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 Introduction

Finite element method (FEM) has been widely used to develop and design
electromagnetic devices.

»

The electromagnetic devices are often modeled as an equivalent
circuit for design of the control and driving circuit.

Equivalent circuits using Rational Polynomial Approximation }—\
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Maxwell equations

[
Analytical solution
for simple geometry
Admittance function:
It is not easy to
apply the
complicated objects.

We want to develop and design the electromagnetic devices
considering the control and driving circuits connected to FE model.
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Purpose
We propose a novel method to generate the equivalent circuit of the
electromagnetic devices using model order reduction.

'Padé approximation via the Lanczos process[2] |

Laplace-transformed discrete Maxwell equations
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This formulation would be unsuitable for real uses because of heavy
computational burden in solution of the eigenvalue problem.
Neumann series expansion
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Reduced admittance function

Spectral decomposition of T,
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TR 4: Tridiagonal matrix (n>>q) ‘

Lanczos method

We can obtain tridiagonal matrix T, whose eigenvalues correspond to the
significant eigenvalues of A.
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We need to solve the
following equations to
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Reduced admittance function
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' Numerical Results

Coil windings model
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Computational time for generation of equivalent circuit

Inductor for DC-DC converter mbde
11 min. ¢=5)
We use Xeon W5590/3.2GHz(12GB RAM)

Coil Windings model
40 min. @=5)

Circuit analysis VS FE analysis
Coil Windings model

DC-DC converter model
FEM* Present FEME=0.3V) FEME=1.2V) Present
230 min. less than 1 sec. 240 min. 360 min. less than 1 sec.
*the elapsed time of field computations by FEM at 13 sampling frequencies




