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Abstract

The transient overvoltage is one of the main causes at damaging the power
system equipments. The transient overvoltage evaluation due to lightning and
switching and analyzing the effective factors to accent it could obtain the good
situation for presenting the solution of cpntrolling possible problems.
Investigating the transient overvoltage at various location of substation and
presenting suitable results for reducing the overvoltage make the safe condition
from point of view destruction at equipments such as power transformers,
isolators, cable accessories, cables and etc. Consequently, the power system
reliability and power quality could be improved. So, doing these investigations
at power system substations is so essential. Recently using the Gas Insulated

Substation (GIS) is used more due to less needed area and insulation concepts.

With mention above introduction for definition the importance level of
transient overvoltage at substations, this subject is considered for Master of
Science thesis. In this way, two main categories of investigation are focused,
namely, lightning transient overvoltages and switching transient overvoltages.
At the lightning subdivision, stroking the lightning current to transmission line
connected to GIS is simulated and at switching subdivision the Very Fast

Transient Overvltage (VFTO) and ferroresonance subjects are studied.

One of the main reasons for electrical insulation breakdown at transformer is
VFTO. This phenomenon is cause of the asymmetric electrical field that is
produced following the disconnector/circuit breaker action at the GIS. In the
project, accurate modeling for various equipments at 400/230 KV GIS Boushehr

Substation has been implemented to simulate the VFTO behavior at the GIS.



Then, the ferrite ring protective device has been considered to limit the VFTO
magnitude and smooth the time to crest of the VFTO waves. In this way, a new
algorithm for ferrite ring frequency depended modeling has been presented at
Electromagnetic Transient Program (EMTP) Software. In continues, the
optimum dimension of ferrite ring from point of view insulation coordination is
determined with applying the Comsol Multiphysics Software. The feasible study
for applying the ferrite ring with different composition such as Mn-Zn, Ni-Zn,
0.8MnZn+0.2NiZn has been investigated and the reduced percentage at VFTO

magnitude at each composition are reported.

Studying the lightning transient overvoltages is considered as another
chapter. In this chapter, the lightning transient overvoltages are investigated at
configuration that is common at GIS substations. In this configuration, the
transmission lines are directly connected to cables and cables with transformers
are connected to GIS switchgear. The ovevoltages with dangerous magnitudes
are recorded at this structure. The 230 KV switchgear of Boushehr substation
has this condition. The simulation has been proved the surge arresters are not
able to damp these overvoltages. So the feasible study for optimum number and

location for Transmission Line Surge Arresters (TLSA) have been investigated.

The ferroresonance phenomenon has been investigated at another chapter.
In this study, modeling of the hysteresis nonlinear characteristic for transformer
core is so essential. The actuator is statistical switching that is opened with
normal distribution. In this chapter the ferroresonance phenomena has been
evaluated from point of view overvoltages magnitude and ferroresonace mode.

For detection the ferroresonance mode the phase-plane method and frequency



spectrum scan are applied. At the end, the hysteresis characteristic parameters

are changed to analyze their effect at overvoltgaes magnitude.
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