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Abstract

Transient phenomena in power transmission lines are one of the fundamental issues in
electrical engineering that can occur due to reasons such as electrical faults, lightning strikes,
load changes, or sudden equipment disconnections and connections. These phenomena cause
severe and sudden changes in voltage and current and can cause serious damage to critical
equipment in power networks, including transformers, insulators, and protective equipment.
Accurate identification and modeling of these phenomena is essential to understand the
behavior of the network under critical conditions and prevent damage caused by them. A
correct understanding of the effects of frequency and voltage fluctuations in these conditions,
especially in long transmission lines, is of particular importance. In this research, the
modeling of transient phenomena in power transmission lines is focused on the effects of
frequency and voltage fluctuations. The research methodology in this study is as follows:
First, historical and real-time data including parameters related to transient phenomena
such as frequency, voltage, load, and temperature are collected from reliable sources. Then,
these data are preprocessed and cleaned using MATLAB, which includes removing noise and
outliers and normalizing values. After preprocessing, the data are subjected to exploratory
analysis using various MATLAB tools to identify existing patterns and correlations. In the
next step, based on the results obtained, analysis and modeling algorithms are designed using
statistical and machine learning methods and implemented in the MATLAB environment.
Finally, the models are tested and validated using experimental data and their performance
is evaluated with tools such as cross-validation and confusion matrix. The analysis results
show that the main factors causing frequency and voltage fluctuations in power transmission
networks include sudden load changes, disruptions in generation, and incompatibility of
distributed generation resources with the network. The negative correlation coefficient
between load and frequency variations (-0.55) and voltage (-0.43) indicates the significant
impact of these variations on system stability. In addition, the positive and high dependence
between frequency and voltage (0.85) emphasizes the mutual effects of these two parameters
and highlights the importance of managing and controlling their fluctuations. These findings
emphasize the need for accurate modeling and system dynamics analysis in order to identify
and reduce instability factors. The use of transient modeling with the help of accurate
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simulations and real-time data has improved the accuracy of analysis and control of
fluctuations in power transmission networks. Simulations performed with MATLAB and the
use of data from real-time sensors (such as PMU and SCADA) have enabled the accurate
identification of transient phenomena and the improvement of control and protection
solutions. Strategies such as the use of load response systems and increasing grid flexibility
by utilizing smart technologies and distributed generation resources play an effective role in

reducing the damage caused by fluctuations and improve power quality and grid stability.

Keywords: Power transmission lines, frequency fluctuations, voltage fluctuations, power

transmission grid, grid stability

AR



