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Novel criterion adopting S-transform phase angle difference and energy relative
entropy for zero-sequence differential protection of converter transformer
WENG Hanli',LI Haowei',XING Jiawei’, LIN Xiangning®,
HUANG Jingguang', LI Zhenxing',LIU Lei',WANG Sheng'
(1. Hubei Provincial Key Laboratory for Operation and Control of Cascaded Hydropower Station,
China Three Gorges University, Yichang 443002, China;
2. China State Key Laboratory of Electromagnetic Engineering, Huazhong University of
Science and Technology, Wuhan 430074, China)

Abstract:In order to deal with the mal-operations of zero-sequence differential protection of converter trans-
former, a novel criterion adopting S-transform phase angle difference and energy relative entropy for zero-
sequence differential protection of converter transformer is proposed. By analyzing the characteristics of the
zero-sequence currents under different conditions of converter transformer including various internal faults,
external faults and external fault removal, the differences of phase and energy probability distribution be-
tween the self-produced zero-sequence currents on both sides of zero-sequence differential protection and
those on neutral line are identified. The waveforms of zero-sequence currents on two sides of zero-sequence
differential protection are very similar during the external faults, both the phase difference and the energy
relative entropy of which are close to zero. However, during internal faults, the zero-sequence currents on
two sides of zero-sequence differential protection have opposite phases and low waveform similarity,and the
phase difference is approximately 180° and the energy relative entropy is increased. The results of simula-
tion tests indicate that immune to the fault types and transition resistances,the proposed criterion can accu-
rately and rapidly discriminate internal and external faults with the ability of anti-saturation of current
transformers.

Key words: converter transformers; relay protection; zero-sequence differential protection; S-transform ; phase

angle difference;energy relative entropy
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Fig.B1 Schematic diagram of UHV bipolar 12-pulse converter unit
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Fig.B2Waveforms of igsq and i, under normal external fault condition
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Fig.B3 Waveform of zero-sequence differential under normal external fault condition
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Fig.B4 Waveform of zero-sequence differential current under external fault condition accompanied with neutral CT
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Fig.B5 Waveforms of i and i,g under phase -A grounding fault accompanied with neutral CT saturation
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Fig.B6 Values of g and Q under phase-A grounding fault accompanied with neutral CT saturation
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Fig.B7 Waveforms of igys and ino under phase-BC grounding fault accompanied with neutral CT saturation
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Fig.B8 Values of g and Q under phase-BC grounding fault accompanied with neutral CT saturation
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TableC1 Simulation calculation results of various types of faults with different transition resistances

g B 3/
. i B Q Pl
B3] FH/IQ EEE
56.3 3.33
1 AG 30 X
= ~ )
63.4 2.82
2 AG 60 X i
x v
66.9 2.78
3 A-G 90 X i
x v
75.8 2.86
4 AG 120 X
3 y
172.6 1.35
5 AG 150 X
~ x
183.5 1.42
6 AG 180 X i
N <
199.3 1.61
7 BCG 30 X iy
N x
182.9 1.44
8 BCG 60 X
~ x
188.8 1.37
9  BCG 90 K
N x
179.2 1.28
10 BC-G 120 X 4
N x
192.1 1.51
11 BC-G 150 XM
N x
199.6 1.62
12 BCG 180 X
N x
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