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Fig.2 Schematic diagram of index set of
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Fig.7 Dynamic performance of proposed protection
algorithm when external fault occurs on wind farm

outgoing transmission line
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Pilot protection algorithm of large-scale wind farm outgoing transmission
line based on edge detection
XU Yanchun',FAN Zhongyao',SUN Sihan',MI Lu’
(1. Hubei Provincial Key Laboratory of Operation and Control of Cascaded Hydropower Station,
China Three Gorges University, Yichang 443002, China;

2. Department of Electrical and Computer Engineering, Texas A&M University, College Station 77840, USA)
Abstract: Due to the fluctuation of wind power output and the frequency offset characteristics of fault cur-
rent when the outgoing transmission line fails, the sensitivity of the pilot protection of wind farm outgoing
transmission line decreases or even protection refuses to operate. Therefore, the pilot protection of wind
farm outgoing transmission line based on edge detection is proposed. By constructing the current collected
on both sides of the wind farm outgoing transmission line as a matrix, and using Sobel operator for edge
detection, the part where the current sampling value changes greatly is determined. Then,the average gra-
dient amplitude is calculated and compared with the set value by the identified part with large changes in
the current sampling values on both sides of the line,so as to realize the rapid identification of internal
faults and external faults. Finally, a large-scale wind farm outgoing transmission system model is built by
PSCAD / EMTDC to verify the applicability, rapidity and ability against transition resistance of the proposed
algorithm. Compared with the existing pilot protection of transmission lines,the proposed method is still appli-
cable when the wind farm output is weak and the operation speed is faster.

Key words:large-scale wind farms;pilot protection;relay protection;edge detection;outgoing transmission line
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Permanent single-phase grounding fault location in flexible grounding distribution
network based on negative-sequence voltage variation
YIN Li',KONG Lingchang’, WANG Guanhua®’, WANG Hua',LIANG Rui*,PENG Nan’
(1. Lianyungang Power Supply Branch,State Grid Jiangsu Electric Power Co.,Ltd., Lianyungang 222004, China;

2. School of Electrical Engineering,China University of Mining and Technology,Xuzhou 221116, China)
Abstract: Aiming at the flexible grounding distribution network, a permanent single-phase grounding fault
location method in flexible grounding distribution network based on negative-sequence voltage variation is
proposed. Firstly, the fault area is determined based on the change of negative-sequence voltage before and
after the parallel small resistance is set. Secondly,the fault branch is determined according to the modified
projection proportion coefficient of zero-sequence current to determine the fault section. Then,the fault proba-
bility is calculated by using the deviation between the measured value and the calculated value of negative-
sequence voltage change,and the fault probability of each virtual node in the fault section is compared for
accurate fault location. At the same time, an optimal layout scheme of measuring points suitable for the
location method of this section is proposed. Finally, PSCAD is used to build a simulation model, and the
simulation data analysis verifies the effectiveness and reliability of the proposed permanent single-phase
grounding fault location method.

Key words: flexible grounding distribution network ; negative-sequence voltage variation; modified projection

proportion coefficient;fault probability;electric fault location
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Fig.A8 External fault diagram of wind farm outgoing transmission line (fault pointis K, )
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Fig.A9 Schematic diagram of M-side edge detection and partition under internal fault

STAEAHF S
——— WY, o ZFTX M L i

A SEREE

AL0 XPIHRET, NMAZENE S XREE

Fig.A10 Schematic diagram of N-side edge detection and partition under internal fault
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Fig.A1l Schematic diagram of different number of partitions identified on two sides of outgoing transmission line
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Fig.C1 Phase-A transient current of outgoing transmission lines of different wind farms

10 0yms 10 20 10 0 tms 10 20
(@) Xt K L) (b)7K B4 B3R A HL I
3ms, 6ms, 9ms, — — — BE(H

C2 N EIPERT R T AN F iR I E AR BN 1 AE
Fig.C2 Dynamic performance of proposed protection algorithm at different fault times
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Fig.C3 Phase-A transient current when external faults occur in different position outgoing transmission line of different wind farms
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Table C1 Performance of proposed protection algorithm in different fault scenarios

MUK LI S 1E AR EIR A1 S 18

HRALE SRR
A BHM CH At B #H cH

AG 0.0001 0.0002 0.0003 0.0001 0.0011 0.0015

ABG 0.0001 0.0001 0.0004 0.0001 0.0019 0.0015

K,
AB 0.0001 0.0001 0.0012 0.0001 0.0003 0.0003
ABC 0.0001 0.0001 0.0001 0.0000 0.0021 0.0022
AG 1.4980 0.0002 0.0003 1.3762 0.0005 0.0011
ABG 1.2377 13613 0.0004 15158 1.1424 0.0002

K,
AB 12723 1.3647 0.0012 1.1065 0.6639 0.0001
ABC 12171 14629 15113 1.2903 0.8528 0.7990
AG 1.4980 0.0002 0.0003 1.3762 0.0005 0.0011
ABG 12376 1.3614 0.0004 15160 1.1425 0.0002

K
: AB 1.2723 13646 0.0012 1.1065 0.6638 0.0001
ABC 12171 14629 15114 1.2907 0.8500 0.7991
AG 1.4980 0.0002 0.0003 1.3762 0.0005 0.0011
ABG 1.2374 13614 0.0004 15145 1.1450 0.0002

K,
AB 12723 13646 0.0012 1.1066 0.6637 0.0001
ABC 12171 14630 15115 1.2897 0.8552 0.7969
AG 0.0001 0.0002 0.0003 0.0001 0.0011 0.0015
ABG 0.0001 0.0001 0.0048 0.0004 0.0028 0.0015

Ks

AB 0.0001 0.0002 0.0012 0.0017 0.0037 0.0003

ABC 0.0001 0.0001 0.0001 0.0010 0.0032 0.0028

o
o

AR IR

t/ms
(c) 5 =45°
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Fig.C4 Dynamic performance of proposed protection algorithm under different working conditions and different transition
resistances
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Table C2 Performance of proposed protection algorithm under different wind speeds

WU LI HI S K E IR I ) S
A B C M A B C

WE - R

AG 15039 0.0003 0.0003 1.5829 0.0005 0.0004

ABG 1.3857 1.1369 0.0005 1.3839 1.2404 0.0011

o4 AB 11183 1.2381 0.0009 1.3426 1.3839 0.0029
ABC 14469 14161 15500 1.4257 14138 1.3824
AG 1.4803 0.0003 0.0003 1.5911 0.0005 0.0004
ABG 14067 1.1645 0.0005 1.1775 1.2947 0.0008
05 AB 13427 13699 0.0011 1.1648 15911 0.0022
ABC 1.3949 14408 1.6831 15911 15911 1.5035
AG 1.6097 0.0003 0.0003 1.6140 0.0004 0.0005
ABG 1.3984 11668 0.0004 15035 1.6216 0.0002
00 AB 1.0170 1.1685 0.0007 1.2605 1.1097  0.0007
ABC 15251 14170 1.4738 1.0724 12973 1.3880
AG 15594 0.0003 0.0002 1.4231 0.0003 0.0006
ABG 14280 1.1936 0.0004 15874 1.6781 0.0002
o7 AB 1.2189 1.6752 0.0084 1.4426 1.2689 0.0003
ABC 14324 13985 1.6283 11680 1.1939 1.4021
AG 1.6041 0.0002 0.0002 1.1313 0.0003 0.0008
ABG 14108 1.2200 0.0004 1.1207 1.3973 0.0024
o8 AB 1.6742 1.6646 0.0024 1.6734 1.4536 0.0001
ABC 14150 1.4033 1.6364 1.3875 15517 14734
AG 15966 0.0002 0.0002 1.1476 0.0002 0.0014
ABG 14164 12268 0.0004 1.3098 1.7744 0.0001
09 AB 1.3238 15842 0.0011 1.2718 1.3245 0.0002
ABC 15040 1.3782 1.6053 15195 1.1980 1.1477
AG 15928 0.0002 0.0004 1.3762 0.0005 0.0011
ABG 14644 12702 0.0004 15145 1.1450 0.0002
+0 AB 1.0785 15771 0.0006 1.1066 1.3682 0.0001
ABC 1.2818 1.3897 15950 1.2897 1.1652 1.2769
AG 15926 0.0002 0.0003 1.3821 0.0005 0.0011
ABG 14435 12719 0.0004 15145 1.1450 0.0002
H AB 1.0787 15771 0.0006 1.1575 1.3682 0.0001
ABC 1.2818 1.3889 15952 1.2777 1.1682 1.2778
AG 15928 0.0002 0.0004 1.3621 0.0004 0.0010
Lo ABG 14643 12705 0.0004 15255 1.1449 0.0002

AB 1.0785 15771 0.0006 1.1566 1.3682 0.0001

ABC 12818 1.3871 15952 1.2780 1.1656 1.2807
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Fig.C5 Dynamic performance of proposed protection algorithm under
different data windows
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Fig.C6 Influence of transmission error under different data windows
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Fig.C7 Analysis chart of single data window
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Fig.C8 Performance of current differential protection under two-phase short circuit fault
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Fig.C9 Performance of proposed protection algorithm under two-phase short circuit fault




LA/ BRI S

02
fo m 05 04
= B2 0 06 —
& = 08
o p-0.5]
10
10 1
50 100 0 100 200 300
HLET 5 IR S
(@) SEWIM BRI (—ANHEED (b)) Wik B R A R &
A ENI] LR BRI iR R 8
SR B GEV KR

& C10 BB LXK /REFRHEXAK AT
Fig.C10 Effect of data synchronization on Spearman rank correlation coefficient
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