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In this work the Interpolating Element-Free Galerkin meshless method is presented as a new, simple and accurate technique to 

investigate electrostatic grounding problems. Two proposals for inclusion of the electrode radius in the analysis are proposed. The 

problem of a vertical electrode introduced in a homogeneous soil is considered as a study case. The results of grounding resistance 

obtained from different values of radius are compared with those generated by Method of Moments.   
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I. INTRODUCTION 

ERTICAL grounding electrodes are one of the simplest and 

most commonly used means of earth termination of 

electrical systems. Their function is essentially to provide a 

low-resistance path for the flow of fault currents towards the 

soil and to ensure a smooth distribution of the Electrical 

Potentials (EP) developed on the ground surface. 

 Simplified approaches can be used to determine the 

Grounding Resistance (RT) and EP. However the proper 

calculation for practical problems should be done by 

employing numerical techniques. Using integral equation 

methods, such as the Method of Moments (MoM), this kind of 

problem can be successfully evaluated [1]. However, for non-

homogeneous soils the method becomes computationally 

intensive. On the other hand, complex structures and 

inhomogeneities are well treated by differential equation 

methods, such as the Finite Element Method (FEM) [2]. 

However, the process for mesh generation in FEM requires 

considerable computational effort when the problem involves 

complex geometries. In the recent years a new class of 

numerical method, Meshless Method (MM), has been 

developed for the solution of Partial Diferential Equations. 

MM does not require a mesh structure and the solution is 

obtained using only a cloud of nodes spread throughout the 

region of interest. This feature makes MM appropriate to deal 

with complex geometries and inhomogeneities. Among the 

MM available in the literature, the Interpolating Element-Free 

Galerkin Method (IEFGM) is one of the most investigated and 

used because of its simplicity and accuracy [3]-[5]. 

An important feature of the numerical methods applied to 

grounding problems is how the electrode radius is considered 

[6]. The correct modeling of this parameter is essential to 

ensure the results accuracy. In this work the IEFGM is used to 

study an electrostatic grounding problem and two methods are 

proposed in order to accurately consider the electrode radius. 

II. GROUNDING PROBLEM MODELING 

A thin copper electrode, with length Le and radius Re, 

introduced in a homogeneous soil with conductivity  is the 

problem under analysis. The soil geometry is a semi 

hemisphere with radio Rh=10Le. The electrode is introduced 

into the top of the hemisphere in  = z = 0, with a constant 

electric potential Ve. The Laplace equation, 
2
V=0, can be 

used to solve the problem and since it is axisymmetric 

(V/=0) only the z plane needs be considered. Therefore, 

the domain of the study  is 2D, as illustrated in Fig. 1, and 

the associated Laplace equation is [7]: 
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where V(, z) is the electric potential. V/n = 0 on n and V = 

Vd on d are the Neumann and Dirichlet boundary conditions, 

respectively, and n̂  is the outward normal unit vector. The 

weak form of the problem, 0 Vdw , is obtained using 

the Method of Weighted Residuals and test function w [2]. 

 

Fig. 1.Grounding problem. 

III. IEFGM FORMULATION 

For the Mehsless Method approach a set of N nodes is 

placed in . Each node, I, is a point ),( zI x  for which a 

shape function, I(x), is associated. I(x)=0 over the whole 

domain, except near the corresponding node. Therefore, the 

unknown function can be approximated by the following 

equation [8]: 
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where x=(, z) and I is the unknown coefficient of node I.
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Using Galerkin method the linear system [K][]=0 is obtained, 

with   dK jiij
. 

In MLS approximation the coefficients  are determined by 

minimizing a weighted discrete L
2
 norm, for which the 

singular weight function is )/(1)( nn

II rrW  , where β is a 

constant small enough to ensure no division by zero, n is a 

constant adjusted to improve the results accuracy,

III dr /|| xx , dI = dc is the support of the weight function, 

 is a scaling factor for the influence domain and dc is the 

nodal distance [5]. 

IV. ELECTRODE RADIUS MODELING 

The proper inclusion of the electrode radius is a fundamen-

tal aspect to ensure the accuracy of the results in the numerical 

analysis of grounding problems. In this work, two techniques 

are proposed in order to consider this parameter using IEFGM. 

For the first proposal, the Real Radius Approach (RRA), the 

distribution of nodes is carried out as illustrated in Fig. 2 and 

=1.5 for all nodes in . However, for thin electrodes the 

RRA becomes computationally intensive. Then, an alternative 

approach is presented to include the electrode radius effect, 

Equivalent Radius Approach (ERA). For this approach the 

distribution of nodes is made as illustrated in Fig. 3, =1.16 

for nodes representing the electrode and =1.5 for remaining 

nodes. So, the radius effect is introduced by adjusting the 

influence domain size of the nodes representing the electrode. 

 

Fig. 2. Nodes distribution RRA. 

 

Fig. 3. Nodes distribution ERA. 

V.  NUMERICAL RESULTS 

Over an equipotential  it is possible to calculate the electric 

field, E=V and the electric current dispersed to the earth: 
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where r, ,  correspond to the spherical coordinates of the 

points over the equipotential. The grounding resistance is 

obtained using Ohm’s law, RT=Ve/IT.  

In this work, an electrode with Le=1 m and Ve=1 V and a 

fictitious homogeneous soil with =1 S/m was chosen in order 

to show the effectiveness of proposed approaches. The values 

of  Vd were calculated using an analytical process. The values 

of IT and RT for different values of Re are presented in Table I 

and Table II, together with the results obtained using MoM. As 

it can be verified, both results are very close, which 

demonstrates the IEFGM accuracy. In the full paper, the 

analysis of inhomogeneous soils will be performed. 

TABLE I 

IT AND RT – ENCAPSULATED ELECTRODES 

Re (m) NN1 IEFGM (RRA) MoM 

IT (A) RT (Ω) RT (Ω) 

0,04 49723 1,833 0,546 0,551 

0,05 31920 1,960 0,510 0,513 

0,06 22245 2,063 0,485 0,483 

0,07 16388 2,184 0,458 0,457 

0,08 12587 2,289 0,437 0,434 

0,09 9987 2,386 0,419 0,414 

0,1 8114 2,484 0,403 0,397 

      1 - Number of nodes used in the analysis 

TABLE II 

IT AND RT – CONVENTIONAL ELECTRODES 

Re (m) NN1 
IEFGM (ERA) MoM 

IT (A) RT (Ω) RT (Ω) 

0,00635 19885 1,172 0,853 0,856 

0,00794 12786 1,224 0,817 0,820 

0,00953 8915 1,255 0,797 0,790 

0,0127 5069 1,369 0,730 0,742 
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