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Abstract
Electrical distribution systems deliver power from substations to consumers while
maintaining reliability, efficiency, and power quality. Accurate modeling and
simulation are essential for planning, fault analysis, voltage regulation, and integration
of distributed energy resources. This paper presents a comprehensive study of modeling
techniques for radial, loop, and networked distribution systems, including load
modeling, feeder modeling, and transformer representation. Simulation methodologies
using software tools such as MATLAB/Simulink and DIgSILENT PowerFactory are
discussed. Two-dimensional figures, tables of parameters, and case studies illustrate
performance evaluation and optimization. The paper serves as a guide for engineers
and researchers in power system design, operation, and analysis.
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INTRODUCTION
Electrical distribution systems are the final stage in power delivery, connecting substations to
residential, commercial, and industrial loads. Unlike transmission systems, distribution
networks are typically radial, operate at lower voltage levels, and are highly sensitive to load
variations and faults. Modeling and simulation enable engineers to analyze system
performance, optimize operation, and plan expansions.

This paper addresses distribution system modeling, simulation approaches, and applications
in operational planning, reliability analysis, and smart grid integration.

2. Distribution System Modeling
2.1 Network Topologies

 Radial Systems: Simplest configuration; one path from source to load.
 Loop Systems: Closed-loop feeders providing alternative paths for reliability.
 Networked Systems: Dense urban networks with multiple interconnections.

Substation → Feeder → Transformer → Consumer Loads
Figure 1: Typical Radial Distribution Feeder

2.2 Load Modeling
Accurate load modeling is crucial for simulation:

 Constant Power (PQ) Load: Represents most industrial loads.
 Constant Current Load: Represents some motor loads.
 Constant Impedance Load: Represents resistive elements like heaters.
 Composite Load Models: Combine PQ, current, and impedance characteristics.

Table 1: Example Load Modeling Parameters
Load Type Active Power (kW) Reactive Power (kVAR) Model Type

Residential 50 30 PQ

Industrial 200 120 PQ + Impedance

Commercial 75 45 PQ
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2.3 Feeder and Transformer Modeling
 Feeder represented as series impedance (R + jX).
 Transformers modeled with leakage impedance and turns ratio.
 Consideration of voltage drop and power loss along feeders.

[
V_{drop} = I_{load} (R + jX)
]

3. Simulation Techniques
3.1 Load Flow Analysis

 Determines voltage profile, power flow, and losses.
 Methods: Gauss-Seidel, Newton-Raphson, and Fast Decoupled Load Flow.

3.2 Short-Circuit Analysis
 Determines fault currents for protection coordination.
 Uses symmetrical components and per-unit system modeling.

3.3 Harmonic and Power Quality Simulation
 Models nonlinear loads and evaluates Total Harmonic Distortion (THD).
 Helps design filters and mitigation strategies.

Table: 2 Software Tools for Simulation
Tool Features Typical Applications

MATLAB/Simulink
Customizable models, GUI-
based simulation

Load flow, fault analysis, control
studies

DIgSILENT
PowerFactory

Comprehensive power system
modeling

Distribution, transmission, and
smart grid studies

ETAP
Graphical modeling, real-time
simulation

Power system design and
protection analysis

PSCAD/EMTDC
Electromagnetic transient
simulation

Dynamic behavior and switching
studies
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5. Case Study: Radial Distribution Feeder Simulation
 11 kV feeder supplying 5 MW load with 10 transformers.
 MATLAB/Simulink used for load flow and voltage profile analysis.
 Voltage drops along feeder observed and corrective capacitor placement proposed.
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Figure 2: Simulated Voltage Profile Along Feeder

6. Reliability and Performance Evaluation
 Indices: SAIFI, SAIDI, CAIDI for reliability assessment.
 Simulation Applications: Identify weak points, plan automation, and optimize

sectionalizing switches.
 Integration with DERs: Evaluate impact of solar PV, wind turbines, and storage on

voltage and reliability.

7. Challenges and Future Directions
 Modeling of highly dynamic and distributed loads.
 Integration of renewable energy sources and electric vehicles.
 Real-time simulation for smart grid operation.
 Advanced analytics using machine learning for predictive maintenance.

CONCLUSION
Modeling and simulation of electrical distribution systems are vital for efficient, reliable, and
safe power delivery. Accurate load, feeder, and transformer models, combined with software-
based simulation, enable engineers to analyze voltage profiles, losses, fault currents, and
reliability indices. With increasing adoption of distributed energy resources and smart grid
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technologies, robust simulation frameworks support planning, operation, and optimization of
modern distribution networks.
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