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Analysis of DC bias exciting current of the single-phase transformer and its effect on protection
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Abstract: DC bias will lead to half-cycle distortion of exciting currents. Then large quantity of even and odd harmonics will be
produced. In order to research the effect of DC bias on single transformer and its protection, this paper uses PSCAD/EMTDC to
create a simulation model. It simulates exciting current of a practical 750 kV single-phase transformer in variant cases under DC
bias. It studies the relationship between the DC bias and distortion of exciting current, harmonic distribution, as well as the peak
value of the exciting current. Meanwhile, the performance of transformer protection in this harmonic environment is analyzed. The
loss made by exciting current’s distortion and the elevated temperature of the core tie-plate are quantitatively calculated.
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Fig.1 DC flow when HVDC monopole operation
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Fig.2 Exciting current influenced by DC bias
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Fig.5 Waveform of exciting current for single-phase

transformer under DC bias
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Fig.6 Waveform of flux linkage for single-phase transformer
under DC bias
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Tab.1 Exciting current and flux of single-phase transformer

under DC bias
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PHME AR CPRIME KM
0.0 0.041 1.094 0.025 0.997
5 1.145 3.151 0.120 1.097
10 13.406 28.334 0.234 1.228
20 19.900 42.79 0.275 1.252
30 38.310 85.67 0.336 1.302
40 47.529 105.58 0.361 1.325
60 70.394 155.71 0.393 1.362
80 96.361 207.69 0.446 1.406
90 106.660 228.78 0.454 1.417
100 108.640 231.74 0.467 1.432
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Fig.7 Harmonic distribution of exciting current under DC bias
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Fig.8 Peaking value of exciting current changed along
with DC bias
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