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Effect of commutation failure on distance protection and the countermeasures

HUANG Shao-feng, FEI Bin, SHEN Hong-ming, ZHAO Yuan
(State Key Laboratory of Alternate Electrical Power System with Renewable Energy Source, North China Electric Power University,
Beijing 102206, China)

Abstract: The transient process caused by commutation failure in AC-DC interconnected system is not the same as that in pure AC
system, which has effect on the performance of distance protection. This paper takes single-phase earth fault as an example to analyze
the effect of commutation failure on ground distance relay based on double fault sources model. Analysis results show that the
calculated short circuit reactance is not accurate by using Fourier algorithm during commutation failure. Then, AC risk factor is
defined and its expression is also provided. Then, the countermeasures are put forward based on AC risk factor and protection
algorithm. At last, a large amount of simulation results using PSCAD/EMTDC prove the conclusion to be reasonable and the
countermeasures are compared. The comparison results show that differential equation algorithm has better performance in
commutation failure environment.
This work is supported by National Key Basic R & D Program of China (973 Program) (No. 2012CB215206).
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Fig. 1 Equivalent circuit when fault occurs on the AC side
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Fig. 2 Superposition circuit diagram
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Table 1 Harmonic content during commutation failure

LTI IR /KA
t/ms

0 Hz 50 Hz 100 Hz 150 Hz 500 Hz
0 8.31 8.32 0.22 0.15 0.055 4
10 4.24 5.87 0.33 0.13 0.044 1
20 1.25 6.39 0.52 0.08 0.033 5
30 0.41 6.86 0.34 0.06 0.009 0
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Table 2 Measured value of short reactance

NO. t/ms XIQ
1 981.626 1.91

1983.292 1.77

1 1 988.290 1.87

1 989.123 1.93

1993.288 2.23

1 994.954 2.25
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Fig. 3 PSCAD simulation mode
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Fig. 4 Measured reactance at M side when grounding

fault occurs
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Fig. 5 Comparison diagram between double-circuit line and
single circuit line
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Table 3 Measured reactance value with various fault type and in

different fault position
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A A 0.014 14.765 29.107 29
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