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8. NUMERICAL TECHNIQUES
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Abstract —In order to improve the reliability of the
electromagnetism modeling tools, we propose an oit@al way
to evaluate the mesh numerical error for magneto-dyamic
cases. An original error criterion for conducting peces, based
on a local conservation of the power, is detailedSome
remeshing results are displayed for a simple 2D maegto-
harmonic case.

I. INTRODUCTION

The modeling of eddy-currents represents a coredidier
stake for optimizing both performances and energy
efficiency of electro-mechanical devices. In an -eco
designing outlook, it is necessary to consolidatetre
energies spent during the lifetime of a producgdabieve its
Life Cycle Assessment. The precision in the calouts of
energy quantities is then a crucial point and hasbé
ensured at each step of design and modeling.

In this paper, we are concerned with the macroscopi
eddy-currents, due to a time varying excitation/andhe
movement of a massive conductor. In the Finite Elgm
Method, the correct modeling of those phenomenédsly
linked to the mesh, especially in massive condsctwhere
it has to take account of the skin effect. This bem
becomes crucial for 3D cases. If the mesh is tfina@, the
case uses too much memory space, and if the mastt is
accurate enough, the computation cannot run. Thahe
reason why we focused on adaptive meshing.

We propose an original way to improve the mesh in
order to have it adapted to the physical phenom&ha.
technique is based on a thermodynamic approach of
electromagnetism that leads to a new error critefiior
conducting regions. Some considerations about order
element are discussed, and finally an example of a
remeshing technique is shown on a 2D induction itgat
case.

Il. AN ORIGINAL ERROR CRITERION FOR MASSIVE
CONDUCTORS

A. Fromthermodynamicsto a priori error evaluation

It is possible to derive electromagnetic laws from
thermodynamics considerations [1]. This approach is
consistent with Finite Elements, and addresses epate
justification of this method to model the electramanical

conversion. It consists in building an approximatf the
power functional (1) on a mesh.

e = JI] [+ v
Conductors

wherep s the electric resistivityj, the current density the
induction andH the magnetic field.

A first idea was to improve the mesh by minimizihgs
functional with regards to the node position. Tfirgl of
approach was successfully tested in magnetos{&ic8ut
there is the problem of the time-harmonic case,ckhi
cannot be turned into a classical variational pFobl[3].
The solution of this particular problem is a sadpkint
obtained writing the stationarity of the complexnfoof (1).
As we were looking for a general method that can be
applied to every case we move on to a postericorer
evaluation.

Functional —

B. Local conservation of the power
The main idea that lead to the new criterion was th
good mesh should ensure energy quantities calonolati
Therefore we propose to evaluate locally i.e. omhea
element a power balance.
On the one hand, we compute the power spent in the

element:
SR LR

On the other hand, we introduce Poynting’s vector,
compute the power supplied in the element:

S.Jpplled - ﬁ[E u H] ds (3)
whereE is the electric f|eld.

The difference between (2) and (3) allows to ewaltiae
error on the local conservation of the power, oelement:

Egementi _‘ Spent PstpIied‘env )

This criterion is generic, but it is more suitalite T-@
formulations [1]. In this case, (4) allows to chethe
precision on the Maxwell-Faraday equation, whiclvelr
the induced phenomena.
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Ill. ABOUT ELEMENT ORDER

To evaluate (3), and more generally any quantityhen
element edge, we can choose either to use thes fielthe
element, or in the neighbor elements. If we follihwe idea
that the mesh has to be self-consistent, the matbingdj the
field in the element appears more suitable. Morgowes
faster because it does not need to recover theealem
neighbor. Unfortunately, it implies that the approation
on the element is accurate enough i.e. to use deamter
elements. With first order elements, it is necgstause the
neighbors to evaluate a relevant error. However iriterest
of the new criterion (4) is that at the first ordiépoints out
the good regions, thanks to its energy properigs [

V. APPLICATION TO A2D HEATING INDUCTION CASE

We consider a heating induction case, where a m&ssi
conductor is excited by a colil in the time-harmanainge.

To complete the approach of adaptive meshing, we -5008-03
introduce here a meshor based on the bubble meshing § 7
technique [5]. This meshing technique, based orh bot
adding and moving nodes, is detailed in [6]. Thesimis
adapted using the error criterion (4) in the cotitgc
region. After few iterations, the local error iscdeased
(Fig. 1 ) and the global power quantities convecgeis
ensured. With the same number of nodes we ensbetter
precision both on the Joule losses and on the ntagne
power (Tab. 1).

In the air region, the mesh is modified thanks he t _
bubble meshor, but only according to geometry g 0.1008-03
consideration, in order to take account of the filcations :
in the conducting region. This regularization emsuhigh
quality elements [6].
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Reference | Starting | Refined Normal Figure 1. 2D induction case modeled with
- (4) in the conducting region for the first meshpftand for the refined one
(flne mesh) mesh mesh mesh (bottom). The local error is divided by 10. The mds refined in the
(64 nodes) (110 nodes)| (110 conducting region to match the skin effect, and egularization is
nodes) performed in the air thanks to the bubble meshor.
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