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Abstract—In this paper two reduced order models, the proper
orthogonal decomposition and the physics-based parametrized
approach, are compared when applied to an eddy current
problem with movement. A classical magnetodynamic finite
element formulation is used as reference and as starting point of
the reduced models.

Index Terms—Eddy currents, Finite element methods, Proper
orthogonal decomposition, Reduced-order model.

I. INTRODUCTION

The accurate modelling of electromagnetic devices taking
eddy current effects, movement, non-linearities,... is a major
concern from the early design stage. The finite element
(FE) method is widely used and versatile for modelling
these phenomena. It maybe extremely expensive in terms of
computational time and memory, though.

Physically-based reduced order (RO) models are built
from e.g. several FE computations that allow generating
loop-up tables of physical parameters (e.g. inductances,
flux linkages,...), covering the operating range of the
electromagnetic device [1]. Future simulation results are
straightforwardly obtained by simple interpolation, drastically
reducing thus the computational cost.

Reduced order (RO) techniques with a more mathematical
approach are a feasible and efficient alternative, which are
gaining interest in electromagnetism [2]. Few works have
addressed electromagnetic problems with movement. In [3], an
magnetostatic RO model of an electrical machine is proposed.
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Fig. 1. Levitation height (up) computed with FEM and ROM (M = 12, 72).
Relative error (down)

II. MODEL ORDER REDUCTION

The eddy current problem is solved by means of
the magnetic-vector-potential formulation (weak form of
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Ampère’s law). Its discretization leads to

AẊ(t) + BX(t) = C(t) . (1)

Model order reduction techniques aim at reducing the size of
system (1). The solution vector X (N×1) is then approximated
by a vector Xr (M × 1) in a reduced basis, M � N ,

X ≈ ΨXr , (2)

with Ψ an orthonormal projection operator. Therefore, the
reduced-order system becomes,

ArẊr(t) + BrXr(t) = Cr(t) . (3)

with Ar = ΨTAΨ, Br = ΨTBΨ and Cr = ΨTC. The
projection operator Ψ can be constructed both in time and
frequency domain [4] by using e.g. the proper orthogonal
decomposition (POD). The POD generates Ψ with a snapshot
technique [2].

In physics-based parametrized approach, physical
parameters are extracted from several FE simulations
and stored in the tables then utilized by table look up
according to the actual operating condition of the device. The
physical parameter would be e.g. the complex inductance that
could be approximated by a ladder circuit in the time domain,
but this has to be decided yet. Things become complicated
when eddy currents are present.

As a test case we consider the levitation device in Team
Workshop problem 28 [5]. As preliminary result, the levitation
height computed with FE and with two different ROMs
(M=12, 72) is shown in Fig. 1. The relative error is shown
as well. Details on the theory and comparison between the
POD and physics-based RO models will be included in the
full paper.
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