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Impedance Expansion Method

— Circuit Modeling Method for Wireless Power Transmission System Based on
Method of Moments —
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Abstract

The impedance expansion method (IEM) is a circuit modeling technique for wireless power transfer (WPT)
systems proposed by the author, which is based on the Laurent series expansion of the impedance matrix in the
method of moments with respect to the complex angular frequency s = jw. For example, the components

proportional to 57!

and s in the expanded impedance components correspond to capacitors and inductors,
respectively. Additionally, the components proportional to s> and s* correspond to the radiation resistances of
infinitesimal dipole and loop antennas, respectively. Unlike methods based on fitting, the IEM can identify the
circuit parameters without numerical data in advance. Also, unlike the classical Neumann’s formula, it can be
applied to WPT systems using self-resonant coils, as shown in Fig. 1, resulting in a circuit model as shown in Fig. 2.
Although the IEM was initially intended for WPT systems in free space with nothing around, it has been extended
to handle systems with conductors, dielectrics, and magnetics in the vicinity of the coils. This has enabled circuit

modeling of systems involving a wide variety of media, such as vehicle bodies, resins, ferrites, and so on.





