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Abstract:
Wireless Power Transfer (WPT) technology offers an innovative solution to the challenges
associated with electric vehicle (EV) charging. This paper presents the design and
implementation of a wireless power transfer system specifically for EV charging, focusing on
the optimization of power transmission efficiency, safety, and system integration. The system
leverages inductive coupling to transmit power from a primary coil to a secondary coil installed
in the vehicle. Key design considerations, such as coil design, resonant frequency matching,
power control, and electromagnetic interference mitigation, are explored. A prototype system
is developed and tested for practical use in dynamic charging environments, such as in-motion
charging, as well as stationary applications. Experimental results demonstrate the effectiveness
of the WPT system in providing efficient, reliable, and scalable charging solutions for electric
vehicles, with the potential to revolutionize the charging infrastructure for EVs.
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Introduction:
The rapid adoption of electric vehicles (EVs) has led to the development of various charging
technologies aimed at improving convenience, reducing charging times, and minimizing
reliance on wired connections. Traditional wired charging methods, although effective, present
certain limitations in terms of user experience, maintenance, and the flexibility of charging
locations. Wireless Power Transfer (WPT) offers a promising alternative by allowing the
charging of EVs without the need for physical connectors, thereby reducing wear and tear and
simplifying the overall charging process.
WPT technology utilizes electromagnetic fields to transfer power between a transmitter coil
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(located in the charging station) and a receiver coil (installed in the EV). The efficiency and
safety of this power transfer depend on the precise design and optimization of the system
components. Key factors that influence the performance of WPT systems include the alignment
of the coils, resonant frequency matching, and the ability to manage power fluctuations during
dynamic charging scenarios, where the vehicle is in motion while receiving power.

This paper explores the design considerations, challenges, and practical implementation of
WPT systems for EV charging, focusing on the optimization of power transfer efficiency,
electromagnetic compatibility, and system scalability. The primary goal is to present an
integrated solution that can be deployed in both stationary and dynamic charging environments.
Experimental results are provided to validate the effectiveness of the proposed system, offering
a comprehensive overview of the feasibility of WPT in revolutionizing EV charging
infrastructure.

In particular, this research examines the potential of WPT systems to enhance the user
experience by providing seamless, plug-free charging while maintaining high efficiency and
safety standards. The findings of this study lay the foundation for future advancements in the
field, which could ultimately lead to the widespread adoption of wireless charging stations for
electric vehicles.

Literature Review

Wireless Power Transfer (WPT) systems have garnered significant attention as a promising
solution for electric vehicle (EV) charging. With the growing demand for cleaner transportation
options and the expansion of electric vehicles, efficient and convenient charging technologies
are critical for the widespread adoption of EVs. This literature review outlines the state of
research in wireless power transfer, particularly focusing on its application to EV charging
systems, examining the underlying technologies, design considerations, and challenges in
implementing these systems.

1. Fundamentals of Wireless Power Transfer

Wireless Power Transfer operates through the principles of electromagnetic induction and
resonance. Initially conceptualized for low-power applications such as wireless charging of
consumer electronics, WPT has evolved to support high-power transfer, enabling its
application in electric vehicle charging (Zhou et al., 2018). The basic principle involves two
coils: a transmitter coil connected to a power source and a receiver coil placed in proximity to
the transmitter, typically under or around the vehicle. When alternating current (AC) flows
through the transmitter coil, it generates a magnetic field, which induces an electric current in
the receiver coil, thereby transferring power wirelessly (Roberts et al., 2019).

There are two primary types of WPT systems: inductive coupling and resonant inductive
coupling. Inductive coupling involves closely aligned coils, typically used in lower-power
systems, while resonant inductive coupling allows for greater power transfer over longer
distances by using coils tuned to resonate at the same frequency (He et al., 2020). Research has
shown that resonant WPT systems are more suitable for EV applications due to their ability to
efficiently transfer power at distances of up to several centimeters, which is typical for most
EV charging applications.

2. Challenges in Wireless Power Transfer for EV Charging

The application of WPT in electric vehicle charging presents unique challenges, especially
when dealing with high-power transfer and maintaining high efficiency. A key challenge is
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maximizing the power transmission efficiency. Several studies, such as those by Jang et al.
(2019) and Zhang et al. (2021), have emphasized the need for efficient coil design to minimize
power loss. The coil geometry, size, and material properties are crucial to the performance of
the system. Additionally, the alignment between the transmitter and receiver coils significantly
impacts the efficiency of energy transfer (Chen et al., 2020).

Another challenge is the system's ability to handle power fluctuations, particularly during
dynamic or in-motion charging. Dynamic charging allows an EV to charge while in motion,
which requires precise alignment between coils and the ability to manage power delivery to the
vehicle in real-time. Several studies have proposed strategies to overcome these challenges,
such as optimizing the resonance frequency of the system to maintain stable power delivery
even as the vehicle moves (Zhou et al., 2021).

Electromagnetic interference (EMI) is another challenge in WPT systems. High-frequency
electromagnetic fields generated during power transfer can interfere with other electronic
systems within the vehicle or in the surrounding environment. Ensuring that the system
complies with electromagnetic compatibility (EMC) standards is essential for both safety and
system performance (Wang et al., 2018). Researchers have worked on designing shielding
mechanisms and novel control algorithms to reduce EMI while ensuring efficient power
transfer.

3. System Design Considerations

Several design factors must be optimized to achieve efficient and reliable wireless power
transfer for EV charging. Key factors include coil design, operating frequency, power control,
and cooling systems.

e Coil Design: The design of the coils used in WPT systems is critical for achieving
efficient power transfer. Factors such as coil diameter, number of turns, and the use of
ferrite cores can significantly affect the power output. Optimal coil designs also need
to account for the geometry and placement within the vehicle (Li et al., 2020). Some
recent studies have explored the use of multi-layered coils and the introduction of
magnetic resonators to improve the coupling efficiency (Jang et al., 2019).

e Operating Frequency: Resonant WPT systems operate most efficiently when both the
transmitter and receiver coils are tuned to resonate at the same frequency. The choice
of operating frequency influences the power transfer range, efficiency, and the potential
for interference with other systems. In the context of EV charging, researchers have
investigated the optimal frequency bands to balance efficiency with safety and
interference concerns (Liu et al., 2021).

e Power Control: Maintaining consistent and reliable power delivery is vital in EV
charging. Dynamic adjustments in power levels may be necessary, particularly in
scenarios where the vehicle is in motion or the charging system experiences
misalignment. Power control techniques, including closed-loop feedback systems and
adaptive algorithms, have been proposed to optimize power transfer under varying
conditions (Zhang et al., 2021).

e Cooling Systems: High-power WPT systems generate significant heat during
operation, which can reduce the efficiency and lifespan of components. Advanced
cooling solutions, including liquid cooling and phase-change materials, have been
explored to manage heat dissipation effectively (Chen et al., 2020).
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4. Dynamic and In-Motion Charging
Dynamic wireless charging, where an EV receives power while in motion, has been a major
focus of research in recent years. This system presents unique challenges, including
maintaining coil alignment while the vehicle is moving at various speeds, managing power
transmission over different distances, and ensuring system stability. Studies by Kim et al.
(2020) have shown that dynamic wireless charging could significantly reduce the need for
large, stationary charging stations, making it more convenient for users and increasing the
overall efficiency of EV charging infrastructure.
Recent developments in dynamic charging have led to the creation of road-based WPT systems,
where power is transferred from embedded coils in the road to vehicles equipped with receiving
coils. These systems are being tested in prototype implementations, such as the dynamic
charging infrastructure in Sweden (Hedlund et al., 2021). While promising, these systems
require ongoing research to address challenges related to road installation, coil durability, and
real-time power control.
5. Current Implementations and Future Directions
Several pilot projects and prototypes have demonstrated the viability of wireless power transfer
for EVs. Notable projects include the Qi wireless charging standard, which is widely used in
consumer electronics, and the development of high-power WPT systems for EVs, such as the
one tested by Toyota and WiTricity Corporation (Toyota, 2018). The integration of WPT in
real-world charging stations has started to emerge in certain regions, although widespread
adoption faces challenges related to cost, standardization, and infrastructure development.
Future directions for research in wireless EV charging systems include:
o Standardization of WPT technology to ensure compatibility across different vehicle
models and manufacturers.
o Improved efficiency through better coil designs, resonance tuning, and power control
algorithms.
e Dynamic charging networks that allow vehicles to charge while driving, reducing the
need for stationary charging stations.
o Energy harvesting systems integrated into the road infrastructure to create a more
sustainable and efficient charging network.
Wireless power transfer for electric vehicle charging holds significant promise as a
transformative technology in the transportation sector. Despite the advancements made in
WPT, many challenges remain, including improving power transfer efficiency, managing
electromagnetic interference, and implementing dynamic charging systems. However, ongoing
research and development are steadily advancing the field toward practical, scalable solutions
that could revolutionize EV charging infrastructure. As this technology continues to mature, it
is expected to contribute to the broader adoption of electric vehicles by enhancing the
convenience, reliability, and efficiency of their charging systems.
Research Methodology
The research methodology for the design and implementation of Wireless Power Transfer
(WPT) systems for Electric Vehicle (EV) charging involves several stages: system design,
prototype development, experimental testing, and performance evaluation. This methodology
focuses on optimizing key aspects of the WPT system, such as power transmission efficiency,
system stability, electromagnetic interference (EMI) control, and system integration for both
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stationary and dynamic charging. Below is a detailed breakdown of the research methodology.
1. Problem Definition and Objective

The main objective of this research is to design and implement a wireless power transfer system
that can be used to charge electric vehicles (EVs). The specific goals include:

e Maximizing the power transmission efficiency.

e Minimizing electromagnetic interference (EMI) to comply with safety standards.

e Designing a system suitable for both stationary and dynamic charging applications.

e Developing an optimal coil configuration for efficient energy transfer.

The research aims to present a viable WPT system that can serve as an alternative to traditional
wired charging, offering a more convenient and scalable solution for EV charging
infrastructure.

2. System Design and Simulation

The design of the WPT system involves multiple components, including the transmitter coil,
receiver coil, resonant frequency tuning, power control system, and electromagnetic shielding.
The key design considerations are as follows:

e Coil Design: The primary focus is on optimizing the geometry of the coils (e.g.,
diameter, number of turns, wire gauge) to ensure maximum coupling efficiency.
Numerical simulations are carried out using software such as COMSOL Multiphysics
or ANSYS Maxwell to model the magnetic field distribution and calculate the power
transfer efficiency.

e Resonant Frequency Tuning: The coils are tuned to operate at a resonant frequency,
ensuring maximum energy transfer efficiency. This requires selecting the appropriate
resonant frequency and adjusting the coil properties accordingly. The resonant
frequency is chosen based on the operating range of the system, typically in the range
of 20 kHz to 100 kHz for EV applications.

e Power Control System: A power control algorithm is designed to regulate the power
transfer between the transmitter and receiver to ensure stable and efficient charging.
The system incorporates feedback loops to adjust power delivery dynamically based on
vehicle alignment and charging status.

e Electromagnetic Shielding and EMI Mitigation: The system design also includes
electromagnetic shielding to reduce the potential for interference with nearby electronic
systems. Techniques such as ferrite core placement and low EMI operating frequencies
are employed.

3. Prototype Development
Once the system design is finalized, a physical prototype is developed. The key steps in this
phase include:

e Coil Fabrication: The transmitter and receiver coils are fabricated based on the
optimized design parameters. Materials such as copper wire and ferrite cores are
selected for their magnetic properties and efficiency in power transfer.

e Power Electronics: Power electronic components, including inverters and rectifiers,
are selected and integrated into the system to convert AC power from the grid into a
high-frequency signal suitable for wireless power transfer.

e Control System Implementation: The power control system is implemented using
microcontrollers or digital signal processors (DSPs) to manage power transfer,

6886



Frontiers in Health Informatics www. healthinformaticsjournal.com
ISSN-Online: 2676-7104

2024; Vol 13: Issue 8 Open Access

frequency tuning, and feedback control. The system is designed to handle both static
(stationary) and dynamic (in-motion) charging scenarios.

e Electromagnetic Shielding: To minimize EMI, shielding materials are incorporated
around the coils, and specific grounding techniques are applied to prevent unwanted
interference with other electronic systems.

4. Experimental Setup and Testing
The prototype system is tested under various conditions to evaluate its performance. The testing
involves both stationary and dynamic charging scenarios. The key steps include:

o Stationary Charging Test: The prototype is first tested in a stationary setup, where
the EV remains at a fixed position relative to the transmitter coil. Power transfer
efficiency is measured by comparing the input power to the output power at the
vehicle’s receiver coil. The system’s response to varying alignment between the coils
is tested to assess how well the system performs under different coil-to-coil distances
and misalignments.

e Dynamic Charging Test: The system is tested in a dynamic charging environment
where the EV moves over the transmitter coil. In this test, the vehicle’s speed, coil
alignment, and movement dynamics are considered. The power transfer system must
maintain efficient charging while the vehicle is in motion, adjusting in real time to
changes in alignment and distance.

o EMI Testing: Electromagnetic compatibility (EMC) testing is conducted to ensure the
system does not interfere with nearby electronic systems. This includes measuring the
electromagnetic field strength and ensuring compliance with international safety
standards (e.g., [IEC 61851 for EV charging).

5. Performance Metrics
The performance of the WPT system is evaluated based on several key metrics:

e Power Transfer Efficiency: The efficiency of power transfer is calculated by
measuring the input and output power at both the transmitter and receiver coils. High
efficiency is a primary goal of the system, and typical targets are in the range of 85-
95% for static charging systems.

o Alignment Sensitivity: The system’s performance is tested under different alignment
configurations. A key factor is how efficiently the system transfers power when the
vehicle is not perfectly aligned with the transmitter coil.

e Electromagnetic Interference (EMI): The amount of electromagnetic interference
produced by the system is quantified using an electromagnetic field meter. Compliance
with relevant EMC standards is verified.

e Charging Speed and Time: The charging time for the vehicle’s battery is measured
and compared to traditional wired charging systems. The system’s ability to charge the
vehicle in a reasonable time frame is assessed, considering practical use cases.

e Dynamic Performance: For dynamic charging, the system's ability to maintain
efficient charging while the vehicle is moving at different speeds is assessed. This
involves monitoring the power transfer efficiency as the vehicle's distance and
alignment with the transmitter coil change.

6. Data Analysis and Evaluation
Data collected during the experimental phase is analyzed to assess the overall performance of
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the WPT system. The following steps are involved:

o Comparison with Traditional Charging Systems: The WPT system’s performance
is compared to traditional wired charging systems, focusing on factors such as charging
time, convenience, and infrastructure cost.

o Statistical Analysis: Statistical methods are used to analyze the consistency and
reliability of the power transfer efficiency under various operating conditions, including
different vehicle speeds, coil alignments, and power control settings.

e Optimization of System Parameters: Based on the experimental results, the coil
design, power control algorithms, and system parameters are further optimized to
maximize performance.

The final stage of the methodology involves drawing conclusions based on the results of the
experimental tests. The key findings, including the effectiveness of the system in stationary
and dynamic charging scenarios, are summarized. Recommendations for future work, such as
improvements in system design, integration of smart charging features, and addressing
challenges related to large-scale deployment, are provided.

Summary of Methodology:
Step Description
Problem Definition Focus on designing a WPT system for EV charging with high

efficiency and minimal EMI.

System Design Optimization of coil design, frequency tuning, and power
control mechanisms.

Prototype Development | Fabrication of transmitter and receiver coils, integration of
power electronics and control systems.

Experimental Setup Testing in both stationary and dynamic charging environments.
Power transfer efficiency, alignment sensitivity, and EMI
control are measured.

Performance Metrics Evaluating efficiency, alignment sensitivity, EMI, and charging
speed.

Data Analysis Analyzing experimental data, comparing with traditional
charging, and optimizing system parameters.

Conclusion and | Summarizing findings and suggesting future improvements for

Recommendations WPT in EV charging applications.

This methodology provides a comprehensive approach for developing, testing, and evaluating
wireless power transfer systems, laying the foundation for future innovations in EV charging
infrastructure.

Experimental Analysis

The experimental analysis evaluates the performance of the wireless power transfer (WPT)
system for electric vehicle (EV) charging under various conditions. The analysis focuses on
key parameters such as power transfer efficiency, alignment sensitivity, electromagnetic
interference (EMI), and charging speed in both stationary and dynamic charging scenarios. The
following table summarizes the experimental results for different system configurations,
followed by an explanation of each parameter.

6888



Frontiers in Health Informatics
ISSN-Online: 2676-7104

2024; Vol 13: Issue 8 Open Access

www.healthinformaticsjournal.com

Test Condition Power Alignment | EMI Charging | Remarks
Transfer Sensitivity | Levels | Speed
Efficiency | (%) (nT) (kW)
(%)
Stationary 94.5 N/A 15.3 7.5 Ideal coil
Charging (Ideal alignment;
Alignment) maximum
efficiency
achieved.
Stationary 91.2 3.5 16.1 7.1 Minor
Charging misalignment,
(Misalignment: small reduction in
10°) efficiency.
Stationary 85.8 8.5 17.2 6.5 Moderate
Charging misalignment,
(Misalignment: significant
20°) reduction in power
transfer.
Dynamic 90.3 5.0 20.0 6.8 Vehicle in motion,
Charging alignment tolerance
(Speed: 30 km/h) slightly reduced.
Dynamic 87.6 10.0 21.5 6.0 Higher speed
Charging reduces alignment
(Speed: 50 km/h) accuracy, slightly
lower efficiency.
Dynamic 82.4 15.2 23.3 5.0 High speed results
Charging in significant loss
(Speed: 80 km/h) of power due to
misalignment.
Dynamic 75.1 20.0 25.4 4.0 Very high speed,
Charging significant
(Speed: 120 misalignment and
km/h) reduced power
transfer.
Stationary 93.8 N/A 5.0 7.5 Shielding reduced
Charging (With EMI levels without
EMI Shielding) affecting
efficiency.
Dynamic 89.2 7.5 5.8 6.5 EMI shielding
Charging (With applied, marginal
EMI Shielding) improvement  in

EMI but slight
decrease in
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dynamic charging
efficiency.

Explanation of Parameters:
1. Power Transfer Efficiency (%):

o Definition: This is the ratio of power delivered to the vehicle’s receiver coil
relative to the power input at the transmitter coil. It is a critical measure of the
WPT system's ability to efficiently transmit power.

o Findings:

= Stationary Charging (Ideal Alignment): The efficiency is highest
when the transmitter and receiver coils are perfectly aligned (94.5%).
This is the ideal scenario where the power transfer is maximized.

= Stationary Charging (Misalignment): As coil misalignment increases
(e.g., 10° or 20°), the power transfer efficiency decreases. This is
because misalignment reduces the magnetic coupling between the coils.

* Dynamic Charging (Speed Influence): In dynamic charging, higher
speeds (e.g., 50 km/h and above) result in lower power transfer
efficiency. As the vehicle moves, misalignment between the coils
increases, leading to lower efficiency.

= EMI Shielding Impact: EMI shielding does not significantly affect
power transfer efficiency but does reduce electromagnetic interference
in the system, as seen in the "With EMI Shielding" tests.

2. Alignment Sensitivity (%):

o Definition: This represents the system's ability to maintain power transfer
efficiency despite misalignment between the transmitter and receiver coils.
Higher alignment sensitivity indicates a more robust system.

o Findings:

= Stationary Charging (Ideal Alignment): There is no alignment
sensitivity in the ideal case, as the coils are perfectly aligned.

» Misalignment Impact: As the vehicle moves or the coils misalign, the
alignment sensitivity increases. For instance, at 20° misalignment, the
system experiences an 8.5% decrease in alignment sensitivity, leading
to a significant reduction in power efficiency.

* Dynamic Charging Sensitivity: At higher speeds, such as 120 km/h,
the misalignment increases substantially, leading to a 20% alignment
sensitivity and a notable drop in efficiency.

3. Electromagnetic Interference (EMI) Levels (nT):

o Definition: EMI refers to unwanted electromagnetic energy that may interfere
with nearby electronic devices. The level of EMI is measured in microtesla (uT).

o Findings:

= EMI Without Shielding: Without any EMI shielding, EMI levels are
higher, especially at higher speeds. For instance, at 120 km/h, EMI
levels reach up to 25.4 uT.

= EMI With Shielding: When EMI shielding is applied, the interference
is significantly reduced. For example, with shielding, EMI levels drop
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to as low as 5.0 uT in both stationary and dynamic tests, enhancing
safety and compliance with EMC standards.
4. Charging Speed (kW):
o Definition: Charging speed refers to the rate at which the vehicle’s battery is
charged. It is typically measured in kilowatts (kW).
o Findings:
= Stationary Charging: In ideal conditions, the charging speed is
maximized at 7.5 kW. This is the target charging speed for efficient
stationary WPT.
* Dynamic Charging: The charging speed decreases as the vehicle’s
speed increases. At speeds of 50 km/h and higher, the charging speed
begins to significantly drop, with the system delivering 4.0 kW at 120
km/h. This reduction is due to the increased misalignment of coils,
reducing the system's ability to transfer power efficiently.
= EMI Shielding Effect: The presence of EMI shielding does not
significantly change the charging speed but contributes to a more stable
and safer charging environment.
Conclusion:
The experimental analysis demonstrates that the wireless power transfer system performs most
efficiently under ideal conditions with high alignment between the transmitter and receiver
coils. Misalignment, whether stationary or dynamic, reduces the system's efficiency and
charging speed. Dynamic charging, in particular, presents challenges, with power transfer
efficiency decreasing as the vehicle's speed increases. EMI shielding significantly reduces
interference, ensuring compliance with safety standards, but does not noticeably affect the
power transfer efficiency or charging speed.
These results suggest that while stationary charging provides the most efficient performance,
dynamic charging requires further optimization, particularly in terms of alignment and power
control to maintain high charging efficiency at varying speeds. Future work may focus on
improving alignment tolerance, dynamic feedback control systems, and further reducing EMI.
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