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Effect of Corona on Lightning-Induced Voltages
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Abstract— A simplified model of corona discharge for the finite-
difference time-domain (FDTD) computations has been applied to
analysis of lightning-induced voltages at different points along a
single overhead wire in the presence of corona space charge around
the wire. The magnitudes of FDTD-computed lightning-induced
voltages in the presence of corona discharge are slightly larger than
those computed without considering corona.
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l. INTRODUCTION

In this paper, we apply a simplified (engineering) model [1,

2] of corona discharge developed for FDTD computations to
analyzing lightning-induced voltages on a single wire above
ground, which simulates the configurations employed in Nucci
et al. [3] and Dragan et al. [4]. In the corona model, the
progression of corona streamers from the wire is represented
as the radial expansion of cylindrical weakly-conducting (40
uS/m) region (sheath) around the wire.

Il.  MODELING

Figs. 1 (a) and (b) show the plan (xy-plane) and side (yz-
plane) views of a 5-mm radius, 1-km long overhead horizontal
perfectly conducting wire located 7.5 m above ground.
Lightning channel is represented by a 600-m long, vertical
phased ideal current source array. Two cases are considered in
which lightning is assumed to terminate on ground at points A
(midpoint of the wire) and B (close to one of the line
terminations). For FDTD computations, this conductor system
is accommodated in a working volume of 400 m x 1200 m x
750 m. Cell sides along x, y and z axes are 2.2 cm in the
vicinity of the conductors, and increase gradually to 10 and
200 cm beyond that region. Corona discharge is assumed to
occur only on the horizontal wire.

I11.  ANALYSIS AND RESULTS

Figs. 2 (a) and (b) illustrate induced voltages at different
points along the overhead wire with and without considering
corona on the wire, computed using the FDTD method for a
negative lightning return stroke. Fig. 2 (a) is for stroke
location A (35-kA current), and Fig. 2 (b) is for stroke
location B (55-kA current). It follows from Fig. 2 that the
induced voltage magnitudes are larger and the risetimes are
longer in the presence of corona discharge on the horizontal
wire. This trend agrees with that reported in [3] and [4],
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although the increase predicted by our full-wave model (up to
5%) is less significant than in their studies based on the
circuit-theory approach (up to a factor of 2).
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Figure 1.  Plan and side views of a 5-mm radius, 1-km long overhead
horizontal wire located 7.5-m above the ground.
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Figure 2. FDTD-computed waveforms of induced voltages at different
points along the wire. The computations were performed for perfectly
conducting ground with (a) stroke location A (y = 500 m) and (b) stroke
location B (neary =0 m).
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