55 52% 552 1 LA R Vol.52 No.2
202441 H 16 H Power System Protection and Control Jan. 16, 2024

DOI: 10.19783/j.cnki.pspc.230598

—MERTRTEE2ERNECEMERIPTE A

THRE', Fu#H, TRE, T 7°

(LLWAKXE, LA Féd 2500601 2. BRLARSELNSE, LA Fé 250000

T B E XL, A ERA I BT AR i o AL RO A2 B AL B0 4 B
XA AR R B Ak L DR T, S AT T BRI AR I A AN RIS R AN R o B SRR AR, T
SRS L R 0 T RSB R, I S5 07 FEREAT X LU o MR S SRR AL St — R PV AR 0 S R AR AL R 1
R B PR A 2 T 5, A DX N AR R R R S R AR A ARV E R (B 22 5, AT R R A I P BT RS R
WIS | R LR S e o L AR RRZ AL Ve B I N LR o 2 A i g PHL 4 Hb S It BEE R IR 2R . A
PSCAD/EMTDC V- & & T & Bl X I, 17 2 fhikbsdy 5 i s dr, Bk 1 P iibsis sy
R R

KR Hitl DXARY; BRICEMS SR BaSmmRes,; ifniks

A fault protection method of a DC collection network for an all-DC offshore wind farm

DING Huaxing', ZOU Guibin', WANG Fenglian', DING Ning’
(1. Shandong University, Jinan 250061, China; 2. State Grid Shandong Electric Extrahigh Voltage Company, Jinan 250000, China)

Abstract: With the development of offshore wind farms to the deep sea, the all-DC wind farm is gradually coming into
serious consideration because of its advantages such as no overvoltage problem. For relay protection for collection lines in an
all-DC offshore wind farm, this paper first analyzes the fault characteristics with different fault types and location in the DC
collection network. The corresponding fault currents are calculated and compared with the simulation values. A single-ended
fault line selection method is proposed using the rate of change of transient current (ROCOTC) at the collection bus side,
where the difference of the polarity and amplitude of the ROCOTC are used to identify fault type, line and polarity before
overcurrent blocking of the converters. By setting an additional line selection process at the bus, even the fault line with a
fault point at the end of the line and high grounding resistance can be accurately identified. A DC offshore wind farm
simulation is built in PSCAD/EMTDC. A variety of simulation analyses of different fault scenarios is delivered,
demonstrating the validity of the proposed fault line selection method.
This work is supported by the National Natural Science Foundation of China (No. 52077124).
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Fig. 2 Converters’ discharge circuit of positive-pole fault
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Fig. 4 Fault current circuit of positive-pole fault
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Fig. 5 Converters’ discharge circuit of bipolar fault
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Fig. 7 Line selection process of collection lines
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Table A1 Simulation verification of monopolar grounding fault

i 2 5 al dl B AN AN
W bt i Yo sim s %/(kA.s*) I e -s) %/(kA-s’l) Lk ) Bk
et} (VA= LR /Q dr de dr dt & g EEE S
0 13 058.0 4023.1 -1782.0 -658.1 1P X 4t 1P
3 5 8649.1 2886.3 -1164.1 -483.8 1P X &b 1P
20 4225.8 1554.1 -543.9 -281.8 1P [X 4h 1P
. 0 13518.2 4264.0 -1853.3 -687.0 1P X 4t 1P
1 5 8821.6 3007.8 -1193.5 -496.4 1P X 4h 1P
20 4241.5 1590.2 -549.6 -283.5 1P [X &b 1P
) 0 15 106.2 4020.2 -2079.5 -652.8 1P [X 4 1P
Ly IEM% 1
I~ 5 5 8816.8 2298.6 -1192.3 -395.6 1P X 4h 1P
20 3793.3 914.6 -484.2 -188.4 1P X 4h 1P
3 0 10 855.0 2862.3 -1513.1 -446.5 1P X b 1P
2 5 4823.8 1134.7 -637.7 -213.5 1P X b 1P
20 2744.5 579.3 -338.1 -136.7 1P X 4t 1P
0 3705.7 779.7 -481.3 -159.5 1P X 4t 1P
K3 5 3377.2 856.7 -461.2 -143.7 1P X 4h 1P
20 2288.2 535.1 -278.5 -922 X 4t X 4t 1P
0 -2505.7 -10093.9 392.6 1407.3 8N X 4t 8N
3 5 1247.9 -5727.9 208.6 788.0 8N X 4h 8N
20 -529.5 -2397.9 128.5 289.7 8N X 4 8N
0 -1946.3 ~7097.9 307.5 984.5 8N X 4t 8N
Lg 51tk 1
) - 5 -1154.3 -4716.2 189.2 649.5 8N X 4t 8N
e 2
20 -576.3 -2293.1 110.9 299.0 8N [X &b 8N
0 -799.3 -3706.6 162.5 481.2 8N X 4h 8N
A i 5 -454.1 -2109.5 95.6 270.6 X 4k X 4t 8N
20 -443.9 -1873.7 93.1 238.0 [X 4 [X &b 8N
. 0 -332.8 -51.7 -339.6 -44.9 X4k X4k &P
BRZEIE
- 5 -264.2 -51.2 -271.4 -44.6 X 4t X4t £ P
20 -353.4 —44 4 -357.9 -39.9 [X 4 [X &b B P
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Table A2 Simulation verification of bipolar short-circuit fault

i ik L il /(KA -s™) %/(kA-s") %/(kA-s") %/(kA-s") Ll k Hilt 2 .
et frE  HE/Q dt dt dt dt L 2 sk
0 86219.6 -86219.6 -11651.4 11 651.4 IPN X4 1PN

i 5 39797.5 -39797.5 -5351.5 5351.5 1PN X &b IPN

20 12 029.3 -12029.3 -1607.7 1607.7 IPN X 4h 1PN

. 0 47 003.0 -47003.0 ~6554.2 6554.2 IPN X4 1PN

2 5 211233 -21123.3 -2915.2 2915.2 IPN X4 1PN

20 6957.7 -6957.7 -925.2 925.2 IPN X4k 1PN

L3 . 0 22915.8 -22915.8 -3136.5 3136.5 IPN X4k 1PN
- 5 5 14533.3 -14 5333 -1975.0 1975.0 IPN X4k 1PN
20 6189.4 -6189.4 -820.4 820.4 IPN X4k 1PN

3 0 15483.1 -15483.1 -2063.7 2063.7 1PN X4k 1PN

2 5 11 369.5 -11 369.5 -1502.0 1502.0 IPN X4k 1PN

20 5954.8 -5954.8 -763.5 763.5 1PN X 4k 1PN

0 10 804.2 -10 804.2 -1673.9 1673.9 1PN X 4k 1PN

R i 5 1583.8 -1583.8 -222.8 222.8 1PN X 4t IPN

20 523.3 -523.3 —66.5 66.5 1PN X 5k IPN
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&R A2
[ % Sy dI dr 2 2 R}2k
i i 2 (kA -s™) Yo yika-s7) =2 /(kA-s™) ILon s 57 i k i 2 B
Byt A8 HEQ de dr dt dr s s (P S
0 188 750.0 -188 750.0 -26 546.3 26 546.3 8PN X4k 8PN
i 5 493514 -49351.4 -6897.7 6897.7 8PN X 4k 8PN
20 12 889.9 -12889.9 -1771.0 1771.0 8PN [X #h 8PN
Lo kg . 0 116 263.6 -116 263.6 -16 469.9 16 469.9 8PN [X #h 8PN
;ﬁ % 5 5 26922.3 -26922.3 -3771.9 3771.9 8PN [X #h 8PN
) 20 7527.9 -7527.9 -1016.2 1016.2 8PN [X #h 8PN
0 53493.8 -53493.8 -7508.5 7508.5 8PN X4k 8PN
R i 5 4701.1 -4701.1 -643.6 643.6 8PN X4k 8PN
20 1248.1 -1248.1 -156.9 156.9 X 4k X4k 8PN
R 0 -61301.0 61301.0 -61715.5 617155 X 4h X4k B PN
b i 5 -6824.3 6824.3 -6893.5 6893.5 X 4k X4k £ PN
- 20 -1747.0 1747.0 -1767.5 1767.5 X 4} X 4 FEPN

Tk R B (1, 8) (REE M BUZR B 1), FEBUE R 2R 2 Mbi sa IR A R AR AT, TTHEE N 2500 kAo

£ 30k

[1]

(2]

(3]

(4]

(5]

(6]

TLIER), A, FHEn, 2. i B E R KR T IR
JRERTHRCI]. BMEAR, 2015, 39(9): 2424-2431.
JIANG Daozhuo, GU Hongjie, YIN Rui, et al. Research
status and developing prospect of offshore wind farm
with pure DC system[J]. Power System Technology, 2015,
39(9): 2424-2431.

I8, BITHr, SN, 5. i R RS S
HARZER[T]. ARG H ML, 2021, 45(21): 2-22.
CAI Xu, YANG Renxin, ZHOU lJiangiao, et al. Review
on offshore wind power integration via DC transmission[J].
Automation of Electric Power Systems, 2021, 45(21): 2-22.
YANG Bo, LIU Binggiang, ZHOU Hongyu, et al. A
critical survey of technologies of large offshore wind
farm integration: summary, advances, and perspectives[J].
Protection and Control of Modern Power Systems, 2022,
7(2): 233-264.

ZTE, BERIR, RUIFH, 5. 5 Bl fa s X0 1
XA ER MTDC RG] BRI, 2023,
51(6): 21-27.

QIN Shaoxi, QU Chengmin, SONG Mingyang, et al.
Planning of MTDC system for offshore wind farm
clusters considering wind power curtailment caused by
failure[J]. Smart Power, 2023, 51(6): 21-27.

FHP, g, Y, & B RGUERT S %4
P T W R PR 5 B D], P 0 R GEER A 5 42,
2023, 51(6): 10-20.

WANG Zengping, LIN Yifeng, WANG Tong, et al.
Challenges and countermeasures to power system relay
protection and safety control[J]. Power System Protection
and Control, 2023, 51(6): 10-20.

FYEE, WAL, SRR, 5. mig A ERIC R R
GBI B Ak ORI BOR IR 5 R ()], R HOA,

(8]

[9]

[10]

[11]

2023, 49(1): 1-18.

HAO Zhiguo, XIE Fan, ZHANG Yuning, et al. Status and
prospects of relay protection technology for DC lines in
distant offshore wind DC collection and transmission
system[J]. High Voltage Engineering, 2023, 49(1): 1-18.
ZOU Guibin, HUANG Qiang, SONG Shenglan, et al.
Novel transient-energy-based directional pilot protection
method for HVDC line[J]. Protection and Control of
Modern Power Systems, 2017, 2(2): 159-168.

FSERR, 2R, BRhfh, 5. JE T A R RHIE R R
PEE T B R 7 2R [T]. I RGP 545,
2019, 47(8): 42-48.

ZHOU lJiayang, LI Fengting, CHEN Weiwei, et al. Line
protection schemes for flexible DC distribution network
based on capacitor discharge[J]. Power System Protection
and Control, 2019, 47(8): 42-48.

X, R0, M, & ERMSEE SR 2 H
SR AR ST R[] R RGO S ), 2017,
45(10): 48-54.

LIU Siyuan, XU Dongxu, MEI Nian, et al. Research on
the effect of DC side
converter[J]. Power System Protection and Control, 2017,
45(10): 48-54.

PR, EHRIE, HEORUR, . Rk b RE R i) SR
FLAAC L R G B R AR BRI [T]. BMHER, 2018,
42(10): 3187-3196.

JIA Ke, WANG Congbo, BI Tianshu, et al. A DC current
derivative protection with capability of resisting high

fault on modular multilevel

resistance for flexible DC distribution system[J]. Power
System Technology, 2018, 42(10): 3187-3196.

o, e, ZemE, & R T SRR 2 om R
TlC H AR G B AR T SR (). P E AL R AR,
2016, 36(21): 5741-5749, 6016.



TIEE, %

— A I i s B KRR AR R AP Tk

- 25 -

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

LI Bin, HE Jiawei, LI Ye, et al. Single-ended protection
scheme based on boundary characteristic for the multi-
terminal VSC-based DC distribution system[J]. Proceedings
of the CSEE, 2016, 36(21): 5741-5749, 6016.

SURL, BRIE, X728, & T fm i AR R
LIRS L LR R LR D). I R G E 3L, 2022,
46(6): 144-152.

JIA Ke, CHEN Cong, LIU Ziyi, et al. Protection of
flexible DC distribution network based on single-end
current transient and its setting[J]. Automation of Electric
Power Systems, 2022, 46(6): 144-152.

LI Shilong, CHEN Wei, YIN Xianggen, et al. A novel
integrated protection for VSC-HVDC transmission line
based on current limiting reactor power[J]. IEEE
Transactions on Power Delivery, 2020, 35(1): 226-233.
MK, OO, EARR, 55 ST TR U R
FLULAC L W B S e 2 T R[], O R G R S 1
#1l, 2022, 50(13): 86-97.

ZUOQO Pengfei, QIN Wenping, XIA Fuliang, et al. Single-
pole ground selection method for DC distribution networks
based on zero-mode current correlation[J]. Power System
Protection and Control, 2022, 50(13): 86-97.

Mriase, MR, REL, 5 BT R e ks
P ELIAUC B R FRSE REPE S BT[] FR ) RS IR I 5
2016, 44(22): 50-55.

CHEN Fufeng, YANG Yang, SONG Guobing, et al.
Adaptability analysis of single terminal traveling wave
protection in mid-voltage DC distribution based on VSC[J].
Power System Protection and Control, 2016, 44(22): 50-55.
WRH, PN, AHFE. SERE BRI &R
DC/DC AR ERIR[T]. #I R GRS 5%, 2018,
46(12): 158-169.

GUO Lingyu, YAO Gang, ZHOU Lidan. Research review
on high step-up ratio DC/DC converter for offshore DC
wind farm[J]. Power System Protection and Control,
2018, 46(12): 158-169.

LIU H, DAHIDAH M S A, YU J, et al. Design and
control of unidirectional DC-DC modular multilevel
converter for offshore DC collection point: theoretical
analysis and experimental validation[J]. IEEE Transactions
on Power Electronics, 2019, 34(6): 5191-5208.

WU C, HUANG A Q, LI C, et al. Analysis and comparison
of medium voltage high power DC/DC converters for
offshore wind energy systems[J]. IEEE Transactions on
Power Electronics, 2013, 28(4): 2014-2023.

A, 2, ZEA. LB ERILE DC/DC &

ST BRI, 1 RGRT S5 H], 2023, 51(7):

170-177.
DU lie, LI Zirun, LI Guojie. Real-time simulation method

[20]

[21]

[22]

[23]

[24]

[25]

for a DC/DC collection system in an offshore wind farm[J].
Power System Protection and Control, 2023, 51(7): 170-177.
PAEZ J D, FREY D, MANEIRO J, et al. Overview of
DC-DC converters dedicated to HVDC grids[J]. IEEE
Transactions on Power Delivery, 2019, 34(1): 119-128.
R, BU R, RE LT, & R TSRS R &
Y L 7 TRC P PR R B W 0 £ T VR 7], KB RE Sk
2022, 43(3): 141-146.
GAO Shuping, DUAN Bicong, SONG Guobing, et al.
Single-pole fault line selection method of DC distribution
network based on transient current fault component[J].
Acta Energiae Solaris Sinica, 2022, 43(3): 141-146.
ZTFE, FH, gk, & BT ESIFRIT KR
LG L 1 2 % B P M OR3P TV D). B RS RSP
¥, 2021, 49(23): 1-10.
LI Weifeng, WANG Chao, XUE Yongduan, et al. A
flexible DC distribution network line unipolar grounding
protection method based on transient power direction[J].
Power System Protection and Control, 2021, 49(23): 1-10.
PR, BRAS, F4e ., 5. MMC-HVDC #fa 8 25 4F
PR B IE RN E A R RT]. EREAR, 2018, 42(12):
4015-4021.
XUE Shimin, LIAN lJie, QI Jinlong, et al. Fault transient
characteristic and adaptive
MMC-HVDC network[J].
2018, 42(12): 4015-4021.
HWE, XEHRE, KM, & HET CDSM-MMC Y
REFEN RGO [T]. B RG AR 5,
2019, 47(19): 14-22.
DAI Zhihui, LIU Xueyan, HE Yongxing, et al. DC-fault
analysis on CDSM-MMC based PV integration system[J].
Power System Protection and Control, 2019, 47(19): 14-22.
AR A, SRICHK, 9, 5. MMC-MTDC R% AR
AR AT SR, FBRIECA, 2019, 43(2): 546-555.
LI Junsong, ZHANG Yingmin, ZENG Qi, et al. Pole-to-
ground fault current calculation method for MMC-
MTDC systems[J]. Power System Technology, 2019, 43(2):
546-555.

reclosing technique of
Power System Technology,

IS HER: 2023-05-21;

&M@ HEA: 2023-07-20

EEEN:

Tiféi (1999_)a %a Eﬁfﬁ%i5 ﬂ%ﬁ@%/}}ﬁhlﬂb

BR324 5437 E-mail: 1084082761@qq.com

s (1971—), B, @4, W4, ®iE, HEH

w4 A R GRY 56

EIRGE (1996—), %, HEHRA, ARFEA4LER

B ER B IR RIS,

(i Rl &)



