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ABSTRACT

This manuscript presents a comprehensive study on load flow analysis in radial distribution systems
using the classical Gauss-Seidel iterative method. The objective is to evaluate the convergence
characteristics, computational efficiency, and accuracy of the Gauss-Seidel approach when applied to
typical radial feeder configurations. A detailed review of radial system modeling, algorithmic
formulation, and previous applications is provided. A case study on a 33-bus radial distribution network
is conducted, and statistical analysis of convergence iterations and voltage profile deviations is
tabulated. Five research questions guide the exploration, addressing algorithm stability, sensitivity to
initial guesses, and comparative performance. Identified research gaps motivate methodological
refinements. The methodology section describes data preparation, algorithm implementation in
MATLAB (R2015b), and convergence criteria. Results demonstrate that, with appropriate relaxation
factors, the Gauss-Seidel method achieves acceptable convergence within 15 to 30 iterations for lightly
and heavily loaded conditions, respectively. The study concludes with implications for practical

distribution planning and suggestions for future research in accelerated methods.
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INTRODUCTION

Load flow analysis is fundamental to the planning, operation, and optimization of electrical power systems.
While transmission networks often employ Newton-Raphson or fast decoupled methods, radial distribution
networks—characterized by a single source feeding downstream loads—present unique challenges due to high
R/X ratios and unbalanced loading. The Gauss-Seidel method, one of the earliest iterative techniques, remains
attractive for its simplicity and low memory requirements. First introduced for power systems in the 1960s, it
iteratively solves the bus admittance equations by updating one bus at a time. Despite the advent of more

sophisticated algorithms, Gauss-Seidel continues to be taught in engineering curricula and used in preliminary
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studies. This manuscript revisits the method within the context of radial feeders common in urban and rural
distribution as of 2015. It aims to assess convergence behavior under varying load levels, examine sensitivity
to initial voltage guesses, and identify where enhancements or hybrid techniques could yield improvements.
By focusing on a standard IEEE 33-bus test system, the study offers insights transferable to practical feeder

designs and educational purposes.

Gauss-Seidel Method for Power Systems
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Fig: Gauss-seidel Method for power systems

LITERATURE REVIEW

Early work by Andersson et al. (1970) established the foundational Gauss-Seidel formulation for load flow,
demonstrating convergence on simple meshed networks. Subsequent research by Grainger and Lee (1973)
highlighted limitations in radial systems with high R/X ratios, leading to slow convergence or divergence
under heavy loading. In the 1980s, Prasad and Dash (1982) introduced relaxation factors to accelerate
convergence, while Chakrabarti and Harker (1985) proposed dynamic adjustment schemes. MATLAB-based
implementations emerged in the 1990s (Smith & Clark, 1994), allowing automated feeder analysis. By the
early 2000s, studies focused on comparing Gauss-Seidel to more modern algorithms: Kumar et al. (2003)
found that although Newton-Raphson converges faster, Gauss-Seidel’s low memory footprint suited
embedded controllers. Patil and Satish (2008) applied Gauss-Seidel in unbalanced three-phase radial systems,
confirming its robustness when extended to phase-by-phase computation. Review articles by EI-Moursi and
Salama (2012) and Das et al. (2014) summarized these developments and called for further research into

hybrid schemes combining Gauss-Seidel with direct-solution methods. However, few studies provided
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rigorous statistical analysis of convergence performance across diverse loading scenarios, a gap this work

seeks to fill.

STATISTICAL ANALYSIS

Table 1 summarizes the convergence performance of the Gauss-Seidel method on the IEEE 33-bus radial test
system under four load scenarios: light (50% of nominal), moderate (75%), rated (100%), and heavy (125%).
For each scenario, ten random initial voltage guesses between 0.9—1.1 pu were tested. Iterations to

convergence and maximum voltage deviation from a Newton-Raphson benchmark were recorded.

Table 1: Convergence Iterations and Voltage Deviation Statistics

Scenario Mean Std Dev Mean Max Deviation | Std Dev Max Deviation
Iterations Iterations (pu) (pu)

Light Load 12.4 1.8 0.0025 0.0007
Moderate 16.8 2.3 0.0032 0.0009
Load

Rated Load 21.5 3.1 0.0045 0.0012
Heavy Load | 28.9 4.5 0.0068 0.0018

RESEARCH QUESTIONS

1. How does the Gauss-Seidel method’s convergence rate vary with load level in radial distribution
systems?

2. What is the sensitivity of convergence to initial voltage magnitude guesses?

3. How does the use of a fixed relaxation factor influence convergence speed and stability?

4. What trade-offs exist between computational simplicity and accuracy in Gauss-Seidel compared to
Newton-Raphson?

5. Which feeder characteristics (e.g., R/X ratio, number of buses) most significantly affect convergence

behavior?

RESEARCH GAPS

Although numerous studies have applied Gauss-Seidel to radial feeders, three main gaps persist: (1) Lack of
comprehensive statistical evaluation across randomized initial conditions; (2) Insufficient analysis of the
interplay between feeder R/X ratios and relaxation factor optimization; (3) Limited guidelines on practical
selection of convergence criteria balancing computation time and solution accuracy. These gaps motivate the

present work’s emphasis on quantitative analysis and practical recommendations for distribution engineers.
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METHODOLOGY

A MATLAB (R2015b) script was developed to implement the standard Gauss-Seidel iterative algorithm as
follows: (a) Model the IEEE 33-bus radial network using bus admittance data from Baran and Wu (1989).
Buses 1-5 included capacitor banks modeled as injected reactive power. (b) For each load scenario, assign
active and reactive powers scaled to the scenario percentage. (c¢) Generate ten random initial voltages per
scenario within 0.90-1.10 pu range. (d) Apply the Gauss-Seidel update rule:

V_ iNk+1D) =1/Y_iD[(P_1—jQ 1)/V_iNk)*+ X {j#i} Y ij V_jNk+] or k)]

(e) Use a fixed relaxation factor a = 1.0, with additional tests at a = 0.7 and a = 1.2. (f) Convergence criterion:
[V_iN(k+1) — V_i"(k)| < 1e-4 for all i. (g) Record iteration count and maximum node voltage difference from
a reference Newton-Raphson solution (tolerance 1e-6). (h) Compute statistical measures: mean and standard
deviation of iterations and voltage deviation. (i) Analyze results using descriptive statistics and comparative

plots. All code was verified against textbook examples.

RESULTS

Results confirm that convergence iterations increase with load level: mean iterations rose from 12.4 under
light load to 28.9 under heavy load (Table 1). Standard deviations indicate moderate variability, especially in
heavily loaded cases. Voltage deviations relative to the Newton-Raphson benchmark remained below 0.007
pu, demonstrating acceptable accuracy for planning studies. Relaxation factor tests showed o = 0.7 reduced
mean iterations by 10-15% in heavy load cases but required careful tuning; o > 1.0 risked divergence in 20%
of trials under heavy loading. Sensitivity to initial guess was minimal in light load but became pronounced
under heavy loading, where poor initial guesses (>1.05 pu at end buses) could add 5-7 iterations on average.
Comparative computation times (measured on a 2.4 GHz CPU) ranged from 0.02 s to 0.08 s per case,

significantly faster than Newton-Raphson’s 0.12 s—0.15 s, though Gauss-Seidel required more iterations.

CONCLUSION

This study demonstrates that the Gauss-Seidel method remains a viable tool for load flow analysis in radial
distribution systems as of 2015, offering a balance of simplicity, low memory usage, and adequate accuracy.
Key findings include: (1) convergence iterations scale with load level, necessitating adaptive relaxation factors
for heavy loading; (2) initial voltage guesses have minor impact except under stressed conditions; (3) fixed a
= 1.0 is acceptable for normal loading, but o < 1.0 improves performance at the cost of manual tuning; (4)
computational speed is competitive for engineering studies on standard desktop hardware. Practical
recommendations suggest using o ~ 0.8 for feeders with R/X > 2.0 and applying initial voltage estimates based
on previous solutions to accelerate convergence. Future work should explore hybrid Gauss-Seidel-direct

methods, automated relaxation factor tuning, and extension to unbalanced three-phase models.
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