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When an overhead shield wire of transmission line is struck by lightning, corona discharge will occur on
this wire. Corona discharge around a shield wire reduces its characteristic impedance, and increases the
coupling between the shield wire and phase conductors. The reduced characteristic impedance of the shield
wire results in a smaller tower current, and the increased coupling to the phase conductors increases
phase-conductor voltages. As a result, corona discharge serves to reduce arcing-homn voltages. Also, it
distorts the wavefronts of propagating lightning voltage surges. Thus, it is important to consider corona
effects in computing lightning surges on transmission lines and in designing their lightning protection. A
lightning surge propagating along a transmission line radiates transient electro-magnetic fields, which
induce transient voltages on nearby conductors, such as telecommunication lines. Therefore, it is also
significant to consider the effects of corona on overhead conductors from the view point of electromagnetic
compatibility.

Several models accounting for corona discharge have been proposed for lightning surge computations
using the electro-magnetic transients program (EMTP). Also, engineering models, which take into account
physical characteristics of corona discharge, are found in literatures. However, no model has been proposed
for electromagnetic computations using the finite-difference time-domain (FDTD) method, which has
recently been used in surge computations.

In this thesis, a simplified model of corona discharge for the FDTD method is proposed for surge
computations. The validity of this corona model is tested against experimental data and used for lightning
surge simulations.

In chapter 2, fundamental concept and features of circuit-analysis methods and those of
electromagnetic-computation methods are described. Then, the basic theory of the FDTD method for
solving Maxwell’s equations, which has been employed frequently in lightning surge simulations, and
thin-wire-representing techniques for FDTD simulations are explained. Finally, representative applications
of the FDTD method to surge simulations are reviewed.

In chapter 3, modeling of corona discharge on overhead wire for FDTD computations is explained. In
the model, the progression of corona streamers from the wire is represented as the radial expansion of
cylindrical conducting region around the wire. The validity of this corona model is tested against
experimental data. Specifically, the waveform of radial current, and the relation between the total charge
(charge deposited on the wire and emanated corona charge) and applied voltage (g-V curve), computed
using the FDTD method including the corona model for 22 m and 44 m long horizontal wires, are compared
with the corresponding measured ones. Also, the computed increase of coupling between the energized wire
and another wire nearby due to corona discharge is compared with the corresponding measured one. Further,
the computed waveforms (including wavefront distortion and attenuation at later times) of fast-front surge
voltages at different distances from the energized end of 1.4-km and 2.2-km long overhead wires are
compared with the corresponding measured waveforms.



In chapter 4, the application of corona discharge model to lightning electromagnetic pulse computations
is reviewed. Firstly, the simplified model of corona discharge for FDTD computations is applied to the
analysis of transient voltages across insulators of a transmission line struck by lightning. In the simulation,
three 60-m towers, separated by 200 m, with one overhead ground wire and three-phase conductors are
employed. The progression of corona streamers from the ground wire is represented as the radial expansion
of cylindrical conducting region around the wire. On the basis of the computed results, the effect of corona
discharge at the ground wire on transient insulator voltages is examined. Secondly, the simplified model of
corona discharge is applied to analysis of lightning-induced voltages at different points along a 5-mm radius,
1-km long single overhead wire taking into account corona space charge around the wire. Both perfectly
conducting and lossy ground cases are considered. The magnitudes of FDTD-computed lightning induced
voltages in the presence of corona discharge are compared with that reported by Nucci et al. and Dragan et
al.. These results show that the proposed corona-discharge model is valid in lightning surge simulations with
the FDTD method. Also, it is expected to be very useful in lightning surge protection design and study.

The conclusions sumarizing to the research work presented in this thesis are given in chapter 5.



