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ABSTRACT: Wireless electric vehicle (EV) charging, or inductive charging, is an emerging technology designed to
eliminate the limitations of conventional plug-in systems. This paper explores the design and implementation of a
wireless EV charging prototype based on electromagnetic induction, focusing on its feasibility, efficiency, and potential
applications. The system includes a high-frequency transmitter coil, a rectifying receiver coil, and supporting control
electronics managed via Arduino. The prototype was evaluated across multiple coil configurations and tested for power
efficiency. Results showed a peak efficiency of 45% under optimal conditions. While promising, the study highlights
the impact of coil alignment and separation on performance, suggesting the need for better alignment mechanisms and
thermal management. The convenience, safety, and future scalability of the system make it a potential solution for
urban EV infrastructure. Further research into coil materials, resonant frequency tuning, and dynamic charging is
proposed to enhance performance.

KEYWORDS: Wireless EV charging, Inductive powers transfer, Electromagnetic induction, Charging efficiency,
Electric vehicle infrastructure.

I. INTRODUCTION

The rapid adoption of electric vehicles (EVs) is driven by the increasing need for sustainable transportation solutions,
stringent environmental regulations, and advancements in battery technology. As EV usage grows worldwide, the
development of efficient, reliable, and user-friendly charging infrastructure has become a critical concern. Traditional
plug-in charging systems, while widely used, come with several limitations, including wear and tear on connectors,
potential safety hazards, and user inconvenience. Frequent plugging and unplugging lead to physical degradation of
charging ports and cables, increasing maintenance costs and reducing system longevity. Moreover, manual connection
processes may pose safety risks, particularly in adverse weather conditions such as rain or snow.

To overcome these challenges, wireless electric vehicle (EV) charging, also known as inductive charging, has emerged
as a promising alternative. This technology enables the transfer of electrical energy from a power source to the vehicle's
battery without requiring a physical connection, enhancing convenience and operational efficiency. Wireless charging
not only eliminates the need for bulky cables but also reduces mechanical wear, enhances safety, and enables
automation, making it an attractive option for modern EV infrastructure.

II. LITERATURE REVIEW

Wireless power transfer (WPT) has been extensively researched as a promising solution for efficient and convenient
electric vehicle (EV) charging. Several studies have focused on improving power transfer efficiency, coil design, and
operational safety. This section presents a review of significant contributions in the field.

Fisher et al. [1] conducted a comprehensive review of magnetic coupling systems used in wireless EV charging,
emphasizing their efficiency, safety, and practical applications. The study highlighted that magnetic resonance
coupling enhances power transfer efficiency over moderate distances, making it a feasible solution for commercial
implementation. The authors also addressed challenges such as electromagnetic interference (EMI), biological
safety, and misalignment between the transmitter and receiver coils. They proposed using adaptive alignment
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technologies and dynamic coil positioning to mitigate these issues.

Amjad et al. [2] explored various capacitive and inductive power transfer technologies, focusing on control system
optimization. Capacitive power transfer (CPT), which relies on electric fields, offers advantages such as reduced
electromagnetic interference and lower system complexity. However, CPT requires large capacitor plates, making it
less practical for high-power EV applications. Inductive power transfer (IPT), on the other hand, remains the
dominant method due to its higher efficiency, scalability, and compatibility with existing EV infrastructure. The
study also highlighted that resomant circuits (series and parallel configurations) significantly improve power
transmission efficiency by minimizing losses.

Liu et al. [3] analyzed different coil designs to optimize power transfer efficiency. Their study focused on geometric
configurations, material selection, and coil placement strategies. The key findings include:

1. Circular and rectangular coils offer different efficiency benefits, with circular coils providing better field
uniformity, while rectangular coils achieve higher power densities.

2. Litz wire minimizes skin and proximity effects, thereby reducing resistive losses and improving system
efficiency.

3. Multi-coil configurations, such as double-D (DD) and bipolar designs, improve tolerance to
misalignment and enhance energy distribution.

The study concluded that optimizing coil geometry, selecting high-permeability materials, and implementing active
alignment control are crucial for improving wireless EV charging performance.

Sun et al. [4] provided an overview of recent trends in WPT for EV charging, highlighting key innovations such as:

1. Dynamic wireless charging (charging EVs while in motion), which has the potential to eliminate range anxiety.
2. Al-based power management, which enables real-time optimization of charging schedules to reduce energy
consumption and grid stress.

3. Integration of renewable energy sources (solar and wind) into wireless charging infrastructure.

Although dynamic charging offers significant advantages, the study pointed out challenges related to high
infrastructure costs, durability concerns, and regulatory issues. The research also emphasized the role of artificial
intelligence (AI) in optimizing wireless power transfer by dynamically adjusting power levels and minimizing
energy wastage.

Jang [5] examined the operational challenges of wireless EV charging systems, including efficiency, standardization,
and thermal management.

S. Li and C. C. Mi [6] explained the working principles of inductive wireless power transfer (WPT) for electric
vehicles. They discussed coil designs, compensation topologies, and control strategies to improve efficiency. The paper
addressed issues like misalignment, safety, and electromagnetic interference. Future trends such as dynamic wireless
charging were also highlighted.

M. Budhia, G. Covic, and J. Boys [7] presented a design method for optimizing circular magnetic structures in
inductive power transfer (IPT) systems. They focused on maximizing efficiency and minimizing leakage flux. The
paper included modeling techniques and experimental validation. It is significant for improving IPT performance in EV
charging applications.

J. Garnica, R. A. Chinga, and J. Lin [8] reviewed wireless power transmission technologies from far- field (RF-based)
to near-field (inductive and capacitive) methods. They compared transmission ranges, efficiencies, and applications.
The paper discussed technical challenges and safety considerations. It provides a comprehensive overview of WPT
evolution and design trade-offs.

J. M. Miller, O. C. Onar, and M. Chinthavali [9] investigated primary-side power flow control techniques for wireless

IJIRSET©2025 | AnI1SO 9001:2008 Certified Journal 14221



http://www.ijirset.com/

Impact
Factor

8.699

- . X
ﬂ"\ ‘5;_&_ International Journal of Innovative Research of
[FI[:X 3§ Science, Engineering and Technology (IJIRSET)

|www.ijirset.com |A Monthly, Peer Reviewed & Refereed Journal| e-ISSN: 2319-8753| p-ISSN: 2347-6710|
Volume 14, Issue 5, May 2025
|DOI: 10.15680/IJIRSET.2025.1405423|

electric vehicle (EV) charging systems. They focused on methods to regulate power transfer efficiently without relying
on complex communication with the secondary side. The study explored voltage and frequency modulation strategies
to dynamically adjust power levels, improve system response, and enhance compatibility with the electrical grid. Their
work supports the development of more efficient and grid-integrated wireless charging solutions for EVs.

K. Chau, C. Liu, and C. Li [10] reviewed wireless power transfer methods for electric vehicle charging, focusing on
inductive and capacitive techniques. They discussed system design challenges like coil alignment and efficiency. Safety
and electromagnetic compatibility were also addressed. The paper highlighted emerging trends such as dynamic
charging to improve EV usability.

Key Points:
1. Inductive and capacitive coupling are main WPT methods for EVs.
2. Coil alignment and efficiency are critical design challenges.
3. Safety and electromagnetic compatibility are important considerations.
4. Dynamic wireless charging is a promising future trend.

The key challenges identified were:
1. Lack of standardization: Different manufacturers use varying coil designs and operating frequencies, leading to
interoperability issues.

2. Heat dissipation: Wireless charging generates heat, which can affect battery lifespan and system reliability.
3. Electromagnetic interference (EMI): Wireless power transfer may interfere with nearby electronic devices,
requiring effective shielding techniques.

The study recommended the development of international standards for wireless EV charging, advanced
cooling mechanisms, and adaptive frequency control to mitigate EMI concerns.

II1. SYSTEM DESIGN AND METHODOLOGY
The system layout is illustrated in Fig. 1.
A. Block Diagram
The proposed system consists of the following components:

1. AC-DC Converter: Converts grid AC power into DC.

2. Switching Oscillator: Generates high-frequency AC.

3. Transmitter Coil: Produces an electromagnetic field for energy transfer.

4. Receiver Coil: Captures the energy and converts it back to AC.

5. Rectifier and Regulator: Converts AC to DC and stabilizes the output for battery charging.
6. Microcontroller (Arduino UNO): Controls the charging and monitoring system.
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Fig.1 Block Diagram
B.  Circuit Design

The transmitter circuit employs an NE555 timer IC to generate a high-frequency oscillation, which is amplified using
MOSFETs and transistors. The receiver circuit consists of a rectifier, filtering capacitors, and a voltage regulator to
supply stable DC power to the EV’s battery.

C. Electromagnetic Induction Principle

The system operates based on Faraday’s Law, where a time-varying magnetic field induces a voltage in the receiver
coil. The efficiency of power transfer depends on factors such as coil alignment, operating frequency, and material
properties.

IV. EXPERIMENTAL SETUP AND RESULTS

The experimental setup for the wireless electric vehicle (EV) charging system was designed and implemented to
evaluate the performance of inductive power transfer. The primary objective was to determine the efficiency,
feasibility, and practical limitations of the system. The setup consisted of a chassis-mounted receiver on a robotic
platform, a stationary transmitter coil embedded in the charging station, and associated control and power management
electronics. Fig. 2 shows the prototype experimental setup.

A.  Coil Design and Testing

The efficiency of inductive power transfer heavily depends on the design and placement of coils. Three different coil
configurations were tested, each wound using 26-gauge copper wire. The key parameters influencing power transfer
efficiency include coil diameter, the number of turns, and spacing between the transmitter and receiver coils.

1. 8 cm diameter, 40 turns: Output voltage 6-9V
o This coil was found to be the most balanced in terms of efficiency and heat dissipation.
o Provided stable power transfer with minimal losses.
o Selected as the optimal configuration for the final implementation.
2. 6 cm diameter, 50 turns: Output voltage 5-7V
o Smaller diameter resulted in reduced voltage output.
o Power transfer efficiency was lower due to limited electromagnetic coupling.
3. 4 cm diameter, 70 turns: Output voltage 8-10V
o Higher voltage output but suffered from excessive heat dissipation.
o Required additional cooling mechanisms, making it less practical.

The 8 cm, 40-turn coil was ultimately chosen for the final prototype due to its balance between efficiency, power
output, and thermal management.
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B. Efficiency Analysis

The performance of the system was measured in terms of power input, power output, and efficiency. The calculations
were based on the following parameters:

Input Power:
o Voltage: 12V
o Current: 2A

Power =12V x 2A =24W

Output Power:
o Measured voltage at the receiver: 9V
o Measured current: 1.2A
o Power=9V x 1.2A =10.8W

Efficiency Calculation:

o Efficiency = (Output Power / Input Power) x 100

o Efficiency = (10.8W / 24W) x 100 =~ 45% (Observed range: 40—60%)
This result indicates that while the system is functional, further optimization is required to achieve efficiency levels
above 70%, which is the industry standard for commercial applications.

C. Battery Performance

To test the practicality of the system for real-world applications, two lithium-ion batteries were used as the energy
storage units:

Battery Specifications:

Voltage: 3.7V

Capacity: 2500mAh

Charging Time Estimation:

Given the output power and battery specifications, the estimated charging time was 4-5 hours.
The charging process was monitored for voltage stability and thermal behavior.

O O O O O O

Observations and Challenges
e Alignment Sensitivity:

o The system's efficiency significantly dropped if the coils were misaligned.
o Future iterations should incorporate alignment correction mechanisms.

e  Heat Dissipation:
o The receiver coil and rectifier circuit exhibited noticeable heat buildup.
o Implementing a cooling system (e.g., heat sinks or forced air circulation) could improve performance.

e Power Transfer Distance:

o Efficiency reduced sharply beyond a 5 cm air gap between coils.
o Using high-permeability ferrite cores could help maintain better power transfer efficiency.
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e Automation Potential:

o Integrating an Al-powered optimization system could enhance charging efficiency and dynamic alignment.
o Future upgrades may include dynamic wireless charging, allowing vehicles to charge while in motion.

QSSIS ‘

.
Robot Alrdumo
Uno

Fig. 2 Experimental Set up
V. CONCLUSION AND FUTURE WORK
Conclusion

The study successfully demonstrates the viability of a wireless EV charging system using inductive power transfer. It
confirms that wireless charging can offer substantial user benefits in terms of convenience and safety. However, the
system’s current efficiency—measured at approximately 45% —is below the threshold for widespread commercial
adoption. Key challenges identified include misalignment sensitivity, heat dissipation, and reduced power transfer with
increasing distance. The project lays the groundwork for future development by highlighting areas for technological
improvement. Future work should aim to enhance coupling efficiency through better coil design, use Al-based control
systems for dynamic alignment and power modulation, and explore novel materials and architectures to increase power
density and reliability. Ultimately, this study advances the potential for sustainable, hands-free EV charging solutions.

Future Scope

Dynamic Charging Systems: Development of roads embedded with inductive charging systems.
Al-Powered Charging Management: Optimization of charging schedules and power distribution.
Magnetic Resonance Enhancement: Improving energy transfer over longer distances.

Laser-Based Charging: Exploring alternative long-range wireless power transmission methods.

AW N —
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