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Research on unloaded transformer controlled switching considering residual flux
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(1. School of Electrical Engineering and Electronic Information, Xihua University, Chengdu 610039, China; 2. Sichuan
Province Key Laboratory of Power Electronics Energy-saving Technologies & Equipment, Chengdu 610039, China)

Abstract: Random energization of unloaded transformers may generate inrush currents, which easily causes protective
relay mis-operation, imposes sever mechanical stresses on the transformer windings and reduces power quality of the
system. Controlled switching technology is used for suppressing these inrush currents. The key to realize controlled
switching is the effective estimation of the residual flux in transformer core after a transformer de-energization. Based on
the analysis of the theories of controlled switching unloaded power transformer, a method of measuring the residual flux
based on numerical integration is proposed. Energization of unloaded transformers is simulated with PSCAD/EMTDC,
and simulation results validate the effectiveness of the controlled switching technology. Unloaded transformer controlled
switching test platform is built, and the tests of random and controlled switching are conducted. The experimental results
indicate that the controlled switching considering residual flux is effective in suppressing the inrush current compared with
random switching, and validate the effectiveness of residual flux measurement method. Finally, the suitable controlled switching
strategy of unloaded transformer with gang-operated breaker is proposed, and simulation results validate its effectiveness.
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Fig. 1 Principle of controlled unloaded transformer

switching considering residual flux
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Fig. 2 Equivalent circuit of single phase unloaded

transformer de-energization
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Fig. 3 Calculation method of integral upper limit
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Fig. 4 Estimation method of residual flux
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Table 1 Main parameters of transformer
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Fig. 5 Inrush currents of unloaded power transformer

with different residual flux levels
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Fig. 6 Typical magnetic current waveforms of unloaded

transformer energization
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Table 2 Results of residual flux measurement
B9 W Z/ms  FRipo | FS AW Z/ms  FR/p.a.
1 1.50 -0.31 17 4.60 0.07
2 1.60 -0.34 18 4.80 -0.05
3 1.70 -0.35 19 5.30 -0.03
4 1.90 -0.29 20 5.40 0.02
5 2.00 -0.22 21 5.70 0.04
6 2.20 -0.14 22 5.80 0.13
7 2.70 -0.25 23 5.90 0.18
8 2.80 -0.33 24 6.40 0.18
9 3.00 -0.32 25 6.80 0.23
10 3.20 -0.20 26 7.00 0.29
11 3.30 -0.13 27 7.40 0.31
12 3.40 -0.19 28 7.90 0.35
13 3.80 -0.17 29 8.00 0.60
14 3.90 -0.07 30 8.40 0.54
15 4.00 -0.09 31 8.80 0.39
16 4.40 -0.08 32 9.60 0.48
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Fig. 9 Closing time deviation distribution
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Fig. 10 Typical current and voltage waveforms of controlled

energization with residual flux
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Fig. 11 Distribution of magnetic inrush current
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Fig. 12 Optimal simultaneous closing instant of three phases
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Fig. 13 Magnetizing currents during random and

controlled energization
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