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Arec field-circuit coupling modelling of cable single-phase-to-ground faults
based on full-scale tests and magnetohydrodynamic simulations
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Abstract: Single-phase-to-ground faults in distribution network cables occur frequently and are difficult to detect.
Researches on the transient process of these faults commonly rely on arc models. However, existing arc models primarily
focus on circuit characteristics and cannot accurately reflect the transient behavior of cable single-phase-to-ground faults.
Based on full-scale tests and magnetohydrodynamics (MHD) simulations, this paper investigates the physical evolution of
arcs and establishes a field-circuit coupled arc model for single-phase-to-ground faults. First, based on full-scale
experiments, MHD simulations of arcs under cable single-phase-to-ground fault conditions are conducted to develop an
arc physical field model. Subsequently, key parameters of the arc circuit model—such as arc dissipation power, time
constant, and conductance—are obtained from the physical field simulations. The arc dissipation power and time constant
are then reconstructed as functions of arc conductance and fault current level, and combined with the circuit model to
establish the arc field-circuit coupling relationship. Finally, the relative errors between the simulation results of various
arc models and the transient characteristics obtained from full-scale tests are compared and analyzed. Meanwhile, the
applicability of the proposed arc field-circuit coupled model and the variations in transient characteristics under different
fault current levels are discussed. The results show that the relative errors between the simulation waveforms and the
full-scale experimental transient characteristics are all less than 5%, verifying the accuracy of the proposed model.
This work is supported by the National Key Research and Development Program of China (No. 2023YFB2408202).
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Fig. 3 Change of cross section of cable sample before and

after single-phase grounding fault test
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Fig. 4 Schematic diagram of cable structure and grounding

arc simulation model
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Table 1 Structure parameters of three-core cable model
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Fig. 5 Comparison of simulation and experiment of single

phase grounding fault arc of cable
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Fig. 6 Construction process of arc field-circuit coupling model
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Table 2 Parameters of arc improvement models with
different fault conditions

bR T 4 B c D
5 A/0 mm/TeRE T 2013 0.578 8.26x107* 0.291
10 A/0 mm/FE ek 3153 0.538 7.66x107* 0.301
20 A/0 mm/TE % 4691 0.488 7.16x107* 0.320
30 A/0 mm/IE)E T 5426 0.440 6.91x10™ 0.329
40 A/0 mm/ Tk 5994 0.403 6.76x107" 0.334
50 A/0 mm/TE % 6552 0.368 6.61x10™ 0.338
60 A/0 mm/IE)E T 7005 0.343 6.49x107" 0.341
70 A/0 mm/FE ek 7230 0.326 6.44x107 0.347
80 A/0 mm/Joke i 7340 0.317 6.41x10™ 0.351
10 A/1 mm/JeBEh 3223 0.537 7.65x107 0.302
10 A/2 mm/FEE Mk 3253 0.536 7.63x107* 0.303

10 A/3 mm/To ket 3272 0.536 7.62x107™ 0.304
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and time constant with fault current
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Table 3 Comparison of simulation of different arc models
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