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Figure 1 Series resonance equivalent circuit diagram
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Figure 2 Series and shunt damping resistor conversion
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Figure 3 Resonant grounding system single-phase

grounding equivalent circuit diagram
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Figure 4 Relationship between the critical resistance of

damping resistance and system overcompensation degree
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Figure 5 Relationship between the critical resistance of

damping resistance and system capacitance current
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Figure 7 Relationship between the critical resistance of

damping resistance and degree of system asymmetry
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Figure 10 Busbar zero-sequence voltage and faulted

branch current waveform diagram
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Figure 11 Neutral point displacement voltage waveform

diagram on different operating conditions
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timing diagram
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Figure 13 the neutral point displacement voltage
waveform diagram corresponding to multi-point sequential

ground faults
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and simulation results
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Enhancing Ground Fault Detection
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’

Abstract: As a key component of pre-set arc suppression coil, the damping resistor is currently configured primari-
ly to suppress series resonance overvoltage and prevent protection maloperation during normal operation. This leads
to difficulty in the neutralpoint displacement voltage exceeding the alarm threshold during high-resistance ground
faults, resulting in the failure to activate the line selection device. To improve the sensitivity of resonant grounding
systems in detecting high-resistance ground faults, the system’s normal operation characteristics and the behavior
during high-resistance ground were quantitatively analyzed faults. Using the conditions that the displacement voltage
should remain within limits during normal operation and reliably trigger an alarm during a high-resistance fault as
constraints, calculation formulas was derived for the critical values of series and shunt damping resistors. Then the
influence of parameters such as detuning degree, transition resistance, system unbalance, and capacitive current on
these critical values were systematically examined, and principles and methods were proposed for selecting damping
resistors. Finally, to address the insufficient detection capability for high-resistance ground faults in a typical reso-
nant grounding system, optimization method proposed in this paper was applied. The original 15 ) series damping
resistor was replaced with either a 5. 05 () series resistor or a 346. 37 () shunt resistor. The optimized damping re-
sistor effectively suppressed series resonance overvoltage while ensuring reliable exceedance of the displacement
voltage during high-resistance ground faults, thereby increasing the system’s tolerance to transition resistance to
2.78 kQ. The shunt damping configuration demonstrated better performance. This approach could be implemented
using only routine online monitoring data from the arc suppression coil, requiring no additional detection equip-
ment, and offers strong feasibility and cost-effectiveness.

Keywords: resonant grounding system; pre-set arc suppression coil; damping resistor; high impedance grounding

fault; neutral point displacement voltage



