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The topological advancements in twin rotor axial flux induction motors
(TRAXFIMs) have spurred the interest in performance optimization and
control strategies for electric vehicle (EV) applications in particular. This
paper investigates for the enhanced performance of multi-level inverters
(MLlIs) fed TRAXFIMs with different advanced control techniques. The
performance evaluation is done under variable speed conditions at constant
torque and vice versa. The TRAXFIMs offer unique advantages like high
power density, high efficiency and most suitable for EV applications. The
performance analysis of MLIs fed TRAXFIM has been carried out with
proportional-integral (Pl), fuzzy controllers, and artificial neural network
(ANN) controllers. The PI controller provides a conventional control
approach, while the fuzzy and ANN controllers serve as advanced control
strategies. The integration of MLIs and advanced control techniques with

Twin rotor axial flux induction
motor

TRAXFIMs aims to enhance dynamic response, stability and efficiency. The
proposed control strategies are evaluated through extensive MATLAB
simulations and the potential of MLIs fed TRAXFIMs is emphasized for EV
applications.
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1. INTRODUCTION

The rapid advancement of electric vehicle (EV) technology has spurred significant interest in
optimizing electric motor designs to meet the demands of modern transportation. In this context, the choice
between radial flux induction motors (RFIMs) and axial flux induction motors (AFIMs) has emerged as a
crucial consideration for EV propulsion systems. While RFIMs have traditionally been favored for their
simplicity and widespread use, the emergence of axial flux designs presents a compelling alternative due to
their potential for higher power density and efficiency. One notable variant of axial flux induction motors is
the TRAFIM, which offers unique advantages in terms of compactness and performance. The comparison
between RFIMs and AFIMs underscores the importance of understanding their respective characteristics and
performance attributes. RFIMs typically feature a radial arrangement of stator and rotor components,
facilitating simpler construction and maintenance. In contrast, AFIMs adopt a configuration where the
magnetic flux flows parallel to the axis of rotation, resulting in a more compact design and potentially higher
power density. TRAFIM, a specialized variant of AFIMs, stands out for its twin rotor configuration, which
further enhances its power output and efficiency.
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Central to the development and optimization of TRAFIMs is the process of modeling, which
involves accurately capturing the motor's dynamic behavior and performance characteristics. By employing
sophisticated modeling techniques, researchers can gain insights into the complex interactions between
electromagnetic fields, mechanical components, and control strategies within the TRAFIM system. This
modeling process serves as a foundation for design optimization, control algorithm development, and
performance evaluation, ultimately paving the way for the advancement of TRAFIM technology in the
context of EV propulsion. Dual rotor systems represent a remarkable advancement in engineering, offering
innovative solutions to a variety of challenges across diverse industries [1], [2]. At their core, dual rotor
systems feature two rotating components designed to work synergistically in achieving specific tasks or
functions. These rotating components, commonly referred to as rotors, can take various forms depending on
the application, ranging from blades attached to a central hub in aviation to turbines in fluid dynamics
systems and beyond. This dual-rotor configuration harnesses the power of coordinated motion to enhance
performance, efficiency, and versatility in numerous applications [3], [4].

One prominent domain where dual rotor systems find extensive application is in the realm of
aviation. Helicopters equipped with tandem or coaxial rotors exemplify the utilization of dual rotor
configurations [5], [6]. By leveraging two rotors instead of one, these aircraft can achieve enhanced lifting
capacity, stability, and maneuverability, offering advantages over traditional single-rotor designs [7], [8]. The
twin rotor axial flux machines having larger diameters offer an attractive alternative for wind energy
conversion system [9]. Furthermore, unmanned aerial vehicles (UAVS) and drones frequently employ dual
rotor setups to improve control, agility, and payload capacity, demonstrating the adaptability and
effectiveness of this configuration across various aerospace applications. Moreover, dual rotor systems play a
significant role in renewable energy and industrial machinery sectors. In the renewable energy sector, wind
turbines featuring dual rotors have gained prominence due to their ability to capture more wind energy and
increase efficiency compared to single-rotor designs [10], [11]. Additionally, in industrial machinery
applications such as mixers, blenders, and agitators, dual rotor configurations ensure thorough mixing and
blending of materials, enhancing productivity and quality in sectors such as chemical processing, food
production, and pharmaceutical manufacturing. The versatility and performance benefits offered by dual
rotor systems underscore their importance in shaping the landscape of modern engineering and innovation
across multiple industries [12], [13].

The quest for enhancing the performance and control of electric motors has been a driving force
behind technological advancements in various industries [14], [15]. One such area of focus is the
optimization of twin rotor axial flux induction motors (TRAXFIMs), which have garnered increasing interest
due to their unique characteristics and potential applications. TRAXFIMs, with their compact design, high
power density, and efficiency, offer promising solutions for diverse industrial tasks. However, achieving
optimal performance and precise control in TRAxFIMs presents challenges owing to their complex dynamics
and nonlinear characteristics [16], [17]. To address these challenges and unlock the full potential of
TRAXFIMs, researchers and engineers have turned to innovative strategies and technologies. Multi-level
inverters (MLIS) emerge as a promising solution to enhance motor control precision and efficiency. MLIs
enable the synthesis of output voltage waveforms with multiple voltage levels, leading to smoother operation,
reduced harmonic distortion, and improved efficiency. By leveraging MLIs, it becomes possible to achieve
finer control over motor speed, torque, and overall performance, thereby maximizing the capabilities of
TRAXFIMs in various industrial applications [18], [19]. The integration of advanced control techniques
offers a pathway to further enhance the performance and versatility of TRAXFIMs [20].

In wind turbine systems (WTSs), direct power control (DPC) is employed to control the doubly-fed
induction generators (DFIG's) energy [21]. In order to examine the nonlinear behavior of a dual-rotor
bearing-casing framework, this research proposes an altered version of the HB-AFT approach [22]. With 284
levels of freedom, the equations for motion of a dual-rotor bearing-casing structure exposed to the unequal
stimulation of the two rotors are developed. In an aero engine dual-rotor structure, inter-shaft rub-impact, or
the rub-impact among two rotors, could transpire. This research is the initial effort to study the inter-shaft
rub-impact nonlinear dynamics of a dual-rotor systems [23]. By taking into account the inter-shaft friction
actions, the dynamic models of a complicated dual-rotor system is constructed utilizing the three-dimensional
(3D) finite material component approach. The work that is being given assesses and enhances the efficiency
of dual-rotor turbines that are mounted inside of designed ducts [24]. Comparing dual-rotor wind turbine
(DRWT) and single-rotor wind turbine (SRWT), the impact of various operating circumstances on the
recovered energy was contrasted. These conditions of operation, which were assessed using the multiple-
variate statistical approach based on response surfaces, involve the kind of DRWT set up in the duct's throat
portion, the separation among a turbine's two rotors, and the overall flow speed within the duct throat. This
work investigates a dual-rotor bearing-coupling misaligned systems with blade-casing friction using
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computational modelling and measurements from experiments to unveil the nonlinear vibration features of a
real dual-rotor aero turbine with this friction [25].
The key contributions of the article is,

—  Performance evaluation through MATLAB simulations under variable speed conditions while maintaining
constant torque and vice versa, providing insights into the dynamic behavior of TRAXFIMs.

— Addressing challenges in optimizing TRAXFIMs' performance and control due to their complex
dynamics and nonlinear characteristics.

— Investigation of three advanced control strategies proportional-integral (PI), fuzzy, and artificial neural
network (ANN) controllers for improved dynamic response and robustness.

— Integration of MLIs and advanced control techniques aiming to enhance efficiency, stability, and
response speed of TRAXFIMs.

The paper is organized as follows: problem statement is presented in section 2 and section 3. Section 4 and 5

gives the methodology and results and discussion. Section 6 concludes the article.

2. PROBLEM STATEMENT

The existing methods for optimizing performance and control strategies of TRAXFIMs in EV
applications face limitations due to the complex dynamics and nonlinear characteristics of these motors.
While TRAXFIMs offer high power density and efficiency, achieving optimal performance and control
remains challenging. Therefore, this study aims to address these limitations by investigating enhanced
performance and control strategies utilizing MLIs and advanced control techniques. The proposed approach
integrates MLIs to enhance motor control precision and efficiency, while also exploring the effectiveness of
three advanced control strategies Pl, fuzzy, and ANN controllers. Unlike conventional methods, these
advanced control strategies offer improved dynamic response and robustness, allowing for more efficient and
reliable electric motor systems. Through extensive MATLAB simulations under variable speed conditions,
the effectiveness of the proposed strategies is evaluated; aiming to demonstrate improved motor control
precision, reduced energy consumption, and enhanced dynamic response. Thus, by addressing the limitations
of existing methods and leveraging advanced control techniques, this study seeks to pave the way for
optimizing the performance of TRAXFIMs in EV applications, leading to more efficient and reliable electric
motor systems [26].

3. PROPOSED CONTROL STRATEGIES FOR TRAXFIMs UTILIZING MLIs

The methodology encompasses a comprehensive exploration of various electric motor
configurations and control techniques to optimize the performance of TRAXFIMs in EV applications. It
includes the investigation of single stator induction motors, both axial and radial type, as well as the
specialized dual rotor single stator IM configuration, aiming to understand their operational principles and
performance characteristics. Additionally, the study delves into the utilization of MLIs to enhance motor
control precision and efficiency. Furthermore, advanced control strategies such as PI, fuzzy, and ANN
controllers are explored to improve dynamic response and robustness. By integrating these methodologies,
the research aims to develop comprehensive insights into the optimization of TRAXFIM performance, paving
the way for more efficient and reliable electric motor systems in EV applications.

3.1. Twin rotor axial flux IM

The TRAXFIM is a specialized configuration designed to enhance motor performance and efficiency
by utilizing two rotors within a single stator assembly. In this unique design, a common stator is shared by
two separate rotor assemblies, each positioned on opposite sides of the stator. When alternating current is
supplied to the stator windings, it creates a rotating magnetic field within the motor, as in conventional
single-rotor induction motors. However, in TRAXFIMSs, the presence of two rotors introduces additional
complexities to the motor operation. Both rotors are subject to the rotating magnetic field produced by the
stator, leading to the induction of currents in their respective conductors. As a result, each rotor experiences
electromagnetic forces that produce torque, causing them to rotate in opposite directions. The combined
rotational motion of the two rotors provides enhanced torque output and mechanical power compared to
single-rotor induction motors.

The utilization of dual rotors in a single stator configuration allows for increased power density,
improved efficiency, and enhanced performance in TRAXFIMs. By distributing the torque production between
two rotors, DRIMs can achieve higher torque-to-weight ratios and smoother operation, making them suitable for
applications requiring high torque output and precise control. Additionally, the dual-rotor design offers
redundancy and fault tolerance, as the motor can continue to operate even if one rotor experiences failure.

Advanced control techniques for performance improvement of axial flux machines (Kalpana Anumala)



1098 O ISSN:2252-8776

3.2. Multi-level inverter

MLIs play a crucial role in enhancing motor control by providing a more refined and precise voltage
modulation compared to traditional inverters. By synthesizing output voltage waveforms with multiple levels,
MLIs enable smoother transitions between voltage states, resulting in reduced harmonic distortion and
improved power quality. This finer control over voltage modulation allows for optimized energy utilization,
enhanced dynamic response, and increased efficiency in motor operation. Additionally, MLIs offer greater
flexibility in adjusting motor speed and torque across various operating conditions, making them invaluable
for achieving superior performance and responsiveness in industrial applications. MLIs stand as a promising
solution to augment motor control precision and efficiency in the context of TRAXFIMs. MLIs offer a
significant advancement over traditional inverters by synthesizing output voltage waveforms with multiple
voltage levels, leading to smoother operation and reduced harmonic distortion. In the realm of TRAXFIMs,
where precise control of motor speed and torque is paramount, the integration of MLIs opens up new avenues
for enhancing performance and responsiveness. Table 1 shows the switching table for MLI.

Table 1. Switching table for MLI

S.NO  O/P voltage level Current direction 1 2 3 4 5 6 7
1 5Vdc Ln-S3-Vdc3-vdcl-S4-C-S7-Lp 0 0 1 1 0 0 1
2 4Vdc Ln-S3-Vdc3-Vdc1-S4-S6-Lp 0 0 1 1 0 1 O
3 3vdc Ln-S2-Vdc1-S4-C-S7-Lp 0 1 0 1 0 0 1
4 2Vdc Ln-S2-Vdc1-S4-S6-Lp 0 1 0 1 0 1 O
5 Vdc Ln-S1-S4-C-S7-Lp 1 0 0 1 0 0 1
6 0 Ln-S1-S4-S6-Lp 1 0 01 0 1 0O
7 -Vdc Ln-S3-S5-C-S6-Lp 0 01 01 1 o0
8 -2Vdc Ln-S2-Vdc3-S5-S7-Lp 0 1. 0 0 1 0 1
9 -3Vvdc Ln-S2-Vdc3-S5-C-S6-Lp 0 1. 0 0 1 1 O

10 -4Vvdc Ln-S1-Vdcl-Vdc3-S5-S7-Lp 1 0 0 0 1 0 1
11 -5Vdc Ln-S1-Vdc1-Vde3-S5-C-S6-Lp 1 0 0 0 1 1 O

The utilization of MLIs in TRAXFIMs enables finer control over motor operation, allowing for
optimized energy utilization and improved dynamic response. By generating output voltage waveforms with
multiple levels, MLIs facilitate smoother transitions between voltage states, minimizing voltage distortion and
reducing electromagnetic interference. The inverter circuit is depicted in Figure 1. Figure 2 shows a triggering
circuit in an inverter provides gate pulses to power electronic switches at appropriate intervals. It ensures correct
switching sequence and timing for converting DC to AC output with desired waveform and frequency.

|
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Figure 1. Inverter circuit Figure 2. Triggering circuit

3.3. Controllers
3.3.1. Proportional-integral controller

The PI controller serves as a fundamental component in motor control systems, playing a pivotal
role in regulating motor speed, torque, and position. By comparing the desired reference signal with the
actual output, the PI controller generates a control signal that adjusts the motor's operation proportionally to
the error signal and its integral over time. This dual-action approach ensures stable and precise control,
minimizing steady-state error and oscillations while enabling rapid response to changes in operating
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conditions. The simplicity, robustness, and effectiveness of the PI controller make it a cornerstone in motor
control applications, providing reliable and efficient performance across a wide range of EV systems.

In the initial layout method, a traditional PI controller is added to regulate the speed of an implicit
field-oriented IM order. Additionally, the beginning condition is examined. A phase-locked loop technique
that coordinates with the utilities voltage regulation converter formulas are included in the suggested control
framework, as shown in Figure 3. The phase winds (i,, i,, and i.) are transformed into a d—q frames from
a-b—c dimensions. Several transformations may be used to characterize the elements of d—q.

* [lrb] 1)

Normal and oscillatory elements are now included in the computation of active and reactive power.
To get the average elements of the active power and reactive power outputs, nevertheless, two external PI -
circuits are employed. According to the subsequent conversions, this Pl generates active current references
(i4) and reactive current references (iy).

cos (wt) cos (wt - 2?11) cos wt +

[ld] \[ [sm (wt) sin wt - 2?11) sin wt +

g = kp(Pref -P) +k; f(Pref —P) dt 2

lc*l = kp(Qref 'Q) +ki f(Qref - Q) dt (3)

When, for the PI controllers in use, ki is the fundamental variable and k,, is the inverse proportional variable.
The electrical power benchmark is called Pref, and the reactive energy needed by the electrical supply is
referred to as Q.

The inner present loop and the outside voltage loop are integrated to provide the control. The
electrical reference, which is employed to regulate the inner loop, is produced through the comparison of the
reference voltage of the current with the real voltage in the outer loop. As a result, by contrasting the values
of the line currents acquired from the park transformation, the inside PI loops are produced.

[dd] 1 [ed + Vg + 3wH * lq] (4)
dql vacleq + vy —3wH * iy
sin (wt) cs(wt)o
Da 21 d
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Figure 3. PI controller circuit
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3.3.2. Fuzzy controller

In the pursuit of enhancing the performance and control strategies for TRAxXFIMs using MLIs and
advanced control techniques, the fuzzy controller emerges as a significant player. Fuzzy logic controller
(FLC) offers a unique approach to motor control by incorporating human-like reasoning and linguistic
variables to handle complex and uncertain systems. Within the framework of the proposed study, the fuzzy
controller is employed to optimize the dynamic response and efficiency of TRAXFIMs under variable speed
conditions while ensuring constant torque output.

The utilization of the fuzzy controller within the context of TRAXFIMs presents several distinct
advantages. Firstly, FLC offers inherent robustness to uncertainties and disturbances, making it well-suited
for real-world applications where system dynamics may vary or be poorly understood. Moreover, by
integrating the fuzzy controller with MLIs, as proposed in the study, the overall performance and efficiency
of TRAXFIMs can be further enhanced. Through rigorous simulation studies and experimental validation, the
efficacy of the fuzzy controller in optimizing TRAXFIM performance can be thoroughly evaluated, paving
the way for its practical implementation in EV propulsion systems and other EV applications. The fuzzy
circuit is depicted in Figure 4.

Within this framework, FLCs effectively handle the complex dynamics inherent in DRAFIM
systems, enabling smooth and accurate regulation of motor speed, torque, and other operational parameters.
By leveraging linguistic variables and fuzzy logic rules, FLCs adaptively adjust control actions based on real-
time feedback from sensors and system states. This adaptive capability is particularly advantageous in
dynamic operating conditions, where conventional control strategies may struggle to maintain optimal
performance. Furthermore, FLCs excel in handling imprecise or incomplete information, making them well-
suited for DRAFIM systems where uncertainties in load conditions or environmental factors are prevalent. In
conjunction with MLIs and neural network controllers, FLCs contribute to the overall sophistication and
effectiveness of the control system. MLIs provide high-quality voltage waveforms and reduced harmonic
distortion, enhancing the robustness and efficiency of the motor drive system. Meanwhile, neural network
controllers offer learning capabilities and adaptability to changing system dynamics, further refining control
strategies and improving overall performance. Through the synergistic integration of FLCs, MLIs, and neural
network controllers, advanced control strategies for DRAFIM systems achieve superior levels of precision,
efficiency, and reliability. This comprehensive approach not only optimizes motor performance but also
facilitates seamless integration into diverse industrial and automotive applications, where stringent
performance requirements and dynamic operating conditions are commonplace.
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Figure 4. Fuzzy controller circuit

3.3.3. Artificial neural network controller
The ANN controller serves as a sophisticated control strategy within the framework of enhanced
performance and control strategies for TRAxXFIMs using MLIs and advanced control techniques. In this
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context, the ANN controller operates by emulating the structure and function of biological neural networks to
learn and adapt to complex motor dynamics. The ANN controller can effectively model the nonlinear
relationships between motor inputs and outputs, enabling precise and adaptive control of TRAXFIMs under
varying operating conditions. This advanced control strategy offers several advantages, including the ability
to handle uncertainties and nonlinearities inherent in TRAXFIM systems, thereby enhancing motor
performance, efficiency, and stability.

In the proposed framework, the ANN controller plays a pivotal role in optimizing the performance
of TRAXFIMs by dynamically adjusting control parameters based on real-time motor responses. Through
extensive training on historical data and iterative learning processes, the ANN controller can refine its control
policies to achieve desired motor performance objectives, such as minimizing speed variations, reducing
settling time, and enhancing energy efficiency. Additionally, the ANN controller offers the flexibility to
adapt to changing operating conditions and system uncertainties, ensuring robust and reliable motor control
in diverse industrial applications. By integrating the ANN controller with MLIs and other advanced control
techniques, the proposed framework aims to unlock the full potential of TRAXFIMSs, paving the way for more
efficient and responsive electric motor systems in various industrial sectors. Figure 5 shows the ANN circuit.

| :| N e S S e

Figure 5. ANN controller circuit

Tables 2 to 4 outlines the parameters for an ANN employed in a motor control system. These
parameters include electrical, mechanical, and control characteristics of the system, such as winding
inductances, resistances, rotor dimensions, and time constants. They are essential for accurately modeling
and simulating the motor's behavior, facilitating precise control and optimization strategies. The table
provides key values necessary for the ANN to effectively predict and regulate the motor's performance,
ensuring efficient and reliable operation across various operating conditions.

Table 2. MOTOR parameters
Parameters f P Ls Lrl Lr2 Lml Lm2 rs rrl rr2 H F
Values 50 6/2 0.73e-3 1.1e-3  1.2e-3 56.63e-3 58.74e-3 0.345 0.347 0404 0.25 0.01

Table 3. Derived MOTOR parameter equations

Parameters Lmrp dLmrp sr Srh dsr dSrh
Values (1/2)*((Lm172/Lrl)  (1/2)*((Lm272/Lr2)-  (1/2)*((rrl/Lrl) (1/2)*((rr2/Lrl)  (1/2)*((rr2/Lr2)- (1/2)*((rr2/Lr2)-
+(Lm2/°2/Lr2)) (Lm172/Lrl)) +(rr2/Lr2)) +(rr2/Lr2)); (rr1/Lrd)); (rrl/Lrl))

Table 4. Time constants and additional MOTOR characteristics

Parameters Trmc Ts Trl Srl Tr2 Sr2 L Ir dr r K

Values le-3; 50e-6; Lrl/rrl 1/Trl Lr2/rr2 1/Tr2  2.285 0.347 0.835 1.35 0.395

4. RESULTS AND DISCUSSION

The results obtained from the study are implemented in MATLAB to facilitate the evaluation of
performance metrics. Through MATLAB simulations, the effectiveness and efficiency of the proposed
methodologies, including the integration of MLIs and advanced control techniques such as Pl, fuzzy and
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ANN controllers are assessed. This rigorous evaluation process enables a thorough analysis of the
performance enhancements achieved by the implemented strategies in optimizing TRAXFIMs for industrial
applications.

4.1. Outputs of PI controller
4.1.1. Rotor speed

The rotor speed graph in Figures 6 and 7, with time depicted on the x-axis and rotor speed levels
plotted on the y-axis, offers a detailed insight into the performance of a Pl controller in regulating the speed
of the second rotor in a dual-rotor system over time. This graph provides crucial information regarding the
dynamic behavior and stability of the speed control process, showcasing how the PI controller adjusts the
rotor speed to track the desired reference speed setpoint. Fluctuations, trends, or deviations in rotor speed
over time indicate the controller's effectiveness in maintaining stable and accurate speed control, while
overshoot or settling time can reveal aspects of controller responsiveness and tuning. By analyzing the rotor
speed graph, engineers can evaluate the performance of the PI controller, identify potential issues such as
oscillations or steady-state error, and fine-tune controller parameters to optimize speed regulation and ensure
smooth and reliable operation of the dual-rotor system.

Figure 6. Rotor 1 speed Figure 7. Rotor 2 speed

4.1.2. Torque

The torque graph in Figure 8, with time depicted on the x-axis and torque levels plotted on the y-
axis, offers a detailed representation of the dynamic response and performance of a system controlled by a PI
controller over time. This graph provides critical insights into how the PI controller regulates torque output to
maintain desired levels, reflecting the system's ability to generate the necessary mechanical force while
adhering to control objectives. Fluctuations, trends, or deviations in torque over time reveal the controller's
responsiveness, stability, and effectiveness in achieving and maintaining the target torque setpoint. By
analyzing the torque graph, engineers can evaluate the performance of the PI controller, identify potential
issues such as overshoot, settling time, or steady-state error, and fine-tune controller parameters to optimize
torque regulation and ensure efficient and reliable operation of the system for various industrial applications.

TorquelNm*2)

T
L1

Torque(Nm
[

| | |
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Figure 8. Torque
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4.2. Output of fuzzy controller

4.2.1. Rotor speed
The rotor speed graph, controlled by the fuzzy controller, presents a visual representation of the

motor's rotational behavior under the influence of the controller's input signals. Figures 9 and 10 serves as a
critical tool for evaluating the effectiveness of the fuzzy controller in regulating rotor speed over time. By
analyzing the trajectory of the speed curve, engineers can assess the controller's ability to maintain stable
operation, minimize deviations from the desired speed setpoint, and respond promptly to changes in load or
environmental conditions. Any deviations or oscillations observed in the speed curve may indicate areas for
further refinement or adjustment of the fuzzy controller parameters to optimize its performance and ensure

precise control of rotor speed.

Speed (Rpm)

Figure 9. Rotor 1 speed Figure 10. Rotor 2 speed

4.2.2. Torque
The torque graph in Figure 11, governed by the fuzzy controller, provides critical insights into the

motor's torque output influenced by the controller's input signals. This graph serves as a fundamental
indicator of the fuzzy controller's effectiveness in regulating torque production over time. Analyzing the
torque curve allows engineers to assess the controller's ability to maintain consistent torque levels, minimize
deviations from the desired torque setpoint, and swiftly adapt to changes in operational conditions or load
demands. Any irregularities or fluctuations observed in the torque curve may indicate areas for further
optimization or adjustment of the fuzzy controller parameters to enhance its performance and ensure precise

control of motor torque.

| |
Time(Sec)

Rotor 1 Torque(N-m})
A =

Rotor 2 Torgue{ N-m)
= = =
T
-

0 0.1 02 03 04
Time(Sec)

Figure 11. Torque

4.3. Output of ANN controller

4.3.1. Rotor speed
The rotor speed graph generated by the ANN controller depicts the dynamic response of the motor

under the influence of the controller's input signals. Figures 12 and 13 provides valuable insights into the
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effectiveness of the ANN controller in regulating rotor speed over time. By analyzing the trajectory of the
speed curve, engineers can assess the controller's ability to maintain stable operation, minimize deviations
from the desired speed setpoint, and respond promptly to changes in load or operating conditions. Moreover,
deviations or oscillations in the speed curve may indicate areas for further optimization or fine-tuning of the
ANN controller parameters to enhance its performance and ensure optimal motor operation.

4.3.2. Torque

The torque graph in Figure 14, governed by the ANN controller, offers valuable insights into the
motor's torque output as influenced by the controller's input signals. This graph serves as a critical indicator
of the ANN controller's effectiveness in regulating torque production over time. Analyzing the torque curve's
behavior allows engineers to assess the controller's ability to maintain consistent torque levels, minimize
deviations from the desired torque set-point, and swiftly adapt to changes in operating conditions or load
demands. Any deviations or fluctuations observed in the torque curve may indicate areas for further
optimization or fine-tuning of the ANN controller parameters to enhance its performance and ensure precise
control of motor torque.
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Figure 12. Rotor 1 speed Figure 13. Rotor 2 speed
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Figure 14. Torque
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4.4. Discussion

The simulations have unequivocally validated the effectiveness of our proposed methodology in
augmenting the performance of TRAXFIMs. Through the strategic integration of MLIs alongside advanced
control strategies like PI, fuzzy, and ANN controllers, substantial enhancements have been discerned in
various facets of motor operation. Noteworthy improvements in motor control precision, energy efficiency,
and dynamic response have been observed, underscoring the efficacy of the approach. Leveraging MLIs has
afforded finer control over motor parameters, culminating in smoother operation and mitigated energy losses.
These outcomes collectively emphasize the promising prospect of amalgamating advanced control
methodologies with MLIs, thus rendering TRAXFIMs better equipped to meet the demands of a diverse array
of EV applications.

The comparison between conventional control methods such as the PI controller and advanced
techniques like fuzzy logic and ANN controllers reveals distinct performance characteristics in terms of
speed variation and settling time. In particular, the settling time observed with the PI controller is found to be
greater compared to that of the fuzzy controller. This discrepancy suggests that the fuzzy controller exhibits
faster response dynamics, potentially attributed to its ability to adapt to changing system conditions and
uncertainties more effectively. Conversely, while the ANN controller showcases faster settling times than the
fuzzy controller, it still demonstrates a longer settling time compared to the PI controller. This observation
underscores the trade-offs inherent in selecting control strategies, highlighting the need for a balanced
consideration of speed variation and settling time when designing control systems for dynamic applications.

5. CONCLUSION AND FUTURE WORKS

In conclusion, this study has successfully investigated for enhanced performance and control
strategies for TRAXFIMs utilizing MLIs and advanced control techniques. Through MATLAB simulations
conducted under variable speed conditions while maintaining constant torque, we have demonstrated the
effectiveness of these strategies in optimizing TRAXFIM performance for EV applications. By employing
MLIs to enhance motor control precision and efficiency, and investigating advanced control strategies
including PI, fuzzy, and ANN controllers, the challenges associated with proposed system are addressed.
Future research could explore further refinements and optimizations of the proposed strategies to achieve
even greater performance enhancements in TRAxXFIMs. This may involve fine-tuning control parameters,
exploring alternative control algorithms, or investigating new motor configurations. Additionally,
experimental validation of the proposed strategies using real-world hardware setups would provide valuable
insights and validation of the simulation results. Overall, the findings of this study underscore the potential of
employing MLIs and advanced control techniques for EV applications and beyond.
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