CHAPTER THREE
RESEARCH METHODOLOGY
This chapter outlines the methodology adopted to achieve the objectives of this study on the optimization of power flow and voltage stability in electrical power systems. It describes the research design, simulation tools, test systems, model development, and validation techniques used to analyze and optimize the performance of the power network.
3.1 Research Design
The research employs a simulation-based quantitative design that integrates traditional load flow analysis with heuristic optimization algorithms. It involves modeling electrical networks, conducting baseline analyses using classical methods, and implementing heuristic algorithms to optimize system performance. Comparative performance evaluation is carried out based on selected technical metrics such as voltage stability, power losses, and convergence behavior.
3.2 System Modeling and Simulation Tools
Simulation of the power system is conducted using MATLAB/Simulink due to its extensive capabilities in numerical computation, matrix handling, and toolbox support for power systems and optimization. The Power System Analysis Toolbox (PSAT) or custom scripts may also be used for modeling bus systems and running power flow analyses. The IEEE 14-bus and 30-bus test systems are selected due to their widespread adoption in research and education.
3.3 Load Flow Analysis
Initial load flow analysis is carried out using the Newton-Raphson method to establish baseline system parameters such as bus voltages, power injections, and line flows. This forms the reference model for comparison with optimized results. Voltage profiles and active/reactive power flows are documented for analysis.
3.4 Optimization Algorithm Implementation
To optimize power flow and voltage stability, heuristic algorithms such as Genetic Algorithms (GA) and Particle Swarm Optimization (PSO) are implemented. These algorithms are designed to minimize an objective function subject to system constraints. The objective function includes minimization of real power loss and deviation from nominal voltage limits.

The algorithm steps include:
1. Initialization of population/particles.
2. Evaluation of fitness function based on power loss and voltage deviation.
3. Update of solution candidates using evolutionary or swarm-based strategies.
4. Convergence check based on iteration or fitness threshold.
5. Output of optimal control settings (generator outputs, tap settings, etc.).
3.5 Model Validation and Evaluation
The optimized results are validated by comparing them to the baseline scenario. Evaluation criteria include:
- Reduction in total active power loss (kW).
- Improvement in minimum and maximum bus voltage levels.
- Convergence rate and algorithm robustness.
- Suitability of algorithm under different loading conditions.

Sensitivity analysis may also be conducted by altering network loading conditions to test the adaptability of the optimization models.
3.6 Summary
This chapter has presented the methodology used for analyzing and optimizing power flow and voltage stability. It covers the modeling of standard IEEE test systems, implementation of classical and heuristic optimization methods, and performance evaluation criteria. The next chapter will present and discuss the simulation results based on this methodology.

