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THESIS ADVISOR : ASSOC. PROF. THANATCHAI
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LIGHTNING PROTECHTION/HIGH SPEED TRAIN /SURGE PROPAGATION
FINITE DIFFERENTIAL TIME DOMAIN/FINITE ELEMENT/AUTO

TRANSFORMER

This research presented the design of the lightning protection systems for
high-speed railway systems. The rolling sphere method was employed to determine
the locations of overhead ground wire installation for the Airport Rail Link (ARL)
and Chinese high-speed railway systems. The analyses of a travelling wave by the
finite difference time domain method. The analyses of the back flashover from the
refracted voltage and surge from lightning striking at the power poles with different
resistances of ground were presented. Also, the analysis of the travelling wave in
catenary wires by using the finite difference time domain was studied to characterize
the surge voltages from back flashover and direct lightning strike at the catenary wires
when those travelling voltage waves approached the location of surge arrester
installation. The last part of this research took on the analysis of the effects of surge
voltage on the electric field in an autotransformer of high-speed railway systems by
the finite element method. The result of the design of the overhead ground wire
location using the rolling sphere method with protection level 1 showed that none of

the catenary structure touched the sphere. For the analysis result of travelling waves




in the overhead ground wire at the grounded point using the finite difference time
domain method, the higher ground resistance caused the higher refracted voltage and
the lower reflected voltage of the travelling wave. Given the analysis of back
flashover occurrence due to the refracted of the travelling wave and direct lightning
strike at the power pole when considering the same current and ground resistance for
both cases, the back flashover resulted only from the direct lightning strike, i.e. the
back flashover voltage was greater than the refracted voltage of the travelling wave.
For the effects of the electric field in an autotransformer due to the surge voltage, the
electric field strength of the insulated oil in the autotransformer with surge arrester
installation could cope with the normal operating voltage, therefore, there was no
breakdown or any discharge in the autotransformer. In the case of the direct lightning
strike at the power pole with the peak current of -100 kA and considering the
autotransformer without surge arrester instalflation and the ground resistance of over 7
ohm, the back flashover occurred discharge in the autotransformer. Likewise, the
direct lightning strike at the catenary wire at the current peak of more than -70 kA
also caused discharge in the autotransformer. The results can be summarized that the
installation of the overhead ground wire together with the low ground resistance
helped prevent the back flashover. Accordingly, the installation of surge arresters was
very essential to reduce the adverse effects of electric field due to lightning surge on

the autotransformer and catenary system.

o ; 4
School of Electrical Engineering Student’s Signature W

,,,,,,,,,,,,,, ,7 =
:}w lllll
Academic Year 2016 Adyisor’s Signature”_ .

e

P





