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ABSTRACT: Many major transformer accidents arise from
minor internal faults, and traditional transformer protection
lacks sensitivity to early faults and cannot effectively identify
them. A novel protection scheme utilizing harmonic signals of
transformer leakage magnetic fields to detect early faults is
proposed for this issue. Firstly, the harmonic mechanism of
transformers is analyzed, and an analytical model considering
the harmonic distribution of leakage magnetic fields in
three-phase windings is established. Then, a method for
measuring and extracting the third harmonic of leakage
magnetic flux, which comprehensively utilizes the triangle
method, short-time Fourier transform, and median filtering, is
proposed. Fault feature quantities based on normal, transient,
and steady-state information of harmonic signals are
constructed, forming leakage magnetic field harmonic
differential protection that quickly and sensitively identifies
and distinguishes between inter-turn short circuits and winding
waveforms. Finally, the effectiveness and superiority of the
scheme are verified through simulations and dynamic modeling
experiments, providing a new method for real-time detection of

early faults in dry-type transformers.

KEY WORDS: irregular winding transformer; early fault;
analytical method; leakage magnetic field; third harmonic;

short-time Fourier transform
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Fig.3 Simulation diagram of leakage magnetic field lines
distribution
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Fig. 9 Calculation value of leakage magnetic axial
distribution
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Table 1 Consistency evaluation of simulation model and
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Table 2 Comparison of experimental and simulated values
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Table 3 Protection action in different degree of winding
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Fig. 11 Third harmonic amplitude curve of magnetic
difference momentum and magnetic center under 0.995%
inter turn short circuit at the lower end
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Table 4 Protection action in different degrees of inter-turn short circuit
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Table A1 Structural parameters of irregular winding
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Fig. A1 Schematic diagram of analytical model
calculation
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Table A2 Fault characteristic quantity symbol
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Fig. A2 Sensor layout diagram and fault location logic
diagram
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Fig. A3 Flow chart of leakage magnetic field harmonic
differential protection
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Fig. A4 Axial distribution of incremental third harmonic
of short-time leakage magnetic flux at different positions
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Fig. A8 Comparison between experimental and simulated
radial magnetic leakage values during rated operation
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Fig. A9 Comparison between experimental and simulation
values of radial magnetic leakage during no-load closing
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Fig. A10 Comparison between Calculation and
Simulation of Radial Leakage Magnetic Curve
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Fig. A11 Experimental waveform of radial leakage
magnetic flux at the upper measuring point under different
degrees of winding deformation
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Fig. A12 Radial leakage third harmonic amplitude curve
of the upper measuring point under different degrees of
winding deformation
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Fig. A13 Experimental waveform of radial leakage flux at
upper and lower measuring points during no-load closing
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