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Abstract: The output transformer in the traction power supply system of maglev train usually operates at different
frequencies. For assuring the operational reliability of this kind of transformer and analyzing the influence of fre-
quency variation on its performance parameters, in this paper the magnetic -thermal-maehcnical properties of a dry-
type variable frequency transformer under three operating conditions is studied. First, on the basis of measuring the
magnetic characteristics of core materials at three frequencies , the magnetic field distribution, loss and short-circuit
impedance under each working condition are calculated and compared by using the field-circuit coupling method.
Then, the temperature distribution and hot spot temperature rise with or without harmonic influence are calculated
respectively based on the finite volume method. Finally, the short-circuit performance is simulated and studied. The
results show that the frequency variation has a significant effect on the core magnetic density, winding and silicon
steel sheet loss and short-circuit impedance , the magnetic-thermmal-mechanical properties under the three operat-
ing conditions meet the design requirements of the product and provide a reference for the development and design
of dry-type variable frequency transformer in the future.
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Fig.1 Structure diagram of traction power supply system

of maglev train
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Fig.2 Schematic diagram of secondary winding wiring
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Table 1 Transformer main parameters
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Fig.3 Computational model
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Fig. 4 Winding circuit connection diagram
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Fig. 5 Physical diagram of the measurement system
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Fig. 6 Magnetic characteristic curve of silicon steel sheet
at different frequencies
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Fig.7 3D Leakage magnetic field distribution map
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Fig. 8 Cross-sectional view of the leakage magnetic field
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Fig. 9 Leakage flux density distribution along the winding

height direction
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Fig. 10 Core magnetic field distribution cloud diagram
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Table 2 Comparison results of short-circuit impedance

T SMME% P FLAE% PREEI%
1 4.19 4.14 12
2 5.83 5.73 1.7
3 7.83 7.78 0.6
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Fig. 11 Core loss distribution map
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Table 3 Comparison of core loss under three

working conditions
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Table 4 Calculation result of winding loss

SR TH1 TH2 T3
BERGEN AN 6135.19 5730.97 5241.13
TAFE/W 233.91 441.73 835.66

SPFEW 6369.10 6172.70 6076.79
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Fig. 12 Two-dimensional calculation model of

temperature field
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Fig. 13 Temperature distribution cloud map
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Fig. 14 Winding temperature distribution
along the height in zone 1
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Table 5 The content of each harmonic current
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Fig. 15 Current waveform when affected by harmonics
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Fig. 16 Temperature distribution cloud map under the

influence of harmonics
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Fig. 17 Distribution of short-circuit force per unit volume
along winding height
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Table 6 Maximum axial force on the winding
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Table 7 Maximum stress on the winding
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