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Abstract— Electric vehicles (EVs) are gaining significant traction 

due to their sustainability and environmental benefits. Despite this 

growth, conventional plug-in charging systems present challenges 

such as inconvenience, wear and tear, and charging station 

limitations. Wireless power transfer (WPT) is an emerging 

solution that eliminates the need for physical connectors while 

enhancing user experience. This paper explores various wireless 

charging techniques, including inductive, resonant, and capacitive 

methods. Additionally, challenges, benefits, and potential 

advancements in wireless EV charging are discussed. 
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I. INTRODUCTION

The adoption of electric vehicles (EVs) is rapidly increasing as 
the world shifts towards greener and more sustainable 
transportation solutions. However, reliance on traditional plug-
in charging infrastructure presents significant challenges, such 
as connector degradation, safety concerns, and limited 
accessibility. Wireless power transfer (WPT) has emerged as a 
potential alternative, providing a seamless and efficient 
charging process without requiring direct physical contact 
between the vehicle and the power source. This paper explores 
the technological advancements, advantages, and future 
developments in wireless EV charging. 
Inductive Power Transfer (IPT) relies on electromagnetic 
induction, where an alternating magnetic field in the 
transmitter coil induces voltage in the receiver coil embedded 
in the EV. This method is commonly used in commercial 
wireless charging systems, although alignment precision is 
crucial for optimal performance. 
Resonant Inductive Power Transfer (RIPT) enhances efficiency 
by employing resonance matching between the transmitter and 
receiver. By operating at the same frequency, energy losses are 
minimized, enabling power transfer over greater distances 
compared to traditional inductive charging. 
Capacitive Power Transfer (CPT) utilizes electric fields to 
transfer power between conducting plates. While less common 
in EV applications, this method has the potential for high-
frequency and cost-effective energy transmission. However, it 
faces challenges such as low power density and potential 
interference. 

II. EXISTING WORK

Several studies have been conducted to explore the feasibility 
of wireless EV charging, with researchers investigating 
different methodologies to improve efficiency, convenience, 
and scalability. One of the most widely adopted techniques is 
Inductive Power Transfer (IPT), which relies on 
electromagnetic induction between two coils—one embedded 
in the charging pad and the other installed in the vehicle. IPT is 
already used in commercial wireless charging systems; 
however, it requires precise coil alignment for optimal 
performance. Any misalignment can lead to significant energy 
losses, reducing overall charging efficiency. Additionally, stray 
electromagnetic fields generated during the transfer process 
may cause interference with nearby electronic systems, 
requiring proper shielding and regulatory compliance. 
Another promising approach is Resonant Inductive Power 
Transfer (RIPT), which enhances IPT by utilizing frequency 
resonance to improve power transfer efficiency and allow for 
greater distances between the transmitting and receiving coils. 
By ensuring that both coils operate at the same resonant 
frequency, RIPT reduces energy losses and makes the system 
more tolerant to misalignment. This technology is particularly 
beneficial for dynamic wireless charging applications, where 
EVs can charge while in motion, eliminating range anxiety and 
reducing dependence on large battery capacities. Ongoing 
research in this area focuses on optimizing coil geometries and 
power management systems to maximize efficiency while 
minimizing the impact of electromagnetic interference. 
An alternative method, Capacitive Power Transfer (CPT), uses 
electric fields between conductive plates instead of magnetic 
fields to transfer energy. CPT offers advantages such as lower 
electromagnetic interference and reduced material costs since it 
does not require large copper coils. However, it faces 
challenges related to power density and efficiency, limiting its 
ability to support high-power EV charging applications. 
Researchers are exploring advanced dielectric materials and 
multi-layered capacitor structures to enhance CPT’s energy 
transfer capabilities and bridge the performance gap with 
inductive methods. 
Overall, research efforts in wireless EV charging are primarily 
focused on improving energy transfer efficiency, integrating 
wireless power transfer systems with renewable energy 
sources, and reducing infrastructure costs. Advancements in 
artificial intelligence-driven energy management, real-time  
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power distribution, and hybrid WPT systems that combine 
inductive and capacitive technologies are being explored to 
address current limitations. As the demand for sustainable 
transportation grows, continued innovation in these areas will 
be critical in making wireless EV charging more practical, 
efficient, and accessible for widespread adoption. 

III. PROPOSED TECHNIQUE

This paper proposes an enhanced resonant inductive coupling 
method to improve the efficiency of wireless EV charging by 
addressing key limitations such as energy losses, misalignment 
issues, and integration challenges with existing infrastructure. 
The proposed system leverages adaptive frequency tuning, 
optimized coil design, hybrid charging solutions, and smart grid 
integration to achieve higher power transfer efficiency and 
better adaptability across different operating conditions. 
One of the primary innovations in this approach is adaptive 
frequency tuning, where AI-driven algorithms dynamically 
adjust the resonance frequency of the transmitter and receiver 
coils to minimize energy losses. Conventional wireless charging 
systems suffer from efficiency drops due to frequency 
mismatches caused by variations in load and environmental 
factors. By continuously monitoring and optimizing the 
resonance frequency, the proposed system ensures stable power 
transfer even in fluctuating conditions, leading to improved 
charging performance and reduced energy wastage. 
Additionally, the improved coil design plays a crucial role in 
maximizing power transfer efficiency. Traditional inductive 
charging systems require precise coil alignment, which can be 
challenging in practical applications. The proposed system 
introduces an optimized coil structure that enhances coupling 
efficiency and expands the permissible misalignment range. 
This design improvement allows for more flexible and user-
friendly charging solutions, particularly in dynamic charging 
environments where vehicles may not always align perfectly 
with the charging infrastructure. 
Furthermore, the hybrid charging solution integrates both 
inductive and capacitive power transfer methods to enhance 
adaptability to different environmental conditions. While 
inductive charging is effective for high-power transfer over 
short distances, capacitive charging offers advantages such as 
reduced electromagnetic interference and lower material costs. 
By combining these technologies, the proposed system can 
intelligently switch between charging modes depending on real-
time conditions, ensuring optimal performance under various 
scenarios. 

Finally, the proposed system incorporates smart grid 
integration, enabling seamless communication between the 
wireless charging infrastructure and the power grid. By 
leveraging IoT-based real-time data exchange, the system can 
dynamically adjust power distribution based on grid demand 
and EV battery levels. This feature not only enhances overall 
energy efficiency but also supports grid stability by preventing 
overloads and optimizing energy consumption patterns. 
Additionally, integrating renewable energy sources with the 
smart grid framework further promotes sustainable EV charging 
solutions. 
By combining these advancements, the proposed enhanced 
resonant inductive coupling method aims to address existing 
challenges in wireless EV charging, making it more efficient, 
flexible, and scalable for widespread adoption in the future. 

IV. MODELING AND ANALYSIS

The architecture of a standard inductive wireless charging 
system for electric vehicles (EVs) adheres to the SAE J2954 
standard, which outlines the framework for stationary wireless 
charging systems . This system comprises several key 
components that facilitate wireless power transfer. 

Primary Side Components: 
AC/DC Rectifier and Power Factor Correction (PFC): The 
system begins by converting alternating current (AC) from the 
mains supply into direct current (DC) using an AC/DC 
rectifier. A PFC circuit is employed to enhance the power 
factor, ensuring efficient utilization of the electrical power. 

High-Frequency Inverter: The rectified DC is then fed into a 
high-frequency inverter, which converts it into high-frequency 
AC. This step is crucial for efficient inductive power transfer, 
as higher frequencies improve the coupling between the 
primary and secondary coils. 

Compensation Network: To achieve resonance conditions that 
maximize power transfer efficiency, a compensation network is 
integrated. This network typically consists of capacitors and 
inductors configured to resonate at the operating frequency. 

Secondary Side Components: 
Receiving Coil and Compensation Network: On the vehicle 
side, a receiving coil captures the magnetic field generated by 
the primary coil. A corresponding compensation network 
ensures that the system remains in resonance, optimizing 
power transfer. 

International Journal of Engineering Research & Technology (IJERT)

ISSN: 2278-0181http://www.ijert.org

IJERTV14IS040290
(This work is licensed under a Creative Commons Attribution 4.0 International License.)

Published by :

Vol. 14 Issue 04, April-2025

www.ijert.org
www.ijert.org


AC/DC Rectifier: The induced AC voltage is then converted 
back into DC using an AC/DC rectifier, preparing it for battery 
charging. 

DC/DC Converter: A DC/DC converter may be included to 
regulate the voltage and current to levels suitable for the EV's 
battery specifications. 
The inductive link between the primary and secondary sides 
includes ferrite cores and shielding layers to direct the 
magnetic field and minimize losses. Compensation networks, 
such as the LCC topology, are employed to maintain a constant 
current source operation, which is beneficial for dynamic 
charging scenarios. The LCC configuration, with its additional 
series inductor and parallel capacitor, helps in managing load 
currents and mitigating issues arising from coil misalignment . 
While the efficiency of each component in the power transfer 
chain is critical, the design of the primary-side rectifier and 
PFC circuits is well-documented in existing literature and is 
not the focus of this discussion. Similarly, grid-related 
considerations, such as supply-demand analysis and load 
balancing, are extensively studied and are beyond the scope of 
this overview. 

V. CONCLUSION

Experimental validation was conducted to compare the 
proposed system with conventional inductive charging methods. 
The key findings include: - Efficiency Improvement: The 
proposed system achieved a 15% increase in charging 
efficiency compared to traditional IPT-based wireless charging. 
- Reduced Alignment Sensitivity: Enhanced coil design resulted
in a 30% reduction in energy loss due to misalignment.
- Charging Speed: Dynamic frequency tuning allowed for a 0%
aster charging rate. - Electromagnetic Interference (EMI)
Compliance: The system remained within acceptable EMI
thresholds, ensuring safety in urban environments.
The advancement of wireless EV charging technology is
expected to focus on enhancing efficiency, reducing costs, and
integrating with renewable energy sources. Future research is
directed toward dynamic charging solutions, AI-based
alignment systems, and bidirectional power transfer, which
could enable vehicles to act as mobile energy storage units.
Smart grid integration will further optimize energy distribution,
making wireless EV charging more practical and widespread.

VI. RESULT

The proposed system utilizes Radio Frequency Identification 
(RFID) technology to facilitate a seamless and secure charging 
experience for electric vehicle (EV) drivers. Upon issuance of 
an RFID card, drivers can simply scan their card at the RFID 
reader located at the charging station's entrance. This 
contactless authentication method eliminates the need for 
physical cables and connectors, enhancing convenience and 
reducing wear and tear on equipment. 
Once the RFID reader detects and verifies the card, the system 
communicates with a web server to authenticate the driver's 
credentials. If authentication is successful, access is granted, 
and the charging process initiates, indicated by an LED signal. 
This streamlined process not only improves user experience but 
also contributes to energy efficiency and cost savings over time. 
To encourage the adoption of EVs, expanding the infrastructure 
with additional charging stations and offering subsidies can be 
effective strategies. Implementing such technologies aligns 
with efforts to promote sustainable transportation solutions. 

Wireless charging for electric vehicles (EVs) presents a 
promising alternative to traditional plug-in methods by offering 
a convenient, safe, and efficient charging solution. By 
eliminating the need for physical connectors, wireless power 
transfer (WPT) reduces wear and tear on charging components, 
enhances user convenience, and minimizes the risk of electric 
shocks or connector failures. As urban areas and transportation 
infrastructures evolve, wireless EV charging has the potential 
to play a crucial role in enabling seamless and autonomous 
vehicle charging, further driving the adoption of electric 
mobility. 
Despite these advantages, challenges such as energy transfer 
efficiency, electromagnetic interference (EMI), and 
infrastructure costs remain significant barriers to widespread 
adoption. Current wireless charging systems typically achieve 
lower efficiency compared to wired charging due to energy 
losses in the transmission process. To address this, researchers 
are exploring advanced coil designs, resonant coupling 
techniques, and adaptive frequency tuning methods to enhance 
power transfer efficiency and minimize misalignment issues. 
Additionally, regulatory and safety concerns regarding EMI 
exposure necessitate continued advancements in shielding 
technologies and compliance standards to ensure safe 
deployment in public and residential areas. 
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Looking ahead, the integration of wireless charging with smart 
grids and renewable energy sources presents a transformative 
opportunity. Dynamic wireless charging—where EVs can 
charge while in motion—has the potential to revolutionize 
transportation by eliminating range anxiety and reducing 
battery size requirements. Furthermore, vehicle-to-grid (V2G) 
systems could enable bidirectional energy transfer, allowing 
EVs to supply power back to the grid during peak demand 
periods. These advancements, along with improvements in AI-
based energy management and real-time optimization, will 
drive the next generation of wireless EV charging solutions, 
making sustainable transportation more accessible and efficient 
on a global scale. 
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