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For the electromagnetic devices with rotation and translation, it is important to analyze their electromagnetic characteristic at each 

position. When the numerical method is applied to analyze these devices, the solving domain of the devices should be remeshed again 
when the position changed. The analysis process requires a large amount of computation time especially when the electromagnetic 
devices have large size. To address this issue, a novel remesh-free method is proposed in this paper. In this method, the mesh data of the 
moving part and the static part are saves as two independent files. Before analysis, the two mesh data files are merged together. The 
overlap part should be processed according to its position in the two independent files. After the two mesh data files are merged 
together, it will be analyzed as a whole mesh data. When the moving part translates a certain distance or rotates a certain angle, the 
whole computational domain should not be remeshed again. It just needs to merge the two mesh data files. A numerical method is given 
to showcase the effectiveness of the proposed method. 
 

Index Terms—Electromagnetic, finite element method, numerical method, remesh-free method. 
 

I. INTRODUCTION 
OR ELECTROMAGNETIC devices, it is important to obtain 
their electromagnetic properties using numerical method. 

In practice, finite element method (FEM) is frequently used to 
analyze the electromagnetic devices based on Maxwell’s 
electromagnetic field equations [1-4]. The computational 
precision and the computational speed are determined by the 
model shape of the devices and the quality of the mesh.  
   When the devices have rotation or translation, FEM will be 
solved repeatedly once the position of moving part in the 
device is changed. In this case, repetitive remeshing process 
should be applied to analyze the devices. It will cost a lot of 
computational time. Thus, it is highly desirable to reduce the 
computational time.  

Several methods are proposed to reduce the computational 
time, such as partially remesh method [5-6], the mesh 
deformation based on redial basis function interpolation [7], 
new deformed mesh using a coordinate mapping technique [8-
9] and optimization based moving mesh strategy [10]. Among 
these methods, the partially remesh method need to solve the 
equations of elasticity or the Laplace equation which is still 
time consuming; the other methods are suitable to analyze the 
problems with shape deformations.  

For the devices with rotation and translation, in this paper, a 
novel remesh-free method is proposed to save computational 
time. In this method, it does not need to solve additional 
equations except for the finite element equations. A numerical 
example is simulated to showcase the proposed method. 

II. PROPOSED REMESH-FREE METHOD 
In this paper, a novel remesh-free method is proposed to 

analyze the electromagnetic devices with rotation and 
translation. The flowchart of the method is shown in Fig. 1. 

In this proposed method, as shown in Fig. 2, the geometry 
of the electromagnetic device is devised into two parts, the 

moving part and the static part. The two parts are meshed 
separately to form two sets of mesh data. Then the two sets of 
mesh data are merged to be one set of mesh data.  

During merging, the moving part becomes the overlapping 
part which can be divided into two types. One type is the 
element in the static part is fully included in the moving part 
which can be deleted during merging; the other type is the 
elements in the static part are partly included in the moving 
part. For these elements, they are lack of vertices after 
merging. The missing vertices will be relocated in the nodes in 
the boundary of the moving part. If the node in the boundary 
of the moving part locates in the element in the static part 
which is partly included in the moving part, this node will be 
chosen to replace the missing vertex.  

Initial Mesh----Two sets of independent mesh 
data of the moving part and the static part 

Set the mesh of static 
part to be stationary

Set the mesh of moving 
part to be variational

Merged Mesh----Merge two sets of 
mesh data to be a whole  

Merging

Solve the FEM equations

The moving part is rotated an angle 
or translated some distance

Update the mesh 
of moving part

 
Fig. 1. The flowchart of the proposed remesh-free method. 
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Fig. 2. The simple sketch of the proposed remesh-free method. (a) 2D 
geometry of the solving domain; (b) Initial mesh: two set of independent mesh 
data for moving part and static part; (c) Merged mesh. 

III. NUMERICAL EXAMPLE 
In order to test and verify the proposed method, the TEAM 

workshop problem 28 is chosen to be analyzed using the 
proposed method [11].  

In this case, as shown in Fig.3, there are two cylindrical 
coils which are aligned coaxially. The inner coil and the outer 
coil have 960 turns and 576 turns respectively. A cylindrical 
aluminium plate is located above the coils. Its mass is about 
0.107 kg. The plate will shake up and down when the two 
coils are added different direction of sinusoidal current. The 
dimensions of the device are shown in Fig. 4. 

 
Fig. 3. TEAM Workshop Problem 28: An electrodynamic levitation device 
[11]. 

 
Fig. 4. Dimension of the electrodynamic levitation device (in mm) [11]. 
 

In this device, the two coils are static part and the 
aluminium plate is the moving part. The proposed method is 
applied to analyzed the model. When the aluminium plate has 
up and down shaking, remeshing process will be omitted 
which will save computational time. The force in the 
aluminium plate under electromeanetic field is shown in Fig. 5. 
Thus, the position of the aluminium plate will be calculated in 
the next step which will be given in the full paper. 

 
Fig. 5. The force in aluminium plate under electromeanetic field. 

IV. CONCLUSION 
    In this paper, a novel remesh-free method is proposed which 
is suitable to analyze the electromagnetic devices with rotation 
or translation. In this method, there are no supplementary 
equations to be added in the process of solving. The procedure 
of the proposed method indicates that it can save much 
computational time. The TEAM workshop problem 28 is 
chosen to showcase this method which is effective and 
efficient. 
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