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Research on early fault protection of transformer windings based on leakage
magnetic field phase change characteristic

DENG Xiangli', LIU Meihan®, ZENG Ping’, ZHOU Desheng’, DU Zhaoxin®, FENG Qian’
(1. School of Electric Power Engineering, Shanghai University of Electric Power, Shanghai 200090, China;
2. State Grid of China Technology College, Jinan 250002, China; 3. State Grid Shanghai Municipal
Electric Power Company, Shanghai 200437, China)

Abstract: To address the difficulty of traditional transformer protection in effectively identifying early-stage faults such
as minor inter-turn short circuits in transformer windings, this paper proposes an early fault protection scheme for
transformer windings based on the phase change characteristics of the leakage magnetic field. First, an analytical model of
the leakage magnetic field for a transformer with a non-ideal winding structure is established, and the variation of
magnetic leakage distribution before and after winding failures is analyzed. Then, by combining the fault components
such as magnetic leakage phase mutation, phase differences among multiple measuring points, and leakage amplitude
ratio, a leakage phase differential protection criterion and a fault location logic are proposed, effectively avoiding the
influence of temperature on the optical fiber measurement system. The leakage magnetic field analytical model is also
used for setting the operating thresholds of the protection scheme. Finally, the feasibility and effectiveness of the proposed
early fault identification and location scheme are verified by dynamic model experiments and finite element simulations.
This work is supported by the Science and Technology Project of State Grid Corporation of China (No. 520940240037).
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Fig. 1 Geometry profile of non-ideal winding transformer
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Fig. 2 Schematic diagram of stacked leakage magnetic flux

components due to turn-to-turn short circuit
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Fig. 3 Distribution diagram of magnetic field

lines of winding leakage field
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Fig. 4 Phase variation of radial magnetic flux leakage at

different locations with turn-to-turn short circuits
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differential protection
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Fig. 7 Wiring diagram for dynamic model test system
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values under different loads
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Table 1 Leakage phase differential protection results
of dynamic mode experiment transformer
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Table A1 Electrical parameters of non-ideal

winding transformers
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Fig. B1 Schematic diagram of a differential conductor ring
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