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Simulation analysis of lightning stroke breaking of 10 kV insulated

overhead transmission line
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Abstract: In order to study the breaking mechanism of 10 kV overhead insulated lines by lightning, an ablation model of
insulated conductors is established based on COMSOL, and the ablation status of the conductors when suffering lightning
current and power frequency short-circuit current is simulated respectively. Then the force model of the conductor is
established to analyze the conductor force when ablating. Simulation results indicate that, the lightning current only leads
to one perforation on the conductor insulation layer. The power frequency arc can ablate and fuse the insulated wire in 1.3 s
without considering the effect of external forces. The mechanical simulation results of the insulated conductor show that the
tension of the conductor suffers abrupt changes at the ablation site, and the electromotive force between the wires and the
electromagnetic thrust of the arc act on this site. Combined with theoretical analysis, it is concluded that the main reason
for the line breakage caused by lightning is the combined action of heat and mechanics, which results in plastic
deformation and brittle fracture. The simulation research provides a reference for lightning protection of 10 kV overhead
insulated conductors.
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Figure 1 Structure and simulation model of the conductor
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Figure 2 Schematic diagram of wire ablation state
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Figure 3 Needle-plate discharge model
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Table 2 Material parameters of conductor

wE/ L2/ i i/ W/
g
(kg/m*)  (J/(kg+K)) K (kJ/kg)
il 2700 880 933 397.0
il 7 850 460 1773 247.3
XLPE 1200 2300 413 65.0
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Figure 4 Lightning current ablation situation
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Figure 5 Power frequency current ablation situation(Unit:mm)
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Figure 6 Relationship between broken wires

numbers and ablation time
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Figure 7 Force distribution of conductor
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Figure 8 Tension distribution at the wire ablation site
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