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Abstract—This paper deals with the finite-difference time-
domain (FDTD) calculation of the lightning electromagnetic
fields in the air and inside a finitely conducting ground with
non-uniform mesh considering soil ionization. Non-uniform
mesh in the FDTD is adopted to make the FDTD calculation
more efficient, and a comparison between the results of non-
uniform mesh and the results of uniform mesh is presented to
prove the correctness of the proposed approach. Three different
values for the ground conductivity and a soil ionization model
are considered in the calculations. The results obtained using
FDTD and those in other papers are identical. It is also shown
that the approach proposed is able to calculate the
electromagnetic fields with the soil ionization considered.

Index Terms—FDTD, lightning, non-uniform mesh, soil
ionization.

|. INTRODUCTION

A great deal of attention has been devoted recently to the
problem of evaluating the lightning electromagnetic fields in
the air and inside a finitdy conducting ground [1-3]. The
finite-difference time-domain (FDTD) method can be utilized
to analyze the lightning eectromagnetic fields [4-7]. If a
surge high current flows in a ground, the soil in the vicinity
of the ground electrode would be ionized [7]. In this paper,
the attention is paid on how to calculate more efficiently the
lightning €ectromagnetic fidds in the air and the
underground lightning electromagnetic fields considering soil
ionization, using FDTD with non-uniform mesh.

1. FDTD METHOD USING NON-UNIFORM MESH

As mentioned earlier, the two-dimensional cylindrical
coordinates FDTD using non-uniform mesh is developed to
improve the efficiency of the FDTD calculation and help to
focus a large number of cels in regions of intered.
Simulation requires construction of two mesh regions a
coarse mesh region and a fine mesh region surrounding the
area of interest as shown in Fig.1. Once the displacement
termsfor the fine nodes are obtained, the results from the fine
region are used to update the coarse region at the interface of
the coarse region and fine region through the relevant
interpolation [4]. The average values for the electromagnetic
parameters, for example, the dielectric constant and the
eectrical conductivity have been done to implement the
interface condition at the interface of the air region and
ground region.

In this paper, we use the subscript "c" to indicate the
coarse mesh region variables and the subscript "f* to indicate
the fine mesh region variables. Once the displacement terms
for the fine nodes are obtained, the results from the fine
region are used to update the coarse region at the interface of
the coarse region and fine region through simple average
values. The first-order Mur absorbing boundary conditions
are adopted. In the source region, according to Ampere’s law,
the difference equation of E, can be trested especially [2].
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Fig.1. Geometry of the FDTD calculation.

[11. SOIL IONIZATION MODEL
If a surge high current flows in a ground, the sail in the
vicinity of the ground eectrode would be ionized. A soil
ionization model, on the basis of the dynamic soil resistivity
model, has been adopted, and the resigtivity of each sail-
representing cell is controlled by the instantaneous value of
the dectric field there and timein the model [7].

IV. NUMERICAL RESULTS

The adopted model for the return stroke is the modified
transmission line model with exponential decay (MTLE) [1]
with a decay constant of 2 km. The return stroke speed is
1.5" 10® m/s. The Heidler current expression and the detailed
parameters are given in [1]. The parameters of the soil
ionization model r, =63Wsm , E, =50kv/m,t; =2 ps, and
t, =1us were employed in the FDTD calculations. Two
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other different values for the ground conductivity, namely
s =001S/m and s =0.001Sm are considered. The
relative permittivity is e, =5. Thecell szesareDz, =3.5m,
Dr, =3.5m,Dz; ==1.0m, Dry =1.0 m, respectively.

A. FDTD Using Uniform Mesh and Non-uniform Mesh
without Soil Ionization

In this example, the underground fields and the fields on
the ground are analyzed without soil ionization. A
comparison between three different results has been presented
in Fig.2 and Fig.3. Dimensions of the uniform fine mesh
regions are 1800x1500 cells, the calculation consumes 15.1
minutes. Dimensions of the non-uniform mesh regions are:
400%400 cellsfor the coarse mesh, the sum of 400x1500 cells
and 1400x100 cells for the fine mesh. The corresponding
calculation consumes 4.0 minutes. It can be seen that the
results are in excellent agreement with each other and the
FDTD with non-uniform mesh is very efficient and valid.
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Fig.2. Comparison of the horizontal electric field
when r=50m, z=10 m ( o =0.01 S‘m and o =0.001 S/m).

400} | —o—Reaultsfrom [2], s=0.00S/m ]
g —— Uni%ﬁam%éﬁﬁ?ﬁﬁq
= -600} A ]
< n-uniform FDTD, s=0.01 ¥m
L 800 - A Resultsfrom [2], s=0.001 ¥/m

-1000} j —+—Uniform FDTD, s=000L §m

-1200} —>— Non-uniform FDTD, s=0.001 S/m]
r=50m, z=-5m
-1400 " J h 1
0 2 4 6 8
t/ms

Fig.3. Comparison of the underground horizontal ectric field
when r=50 m, z=-5 m (¢ =0.01 Sm and ¢ =0.001 S/m).

B. FDTD Using Non-uniform Mesh with Soil lonization

In this example, the underground fields and the fields on
the ground are calculated with soil ionization. The soil
ionization parameters are mentioned earlier. The results of
FDTD have been presented in Fig.4 and Fig.5 with soil
ionization and without soil ionization. It can be seen that the
results on the ground reach an excellent agreement with each
other. The underground fields are identical with the ones
without sail ionization, when the distance from the lightning
channdl is longer than 5 m. Only at the very close to the
lightning channel, the underground fields are oscillated for

the early time response, but reach an excellent consistency at
the last time.
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Fig.4. Comparison of the horizontal electric field
whenr=1m, z=z1 mandr=5m,z=2 m.
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Fig.5. Comparison of the underground horizontal electric field

whenr=1m, z=-1 mand r=5m, z=-2m.
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