
Abstract— New hybrid approach for predicting 
electromagnetic environment of grounding systems under 
lightning strike is presented. In this approach three 
methods are summarized: antenna theory how analytical 
formulas are developed; modified images theory and 
transmission line theory. This method can be either 
directly in time domain, it’s very easy to understand, 
reasonably accurate and time efficient.  

Index Terms—- hybrid method, time domain, grounding 
systems, Electromagnetic environment. 

I. INTRODUCTION 

      Electromagnetic compatibility (EMC) and lightning 
protection studies in large installations require knowledge of 
spatial and temporal distribution of electromagnetic fields in 
case of lightning and power system faults.  
      The numerical computation of electromagnetic fields 
surrounding grounding systems under lightning strokes 
developed recently can be classified as follows:  
electromagnetic fields approach, transmission line approach, 
electric circuit approach and Hybrid approach. 
      Hybrid approach for the transient analysis of grounding 
system was first initiated by Dawalibi et al. [1]. This model is 
the combination of both electromagnetic field approach and 
electric circuit approach. This method includes the frequency 
influence on series internal impedances, inductive components 
and capacitive-inductive components which makes this 
method more accurate than the conventional circuit approach, 
especially when the injection source frequency is high. 
      In this study, an assessment of the transient behavior of 
grounding systems has been carried out using a new hybrid 
approach [2], where three methods are summarized:  
-Antenna theory for determining electromagnetic fields 
radiated by Hertzien dipole in infinite dissipative medium [3]; 
-Modified images theory for taking in account the interface in 
the half space instead Sommerfeld integral [4]; 
-Transmission line theory for determining the longitudinal and 
leakage current [5]. 

II. ANALYTICAL FORMULAS IN INFINITE MEDIUM 

      The rigorous expressions of electromagnetic fields in the 
dissipative medium (soil) are developed.  The vector potential 
of Hertzien dipole of length (dl), oriented in the z direction), 
immersed in dissipative medium characterized by constitutive 
constants (σ, µ, ε, respectively conductivity, permeability and 
permittivity)  and excited by an impulse current (I) in any 
point at distance ( r),  is given by[6]: 
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      From the tables of Laplace transforms [3], we take the 
inverse transform of  ���� 
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                  Where :  δ(t-r/v) is the Dirac function,  u(t-r/v)  is the 

Heaviside step function and    I1 is the first order modified 
Bessel function.   
        We also define the attenuation constant, the wave 
velocity and the relaxation time, respectively:                                 
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      Using equation (1), we take the expression of potential 
vector in time domain. The magnetic field in time domain can 
be obtained from: 
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Using Maxwell Faraday equation 
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and Lorentz Gauge 
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we take the electric field in the frequency domain:   
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Using sum mathematic manipulations we take electric fields 
components in the time domain.                                                                                                                             

III.  SEMI INFINITE MEDIUM 

     In this study, the effect of interface in semi infinite medium 
is taken into account using modified images theory. The 
electric field radiated by a current element placed above or 
below the earth’s surface can be evaluated by the modified 
method of images [4]. This method replaces the semi infinite 
medium by homogenous medium, where it’s located the 
observation point.  

IV.    VOLTAGE AND CURRENT DISTRIBUTION 

      The time domain Telegrapher’s equations are solved using 
the finite-difference time domain method, for determining the 
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longitudinal and leakage current along the structure. The basic 
idea is to consider the buried conductor like a transmission 
line; this will be characterized therefore by per unit length 
parameters R, L, G and C. Latter, as deducted from the E.D. 
Sunde work [7]. 

V. APPLICATION 

     For this analysis we take the same example treated by 
Grcev et al. [8], a 60 m by 60 m square ground grid with 10 m 
by 10 m meshes, made of copper conductor with 1.4 cm 
diameter, and buried at a depth of 0.5 m under the earth’s 
surface figure 1. The soil is assumed to be homogenous with a 
resistivity 100 Ω.m, a relative permittivity 9 and a relative 
permeability 1. 
 
 

 
 
 
 
 
 
 
     
 
      
 

Fig. 1. Buried grid 

 
 

Fig.  2.  Magnetic field (corner injection) 

 
Fig. 3. Magnetic field (center injection) 

 

    Figure 2 and 3 show the cartography (70mx70m) of 
magnetic field at the interface, radiated by buried grid 
(60mx60m) excited respectively at corner and center.  
    Figure 4 illustrates electric field (Ex component) along 20 
meter profile at the soil interface, radiated by two electrodes 
(2x15 meters length) excited at middle point. 

 

     
             

Fig. 4.  Electric Field, Components Ex 

CONCLUSION 

     In this work, a new computational approach for 
characterizing the transient electromagnetic fields generated 
by large earthing systems, directly in time domain, is 
proposed.  The theoretical expressions of electromagnetic 
fields generated by an electric dipole immersed in dissipative 
medium are developed. Electromagnetic environment 
surrounding large grounding systems (one electrode, two 
electrodes and grid) can be predicted in any point of interest.      
Our method can be either in time and in frequency domain, 
it’s very easy to understand, reasonably accurate and time 
efficient.  

REFERENCES 

[1] F. Dawalibi and A. Selby, “Electromagnetic Fields of Energized 
Conductors,” IEEE Trans. on Power Delivery, vol.8, no.3, pp.1275-
1284, 1993.  

[2] M. Lefouili,    K. Kerroum, K. El Khamlichi Drissi. “ Rapid idea of 
located defects on grounding systems,” International Journal of 
Numerical Modelling: Electronic Networks, Devices and Fields, vol.24, 
no.5,  pp.496-506, 2011.     

[3] J. Song and K.M. Chen, “ Propagation of EM pulses excited by an  
electric dipole in a conducting medium” IEEE Trans. on antenna            
propagation, vol 41, no.10, pp.1414-1421, 1993. 

[4] T.Takashima, T. Nakae, and R. Ishibashi, “High frequency 
characteristics of impedance to grounding field distribution of ground 
electrodes”, IEEE Trans. Power apparatus and systems, vol.pas-100, 
no.4, pp.1893-1899, 1981. 

[5] D. Poljak, A. Shoory, F. Rachidi,et al. “Time-Domain Generalized 
Telegrapher's Equations for the Electromagnetic Field Coupling to Finite 
Length Wires Above a Lossy Ground”  IEEE Trans. on Electromagnetic 
Compatibility,  vol.54   no.1   pp. 218-224,   2012  

[6] M. Trlep, M. Jesenik and A. Hamler, “Transient calculation of EM fields 
for grounding system based on consideration of deplacement current”, 
IEEE Trans.on Magnetic, vol.48, no.2, pp.207-210 , 2012. 

[7] E. D. Sunde, “Earth conducting effects in transmission systems”. New  
York, N.y. Dover      publications , INC 1968. 

[8] L.D.Grcev and  F.E. Menter, “Transient electromagnetic fields near 
large earthing systems” IEEE Trans. on    magnetic  vol.32, no.3, 
pp.1525-1528, 1996. 

Air : µ0, ε0 
 
soil : µ0  , ε,  σ 
 h 


