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Fig.1 Operation principle of arc drawing of coil
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Fig.2 Relationship between electrical conductivity and

thermal conductivity vs. temperature
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Fig.3 Distribution of current density and temperature of

gap arc in x-axis direction
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Fig.4 Distribution of current density and temperature of

gap arc in y-axis direction
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Fig.5 Distribution of electromagnetic force on arc

during traditional protective gap breakdown
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Fig.6 Distribution of electromagnetic force on arc

during improved protective gap breakdown
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Fig.7 Change of magnetic flux between protective gap

along with coil radius
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Table 1 Ratio of arc radius between improved

protective gap and traditional protective gap

LA I / ¢
kA 0.08mH 0.16 mH 024mH 032mH 0.40mH
2 0.70 0.51 0.40 0.33 0.28
4 0.71 0.58 0.50 0.45 0.42
6 0.72 0.60 0.53 0.49 0.47
8 0.72 0.61 0.53 0.50 0.49
10 0.73 0.63 0.57 0.54 0.52
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Table 2 Lightning overvoltage test results

e JEIRINT] / ms e
SRR SR R

1 5.3 37.5 14.1

2 5.0 38.6 13.0

3 5.5 41.3 13.3

4 5.1 38.2 13.4

5 4.9 38.9 12.6
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Fast arc extinction simulation for improved protective gap based on MHD
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Abstract: The protective gap is used for lightning protection. Although the structure is simple, the air gap
often cannot quickly extinguish the arc, which leads to the higher tripping rate of the transmission line.
Aiming at this problem, a method of installing an arc coil next to the protective gap is proposed. By
changing the magnetic field distribution of the gap,the electromagnetic force on the arc is increased, and
the arc radius is decreased,thereby speeding up the arc extinction. Based on COMSOL platform,a gap arc
discharge simulation model according to the theory of MHD (MagnetoHydroDynamics) is established. The
simulative results show that the arc offset of the improved protective gap is far greater than that of the
traditional protective gap, and the minimum arc radius of the improved protective gap is 47 % of that of
the traditional protective gap. Field experiment proves that the arc of the improved protective gap can be
extinguished within about 5 ms, which is far less than the arc extinction time of the traditional protective
gap,and the maximum time is only 14.1% of the arc extinction time of the traditional protective gap.

Key words:protective gap;finite element analysis;magnetohydrodynamics;arc simulation;arc offset
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Fig.A2 Model of improved protective gap
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Fig.A4 Diagram of gap arc current density distribution at t=14 HS
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Magnetic field distribution of gap during traditional protective gap and improved protective gap breakdown
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Fig.A6 Arc distribution of two protective gaps
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Fig.A7 Relationship between arc offset and arc current and coil inductance
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Fig.A8 Relationship between arc radius and arc current and coil inductance
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Fig.A9 Wiring diagram for experiment

o R

E A0 HIHZRE
Fig.A10 Diagram of field experiment
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