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Abstract - It is introduced a discretization technique in
the space and time of the phenomenon based on
transmission line and wave propagation model to
calculate the current distribution in a structure and on
the infinitesimal time-varing dipole and image method
to calculate the magnetic field around it.

L Introdution

Oneofthcmostmponantproblemrelawdto
Electromagnetic Compatibility  analigys® is the
evaluation of the electromagnetic environment around a
structure struck by a direct lightning.

Beyond the classified areas, where the insurance
aspects related to explosion harzards are very
important, the evaluation of the effects resulting from
lightning has been assuming a special concern in our
modern society due to the use of high susceptibility
equipments, like electronic ones, in many social
activities in a wide variety of functions.

This work was proposed due to the necessity of
developing an electromagnetic field calculation
methodology in the interior of a lightning protection
system during a lightning stroke, suitable for the
evaluation of energy and interference level associated
with them.

The objective of the present work is to carry out a
discretization technique in the space and time that
meets the need of calculating the current distribution
in a lightning protection system and the flux density or
magnetic field inside the protected volume.

For this proposc was developed a three-dimensional
element or cell, where the central node corresponds to a
Jjunction of transmission lines, forming a impedance
descontinuity in each line Figure 1 shows this element.

Figure 1: Proposed Three-dimensional
Element

The response of the cell to incident voltage pulses and
the current distribution were determined by
transmission line and wave propagation theory.

Then, using the dipole and images theory was
calculated the contribution of each reflected and
incident current of the element to the magnetic field.
The total magnetic field as a function of the time, in
any point of the space, can then be determined by
superposition, after subdividing the protection system
conductors into a finite number of elementery units,
represented by the proposed three-dimensional element
or cell.

It was assumed in the present model some
simplifications that could be reduced jn a second round,
without damage to the general philosophy adopted up
to this moment.

Among these simplifications are the calculation of
transmition line parameters through traditional
formulas, not taking in account the non-linear
ionization phenomena, and the simulation of the
lightning stroke by a unidirectional current source.
Some numerical results are shown in order to evaluate
the physical and mathematical consistence of the

proposed methodology.
IL Impulse Response of the Cell

Thcimpuisemponscoftheccuat instants k, k+land
k+2 is ilustrated by figure 2.
lfatum,.{k_g)%,voltagcunpmscsmy‘_ on lines
1 to n are incident on any serie node of the cell, then,
ﬂ:ercﬂectedvoltagaontbcsclinwalﬁme,=ka%c

will be represented by equation 01.
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Figure 2: Impulse response of the cell
at instants k, k+1and k+2
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Z_ is the characteristic impedance of line "n" and the

r i value of SR® depends on the position and direction of
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Equation (02) shows us how reflected impulses, from 1he ficld generated by a clemental dipole of current
neighboring cells, becomes incident impulses on the Propagating along y axis with speed Vis given by

Table I : Value of SR as a function of the coordinates
of cells
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cell (zx,y) : [02), where the geometrical factores are shown in the
figure 3 :
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:::::: Then, the magnetic field from the reflected and
(20001 P incident currents along lines 5 or 6, can be found by
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so0 010 plus (9).
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In the equation (3), R, is the earth resistence and Z, i T e |
the characteristic impedance of the vertical lines. "i il : s
The reflected and incident current along line "n”, at _'_‘\.\_‘I‘ .l .
instant "k", will be respectivily: H\"‘z‘.
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Figure 3: Definition of geometrical factores used in
05) the field computation.
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The same though can be used to obtain the magnetic
field due to the currents along lines 1,3 and 2,4. The
total field will be, then, obtained by superposition.
IV. Results

With the model described some results were obtained,
like shown in the following examples:

Example 1: Represented by figure 4

Figure 4 : Sketch of a structure struck by a lightning
at point (0,0,0) and of the applied three-
dimensional elements .

In this example, the characteristic impedances of
vertical and horizontal lines are assumed as 11202 and
245€), carth resistence (Rat) as 50 and the current
source is represented by the function :

I=5t(kA)for t<2 {5 and I=10[0.5t-0.51(t-2))kA)
fort) 2.

The current distribution in the cell (000) and the
magnetic flux density as a function of time (yis) at
point (0,3,-1.25) m, due the current distribution in the
structure, are represented in the figures 5 and 6.
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Figure 5 : Current distribution in the cell (000)
(Example 1)
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Figure 6: Magnetic flux density B ({4T°) as a function
of time (J15) at point (0,3,-1.25) m, due the
current distribution in the structure.

Example 2 : Represented by figure 7.

Figure 7 : Sketch of a three-dimensional structure
struck by a lightning at point (0,0,0) .

In this example, the characteristic impedances of
vertical and horizontal lines are assumed as 323,97€2
and 424,92£) the applied element, the earth resistence
and the current source are the same represented in the
example 1.

The current distribution in the cell (000) and the
magnetic flux density as a function of time (}is) at
point (0,3,-1.25) m, due the current distribution in the
structure, are represented in the figures 8 and 9.
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Figure 8 : Current distribution in the cell (000)
(Example 2)
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Magnetic flux density B (u7') and
components as a function of time (us)
at point (0,3,-1.5)m, due the current
distribution in the structure.

Figure 9:

V. Conclusion

It was shown that, the proposed methodology is a
suitable numerical method to be used when the
evaluation of electromagnetic environment is necessary.
This method will be improved, in the future, when the
nonlinear and the lightning channel effects will be
considered.
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