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1(c) STATIC AND QUASI-STATIC FIELDS - EDDY CURRENTS 1

Spectral Element Method Modeling of Eddy Current Losses in
Conductive Materials

K. Bastiaens, M. Curti, D.C.J. Krop, S. Jumayev, and E.A. Lomonova

Department of Electrical Engineering, Eindhoven University of Technology, Eindhoven, the Netherlands,
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Abstract—This paper concerns the modeling of eddy
current losses in conductive materials in the vicinity of a
high-frequency transformer due to leakage fluxes. The analysis
is performed using the Spectral Element Method, in which
Legendre-Gauss-Lobatto polynomials for the magnetic field
approximation are applied to generate higher order expansions.
The nodal Galerkin approximation is applied to obtain the
solution of the diffusion equation in the elements.

Index Terms—Eddy currents, inductive power transmission,
numerical models, spectral element method.

I. INTRODUCTION

Wireless power transfer (WPT) by means of an inductive
coupling is widely applied in applications where physical
electrical contact is problematic or undesirable, e.g. in
aerospace and robotic applications. For improving the
performance, a high-frequency power supply is often applied.

Adding a high-frequency transformer to an application
imposes several challenges in the electromagnetic modeling,
especially in situations where restrictions on the field
penetration into surrounding objects are of importance.
The Finite Element Method (FEM) is often applied for the
estimation of these losses. For high-frequency applications
in which skin depths are orders of magnitude smaller
in comparison to the overall model dimensions meshing
problems arise, which lead to locally different requirements
of the mesh density within the model. In order to minimize
the mesh size, elongated mesh elements are preferred, which
compromise the accuracy of FEM. Alternatively, for these
class of problems higher order methods can be applied, such
as the Spectral Element Method (SEM), in which elongated
elements do not compromise the accuracy of the results [1].

In this paper, it is shown that by applying SEM both a
higher accuracy per degree of freedom (dof) and a faster
convergence rate as compared to FEM are obtained. These
features prove to be useful for solving eddy current loss
problems with high aspect ratios between the geometrical
dimensions and skin depths efficiently and accurately. The
formulation of the method as well as the implementation of
the specific transformer model are discussed and analyzed in
detail.

II. MODELING

The investigated domain, consisting of the transformer and
conductive plate, is shown in Fig. 1a. In order to obtain
the magnetic field solutions, the domain is discretized into
quadrilateral elements. Legendre-Gauss-Lobatto polynomials
are applied, such that higher order expansions of the solution
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Fig. 1. C-shaped transformer and conductive plate. (a) Overview of the
investigated domain. (b) Contour plot of the vector potential in the domain.

in an element are created. The nodal Galerkin approximation
is applied to obtain the solution of the diffusion equation in
each element [1], which is given by

∇ · (ν∇Az) = Jz +∇×
(
νµ0
−→
M0

)
− jωσAz (1)

where, ν is the relative magnetic reluctivity, Az and Jz are
the vector potential and current density in the longitudinal
direction, respectively, µ0 is the permeability of free space,−→
M0 is the magnetization, ω is the electrical frequency, and σ
is the conductivity of the material. A contour plot of the vector
potential calculated with SEM in the investigated domain is
shown in Fig. 1b. A high gradient and accumulation of the
vector potential are observed near the surface of the conductive
plate parallel to the transformer air gap, which is where the
eddy currents are induced and the local high mesh density
requirements arise. The eddy current losses in the conductive
plate are given by

Pe =
1

σ

∫
V

|Je|2 dV (2)

where, V is the volume and Je is the induced current density.

III. CONCLUSIONS AND FUTURE WORK

The SEM is proposed to calculate eddy current losses in
a conductive plate near a high-frequency transformer. In the
final paper, the full modeling approach is discussed, both the
convergence and accuracy as a function of dof for both SEM
and FEM are compared, and a detailed discussion is included.
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