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Abstract: '
This research describes simulation and experimental investigations of surge response
of a vertical conductor, including effects of ground plane and without ground plane.
There is a theoretical formula of surge impedance in case with ground plane and
without ground plane. In this research, this theoretical values of surge impedance are
examined by simulation analysis of the vertical conductor using the Numerical
Electromagnetic Code (NEC-2) as well as experimental basis. The arrangement of the
current lead wire in vertical conductor madel to be analyzed here is also verified with
simulation result of an equivalent circuit model by the Electromagnetic Transients
Program (EMTP).
Simulation of very fast surge phenomena in a three-dimensional (3-D) structure
requires a methoc based on Maxwell's equations, such as the finite difference time
domain (FDTD) " method or the method of moments (MoM), because
circuit-equation-based methods cannot deal with this phenomena. A method of thin
wire representation of the vertical conductor system is employed here which is
suitable for the 3-D surge simulation. The thin wire representation is indispensable to
simulate electromagnetic surges on wires or steel frames of which the radius is
smaller than a discretized space step used in the FDTD simulation. In this research, a
general surge analysis program named VSTL (Virtual Surge Test Lab.) based on the
Maxwell equations formulated by the FDTD method, is used to simulate surge
phenomena of a vertical conductor, including effects of ground plane and without
ground plane. Finally, comparisons between simulation resuits of FDTD method and
MoM are presente,d along with the experimental analysis and theoretical results of
surge impedance.
A consideration or; the vertical conductor surge impedance is also prescribed here
associated with the phenomena of ground plane and without ground plane and
including effects of return stroke. The maximum difference for the effect of return
current wave without ground plane is about 10 percent. For the case of horizontal
input, the surge impedance is always less than the case with vertical input because of
the induce current to the vertical conductor. The maximum difference between the
cases with ground and without ground plane is about 23 percent.
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