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Abstract— Traditional meshless methods use scalar-based 

functions and therefore, present difficulties in approximating 

vector fields. The Vector Nodal Meshless Method (VNMM) 

constructs its approximations using shape functions based on the 

H (curl)  spaces and Nédélec’s first type elements polynomial 

space. This paper presents the summary of VNMM for apply in 

three dimensions vectorial problems, solves  the symmetrical 

TEAM 13 problem and compares the result with one obtained 

using its full geometry. 
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I. INTRODUCTION 

Meshless methods are widely known for their versatility to 

approximate numerically problems that involve movement. 

However, traditional meshless methods have scalar shape 

functions and therefore they present difficulties when used to 

approximate vectorial fields. In order to solve vectorial 

dynamic problems, the Vector Nodal Meshless Method 

(VNMM) was developed. The VNMM builds its 

approximations using shape functions based on H (curl) spaces 

and the Nédélec elements of the first type [1]. In VNMM, a set 

of nodes is distributed on the studied problem domain and its 

boundaries, and a unit vector is associated to each node. 

The VNMM shape functions have been constructed and used 

in 3-D problems, specifically in solving the TEAM 13 problem 

with full geometry [2]. Only half of the geometry needs to be 

modeled if the symmetry of the problem is considered. 

In this paper the VNMM is used for approximate the solution 

of TEAM 13 problem with half geometry and results are 

compared with those obtained with the full geometry. 

II. VECTOR NODAL MESHLESS METHOD  

This section presents the VNMM approximation, its 

tridimensional shape functions and its main features.  

Given a set of nodes distributed on the problem domain Ω in  

ℝ3and its boundaries ∂Ω. A unit vector is associated with each 

node in arbitrary directions as shown in Fig.1.  

 
Fig. 1. Distribution of nodes and their vector directions in a domain Ω. 

 

The approximation 𝑢⃗ ℎ  of a given vector field 𝑢⃗  at point x, 

belonging to Ω, is performed using an arbitrary subset of the 

nodes. These nodes, called support nodes, and their associated 

directions will be used to construct the VNMM shape functions. 

When Ω is composed of more than one material, the support 

nodes must belong to the same material or be located at the 

interface between materials. The approximation of the 𝑢⃗ ℎ  is 

given by [2]: 

 

𝑢⃗ ℎ(𝐱) = ∑𝑁⃗⃗ 𝑖(𝐱)𝑐𝑖

𝑛

𝑖=1

                                  (1) 

 

where 𝑛 is the number of support nodes, 𝑁⃗⃗ 𝑖 are the vector shape 

functions and 𝑐𝑖 are the coefficients of the projection of 𝑢⃗ ℎ in 

the directions of the respective nodes. The vector shape 

function 𝑁⃗⃗ 𝑖 associated to the 𝑖-th support node is given by [2]: 
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where 𝛽𝑗𝑖 , with 𝑗 =  1, . . . , 6 are the coefficients to be found. 

The coefficients are found forcing the projection of the 𝑖-th 

shape function in the vector direction associated to the 𝑘-th 

support node to be equal to one if 𝑖 =  𝑘, and equal to zero if 

𝑖 ≠  𝑘. 

The VNMM has a convergence rate close to one for 

approximation of polynomial functions. The method has been 

tested in waveguides and it correctly compute eigenvalues and 



its numerical solution is not corrupted by spurious modes. 

In terms of memory requirements, VNMM is similar to FEM 

as the matrices have the same sparsity pattern. However, the 

VNMM requires more time than FEM to calculate the shape 

function, since it does not have closed analytic expressions. 

This time is compensated for by not needing to build a mesh. 

III. PROBLEM DEFINITION AND NUMERICAL RESULTS 

In order to evaluate the performance of the VNMM the 

TEAM problem 13 is solved [3]. To take account the symmetry 

only the half of the geometry needs to be modeled. 

The behavior of the steel material is nonlinear and defined 

through a 𝐵⃗ 𝐻⃗⃗  curve shown in [3].  

The domain of interest, given by Ω bounded by the surface 

Γ = Γ𝑔 ∪ Γℎ, where 𝛤𝑔 is the boundary with Dirichlet condition 

and Γℎ is the symmetrical boundary with Neumann condition. 

The variational form of this problem is: given 𝜈(𝐵⃗ ) = 𝜈0𝜈𝑟(𝐵⃗ ) 

and 𝐽   find 𝐴   such that [2]: 
 

∫(𝜈(𝐵⃗ ) 𝛻 × 𝐴 ). ( 𝛻 × 𝐹 ) 𝑑Ω
Ω

+ 𝜖 ∫𝐴 . 𝐹  𝑑Ω
Ω

= ∫𝐽 . 𝐹 𝑑Ω
Ω

   (3) 

 

where 𝐴  is the magnetic vector potential, 𝐽  is the current 

density, 𝐹  is the test function and 𝜈  is the magnetic . A 

regularization technique for double curl problems with 

divergence-free constraint is used by adding the term 

𝜖 ∫ 𝐴 . 𝐹  𝑑Ω
Ω

 in equation (3). The details of this technique and the 

choice of 𝜖 are presented in [4]. 

The problem is solved using the Vector Nodal Meshless 

Method, VNMM, with 64,302 nodes distributed in the domain 

Ω  and six support nodes in the approximation. Successive 

approximations are applied to solve nonlinearity and it 

converges after 15 iterations with a criterion of 10-6. Table 1 

summarizes the computational procedures adopted to obtain the 

results using the full and the half geometry. Fig. 3 shows the 

magnitude of the magnetic induction vector 𝐵⃗  in steel excited 

by a current of 1,000 A-T. Due to the displacement of the steel 

channels, a three-dimensional magnetic flux density field 𝐵⃗  is 

generated.  

The magnetic flux density is evaluated in the three regions 

along the steel. Fig. 3 plots the results obtained by VNMM 

method approximation and the measured data provided by [3]. 

A good agreement can be observed from these data. 

The results shows that the VNMM correctly approximates 

the magnetostatic problem and its solution is similar to that one 

obtained with full geometry. However, in the case of the use of 

the symmetry there is the obvious advantage of the number of 

unknowns and processing time reductions. In future work, 

periodic boundary conditions will be introduced and 

implemented in VNMM, enabling an even greater reduction in 

the study domain of the TEAM 13 problem. 

 

 

TABLE I 
SUMMARY OF COMPUTATION PROBLEMS  

Item Specification Specification 

Fraction of geometry 1/2 Full 

Gauge condition Regularization technique 

Technique for nonlinear Successive Approximations 

Approximation method of BH curve Akima 

Solution for linear equations Gauss elimination method 

Number of support nodes 6 6 

Gauss points for numeric integration 4 4 

Number of nodes 64,302 122,018 

Number of unknowns 60,046 113,567 

 

 
Fig. 2. Magnitude of the magnetic flux density on the surface of the steel 

structure in TEAM 13 half geometry computed by VNMM. 

 

 
 

Fig. 3. Numerical results of TEAM problem 13 with 1,000-AT coil current 

excitation. Magnitude of magnetic flux density in the observation areas 
of the steel. 
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