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Abstract: The rapid growth of transportation demand and the associated environmental concerns have accelerated the
development of sustainable mobility solutions such as Electric Vehicle (EV) and Hybrid Electric Vehicle (HEV). This
article presents a comprehensive overview of the historical evolution, technological requirements, and mechanical
fundamentals associated with EV and HEV systems. Initially, the historical progression of electric mobility is examined,
highlighting early electric automobiles, the dominance of internal combustion engine vehicles, and the modern resurgence
of EV and HEV technologies driven by environmental regulations and advancements in energy storage systems. The study
further discusses the need and significance of electrified transportation in addressing global challenges such as fossil fuel
depletion, greenhouse gas emissions, and urban air pollution. Special emphasis is given to the power and energy supply
requirements for EV and HEV applications, including battery systems, power electronics converters, and energy
management strategies necessary for efficient vehicle operation. The article also explores vehicle power source
characterization, considering parameters such as power density, energy density, efficiency, charging capability, and
lifecycle performance. Additionally, the transmission characteristics of electric and hybrid drivetrains are analyzed to
understand torque transfer and propulsion efficiency. From a mechanical perspective, the paper reviews essential vehicle
dynamics including roadway fundamentals, traction forces, rolling resistance, aerodynamic drag, and gradient effects. The
kinetics and dynamics of vehicle motion are also discussed to explain acceleration, braking, and overall vehicle
performance under varying driving conditions. By integrating electrical power supply considerations with mechanical
vehicle dynamics, the article provides a multidisciplinary understanding of EV and HEV system design and operation. The
findings highlight the importance of optimized power sources, efficient transmission systems, and accurate vehicle
dynamic modeling for the development of reliable, energy-efficient, and environmentally sustainable transportation
technologies.
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I INTRODUCTION greenhouse gases has accelerated global climate change,
leading to extreme weather events and ecological imbalance.

The global transportation sector has experienced
tremendous growth over the past century, becoming one of
the most essential components of modern society.
Conventional vehicles powered by internal combustion
engines (ICE) have dominated the automotive industry due to
their reliability, high energy density fuels, and well-
established fuel distribution infrastructure[1]. However, the
extensive use of fossil fuel-based transportation has led to
significant environmental and economic challenges. Rapid
urbanization, population growth, and increased mobility
demands have resulted in higher fuel consumption and
increased emissions of harmful pollutants[2]. Conventional
automobiles are major contributors to greenhouse gas
emissions and air pollution, which have severe impacts on
environmental sustainability and public health. The
increasing concentration of carbon dioxide and other
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Consequently, governments, researchers, and automotive
manufacturers  worldwide are exploring sustainable
alternatives to conventional transportation technologies.
Among these alternatives, electrified transportation systems
such as Electric Vehicle and Hybrid Electric Vehicle have
emerged as promising solutions for reducing environmental
impact while maintaining transportation efficiency. These
vehicles utilize electric propulsion systems powered by
batteries or hybrid energy sources, offering improved energy
efficiency and reduced emissions compared to traditional
vehicles[3].

Despite their widespread adoption, conventional
internal combustion engine vehicles suffer from several
technical and environmental limitations. One of the primary
drawbacks is their relatively low energy conversion
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efficiency[4]. In a typical gasoline-powered vehicle, only a
small fraction of the chemical energy stored in fuel is
converted into useful mechanical energy for propulsion,
while the majority is lost as heat through exhaust gases,
engine cooling systems, and frictional losses[5].
Additionally, internal combustion engines produce harmful
emissions such as carbon monoxide, nitrogen oxides,
particulate matter, and unburned hydrocarbons, which
contribute to air pollution and respiratory health problems.
Another significant challenge associated with conventional
vehicles is the depletion of fossil fuel resources. As global
energy demand continues to increase, reliance on petroleum-
based fuels raises concerns about energy security, fluctuating
fuel prices, and long-term sustainability[6]. Furthermore,
conventional vehicles generate excessive noise and vibration
due to mechanical combustion processes. These limitations
highlight the urgent need for alternative propulsion
technologies that can improve efficiency while minimizing
environmental impact. Electrified vehicles, particularly EVs
and HEVs, offer viable solutions to these challenges by
utilizing electric motors, advanced energy storage systems,
and intelligent power management strategies[7].

In response to these challenges, electrified vehicle
technologies have gained considerable attention from
researchers and automotive manufacturers.  Electric
propulsion systems provide several advantages over
conventional engines, including higher energy conversion
efficiency, reduced mechanical complexity, and lower
maintenance requirements[8]. Electric motors are capable of
delivering high torque at low speeds, which improves vehicle
acceleration and eliminates the need for complex multi-speed
transmissions in many cases. Hybrid electric vehicles
combine electric propulsion with internal combustion
engines to optimize fuel efficiency and reduce emissions
while maintaining extended driving range. Moreover,
regenerative braking technology allows electric vehicles to
recover kinetic energy during deceleration and convert it into
electrical energy stored in the battery[9]. This feature
significantly enhances the overall energy efficiency of the
vehicle. The development of advanced battery technologies,
particularly lithium-ion batteries, has further accelerated the
adoption of electric vehicles by improving energy density,
charging efficiency, and operational lifespan. These
technological advancements have enabled the automotive
industry to move toward cleaner and more sustainable
transportation solutions[10].

Although significant progress has been made in the
development of EV and HEV technologies, several research
challenges and gaps remain. One of the primary research
gaps involves the optimization of energy storage systems and
power management strategies for electric vehicles[11].
Batteries used in EV applications must satisfy multiple
requirements, including high energy density, high power
density, long cycle life, thermal stability, and fast charging
capability[12]. Achieving an optimal balance among these
parameters remains a major challenge for researchers.
Additionally, the integration of different energy storage
devices such as batteries and supercapacitors requires
sophisticated energy management algorithms to ensure
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efficient power distribution under varying driving conditions.
Another important research gap lies in the accurate modeling
and characterization of vehicle power sources and drivetrain
components[13]. Detailed analysis of battery behavior, motor
performance, and power electronics converters is necessary
to design efficient electric propulsion systems. Furthermore,
improvements in charging infrastructure, battery recycling
technologies, and grid integration are essential to support the
large-scale deployment of electric vehicles[14].

In addition to electrical power supply considerations,
the mechanical aspects of vehicle motion play a crucial role
in determining the overall performance and efficiency of EV
and HEV systems. Vehicle mechanics involve the study of
forces acting on a moving vehicle and the dynamic response
of the vehicle to these forces. Key factors influencing vehicle
motion include rolling resistance, aerodynamic drag, road
gradient, and acceleration forces. These forces directly affect
the power and energy requirements of the vehicle[15].
Understanding roadway fundamentals and vehicle kinetics is
essential for designing efficient propulsion systems and
optimizing energy consumption[16]. For instance, rolling
resistance arises due to deformation of tires and road
surfaces, while aerodynamic drag increases with vehicle
speed and significantly affects energy consumption at higher
velocities[16]. The dynamics of vehicle motion also involve
acceleration, braking, and stability control, which must be
carefully analyzed to ensure safe and efficient wvehicle
operation. Integrating mechanical dynamics with electrical
powertrain design is therefore necessary to develop
optimized EV and HEV systems capable of delivering high
performance while minimizing energy consumption[17].

The transition toward electrified transportation offers
numerous benefits for both environmental sustainability and
technological innovation. Electric vehicles produce zero
tailpipe emissions, significantly reducing urban air pollution
and greenhouse gas emissions. They also provide higher
energy efficiency compared to conventional vehicles because
electric motors convert a larger portion of electrical energy
into mechanical power. Additionally, EVs operate with
significantly lower noise levels, contributing to quieter urban
environments[18]. The adoption of electric vehicles also
supports the integration of renewable energy sources such as
solar and wind power into transportation systems. By
charging EV batteries using renewable electricity, the overall
carbon footprint of transportation can be significantly
reduced[19]. Furthermore, advancements in  power
electronics, energy storage technologies, and intelligent
control systems continue to improve the performance,
reliability, and affordability of EV and HEV systems. As a
result, electrified transportation is expected to play a critical
role in the future of sustainable mobility. Continued research
focusing on power supply requirements, energy storage
characterization, vehicle mechanics, and drivetrain
optimization will be essential to overcome existing
limitations and accelerate the global transition toward
efficient and environmentally friendly transportation
systems[20].
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1. PROPOSED METHODOLOGY

» Overview of the Proposed Framework

The proposed methodology focuses on the analysis
and modeling of electric and hybrid vehicle propulsion
systems by integrating electrical power supply requirements
with mechanical vehicle dynamics. The approach combines
vehicle power source characterization,  drivetrain
transmission modeling, and roadway-based vehicle motion
analysis to evaluate the performance of electrified
transportation systems. The framework is designed to
investigate the interaction between energy storage devices,
electric propulsion units, and mechanical vehicle dynamics
under  different  operating  conditions.  Electrified
transportation systems such as Electric Vehicle and Hybrid
Electric Vehicle rely on the efficient coordination of
electrical and mechanical subsystems. Therefore, the
proposed methodology adopts a multidisciplinary modeling

» System Architecture of Electric and Hybrid Vehicles

International Journal of Innovative Science and Research Technology

https://doi.org/10.38124/ijisrt/26mar333

strategy that includes power electronics, energy storage
systems, motor drives, transmission mechanisms, and
roadway force analysis.

The methodology consists of four major stages: system
architecture modeling, power source characterization,
drivetrain transmission analysis, and wvehicle dynamics
evaluation. In the first stage, the overall architecture of the
EV/HEV powertrain is defined using a modular block
diagram structure. The second stage focuses on
characterizing energy sources such as batteries and hybrid
energy storage systems. The third stage analyzes the
transmission characteristics responsible for transferring
torque from the propulsion unit to the vehicle wheels.
Finally, the fourth stage examines the forces acting on the
vehicle and evaluates the dynamic behavior of the vehicle
during acceleration, cruising, and braking conditions.

Energy Source
(Battery System)

-] M
Power Electronic Ektgfiveow

(Ivverter) [BLDC/PMSM/M)

EV Powertrain System

EV Powertrain System

Internal Combustion

Hybrid Electric Vehicle
(HEV) Powertrain

Hybrid Eltectric Vehicle (HEV)
Powertrain

Vehicle Dynamics Force Diagram

Rolling Resistance F, = C, * m g - cos(f))

Traction Force
Fe=F +F+Ft P2

Vehicle Dynamics Force Diagram

Fig 1 HEV Powertrain System Block Diagram

The first component of the proposed methodology
involves the development of a generalized powertrain
architecture that represents the major subsystems of EV and
HEV platforms. These subsystems include energy storage
units, power electronic converters, electric motors,
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transmission systems, and vehicle load components. The
architecture is developed using a functional block diagram
that illustrates the flow of electrical energy from the power
source to the vehicle wheels.
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Energy Source
(Battery / Hybrid
Storage)

Power Elec tronic
Converter System

(Inverter)

Fig 2 HEV Powertrain System Block Diagram

In this figure 1 and 2, the battery system acts as the density and long operational life. However, battery
primary energy source, providing electrical power to the performance is influenced by factors such as temperature,
motor drive through a power electronic converter. The discharge rate, and charging conditions. To accurately
converter regulates voltage and current levels while enabling model battery behavior, an equivalent circuit representation
efficient motor control. The electric motor converts is adopted that includes open circuit voltage, internal
electrical energy into mechanical torque that is transmitted resistance, and dynamic.
through the drivetrain to propel the vehicle. In hybrid
electric vehicles, an additional internal combustion engine is » Transmission Characteristics and Power Flow Analysis
integrated into the powertrain architecture, allowing power The drivetrain  transmission  system  transfers
to be shared between the electric motor and the engine mechanical power from the propulsion unit to the wheels
depending on operating conditions. while ensuring efficient torque distribution. Unlike

conventional ~ vehicles that  require  multi-speed
» Power and Energy Supply Characterization transmissions, electric vehicles often use simplified single-

The second stage of the methodology involves detailed speed gear mechanisms due to the wide torque-speed
characterization of vehicle power sources. Energy storage characteristics of electric motors.
systems play a crucial role in determining the driving range,
acceleration capability, and overall efficiency of electric The proposed methodology analyzes the transmission
vehicles. The performance of these energy storage devices is characteristics by modeling torque transfer, gear ratios, and
evaluated using parameters such as energy density, power mechanical efficiency. The transmission system also
density, charging efficiency, and lifecycle durability. includes a differential mechanism that distributes torque

between the left and right wheels during turning operations.
Battery systems used in EV applications are typically
based on lithium-ion technology due to their high energy

. Gear
Electric » Reduction » Differential
Motor e
Unit

Fig 3 Drivetrain Transmission Model
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The gear reduction unit adjusts the motor speed and
torque to match the wvehicle operating requirements. The
transmission efficiency is evaluated to determine energy
losses associated with mechanical friction and gear meshing.
Accurate modeling of these losses is important for
estimating the overall energy consumption of the vehicle.

» Vehicle Mechanics and Roadway Fundamentals

The performance of EV and HEV systems is strongly
influenced by vehicle mechanics and roadway conditions.
Vehicle motion is determined by the balance between
traction forces generated by the propulsion system and
resistive forces acting on the wvehicle. The proposed
methodology evaluates these forces to determine the power
and energy requirements of the vehicle under different
operating conditions.

The primary resistive forces acting on a moving
vehicle include rolling resistance, aerodynamic drag, and
gradient resistance. Rolling resistance occurs due to
deformation of tires and road surfaces, while aerodynamic
drag results from air resistance opposing vehicle motion.
Gradient resistance arises when the vehicle travels on
inclined roads.

The traction force required to propel the vehicle is
calculated using the following relationship:

FE=FR+F+tE+tE (1)
Where

Ft = Traction force

F.= Rolling resistance

Fa= Aerodynamic drag

F.::= Gradient force

F..= Acceleration force

These forces determine the power required from the
propulsion system and influence the overall energy
consumption of the vehicle.

» Vehicle Kinetics and Motion Dynamics

The dynamic behavior of the vehicle is analyzed by
evaluating acceleration, velocity, and energy consumption
during different driving conditions. The motion of the
vehicle is governed by Newton’s second law, which relates
the net force acting on the vehicle to its acceleration.
F=ma 2

Where

M= Vehicle mass
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@l= Acceleration

The propulsion power required for vehicle motion is
determined using the following expression:

P=F Xv ©)
Where

Yrepresents vehicle speed.

By combining the force analysis with the vehicle speed
profile, the power demand of the propulsion system can be
estimated for different driving scenarios such as urban
driving, highway cruising, and hill climbing

> Integrated Evaluation of EV and HEV Systems

The final stage of the methodology integrates electrical
and mechanical subsystem models to evaluate the overall
performance of EV and HEV platforms. The integrated
model enables analysis of power flow, energy consumption,
and dynamic vehicle behavior under varying driving
conditions. Simulation tools such as MATLAB-based
vehicle modeling environments can be used to implement
the proposed framework and analyze system performance.

The integrated system model helps researchers
evaluate the impact of different design parameters such as
battery capacity, motor rating, gear ratio, and vehicle mass
on overall vehicle performance. By optimizing these
parameters, it is possible to improve vehicle efficiency,
extend driving range, and reduce energy consumption.

The proposed methodology provides a comprehensive
framework for analyzing electric and hybrid wvehicle
propulsion systems by integrating power source
characterization, drivetrain modeling, and vehicle dynamics
analysis. The approach emphasizes the importance of
coordinated electrical and mechanical system design for
achieving high efficiency and reliable vehicle operation.
Through detailed modeling of energy storage systems,
transmission mechanisms, and roadway dynamics, the
methodology enables accurate estimation of vehicle power
requirements and energy consumption. This integrated
approach supports the development of optimized EV and
HEV designs capable of meeting future transportation
demands while reducing environmental impact.

1. CONCLUSION

The transition toward electrified transportation has
become an essential step in addressing the environmental
and energy challenges associated with conventional
automotive systems. This study presented a comprehensive
examination of the development, energy requirements,
powertrain architecture, and vehicle dynamics of modern
electrified vehicles, particularly Electric VVehicle and Hybrid
Electric Vehicle. The analysis highlighted how the evolution
of EV and HEV technologies has been driven by the need to
reduce greenhouse gas emissions, improve fuel efficiency,
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and decrease dependence on fossil fuels. By examining the
power and energy supply requirements of electrified
vehicles, the study emphasized the significance of advanced
energy storage systems, efficient power electronic
converters, and high-performance electric motor drives in
achieving reliable and efficient vehicle operation. The
characterization of vehicle power sources demonstrated that
battery technologies and hybrid energy management
strategies play a crucial role in determining driving range,
power delivery capability, and overall system efficiency.
Furthermore,  the  investigation  of  transmission
characteristics  revealed that optimized  drivetrain
configurations and gear mechanisms enable effective torque
transfer from the propulsion system to the vehicle wheels
while minimizing mechanical losses. In addition to electrical
subsystem analysis, the study incorporated vehicle
mechanics and roadway fundamentals to evaluate the forces
influencing vehicle motion, including rolling resistance,
aerodynamic drag, gradient forces, and acceleration demand.
The integration of these mechanical and electrical
parameters provided a holistic understanding of vehicle
kinetics and dynamic motion behavior under various driving
conditions. Overall, the findings confirm that electrified
vehicle technologies offer significant advantages in terms of
energy efficiency, reduced environmental impact, and
improved performance compared with conventional internal
combustion engine vehicles. Continued advancements in
energy storage systems, intelligent power management
strategies, and vehicle dynamics optimization are expected
to further enhance the capabilities of future electric and
hybrid electric vehicles, supporting the global transition
toward sustainable and efficient transportation systems.
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