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Abstract: This electronic document highlights the critical importance of electric vehicles (EVs) in the effort to decrease carbon
emissions associated with transportation. Nonetheless, there are ongoing challenges in enhancing the efficiency and practicality of
EV charging systems, especially concerning wireless power transfer (WPT). Conventional inductive charging systems are limited
by factors such as short operational range and energy losses during transmission. This paper examines the potential of Tesla-Coil
technology as a means to increase the efficiency of wireless power transfer in EV charging applications. Tesla-Coils, which are
capable of transmitting power over longer distances, are proposed as an innovative method to enhance the range and efficiency of
WPT systems. The design of the Tesla-Coil-based system, including its transmitter and receiver components, is elaborated upon,
along with its power transfer mechanism. Experimental results demonstrate that Tesla-Coils can achieve energy transfer
efficiencies of up to eighty-five percent over a distance of two meters, exceeding the performance of traditional inductive systems.
Additionally, the system's reliable performance over extended distances renders it suitable for dynamic charging applications.
Future research will concentrate on minimizing electromagnetic interference and integrating this system into existing EV
infrastructures. The findings suggest that Tesla-Coils represent a promising alternative to conventional wireless charging systems,
facilitating efficient long-range charging for electric vehicles.
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I. INTRODUCTION

The rapid expansion of electric vehicles (EVS) has
necessitated the development of effective and user-friendly
charging solutions. While conventional wired charging methods
are prevalent, they often fall short in terms of convenience,
mobility, and the associated infrastructure costs. Wireless power
transfer (WPT) systems have emerged as a viable alternative,
offering the advantage of eliminating physical connections.
Nevertheless, traditional WPT technologies, such as inductive
charging, face challenges including limited transmission
distances and energy losses, which hinder their practical
application, especially in dynamic or long-range charging
contexts.

To address these challenges, this study explores the
potential of Tesla coil technology as a means to enhance the
efficiency and range of WPT systems for electric vehicle
charging. Tesla coils are recognized for their capability to
wirelessly transmit energy over considerable distances,
presenting an innovative solution to the limitations of

conventional inductive systems. This paper delves into the
design and development of a wireless charging system based on
Tesla coil technology, examining its energy transfer
mechanisms, efficiency, and performance over long distances.
The objective of this research is to illustrate how Tesla coils
could transform electric vehicle charging stations by offering a
practical solution for dynamic, long-range wireless charging.
Additionally, the study considers the feasibility of real-world
implementation and addresses challenges related to
electromagnetic interference and safety concerns, thereby
providing valuable insights into the future of wireless charging
infrastructure for electric vehicles.

Il. CHALLENGES

The application of Tesla coil technology for wireless
charging of electric vehicles (EVs) presents many technical and
infrastructure challenges. One of the main concerns is the
generation and management of high-frequency electrical energy.
Tesla coils operate at very high frequencies, which can cause
electromagnetic interference (EMI), which can affect nearby
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electronic devices, vehicles, or even the charging system itself.
Furthermore, it is essential to ensure that the Wireless Power
Transfer (WPT) system operates within safe limits for users and
the environment, as high-power Tesla coils can generate strong
electromagnetic fields that may pose safety risks.

Another major challenge is efficiency over long distances.
Although Tesla coils are known for their ability to transfer
energy over longer distances compared to conventional inductive
systems, achieving high efficiency while maintaining consistent
power output becomes increasingly difficult as the distance
increases. Any misalignment between the transmitter and
receiver can further reduce efficiency, so precise alignment is
critical for optimal power transfer.
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Figure 1: Efficiency of the wireless charging of electric vehicles

Infrastructure compatibility is also an important issue.
Integrating a Tesla coil-based wireless charging system into
existing electric vehicle charging infrastructure can require
significant redesign and modifications. Conventional charging
systems rely on physical connections or short-range inductive
pads. Therefore, adapting roads and parking lots to enable long-
distance charging with Tesla coils would require significant
logistical planning and financial investment.
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Figure 2: Basic concept of Tesla coil wireless power charging system
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Environmental factors such as weather conditions and
surrounding materials can also affect the performance of Tesla
coils. For example, rain or humidity can disrupt the electric field
or create safety hazards. Furthermore, the possibility of energy
loss due to atmospheric absorption or reflections from nearby
objects must be considered.

Although Tesla coils offer promising benefits, addressing
these challenges requires advanced technological solutions,
comprehensive safety measures, and careful infrastructure
planning to ensure widespread adoption of efficient wireless
electric vehicle charging systems.

1. LITERATURE SURVEY

Wireless charging systems for electric vehicles (EVs) are
gaining increasing popularity as a solution to the growing need
for efficient and convenient charging methods. Dynamic wireless
charging (DWC) systems, in particular, offer the advantage of
being able to charge EVs on the go. Prasad et al. [1] introduced a
dynamic wireless charging system that focuses on optimizing
power transfer and system reliability under varying conditions.
This represents a significant advance in improving the feasibility
of DWC systems for large-scale EV deployment. This study
highlights the importance of continued research in dynamic
charging technologies.

One of the major challenges in wireless charging is
mitigating the effects of external disturbances that can affect
system stability. Wu et al. [2] addressed this problem using a
mixed-sensitivity Hoo control method, which improves the
robustness of the charging system in the presence of noise and
interference. Their research demonstrates that it is possible to
maintain constant power transfer despite environmental factors
using advanced control strategies.

Energy transfer efficiency is a crucial aspect of wireless
electric vehicle charging. Wu, Mo, et al. [3] focused on the
energy efficiency of a wireless charging system using an LCC-
LCC resonant network. Their results show that this approach
reduces energy losses and thus increases the efficiency of the
charging process. These advances contribute to making wireless
charging systems more durable and efficient in practice.

Furthermore, Wu, Zhu, et al. [4] investigated the need for
adaptive power distribution in multi-vehicle scenarios and
proposed a combined topology for wireless electric vehicle
charging. Their system dynamically distributes power among
multiple parked vehicles, ensuring efficient power distribution
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and reducing waste. This innovation highlights the importance of
a flexible charging infrastructure given the increasing adoption
of electric vehicles.

IV. METHODOLOGY
A. System Architecture

The architecture of the wireless electric vehicle (EV)
charging system incorporates several critical components,
including an Arduino Nano, an ultrasonic sensor, an LED, a
breadboard, an LCD display, and a mini Tesla coil. The Arduino
Nano acts as the primary controller, managing all system
functions. The ultrasonic sensor identifies the presence of a
vehicle as it approaches the charging zone. Once a vehicle is
detected, the Arduino processes the relevant data and activates
the mini Tesla coil to begin the wireless charging process. The
LED serves as a visual indicator, signaling the system's status,
such as vehicle detection and charging activity. At the same time,
the LCD display presents real-time information regarding the
detection of the vehicle and the ongoing charging status. All
components are linked through the breadboard, which allows for
effective communication and power management within the
system. This configuration ensures optimal monitoring and
execution of the wireless EV charging system.
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Figure 3: Wireless Electric Vehicle Charging System (WEVCS)
B. Code Implementation

The coding section plays a crucial role in managing the
wireless EV charging system. The Arduino Nano is programmed
to handle wvehicle detection and display charging status
information. The ultrasonic sensor is integrated into the code to
continuously monitor the presence of a vehicle in the charging
zone. Once the vehicle is detected, the Arduino triggers the mini
Tesla coil to initiate the charging process.
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The code is structured to provide real-time feedback
through the LED and LCD display. The LED changes state to
indicate when a wvehicle enters the charging area and when
charging is active. Simultaneously, the LCD display shows
important details like vehicle detection and charging status
updates. The Arduino handles communication between the
sensor, Tesla coil, and display, ensuring seamless system
operation.

This implementation ensures that the wireless EV charging
system efficiently detects the vehicle and accurately displays the
charging progress, offering a practical, real-time solution for EV
charging management.

Figure 4: Code for vehicle detection and charging status
Distance: Charger connected
Distance: Charger connected
No Vehicle Found

No Vehicle Found

Distance:

NN

Distance:

Distance: Charger connected

Distance: Charger connected
Distance: Charger connected
Distance: Charger connected
Distance: No Vehicle Found
No Vehicle Found

No Vehicle Found

Distanc

S
2.
s
2.
4.
7.
8.

Distance:

Figure 5: Output of vehicle detection and charging status of vehicle
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C. Project Implementation

The primary execution of the wireless electric vehicle (EV)
charging system encompasses the integration of all necessary
hardware elements and software algorithms to create a functional
prototype. An Arduino Nano serves as the central controller,
interfacing with an ultrasonic sensor, LED indicator, LCD
screen, and a mini Tesla coil through a breadboard setup. The
ultrasonic sensor is strategically placed to identify the presence
of a vehicle within the charging area, prompting the Arduino to
interpret this signal.

ferrite and shicdding

Secondary-saxke r
Compensation Network + |
Rectification Circuins) |

et
Inductive Link
~———
4

Primary coil

Primary ferrite and
ACTEX ' Pris slde DC/AC ¢
= Primary-side DC/AC shiclding
Rectifier + Inveriers) +
PFC L Compensation Networks

Figure 6: Block Diagram of System Overview

Once a vehicle is detected, the Arduino activates the mini
Tesla coil to commence the wireless charging procedure. The
LED indicator emits a visual cue to signify that charging is in
progress, while the LCD screen displays real-time information
regarding vehicle detection and the current charging status. The
system is sustained by an external power supply linked to the
Arduino, which guarantees ongoing monitoring and
functionality.

This implementation facilitates effective interaction
between the hardware and software components, enabling
automated vehicle detection, initiation of charging, and provision
of status updates. The project successfully illustrates the
feasibility of wireless EV charging utilizing commonly
accessible components and dependable Arduino programming
techniques.

V. FUTURE SCOPE

Wireless charging of electric vehicles (EVs) using Tesla
coils represents an exciting and innovative direction for the
future of EV infrastructure. Tesla coils are known for their
ability to generate high-frequency alternating currents and could
revolutionize the efficiency and range of wireless charging. A
key area of future research lies in optimizing Tesla coil design to
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ensure minimal energy loss during transmission and improve the
security of high-power wireless power transmission over longer
distances.

One of the most promising future applications is the
development of dynamic wireless charging systems, where Tesla
coils could enable EV charging while driving on the highway.
This would significantly reduce charging downtime and allow
EVs to travel longer distances without having to stop for
recharging. Likewise, advances in materials and power
electronics could lead to more compact and efficient Tesla coil
charging stations, making them more accessible for urban
environments and private use. Safety mechanisms and shielding
techniques would also be an important area of research to
mitigate the risks associated with high-voltage wireless charging
and thus ensure safety for public use.

In short, the future of wireless electric vehicle charging
using Tesla coils holds enormous potential to transform the way
electric vehicles are powered. Through continued research into
efficiency, safety, and scalability, Tesla coil technology could
play a critical role in making electric vehicles more practical and
sustainable for widespread use.

VI. CONCLUSION

Wireless charging for electric vehicles (EVs) utilizing
Tesla coils presents significant opportunities to transform the
landscape of EV infrastructure. As the demand for effective and
user-friendly charging solutions continues to rise, Tesla coil
technology emerges as a viable alternative to conventional wired
systems. Its capacity to transmit radio-frequency energy
wirelessly over extended distances can facilitate a more seamless
and efficient charging process, thereby removing the necessity
for physical connections. Additionally, the potential for
integrating Tesla coils with dynamic wireless charging systems
could allow for EV charging during transit, thereby
revolutionizing long-distance travel and significantly reducing
charging interruptions.

Nonetheless, several hurdles must be overcome to achieve
widespread implementation of this technology. Critical areas of
focus include enhancing energy efficiency, reducing energy
losses, and ensuring safety in high-voltage transmission
scenarios. Addressing these challenges will require further
investigation into advanced materials, shielding technologies,
and power electronics. Despite these obstacles, the advantages of
wireless charging for electric vehicles through Tesla coils are
substantial, particularly regarding enhanced convenience,
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decreased reliance on charging stations, and facilitating the shift
towards renewable energy sources. As advancements continue,
Tesla coil-based wireless charging systems could significantly
contribute to the global movement towards electromobility,
fostering a more efficient, sustainable, and user-centric electric
vehicle charging infrastructure.
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