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A lightning strike to a transmission tower and resultant overvoltages are severe threats to the stable
operation of electric power systems. The precise estimation of accidents and cost-effective countermeasures
against lightning is indispensable. This thesis proposed a transmission tower and a line model to analyze
lightning transients in the power systems. Back-flashover (BFO) analyses of transmission lines were
performed using the presented models. The BFO characteristics were clarified, and also the efficiency of
transmission line surge arresters (TLSAs) for reducing lightning accidents was analyzed.

The presented tower and line model can consider the non-transverse electromagnetic (non-TEM)
characteristics of lightning-struck transmission towers and lines. When lightning strikes transmission tower
top or overhead transmission line, the electromagnetic field spherically expands from the lightning-struck
point. The TEM-mode, which is assumed in existing transmission tower and line models, cannot fully explain
this initially dynamic non-TEM characteristic and resultant insulator voltages. This thesis revealed the non-
TEM characteristics by the finite difference time domain (FDTD) analysis. The non-TEM characteristics of
the lightning-struck tower and line include 1) gradually rising characteristics of the tower surge impedance
with time, 2) gradually rising self and mutual surge impedance of transmission line with time and the time
delays in mutual couplings corresponding to the separation distances, and 3) significant wave attenuation
along the tower. The presented transmission tower and line model takes into account these characteristics. The
insulator voltages computed by the presented model were thoroughly validated by referencing the FDTD-
computed voltages and measured voltages at actual transmission towers reported in the past. Existing
transmission tower and line models could have underestimated the insulator voltages.

Practical BFO analyses in high voltage (HV) and extra-high voltage (EHV) transmission lines were
performed using the presented transmission tower and line models. The flashover (FO) model based on the
leader progression method (LPM) was optimized for the HV transmission line. The generalized FO model
and the TLSA model represented by the nonlinear resistance were utilized for the BFO analyses. The analyses
revealed that the BFO characteristics depend on the power frequency voltages: in case the negative lightning
strikes, the BFO occurs preliminary at phases with the positive power frequency voltages, while there is a
possibility of BFOs at phases with the negative voltages. The analyses also identified the significant
dependence of the minimum lightning current causing a lightning failure on the power frequency voltages,
and the dependence clearly explained the BFO characteristics observed in an actual HV transmission line
reported in the past. The reduction of the lightning fault rate by installing TLSAs was further analyzed for HV
and EHV transmission lines. The optimum arrangement of TLSAs for any transmission line can be
determined based on the presented models and the methodology.

The presented models can be implemented in any circuit simulator. The models and the analysis
methodologies presented in this thesis provide a high-speed and accurate estimation of the lightning
performance of transmission lines.



