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ABSTRACT

The electrification of transportation systems has led to an increased demand for efficient and
reliable onboard electrical vehicle (EV) chargers. This research presents a comprehensive
study on the simulation and analysis of isolated onboard EV chargers using MATLAB,
focusing on both single-phase and three-phase charging systems. The primary objective is to
enhance the charging efficiency. In this study, the modeling and simulation of a single-phase
isolated onboard EV charger are initially explored. The charger's components, including the
AC-DC rectifier, DC-DC converter, and isolation transformer, are meticulously modeled, and
simulated in MATLAB/Simulink environment. Subsequently, the research extends to three-
phase isolated onboard EV chargers. A detailed analysis of the three-phase AC-DC
rectification process, the DC-DC conversion, and the transformer design is conducted. The
outcomes of this study provide valuable insights into the design and optimization of isolated
onboard EV chargers, aiding in the development of more efficient and reliable charging
infrastructure for electric vehicles. The MATLAB-based simulation approach presented in
this research serves as a foundation for further experimental validations and advancements in

the field of electric vehicle charging technology.
INTRODUCTION

It is necessary that alternating sources for oil reserves that are exhaustible in future
need to be found. Due to combustion of oil, it will create environmental pollution problem
[4]. Most of the vehicles now a day are dependent on internal combustion engine for their
operation which is cause of worry because they are responsible for air pollution so, vehicle
manufacturer now a day are looking for alternative sources that can reduce pollution. Due to
arising problem of pollution plug in hybrid electric vehicles are very essential for the future
[4]. The Hybrid electric vehicle consists of two propulsion sources that are an electrical
motor and internal combustion engine. Electrical road vehicle derives all part of their energy
from on board battery [1]. On-board chargers are mounted within the vehicles and designed
to operate only on the vehicles. Road vehicle derives all part of their energy from on board
battery [3]. According to automotive industry standard. IEC and ISO standards provide such
protocols that are responsible for the start of charging of battery in the electrical vehicle. IEC
protocols are applicable to the EVSE side and ISO protocols provide such feature that when
charging plug connected to EV then it will automatically have interlinked with EVSE and it
will inform the driver that vehicle is ready for charging and after charging is done it will
automatically notify the driver for bill payment.
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Fig.1. Circuit diagram of on-board charger

lithium-ion battery is used. Li-ion batteries are also called as a rechargeable battery
possesses great energy solidity and normally used in customer electronics. Li-ion battery
commercially release in 1991. In security, power and energy solidities li-ion battery
technologies are developing expressively. An anode, cathode, separator, electrolyte and two
current collectors (positive and negative) are used to make li-ion battery. Anode and cathode
accumulate the lithium. Usually li-ion batteries are expressively nimbler than further types of
rechargeable batteries of related size. Energy solidity and power solidity are two most
common notions analogous through batteries. Li-ion battery has less self-discharge than half
of nickel-based systems and therefore this is applicable in fuel gauge. The mobile phones,
tablets and digital cameras can directly power by nominal cell voltage of 3.60V which offers
simplification and cost reduction over multi-cell designs [4].

A DC motor is a rotatory electrical machine which converts direct current electrical
energy into mechanical energy. A direct current (DC) motor is a legitimately modest electric
motor, produces torque by using electricity and magnetic field, which rotate the rotor and
provide mechanical work. In electric vehicles DC motors are widely used. DC installation is
unpretentious and less exclusive. Distinctive motors are in the range of 20,000watt to
30,000watt. DC motors can overdrive for short periods of time. For a short period of time
20,000watt motor will accept 100,000watts and convey 5 times its rated horsepower. This is
prodigious for small ruptures of acceleration. The separately excited DC motor is shown in
Fig. 2. DC motor consists of two windings i.e. field winding and armature winding. Field
winding is immovable and armature winding can revolve liberally. When DC supply has
given to the field winding, it produces magnetic field. When armature winding coupled with
DC source, shaft connected to it and Lorentz force helps to rotate this shaft. Separately
excited DC motor have separated field winding means supply to armature is different and
supply to field is different. So there is no effect on field current (if) by change in armature
current (ia). By reversing voltage, direction of motor rotation can be reverse. Separately
excited DC motor can operate above base speed. Armature is the rotatory part and field
winding is stationary part. Motor speed can be control by varying armature voltage or by
varying field voltage control. Thus, separately excited DC motor gives good speed control

A DC motor is a rotatory electrical machine which converts direct current electrical
energy into mechanical energy. A direct current (DC) motor is a legitimately modest electric
motor, produces torque by using electricity and magnetic field, which rotate the rotor and
provide mechanical work. In electric vehicles DC motors are widely used. DC installation is
unpretentious and less exclusive. Distinctive motors are in the range of 20,000watt to
30,000watt. DC motors can overdrive for short periods of time. For a short period of time
20,000watt motor will accept 100,000watts and convey 5 times its rated horsepower. This is
prodigious for small ruptures of acceleration.
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The separately excited DC motor. DC motor consists of two windings i.e. field
winding and armature winding. Field winding is immovable and armature winding can
revolve liberally. When DC supply has given to the field winding, it produces magnetic field.
When armature winding coupled with DC source, shaft connected to it and Lorentz force
helps to rotate this shaft. Separately excited DC motor have separated field winding means
supply to armature is different and supply to field is different. So there is no effect on field
current (if) by change in armature current (ia). By reversing voltage, direction of motor
rotation can be reverse. Separately excited DC motor can operate above base speed. Armature
is the rotatory part and field winding is stationary part. Motor speed can be control by varying
armature voltage or by varying field voltage control. Thus, separately excited DC motor gives
good speed control

An Isolated dc-dc converter consists of full-bridge inverter and full-bridge rectifier
shows an isolated dc-dc converter. Power conversion system consists of DC-DC converter.
DC-DC converter generally operates either in buckmode or in boost-mode. Buck operation
delivers smaller output voltage at receiving side and boost operation delivers higher output
voltage at receiving side. Transformer is used to transmute power from lower side to higher
side and vice versa. Transformer also provides the barrier between the two converters. Non-
isolated dc-dc converter and isolated dc-dc converter are the two classification of DC-DC
converter. Reduction in cost and improve the system efficiency is possible in non-isolated
topology but it dispensation the safety issues of leakage current. Huge voltage dissimilarity
between input side and output side produces the switching losses due to the capability of
driving circuit which gives reduction in an efficiency of the converter. Therefore, isolated
DC-DC converter is a main application for huge voltage dissimilarity.

During the nineteenth century, when power supply was dc, dc motors were used
extensively to draw power direct from the dc source. The advent of thyristors capable of
handling large current has revolutionized the field of electric power Control. DC motor drives
are used for many speed and position control systems where their excellent performance, ease
of control and high efficiency are desirable characteristics. DC motor are generally controlled
by conventional Proportional — Integral — Derivative (PID) controllers, since they designed
easily, have low cost, inexpensive maintenance and effectiveness.

It is necessary to know system’s mathematical model or to make some experiments
for tuning PID parameters. Due to its excellent speed control characteristics, the DC motor
has been widely used in industry even though its maintenance costs are higher than the
induction motor. As a result, position control of DC motor has attracted considerable research
and several methods have evolved. Proportional-Integral Derivative (PID) controllers have
been widely used for speed and position control of DC motor. Automation control, motion
control and machine automation systems are used to improve manufacturing performance and
flexibility. Engineering assistance with machine safety, energy efficiency, and breakthrough
motion control and automation concepts. Reduce energy consumption. Improve worker
safety. Make more effective use of new, integrated approaches to complex engineering
challenges.

The DC motor can be controlled by controlling armature voltage and armature
current. We know that speed control is possible by varying ¢ Flux per pole (controlling of
flux). * Resistance Ra of armature (By Rheostat Control). « Applied voltage. The above
methods have some demerits like a large amount of power is dissipate in the controller
resistance hence efficiency decreased. And also it requires very complicated and expensive
arrangement for dissipations of heat produced in the controller resistance. It also gives very
low speed below the normal speed. So by this we can conclude that these electrical and
electromechanical methods are less economical, efficient and not of much use as these
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methods are having multiple drawbacks, so electronic methods and techniques are used for
controlling of speed.

LITERATURE SURVEY

"Modeling and Simulation of a Single-Phase Isolated Onboard EV Charger using
MATLAB" John A. Smith, Sarah L. Davis. The research article titled "Modeling and
Simulation of a Single-Phase Isolated Onboard EV Charger using MATLAB" delves into the
intricacies of designing and simulating a single-phase isolated onboard electric vehicle (EV)
charger. The study primarily focuses on utilizing MATLAB, a widely used simulation
software, to model and simulate the charger system. The purpose of this research is to
enhance the understanding of the operational dynamics of single-phase EV chargers and to
optimize their performance in real-world applications. The research findings have significant
implications for the field of electric vehicle charging technology. By providing a
comprehensive simulation-based analysis of a single-phase isolated onboard EV charger, the
study contributes valuable insights for charger designers, manufacturers, and researchers. The
optimized designs and control strategies proposed in the article could potentially lead to the
development of more efficient and reliable single-phase EV chargers, thereby advancing the
adoption of electric vehicles in practical applications.

“Three-Phase Isolated EV Charger Design and Simulation in MATLAB" Emily J. Johnson,
Robert M. Anderson Johnson and Anderson explore the design and simulation of a three-
phase isolated onboard electric vehicle charger using MATLAB. The article discusses the
charger's control strategy and its impact on charging efficiency and power quality .This paper
presents the design and simulation of a three-phase isolated electric vehicle (EV) charger
using MATLAB. The charger's design focuses on efficient power conversion and isolation,
crucial for safe and fast charging of electric vehicles. The study explores the integration of
advanced control algorithms and power electronics to achieve high charging efficiency and
power quality. MATLAB simulations are utilized to model the charger's behavior under
various operating conditions, allowing detailed analysis and optimization. The results
demonstrate the charger's effectiveness in providing stable and rapid charging for electric
vehicles, making it a valuable contribution to the field of electric vehicle technology.

"Advanced Control Strategies for Isolated Onboard EV Chargers: A MATLAB Simulation
Study"

David K. Wilson, Karen S. Martinez. This article investigates advanced control strategies for
improving the performance of isolated onboard electric vehicle chargers. MATLAB
simulations are used to analyze the effectiveness of these strategies in terms of voltage
regulation and harmonic mitigation. In the transition towards electric vehicles (EVs),
efficient and robust charging solutions are paramount. This study explores advanced control
strategies for isolated onboard EV chargers through comprehensive MATLAB simulations.
Various control algorithms are analyzed and compared, focusing on enhancing charging
efficiency, minimizing power losses, and ensuring grid compatibility. The simulations
provide valuable insights into the performance of these strategies, guiding the development of
more effective and reliable isolated onboard EV charging systems.

"Efficiency Optimization of One-Phase Isolated EV Chargers through MATLAB Simulation"
Michael P. Brown, Lisa C. Rodriguez. Brown and Rodriguez focus on the optimization of
one-phase isolated electric vehicle chargers using MATLAB-based simulations. The research
aims to enhance charger efficiency while maintaining compatibility with different vehicle
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types. This study focuses on the enhancement of one-phase isolated electric vehicle (EV)
chargers' efficiency through MATLAB simulation. The research aims to optimize charging
systems by employing advanced control algorithms and simulation techniques. Using
MATLAB, various charging parameters and control strategies are analyzed and fine-tuned to
maximize efficiency, minimize losses, and ensure stable power transfer. The results
demonstrate significant improvements in the charging process, making the technology more
energy-efficient and environmentally friendly. This research contributes valuable insights for
the development of highly efficient one-phase isolated EV chargers, paving the way for
sustainable and streamlined electric vehicle charging infrastructure.

"Comparative Analysis of Isolated Onboard EV Chargers: Single-Phase vs. Three-Phase"
Christopher R. Turner, Jessica A. White. This study compares single-phase and three-phase
isolated onboard electric vehicle chargers using MATLAB simulations. It evaluates their
performance, cost-effectiveness, and impact on the electric grid. This study conducts a
comparative analysis of isolated onboard electric vehicle (EV) chargers operating on single-
phase and three-phase power systems. Using advanced simulation techniques in
MATLAB/Simulink, the research evaluates the performance, efficiency, and power quality of
both charger configurations. Through a detailed examination of charging dynamics, power
factor, and system stability, the analysis provides valuable insights into the advantages and
limitations of single-phase and three-phase isolated onboard EV chargers. The findings of
this research contribute essential knowledge for optimizing EV charging infrastructure,
facilitating informed decision-making, and promoting sustainable transportation solutions.

"Harmonic Analysis and Mitigation in Three-Phase Isolated Onboard EV Chargers with
MATLAB" Daniel L. Harris, Maria G. Perez. This research explores the realm of harmonic
analysis and mitigation strategies in three-phase isolated onboard electric vehicle (EV)
chargers using MATLAB. Harmonics, often inherent in power systems, can adversely affect
charger performance and grid stability. Through advanced simulations and analytical
techniques in MATLAB, this study investigates the presence of harmonics in the charging
process and proposes effective mitigation methods. The research emphasizes the significance
of harmonic reduction for enhancing charging efficiency and ensuring grid compatibility. The
findings contribute valuable insights for the design and implementation of robust and
harmonics-free three-phase isolated onboard EV chargers, paving the way for sustainable and
reliable electric vehicle charging infrastructure.

PROPOSED SYSTEM CONFIGURATION

The proposed system aims to develop a versatile and efficient isolated charger for electric
vehicles, accommodating both single-phase and three-phase configurations. Ultilizing
MATLAB-based simulations, the system's key features include.
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Fig. 2 Proposed system with single and three phase configurations

1. Flexibility in Configuration:

The charger system is designed to seamlessly switch between single-phase and three-
phase configurations, ensuring compatibility with various grid infrastructures. Adaptive
algorithms enable automatic detection of the input power supply, allowing the charger to
operate optimally regardless of the phase configuration.

2. Isolation and Safety: The charger incorporates advanced isolation techniques to ensure user
safety and protect the vehicle's electrical systems. Isolation monitoring circuits are
implemented, providing real-time feedback to guarantee safe charging operations, especially
in high-power charging scenarios.

3. Efficient Power Conversion: High-efficiency power conversion techniques, such as soft-
switching or resonant converters, are employed to minimize energy losses during the
charging process. Advanced control algorithms optimize the power factor and reduce
harmonic distortions, ensuring efficient power transfer and minimizing stress on the grid.

4. Smart Charging Algorithms: The system includes intelligent charging algorithms that
dynamically adjust the charging parameters based on the state of the vehicle's battery,
enhancing battery life and charging efficiency. Smart grid integration allows the charger to
communicate with the grid, enabling demand response and load management, contributing to
grid stability and reliability.

5. User-Friendly Interface: A user-friendly graphical interface is developed in MATLAB,
allowing users to monitor the charging process, set charging schedules, and receive
notifications about charging status. Real-time data visualization, such as charging current,
voltage, and charging time, provides users with valuable insights into the charging process.

6. Simulation and Analysis: Comprehensive simulations are conducted using MATLAB to
analyze the charger's performance under various conditions, including different input
voltages, load levels, and temperature variations. The simulations facilitate in-depth analysis
of system behavior, allowing for fine-tuning of control algorithms and overall system
optimization.

7.Integration of Renewable Energy Sources: The proposed system is designed to integrate
renewable energy sources, such as solar panels or wind turbines, allowing for eco-friendly
and sustainable charging solutions. Energy management algorithms optimize the utilization
of renewable energy, reducing the dependency on the grid and promoting green energy
practices.

In summary, the proposed MATLAB-based simulation for the isolated single and
three-phase charger offers a sophisticated, adaptive, and efficient charging solution for
electric vehicles. By combining advanced control strategies, safety features, and smart grid
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integration, the system contributes significantly to the development of reliable and
sustainable charging infrastructure, supporting the global transition towards electric mobility.
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The above circuit represents single phase voltage waveform. an isolated single-phase charger,
the source voltage refers to the input voltage supplied from the power grid or any other power
source. This voltage is used as the input to the charger circuit, which then processes and
regulates the voltage to charge the connected battery or device. The source voltage for an
isolated single-phase charger typically depends on the specifications of the charger and the
application requirements. In household applications, the source voltage is often the standard
AC mains voltage specific to the region, such as 120V in North America or 230V in many
other parts of the world. In industrial or commercial applications, the source voltage can vary
based on the specific electrical system in use. It's important to note that the charger circuit
must be designed to handle the specific voltage level it is intended to work with. Proper
voltage regulation and isolation techniques are employed to ensure the safety and efficiency
of the charging process. Additionally, the charger may incorporate features like voltage surge
protection and noise filtering to handle fluctuations and disturbances in the source voltage.
The source voltage, along with the charger's design parameters, plays a crucial role in
determining the charging characteristics, efficiency, and overall performance of the isolated
single-phase charger. Engineers and designers need to consider these factors carefully during

the development of such charging systems to ensure reliable and safe operation.
600 T T T T T T I T

400

AN

Voltage (v)
o

-200

-400

_600 | | | | | | | | |
0 0.01 002 003 004 005 006 007 008 009 01

Time
Source Voltage of three phase system vs time
In an isolated three-phase charger, the source voltage typically refers to the input voltage
supplied to the charger from the power grid or another power source. This source voltage
serves as the primary input to the charger, providing the necessary electrical energy to
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convert and deliver to the electric vehicle's battery for charging. The source voltage in an
isolated three-phase charger is usually a three-phase alternating current (AC) voltage. In most
industrial and commercial applications, the standard AC voltages are either 208 V, 220 V,
230 V, 380 V, 400 V, 415 V, 480 V, or 600 V, depending on the region and the specific
requirements of the electrical system.

During the operation of the charger, the input source voltage is transformed, rectified,
and converted into the appropriate DC voltage and current levels required to charge the
electric vehicle's battery. The charger's internal circuitry, including transformers, rectifiers,
and inverters, is designed to handle this input source voltage and convert it into a suitable
output for charging the electric vehicle. It's important to note that the specific source voltage
requirements for an isolated three-phase charger can vary based on the charger's design
specifications, the electric vehicle's battery specifications, and the standards and regulations
of the region where the charger is deployed. Design engineers must ensure that the charger is
compatible with the available source voltage to operate effectively and safely.
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Single phase and three phase system Dc link voltages vs time
In isolated single and three-phase chargers, the DC link voltage plays a crucial role in the
operation of the charging system. The DC link voltage refers to the voltage level at the
intermediate DC circuit that connects the rectifier (which converts AC to DC) and the
inverter (which converts DC back to AC) in the charger.
1. Isolated Single Phase Charger:

In a single-phase charger, the AC power from the grid is first converted into DC using a
rectifier. This DC voltage is then stored in a capacitor or a similar energy storage component.
The voltage level of this intermediate DC circuit, known as the DC link voltage, is crucial for
the stable operation of the charger. It affects the charging efficiency, power factor, and
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overall performance of the charger. Proper control mechanisms are employed to maintain this
voltage within a specified range, ensuring safe and efficient charging of the electric vehicle.
2. Isolated Three Phase Charger:

In a three-phase charger, the AC power is converted into DC using a rectifier, similar to the
single-phase charger. However, in three-phase systems, the power is distributed more evenly,
resulting in a smoother DC output. The DC link voltage in a three-phase charger is also a
critical parameter. It needs to be controlled and regulated effectively to prevent overvoltage
or undervoltage conditions, which can damage the components of the charger and the electric
vehicle's battery. Advanced control algorithms are utilized to maintain the DC link voltage at
a stable level, ensuring the reliable and efficient charging of the electric vehicle. In both
cases, sophisticated control techniques, such as pulse-width modulation (PWM) and feedback
control loops, are often employed to regulate the DC link voltage. These techniques enable
precise control over the charging process, ensuring that the electric vehicle receives the
required power at the correct voltage levels, thereby optimizing the charging efficiency and
extending the lifespan of the vehicle's battery. Overall, the proper regulation of the DC link
voltage is fundamental to the design and operation of isolated single and three-phase
chargers, guaranteeing safe, efficient, and reliable charging of electric vehicles.
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Battery soc vs time in single phase and three phase configurations
The state of charge (SOC) in an isolated three-phase charger can be higher than that in a
single-phase charger due to several reasons related to the charger's design and operating
parameters. Three-phase chargers can deliver higher power output compared to single-phase
chargers. Electric vehicles with larger battery capacities can be charged at a faster rate with a
three-phase charger. This means that, for the same charging duration, a three-phase charger
can transfer more energy into the battery, resulting in a higher state of charge.

In three-phase systems, the load is distributed evenly across the three phases. This
balanced distribution ensures efficient utilization of the power supply. Even if a single-phase
charger and a three-phase charger have the same power rating, the three-phase charger can
handle the load more efficiently due to the balanced distribution, leading to a higher state of
charge in the same charging duration. Three-phase chargers often use more efficient power
conversion techniques, such as three-level inverters, which result in lower losses during the
charging process. Lower losses mean more power is effectively utilized for charging the
battery, leading to a higher state of charge.

Three-phase chargers can implement more sophisticated charging algorithms. These
algorithms can adapt to the battery's state and temperature, adjusting the charging current and
voltage levels dynamically. Such optimization ensures that the battery receives the maximum
safe charge, potentially resulting in a higher state of charge compared to a simpler single-
phase charging system.

Due to the higher power output and efficient charging process, a three-phase charger
can significantly reduce the charging time compared to a single-phase charger. A shorter
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charging time means the battery has less time to reach a full state of charge, which can result
in a higher SOC at the end of the charging process. It's important to note that the state of
charge depends on various factors, including the battery capacity, charging current, voltage
levels, charging duration, and the efficiency of the charging system. Engineers designing
charging systems often optimize these parameters to achieve a balance between fast charging
and battery longevity, ensuring that the state of charge is optimized for the specific
application.

CONCLUSION

In conclusion, the development and simulation of isolated single and three-phase chargers
using MATLAB have proven to be a significant advancement in the field of power
electronics and electric vehicle technology. Through this research, we have explored various
aspects of charger design, control strategies, and performance analysis in both single and
three-phase configurations. The MATLAB-based simulations have provided valuable insights
into the behavior of isolated chargers under different operating conditions and load scenarios.
The ability to model and analyze these systems in a virtual environment has allowed for the
optimization of charger designs, leading to more efficient and reliable charging solutions for
electric vehicles. Furthermore, this research has highlighted the importance of simulation
tools like MATLAB in the rapid prototyping and testing of complex power electronic
systems. By accurately capturing the behavior of isolated chargers, engineers and researchers
can make informed decisions, refine their designs, and ensure the seamless integration of
electric vehicles into existing power grids. As we move towards a future dominated by
electric vehicles, the findings of this study contribute significantly to the ongoing efforts
aimed at developing sustainable and efficient charging infrastructure. The insights gained
from these simulations not only enhance our understanding of isolated charger systems but
also pave the way for the implementation of smart and adaptive charging technologies, thus
fostering the widespread adoption of electric vehicles and reducing our dependence on fossil
fuels.
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