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Abstract

To maintain environmental equilibrium, a “green revolution” is required, as modern society relies
excessively on fossil fuels to fund its indulgences. The pursuit of sustainable energy and reducing
carbon dioxide emissions from internal combustion engines has motivated scientists and engineers to
investigate and create unique driving systems. Vehicle emissions have decreased significantly because
of the introduction of hybrid automobiles. Electric vehicles (EVs) rely on various types of motors to
convert electrical energy into mechanical power, each with distinct characteristics suited to different
applications. This review explores the main motor types used in EVs, including permanent magnet
synchronous motors, induction motors, switched reluctance motors, and brushless DC motors. This is
insufficient, though. The implementation of entire EVs is crucial as they are completely clean.
Consequently, the internal combustion engine seen in ordinary cars and autos is replaced with an
electric motor in these vehicles. Therefore, experts in the industry are concerned about the requirement
for greatly enhanced motors that can function at their best. This study reviews various electric motors
based on their affordability, efficiency, robustness, and ease of design. In conclusion, research has
shown that brushless DC motors are the most effective and well-suited option for propulsion drive in
both hybrid electric and electric cars. Its control, though, is inadequate. It also presents a theoretical
approach to enhance its control.

Keywords: Electric motors, electric vehicle, automobile, brushless DC (BLDC) motor, induction motor
(IM), switched reluctance motor (SRM)

INTRODUCTION

We know that the conventional automobiles generate a lot of pollutants into the atmosphere because
their engines burn fuel inside, increasing the amount
of pollution in the air. Fuel has become more
expensive and more in demand [1]. But on the other
side, electric vehicles (EVs) are highly efficient,
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affordable, and environmentally benign, there will
be an increasing demand for them in the future. The
purpose of this study is to compare several motor
types that can be utilized in EVs to maximize their
efficiency. DC brushed motor (DCBM), DC
brushless motor (BLDC), induction motor (IM),
permanent magnet synchronous motor (PMSM),
synchronous reluctance motor (SYNRM), and
switched reluctance motor are compared in this
paper. After review of several motor types, it was
discovered that induction motor and permanent
magnet brushless DC motor have higher power
densities, are more dependable, and efficient than
the other motor types covered in this work [2].
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The future is believed to belong to EVs, so it is essential that we continue researching ways to make
them more user-friendly in order to not only enhance the EV adoption rate, but also enhance the
international electrification of nations [3, 4]. A crucial component of research is necessary to determine
the kind of motor that can supply the best price to performance ratio and the most value.

LITERATURE REVIEW

The EV revolution has spurred significant advancements in electric motor technology [5]. Selecting
the most suitable motor for a particular EV application necessitates a comprehensive understanding of
the advantages and disadvantages inherent to each type. This review delves into the most prevalent EV
motor technologies, exploring their design principles, performance characteristics, and suitability for
various EV applications [6].

DC Brushed Motor (DCBM)

e DCBMs (Figure 1) are the simplest type of electric motor, making them relatively inexpensive
to manufacture. This has historically positioned them as a popular choice for early EVs [7].

o DCBMs utilize brushes to mechanically commute (switch) current between the rotor and stator.
This brush friction creates wear and tear on the brushes, reducing efficiency and requiring
periodic maintenance.

o Due to brush friction and sparking, DCBMs generally have lower efficiency and power density
compared to other EV motor options [8].

DC Brushless Motor (BLDC)

BLDCs (Figure 2) address the limitations of DCBMs by using electronic controls to manage
commutation. This eliminates brush friction, leading to higher efficiency, reduced maintenance
requirements, and longer lifespan. BLDCs offer a good balance between performance and cost [9].
Their robust design and affordability make them suitable for a wide range of EV applications, including
low- and medium-power EVs, hybrid EVs (HEVs), and plug-in hybrid EVs (PHEVS).

Induction Motor (IM)
¢ Induction motors (Figure 3) are known for their robust construction and ability to operate in harsh
environments. They are relatively inexpensive to manufacture and require minimal maintenance,
making them a popular choice for industrial applications [10].
e The operating principle of induction motors results in lower efficiency, particularly at lower
speeds. This can be a drawback for EVs in urban environments with frequent stop-and-go traffic.

‘ Brushed DC Motor ' Stator magnets
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Figure 1. Diagram of DC brushed motor [11].  Figure 2. Diagram of DC brushless motor [12].
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Figure 3. Diagram of induction motor [13].

Permanent Magnet Synchronous Motor (PMSM)

o PMSMs (Figure 4) utilize permanent magnets on the rotor to generate a strong magnetic field.
This design leads to high efficiency, power density (the amount of power produced per unit of
motor weight), and a wide speed range. These qualities make PMSM:s ideal for high-performance
EVs that require rapid acceleration and excellent overall efficiency [14].

A potential drawback of PMSMs is the reliance on rare earth elements for the permanent magnets.
These materials can be expensive and have geopolitical supply chain concerns.

Synchronous Reluctance Motor (SYNRM)
o SYNRMs (Figure 5) offer a lower-cost alternative to PMSMs by achieving reasonable efficiency
without permanent magnets. They rely on the inherent magnetic properties of the rotor steel to
generate torque [15].

The simpler design of SYNRMS translates to good reliability and potentially lower manufacturing
costs compared to PMSMs. However, their torque characteristics may be less favorable than PMSMs,
especially at lower speeds.

Stator

Transposition bar \

Winding end W

Shaft

Figure 4. Diagram of permanent magnet synchronous motor Figure 5. Diagram of synchronous reluctance
[16]. motor [17].
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Switched Reluctance Motor (SRM)

o SRMs (Figure 6) possess a unique design with a segmented rotor and stator that generates torque
through the interaction of magnetic reluctance [18]. This design offers high torque density and
the potential for low-cost manufacturing due to the absence of permanent magnets and complex
windings.

e The torque control of SRMs can be more complex compared to other motor types. Additionally,
their operating principle may result in higher noise and vibration levels.

METHODOLOGY

The selection of the optimal electric motor for an EV application is a crucial decision that
significantly influences the vehicle's performance, range, efficiency, and overall cost [19]. Various
electric motor technologies offer distinct advantages and disadvantages, making a thorough
understanding of their characteristics essential for EV engineers. This review will delve into the most
common types of electric motors used in EVs, analyzing their design principles, operating
characteristics, and suitability for different EV applications.

Motor Selection
DC Brushed Motors

e Construction: These motors consist of a cylindrical stator with a fixed magnetic field and a
rotating armature (rotor) with windings. The armature windings are connected to a commutator,
which is a cylindrical structure with segments of copper separated by insulating gaps. Brushes
made of graphite or carbon ride on the commutator, making electrical contact with the armature
windings and supplying current to create a magnetic field in the armature [20].

e Operation: When current flows through the armature windings, it creates a magnetic field that
interacts with the stator's magnetic field, generating torque that causes the rotor to spin. The
commutator and brushes are crucial for reversing the current direction in the armature windings
as the rotor rotates [21]. This current reversal is necessary to maintain the attractive force
between the stator and rotor magnetic fields and keep the motor spinning.

Brushless DC Motors
e Construction: These motors eliminate the brushes and commutators of DC brushed motors.
Instead, they use permanent magnets mounted on the rotor and windings on the stator [20]. The
electronic control unit (ECU) of the motor controls the current in the stator windings using
transistors or other switching devices. By rapidly switching the current on and off in the windings
according to a specific sequence, the ECU creates a rotating magnetic field in the stator.

Figure 6. Diagram of switched reluctance motor [22].
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Operation: The rotating magnetic field in the stator interacts with the permanent magnets on the
rotor, attracting and repelling them to generate torque. The ECU constantly monitors the rotor's
position (using sensors) and adjusts the sequence of current switching in the stator windings to
maintain a rotating magnetic field that stays synchronized with the rotor's position [23]. This
synchronization ensures efficient torque production.

Induction Motors

Construction: These motors consist of a cylindrical stator with windings and a squirrel-cage
rotor. The stator windings are connected to an AC power source, which creates a rotating
magnetic field in the stator when energized. The squirrel-cage rotor is made of conductive bars
(usually aluminum) arranged in a cylindrical cage with conducting end rings at both ends. These
bars and rings form a closed loop for current [21].

Operation: The rotating magnetic field in the stator induces eddy currents in the squirrel-cage rotor.
These eddy currents interact with the stator's magnetic field, generating a force that tries to oppose
the rotation of the magnetic field. However, due to inertia, the rotor cannot perfectly keep up with
the rotating magnetic field, and this difference in speed (slip) is what creates torgue in the motor.
The rotor continues to rotate in the same direction as the stator's rotating magnetic field.

Permanent Magnet Synchronous Motors

Construction: These motors use permanent magnets mounted on the rotor and windings on the
stator, similar to BLDC motors. However, unlike BLDC motors, which rely on electronic
switching to create a rotating magnetic field in the stator, PMSMSs rely on the permanent magnets
on the rotor to generate a constant magnetic field [24].

Operation: When the PMSM stator windings are energized with AC current, it creates a rotating
magnetic field in the stator. This rotating magnetic field interacts with the permanent magnetic
field of the rotor, and since opposite poles attract, the rotor is forced to rotate in synchrony with
the rotating stator field. The permanent magnets on the rotor ensure a constant magnetic field,
which contributes to the high efficiency and good controllability of PMSMs.

Synchronous Reluctance Motor

Construction: The stator of a synchronous reluctance motor houses the windings, typically
distributed around the inner periphery with salient poles (projecting teeth) to create a focused
magnetic field. The rotor, on the other hand, is made of ferromagnetic material but unlike a
squirrel cage rotor in an induction motor, it does not have any windings. Instead, it has protruding
teeth designed with an unequal number of poles compared to the stator. This unevenness creates
a path of least magnetic resistance for the stator's rotating magnetic field to interact with.
Operation: When supplied with AC current, the stator windings generate a rotating magnetic
field. Initially, the SYNRM relies on a phenomenon similar to induction motors to get going. As
the uneven rotor teeth pass near the stator's magnetic field, induced currents are created in the
rotor due to a difference in reluctance (magnetic resistance). These induced currents, in turn,
generate their own magnetic field that tries to align with the stator's rotating field [25]. This
interaction provides the initial torque to get the rotor spinning up to near-synchronous speed (the
speed at which the rotor's magnetic field aligns with the stator's rotating field). Once at near-
synchronous speed, the reluctance torque takes over. The rotor teeth tend to align themselves
with the axis of the rotating magnetic field, minimizing the reluctance path. This alignment-
chasing behavior generates continuous torque to keep the motor running.

Switched Reluctance Motors

Construction: These motors have a relatively simple design with a slotted stator and a salient-
pole rotor. The stator has windings on each pole, and the rotor has protruding teeth instead of a
smooth cylindrical shape [26].
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e Operation: By rapidly switching the current on and off in the stator windings, the motor creates
a magnetic force that attracts the rotor teeth. The current switching sequence is designed so that
the magnetic force always tries to pull the rotor teeth into alignment with the energized stator
poles. As the rotor teeth move to align with the energized poles, they are repelled by the next set
of poles that become energized, causing the rotor to continue rotating.

Components

EVs have unique components compared to gasoline cars. The battery pack stores electricity, and the
inverter converts it to power the electric motor. A controller manages the flow, and a charger replenishes
the battery. An auxiliary battery supplies power when the main battery is inactive. EVs also use an
electric motor and a cooling system to keep things running smoothly [27]. Explanation of the block
diagram shown in Figure 7:

o Battery pack: Stores the electrical energy that powers the entire EV drivetrain.

e Battery management system (BMS): Manages the battery's health and safety, including
monitoring voltage, current, temperature, and state of charge (SOC).

o DC-AC inverter: Converts the DC (direct current) electricity from the battery pack into AC
(alternating current) electricity for the motor. Some motors may be DC motors and not require this
conversion, but AC motors are more common in EVs due to their efficiency and controllability.

e Motor controller: This electronic unit receives driver input (e.g., accelerator pedal position) and
translates it into control signals for the motor. It regulates the current and voltage delivered to the
motor, allowing for precise control of speed and torque.

e Electric motor: Transforms the AC or DC electrical energy into mechanical rotational energy
(torque) that drives the wheels [28].

e Transmission (optional): May be used to adjust the gear ratio between the motor and the wheels,
optimizing torque and speed for different driving conditions. Not all EVs have transmissions.

¢ Differential: Splits the torque from the motor and distributes it to the left and right wheels,
allowing them to rotate at different speeds when cornering.

o Drive axles: Shafts that connect the differential to the wheels, transmitting rotational power.
Vehicle wheels: The final point of contact with the road, where the rotational energy translates
into the vehicle's movement.

Advantages
e BLDC motors forego brushes, which eliminates friction losses that would otherwise convert
electrical energy into heat. This translates to increased efficiency and extended range for EVs,
allowing them to travel farther on a single charge [29].

DC-AC Motor Electric Transmission
inverter controller motor 1SSl

Differential
Battery Block diagr_am of a general
management EV drive system
Drive axles

Battery pack Vehicle
wheels

Figure 7. Block diagram of a generic electric vehicle (EV) motor system.
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e BLDC motors deliver high power output relative to their size and weight. This translates to a
lighter motor for the EV, which can improve overall vehicle efficiency and performance. In EVs
where space is limited, a BLDC motor's compact size is a significant advantage.

e The absence of brushes eliminates wear and tear from sparking and friction. This translates to
less maintenance and a longer lifespan for the BLDC motor compared to brushed DC motors.

o Without brushes, BLDC motors generate minimal noise, contributing to a quieter and more
pleasant driving experience in EVS.

e The simpler design of BLDC motors, with no brushes to wear out, enhances their reliability
compared to brushed DC motors.

o Unlike brushed motors that can spark during operation, BLDC motors do not spark. This makes
them suitable for environments where flammable gases are present.

o BLDC motors excel at precise speed control, allowing for smooth acceleration and braking in
EVs. This can contribute to a more comfortable driving experience and potentially improve
regenerative braking efficiency [30].

o BLDC motors can deliver high torque, even at low speeds. This is beneficial for EVs, especially
when starting from a standstill or when climbing hills.

Disadvantages

e BLDC motors may not be ideal for applications that require high speeds, such as high-
performance EVs. Their torque capability can be reduced at higher speeds, which can affect
acceleration and overall performance.

o BLDC motors can generate a significant amount of heat, especially at high speeds. This heat can
lead to efficiency losses and reduce the overall range of an electric vehicle. Proper heat
management systems are needed to address this issue.

¢ BLDC motors require complex electronic control systems to operate efficiently. This can add to
the cost and complexity of the overall electric vehicle drivetrain.

o BLDC motors use permanent magnets, which can be expensive materials. This can make BLDC
motors more costly than some other types of electric motors, such as AC induction motors [31-33].

CONCLUSION

In the arena of EVs, BLDC motors stand out as a compelling choice due to their well-rounded
performance. While not without some drawbacks, BLDC motors offer a winning combination of high
efficiency, compact size, and lighter weight compared to traditional motors. This translates to extended
range, improved acceleration, and potentially lower overall vehicle weight in EVs. Additionally, the
brushless design boasts advantages in terms of quieter operation, lower maintenance needs, and
potentially reduced long-term costs. While other motor technologies may offer even higher efficiency
or specific benefits, BLDC motors strike a balance between performance and affordability, making
them a popular selection for powering electric vehicles today. With these advantages, BLDC motors
find wide spread applications in automotive, appliance, aerospace, consumer, medical, instrumentation
and automation industries. The Indian standard will ensure the quality production of BLDC motors and
therefore the ensuring enhanced performance of the appliances using BLDC motors. A highly efficient
BLDC motor may substantially reduce the energy consumption of appliances and thereby improving
the overall efficiency of appliance.

Future Scope

The future of EVs is bright, and BLDC motors are poised to be a key driver of this progress.
Compared to other motors, BLDC motors boast superior efficiency, allowing drivers to travel farther
on a single charge — a critical factor for widespread EV adoption. Additionally, BLDC motors offer
exceptional control, translating to a smoother driving experience with improved acceleration and
regenerative braking, a technology that captures energy during deceleration and puts it back into the
battery for extended range. Moreover, the brushless design minimizes friction, reducing maintenance
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needs and lowering overall ownership costs. While the initial cost might be slightly higher,
advancements in manufacturing techniques and material science are expected to bring BLDC motors to
cost parity with other options. In essence, the efficiency, controllability, and reliability of BLDC motors
make them a perfect fit for powering the next generation of EVs.
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