2DOF
controllers”, International Journal of Research Publication and Reviews, 2023; 4(11):
913-923.

D. Viancic, S. Strmcnik, M. Huba and P. Oliveira, “Comparison of some tuning methods
for integrating processes”, 9" International Ph.D. Workshop on Systems and Control,
Izola, Slovenia, 2008; 6: 1-3.

WWW.Wjert.org ISO 9001: 2015 Certified Journal 32



http://www.wjert.org/

Galal. World Journal of Engineering Research and Technology

BIOGRAPHY

Galal Ali Hassaan: Emeritus Professor of System Dynamics and Automatic Control. Has got
his B.Sc. and M.Sc. from Cairo University in 1970 and 1974 respectively. Has got his Ph.D.
in 1979 from Bradford University, UK under the supervision of Late Prof. John Parnaby.
Now with the Faculty of Engineering, Cairo University, EGYPT. Research on Automatic
Control, Mechanical Vibrations, Mechanism Synthesis and History of Mechanical
Engineering. Published more than 300 research papers in international journals and
conferences. Author of books on Experimental Systems Control, Experimental Vibrations
and Evolution of Mechanical Engineering. Member of the Editorial Board of a number of

International Journals including WJERT. Reviewer in some international journals.

WWW.Wjert.org 1SO 9001: 2015 Certified Journal 33



http://www.wjert.org/

