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Single-ended protection principle for offshore wind power AC collection lines based on
the singular entropy of the cosine value of phase angle difference
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Power University, Baoding 071003, China; 2. State Grid Tianjin Electric Power Company
Chengxi Power Supply Branch, Tianjin 300110, China)

Abstract: In offshore wind power flexible DC transmission systems, negative sequence suppression control strategy is
adopted on both sides of the power electronic equipment. When a fault occurs on the AC collection line, the phase angle
and amplitude of the fault current on both sides change significantly, which reduces the reliability of the traditional power
frequency based distance protection. To address this issue, the structure of the offshore wind power AC collection system
is described first, and the implementation method of the negative sequence suppression strategy is analyzed. Secondly, the
adaptability of traditional distance protection is evaluated by considering the capacitive current, and the cosine value of
the phase angle difference between the phase current and its leading phase current under different faults is analyzed.
Based on this, the Hankel matrix is used to reflect the mutation degree of the characteristic quantities, and a single
terminal protection principle for AC collection lines based on the singular entropy of the cosine value of the phase angle
difference is proposed. Finally, an offshore wind power system model is built in PSCAD/EMTDC, and the effectiveness
of the proposed scheme is verified. The results show that the proposed method is highly sensitive, reliable, and is capable
of withstanding 20 dB noise and 100 Q transition resistance.
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Fig. 1 MMC-HVDC system topology for offshore wind farms

1.2 TR ARSI TR AR

T BRGNS, RIS — R 6
J- R A A0 A1) F 4 o) D7 K0 R R s T B
MMC il 43 R 570U B A 5 705 FIRE N
Rzt 7 RPN A L MMC #6373t 5 FH 405 HRLIAR
PP g ) SR R FE 3T o S BF FLA A o
Hildeng, TR REFERNERIE. A5 aE, N5
BOFESHEREN 0, L5 BRMElES
ik B R SRS R o e A AT 4
2 EgrimERIPER ST
2.1 R EL BEHIEIFIE

DATC AR LR 2% B AH B i 5 0] £ B 25 AR 4
XS EAT 34T o 2T AR R R A PR Hh i R i
T 1 RN AT, 193K 2 PR ERA. H
e U N MMC B, T L. 75K

mme mme

MMC $eii st R A R BB L Z,, -+ Zo

739319 MMC BRI XL 37 0 B2 2R i (1 2k
ST R /S D s =N E



M3 | B ERHAL

E 2 B ERBRGFERE

Fig. 2 Equivalent model of offshore wind power system
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Fig. 3 Single-phase ground fault composite

sequence network diagram
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Fig. 6 Single-phase grounding fault current phasor diagram
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Fig. 11 Flow chart of protection algorithm
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Table 1 Main parameters of simulation model
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Table 2 Phase selection results under different fault types
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Table 5 The g value of different fault types under

the influence of different noises
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Table 7 Influence analysis of sampling frequency on

protection characteristic quantity
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Table 8 Performance analysis between protection based on

signal complexity and the proposed protection
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Fig. 15 Distance protection measurement impedance curve
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