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Non-invasive on-line diagnosis method for winding faults of
main transformer in AC electric locomotive

TIAN Rui', WU Xun', CHENG Shu', FU Qiang®, CHEN Tefang'

(1. College of Information Science and Engineering, Central South University, Changsha 410076, China;
2. School of Energy and Power Engineering, Changsha University of Science and Technology, Changsha 410076, China)

Abstract: To detect the fault of the main transformer windings for AC locomotive without changing the original
structure of the locomotive system, a non-invasive on-line winding fault diagnosis method for the main transformer is
proposed. Proved by the mathematical theory, the relationship between AV -1, is a diagonal ellipse whose center is
located at the origin of rectangular coordinate system. The related parameters of the ellipse vary with the change of
the winding faults. Then, the feasibility and effectiveness of the proposed method are verified by experiment through
dSPACE simulations. The results show that with the increase of short circuit percentage, the area of ellipse
increases and the centrifugal rate decreases. When the axial displacement is increased, the centrifugal rate
increases, while the elliptical length, short axis and its area decrease. When short-disk occurs, the elliptical short
axis decreases and the inclination angle changes obviously. By comparing the AV — i, trajectory under normal and
fault condition, the fault type and fault level can be determined.
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Fig.1 Structure diagram of main transformer of AC electric
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locomotive
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Fig.2 The equivalent circuit of traction transformer
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Fig.5 The effect of digital filter
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Fig.6 Influence of power factor under the same load type
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Fig.9 Inter-turn short circuit fault
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Tab.1 The variation of ellipse parameters in different degree of

inter-turn short circuit fault
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