
Abstract — In this paper, a method for the connection of 

non-conform arbitrary surfaces by overlapping finite element 

method is presented. Both scalar and vector degrees of 

freedom can be considered. The use of reference elements 

allows to simplify the implementation of the method. 

I. INTRODUCTION 

The taking into account of the movement in the finite 
element (FE) modeling is an essential point. For the 
electrical devices such as motors or sensors, typical features 
can be then obtained from movement (emf, torques, 
impedances…). Several methods have been developed and 
used [1]-[2]. Most of them permit to connect meshed 
surfaces in contact.  As long as the airgap between the fixed 
and moving part is constant, these method behave correctly 
[3] with quite reasonable computation times.  

In several problems, the distance between the parts to 
connect can change over time and space (rotor eccentricity, 
flexible sensor…). Thus the previous methods can not be 
used anymore. A complete or partial remeshing is not 
acceptable when an hundred of sensor positions are required 
for example. One solution is to use overlapping finite 
elements [4]. Two surfaces separated by a non-meshed 
volume area, see Fig.1, can be connected using this method. 

 
Fig. 1. Examples of configuration that can be solved using overlapping 

finite elements (translating or rotating movement). 
 
 Recent contributions have been proposed with this 

method. In [5], the overlapping elements are used within a 
vector potential formulation but with a constant volume for 
the connecting area. In [6], a use of the reference elements 
has been proposed for a scalar potential formulation with a 
non-constant airgap area. In this paper, an extension of the 
previous works is proposed. The subject is related to the 
connection of arbitrary surfaces in the case of a vector 
potential formulation with overlapping finite elements. For 
this purpose a reference element is implemented.  

II. OVERLAPPING FINITE ELEMENTS 

The principle of the method has been described in 
previous works, so only a brief recall is done here. It 
consists in a projection of the nodes of one boundary 

surface to the other one and reversely creating then elements 
that overlap (Fig. 2). Theses elements are used to define the 
shape functions associated to the unknowns. The airgap 
between the surfaces to connect is not constant, so the 
overlapping elements are unconventional (the element 
created by the projections of N4 and N3 is not a trapeze). 

  

 
Fig. 2:  Node projection when the surfaces to connect are not planar. 

 
The connection of the two meshed domains is performed via 
the calculation of integral terms located in the overlapping 
domain. For this purpose, special edge functions for the 
unconventional elements could be defined and directly used 
for the calculation of curl terms. However such an approach 
is not obvious and can lead to significant computation 
times. Using [5] and [6], a new use of the reference element 
for the calculation of edge shape function in unconventional 
overlapping elements is proposed in what follows.  

III. CALCULATION OF EDGE SHAPE FUNCTIONS IN 

UNCONVENTIONAL OVERLAPPING ELEMENTS 

For the sake of clarity, the used FE formulation will be 
detailed in the extended version. The unknowns are 
associated with edge elements so edge shape functions have 
to be calculated. Let us consider the example of Fig.3 where 
the nodes N1, N2 and N3 are projected and thereby creates an 
unconventional overlapping element.  

 
Fig. 3. Example of projection leading to unconventional  

overlapping elements. 
 
To calculate the integral terms, the overlapping area is 

subdivided into prisms. For example the prism Pi of Fig.4 
comes from the projection of the triangles T1 and T2.  
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The principle of the proposed approach is to link the 
nodes and edges of the reference element to the nodes and 
edges of the current arbitrary prism (transfer of the set of 
nodes and edges of the reference element to the set of nodes 
and edges of T1 and T2). 

 
Fig. 4. Scheme for the calculation of shape functions. 

 

The prism P̂  is the reference element of Pi. The expression 
of the variables ( , ) i {1,...,6}a bi i ∈ will be given in the 

extended paper. F is the application of the transformation 
defined by: 
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the nodal shape functions of the six nodes of the reference 
element and T = {xk  yk  zk}1≤k≤6 containing the coordinates 
of the six points that construct the two triangles T1 and T2. 
The expressions of the edge functions are given by: 
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The variables 1̂ˆ {1,2,3}
t

ii ∈ψψψψ are the three edge shape 

functions associated to the triangle 1̂t formed by three 

nodes ˆ ˆ,1 2N N and ˆ
3N  (Fig.4). 2̂ˆ {7,8,9}

t
ii ∈ψψψψ are the three 

edge shape functions associated to the triangle 2̂t formed by 

the three nodes ˆ ˆ,4 5N N and ˆ
6N . Finally, 

ˆ
ˆ {4,5,6}P

ii ∈ψψψψ  

are the three edge shape functions associated to the vertical 

edge of prism P̂ .  
In order to verify the properties of the edge shape functions 
the following figure shows the distribution of the shape 

function of the edge (L) of a triangle (top) projected on a 
non-planar surface constituted of a set of triangles (bottom). 

 
Fig. 5. Edge shape function associated with the edge L. 

IV. TEST AND RESULT 

Fig. 6 shows the test case study, which consists in a cube 
divided into two by a curved surface with an applied vector 
potential difference ∆a  equal to 2*L (L: height of the box). 
The local zoom of the results presented at the right of the 
figure shows that the B-field distribution is correctly 
calculated with regards to its direction and intensity.  

L
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Fig. 6. Test case. 
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