Novel Formulation to Determine the Potential on the Soburface
Generated by a Lightning Surge

Daniel S. Gazzang Guilherme A. D. Dia$, Roberto C. Leborgne Arturo S. Bretas? Marcos Tell&, Dave W. P.
Thomas$, Christos Christopoulos

! Department of Electrical Engineering, UFRGS Unsityr Porto Alegre — RS, Brazil, dgazzana@ece.rgs
gaddias@terra.com.br, rcl@ece.ufrgs.br
2 Department of Electrical and Computer Engineeritigjyversity of Florida, Gainesville — FL, USA, ara@ece.ufl.edu
% State Company of Electrical Energy CEEE-D, Portegle — RS, Brazil, marcost@ceee.com.br
“The George Green Institute for ElectromagneticeeResh, University of Nottingham, Nottingham, Unitéihgdom,
dave.thomas@nottingham.ac.uk; christos.christop@Ilwottingham.ac.uk

This paper presents the development of an analyti€formulation for estimating the potential in the soil surface, caused by electric
current calculated on a grounding conductor throughthe Transmission Line Modeling Method (TLM). The formulation has great
significance in its use in conjunction with one-diransional numerical methods in general manner, whichre not able to determine such
potentials directly. The proposed study is focusedn lightning surges and it takes into account theréquency dependence of the soil
properties.

I ndex Terms— Computational electromagnetics, Grounding, Lightring protection.

|. INTRODUCTION

EVERAL numerical methods can be used for the repres
tation and analysis of grounding systems [1]. Mahguch
methodologies can be implemented in one (1D), tRD) (or
three (3D) dimensions, as the case of TLM [2]. Apraach
in one-dimension enables the analysis on a singbedmnate
space, either x, y or z. An implementation in twoensional
leads the calculations in a plane and finally, ¢hdemensional
methods allow a spatial analysis. Fig. 1. Representation of a point P and a conduCtburied in a depth h in a
The choice of a numerical method, as well as itsedision tree-dimensional space S.
to the solution of an electromagnetic problems énegal
manner, should be made based on the requirementiseof [I. ANALYTICAL FORMULATION

system representation to be analyzed, taking intwunt itS  starting from a current (A) dissipated along a grounding

accuracy, procedure of implementation and compmnati electrode with length (m), buried in homogeneous soil with

performance. resistivity ps (Qm) and considering a correction facfgrthe
3D methodologies are more versatile and suitabiettie  potential in the soil surfacé (V) for an stationary analysis in

representation of more elaborate structures, nadgesith |ow frequency (60 Hz) can be determined based pfs{1
different properties, non-homogeneous medium aretjilar

. . , . I [p,
geometries. However, the degree of implementatmmptexi- v=_Pery (1)

. : ; . 20l
ty and the .h'gh computa_tlonal processing m_ake_apmo_ach However, in the case of fast phenomena, such @nligi
less attractive in comparison with a method in dimeension,

. . . the stationary approach is considered incorreétigbempor-
for representation and analysis of simple strustuseich as y app higoEnp

. . . . tant in this case to consider the behavior of thegliom as a
horizontal or vertical grounding electrodes in hgeweous function of frequency. Consequently, a medium sticoe
sail. ) ’

. . described by the behavior of its conductivitand permittivi-
On_t_he oth_er hand, a 3D me_thod is able to d(_eterrthae ty ¢ in a complex representation with frequency depeode
guantities of interest at any point P of a studyndm S, as

|Ilustrated_|n Fig. 1. Thus, the poter_mal ge_neuiaae one p0|_nt In the formulation, it is assumed that the eleetrizurrentl
on the soil surface can be determined directly.s®tve this

bl b 1D thod. which has it oot tat a timet injected into a grounding conductor can also be
problem base on a method, which has 1is computa represented in a complex form and that it is unilgrdistri-
restricted to a single coordinate, and in the cagdy on the

) : . buted along the symmetry axis of the conductor. plishgy the
\g/g?tl;;(ilg?n ?hlicég):cz Sltinbdei‘::;g;s necessary to elirtiwe correction factoff, and the propagation constgnassociated

with the factor e/, it is possible estimate the potential
V(x",y",z") in a pointP on the soil surface, now considering




the dependence of soil parameters with the frequeStarting
from (1) and based on a mathematical developmeit,db-
tained (2),
| it
27 0o, + jwlg )

VX +y2+ 22 +x
\/(x—l)2+y2+z2 +x -l
where:V(x",y”,z"") is the voltage (V) in point of coordi-
natesP(x”,y”,z"”) (m);t is the time (s)w is the angular fre-

quency (rad/s)le’! is the complex current (A);is the elec-
trode length (m)g, is the soil relative permittivitys, is the
vacuum permittivity (F/m)ps is the soil conductivity (¢m]-
1); y is the propagation constamtis the distance between the
middle point of conducto€ and pointP on the soil surface
(m) andx, y andz are the relative coordinates.

With this equation, the currehtdetermined on a grounding
electrode by a method in one-dimension can be tsedbti-
mate the potential generated in the soil by me&m@srumeri-
cal implementation.

v(xhy'z')= T 0

&)

In

In order to illustrate the elevation of potentia the soil
surface, a horizontal electrode buried in homogegesoil
parallel tox axis, with lengtH = 10 m, radius = 6.5 mm and
divided in 10 segmentgix = 1 m) is considered. In this study
the soil is characterized by its resistivily = 100 Qm and
relative permittivitye, = 10. Also a current surge with 10 kA

COMPUTATION AND RESULTS

(8 x 20) us applied in the origin of the electrode in a poing

C(x',y’,2") = (0,0,h) with a representative frequenty 500
kHz is assumed. Based on (2) it is possible to drguipoten-
tial curves in the time, as shown in Fig. 2.
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Fig. 2. Equipotential curve produced on the saifate int = 4.1ps.
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IV. VALIDATION

In order to validate the proposed formulation, cangons
is made with results from simulations performea icomputa-
tional tool, which presents a solution based orctEbnagnet-
ic Model [4]. It is used a conductor horizontallyrked in the

soil with lengthl = 10 m and depth = 0.5 m and radiua =
6.5 mm.

Fig. 3 illustrates the application of a currentgaucharacte-
rized as a fast wave, represented by the doublenexpial
function I(t) = 11043.33 (7923891 4001095 | this simula-
tion, it is used an electrode with the same charistics pre-
viously presented considering a soil with resisfiyis = 500

Qm and relative permittivity, = 10.
250 -

—— Estimated: préposed forn"lulation
—— Calculated: Electromagnetic Model
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Fig. 6. Generated potential on the soil surfacen@arison between Elec-
tromagnetic Model and proposed formulation forst taurrent surge.
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V.CONCLUSIONS

In this study is presented an equating to estirpatentials
enerated on the soil surface due to the electciaakent dis-
Sipation in a grounding conductor. Starting fromdés of
low frequencies and based on a quasi-stationaryoajppa-
tion and plain waves modeling, the potential on shé sur-
face can be analytically estimated for fast surgedients.

Such equating, which was conceived for horizontallyied
electrodes in one layer homogeneous soil, has shpweat
relevance to the establishment of the referred ntiele as
base in electrical quantities determined in oneedisional
numerical methods. The proposed formulation israstricted
for use only with the TLM-1D method, having genetahp-
plicability to other methodologies that are ablettimate the
electric current on the electrode.
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