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Fault diagnosis method of inter-turn short circuit for dry-type air-core
reactor based on traveling wave reflection
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Abstract: Inter-turn short circuit is the main fault type of dry-type air-core reactors. At present, there is a lack of effective
offline detection method to discover potential faults in time before dry-type reactors put into operation. Based on the theory
of multiconductor transmission line, a distributed parameter model of dry-type air-core reactor winding was built to simulate
the refraction and reflection processes after pulse signal injection, and the influence law of inter-turn short circuit on the
response signal at the head and end of winding was discussed. On this basis, a characteristic waveform was constructed by
the integral value of response signal absolute value, and a characteristic value was extracted to diagnose the inter-turn
insulation state of winding. The results show that the test results of four-eigenvalue method proposed in this paper based on
the wave process and multiconductor transmission line theory are consistent with the simulation results. Through the
simulation calculation of different structural reactor models, it is found that the eigenvalue change trend of different
structural reactor is also consistent when the inter-turn short circuit fault occurs. Therefore, the above method can be applied
to diagnoze the inter-turn short circuit fault of reactors with different structures. The research results can provide guidance
for the diagnosis of the severity and regional localization of inter-turn short circuit in dry-type air-core reactor.

Key words: dry-type air-core reactor; inter-turn short circuit fault; traveling wave reflection method; fault diagnosis;

multiconductor transmission line theory
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Fig.1 Refraction and reflection of traveling wave
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Fig.2 The equivalent circuit model of dry-type air-core

reactor windings distribution parameters
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Fig.3 Finite element simulation model for single

encapsulation of dry-type air-core reactor
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Tab.2 Partial conductor inductance coefficient matrix

pH/m

Fs5 1 2 3 4 5 6 7

1.90 1.69 1.55 1.47 1.42 1.37 1.32
1.69 1.89 1.69 1.55 1.46 1.41 1.36
1.55 1.69 1.88 1.68 1.54 1.46 1.41
1.47 1.55 1.68 1.88 1.68 1.54 1.45
1.42 1.46 1.54 1.68 1.87 1.67 1.53
1.37 1.41 1.46 1.54 1.67 1.87 1.67
1.32 1.36 1.41 1.45 1.53 1.67 1.87
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Tab.3 Partial conductor capacitance coefficient matrix
pF/m

53
1 2 3 4 5 6 7

=
1 0326 -0.298 -0.009 -0.005 -0.003 -0.002 -0.001
2 -0.298 0.604 -0.291 -0.006 -0.003 -0.001 -0.001
3 -0.009 -0.291 0.605 -0.291 -0.006 -0.002 -0.001
4 -0.005 -0.006 -0.291 0.605 -0.291 -0.006 -0.002
5 -0.003 -0.003 -0.006 -0.291 0.605 -0.291 -0.006
6 -0.002 -0.001 -0.002 -0.006 -0.291 0.605 -0.291
7 -0.001 -0.001 -0.001 -0.002 -0.006 -0.291 0.605
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Fig.4 Simulation circuit of dry-type air-core reactor winding

when inter-turn short-circuit happens
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Fig.5 Pulse voltage signal injected into head of winding
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Fig.6 Waveform comparison under different states

(head signal)
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Fig.7 Waveform comparison under different states

(end signal)
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Fig.8 The signal characteristic waveform
collected at the head
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Fig.9 The signal characteristic waveform collected at the end
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Fig.10 Characteristic waveform at the head of winding with

different structures
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Fig.11 Characteristic waveform at the head of

40-turn winding
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Fig.12  Variation of waveform eigenvalues with different

short-circuit position and severity
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Fig.13  Variation of characteristic values under different

winding structures
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Tab.5 Eigenvalues of short-circuit at different positions of

100-turn winding

R IR S MR P 3 MR R 3 I
P, 1.50 142 | — —
P, 1.88 — 198 1 193 1
P, 2.71 2.20 | — 238 |
P,, 3.94 3.14 | 417 1 339 1
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