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1. INTRODUCTION

Today, many sustainable energy sources are used as an alternative to
traditional ones due to the expanded need for energy consumption. As a result of
this concept, the power-consuming device must be carefully designed and
controlled for efficient use of energy. Electrical motors may be categorized as a big
part of the total electrical loads because of their growth use in domestic and
industrial applications Luo & Liu (2019), Thike (2020). After the use of permanent
magnets in the manufacturing of motors, the PMSM motor becomes the most usable
one compared with the other types due to its superior properties of high efficiency
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and energy saving as well as cost Mutluer & Bilgin (2012), it can be considered of
less effected by harmonic content as compared to other synchronous machines such
as generators. Since that intervention, this motor has passed through many steps of
enhancement in the main structure, design, and controller to improve its
performance. The motor controller can be considered the most vital component in
motor optimization; hence it is based on PI controller which is a feedback
mechanism used for many years in industrial applications Ahn et al. (2021)-Kim et
al. (2021). The PI determines an error, that is, the disparity between the reading
process and set-point value. The controllers diminish these distinctions by
modulating the process control inputs.

A group of perfect parameters (Proportional) P and (Integral) I may produce a
perfect reply involving the rise, settling, overshoot times plus steady-state errors
Yang & Wang (2009),Stulrajter et al. (2007). One of the main difficulties in using this
controller is obtaining the optimum values of P and I, to overcome this problem
popular optimization algorithms can be used Kareem et al. (2021), such as Particle
Swarm Optimization (PSO). The optimization research has focused on the PMSM
design for several benefits such as cogging torque reduction as well as ripple torque,
in addition to motor weight reduction and better motor efficiency. Based on the
design optimization criteria, a lot of independent parameters have been identified.
Moreover, the selection of the input design parameters plays a role in increasing
design sensitivity. All of these previous aspects have been investigated in papers
Mutluer & Bilgin (2012)-Ahn etal. (2021), and other design optimization ways were
discussed also. On the other hand, some researchers deal with parameter
optimization of PMSM such as Liu et al. (2016), hence this work depends on
(SVPWM) Space Vector Pulse Width Modulation for ripple mitigation. In Sui et al.
(2018), the Moth-Flame Optimization Algorithm has been used for the same
previous purpose. In this paper, a series of extensive simulation cases have been
done to determine and analyze the performance of PMSM under different
conditions, followed by an enhancement of motor effectiveness by optimizing the PI
parameters with PSO, hence a comparison has been introduced between motor
response for manual calculation of PI parameter vs PSO adjustment one in two cases,
which are starting and sudden change in motor operating conditions (i.e. speed and
load).

2. MATERIALS AND METHODS

In this work, the motor type which is used as surface-mounted type of pure
induced EMF with 3 stator coils besides permanent magnets has mounted on the
surface of the motor rotor, there are some suppositions that have been used to
achieve the PMSM model Dal et al. (2019)-Suryakant et al. (2018): Cancellation of
the saturation machine core losses are negligible and no dynamic current field.
According to the above points, the stator voltage equation can be mathematical
modelling as a d-q axis as below:

. dag
Vd =Tglyg +—- Wc)\q (1)
de
., g
Vq =Tslg + Al WcAg (2)
The equations of stator flux linkage:
?\d = Ldid + 7"m (3)
Aq = Lyiq (4)
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Where: rs : Stator resistance, id ,iq : d-q stator current, Ad ,Aq : d-q axis flux
linkage of the stator, Ld ,Lq : d-q axis inductance (Ld= Lq), Am: Flux linkage by
permanent magnets in the rotor.

The Synchronous speed can be written by

W, =2, W, (5)

2

Hence: wr, p is the rotor speed in (rad/sec) and the number of poles in turn. By
substituting (3) and (4) into (1) and (2), we get:

dig _ s, 4 Va

4 = Lgd + pwyig +Ld (6)

dig TIs . . pwrAm | Vq

6 L, g + PWrlg Ly +Lq (7)

The electromagnetic torque is given by the following formula:
3p . .

Te = (7) (Aq g ')\q ig) 8

Substituting (3) and (4) in (8), assuming that inductances (L_d=L_q) we get:
3p .

Te = (7) (Am lq) 9)

Then with load torque is given by:

Te =T + Bw, +] 5=
t

(10)

Where: Te, T1, B, | are electromagnetic torque, mechanical load torque,
mechanical damping coefficient and moment of inertia, respectively. This model will
be implemented in MATLAB/Simulink and subjected to the performance
investigation with the two cases of optimized PI controller and POS optimized one
under starting with load or changing in motor operating conditions to emulate a
disturbance case.

3. RESULTS AND SIMULATION

The simulation procedure was built depending on two aspects. The first one is
to emulate the performance of PMSM using the conventional PI controller based on
trial and error by applying various types of disturbances to the motor to investigate
and record its behavior. Secondly, the application of the proposed optimized PI
controller parameters based on POS to the motor model to find the system
performance enhancement that may appear such as speed, and torque ripple
mitigation. The simulation model has been achieved in the MATLAB/Simulink
environment as depicted in Figure 1 It contains a three-phase PMSM of 1.1 kW, 220
V, 3000 rpm rated, which is fed by a PWM inverter.
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Figurel
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The inverter is built with basic blocks that are available in the Simulink library,
and its gain is controlled by VSC (Voltage Source Converter) and then directed to the
stator of the motor. The PMSM has been implemented with a sinusoidal back EMF,
which is modeled in the dq reference, while a trapezoidal machine with abc
reference. The connection of the stator winding is a star with neutral. And Table 1
shows the PMSM parameters. On the other hand, in the case of the PI controller
tuned by the PSO algorithm. The PSO algorithm parameters that have been used to
achieve better motor performance are shown in Table 2 below.

Table 1

d-axis q-axis Stator Armature  Numbe Momen Frictio Spee
inductanc  inductanc phase inductanc r of tof n factor d
e (Ld) e (Lq) resistanc e (H) poles inertia F

e Rs P N.m.s

Table 2

“Swarm size “Number of “Cognitive “Social “Inertia
(number of iterations” coefficient (C1)” coefficient weight (W)”
birds)” c2)”

A comparison has been made between PMSM responses (i.e., speed, torque, and
starting current) for the two above-described tuning methods considering different
motor operation conditions, which are starting and sudden disturbance. The test
cases can be classified as below.

1) Motor starts to load

For the first simulation case of a motor starting with a load (i.e. torque) of 3
N.m. applied to the motor shaft and a speed of 700 rpm. The values of the PI
controller gains (Kp, Ki) were (2.6, 50), (0.85, 0.95) for manual tuning by trial and
error and optimal tuning by PSO respectively. The results in Figure 2 illustrate the
speed with and without PSO. Besides, Figure 3 depicts the PI controller speed error
for both methods.
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Figure 2
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The torque result in both cases is considered also. Figure 4 shows a comparison
between the electromagnetic torque ripple with and without PSO. For more focus
on the differences, Figure 5 is the enlarged scale of the electromagnetic torque ripple
of Figure 4 Itis clear from the figure that the ripple of the torque has been eliminated
drastically in case PI is tuned by PSO.

Figure 4
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A comparison between motor stator current is presented in Figure 6, which
shows the enhancement in the line stator current of the motor for the case of the
controller tuned by the PSO method.
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2) Changes during motor operation

In this simulation case, the motor was tested with a fixed load of 3 N.m., and the
speed was suddenly changed from 400 to 700 RPM at a step time of 0.03 sec. during
motor operation as a form of disturbance. The values of the PI controller gain (Kp,
Ki) were (2.6, 50), (1.13, 0.93) for manual tuning by trial and error, and the optimal
one tuned by PSO respectively. The motor has been analyzed as the former case and
the results are depicted in Figure 7, Figure 8, Figure 9, Figure 10
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Figure 7
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Figure 10
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Next, the motor was tested with a fixed speed of 700 rpm, and the load torque
was suddenly changed from 2 to 4 N.m. at step time 0.04 sec. as a form of
disturbance. The values of the PI controller gains (Kp, Ki) were (2.6, 50), (1.33,
0.592) for manual tuning by trial and error and optimal tuning by PSO respectively.
Figure 11,Figure 12,Figure 13,Figure 14 show the motor performance in this case.

Figure 11
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Figure 13
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4. DISCUSSION

Regarding the findings. They are all supporting suppositions of better motor
performance in the case of using PSO for tuning the gains of the PI controller. The
proposed optimization method was able to cope with a wide range of motor
operation conditions and achieve the desired enhancements. The results are
classified in two test cases as below:

e The motor starts to load

The results of motor speed performance which are depicted in Figure 2, Figure
3, explain that the use of PI controller based on PSO will reduce the settling time and
eliminate the overshooting of the speed response, as it becomes smooth with little
ripple. The boost in PMSM performance with the PSO method can be observed in
more depth through the data in Table 3.

Tables 3

Controller

Rise time (sec) Settling time (sec) Overshoot

PI based PSO 0.006 0.006 0

International Journal of Engineering Technologies and Management Research 9
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We can see that in the case of the manual method, there is an overshoot percent
of 2.77%, whereas it is zero in the case of the PSO method. Moreover, the same
evaluation can be applicable in using the torque results in Figure 4,Figure 5. The
value of torque ripple in time 0.01 sec was compared with the controller adjusted
by the traditional method and based on Particles Swarm Optimization (PSO)
provided in Table 4 The percentage of ripple falls is almost 95.4% in comparison
with a tune-by manual method.

Table 4
The ripple of the PSO not PSO
Torque considered considered

Besides the speed and torque, the motor current also showed a more stable
trajectory with PSO placed than without, as in Figure 6. According to the above
findings, we can assume that the use of PSO could be successful totally to bringing
the motor to smooth starting with load.

e Changes during motor operation

In this case, we have assumed two states of disturbance represented by sudden
changes in speed and torque (i.e., motor load). Referring to Figure 7,Figure 8,Figure
9,Figure 10,Figure 11,Figure 12,Figure 13,Figure 14, again, the PSO method showed
a nearly perfect performance and could be considered much better compared to the
manual method.

5. CONCLUSION

This study has presented a PI-PSO-based observer aimed at enhancing the
performance of Permanent Magnet Synchronous Motors (PMSMs). The
conventional approach to tuning PI controller parameters is often time-consuming
and lacks the precision required for optimal motor control. To overcome these
limitations, Particle Swarm Optimization (PSO) was employed to efficiently
determine the optimal controller gains. The PSO technique demonstrated rapid
convergence and reduced computational effort. Simulation results confirm that the
proposed method significantly improves motor performance, evident through
reduced steady-state error in speed response and minimized torque ripple.
Additionally, the system exhibited enhanced robustness and operational efficiency,
validating the effectiveness of the PI-PSO control strategy in handling dynamic
disturbances and improving overall motor stability.
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