N

N

Accurate h-Conform Finite Element Model of Multiply
Connected Thin Regions via a Subproblem Method
Vuong Quoc Dang, Patrick Dular, Ruth V. Sabariego, Laurent Krahenbiihl,
Christophe Geuzaine

» To cite this version:

Vuong Quoc Dang, Patrick Dular, Ruth V. Sabariego, Laurent Krihenbiihl, Christophe Geuzaine.
Accurate h-Conform Finite Element Model of Multiply Connected Thin Regions via a Subproblem
Method. IEEE CEFC, Nov 2012, Oita, Japan. pp.CD. hal-00727210

HAL Id: hal-00727210
https://hal.science/hal-00727210

Submitted on 3 Sep 2012

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-00727210
https://hal.archives-ouvertes.fr

CEFC 2012, 1(C), 1(D)

Accurate h-Conform Finite Element Model of Multiply Connected Thin Regions
via a Subproblem Method

Vuong Q. Dang!, Patrick Dular!:2, Ruth V. Sabariego!, Laurent Krihenbiihl®> and Christophe Geuzaine'
'Dept. of Electrical Engineering and Computer Science, University of Liege, Belgium
2Fonds de la Recherche Scientifique - F.R.S.- FNRS, Belgium
3Université de Lyon, Ampere (CNRS UMRS5005), Ecole Centrale de Lyon, F-69134 Ecully Cedex, France
E-mail: quocvuong.dang@ulg.ac.be

Abstract—A subproblem finite element method for solving
eddy current problems is developed to correct the inaccuracies
near edges and corners arising from thin shell models. Such
models replace thin volume regions by surfaces but neglect
border effects in the vicinity of their edges and corners. A thin
shell solution, performed on a simplified mesh near the thin
structures, serves as a source of a correction problem consisting
of the actual volume thin regions alone. The meshing effort can
be thus concentrated on these thin regions. The general case of
multiply connected thin regions is considered.

I. INTRODUCTION

Thin shell (TS) finite element (FE) representation of thin re-
gions in magnetic problems is herein placed at the heart of the
subproblem method (SPM) [3], to define both parameterized
and correction schemes. The TS models are commonly used
to avoid meshing the thin rgions, and consequently lighten the
mesh of their surrounds [1]. Indeed, the volume thin regions
are reduced to a zero-thickness double layer with interface
conditions (ICs) linked to 1-D analytical distributions along
the shell thickness that however generally negect end and
curvature effects.

The SPM for the h-conform FE formulation has been
already developed by authors [3] for simply connected TS
regions, proposing a surface-to-volume local correction. The
method is herein extended to multiply connected TS regions,
i.e. regions with holes, for both the surface model and its
volume correction. The global currents flowing around the
holes and their associated voltages are naturally coupled to
the local quatities, via some cuts for magnetic scalar potential
discontinuities (Fig. 1) at both TS and correction steps.

II. THIN SHELL SOLUTION AND ITS CORRECTION

The magnetic field h; of the SPM is split into a reation field
h,.; and a source field h, ; due to the imposed current density
Js,i- In non-conducting regions QF., h,; is defined via a
magnetic scalar potential ¢; such that h,; = —grad ¢; [1] [2].
The potential ¢; in QF, can be multivalued if multiply
connected regions (Fig. 1) and is then made singlevalued via
the definition of cuts through each hole of €. ; [2].

A first problem involving only stranded inductors is solved
on a simplified mesh without thin regions. Its solution gives
surface sources (SSs) for a TS problem via ICs. The TS
solution is then improved by a correction solution via SSs and
volume sources (VSs), that overcomes the TS assumptions [1].
The SPM proposed in [3] provides the tools to perform
such a model refinement, thanks to simultaneous SSs and
VSs. SSs related to ICs [1], [3] compensate the TS and
cut discontinuities, in parallel to VSs in the added volume
shell that account for volume change of the permeability and
conductivity [3]. Non-conducting or conducting regions can
be considered on both sides of the thin regions.
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III. APPLICATION EXAMPLE

The 3D test problem is the TEAM problem 7 (coil and
thin plate with a hole, Fig. 2) (u, = 1, 0 = 35.26 MS/m).
A SP scheme considers the TS model followed by its volume
correction. The distributions of eddy current densities of the
TS SP and the volume correction SP are shown in Fig. 2. The
error on TS SP locally reaches 52%. The inaccuracy on the
Joule power loss densities of TS problem is pointed out by
the importance of the correction SP and reaches 53% along
the plate borders, with thickness d = 19 mm and frequency f
=200 Hz (skin depth § = 4.89 mm). For d = 19 mm and f =
200 Hz, the TS error is 13% for the global current and 42%
for the Joule loss (reduced to 26% for f = 50 Hz). For d =
2 mm and f = 200 Hz, it is respectively reduced to 1% and
6% (4% for f = 50 Hz).

The SPM allows to accurately correct any TS solution. In
particular, accurate corrections of eddy current and power loss
density are obtained along the edges and corners of multiply
connected thin regions. Details on the proposed method will
be given in the extended paper.

Fig. 1. Typical multiply connected 3D eddy-current problem.
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Fig. 2. Eddy current density on TS model (left) and volume correction (right)
(d =19 mm, f =200 Hz, ptr piate = 1, Opiate = 35.26 MS/m).
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