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Abstract

The grounding method of the neutral point directly impacts the operational stability and fault characteristics of power systems.
Neutral-Point-Not-Earthed (NPE) systems, widely adopted in medium and low-voltage distribution networks due to their simple
structure and cost-effectiveness, often exhibit zero-sequence voltage surges, complex transient currents, and sustained overvoltages
during single-phase ground faults, posing insulation safety risks. Through theoretical analysis and transient simulation, this study
investigates the voltage-current variation patterns and transient response characteristics of single-phase ground faults. Results
demonstrate that capacitive currents, residual voltages, and transient arcs during fault initiation are critical factors triggering
overvoltages and resonances. By modeling zero-sequence networks and analyzing energy transfer, the dynamic response patterns
under varying grounding capacitance, line length, and fault resistance are revealed, providing theoretical foundations for optimizing
grounding methods, fault detection, and overvoltage protection.
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