$52% 9512 1 whHRERY S ER Vol.52 No.12
202446 H 16 H Power System Protection and Control Jun. 16, 2024

DOI: 10.19783/j.cnki.pspc.231512

TR 1 18 5 5 N BE RO R B 17 S Pl 2
R RRARE R i

T 7.’1%:9—7 ﬁiﬂ‘(ﬁd’ é)‘é /}gj\

(Rt HXKFOAELFIRZIR, T KL 071003)

P EhxT XA A 1 % r R B SRR N AAS DA R L 77 VR L PR X A I, 3R — R T XUR AT 218 S
G R R L7 SR LR T SR 5, IR LR FATRF %, AP 7 B R AR S A8, [
I T R LI S5 AR k0 FE AR I 2% SRS 8. ARJA S SN DLSREms e 3 6 v I 22 (R AR A A DLt e 5 5
P i P ) 22 57 LA TR R DS — 9 i, 0 — SR U S PRl B 37 55 ) o AL Bt 35 () 0 FL IS AR AL 35
R A FL I R A AP PRSI, AR 97 v I B 2 (B A D SRR D — T . B, B
X g i XA FH O A7 e S P 3Cf o WA B . PSCAD/EMTDC SER B, it /7 S Re s LA/ i
J iR oy SO P K P VR R 4 2 % AR Bkl HOE R BCRA s AL B PP, KL, X
AT B AN R A R R S

KR TP AR EE; UFHRISHEE, SUFIEE, Xl SRR ARIRREGR; bR AL

Bi-level negative-sequence difference and negative-sequence fault distance calculation-based
fault localization for asymmetric faults of collecting lines in wind farms

DING Jia, ZHU Yongli, WEI Yuan
(School of Electrical and Electronic Engineering, North China Electric Power University, Baoding 071003, China)

Abstract: The collecting line in wind farms is accessed in a dense fashion by complex power sources. This makes
existing fault localization methods inapplicable. Therefore a fault localization method for asymmetric faults is proposed
based on bi-level negative-sequence difference and negative-sequence fault distance calculation. First, the fault current
characteristics of wind turbines (WTs) are analyzed, based on which mathematical models of WTs can be constructed
from the perspective of negative-sequence. The equivalence of wind farm negative-sequence networks is further
implemented considering the structural characteristics of wind farms. Then, introducing a fault simulation strategy, the
difference between simulated and actual faults is characterized by the negative-sequence voltage difference to identify the
first node of faulty areas. The variation trend of negative-sequence voltage from actual fault scenarios to specific
simulated fault scenarios is explored, and the negative-sequence voltage ratio is defined to eliminate the effect of fault
point current. From this a criterion based on the negative-sequence voltage ratio difference is proposed to achieve
identification of the second node of faulty areas. Finally, fault locations are determined by a fault distance calculation
formula derived from the two-terminal negative-sequence quantity of faulty areas. Verification results from PSCAD/EMTDC
show that the proposed method can accurately locate various asymmetric faults of collecting lines by just a few
measurement points. The applicability to collecting lines with line branches is also considered. The localization
performance is not affected by fault locations, fault resistance, WTs, wind speed distribution or asynchronous data.
This work is supported by the National Natural Science Foundation of China (No. 51677072).
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Fig. 1 Structure of wind farms
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Fig. 2 Negative-sequence network of the wind farm
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Fig. 3 Wind farm negative-sequence network for

identification of faulty area
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Fig. 4 Voltage variation from actual faults to simulated faults
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Table 2 Voltage ratio variation for different second nodes

H RN 2 I AR R H AN AT R EER

B BRI B BN BT B
BAL HA3 BN 4 HR2 BAS N6
u/UT  uiud uyud uyut usud UdUu
U/UT OO USUNL OO UsUN UdUR
vyut vyud  usul usut USUL UJURL
usuit uyusd uyul oot Usiud Ugus
/Uit UyUL USUL USUT UsIUS UJUSL
— — UJ/Ud  UJUT — —
— — uyud uyust — —
— — UL UsUst — —
— — UdUN  UdUST — —

e R HEIRR 1 S Bm W i D0 S R R RS DL AR AL

HIZE 2 WAL, S5 7 AR IR SRR, BT 5t
ANFIRIER =4 5, SE Bl ety 5 BRIt P 7y 5t
H AU R LU AR IE MAFAE ] B 22 5. [RLUE,
MR 2 PP E Y R RS A N R B, B Lk
ISR 75 e S B AT IR H R X T . A
K1 A X 2-4 Wb, ST R0 2 N, FIES
TN RS YT 4 BT R R LERFAE A 5 B

El 5 FIBTT = 4 BERE T 2B AT AR ELHHE
Fig. 5 Voltage ratios for determining whether node 4

is the second node



-6- W) R GRS B s

FESZBRR I, AT TS B S AR DLt
X A7 R M L PR 2 R SR H WT f I B AR AR B,
SN 10) ) o P O SN i 1§ A ENE = A 0 NN
No FiAh, R SRRV, R B
ZEMIE R RO ENE, Hbr EIXAE—E
FEE_EAEAT RENS Ul B ARADL R B R O S B
W, RIS AT B IZ R BT & 3R 2 AL

A, , = 10
ST T (10)

Kb U, ~ U, 73l AR T S om s n R0
JFHREERE: U, ~ U, 555 5EBR i 5 5
me nFUFHEEGRNE: A, N 5 S m
A7 H s B ZE AE o
2.4 BPEXEIR B R AL IR TR A

LR ZHNER T, PR 7 AR e
B ERRD] . ARG, b T sl AR R 2%
3G AT, SRR R 5 S AL
B N & SRR EE SR AT . T SRR SR 5%
K HRZ, 3£ 2 FATRESA AN BT & H X R
B EUARAUARRAE, AT S AT 49 W% X 38 24,
SO X IR ) vk R T I R IR 1
OB T4 — T S, PRI 5Bk e
e FOEREE 0 s, IR TR, B
TE 55— 47 SUHE 4R SR AT
3 HEEMIEE

T L B S P 0 B X AT B . Ay
B v U BECARE FBE, 7 A 2 B ot T S 7 I 4 55 2
77 AR VAR, SO s X 3 P 5 T XU S i BE T
SN DI P, FEAR RN B RS, Rk
1 HHIX 2-4 #E, AIfRAF i 6 B, B
e U, U, R 4B M R 2 . K3 5
FPELE R U, « 1, 53 5l 5 B 28 1 i 47 HL S
B U N5 5 PR, LM XK
1 g o 2 B DX P S B S s 2 Rk

U|j1 z, zZ z, U jz féL*/:I-JZL z, zZ, 6
Lly 5 2 3 2 Iz ( ). 11 12

n_m

6 ESREN 2R B A BB 37 T P 4%
Fig. 6 Wind farm negative-sequence network for

fault distance calculation
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Fig. 8 Simulation model
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Table 3 Line length

2Rk X 5 KB /m
1-2 2126
2-3 1235
2-4 2272
4-5 822
5-6 835
5-7 310
4-8 2209
R4 RBEBH
Table 4 Line parameters
23 IE/ARF FF
FLBH/(Q/km) 0.1186 0.265
JEP/(Q/km) 0.292 1.620
FH/(Q km) 2.518x10° 7.267x107
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Fig. 9 Fault information of the phase-A-to-ground fault
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Table 5 Criterion of voltage ratio difference for determining

whether certain node is the second node
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Table 6 Summary of fault locations
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Fig. 12 Fault localization results of fault location 1—9
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Table 7 Identification results of faulty areas for

fault location 10~11
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Fig. 13 Fault localization results under different

values of fault resistance
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Fig. 14 Fault localization results under different

wind turbine capacities
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asynchronization angles
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