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Numerical method with overlapping non-matching grids to take into
account the displacement for eddy current problems
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Abstract—In this paper, a new mortar element approach with
overlapping is proposed with bidirectional transfer of information
combined with an edge element discretization. The accuracy is
examinated and the new method is exposed for a simple 2D eddy
current problem.
Index Terms—Finite element method, edge element approximation, overlapping meshes, eddy current problem.

The transfer of information is realized on well-chosen interfaces, Γh (from Ω to ΩM ) and γH the boundary of the elements
of Ω overlapped by Γh (form ΩM to Ω), reads:
CAM|Γh = DA

EA|γH = HAM

The coupling matrices issued from (2) are described, on the
edges e of the concerned interface, as:
∫

∫

C(e, j) =

I. I NTRODUCTION

∫e∈Γh

II. M AGNETODYNAMIC FORMULATION
A global domain Ω separated between Ω\ΩM and ΩM
subdomains (Γ = ∂ΩM ) is considered. The problem is reduced
to solve the eddy current equations in 2D in each subdomain
with magnetic potentials A ⊂ Ω\ΩM , AM ⊂ ΩM and homogeneous Dirichlet conditions on ∂Ω. The associated variational
formulation is given by:
Find (A, AM ) ∈ H{0,AM } (curl, Ω\ΩM ) × HA (curl, ΩM ) such
as: ∀A′ ∈ H{0,AM } (curl, Ω\ΩM ) and ∀A′M ∈ HA (curl, ΩM )
′

(iσωA, A )L2 (Ω\ΩM ) + (µ

−1

′

curl A, curl A )L2 (Ω\ΩM ) =
(J0 , A′ )L2 (Ω\ΩM ) ,
′
−1
′
(iσM ωM AM , AM )L2 (ΩM ) + (µ curl AM , curl AM
)L2 (ΩM )
= (J0 , A′M )L2 (ΩM )

(1)
where HA (curl, ΩM ) = {AM ∈ H(curl, ΩM ) : AM .τΓ = A.τΓ }
and H{0,AM } (curl, Ω\ΩM ) = {A ∈ H(curl, Ω\ΩM ) :
A.τ∂Ω = 0, A.τΓ = AM .τΓ }. (., .)L2 (.) denote the L2 -norm.
The continuous problem yields (A.τ )|Γ = (AM .τ )|Γ , then we
focus our attention on the discrete case.
III. M ORTAR METHOD
Two discretizations in space, H and h , depending on each
subdomain, Ω and ΩM , are considered. They are non-matching
grids and completely independent in the overlapping region.

(weM .τe )(wjM .τe ), D(e, k) =

∫ e∈Γh

(weF .τe )(wjF .τe ), H(e, k) =

E(e, j) =
e∈γH

(weM .τe )(wkF .τe ),
(weF .τe )(wkM .τe )

e∈γH

where weF and weM are the functions of the Whitney edge
element space which are defined in the discretizations of Ω and
ΩM . The main difficulty is to compute the matrices D and H
which concern discrete functions living on different meshes.
To solve this problem, quadrature formulas are implemented.
In order to solve a single algebraic system, the conditions (2)
are imposed, on the global matrix, with the help of a Lagrange
multipliers method.
The accuracy of the method is evaluated for two-dimensional
electric equation. As the analytical solution is well-known,
numerical tests show the accuracy and the optimality of the
solution between the subdomains: the orders of convergence
in L2 -norm and H(curl)-norm are maintained. Moreover,
calculations for an eddy current problem will be presented
and comparaisons with standard software are realised. (Fig. 1)
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The mortar element method (MEM) [1], a variational nonconforming domain decomposition approach, offers attractive advantages in terms of flexibility and accuracy to take
into account the displacement in several applications: more
specifically in eddy current non-destructive testing. The main
reasons lie in the fact that signals from the sensors must
be evaluated for several positions of the defect or of sensor
itself. Recently, a MEM with overlapping subdomains but
unidirectional information transfert has been proposed [3]. The
method of the present work is a new MEM developed to deal
with bidirectional information transfer between overlapping
subdomains under a discretization with edge elements.
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Fig. 1. Electric field distribution (left). Convergence rates for the global
solution(right)

In the extended paper, the calculation of the coupling
matrices, the quadrature formulas and the final linear system
will be described.
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