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Abstract— This paper presents a model for calculating electci
field in non conducting regions in steady state AQmagnetic
application, with conductors described by surface mpedance,
using the 3D finite element method. This approactsivalidated by
calculating the equivalent impedance of a coil congging the
presented surface impedance decoupled method with lume
decoupled method.

I. INTRODUCTION

In some applications, it is necessary to know tleetec
field in non conducting regions (air or dielectrégions), after
a 3D AC steady state magnetic computation. Theraéeld
is assumed to have no meaningful feedback intarthgnetic
field. For instance, it is the case for the simolatof the
measure of a voltmeter between inductor turns dwéden
sectors of cold crucibles, or when the capacitiffeces of
coils have to be computed in addition to resistimd inductive
effects. A previous work dealt with a decoupled eiddr the
computation of electric field in non-conducting i@ts after a
steady state AC magnetic computation using the Bidef
element method, where the conductors were meshed

described by @ formulation [1] (method derived from [2]).

This method was validated with simulations solvifigl
Maxwell's equations. The cold crucibles are aro@noheters
long. At their working frequencies (around 300 kHhe skin
depth is small and the inductors and sectors neistelscribed
by the surface impedance formulation [3]. This pgpesents
the extension of the method presented in [1] fandewmtors
described by surface impedance with magnetic spaitantial
¢ as state variable. They can be coupled with aereat
circuit.

II. NUMERICAL METHOD

Let Q.. be the non conducting region (air and dielectric
regions), Q. the conducting region described by surface
impedance andr;, its boundary. The decoupled method

consists of two successive computations: 1) stesalye AC

magnetic computation with ofp surface
formulation [3], 2) computation of electric fieldh inon-
conducting regions. The second computation consit®
steps, described below.

A First step: passage from gto AV

At the first step, the magnetic vector potential i\
computed in the non conducting regi@q. and the electric
scalar potential V on the surface impedancg (&gionrl;, as

functions of B inQ,. and tangential H of;. To that purpose,
the following functional is minimized to obtain tisgstem of

equations which are solved in this first step:
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B. Second step: computation of electric field from AV

At the second step, E is computed in the non cdimdyc
region Q.. To that purpose, the Maxwell-Gauss law
(divD =0) is solved inQn,, assuming no existing charge
volume density. Therefore, V is computed in \l'; region
as function of A inQn. and V onl, solving the following
equation (which corresponds to solve div D = 0):
IQ € gradV [gradw dQ = —IQ jweA [gradw dQ (2)
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. NUMERICAL EXAMPLE

The method was validated on an example with a gmpl
gfpometry: a semicircular coil with a R = @rb radius circular
section, with imposed potentials on the termindishe coil.
As electric energy (0.5.B) is function of electric field, we
computed the capacitance of equivalent circuithef ¢oil at
several frequencies as in [1]. Fig. 1. depicts ¢dapacitance
function of R ratio, whered is the skin depth. Results in
terms of capacitance were compared with those reddaivith
the previous method of [1], where the coil was neeshnd
described by ® formulation. The presented method is
considered to be validated and gives good results.
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