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Abstract—The use of the computer program MATLAB is
prominent in many studies that simulate many industrial
systems. The current simulation aims to build a suitable
simulation model representing the Two-phase Hybrid Stepping
Motor (2Ph-HSM). This type of motor is employed in a specific
application to produce a force called automatic grinding force.
To control the force, motor speed, and location, we need to add
control systems, so two methods have been proposed, one of
which is traditional, namely proportional, integral, and
derivative (PID) control and the other is intelligent, called Gray
Wolf Optimization (GWO). The current work also aims to use
traditional control algorithms and advanced optimization
algorithms that were chosen for their ease of control and
possibility of use in many industrial applications. By setting
appropriate specifications for the simulation model and after
conducting prescribed tests that simulate different applications
of the motor’s work within electrical systems, the results
demonstrated good motor performance, better response, and
high accuracy, in addition to speed. The goal is to design and
tune a proportional, integral, and derivative (PID) controller by
gray wolf optimization (GWO) using the transfer function (TF)
of a 2Ph-HSM. To adjust the parameters of conventional
controllers using advanced optimization, a suitable mechanism
and technique were selected from advanced optimization
techniques, where the gray wolf technique algorithm was chosen
as an optimization technique and Integrated Time Absolute
Error (ITAE) to adjust the parameters of conventional PID
controller.
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l. INTRODUCTION

Previous studies confirmed the possibility of using
computer programs, including the MATLAB engineering
program, to simulate systems that focus on operating electric
motors in various fields. Previous studies have also
confirmed the possibility of representing electric motors with
mathematical models and block diagrams [1]-[5]. The
conversion function of the system can be calculated
according to the appropriate specifications. The 2Ph-HSM
motor is one of the motors that has gained a great deal of
importance in industrial applications, including moving and
rotating a robot arm in the grinding process of curved surfaces
such as a fan. The ship is the subject of current simulations
[6]-[10].

Electric motors need control units to improve their
performance. Among the commonly used control units that
have proven their efficiency with linear systems is the
traditional controller [11]-[15]. While nonlinear systems need
expert units such as neural networks and fuzzy logic or smart
ones such as the optimal advance of a genetic algorithm or
types. The work environment is considered to be on a turbine

blade or a marine fan that needs an environment suitable for
constant force. The grinding process bends with the change
of time. The workpiece bends on the work piece. We need to
provide the required natural path for the grinding process
accurately because of changing its dimensions during the
grinding process and changing the dimensions as a result of
the erosion of the piece by the impact of the grinding process
[16]-[19].

The hierarchical wolf algorithm is one of the most
important algorithms that previous experiments have
demonstrated the possibility of using to improve the
performance of linear and nonlinear systems. Among the
categories that it includes is the leader and it is called alpha
(a), which is considered the highest in the hierarchy or from
the first level. The leader category is the one that cares and is
able to make decisions, including choosing the spatial
environment for hunting and the place to live. It does not
matter if the leader is female, male, or both. Another category
is beta (B), which is from the second level of the hierarchy,
and this category assists the first category in making some
decisions. There is also a third category, Delta (d), and it is
the lowest level in terms of hierarchy, and it is the category
that is subject to orders. All categories are in the form of
groups, and each has a role to play or what is called a
scapegoat [20]-[24]. Finally, the Omega category (), which
is the lowest category of the pyramid, or the fourth rank is
called the category of sheiks, and its function is detection and
guarding. All classes in the algorithm hierarchy can be
represented by a flowchart of the wolves’ algorithm as in the
Fig. 1. Whereas Fig. 2 show the flow process of the method.

Fig. 1. Hierarchical wolf algorithm
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Fig. 2. Flow chart of hierarchical wolf algorithm

Performance indicators of the error in the system are the
problem and its solution is to get rid of it completely or reduce
it to the lowest possible level, thus obtaining an effective
system design within the required outputs. The amount of
error is taken and treated with one of the techniques of system
performance indicators such as IAE, which means absolute
integration of error [25]-[29]. There are other types that will
be mentioned and represented in the equations (1-4) and Fig.
3, Fig. 4, Fig. 5, Fig. 6.

ISE =fe2(c)dc (1)
IAE = fle(t)ldt 2
ITAE = f tle(®)|dt ©))
ISTAE = f t*e(t)|dt (4)

1
% 1 -
®_t: % > P but.simoul
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Fig. 6. Diagram of the ISTAE performance improvement index

To obtain an effective and appropriate system response,
an objective function of the type ITAE was chosen. It means
the integration of the absolute error multiplied by time. It is
based on the measurement of the error value during operation
e(t) and is calculated from the difference between the actual
speed (feedback) and the reference (required). It can be
mathematically represented by an equation and as a model
[30]-[34].

After representing the model mathematically and arriving
at a transfer function model that fits its specifications, the
proposed tests were performed. The simulation results
showed the possibility of representing and simulating the
system in addition to the possibility of improving
performance for the various proposed cases. In this
simulation, we propose to test the possibility of representing
the robotic arm, which is driven using an electric motor, to
perform the milling process of a curved surface of the ship's
hull from under the water, which requires a balanced effort
and force to perform the work with high accuracy and
proficiency. Therefore, this requires that all operating
conditions be considered according to a suitable controller's
business strategy and algorithm for its real-time operation
[35]-[39].

The model can be represented mathematically and
appropriate tests can be performed to simulate real-time
operation. Three tests were developed for the purpose of
comparison and to determine the importance of each
condition and the negatives and positives through the
simulation results of response speed, ascent, overtaking,
stability, transient condition, and all associated working
conditions. Improving work performance by adopting
intelligent control systems that are compatible with the non-
linear system, since the traditional control unit is only suitable
for linear systems [40]-[44].

1. THE 2PH-HSM IN THE AUTOMATED MILLING
PROCESS (RGS)

The grinding process is a mechanical process provided by
the electric motor. The grinding process takes place as a result
of the presence of materials to be removed from the surfaces
of the required workpieces. The 2ph-HSM motor is used in
the milling process as a result of its suitable torque as well as
being suitable in terms of noise, vibration, and cost. The
milling machine can be seen in Fig. 7, where there are clear
forces for the milling process, normal, and tangential which
are symbolized by fy, fr, and Fq. Fig. 8 represents the scheme
of the system, which can be mathematically represented by
the equations (5-8) [45]-[50].

After examining the components of the system and
representing them mathematically, the next step is to build
the simulation model in successive steps. Where: Tangential
force is fr, elastic modulus of a Helix Spring is Kf, smallest
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displacement to compress the Helix Spring is ds, greatest 270000 52 + 28350000 5 + 135000000

displacement is dg, precise displacement is dp. = 10
P g.p P P G(s) s*+ 19799 s3 + 650000 s2 + 7500s ( )

I1l.  RESULTS AND DESCUSION

A. Open-loop system model

The behavior of the open-loop system can be studied in
both linear and nonlinear systems using model and simulation
results. For example, the reference value of the system is
speed, and when the system operates with a fixed reference
value of speed, this type is considered a linear system that can
represent the simulation model as in Fig. 10 (a). The behavior
of the system can be known through the simulation results as
fuh® it in Fig. 10 (b) while the non-linear system, which is when the
system operates with a variable speed reference value, can
represent the simulation model as in Fig. 11 (a) and the
[ qp— ) (o behavior of the system can be known through the simulation
. J D . results as in Fig. 11 (b). From the figure, we notice the
instability of the system is clear. This requires finding a
ForeeSensont [ solution for the stability of the system. It is suggested to build

[ P ]. | a closed-loop system and conduct a test to know the behavior
of the system.

Fig. 8. hematic diagram of RGFS with hybri r motor
'.8. Schematic diagram of RGFS with hybrid stepper moto 27000052 + 283500005 + 135000000 )
. s* + 1979953 + 65000052 + 75005 d

Fig. 7. Equivalents RGFS with hybrid stepper motor

Controller

Combination

p = tan @ ®)
a. Simulation model
fr = pfn (6) —
fy = w )
dg+d -
d, == (®) ;

The simulation model can be represented by an equivalent
circuit and the appropriate transfer function. It represents the
electrical circuit of the motor as in Fig. 9 and the transfer = s g

function is in (9). L b. Simulation result

A A N ,.i r' ﬁ r Fig. 10. Open-loop system model of a constant speed reference value
v GMD

Fig. 9. Equivalent circuit for 2Ph-HSM

|
;

]

270000s” + 283500005 + 135000000
Erroer s* + 197995 + 6500005 + 75005

F

=

A(s) -

IO EY 7] 2 Simulation moc
A(s) = Kpv +KIv /s + KDvs) (KPis+ Kli)ke NKH ©)] 1 1 |

B1(s) = JLs*+ (JR + BL + JKPi KH )s®
B2(s) = BKIi KH s + (JKIi KH + BR + BKPi KH)s?

When the system specifications are known, the required
transfer function for the simulation model can be written. The
system specifications and the transfer function are as
follows: Resistance R = 1.3Q, Inductance L= 4.5mH,
Coefficient of Viscous Friction B = 0 N'm-s/rad, Inertia
Constant J =270 kg'm, p =1, KDv =115, Kpv = 550, KIi =
550, KIv = 0, ke = 0.25 N'-m/A, KH = 10, KPi = 6 and N =
180. Transfer function (TF) will be (10).

b. Simulation result
Fig. 11. Open-loop system of a variable speed reference value
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B. Closed-loop system model

The behavior of the closed-loop system without a
controller can be studied in both linear and nonlinear systems
using model and simulation results. For example, the
reference value of the system is speed, and when the system
operates with a fixed reference value of speed, this type is
considered a linear system that can represent the simulation
model as in Fig. 12 (a). The behavior of the system can be
known through the simulation results as in Fig. 12 (b), while
the non-linear system, which is when the system operates
with a variable speed reference value, can represent the
simulation model as in Fig. 13 (a) and the behavior of the
system can be known through the simulation results as in Fig.
13 (h).

2700005 + 283500005 + 135000000
s* + 197995% + 6500005 + 75005

a. simulation model without controller

Close-oop sysiem withoul Controler

0

Ofsers() Time (seconds,

b. Simulation result without controller
Fig. 12. close-loop system model of a constant speed reference value

The simulation model in Fig. 12 shows the conversion
function with the reference signal and the oscilloscope for the
(actual) output signal. We also note the presence of feedback,
as well as a comparator between the reference and actual
value, and the output of the comparator represents the error
value. Fig. 13 represents the output of the oscilloscope and
represents the closed-loop system behavior.

From the figure, we notice the transient state and the
stable state by exceeding the output from the established
limit, and then it returns to the required value. This requires
finding a solution for the stability of the system while
reducing the rate of overshot and speed of performance. It is
suggested to build a closed loop system with a conventional
control unit and conduct the test to know the behavior of the
system.

F

2700005 + 283500005 + 135000000
5%+ 197995 + 65000057 + 7500s

HE

o ..? o T@

?

=

a. simulation model without controller

b. Simulation result without controller

Fig. 13. close -loop system of a variable speed reference value

C. Closed loop system model with PID controller

The behavior of the closed-loop system with PID
controller can be studied in both linear and nonlinear systems
using model and simulation results. For example, the
reference value of the system is speed, and when the system
operates with a fixed reference value of speed, this type is
considered a linear system that can represent the simulation
model as in Fig. 14 (a). The behavior of the system can be
known through the simulation results as in Fig. 14 (b), while
the non-linear system, which is when the system operates
with a variable speed reference value, can represent the
simulation model as in Fig. 15 (a) and the behavior of the
system can be known through the simulation results as in Fig.

15 (b).
Q» PID(s) :@

a. simulation model with PID controller

2700005 + 283500005 + 135000000
s* 4+ 197995 + 6500005 + 75005

Close-loop system with PID Controlier

Spaed(pu)

.’.r-..a.-'. o Time (seconds)
b. simulation results with PID controller
Fig. 14. close-loop system model of a constant speed reference value

) Poes 270000s* + 283500005 + 135000000
Erop g 4 197994 + 6500007 + 75005

2995

a. simulation model with PID controller
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Close-doop sysiem with PID Controlier

o Tema (sacon

b. Simulation results with PID controller
Fig. 15. Close-loop system model of a variable speed reference value

D. Closed loop system model with GWO-PID controller

The behavior of the closed-loop system with GWO-PID
controller can be studied in both linear and nonlinear systems
using model and simulation results. For example, the
reference value of the system is speed, and when the system
operates with a constant reference value of speed, this type is
considered a linear system that can represent the simulation
model as in Fig. 16 (a). The behavior of the system can be
known through the simulation results as in Fig. 16 (b), while
the non-linear system, which is when the system operates
with a variable speed reference value, can represent the
simulation model as in Fig. 17 (a) and the behavior of the
system can be known through the simulation results as in Fig.
17 (b). Performance using the ITAE objective function with
GWO-PID controller is shown in Fig. 18. The results can be
appended in one form to show the difference between the
different methods and to identify the best among them, as in
Fig. 19.

2700005" + 283500005 + 135000000
5* 4197995 4 6500005° 4 75005

a. Simulation model with GWO-PID controller

Close-doop sysiem with GWO-PID Coniroller

Speedipu)

Offset=0 Time (seconds
b. Simulation results with GWO-PID controller
Fig. 16. Close-loop system model of a constant speed reference value
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a. Simulation model with GWO-PID controller

Close-oop system with GWO-PID Controlier

Spesdipu)

-

Whsen= T me (saconds)
b. Simulation results with GWO-PID controller
Fig. 17. Close-loop system model of a variable speed reference value
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Fig. 18. Performance ITAE each iteration for GWO-PID controller

2PH-HSM for RGF

Fig. 19. Results of SM without, with PID and GWO-PID

To discuss the simulation results, we need to describe the
behavior of the system for the proposed cases and adopt the
comparison between the different tests. The measurement
criteria are time, such as the rise time, the settling time, and
the average rate of deviations from the desired goal. The
fastest method is considered the best, and the least deviation
rate characterizes the best method. The fastest way is by using
the gray wolf algorithm and the lowest bypass rate was by the
wolf algorithm.

In the simulation results section, there are three parts, The
first part simulation model, under title modeling without a
controller which means a close loop at the linear system, and
the result of this model is shown in Fig. 20. Fig. 20 shows the
rise time equal 42.7 ms, overshoot of 18.452%, and
undershoot 2%. The second part, the simulation model under
title modeling with PID controller at the close loop at liner
system and the result of this model is shown in Fig. 21. Fig.
21 shows the rise time equal 6.603ms, overshoot amplitude
equal 4.737% and undershoot 2%. Finally, part, simulation
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model, under title modeling with GWO-PID controller means
a close loop at the liner system, and the result of this model
is shown in Fig. 22. Fig. 22 shows the rise time equal to
9.571ms, overshoot of -0.225%, undershoot of 1.980%, and
settling time equal to 15.437 ms.

& Response without, with PID Controller and with GWO-PID Contraller — o £
File Tech View Smulstion Help -
@-(4QP@|3-|Q-[E-|F@-
2PH-HSM for RGF & |7 Trace Selection x| =

T of 2Ph-HSM for RGF
T.F of 2Ph-HSM for RGF wit

TF of 2Pn-HSM for RGF wil ler

TF of 2Ph-HSM for RGF withGWO-PID controlle

High 1.0272+00
Low 6079203
Amgltude 1.0212400

& ||+ Edges 1

£ ||+ Rise Time 42770 ms
+ Slew Rate 19.104 (is)
- Edges ]

- Fall Time -
- Slew Rate

' Overshoots / Undsrshaats
+ Preshoot 0.595 %

o a5 o1 015 02 028 03 038 a4 045 05 + Orershost ia452%
Time (seconds) + Undershoat 2000 % .
[Running Sampie besed T=0.481

Fig. 20. Data results of first part

4 Response without, with PID Controller and with GWO-PID Controller - =} x
file Tools View Simulation Help ~
G- | B0 @ |- |Q- K [F@-
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TF of 2Ph-HSM for RGF ...~
r2f /\ T F of 2Ph-HSM for RGF without controller
------ ~— TF of 2Ph-HSM for RGF withGWO-PID controlle
High 9.9828-01
,30“ Low 5.226e-03
& Amplitude 9.930e-01
Sog b ||+ Edges 1
E £ || + Rise Time 6.603 ms
< + Slew Rate 120314 /s)
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Fig. 21. Data result of second part
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Fig. 22. Data of third part

E. Modeling by m-file code

Another method of simulation can be presented by
writing code that represents the system in the form of m-files,
as in the forms of simulation models and simulation results in
the following forms: First, open loop system, the modeling
m-file as shown in Fig. 23 (a) and the simulation result as
shown in Fig. 23 (b). Second, the close loop system without
a controller, the modeling m-file as shown in Fig. 24 (a), and
the simulation result as shown in Fig. 24 (b). Third, the close
loop system with PID controller, the modeling m-file as
shown in Fig. 25 (a), and the simulation result as shown in
Fig. 25 (b). Fourth, the close loop system with GWO-PID
controller, the modeling m-file as shown in Fig. 26 (a), and
the simulation result as shown in Fig. 26 (b).

E: Editor - C:\Users\Lenvo LAT0\Desktop'2phGWO\Untitled.m*
| Untitled.m* | Untitled2.m | Untitled3* |+ |

- clc;clear zll;close all;
$Two -phase Hybrid Stepping Motor
- X=[2750000 28350000 135000000];
- ¥=[1 18785 &50000 7500 0];
— G=tf (X, ¥)
- step (&)

Command Window

2.75e06 572 + 2.835e07 s + 1.35e08

s°4 + 197%% s"3 + 650000 s°2 + 7500 s

Continuous-time transfer funcrtion.

a. The modeling by m-file
. Step Response

Amplitude

1.6 2 2.1
Time (seconds)

b. The results by m-file

Fig. 23. Open loop system

\Untitled2.m™

[ Untitled.m | UntitledZm* < | Untitled3* o | + |

1= clc:clear all;close all:

2 3Two -phase Hybrid Stepping Motor
3= X=[2750000 28350000 1350000007:

4 - Y=[1 18799 &50000 7500 01;

sl= G=tf (X,T)

& — Gf=feedback(G, 1)

= step (GL)

Command Window

2.75e06 s*2 + 2.835e07 5 + 1.3508

s*4 + 19798 s"*3 + 650000 s°2 + 7500 s

Continuous-time transfer function.

a. The modeling by m-file

Step Response

Amplitude

Time (seconds)

b. The results by m-file
Fig. 24. Close loop system
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B Editor - C:\Users\Lenvo L470\Desktop'2phGWO\Untitled3.m
Untitled.m

Untitled2.m

TIC;CIEdL 21

Untitled3.m +

ITUSE aii;

£Two —phase rid Stepping Motor
X=[2750000 28350000 135000000]:
Y=[1 15755 €50000 7500 0];

G=tf (X, ¥)

Gf=feedkback(G,1):

kp=10;

ki=1;

kd=0.1;

Ge=pid (kp, ki, kd) ;

Gof=feedback (Gc*G, 1) »

step (Gcf)

Command Window

Amplitude

G =

2.75e06 572 + 2.835207 5 + 1.35=08

="~4 + 19799 s°3 + €50000 s°2 + 7500 =

Continuous-time transfer function.

a. The modeling by m-file
Step Response

Time (seconds)

b. The results by m-file

Fig. 25. Close loop system with PID controller

Amplitude

% Editor - E:\2phGWO\Untitled12345.m

Untitled12345.m

clear

[27 28 00
Y=[1 19799 €50000 7500 01;
G=tf (X,Y)

Gf=feedback (G, 1) ;

for p=l:pop

for n=l:Var
x(p,n)=al+rand* (au-al) ;
end

a. The modeling by m-file

Step Response

Time (seconds) 1

b. The results by m-file

Fig. 26. Close loop system with PID controller

IV. CONCLUSION

Simulation and engine model building were performed

using MATLAB (SIMULINK) software. Specifications were
chosen to fit the proposed application to run a motor in a
robotic system for surface grinding process, such as a turbine

fan

or a steamer. The effectiveness of the model and the

validity of the system were also verified. The possibility of
improving the performance of the motor with different
working conditions similar to real-time operation was
verified. The aim of the research is to simulate a working
system of a robot that is managed and moved by the proposed
electric motor of the two-phase hybrid stepper motor by
adopting the use of the computer and building the model from

the

MATLAB program package to perform the grinding

process and control the force as a result of the surface
difference during the grinding process. The advantage and
clear superiority of the smart system over the traditional one,
and the control using a traditional unit is also effective in the
process of improving performance with the system.
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