FUNDAMENTALS OF INDUCTIVE POWER TRANSFER

Wireless power today is being applied to many developing applications, each of which has
different interesting and challenging targets for development that include; gap and
misalignment, weight and size, efficiency, thermal management, uni- and bi-directional power
flow control and interoperability across various supplier platforms. In high power applications
industrial, and electrified transportation have been key focuses for the past two decades, using
frequencies from 20-100kHz. For lower power systems such as drones, smart devices and
lightweight instrumentation or appliances much higher frequencies are often of interest.

Wireless technologies help overcome barriers that other wired solutions simply cannot. For
example, there is a strong drive to electrify the transportation sector as a solution to the
environmental and economic impacts of vehicles using internal combustion engines. However,
to-date, limitations of battery technologies have hindered the uptake of electric vehicles (EVSs)
particularly for medium and heavy duty fleets. The main drawbacks commonly associated with
EVs are the limited range and long charging times, both of which are a direct result of the low
energy and power densities of current battery technologies. These issues are further aggravated
due to the fact that the EVs need to be plugged-in to refuel, as it can take many hours to fully-
charge a depleted EV battery. Although, fast and extreme fast charging systems have been
developed and deployed to help EV users refuel in a fraction of an hour, this is achieved at the
expense of battery life and user safety. In contrast, wireless charging of stationary and in-
motion electric vehicles promises a future where EVs are replenished organically, thus
avoiding long charging times, range anxiety and battery degradation. An ubiquitous wireless
charging infrastructure, especially one that is bi-directional, can be used to provide grid
services, thus not only drastically improving the uptake of EVs, but also supporting grids with
high penetration of renewable electricity.

The school will start with a brief discussion on the history of wireless power transfer (WPT)
technology. Subsequently, the fundamental operating principles of an inductive power transfer
(IPT) system will be presented. Commonly used compensation networks, power electronics
converters and magnetic designs will be then reviewed. This will be followed by a discussion
on a few applications of IPT technology, with a special focus on wireless electric vehicle (EV)
charging. A summary of developments to-date on both stationary and dynamic EV charging
will be presented. WPT can also be used as a power delivery method in other applications,
particularly in dirty or dangerous environments, e.g. industrial, medical and supply chain,
space, light transport etc. As such other applications will be discussed where light weight is
extremely important, along with Multi MHz approaches that can be useful in achieving low
weight, and basic magnetics and circuit design for MHz IPT.

Some design examples will be provided that can be validated using LTspice and Ansys
Maxwell simulation models. Participants post school, should continue to supplement their
understanding using free software such as - LTspice and Ansys Electronics Desktop Student
.to evaluate circuits and magnetics.



https://www.analog.com/en/design-center/design-tools-and-calculators/ltspice-simulator.html
https://www.ansys.com/academic/students/ansys-electronics-desktop-student
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