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Abstract

Induction motors are widely employed in industrial applications due to their
robustness, speed consistency, and cost efficiency. However, during startup,
they draw a high inrush current that distorts electromagnetic torque and
speed, causing overheating, prolonged transient periods, and noise. To ad-
dress this, the closed transition star-delta starter (CTSDS) is often used as
a baseline technique. This study proposes a Modified Particle Swarm Opti-
mization (MPSO) algorithm to enhance CTSDS performance by optimally
determining the transition parameters that minimize starting current and
transient duration. A MATLAB/Simulink model was developed to analyze
motor behavior under transient conditions, evaluating speed, torque, volt-
age, and current characteristics. The MPSO-based method was compared
with conventional CTSDS and timer-based (TB) transition schemes. Results
show that the proposed MPSO approach achieves 5.3 sec in settling time
with only 0.4% voltage overshoot, outperforming TB (9.16 sec settling time,
30% overshoot) and CTSDS (21 sec settling time, 129.82% overshoot). The
findings demonstrate that the MPSO-controlled starter enables faster and
smoother transitions with significantly reduced switching transients and
inrush currents, making it an efficient alternative for induction motor con-
trol systems.
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1. Introduction

The starting behaviour of induction motors is very crucial to their performance,
as it impacts not only their lifespan but also the power quality. During start-up,
induction motors draw a high starting current, which affects electromagnetic
torque and speed [1] [2]. When induction motors are started, high current surges
cause disturbances in the supply voltage. To mitigate this problem, star-delta and
autotransformer starting methods are employed to regulate the starting voltage
[3]. While the autotransformer starter is suitable for high-voltage motors, the star-
delta starter is the opposite, utilizing transformer taps to lower the supply voltage.
However, the disadvantages of this solution are reduced torque, a long transition
period, and a lack of speed control [4] [5]. Concerning the star-delta starter, it has
the drawback of causing long transients and high vibration during the switchover.
This causes damage to the induction motor and increases maintenance costs. A
more advanced starting control method, such as a closed transition star-delta
starter (CTSDS), offers a smooth transition without transient effects. However, its
effectiveness depends on factors like motor size, load characteristics, and control
parameters [6]. When it operates, the large initial current requires further inves-
tigation for optimal control of the induction motor. This could be reduced by op-
timizing the motor stator windings using a star-connection configuration [6]. To
achieve this, the star and delta connection to a motor can be reconfigured to ob-
tain voltage tolerance, as the delta-star and star-delta configurations of the stator
winding connection reveal varying performance in phase voltage and current im-
balance [3]-[6]. In related development, the core saturation difference between
winding connections in the delta and star stators using reconfigurable induction
motors at different saturation levels has been analyzed to be effective [5]. In sup-
port of this, a stator winding that supports both delta and star connections was
developed [6] and also introduced to facilitate magnetizing flux adjustment and a
soft-starting method for motors [1]-[7]. Additionally, a rapid acceleration tech-
nique for an inter-winding machine drive system [8] was reported to enhance the
starting torque by introducing the delta star switching process, yet it induces a
high inrush current. These developments over the years have made the Star-Delta
starters for induction motors increasingly vital in the industrial sectors. To auto-
mate the starting technique, automatic star-delta, also known as soft starting, was
introduced [3]-[9]. Nevertheless, controlling the high transient and starting cur-
rent has remained a challenge. Therefore, it has necessitated a paradigm shift,
where the optimisation of starting techniques has become crucial to achieve opti-
mal conditions for induction motor control strategies, thereby enhancing perfor-
mance, improving energy efficiency, and reducing losses. This involves the parti-
cle moving along the path of the current optimum particle. For instance, the Par-
ticle Swarm Optimisation (PSO) technique has been reported for estimating real-
time motor resistance and inductance [10], as well as its utilisation in identifying
parameters of a double-cage induction motor [11]. The integrated PSO with a

sensor fault detection and diagnosis algorithm demonstrates that this combined
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approach enhances the accuracy of parameter estimation in the presence of sensor
faults. However, the reported technique demonstrated its effectiveness in accu-
rately estimating the parameters of an induction motor model. A hybrid algorithm
that combines PSO with a fuzzy clustering algorithm was proposed for estimating
the speed, torque, and starting current of an induction motor model [12]. The
authors demonstrated that their proposed method outperformed traditional PSO
algorithms in terms of accuracy and convergence speed. Hence, a modified PSO
algorithm was proposed for parameter estimation of an induction motor model
in the presence of uncertainties [12] [13]. The authors incorporated the PSO
algorithm to account for uncertainties in the model parameters and showed that
the proposed method improved the robustness of parameter estimation. In the
same vein, a multi-objective PSO algorithm was developed for parameter esti-
mation of an induction motor model [14]. The parameter estimation problem
was formulated as a multi-objective optimisation problem, and the PSO algo-
rithm was employed to search for Pareto-optimal solutions. This method illus-
trated better trade-offs between accuracy and convergence speed compared to
single-objective PSO algorithms. To account for noise, a PSO technique for pa-
rameter estimation of an induction motor model was presented [15]. The au-
thors proposed a noise-assisted PSO algorithm that incorporated a noise term
into the velocity update equation of the PSO algorithm and demonstrated that
their method improved the accuracy of parameter estimation in the presence of
noise. Regarding the rotor flux and torque, a PSO was used to optimise the fuzzy
logic controller for an induction motor drive [12]-[16]. Concerning motor speed
and voltage control, the PSO technique has been reported to achieve appreciable
speed control by adjusting the voltage and frequency of the motor [10]. The
proposed technique resulted in an improved speed control performance with
reduced overshoot and settling time, indicating the effectiveness of PSO for op-
timising the speed control of induction motors. In addition to speed control,
PSO has been used to optimise the torque performance of induction motors.
Reducing the stator current of an induction motor by adjusting the voltage and
current levels has also been reported [2]. The results illustrated an improved
torque performance with reduced harmonic distortions in the stator current,
demonstrating the potential of PSO for optimising the torque characteristics of
induction motors. Furthermore, PSO has been used to analyse the starting per-
formance of the AC voltage controller-fed induction motor drive to investigate
an optimum firing angle for the AC voltage controller [17]. Regarding motor
current evaluation, a PSO-based defect diagnostic method for induction motors
was presented [10]-[15]. In the report, the control of induction motors involves
optimising multiple objectives, such as improving speed, energy efficiency, re-
ducing losses, and achieving desired performance characteristics. Multi-objec-
tive optimisation techniques have gained significant attention due to their abil-
ity to handle multiple conflicting objectives simultaneously. A PSO-based ap-

proach for optimising both torque and efficiency of an induction motor, where
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the PSO algorithm was used to search for the optimal values of motor parame-
ters [11]-[18].

In addition to standard PSO, researchers have also proposed various im-
proved variants of PSO for multi-objective optimisation in induction motor
control [19] [20]. A modified PSO (MPSO) algorithm with an improved update
equation for controlling the stator current of an induction motor [17]. The re-
sults showed that the MPSO algorithm achieved better convergence perfor-
mance compared with standard PSO, though PSO algorithms is suited for motor
control optimization due to its ability to efficiently search complex, non-linear
spaces and handle multiple local optima, common in motor control problems,
while also being relatively simple to implement and computationally efficient
compared to other algorithms like genetic algorithms and ant colony optimiza-
tion. Consequently, literature review revealed that PSO has been extensively uti-
lized for various applications in induction motor control, including parameter
estimation, control strategy optimisation, fault diagnosis, and multi-objective
optimisation. However, MPSO has shown promising results in improving motor
performance, energy efficiency, and fault tolerance compared with PSO, but has
not been used to investigate transient characteristics. Besides, despite the nu-
merous advantages of star-delta starters over the other starting methods, not
much work has been done in optimizing the switching transition of these start-
ers. Therefore, this study examines the switching characteristics of CTSDS and
develops an optimal motor starter capable of minimising switching transients,
such as starting current and voltage, transition period, vibration, and motor
torque, using the MPSO algorithms.

The proposed MPSO algorithm is capable of minimizing the high-starting cur-
rent and high-switching transient, and it eventually improves the overall perfor-
mance of the induction motor. To achieve these objectives the MPSO has been
used to: 1) estimate the motor parameters of an induction motor, 2) model the
transient period characteristics of the star-delta starting method of an induction
motor using MATLAB/Simulink model, 3) optimize the CTSDS method of an in-
duction motor, 4) conduct a performance analysis with other methods to evaluate
the robustness of the proposed method.

The study is organized into four sections. The introduction captures the study
background, which includes the research problem and the proposed innovative
solution. Following the introduction is the presentation of the proposed model,
the main objective and the flow chart of the design procedure. The conceptualiza-
tion of the proposed method and modelling of the novel technique that yielded
outstanding results are also presented. Comparative analysis and discussion of the
proposed method and results have been discussed, as well as the main contribu-
tion of this study to knowledge. Finally, a summary of the research results, a con-
clusion and recommendations are presented.

The innovations of this paper are:

» Reduced starting current and torque transients.
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» Improved motor performance and lifespan.

» Optimized transition strategies via MPSO.

2. Method
2.1. The Proposed Model Design

This section presents the MPSO model for minimising transient problems of in-
duction motors. The proposed MPSO is an optimised starting technique imple-
mented in the MATLAB/SIMULINK model simulation interface. The proposed
model seeks to reduce switching transient duration and its associated problems,

which impact the performance of induction motors.

2.1.1. The Main Objective
The optimization aims to minimize the transition period (7) and starting cur-

rent | of a closed transition star-delta starter (CTSDS) for a three-phase

start
squirrel cage induction motor, while maintaining vibration ( V) within accepta-
ble limits. The decision variables are the time parameters governing the switch-
ing sequence:

t,, : duration in star configuration before transition,

t,, : delay time of the star contactor, and

ts: delay time of the delta contactor.

The objective function is expressed as:

Minimize : Obj = w,T +w,| (1)

Subject to the following constraints:

Protor = V/3Vaeg | COS 6 = 9.25 kKW (2)
T=t, +t,, +t; <0.04s (3)
V <0.05 mm/s (4)

where, w, and w, are the weighting factors that define the trade-off between
transition period and starting current reduction. The Modified Particle Swarm
Optimization (MPSO) algorithm is used to determine the optimal set of decision

variables satisfying these conditions.

2.1.2. The Design Process
The design process of the proposed model follows the flow chart illustrated in
Figure 1. The process algorithm is simple to follow, hence reducing all complex-
ity. The design process starts with the preliminary analysis of the specifications of
the squirrel cage induction motor (SCIM), which aims to initialise the model pa-
rameters. The system then generates ‘N’ number of the population, in accordance
with the objective function to obtain an optimal solution in terms of minimal vi-
bration, low starting current and rapid closed transition period from the gener-
ated population.

The functional algorithm for the MPSO can therefore be developed for an effi-

cient and optimal star-delta starting and switchover scheme by following the
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methodological constraints illustrated in Figure 1.

Read the specification and performance
indices of the SCIM

A 4

Initialize the PSO parameters

l

Generate 1nitial population of N Particles

l

Compute the objective function and
performance indices of the SCIM

}

Calculate the velocities and positions of
the particles

|

Update particle velocities and position

Is optimal condition
obtained?

END

Figure 1. Flow chart of the proposed MPSO technique.

Step 1: Initialize the PSO parameters:
e Set the number of particles (agents) in the swarm, V.
e Set the maximum number of iterations, Max,,, .
o Set the inertia weight, w.
e Set the acceleration constants, ¢, and c,.
¢ Initialize the position and velocity of each particle randomly within the search

space.
o Set the initial best position P,

and the best fitness value P, for each

est best fimess

particle, the current position and its corresponding fitness value.
¢ Set the global best position 0., and the best fitness value g, _ as the
best position and fitness value among all particles.
Step 2: Define the fitness function:
e Calculate the fitness value of each particle based on the performance of the
closed transition star delta starter using appropriate performance metrics, such

as the time taken to complete the transition, the efficiency of the transition,
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and vibration.
MPSO: For each particle, compute the fitness using the combined objective

function:

Min : Obj = w,T +w,]|

start

subject to the constraints T <0.04s, V <0.05mm/s and the motor rating con-
dition P,

) or = NV, | ar - This formulation enables simultaneous minimization

of the transition period and starting current while enforcing vibration and system
constraints.

Step 3: Update the velocity and position of each particle

For each particle, update its velocity using the following equation, where rand

() is a random number between 0 and 1. But first, update inertia weight dynami-

cally.
At each iteration, compute the adaptive inertia weight as:
W — W |
wW=w_, —[Mj*lter (5)
Maxiter

This modification balances exploration and exploitation by gradually reducing

inertia as the swarm converges.

velocity = wx velocity + ¢, x rand ( ) x (R, — position) ©)
+¢, xrand( )x( g, — position)

Step 4: Update the position of each particle using the following equation

Position = position + velocity (7)

where rand() generates a random number in [0, 1].
The inclusion of adaptive w, ¢, and C, constitutes a key modification en-
hancing convergence and stability.
Step 5: Update the personal best and global best positions
o For each particle, calculate the fitness value of the new position using the fit-
ness function.

o If the fitness value of the new position is better than the current personal best
fitness value, update the pbest and pbest_fitness for that particle.

o If the fitness value of the new position is better than the current global best
fitness value, update the gbest and gbest_fitness for the entire swarm.

Step 6: Repeat steps 3 and 4 until the maximum number of iterations (max_iter)
is reached or a termination condition is met, such as reaching a satisfactory fitness
value or a predefined time limit.

Step 7: Return the best solution found, which corresponds to the gbest position,
as the optimal closed transition star delta starter configuration.

2.2. Selection of Fitness Function

The criteria for measuring the performance of a good controller are the selection
of a good objective function. The Fitness function used for this research is the

Integral of Time multiplied by Absolute Error (ITAE) performance criterion. The

DOI: 10.4236/ica.2026.171001

7 Intelligent Control and Automation


https://doi.org/10.4236/ica.2026.171001

J. 0. Ansah et al.

(T

Main Timer

ITAE performance index has the advantage of producing smaller overshoots and
oscillations than the Integral of Absolute Error (IAE) and Integral Square Error
(ISE) performance indices. It is the most sensitive of the three, i.e, it has the best
selectivity. The Integral Time Square Error (ITSE) index is somewhat less sensitive
and is not computational. However, to demonstrate the efficiency and robustness
of the proposed MPSO star delta starter, different performance indices such as
IAE, ISE, ITAE and ITSE were investigated. The objective functions are defined
in Equations (8)-(11).

J=1AE :j|ACEi (t)|dt (8)
0

J=ISE= j ACE? (t)dt (9)

J= |TAE=jt|Ac:Ei (t)[dt (10)

J=ITSE =jt(Ac:Ei ) (t)dt (11)
0

2.3. Simulink Model of the Optimized Closed Transition Star-Delta
Starter (CTSDS)

The Simulink model of a CTSDS of an induction motor using timers is shown in
Figure 2. Three scenarios were modelled, analyzed and compared. These are the
base case (raw star delta starter), the timer-based close transition star delta starter

and the PSO-based closed transition star delta starter.

Discrete
50e-6 5.

Stator Current

pu o RMS Current
1 | <1
~2—f~1—A L
- ~2
o
—»

Delta Timer

+ | Ol (g

1

2]

MAIN CONTACTOR

i -2
~10" 0
~12855231
— DELTA CONTACTOR

IR

Resistor Timer 3
10" o

Delta Connection

~2
RESISTOR CONTACTOR!

TR
— '

-1

Star Timer %

! STAR CONTACTOR

Figure 2. Simulink model of optimized closed transition star delta starter.
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2.4. Parameter Setting for System Model and Optimization

The effectiveness of optimization algorithms, MPSO, is highly dependent on the
appropriate configuration of their parameters. In the context of optimizing a sys-
tem model, the selection of suitable algorithmic parameters becomes a critical step
in achieving optimal results. Table 1 shows the parameters used for the system

model and optimization.

Table 1. Parameters for the system model.

SN Parameters Value

1 Population (V) 30

2 Itermax 50

3 Learning factor () 2.8

4 Learning factor () 1.3

5 Inertia weight (Wnax) 1.2

6 Inertial weight (Win) 0.9

7 Power rating (3-@ SCIM) 9.25 kW
8 Rated voltage 415V
9 Rated current 22 A
10 Rated speed 1400 rpm
11 Frequency (Hz) 50 Hz
12 No. of Poles 4

2.5. Conceptual Framework of the Proposed Model
Implementation

3-® Supply
R Y B

L[|

Main Circuit
Breaker

MODEI--STAR CONNECTION
| MODE I | MODEII--DELTA CONNECTION
Tp--TRANSITION PERIOD

R--VIBRATION SUPPRESSION
RESISTOR

MODE I

Load Induction Motor

Figure 3. Conceptual design of the proposed method.

Figure 3 illustrates the switching sequence of the proposed model, which employs
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star-delta starter features. The induction motor is supplied with power from the
3-phase supply. Depending on the starting condition, the motor switches from the
star (Mode I) to the Delta (Mode II). In between these two switching states are
usually switching transients (high current and excessive vibration). However, the
MPSO is used to select an optimal resistance value to suppress the switching tran-
sients to effectively control the induction motor and the connected load, as shown

in Figure 3.

2.6. Optimal Value of Vibration Suppression Resistor

The expression in Equation 12 calculates the appropriate resistance value for the
starting resistor in a star-delta starter, which is used to gradually limit the starting
current of a motor during the transition from star to delta connection. The re-
sistance value is determined based on the phase voltage of the motor, the short-
circuit current of the motor, and the resistance values of the starting resistor and
motor winding. Proper selection of the resistance value is important to ensure a

smooth and safe motor starting in a star-delta starter configuration [5].

1
R=V (12)
ph
(\/5 X |SC)>< R
R +R;
where, R is the optimal value of the resistance for suppressing starting vibra-
tions,
V,, is the phase voltage of the motor,

I, is the short-circuit current of the motor,
R, is the resistance value of the starting resistor in ohms,

R, is the resistance value of the motor winding in ohms.

3. Results and Discussion

An extensive assessment of the closed transition star-delta starter control method’s
efficacy and performance in induction motor applications is given in this section.
It aims to describe the outcomes obtained from simulated data, elaborating on the
important discoveries. By examining various parameters and performance met-
rics, such as motor starting time, starting current waveform characteristics, torque
ripple, and energy efficiency, a thorough assessment of the star-delta starter’s op-
eration is conducted. Additionally, comparisons with alternative starting methods
or theoretical predictions will be explored to ascertain the robustness of the pro-
posed method.

3.1. Evaluation of Fitness Functions

The effectiveness of the modified PSO algorithm can be evaluated by comparing
different control strategies and parameter settings for closed transition in Star-
Delta starters for induction motor control. The choice of fitness function depends

on the specific requirements of the control system, such as desired performance
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criteria, transient response characteristics, and control effort considerations.
Through iterative optimization, ITAE-MPSO converges quickly to a solution with
the least number of iterations as compared to IAE, ISE, and ITSE fitness functions,
as illustrated in Figure 4. Hence, ITAE is selected as the best fitness function in
this work. The control parameters can be fine-tuned to achieve optimal system

performance while considering stability, robustness, and energy efficiency.

160

=} —]IAE-MPSO
2 1201 ITSE-MPSO
< —ITAE-MPSO|
2100+
=
kS
5 80+
e 60F
z

40 =

20 1 1 1 1 1 1 1 1

5 10 15 20 25 30 35 40

Figure 4. Analysis of fitness function for optimal SCIM starter design.

3.2. Analyzing the Robustness of the Proposed Method on the
Starting Current of an Induction Motor

Figure 4 depicts a comparison of fitness functions utilized in the control of an
induction motor’s starting current, showcasing the performance of the proposed
ITAE-MPSO technique against other commonly used fitness functions: ISE, IAE,
and ITSE-MPSO methods. The horizontal axis represents time, while the vertical
axis represents the starting current of the induction motor, measured as a unit of
its rated current.

Figure 5 exhibits the starting current characteristics of induction motors. At
the initial stage, the starting current exhibits a sharp rise, indicating the typical
high inrush current associated with motor startup. As the motor transitions from
the star to the delta configuration, significant switching transients are observed, re-
sulting in fluctuations in the starting current. However, the proposed ITAE-MPSO
technique demonstrates superior performance compared to other methods, effec-
tively suppressing these transients and maintaining the starting current within ac-
ceptable limits.

Remarkably, the ITAE-MPSO technique showcases its ability to dampen the
switching transients and rapidly stabilize the starting current. Within a short pe-
riod of approximately 10 milliseconds, the starting current settles around 5% of
the rated current, signifying a significant reduction from the initial high inrush
current. This rapid stabilization highlights the effectiveness of the proposed method
in achieving smooth and controlled motor startup, minimizing stress on electrical
components, and enhancing overall system reliability.

However, the ISE-MPSO, IAE-MPSO, and ITSE-MPSO methods exhibit com-

paratively slower response times and less effective suppression of switching tran-
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sients. While these methods eventually settle at the rated current, they exhibit pro-
longed settling times of 30 ms, 35 ms and 15 ms, respectively, and less precise con-

trol over the starting current during the transition period.

7 x1073
e ITAE-MPSO|
6 ITSE-MPSO |
ISE-MPSO

5 IAE-MPSO |
4 .
3

2

—_

Starting Current of Induction Motor (p.u)
o

1 1

3 : : :
0 5 10 15 20 25 30

time (sec)

Figure 5. Starting current behaviour of induction motor.

Table 2 presents the results of performance indices for four different methods,
ITAE-MPSO, ITSE-MPSO, ISE-MPSO, and IAE-MPSO, across different iterations
of a particle swarm optimization algorithm. ITAE-MPSO shows a general decreas-
ing trend as iterations increase, with the smallest value at iteration 50 (0.000125),
indicating better performance in minimizing the time-weighted absolute error as
compared to the other methods, making the proposed ITAE-MPSO the best can-

didate for optimizing the operations of the induction motor.

Table 2. Comparing error minimization of four performance metrics.

Iterations Performance indices
ITAE-MPSO ITSE-MPSO ISE-MPSO TAE-MPSO
20 0.000496 0.049649 1.02490 0.120850
30 0.000767 0.011150 1.54170 0.188230
40 0.000243 0.017278 1.28130 0.157070
50 0.000125 0.006246 1.62660 0.196280

3.3. Simulation and Analysis of Speed of an Induction Motor

Figure 6 depicts the speed of an induction motor over time, comparing the per-
formance of the MPSO method against a timer-based closed transition starter and
a conventional star-delta starter.

Initially, the motor’s speed exhibits a gradual increase from 0 seconds to 6 sec-

onds, reaching full speed within this timeframe. Notably, the speed experiences a
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slower rise between 0 and 3.8 seconds when the motor is started in a star config-
uration, followed by more rapid acceleration to full speed between 3.7 and 6 sec-
onds upon transitioning to a delta connection. An important observation is the
ability of the proposed MPSO technique to dampen motor vibration within the
time interval of 3.6 to 3.9 seconds, achieving this with a closed transition period
of 20 milliseconds. In contrast, both the timer-based and conventional star-delta
starters exhibit longer transitional periods, taking 30 seconds and 40 seconds, re-

spectively, to dampen vibration and stabilize motor operation.

o

o
)
T

=
[o)}
T

<o
~
T

=
N}
T

——Timer based starting control
—— Conv. starting Control
Proposed MPSO starting method

3 4 5 6
Time (S)

<
=)

Speed Control of Induction Motor (p.u)

o
—_
\S]

Figure 6. Speed of the induction motor.

3.4. Control of Starting Current of Induction Motor

Figure 7 provides a comparison of various starters for controlling the high inrush
current of an induction motor, highlighting the robustness of the proposed MPSO-
based closed transition star-delta starter technique. The graph illustrates the start-
ing current, transition period, and switching transients associated with each
starter method. The proposed MPSO-based technique demonstrates robustness
in reducing the starting current, achieving a level of approximately 0.6 p.u. This
reduction is achieved within a rapid transition period of 20 milliseconds, show-
casing the method’s ability to swiftly transition from star to delta configuration.
Furthermore, the starting current stabilizes at the rated current of approximately
0.21 p.u., with minimal switching transients observed during the transition pro-
cess.

In contrast, the timer-based star-delta starter achieves a slightly higher starting
current of approximately 0.73 A during the star connection phase. The transition
period for this method extends to 40 milliseconds, and the final settling current in
the delta connection is approximately 30 A. While this method is effective, it ex-
hibits a longer transition period compared to the proposed MPSO-based tech-
nique. Conversely, the conventional star-delta starter exhibits poor performance,
with a significantly higher starting current of 80 A observed during the star con-
nection phase. The transition period for this method is even longer, spanning 50

milliseconds. Furthermore, the settling current in the star connection is notably
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higher at 42 A, indicating less effective control over the motor’s operation.
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Figure 7. Starting current of the induction motor with a different closed transition
star-delta starter.

3.5. Sensitivity Analysis of the Proposed Method under Transient
Faults

Sensitivity analysis of the proposed MPSO closed transition star-delta method un-
der transient faults in induction motor control entails a detailed examination of
the method’s robustness and responsiveness to variations and disturbances in the
system, particularly during transient fault conditions. This analysis aims to assess
the method’s ability to maintain stable motor operation and mitigate adverse ef-
fects caused by transient faults.

In induction motor control, transient faults refer to sudden and temporary de-
viations from normal operating conditions, such as voltage fluctuations, sudden
load changes, or disturbances in the power supply. These faults can lead to unde-
sirable effects such as motor stalling, increased vibration, or torque fluctuations,
which can compromise system performance and reliability.

Figure 8 shows the system response after being subjected to a 1% and 5% step
load change.

Percentage load variation in the power system implies a transient response of
the system after a disturbance. Sudden load changes create frequency oscillations,
which are diminished with time to normalise the system stability. It is clear that
with the proposed MPSO starter, system deviations settle quickly, and the dynamic
responses are less oscillatory with a low amplitude of switching transients in the
system. The proposed MPSO controller illustrated better disturbance responses as

compared to the timer-based star delta and the classical star delta starter.
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Figure 8. Sensitivity analysis of the proposed MPSO method under transient fault.

Table 3. Settling time and transient overshoot with step load change.

Starter

Timer-based star delta starter
Proposed MPSO star delta starter

Conv. Star-delta starter

Settling Time Switching transients’ overshoot
Settling Time 1% Settling Time 5% Overshoot 1% Overshoot 5%
load change (Sec.) load change (Sec.) load change (%) load change (%)
9.16 9.29 30.20 67.63
5.30 5.96 0.40 6.66
21.38 21.79 129.82 151.23

The settling time and transient overshoots of all three starters are illustrated in
Table 3. The proposed MPSO in all the areas produced tremendous results in
terms of settling times of varied load percentage, which are 5.3 sec, 5.96 sec, as
compared to timer-based 9.16 sec, 9.29 sec, and Conventional star delta starters
21.38 sec, 21.79 sec. Again, the proposed MPSO produced less transient overshoot,
0.40%, and 6.66%, as shown in Table 3. The conventional star-delta starter per-
formed poorly in terms of settling time and percentage transient overshoot under
disturbance. The excellent performance in the proposed technique was due to the
adaptive control strategy of the ITAE-MPSO that adaptively tunes the control pa-
rameters during the start-up process, allowing it to respond dynamically to chang-
ing conditions and disturbances, resulting in more precise control, reduce transi-
ent overshoots and achieve a quicker settling time, whiles the ITAE criterion fo-
cuses on minimizing the time-weighted absolute error leading to reduced transi-
ents overshoots and settling time. However, a conventional star-delta starter uses
fixed timing for the transition, which lacks adaptability to varying loads, leading
to suboptimal performance.

4. Conclusions

This study presented a Modified Particle Swarm Optimization (MPSO)-based
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control strategy to optimize the closed transition star-delta starter (CTSDS) for a
three-phase squirrel cage induction motor. The objective was to minimize switch-
ing transients, starting current, and torque fluctuations during the transition pro-
cess. The proposed MPSO algorithm was implemented in MATLAB/Simulink and
successfully optimized the key switching parameters of the starter.

Simulation results demonstrated that the MPSO-based starter achieved signifi-
cant performance improvements compared to conventional Timer-based and
CTSDS methods. In that the optimized system MPSO exhibited 5.3 sec in settling
time and only 0.4% voltage overshoot all in 1% load variation, as the best former,
while substantially minimizing starting current and vibration. The induction mo-
tor attained its rated speed and torque more rapidly, with smoother transient
characteristics and lower mechanical stress during startup. These outcomes con-
firm that the MPSO-based starter enhances motor performance, efficiency, and

operational stability.

Future Work

Further research should focus on developing and testing real-time implementa-
tions of the MPSO-based starter under diverse load and environmental conditions
to evaluate its robustness and adaptability. Integrating the system with smart grid
and Internet of Things (IoT) platforms could enable remote monitoring, adaptive
control, and predictive maintenance, leading to more intelligent and energy-eftfi-
cient motor management systems. Additionally, developing user-friendly inter-
faces for industrial deployment would facilitate broader adoption of the proposed

approach in modern automated systems.
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