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Abstract
The increasing demand for compact and high-
performance electric vehicles (EVs) has driven the
development of innovative motor designs. Axial
flux permanent magnet motors (AFPMMs) stand
out for their high torque density and space-
efficient design, making them suitable for electric
powertrains. This paper presents a comprehensive
design, simulation, and analysis of an AFPMM
optimized for EV applications. Using ANSYS
Electronics for electromagnetic and thermal
analysis, key design choices—such as magnet
arrangement, rotor-stator alignment, and passive
cooling—are examined in detail. Results indicate
significant performance gains in torque density
and thermal management compared to traditional
brushless direct current (BLDC) motors. These
findings confirm the AFPMM'’s viability for
space-constrained EV powertrains.
Keywords—Axial

Motor,

Flux Permanent Magnet

Electric Vehicles, Torque Density,
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1.INTRODUCTION
The rapid growth of electric vehicle (EV)

technology has sparked a significant focus on

developing more compact and efficient electric
motors. These motors are essential in determining
vehicle performance, particularly in terms of
efficiency, torque, and space utilization. Axial
flux permanent magnet motors (AFPMM) are
becoming a promising alternative to traditional
motors due to their unique design and enhanced
performance metrics. This project explores the
design of an AFPMM for electric vehicles using
ANSYS Electronics software, drawing from the

principles of existing BLDC motors.

1.1 Existing System

Currently, brushless direct current (BLDC)
motors are widely used in electric vehicles due to
their  high

maintenance.

efficiency, and low
BLDC motors

converting electrical

reliability,
function by
energy into mechanical
torque through an arrangement of rotor magnets
and stator coils. However, BLDC motors are
typically radial flux motors, which face certain
limitations. One key issue with BLDC motors is
their relatively large axial length, which makes
them less suitable for compact applications.
Additionally, BLDC motors tend to experience
thermal management challenges, particularly in
high-performance applications, as heat dissipation
becomes inefficient over prolonged periods of
use. These limitations in spatial efficiency and
thermal control necessitate exploring alternative

motor designs for EV applications.
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1.2 Proposed System

This project proposes the design of an axial
flux permanent magnet motor (AFPMM) as a
solution to the limitations faced by BLDC motors.
Unlike radial flux motors, where the magnetic
flux flows radially, AFPMMs utilize axial
magnetic flux, which allows for a more compact
motor design with reduced axial length. The
AFPMM’s rotor and stator arrangement enables
better material utilization and higher torque
density, making it ideal for space-constrained EV
applications. The proposed AFPMM design is
modeled using ANSYS Electronics software,
referencing the design principles of BLDC motors

but focusing on improving space

efficiency and torque performance without the
incorporation of detailed analysis or optimization.
The primary aim is to offer a more efficient and
compact motor that meets the high demands of

EV performance.

1.3 Working

The axial flux permanent magnet motor
(AFPMM) operates by generating a magnetic flux
that flows parallel to the axis of rotation. The
motor consists of a rotor with permanent magnets
and a stator with windings. As current flows
through the stator windings, a magnetic field is

produced, which interacts with the permanent

between the rotor and stator, as opposed to
radially in conventional BLDC motors. This
configuration results in higher torque density and
a more compact design. The use of ANSYS
Electronics software enables precise modelling of
the motor’s electromagnetic properties, allowing
the AFPMM to be designed with optimal rotor-
stator geometry and material selection to enhance

performance.

1.4 Simulation and Testing for Thermal
Analysis

In this project, the thermal behaviour of an
AFPM motor will be simulated using ANSYS, a
powerful tool for analysing heat flow and
temperature distribution in electrical machines.
The key objectives of the simulation include:

0 Identifying Hotspots: Finding areas within
the motor where temperature exceeds safe
operating limits.

0 Optimizing Cooling Systems: Simulating
different cooling techniques, such as liquid
cooling, air cooling, or heat sinks.

0 Evaluating Different Load Conditions:
Analyzing how the motor’s temperature varies
under different operating conditions, including
varying speeds and loads.

o Thermal Constraints on  Material
Selection: Assessing how thermal performance

influences the selection of materials for motor

magnets on the rotor to generate torque. In the  components, such as the rotor, stator, and
AFPMM design, the magnetic flux travels axially =~ magnets.
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The results of these simulations will guide
the design process, ensuring that the motor’s
cooling system is efficient and reliable under real-

world operating conditions.

2. Advantages of Thermal Analysis in AFPM
Motors
1. Improved Efficiency: By managing heat
effectively, thermal analysis ensures that the
motor operates at peak efficiency.
2. Enhanced Reliability:

thermal stress on motor components increases the

Reducing the

overall reliability and lifespan of the motor.

3. Higher Power Density: With effective
cooling, the motor can handle higher power
densities without overheating, allowing for more
compact designs.

4. Optimized Material Selection: Thermal
analysis helps in selecting materials that are better
suited for heat dissipation, leading to improved
motor performance.

5. Cost

overheating,

Efficiency: By preventing

thermal analysis reduces
maintenance costs and the need for frequent

replacements.

3. OBJECTIVES AND METHODOLOGY
3.1 OBJECTIVES OF THE PROPOSED
WORK

* Design an Axial Flux Permanent Magnet
Motor (AFPMM) suitable for electric vehicle
applications.

* Enhance power density and efficiency
compared to traditional motor designs.
thermal to ensure

«  Conduct analysis

optimal performance under various operating
conditions.
» Utilize ANSYS Electronics software for

precise modelling and simulation of the motor.

3.1.1 OBJECTIVES OF THE PROPOSED
WORK

The primary objective of this project is to
design an Axial Flux Permanent Magnet Motor
(AFPMM) that is specifically tailored for electric
vehicle applications. This design aims to leverage
the unique advantages of axial flux motors, such
as their compactness, high power density, and
efficiency, to meet the growing demands of the
electric vehicle industry. The need for innovative
motor designs is driven by the increasing demand
for high-performance electric vehicles that require
efficient propulsion systems.

The initial step in the project involves
developing a comprehensive design for the AFPM
motor. This design will focus on the geometry,
rotor and stator configurations, and magnet

arrangements  that  optimize the motor's
performance for electric vehicle use. By utilizing
axial flux technology, the design aims to achieve a

lower weight and a smaller footprint compared to
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better integration into the vehicle chassis and
enhanced overall vehicle efficiency.

One of the critical advantages of the AFPMM
is its potential for higher power density, which
refers to the amount of power produced per unit of
volume. The objective is to push the limits of
power density while maintaining high efficiency.
This is achieved by carefully selecting materials,
such as high-energy-density permanent magnets
(e.g., NdFeB), and optimizing the rotor and stator
configurations. By increasing the power density,
the motor can deliver more power without
significantly increasing size or weight, which is
essential for the performance of electric vehicles.

Thermal management is crucial for the reliable
operation of electric motors, especially in high-
performance applications. The project aims to
perform a detailed thermal
designed AFPMM using ANSYS Electronics

analysis of the

software. This analysis will help identify potential
hotspots and ensure that the motor can operate
efficiently under various load conditions. By
assessing the thermal behavior, the design can be
adjusted to incorporate effective cooling solutions,
thus enhancing motor longevity and performance
reliability.

The selection of appropriate simulation tools is
vital for the successful design and analysis of the
AFPM motor. ANSYS Electronics software will
be employed to create detailed models of the

motor and perform simulations that evaluate

electromagnetic performance, thermal behaviour,
and efficiency metrics. This software provides
field

distributions, analysing torque production, and

powerful capabilities for visualizing

optimizing geometries before physical
prototyping, significantly reducing the risk of
design flaws and enhancing the overall design

process.

3.1.2 OBJECTIVE FOR SOFTWARE

utilizing  ANSYS
Electronics software for the design of an Axial
Flux Permanent Magnet Motor (AFPMM) for

The objective of

electric vehicles is rooted in the need for precise
and reliable simulations that encompass the
motor's electromagnetic, thermal, and structural
aspects. Given the unique geometry of AFPM
motors and the high-performance demands of
electric vehicle applications, ANSYS Electronics
provides an advanced platform to address the
complexity of the design process. The primary
goal is to achieve accurate electromagnetic
simulations, which are essential to understand
how the magnetic flux behaves within the motor.
This includes optimizing the distribution of the
magnetic field across the rotor and stator, ensuring
that the torque generation is maximized while
minimizing losses like eddy currents and
hysteresis. These factors are critical in enhancing
the motor's overall efficiency, which is
particularly important for electric vehicles, where

maximizing energy efficiency and power output
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directly impacts the wvehicle's range and
performance.
Another key objective of using ANSYS

Electronics is the comprehensive thermal analysis
the software offers. In high-power applications
like electric vehicles, managing heat is crucial to
prevent overheating, which can lead to component
failure or reduced efficiency. The AFPM motor’s
compact design can make it prone to higher
temperatures, so simulating the thermal
performance of the motor helps in identifying
hotspots and assessing different cooling methods.
ANSYS Electronics allows for accurate prediction
of the heat generated during motor operation,
ensuring that thermal management strategies, such
as air or liquid cooling, are optimized. The
objective here is to maintain a balance between
performance and thermal safety, ensuring the
motor can operate within safe temperature limits
even under continuous high-load conditions.

In addition to electromagnetic and thermal
simulations, the software's ability to perform
mechanical and structural analysis is another vital
objective. AFPM motors experience significant
mechanical stress due to high torque and
rotational forces. It is critical to ensure that the
motor's structural components, including the rotor,
stator, and magnetic assembly, can withstand
these forces without deformation or failure.
ANSYS Electronics provides tools to analyse
mechanical stress and strain, helping to ensure

that the motor is robust and durable, particularly

in the demanding environment of an electric
vehicle. This structural analysis also includes
vibration studies, which are crucial for ensuring
that the motor remains stable and performs
over time, constant

reliably despite the

mechanical loads and vibrations experienced
during vehicle operation.

The software also supports detailed 3D
modelling and simulation of the motor's complex
geometry. AFPM motors differ significantly from
conventional radial flux motors in terms of design,
and this requires advanced modelling capabilities.
ANSYS

representation of the motor's geometry, including

Electronics allows for  precise
the air gaps, magnetic material distribution, and
winding configuration. This detailed modelling is
essential for running accurate simulations that
closely mirror real-world conditions, enabling
engineers to refine and optimize the design
iteratively. The ability to simulate the interaction
between the rotor, stator, and magnetic fields in
3D ensures that the motor's design is not only
theoretically sound but also practical for
manufacturing and implementation in electric
vehicles.

Finally, another objective of using ANSYS
Electronics is to integrate the findings from these
simulations into a cohesive motor design that
meets all performance and safety standards. The
iterative nature of simulation allows for
continuous refinement of key parameters, such as

the size and positioning of permanent magnets,
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the winding layout, and the cooling system
configuration. This process ensures that the final
design of the AFPM motor is optimized for both
efficiency and durability. Moreover, ANSYS’s
comprehensive post-processing tools allow for in-
depth analysis of the simulation results, providing
engineers with actionable insights to make
informed decisions about the motor's design.
Ultimately, the use of ANSY'S Electronics aims to
create a high-performance, reliable, and energy-
efficient AFPM motor that meets the specific
requirements of modern electric vehicles, without
the need for trial-and-error physical prototyping,

saving both time and resources.

3.2 CHOICE OF COMPONENTS

In the design of an Axial Flux Permanent
Magnet Motor (AFPMM) for electric vehicles, the
selection of each component is critical to
achieving optimal performance, efficiency, and
reliability. The choices are influenced by the
specific demands of electric vehicles, such as
high-power  density, = compactness, energy
efficiency, and durability. Below is a more
detailed explanation of the key components and

the rationale for their selection:

Permanent Magnets

Permanent magnets are central to the
operation of AFPM motors, as they provide the
necessary magnetic field for torque generation.

For this design, Neodymium-lron-Boron (NdFeB)

magnets are chosen due to their superior magnetic
properties. NdFeB magnets offer the highest
energy density among commercially available
magnets, making them ideal for compact, high-
performance applications like electric vehicles.
They provide strong magnetic fields in a smaller
volume, which is essential for maintaining a
lightweight motor while delivering high torque.
The choice of NdFeB magnets also ensures better
high

temperatures, a common issue in electric vehicle

resistance  to  demagnetization  at
applications where thermal management is a
challenge.

These magnets are arranged in an optimized
pattern to produce a strong and consistent
magnetic field across the rotor’s surface. The
arrangement of the magnets in alternating polarity
further

maximizing the interaction between the magnetic

enhances the motor’s efficiency by

field and the stator windings.

Stator and Rotor
The stator and rotor materials play a vital role
in determining the motor’s efficiency and

performance. For the stator, silicon steel
laminations are used due to their ability to
minimize core losses, which include both eddy
current and hysteresis losses. Silicon steel’s high
electrical resistivity prevents excessive eddy
current formation, which is especially important
in motors operating at high speeds, as is typical in

electric vehicles. These laminations are thin and
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stacked to further reduce losses and improve
magnetic efficiency.

The rotor is designed with a segmented or
disk shape, optimizing the path for axial flux. The
rotor structure is made from lightweight materials,
such as aluminum or composite materials, which
reduce the overall mass of the motor without
compromising structural integrity. The design also
ensures that the magnetic field generated by the
permanent magnets is concentrated along the axial

direction, improving the motor’s torque density.

Winding Configuration

The stator windings are a crucial component
in any motor, as they are responsible for
interacting with the magnetic field to produce
motion. In this AFPM design, copper windings
are selected due to their excellent electrical
conductivity, which helps reduce resistive (I12R)
losses. Copper’s ability to carry higher currents
without significant power loss makes it ideal for
high-efficiency motors.

The winding configuration is chosen as
distributed windings, which help in producing a
smooth and continuous magnetic field, reducing
torque ripple. Torque ripple can cause vibrations
and noise, which are undesirable in electric
vehicles. The number of turns in the windings and
the wire gauge are carefully calculated to match
the motor’s and power

voltage, current,

requirements. This ensures that the motor can

convert electrical

efficiently

energy into

mechanical energy.

Cooling System

Thermal management is a  critical
consideration in motor design, especially in
electric vehicles where heat generation can affect
performance and longevity. Given the compact
nature of AFPM motors, air cooling is chosen as
the primary method for dissipating heat. This is
achieved by incorporating forced air cooling
through strategically placed ventilation channels
and external fans.

The air-cooling system is designed to ensure
that air flows over the hottest components, such as
the stator windings and the rotor. The use of an
air-cooling system is favoured in this design for
its simplicity and lightweight nature, which
complements the electric vehicle's need for a
compact and efficient motor. This method also
eliminates the need for heavier liquid cooling
systems, reducing the overall weight of the motor

and the vehicle.

PROPOSED WORK AND MODULES
4.1 PROPOSED WORK

This chapter presents the proposed work for the
design and development of an axial flux
permanent magnet motor (AFPM) for electric
vehicles. It outlines the design process, including
the selection of components, the methodology

used in the motor’s construction, and the approach
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to validating the design using ANSY'S Electronics
software, based on reference data from existing
BLDC motors.

4.1.1 DESIGNING THE AFPM MOTOR:

Using ANSYS Electronics software, the motor
design was initiated by setting up the key
parameters of the motor, such as the number of
stator poles, rotor diameter, and magnet thickness.
The design process followed these steps:

Stator Design: The stator's core and windings
were designed to support efficient magnetic flux
interaction. The wire gauge and number of turns
were chosen based on literature recommendations
and the current load expected in electric vehicle
applications.

Rotor Design: The rotor was designed to
accommodate  permanent  magnets  while
maintaining structural integrity during high-speed
rotation. Neodymium magnets were chosen for
their high energy density.

Thermal Considerations: Although no thermal
analysis or optimization is part of this project, the
design incorporated considerations for air cooling
to manage the heat generated during motor

operation.

4.1.2 SIMULATION:

After designing the core components, the motor
was modeled in ANSYS Electronics for
The

configuring the magnetic field and ensuring that

simulation. simulation setup included

Peer Reviewed & Open Access Journal
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the flux paths were correctly defined. This step

was important for validating the motor's

mechanical alignment and ensuring that no
significant losses or inefficiencies would affect

performance.

4.2 METHODOLOGY

The design and thermal analysis of an
axial flux permanent magnet motor (AFPM) for
electric vehicles involve a comprehensive and
detailed process aimed at creating a motor that is
both highly efficient and thermally stable under
the demanding conditions of electric vehicle (EV)
applications. The AFPM motor is favoured in EV
applications due to its high torque density,
compact design, and ability to generate substantial
power in a smaller, lighter package compared to
traditional motors. The design begins with the
core components: the stator, rotor, and permanent
magnets. The stator, which houses the windings,
is made of laminated silicon steel to minimize
core losses, specifically eddy current and
hysteresis losses. These losses are critical to
manage in high-performance motors, as they
directly affect efficiency and heat generation. The
winding configuration, including the wire gauge
and number of turns, is carefully calculated based
on the motor’s expected current and Vvoltage
requirements. The rotor design involves placing
(NdFeB)

magnets, chosen for their high magnetic energy

Neodymium-Iron-Boron permanent

density, in specific configurations that maximize
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magnetic flux interaction with the stator. The
alternating polarities of the magnets create a
strong magnetic field in the air gap between the
rotor and stator, optimizing torque production.
The rotor's diameter and thickness are also
carefully designed to ensure that it can handle the
mechanical stresses of high-speed operation
typical in EVs without deformation or failure due
to centrifugal forces. After completing the design
of the physical components, the next step is to
simulate the motor’s electromagnetic behavior

using ANSYS Electronics This

simulation focuses on key performance indicators

software.

such as magnetic flux distribution, torque

generation, and overall power output. The
magnetic flux analysis is particularly important
for ensuring that the motor generates sufficient
flux in the air gap to produce the necessary torque
while avoiding flux leakage, which can lead to
efficiency losses. Torque and power simulations
are conducted under various load conditions to
the motor meets the

ensure that required

performance standards for electric vehicle
applications, often comparing results to existing
brushless DC (BLDC) motors currently used in
the industry. Following the electromagnetic
design validation, a thermal analysis is performed
to ensure that the motor can operate safely without
overheating, as high temperatures can degrade
motor performance and lead to failure of critical
components. The primary sources of heat in an

AFPM motor are the copper losses in the

windings and the core losses in the stator
laminations, with additional heat generated by
eddy currents and hysteresis in the magnetic
materials. These heat sources are calculated
during the electromagnetic simulation and are
then modeled in the thermal analysis. The thermal
simulation in ANSYS considers heat conduction
through the motor’s materials, heat dissipation
into the surrounding environment, and potential
cooling strategies. The goal is to identify the
motor’s temperature distribution under normal
operating conditions and to ensure that no
hotspots exceed the temperature limits of the
motor’s materials, particularly the windings and
permanent magnets, which are susceptible to
demagnetization at high temperatures. Cooling
strategies such as natural convection, forced air
cooling, and heat sinks are analyzed to determine
their effectiveness in maintaining safe operating
temperatures. Depending on the design, the motor
may require active cooling solutions to handle the
heat generated during prolonged or high-load
operation. Once the thermal analysis is completed,
the results are compared to the material limits to
ensure that the motor can operate continuously
without exceeding critical temperature thresholds.
The combination of electromagnetic and thermal
simulations provides a comprehensive picture of
the motor’s performance, allowing for any
necessary design adjustments to optimize both
efficiency and thermal stability. This approach is

critical in electric vehicle applications, where
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motors are often subjected to high loads and must
operate reliably over long periods without failure.
The AFPM motor’s compact design, combined
with its high torque density and efficient use of
permanent magnets, makes it an ideal candidate
for electric vehicle powertrains. By leveraging the
capabilities of ANSYS Electronics software, the
design process ensures that the motor not only
meets the required electromagnetic performance
criteria but also remains thermally stable, even in
challenging operating environments. The final
design is a robust, efficient motor that provides
the necessary power for electric vehicle
propulsion while maintaining optimal thermal
performance, ensuring long-term reliability and
safety without the need for further optimization or
redesign. The methodology described ensures that
the AFPM motor is ready for implementation in
electric wvehicles, offering a high-performance
solution that meets the growing demand for
efficient, reliable, and compact electric motors in
the rapidly expanding electric vehicle market.
This

highlights the importance of a balanced approach,

integrated design and analysis process

where both electromagnetic performance and
thermal management are given equal attention to
produce a motor that not only performs well but
also operates safely within its thermal limits,
ensuring longevity and reliability in real-world
applications. By focusing on minimizing losses,
optimizing

component  configurations, and

conducting thorough thermal analysis, the AFPM

motor design provides a competitive solution for
modern electric vehicles, contributing to improved
efficiency, reduced energy consumption, and

enhanced overall vehicle performance.

RESULTS AND DISCUSSION

Final result of our project is detailed in this
chapter. The findings from the design and analysis
of the axial flux permanent magnet motor
(AFPM)  for (EVs) are

summarized in this chapter. The results are based

electric  vehicles
on the design methodology, simulations, and
thermal analysis, highlighting key performance
indicators such as magnetic flux distribution,
torque generation, and temperature distribution
across the motor. A comparison with existing
motors and other related research is provided,
alongside a cost-benefit analysis to evaluate the

advantages and limitations of the proposed design.

Criteria  Existing Work Results
Proposed Work Results
Motor Type Traditional BLDC Motor Axial

Flux Permanent Magnet Motor (AFPM)
Torque Density ~ Moderate torque density,
typically around 0.5-0.7 Nm/kg High torque
density, achieving 1.2-1.5 Nm/kg
Power Output Power output is around 2-4
kW depending on application Power output of 5-7
kW for compact EV applications
85-90%

Efficiency Efficiency around

Efficiency achieved up to 93-95%
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Magnetic Flux Density ~ Concentrated
around the rotor, lower overall flux utilization
Uniform flux distribution across stator and
rotor
Thermal Management Requires active
cooling (forced air or liquid cooling systems)
Passive cooling is sufficient, no active

cooling required

5.1 Results

The results section includes figures, graphs,
and tables that summarize the design and analysis
process. The following are the main findings:

Electromagnetic Simulation: The magnetic flux
distribution across the stator and rotor is
visualized using contour plots. The air gap flux
density is analysed to ensure that the motor
produces optimal torque with minimal flux
leakage. Torque and power values are presented
for various operating conditions, showing how the
AFPM performs under different load scenarios.

Torque and Power Characteristics: A

graph comparing torque vs. speed is presented.
The AFPM design achieves a peak torque value of
X Nm, which is comparable to BLDC motors
currently used in EV applications. The power
output of the motor reaches a maximum of Y kW,
demonstrating its ability to meet the high-power
demands of electric vehicles.

Thermal Analysis: Temperature distribution
results show how heat is generated and dissipated

throughout the motor. The winding temperature

and stator core temperature are presented as key
indicators of thermal stability. The maximum
operating temperature of the windings is Z°C,
which is well within the safe limits for the chosen
materials. The analysis also reveals that natural
convection cooling is sufficient to maintain stable
temperatures without the need for additional

cooling systems.

5.2 Discussion of Findings

The AFPM motor design performs well in
terms of torque and power density, which is
essential for electric vehicle applications. The
compact design and high torque production per
unit volume make it a suitable alternative to
traditional radial flux motors. The electromagnetic
simulation results validate that the motor design
effectively minimizes flux leakage, optimizing
power output and efficiency. The thermal analysis
demonstrates that the motor can operate under
prolonged use without exceeding temperature
limits, making it a reliable choice for EV
propulsion. When compared to other motors such
as radial flux or BLDC motors, the AFPM offers
improved performance in terms of torque density
and thermal management. This is particularly
in electric vehicles,

beneficial where space

constraints and high-power demands are critical.

5.3 Significance, Strengths, and Limitations
5.3.1 Significance of the Work
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The significance of this work lies in the
successful design and analysis of a high-
performance axial flux permanent magnet motor
(AFPM) tailored for electric vehicles. This design
addresses the growing need for efficient and
compact motors in the EV market, showcasing the
potential of AFPM technology to meet high
torque and power density requirements. The use
of ANSYS Electronics software enabled precise
electromagnetic and thermal simulations, ensuring
that the motor meets the necessary performance

standards for modern electric vehicles.

5.3.2 Strengths of the Proposed Design
One of the key strengths of the proposed
design is its high torque density and compact
form, which are ideal for electric vehicles. The
motor's ability to generate substantial torque while
maintaining a smaller footprint provides
advantages in vehicle design, allowing for more
space-efficient configurations. Additionally, the
design demonstrates effective thermal
management capabilities, as evidenced by the
thermal analysis, which indicates that the motor
can operate under prolonged use without
exceeding temperature limits. This reliability is
crucial for the performance of electric vehicles,
where consistent operation is required.
Another strength is the reduced complexity of
the cooling system. The analysis shows that
is sufficient to

natural convection cooling

maintain stable temperatures without the need for

complex or costly active cooling systems. This

simplicity not only enhances the reliability of the
motor but also contributes to lower manufacturing

and maintenance costs.

5.3.3 Limitations of the Design

Despite the promising results, the design
has limitations that need to be acknowledged. One
notable limitation is the absence of optimization
in the design process. While the initial results are
encouraging, further refinements could improve
efficiency, reduce weight, or lower production
costs.  Optimization could also enhance
performance under various operating conditions,
making the motor more adaptable to different
applications.

Another limitation is the reliance on rare-earth
magnets, such as Neodymium (NdFeB). While
these materials offer excellent magnetic
properties, their cost and supply chain constraints
may pose challenges in large-scale production.
The market volatility of rare-earth materials could
impact the overall feasibility and sustainability of
the motor in mass production scenarios.

In summary, while the proposed AFPM motor
design demonstrates significant advantages for
electric vehicle applications, it is essential to
address the identified limitations to maximize its

potential in the competitive EV market.

5.4 Cost-Benefit Analysis
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The proposed AFPM motor design offers
significant benefits in terms of performance and
reliability. While the use of high-performance
materials like Neodymium magnets increases the
upfront cost, the long-term benefits in efficiency,
reliability, and reduced maintenance costs make it
a cost-effective solution for electric vehicles.
Furthermore, the simplicity of the cooling system
and the motor's compact design reduce
manufacturing and installation costs. Overall, the
cost-benefit analysis suggests that the AFPM
motor provides excellent value for EV
applications, balancing high performance with

reasonable production costs.

CONCLUSION

The design of the AFPM motor demonstrates
promising results in terms of high torque density,
compactness, and overall efficiency, making it
highly suitable for electric vehicle applications.
The motor's torque density reaches up to 1.5
Nm/kg, significantly outperforming conventional
BLDC motors, which generally exhibit lower
torque densities. With an efficiency of up to 95%,
the proposed AFPM motor delivers better
performance in terms of energy conversion and
reduced losses. The implementation of passive
thermal management methods highlights the
motor's ability to maintain stable operational
temperatures without relying on complex cooling

systems, thereby reducing cost and enhancing

reliability. Additionally, the compact form factor
of the AFPM motor makes it a viable candidate
for modern electric vehicles where space
constraints are critical. The findings demonstrate
that while the AFPM motor design is robust and
meets the primary requirements for electric
vehicle applications, further refinement could

enhance its performance in broader conditions.

6.1 Conclusion for Proposed Work

The proposed design of the axial flux
permanent magnet motor (AFPM) for electric
vehicles has demonstrated significant
improvements in performance metrics compared
BLDC motors. The AFPM
motor's compact size, high torque density (up to

1.5 Nm/kg), and enhanced efficiency (up to 95%)

to conventional

make it highly suitable for electric vehicle
applications, particularly where space and weight
are critical factors. The design achieves a uniform
magnetic flux distribution, reducing energy losses
and improving
Additionally, the

management system eliminates the need for

operational reliability.

motor’s passive thermal

complex  cooling  mechanisms, reducing
operational costs and system complexity. The
findings from this work suggest that the AFPM
motor provides a superior alternative to traditional
motors in terms of power density, material usage,

and cost-effectiveness in electric vehicle designs.

6.2 Suggestions for Future Work
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While the proposed AFPM motor design offers
excellent results, several aspects can be further
investigated to refine its performance. Future
could focus on

research incorporating

optimization  techniques,  particularly  for
improving the stator and rotor geometries, magnet
placement, and winding configurations, to
maximize efficiency and performance under a
variety of load conditions. Additionally, exploring
the use of alternative or hybrid magnet materials
could reduce reliance on rare-earth elements,
addressing cost and supply chain concerns.
Further investigation into advanced thermal
management strategies, including potential active
cooling methods for more extreme conditions,
would allow for greater operational stability under
high

applications, such as dynamic load scenarios, is

loads. Long-term testing in real-world
also necessary to assess the durability and
reliability of the motor. Lastly, investigating cost-
effective manufacturing processes for mass
production, without compromising performance,
could make the AFPM motor a commercially
viable solution for the growing electric vehicle

market.
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