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Abstract: 

Electrification of the transportation sector is essential to avoid irreversible climate change. As 
electrified transport systems proliferate, the development of battery chargers and their 
infrastructure is becoming crucial for the long-term and commercial success of these systems. 
The batteries in the electrified vehicles are recharged through on-board/off-board conductive 
and wireless chargers, which are fed from the grid and/or renewable energy resources. 
Conductive battery chargers are well established and more popular due to their high efficiency; 
however, handling high-power cables during adverse weather conditions is a risk of electric shock. 
Furthermore, wireless charging is considered to be the notable solution for opportunity charging 
of electrified vehicles especially for brief stops or traffic intersections and reduce the battery size 
under in-motion charging. While there have been many articles published on power conversion 
systems including power converters and couplers, this tutorial approaches the problem from 
basic to advanced levels. Understanding wireless chargers and their application from basic and 
advanced level for future transportation are crucial. Additionally, this tutorial will discuss the 
design process and simulations through case studies. 

Power converters convert AC to high-frequency AC (HFAC) and HFAC to DC on the vehicle side in 
WPT charging. Coupling devices are equipped to transfer power through electro-magnetic/static 
coupling, and compensation circuits are connected on-road and vehicle side to reduce VA rating. 
The primary converter is operated corresponding to the feedback signal from the battery through 
wireless communication. This tutorial provides a practical introduction and technical 
advancements in wireless power transfer (WPT) based battery charging systems regarding the 
theoretical analysis, design, modelling, control, and simulation. Its focus is on the summary of 
inductive, capacitive and hybrid EV battery charging architecture with related examples and an 
in-depth discussion of WPT chargers design on various simulation platforms. It provides a step-
by-step design of different WPT systems including the inductive and capacitive couplers, and then 
a comprehensive understanding and design of dual-stage and single-stage power conversion 
systems. The objective is to expose the audience to all facets of WPT systems with an emphasis 
on the hands-on tools required for executing academic research and for meeting industry 
expectations. 
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