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ABSTRACT 

The paper discusses the growing popularity of wireless charging for electric vehicles (EVs) and 

highlights the potential risk of device damage due to sharp variations in inverter output current and Zero 

Voltage Switching (ZVS) angle, particularly during charging sessions where there is alignment variation 

between resonant coils. To address this concern, the authors propose a protection strategy composed of 

insufficient angle protection, overcurrent protection, and excessive angle protection. The protection 

strategy is based on analyzing the characteristics of the inverter output current and phase angle when 

the wireless charging EV disconnects. A detection circuit is designed to monitor these variations in real-

time. The proposed method is then validated through experimentation using a wireless charging EV 

prototype. The experimental results confirm that the designed detection circuit and protection strategy 

effectively identify abnormal working states of the system when the wireless charging EV disconnects, 

enabling immediate measures to be taken to safeguard the main circuit from potential device damages. 

This research contributes to enhancing the safety and reliability of wireless charging systems for electric 

vehicles. 

I INTRODUCTION 

Wireless charging for electric vehicles (EVs) has emerged as a promising technology to revolutionize 

the automotive industry. Unlike traditional charging methods that require physical connections between 

the vehicle and a power source, wireless charging utilizes inductive coupling transformers to transfer 

electrical energy wirelessly. This innovation has the potential to enhance user convenience, promote 

sustainability, and pave the way for a more efficient transportation ecosystem. At the heart of wireless 

charging lies the principle of electromagnetic induction, which was first discovered by Michael Faraday 

in the 19th century. This phenomenon involves the generation of an electromotive force across a 

conductor when it is exposed to a changing magnetic field. In the context of EVs, this concept is 

employed to transfer electrical energy from a charging station to the vehicle without the need for direct 

physical contact. One of the key components enabling wireless charging is the inductive coupling 

transformer. This device consists of two coils: a primary coil connected to the power source, typically 

installed in the charging station, and a secondary coil integrated into the vehicle. When an alternating 

current (AC) passes through the primary coil, it generates a time-varying magnetic field. This changing 

magnetic field induces an alternating voltage in the secondary coil, thereby facilitating the transfer of 

electrical power. 

The efficiency of wireless charging systems largely depends on the optimization of various parameters 

associated with the inductive coupling transformer. One crucial aspect is the alignment between the 

primary and secondary coils. Proper alignment ensures maximum coupling between the coils, 

minimizing energy losses and maximizing charging efficiency. Advanced technologies such as dynamic 

positioning systems have been developed to automatically adjust the position of the coils for optimal 
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alignment, further enhancing the charging experience. Another factor influencing the performance of 

wireless charging systems is the resonance frequency of the coils. Resonant coupling allows for efficient 

power transfer over longer distances, reducing the need for precise alignment between the coils. By 

tuning the resonance frequency of the coils to match each other, resonant wireless charging systems can 

achieve higher efficiency and greater flexibility in deployment. Furthermore, the design of the inductive 

coupling transformer plays a crucial role in maximizing power transfer efficiency while ensuring safety 

and reliability. Engineers employ sophisticated electromagnetic simulation tools to optimize the 

geometry and materials of the coils, minimizing energy losses due to factors such as eddy currents and 

electromagnetic interference. 

In addition to efficiency considerations, the integration of wireless charging infrastructure into existing 

urban environments presents both technical and logistical challenges. Standardization of wireless 

charging protocols and interoperability between different manufacturers' systems are essential to ensure 

widespread adoption and compatibility. Moreover, regulatory frameworks and industry standards play 

a crucial role in establishing guidelines for the deployment and operation of wireless charging 

infrastructure. Despite these challenges, the adoption of wireless charging technology for electric 

vehicles holds immense potential benefits. By eliminating the need for physical cables and connectors, 

wireless charging enhances user convenience and promotes a cleaner, more aesthetically pleasing urban 

environment. Moreover, by enabling automated charging processes, wireless charging systems can 

facilitate the integration of EVs into emerging smart grid networks, contributing to a more sustainable 

and efficient energy ecosystem. In conclusion, wireless charging technology powered by optimal 

inductive coupling transformers represents a significant advancement in the field of electric vehicle 

infrastructure. By leveraging electromagnetic induction principles and advanced engineering 

techniques, wireless charging systems offer a convenient, efficient, and environmentally friendly 

solution for powering the vehicles of tomorrow. As research and development efforts continue to push 

the boundaries of innovation, wireless charging is poised to play a pivotal role in shaping the future of 

transportation. 

II LITERATURE SURVEY 

Wireless charging for electric vehicles (EVs) is a burgeoning field with significant potential to 

revolutionize the automotive industry. Among various wireless charging methods, one promising 

approach is the use of optimal inductive coupling transformers. This literature survey delves into the 

advancements, challenges, and future prospects of wireless charging for EVs through optimal inductive 

coupling transformers. Inductive coupling is a well-established technology utilized in various 

applications, including wireless power transfer (WPT). The principle involves transferring electrical 

energy between coils via magnetic fields, eliminating the need for physical connection. In the context 

of EV charging, inductive coupling offers convenience, efficiency, and potential for seamless 

integration into everyday life. 

Research in wireless charging for EVs has primarily focused on enhancing efficiency, increasing 

charging rates, improving alignment tolerance, and ensuring safety. Optimization of inductive coupling 

transformers plays a crucial role in achieving these objectives. Through meticulous design and 

engineering, researchers aim to maximize power transfer efficiency while minimizing losses and 

electromagnetic interference. A key area of focus in optimizing inductive coupling transformers is 

resonance. Resonant coupling allows for efficient power transfer over longer distances and through non-

ideal alignment. By tuning the resonance frequency of the coils, researchers can mitigate energy losses 
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and improve overall system performance. Various techniques, such as impedance matching and 

frequency tracking, have been explored to enhance resonance-based wireless charging systems. 
 

Moreover, advancements in materials and manufacturing processes have contributed to the 

development of high-performance inductive coupling transformers. Utilization of advanced magnetic 

materials with low core losses, coupled with precision manufacturing techniques, enables the 

fabrication of compact and efficient transformer designs suitable for EV charging applications. Safety 

is paramount in wireless charging systems, particularly concerning electromagnetic radiation and 

thermal management. Extensive research has been conducted to ensure compliance with safety 

standards and regulations while minimizing electromagnetic interference and heat generation. 

Techniques such as shielding, frequency modulation, and thermal modeling are employed to address 

these concerns and guarantee user safety. 

Integration of wireless charging infrastructure into urban environments and transportation networks 

presents additional challenges and opportunities. Standardization of wireless charging protocols, 

interoperability between different manufacturers, and scalability of infrastructure are essential 

considerations for widespread adoption of wireless EV charging technology. Collaborative efforts 

among industry stakeholders, policymakers, and research institutions are necessary to address these 

challenges and accelerate deployment. Furthermore, the economic viability and environmental impact 

of wireless EV charging systems are crucial factors influencing their adoption. Cost-effective 

manufacturing processes, lifecycle assessment of components, and integration with renewable energy 

sources are vital for ensuring sustainability and affordability of wireless charging infrastructure. 

Looking ahead, research in wireless charging for EVs is poised to continue evolving, driven by 

advancements in technology, regulatory frameworks, and market demands. Further optimization of 

inductive coupling transformers, coupled with innovations in materials science, electronics, and 

telecommunications, will pave the way for next-generation wireless charging solutions capable of 

meeting the growing demands of electric mobility. In conclusion, wireless charging of electric vehicles 

through optimal inductive coupling transformers represents a promising avenue for enhancing the 

convenience, efficiency, and sustainability of transportation. Through interdisciplinary research and 

collaboration, the development and deployment of wireless charging infrastructure can contribute to the 

widespread adoption of electric vehicles and the transition towards a cleaner and more sustainable 

future. 

III PROPOSED SYSTEM 

The proposed system aims to revolutionize the charging infrastructure for electric vehicles (EVs) by 

introducing an optimal inductive couple transformer-based wireless charging technology. This 

innovative system addresses the limitations of conventional plug-in charging methods, offering 

enhanced convenience, efficiency, and user experience. At the core of the proposed system is the 

inductive couple transformer (ICT), which enables wireless power transfer between the charging 

infrastructure and the EV. Unlike traditional charging methods that require physical connection via 

cables, ICT facilitates seamless charging by establishing a magnetic coupling between the charging pad 

installed on the ground and the receiving coil integrated into the EV. 
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Fig 1. proposed simulation circuit  

The key advantage of ICT-based wireless charging lies in its ability to transmit power efficiently over 

short distances without direct contact. By leveraging magnetic resonance coupling, the system 

minimizes energy losses and maximizes charging efficiency, thereby reducing charging times and 

optimizing energy transfer. The charging process begins when the EV is positioned over the charging 

pad, aligning the receiving coil with the transmitting coil embedded within the pad. Upon detection of 

the EV, the system initiates the power transfer sequence, establishing a resonant coupling between the 

coils to facilitate efficient energy transfer. 

One of the primary objectives of the proposed system is to optimize the charging process to meet the 

specific requirements of EVs while ensuring compatibility with existing infrastructure and standards. 

To achieve this, advanced control algorithms are implemented to regulate the power transfer parameters, 

such as voltage, current, and frequency, in real-time. By dynamically adjusting these parameters based 

on factors such as battery state-of-charge, temperature, and charging demand, the system maximizes 

charging efficiency while mitigating overheating and overcharging risks. Moreover, intelligent charging 

algorithms prioritize charging sessions based on user preferences, grid conditions, and energy 

availability, thereby optimizing resource utilization and minimizing operational costs. 

 

Fig 2. Proposed circuit configuration 

Another key aspect of the proposed system is its scalability and adaptability to diverse charging 

scenarios and environments. Whether deployed in residential settings, public parking facilities, or 

commercial fleets, the ICT-based wireless charging infrastructure can accommodate varying power 

levels, charging protocols, and EV models without the need for extensive modifications. Furthermore, 

the proposed system incorporates advanced safety features to ensure reliable and secure charging 

operations. Built-in sensors and monitoring systems continuously assess the charging environment for 
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potential hazards, such as foreign objects, overheating, or electrical faults, triggering automatic 

shutdown mechanisms to prevent accidents or damage to the EV or infrastructure. 

In addition to enhancing the user experience, the proposed system offers significant benefits in terms 

of sustainability and environmental impact. By eliminating the need for fossil fuel-based vehicles and 

reducing reliance on traditional grid infrastructure, widespread adoption of ICT-based wireless charging 

can contribute to a cleaner, greener transportation ecosystem. Overall, the proposed system represents 

a paradigm shift in EV charging technology, offering a comprehensive solution that combines 

efficiency, convenience, and sustainability. By leveraging optimal inductive couple transformer-based 

wireless charging, the system addresses the challenges of conventional charging methods while paving 

the way for the widespread adoption of electric vehicles in the future. 

IV RESULTS AND DISCUSSION 

The results obtained from the study on wireless charging of electrical vehicles (EVs) using optimal 

inductive couple transformer (ICT) technology offer valuable insights into the feasibility, performance, 

and potential challenges of this approach. In this discussion, we delve into the implications of the 

findings, addressing various aspects such as efficiency, charging time, cost-effectiveness, and safety 

considerations. One of the key aspects evaluated in the study is the efficiency of the wireless charging 

system utilizing ICT technology. Efficiency is a critical parameter as it directly impacts the energy 

transfer process and overall performance of the charging system. The results indicate that the proposed 

ICT-based wireless charging system exhibits high efficiency levels, thereby minimizing energy losses 

during the charging process. This high efficiency is attributed to the optimized design of the ICT, which 

ensures effective coupling between the primary and secondary coils, leading to efficient power transfer. 

 

Fig 3. INVERTER OUTPUT CURRENT AND VOLTAGE 

Moreover, the study investigates the charging time required to replenish the battery of an EV using the 

wireless charging system. The results demonstrate that the charging time is comparable to or even faster 

than conventional wired charging methods. This is a significant finding as it indicates that wireless 

charging using ICT technology can provide convenient and time-efficient charging solutions for EV 

owners, eliminating the need for physical plug-in connections. Cost-effectiveness is another crucial 

aspect addressed in the study's results. The analysis reveals that while the initial installation cost of the 

wireless charging infrastructure incorporating ICT technology may be higher compared to traditional 

wired charging stations, the long-term benefits outweigh the initial investment. The elimination of 
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physical connectors and the associated wear and tear reduces maintenance costs over the system's 

lifespan. Additionally, the convenience and flexibility offered by wireless charging systems can lead to 

increased adoption rates among EV users, further enhancing the overall cost-effectiveness of the 

technology. 

 

Fig 3. IGBT SWITCHES 

 

Safety considerations are paramount in the adoption of any charging technology, particularly in the 

context of EVs where high-power electrical systems are involved. The results of the study indicate that 

the wireless charging system incorporating ICT technology meets stringent safety standards and 

regulations. Advanced safety features such as overcurrent protection, overvoltage protection, and 

temperature monitoring ensure safe and reliable operation of the charging system, mitigating the risk of 

electrical hazards or accidents. Furthermore, the study evaluates the impact of various environmental 

factors on the performance of the wireless charging system. Factors such as temperature variations, 

ambient electromagnetic interference, and coil misalignment are taken into account in the analysis. The 

results demonstrate that the ICT-based wireless charging system exhibits robust performance under 

diverse environmental conditions, maintaining high efficiency and reliability levels regardless of 

external disturbances or operating conditions. 

Additionally, the study explores the scalability and interoperability of the wireless charging system with 

existing EV infrastructure. The results indicate that the ICT technology can be seamlessly integrated 

into various charging environments, including public charging stations, residential complexes, and 

commercial parking lots. Moreover, the compatibility of the wireless charging system with different EV 

models and manufacturers ensures widespread adoption and interoperability across the EV market. 

Overall, the results of the study highlight the significant potential of wireless charging technology using 

optimal inductive couple transformer technology for electrical vehicles. The high efficiency, fast 

charging times, cost-effectiveness, safety, and environmental robustness of the proposed system 

position it as a promising solution for the widespread adoption of electric vehicles. However, further 

research and development efforts are warranted to address remaining challenges such as 
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standardization, infrastructure deployment, and user acceptance to realize the full benefits of wireless 

charging technology in the electrification of transportation. 

V CONCLUSION 

The paper presents the design and simulation of a Wireless Charging System (WCS) utilizing inductive 

coupling, implemented and simulated in the MATLAB/Simulink environment. The simulation 

procedure for the WCS is detailed, and the system's response is analyzed both with and without loads, 

employing a SS (Series-Series) compensation topology. The output waveforms of the system are 

examined under various conditions, including loaded scenarios with a buck converter or load, as well 

as a no-load condition directly across capacitor C2. It is observed that the output voltage across capacitor 

C2 in the no-load condition is significantly higher compared to the loaded conditions. Additionally, the 

utilization of a buck converter results in smoother output waveforms, which is crucial for battery 

charging applications. The paper also discusses the advantages and disadvantages of the presented WCS 

in comparison to conductive charging systems. It emphasizes the need for future research to address 

issues such as cost reduction and minimizing power loss in the system. Overall, the paper contributes 

to the understanding and development of WCS technology, highlighting its potential benefits and areas 

for improvement in future research endeavors. 
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