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Abstract—In this paper, a new finite element mortar approach 1. M AGNETODYNAMIC FORMULATION

with moving non-matching overlapping grids is introduced. The The time-harmonic EC equations in a dom&irread:
bidirectional transfer of information between the fixed and mov- 4 ’

ing subdomains is realized for each new position of the movin curlH =J, curlE = —iwB, divB=0 (1)
part. Two numerical examples are presented to support the o )
theory. The first, an electrostatic problem with known soluion, to  whereH, B, J andE denote the magnetic field, the magnetic

state the optimality of the method. The second, an eddy curré  flux density, the current density and the electric field. The
nondestructive testing application, to underline the flexbility and  ¢onstitutive lawsB = uH, J = Jo + oE, with the magnetic
efficiency of the proposed approach. . iy permeability 4, the electric conductivitye and the source

Index Terms—Finite element methods, interface conditions, S . T
Maxwell equations, nondestructive testing, overlapping rashes. CurréntJo distributed inQ as shown in Fig.1 left, are added
together with boundary conditions to close the system (1). |
this work, a 2D case is examined, whaBdies in thez=0
plane. The magnetic vector potentialdefined byB = curl A

The modelization in eddy current (EC) nondestructive tedts thus perpendicular to the = 0 plane andA is its only
ing (NDT) aims at reproducing the interaction between @nknownz-component.
sensor and a conductor in order to localize possible defettst us consider the domaift where an EC problem (1) is
in the latter. The finite element method (FEM) is frequentlyolved. In a domain decomposition approach, we separate the
used in this context as well suited to treat problems wifixed and the moving subdomains@n The moving partQy,
complex geometries while keeping a simplicity in the imeontains the coil supportind, with a layer of air, whereas
plementation. However, in NDT, the modelization has to e fixed part,Q\Qy, includes some conducting and non-
realized for diferent positions of the sensor, thus requiring eonducting parts (Fig. 1 right). In term of scalar potenfial
global remeshing of the domain. In the last decadeferdint the problem (1) is reduced to solve magnetostatic or magne-
techniques to take into account the movement of a sensetlynamic equations in each subdomain wikh- Ay = 0,
without having to remesh the whole computational doma';mlanAM —u~19pA = 0 as interface conditions &t= 9Qy and
[1]-[4] have been studied. The mortar element method [Bbmogeneous Dirichlet conditions &®.
(MEM), a variational non-conforming domain decomposition

A

|. INTRODUCTION

approach, fiers attractive advantages in terms of flexibility
and accuracy. In its original version for non-overlapping-s
domains, the information is transferred through the skelet
of the decomposition by means of a suitabfeprojection of
the field trace [6], [7]. Recently, a MEM with overlapping
subdomains but unidirectional information transfert freme
master subdomain to the slave one has been proposed [8]. Fiigdire 1: DomairQ for an EC case (left). Domain decompo-
variant of the MEM is now suitably modified to deal withSition into a movingy and a fixed2\Qy subdomain (right).
bidirectional information transfert between overlappsup- _ o

domains. The paper is organized as follows: the EC problem! € associated variational problem reads:

is presented in its weak domain decomposition version. ThEd (A Aw) € Hz, (@\Qw) x Hx(Qu) such as:

new overlapping non-matching grid MEM is then described. AN SIgAVA 0. YA € HY (Q\O
The accuracy of this new approach is tested on an eleclimstath\QM ITWAA + fQ\QM H VA =Y, € Hg, (@\Qw)
problem, for which the analytical solution is well-knowrhd Ly Ay VA = JoAL VAL € HY(Qu)

method is then applied to solve an EC NDT problem to show],, H M- ~ Jsupm, 0 M M = TTALM

its flexibility. 2)




where H}\M (Q\Qu) = {Ae HY{(Q\Qu), A= Ay onT} and V. NDT case

Hx(Qu) = {Au € HY(Qw). Av = AonT}. According to the A 2D EC NDT case is proposed. The coil and a layer of air
Lax-Milgram theorem, there is a unique solution for (2).  are considered as the moving domalfy as shown in Fig.3

The continuous case givel§r = Avlr but the main diiculty (jeft). The computed flux density is given in Fig.3 (right).
arises with the discrete case.

Ill. M orTAR ELEMENT METHOD

Two triangulations are applied depending on the consic

subdomains. These discretizations are non matching gnid
completely independent in the overlapping region.
The exchange from to Qy is realized on the interfade[8].
The information from moving to fixed subdomains using
interface chosen as a boundary (cali@dof the elements «
Q overlapped byl" such as:

Figure 3: Focus on moving subdomain (left). Magnetic flux
CAwr = DA 3) density (right).

EA, = HAu ) The values obtained on the two overlapping meshes are
according to the mortar method. The coupling matrices af@mpPared to the Matlab’s PDE tool results on a single mesh.
described, on the edgesof the concerned interface, as: The magnetic flux is calculated in the coil and the results\sho

a difference of 3%. Henceforth, it is possible to determine the
f v, D, k) f " flux for different positions of the coil without remeshing the
Is ) I
r . r
f dipi,  H(i.K)
ecy

global domain.
f: ) Yidi VI. CoNcLusion
_ ! ) L The variant of the MEM presented in this paper has the
where the functiong; .andzpi are deflned on the dlscret|zat|_on§1ove|ty to allow overlapping subdomains with bidirectibna
ofQ andQM! respectively. The ma_tnc@ andE can be.easny exchanges. In the full paper, the calculation of the cowgplin
computed since both basis functions are defined with respgeliy s explained, the quadrature formula are detailed an

]EO the sarr:_e_mesh. (?fp the contrﬁfyandH cclancerr:] d'SCLelte the final linear system is defined. Additional results will be
unctions living on diferent meshes. To solve this problemy\ided and the methodiency discussed.

guadrature formulas are implemented.
In order to solve a single algebraic system, the conditi@s ( ACKNOWLEDGMENT

(4) are imposed, on the global matrix, with the help of the Thjs work has the financial support of CEA-LIST.
method of Lagrange Multipliers [9].
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