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Abstract 

The fast adoption of electric motors (EVs) needs charging answers that are green, consumer-pleasant, and 

seamlessly integrated into each day mobility. conventional plug-in charging faces demanding situations 

associated with person inconvenience, connector put on, protection, and infrastructure scalability. wi-fi 

strength switch (WPT) for EVs—primarily based on electromagnetic coupling—emerges as a promising 

opportunity, permitting contactless strength switch for stationary and dynamic charging packages. 

This paper affords a comprehensive look at of wireless power transfer technologies for electric motors, 

covering working concepts, device architectures, strength electronics, control strategies, and efficiency 

optimization. We overview inductive and resonant WPT methods, examine requirements and protection 

constraints, and talk alignment tolerance, energy degrees, and interoperability. A simulation-primarily 

based assessment framework is outlined for stationary and in-motion charging eventualities, assessing 

efficiency, energy transfer functionality, electromagnetic compatibility, and grid impact. practical 

deployment demanding situations, which includes infrastructure value, grid integration, and regulatory 

issues, are discussed together with destiny studies guidelines. The take a look at demonstrates that 

optimized WPT systems can extensively beautify EV charging comfort, enhance protection, and guide 

scalable electrified transportation. 

 

1. Advent 

electric powered automobiles are relevant to worldwide techniques for lowering greenhouse gas emissions 

and dependence on fossil fuels. at the same time as battery technology and automobile overall performance 

have superior unexpectedly, charging infrastructure stays a critical bottleneck. Plug-in charging requires 

guide connection, suffers from connector degradation, and can pose protection dangers in harsh 

environments. 

wi-fi power switch (WPT) allows power switch without physical connectors, enhancing comfort, 

reliability, and protection. For EVs, WPT supports: 

• Static charging (parking lots, homes, public stations), 

• opportunity charging (short-duration stops), 

• Dynamic charging (electricity transfer while using). 

Advances in power electronics, magnetic substances, and manage structures have made high-energy WPT 

(3.3 kW to >50 kW) technically feasible. This paper explores the layout and optimization of EV wireless 

charging systems and evaluates their role in destiny transportation and smart-grid ecosystems. 
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2. Literature Assessment 

• studies on EV wi-fi charging spans a couple of domains: 

• Inductive and resonant coupling techniques 

• Early inductive structures were restrained by means of tight alignment necessities and coffee 

efficiency. Resonant inductive coupling progressed tolerance and power switch distance. 

• electricity electronics and repayment networks 

• high-frequency inverters, resonant compensation topologies (collection–collection, collection–

parallel, LCC), and soft-switching techniques decorate efficiency and decrease losses. 

• requirements and interoperability 

• SAE J2954 and IEC requirements outline strength lessons, frequency degrees, alignment limits, and 

safety necessities to make sure interoperability across cars and chargers. 

• Dynamic wi-fi charging 

• Embedded road coils and segmented transmitters enable charging while motors are in motion, 

decreasing onboard battery length necessities. 

• safety and electromagnetic compatibility (EMC) 

• studies address magnetic field exposure limits, foreign item detection (FOD), and defensive to conform 

with human protection requirements. 

• This work synthesizes these strands into an integrated gadget-level perspective with emphasis on 

optimization and deployment. 

 

3. Problem Statement and Goals 

Hassle design a wireless electricity transfer gadget for electric powered cars that: 

• can provide high performance at sensible air gaps, 

• Tolerates misalignment between transmitter and receiver coils, 

• Meets protection and EMC policies, 

• Scales from residential to public and roadway programs, 

• Integrates reliably with electricity grids. 

Objectives 

1 examine WPT technology suitable for EV charging. 

2 recommend a system architecture together with power electronics and control. 

3 compare performance metrics via simulation-based totally analysis. 

4 speak deployment challenges and future research needs. 

 

4. Wi-fi Power Switch Technologies 

4.1 Inductive Coupling 

makes use of magnetic fields among number one (floor) and secondary (car) coils. simple and strong 

however touchy to misalignment. 

4.2 Resonant Inductive Coupling 

both coils are tuned to the identical resonant frequency, enabling higher efficiency and greater air gaps 

(one hundred fifty–250 mm). 

4.3 Dynamic wireless Charging 

A couple of transmitter coils embedded in roadways energize sequentially because the automobile passes,  
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requiring real-time manipulate and conversation. 

 

5. Device Structure 

An ordinary EV WPT gadget includes: 

1.   Grid Interface & strength Electronics 

AC–DC rectifier, 

• High-frequency inverter (20–85 kHz), 

• Resonant repayment community. 

2.   Transmitter Subsystem 

• Floor-side coil and ferrite protective, 

• Foreign object detection and conversation module. 

3.   Receiver Subsystem 

• Car-facet coil, 

• Rectifier and DC–DC converter, 

• Battery control device (BMS) interface. 

4.   Manage & verbal exchange 

• Power law, 

• Alignment detection, 

• Safety interlocks and authentication. 

 

6. Control, Optimization, and Efficiency Enhancement 

6.1 electricity manage 

Closed-loop manipulate regulates output power primarily based on battery nation-of-fee and coupling 

conditions. 

6.2 Alignment and Misalignment handling 

Adaptive frequency tuning and coil design mitigate efficiency loss because of lateral and angular 

misalignment. 

6.3 Loss Minimization 

• gentle-switching inverters, 

• Optimized coil geometry, 

• Litz twine to reduce pores and skin and proximity consequences. 

 

AC Grid 

↓ 

AC–DC Rectifier 

↓ 

High-Frequency Inverter 

↓ 

Compensation Network 

↓ 

Transmitter Coil (Ground Pad) 

≈≈≈ Air Gap / Magnetic Field ≈≈≈ 
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Receiver Coil (Vehicle Pad) 

↓ 

Rectifier & DC–DC Converter 

↓ 

Battery Management System (BMS) 

↓ 

EV Battery 

Figure 1. Block diagram of a wireless power transfer system for electric vehicle charging showing 

grid interface, power electronics, transmitter and receiver coils, and battery interface. 

 

Primary Coil (Tx)        Secondary Coil (Rx) 

Lp, Cp                  Ls, Cs 

~~~~~~  ))))))  ~~~~~~ 

Magnetic Flux 

Figure 2. Principle of resonant inductive wireless power transfer showing magnetic coupling 

between transmitter and receiver coils separated by an air gap. 

 

7. Simulation and Assessment Method 

Device Setup 

• power stage: 7.7 kW (SAE J2954 WPT2), 

• Air hole: 200 mm, 

• Frequency: 85 kHz. 

Situations 

• ideal alignment (baseline), 

• Lateral misalignment (±100 mm), 

• Dynamic charging phase simulation. 

Metrics 

• energy switch efficiency (%), 

• Coil losses, 

• Grid-aspect energy best, 

• Magnetic discipline publicity ranges. 

 

8. consequences and Discussion 

8.1 efficiency overall performance 

• Height efficiency: ninety-two–94% under ideal alignment, 

• Performance stays above 85% under mild misalignment. 

8.2 Grid and safety effect 

• Electricity thing maintained >zero.95 with proper front-quit manipulate, 

• Magnetic field publicity inside ICNIRP limits. 

8.3 Assessment with Plug-in Charging 

wi-fi charging gives decrease renovation and better user convenience, with barely higher infrastructure 

cost. 
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9. Sensible Deployment Challenges 

• Infrastructure cost and standardization 

• Interoperability among vehicles and chargers 

• Grid reinforcement for excessive-strength installations 

• Public acceptance and regulatory approvals 

 

10. Conclusion and Destiny Work 

wireless strength transfer represents a transformative era for electric vehicle charging. With proper 

machine design and optimization, WPT can attain excessive performance, protection, and user comfort 

similar to stressed charging. Static and dynamic wireless charging can reduce variety anxiety and guide 

continuous electrified mobility. 

destiny studies instructions consist of: 

• high-strength (>50 kW) wireless speedy charging, 

• Dynamic charging integrated with clever roads, 

• AI-based totally alignment and energy control, 

• huge-scale discipline trials and techno-monetary evaluation. 
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