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Abstract: In order to improve the power transmission capacity
of symmetrical bipolar flexible DC under single phase to ground
fault and phase to phase fault of AC system at sending end (type
I fault), and the AC voltage stability under three phase to ground
fault (type II fault), a coordinated control strategy of offshore
converter station is proposed. Firstly, the generation mechanism
of over voltage and inter pole circulation under type I fault,
and the AC voltage instability mechanism under type II fault
are analyzed. On this basis, the power balance control strategy
and the output active current strategy are proposed. Under type
I fault, the constant voltage control pole adopts the voltage
limiting strategy, the power coordination control strategy
suppresses the inter pole circulation, increases the power of the
constant voltage control pole, reduces the AC voltage controller
response time, and thus improves the power transmission
capacity. Under type II fault, the constant voltage control pole
is switched to the AC current control mode, the output active
current strategy of the constant power control pole suppresses
the amplitude and phase changes of the voltage phasor, and thus
solves the problem of AC voltage instability. The simulation
model of flexible DC transmission connected offshore wind
power is built based on PSCAD/EMTDC, the effectiveness of
the proposed control strategy is verified.
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Fig. 1 Topology diagram of flexible DC transmission connected
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Fig. 2 Basic control strategy of offshore converter station
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Fig.3 Compound sequence network of single phase to ground fault
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Fig. 4 Compound sequence network of phase to phase fault
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ground fault
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Fig. 7 Phasor of variable of offshore converter station
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Fig. 10 Waveform of single phase to ground fault with
coordination control strategy
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control strategy

WL FE WS 2 1

50
. L LR Wmu.mn,m.mw,.lmnnu.mw.m‘mimuwmqhu.w
20
IRORU AR R ““"NW\l")‘\1"M‘1‘m‘|‘W‘I‘N"i‘M‘h‘W“N‘1"1””;”!"1'\"'1‘
-50
I
-100 . . . . . . .
L5 17 1.9 2.1 23 25 27 2.9
tls
(a) BEURAE I E
1500 T T T T T T T
pIEISEIES
1000 |- e
2
& el
S 00 --————-——-—-——,Q %ﬁm_
He2
0 1 1 1 1 1 1 1
1.5 1.7 1.9 2.1 23 2.5 2.7 2.9

(b) %A P



636 2EEEREER %645 o
500 T T
AU T2
¥
é 200
Q
-100 L L L L L *&1 Il L
1.5 1.7 1.9 2.1 2.3 2.5 2.7 29

PMW

1.9

(d) Z¥A D
B 12 AR5 e a0 m AR e R R s

Fig. 12 Waveform of phase to phase fault with coordination
control strategy

K2 HRESIREEAREA LR

Table2 Power improvement effective of coordination control strategy

IEIKF/MW 500 1000 1500 2000
PR Hb e ) B
KRB MW 12 48 90 67
VPR A A ) e
KT MW 13 50 98 69

4.3 =tEEthilE

AR B 14 0.5 puF I, B2 RS [l 4 o 5
s B = AR SR RS P N 13T R . B LENU,,
SR L A2 H RIS I RE AR FL T

K13 (a) H2%iH0.5 pud DI, 252
VL ERIAROL, BRI LS4, FUR AR AL T

t/s

(b) H24i 110.5 puldh: 7C Dy v i

(d) H24fi i1 pufy DL i
13 EFEHIR M = A8 RETE SR

Fig. 13 Steady state waveform of three phase to ground fault using

different control strategy

— B, ASTHRIE 12 kv, SHHERE. K13
(b) 2 0.5 puBtETCT LT, M2 HL TN 5 S T HL
JE90°, AT HL I Jo il 1 FRL IR 187, BRZR A Uit H F Al
2L AL TAE U R, ACUi H RIE(E A 10.3 kV, /)
FEI13 () W, seiiEfe. E13 (o) Wt
0.5 puZEPE LTI, W 2FL IR AT AC T R 90° o Tt
R, SCTHERIEH IR E41°, B2 KA FE I
SR, BRI, HiEAS LR, s
HL TR DU G2 BR HR e, 28 i P MR (LR R A e
FI13 (D 21 pu DI, W2 iS58 R
ORI . WILRIRAS, QT HL PR AR RAR L3907,
LRI A R R, IFEAN R E, scii
HERRR . LRSI IR S EA T AHAT o

T AR SR T AN 4R R . KU
2000 MWAH TN, WA WIIHESHE F1000 MW,
T HE B2 100 Mvar, 54520k T,
ARERELAR . BEEREEWR LB pu i, W2kl
0.5 pufi DUHL I o B BEAR S0 A A8 o v P AR, W
IKFN19 kV, XS R IA DR UL TR,
MBI LR I TC TR . BRI PR S DR PR A

M\Iy\i\flv\}1|4»v[w1|\\ihh\hﬁnl‘:\l\\l‘\'lvqwnl“
(AR

"h‘.hwmnnl,\lnﬁm\lqll\bl‘,\i‘>i.\|“\.¢|‘,§,m.il“w,‘mfmilﬂ
e (A
I it

5"\V"l\|\1‘|\i\"\"\]ll\|\j

| ‘ NI
\|\rlqwrl|‘\»li\|j

i
I
\\|\1"\>|\Im'\y'w\lH‘w|wl\
|

‘ ‘li\I;i\l\},‘\\|\t|u’ll‘h|\\|\ il"wy“ﬂ'll”l‘il“l“?‘”ﬂ

2.5 2.7 2.9

(a) Ui



Vol. 6 No. 6 28, & mEXEBRIEEREHISRAR SIS EEH 637
T BRI A 161 MWATZIIAR, M B B A5 T
2000 |- - . ke, M1 330 Mvar CI DR, #M2hl 2k i 0

2 o0 ﬁ% DHE. O, SRR, AR ok
%1 . ) L
0r |\ 1 B RIR. R, SR
-1000 1 Il 1 Il Il 1 1
1.5 1.7 1.9 2.1 23 2.5 2.7 29
ils 5 z:él:i%
(b) HYpHy%
T et ST AR OB DU, 32 P 25 0 5 R
[oecmeod MR AR A R T R T %

OMvar
J\
[f %’
|

-4

Wl!l‘l‘l‘1’l'l!l’l’lWl!l,ll“‘"""W‘m""‘“"""""""W"‘w'1#,MlIl’lWl‘MWl‘l’l’l“‘l"lﬂlwl

WAL~

O/Mvar
(=]
A ]
k-
=
1

T
-500 ‘ ‘ ‘ | | | |

(c) L3

B 15 mEE R
Fig. 15 Waveform of double phase to ground fault

4.4 FRIRIEMEIRS

T AZ L 25 G0 P AE 2 i A B TR AN RS i s o« il
FERa AW &R 1 pud L, 2% 0.5 puF L. K

77, T EPQI I M) A - ISR o S PR IEPIAR
AN = A s Tl i AT L PR R M, 4R T T
A TR (A % R AT D LR TRI o JIT B T R I 45 4 T
o, ARG RGN, 5T, A
SRR . 38 6 U AC I AR S A EL
SEHy, ATLAAHE LRSS .

1) ¥ b 30 36 0 3 5 VR AR TE  H e 0 7 1%
Vits A It F8 G0 AU 2 1 R R R e S S R ok U R . HL3Z
FEPQIFER, A2 It HL 4 Tl g e W BRI AC G, 28It 3R
SRR, REOR T KU & TR .

20 FE B M R AR S T, DO
hir g Tl SR e S B NP T AU L R A R, 2T T I

3) FEPI AR ML = AR T, VIR D)4
Z R AR, PQII A T 2 T H I o 1
5558 VI (B AN VG FC (9 T e 3t AUER: JC T L 3 T

4) FEVIFI b = A T, e PO K
th 55 5 VAR MR 45 503 D /N 9 A ) P 38 s ek Tt
Dy et , i efesE, Horb ok oA D s ig ok
A it F MR E RO B A

S 0k

(1] BT, B, skibds, % RMUELE b XL 5 I

RHEBRVITELHAT]. PR TAR, 2016, 36(14):
3758-3771.
CHI Yongning, LIANG Wei, ZHANG Zhankui, et al. An
overview on key technologies regarding power transmission
and grid integration of large scale offshore wind power[J].
Proceedings of the CSEE, 2016, 36(14): 3758-3771 (in
Chinese).

[2] T#F%, TilFzn, T4EK. RMELE L X ik =
WHFE0). ISR, 2020, 57(22): 55-62.

WANG Xin, WANG Haiyun, WANG Weiqing. Research

on power transmission mode of large-scale offshore wind



638

£BkEE

REEXRY

ot o

(3]

(4]

[3]

(6]

(7]

[8]

(9]

[10]

(1]

farms|[J]. Electrical Measurement & Instrumentation, 2020,
57(22): 55-62 (in Chinese).

ABEYNAYAKE G, VAN ACKER T, VAN HERTEM D, et
al. Analytical model for availability assessment of large-scale
offshore wind farms including their collector system[J]. IEEE
Transactions on Sustainable Energy, 2021, 12(4): 1974-1983.
KILZR, Zearrd, EFF, S5 KM B XL o
LB AR FHBR A 2R 7). s E s FT, 2020, 53(7): 55-71.
LIU Weidong, LI Qinan, WANG Xuan, et al. Application
status and prospect of VSC-HVDC technology for large-scale
offshore wind farms[J]. Electric Power, 2020, 53(7): 55-71 (in
Chinese).

M, MTAE, EXE, SF TR Eg RN
R 2 52 3k 0 R Ge A T BRI AR B 1], s 543,
2022, 59(6): 122-129.

LI Bin, DU Dingxiang, WANG Xingguo, et al. AC submarine
cable pilot protection for offshore wind power through MMC-
HVDC system based on mean absolute error[J]. Electrical
Measurement & Instrumentation, 2022, 59(6): 122-129 (in
Chinese).

LI W X, ZHU M, CHAO P P, et al. Enhanced FRT and
postfault recovery control for MMC-HVDC connected offshore
wind farms[J]. IEEE Transactions on Power Systems, 2020,
35(2): 1606-1617.

NI, B, RT1E. e E I U R SR T I Pk A
FRAICHILD). hAMEETE, 2022, 27(11): 30-35.

SUN Liping, YI Xiaoliang, SONG Ziheng. Challenges
and suggestions for development of offshore wind power
in China[J]. Sino-Global Energy, 2022, 27(11): 30-35 (in
Chinese).

oh E TR AR IR E S KRR T L 22 D 25 202148 P 1 X
HLASHLAETTT]. XUAE, 2022(8): 46-49.

Statistics of offshore wind power installation in China in
2021[J]. Wind Energy, 2022(8): 46-49 (in Chinese).

FEME, BERERS, THHE, SO RIS AT
A HE B LR MT[T]. KAE, 2022(9): 64-67.

TANG Bin, CAI Zhisong, WANG Dandan, et al. Summary and
analysis of key elements in environmental condition assessment
of offshore wind farm site[J]. Wind Energy, 2022(9): 64-67 (in
Chinese).

AR, KRR, RS, S L XUHER I S R IE A
ARZEFLERI]. ISR, 2022, 59(5): 23-32.

GE Weichun, ZHANG Shitan, CUI Dai, et al. Summary of
differences between offshore wind power transmission and
local consumption technology[J]. Electrical Measurement &
Instrumentation, 2022, 59(5): 23-32 (in Chinese).

diliek, Ak, R R, A% ML b X 2 L TR A
FARA R E A N R[] B RG A, 2021,
45(21): 120-128.

MENG Peiyu, XIANG Wang, DI Shimin, et al. Hybrid

cascaded HVDC transmission system with multiple voltage

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

levels for large-scale offshore wind power[J]. Automation of
Electric Power Systems, 2021, 45(21): 120-128 (in Chinese).
Weih, AEAKHT, WRHEWR, &% LU ZE BT IR R G AR
PERIZRR]. SR ER A, 2021, 47(10): 3397-3413.

YAO Wei, XIONG Yongxin, YAO Yahan, et al. Review of
voltage source converter-based high voltage direct current
integrated offshore wind farm on providing frequency support
control[J]. High Voltage Engineering, 2021, 47(10): 3397-3413
(in Chinese).

FEPE, WS, AP H, S XL Z kM
FR YT 2 A T O S R MR R SR (7).l RGP S
i, 2022, 50(7): 111-119.

LI Guoqing, XU Yanan, JIANG Shougqi, et al. Coordinated
control strategy for receiving-end AC fault ride-through of
an MMC-HVDC connecting offshore wind power[J]. Power
System Protection and Control, 2022, 50(7): 111-119 (in
Chinese).

I, w7, JREINE, 4. R XU BT S T L
RESRI]. B RGE AL, 2021, 4521): 2-22.

CAI Xu, YANG Renxin, ZHOU Jiangiao, et al. Review on
offshore wind power integration via DC transmission[J].
Automation of Electric Power Systems, 2021, 45(21): 2-22 (in
Chinese).

2, WRAN, UK, S KA R KU M
HOCHEROR SRR [I]. MR, 2022, 48(9): 3384-
3393.

LI Yan, FENG Junjie, LU Yuxin, et al. Key technologies
and prospects of VSC-HVDC for large-capacity and long-
distance offshore wind power transmission[J]. High Voltage
Engineering, 2022, 48(9): 3384-3393 (in Chinese).

WLESE, Wi, EM, A I RUL TR 7 R 2T
PEVEAL (D). WiVTEL Sy, 2022, 41(7): 1-7.

HUANG Xiaoyao, XIE Rui, QIU Peng, et al. Economic
evaluation of two transmission methods for long-distance
offshore wind power[J]. Zhejiang Electric Power, 2022, 41(7):
1-7 (in Chinese).

FRE, MRRA, R, G BRI RN RS
HFNETFETI]. RERBETREIEN, 2021, 4(5): 476-485.
LI Xianyu, YAO Liangzhong, CHENG Fan, et al. Economic
analysis of multi-type DC system topologies for offshore
wind power transmission[J]. Journal of Global Energy
Interconnection, 2021, 4(5): 476-485 (in Chinese).

A, PR, BRIk, AF AR H RSN
DR BEARAE S GRAP B R 0T (], 8 1) RGP 545,
2021, 49(20): 20-32.

ZHENG Liming, JIA Ke, BI Tianshu, et al. AC-side fault
analysis of a VSC-HVDC transmission system connected to
offshore wind farms and the impact on protection[J]. Power
System Protection and Control, 2021, 49(20): 20-32 (in
Chinese).

FIERR, BB, A, SF. U EXUHLIR T3P B



Vol. 6 No. 6 Rk, & mENBEREERERRARHEEES] 639

WA LR ] BRI, 2020, 14(12): 25-31.
LU Yuxin, ZHAO Xiaobin, LI Yan, et al. Main electrical
connection of VSC-HVDC converter stations for offshore wind
farm integration[J]. Southern Power System Technology, 2020,
14(12): 25-31 (in Chinese).
[20] 259 Jat, JRIRIZE, ERI, S5 B XU SRR BOAIR R4
IR I]. O AR, 2021, 15(11): 56-61.
LI Haoyuan, ZHOU Guoliang, WANG Gang, et al. Study
on overvoltage of submarine cable applied in offshore wind
power VSC-HVDC transmission[J]. Southern Power System
Technology, 2021, 15(11): 56-61 (in Chinese).
21] w2, LU, PhEFE, 5. i LAl J e S
J B T340 ) AT R 0 A [J]. A ERBE IR EL R, 2021,
4(6): 602-614.
YUAN Yijia, KONG Ming, SUN Baobao, et al. Analysis
on the effectiveness of suppression strategies for transient
overvoltage stress on the DC side of offshore converter
station[J]. Journal of Global Energy Interconnection, 2021,
4(6): 602-614 (in Chinese).
BB, BT, VEAL, SF. E MR TN L2
MR E R RGN SRR, oA, 2021, 42(4):
97-104.
HUANG Ruanming, CHI Yongning, WANG Jun, et al.

Transient characteristics of offshore wind power sending

[22

—

system via flexible HVDC transmission system under DC line
breakage fault[J]. Electric Power Construction, 2021, 42(4):
97-104 (in Chinese).
[23] 3K, woh, VRME, S B XU BRI R R A
FME EURFE AR B U IEE [T, T E L TR 24
2021, 41(12): 4081-4091.
ZHANG lJing, GAO Chong, XU Bin, et al. Research on
electrical design of novel flexible DC energy consuming
device for offshore wind power DC grid connection project[J].
Proceedings of the CSEE, 2021, 41(12): 4081-4091 (in
Chinese).
Wi, HER, RE, F O EXNBEFERLRSZ
Uit A2 U R BRI 5 2 B T SR (D], T R RE DR, 2022,
40(10): 1396-1406.
BO Xin, YANG Zhichao, SONG Shan, et al. Coordinated fault
ride through strategy for offshore wind farm via VSC-HVDC

[24

—

under receiving-end AC fault[J]. Renewable Energy Resources,
2022, 40(10): 1396-1406 (in Chinese).

[25] ™55, VRUEAS, BEIRRNY, A UM ERIR Rk
Uit KRS AL B RFERE T[], BRDUR 224 CT 2200,
2022, 55(9): 930-939.

YAN Jianan, XU Jingjie, SHI Xiaojie, et al. Research on

asymmetrical AC fault characteristics of wind power flexible

DC transmission system[J]. Engineering Journal of Wuhan
University, 2022, 55(9): 930-939 (in Chinese).

[26] #0Col, 2, LM, S OREBFE B HUme B XU

R RS AN T G AL BC AN L], A ERARIR G,
2022, 5(3): 298-307.
LI Yuanzhen, YUAN Yijia, KONG Ming, et al. Comparison
study on transient stresses and insulation coordination on
offshore VSC-HVDC converter station considering different
arm reactor arrangements[J]. Journal of Global Energy
Interconnection, 2022, 5(3): 298-307 (in Chinese).

[27] £WH, AR Mk, 55 i B XL E R G0 v L

R HL PR AILER A S SR (D], R EOR, 2021,

47(8): 2688-2699.

WANG Xiaohe, YANG Lingang, LIN Bin, et al. Mechanism

and restraining strategy of the sending-end grid overvoltage in

offshore wind farm-flexible HVDC transmission system under

grid faults[J]. High Voltage Engineering, 2021, 47(8): 2688-

2699 (in Chinese).

XUREE, #MEME, 778, % XL E R H I %

H A S TR BRI 2 AR [0]. A ERAE TR LK, 2020,

3(2): 132-141.

LIU Qijian, YANG Meijuan, XING Dengjiang, et al.

Coordinated AC fault ride through strategy for wind farm

connected to VSC-HVDC system by island[J]. Journal of

Global Energy Interconnection, 2020, 3(2): 132-141 (in

Chinese).

[28

=

WHmBHA: 2022-09-14; €@ BEHE: 2023-02-20,
EEEAT:
% (1986), B, AL
: I, AT @A LRMRY
#EHE Y. BAEHEE, E-mail:
pengzhong-2010@163.com.
wik (19700, B, HAITAE
T, BFR e A R AR,
E-mail: 13600802156@163.com,
PR (1985), B, HALE
W, BtRI @A N RGEMAEZETEEH, E-mail:
yerong1985@qq.coms.
F& (1980), B, HAIENF, RS QHEHEL
R B AZ BRI 2445 A, E-mail: taidouli@163.com.
ARG (1973), 5, @A, BRI e A&k
i B Az R 2 4%, E-mail: haojunfang@yeah.net.

)
(LB

}‘5\-
2

(TEZRS KM





