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Research on Coordinated Control Strategy for Offshore Wind Power Transmission
Via Integrated Offshore and Onshore VSC-HVDC Systems
YANG Weitao, ZHANG Yao, GUO Xiao, BAO Minglei
(Nanjing Guodian Nanzi Power Grid Automation Co., Ltd., Nanjing 211100, China)

Abstract: With the development of large capacity and long-distance offshore wind power both at home and
abroad, the use of the offshore-onshore integration VSC HVDC transmission scheme offers greater economic
advantages.The offshore-onshore integrated coordinated HVDC transmission technology is multi-terminal
VSC HVDC system and the coordiantion and control between converter stations is one of its important
research directions. Firstly, based on the introduction of the offshore - onshore integrated transmission
topology, the operation and control modes of each converter station in the offshore-onshore integrated VSC
HVDC transmission project are clarified. Then, the automatic switching strategy for the control mode of of
multi-terminal converter stations, the coordinated control strategy for active power among converter stations,
the optimization control strategy for the DC energy storage devices are proposed, and the start-up criteria
and implementation process are designed. Finally, the correctness of the core control strategy of the offshore
wind power VSC HVDC transmission system is fully verified through the setup of a offshore - onshore
integrated VSC-HVDC transmission simulation platform.

Keywords: offshore wind power; offshore -onshore integration; MMC—HVDC; control mode; coordinated

control; DC energy consumption
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Fig. 2 Control mode switching of converter station
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Table 1 Control mode of converter station

RRLE HSSARZS ik Pl
WEMMC, U-f
i WFMMC, U-f
GSMMC, L NERITHEENAS
GSMMC, &l B L e/ DIp a4 il 3y
WFMMC, U-f
X WFMMC, U-f
o1l GSMMC, il B LR
GSMMC, G NER TGN

Rkt G LR IR T 56 HSS MR RAEFS

B GSMMC, Fll GSMMC, 4% il #2 3 4 1% , GSMMC, Fl

GSMMC. B 56 T ¥ S 37 V) 40 13 Al AR S AR

T I B FL R 1 385 O 4 ) DA 4 R I 2R G HL R
. 77 .



2026415 3 1

ENERESRYBE

F47E

R o W FH Y B R 1 38 O 45 A B PR
ZEHE T RS R | LU R 2 AR R
] LU R P A SR L R A B A
il o 2290 22 B U1 R O 1 Sl i O 2RO 4 o)
Hr, HSS G B 43 I Y14 ok & TR, GSMMC, Fil
GSMMC, A IEAAH A5 HSS B A HPIRASAT, GSMMC,
F1 GSMMC, ¥74bF B f R sl A X AF e 25 B
T HL A SRS [0 A8, A sk B 22 i 2R B R e 8,
B 0 A T ARIERT 150 ms 5 796 HSS 431, £
Uity 2% EL VI3 A 5 % 32 A7 5 OB 4 il v, HSS JF
5 A AU 4k A TR A5 B, GSMMC, FlT GSMMC,
AR IEHIRAIE] HSS & 53 WARASHT , GSMMC, {4 T
B YR LR, WEMMC, Fl GSMMC, A B3 %
ANVE LS A7 7E 2R Ge R AR AR , 75 AT B3 HL R
FEF T3, 24 GSMMC, 4G 197 HE R ek 48 7 i
ERE A BN (S 2 5 b TR B R B N
1.05 p.u.) ™, GSMMC, BRIV 46 I 3] 1 37t £ 2 Bk 265 T
K HSS A REARAS , g s D040 B L A%
HlRE, 4% B — 2 M RER MU GSMMC, 5 28 i i
W 2 G852 5 A TR A0 (D PR . 4ERT 150 ms
PR il & HSS Bkl 4, SR HSS 584471l

{U(l(z - Ull(:r(-:f > Ud(:ferror

P ref = P + Ud(;error x PI ( 1 )

K U Ry B SRAFUE AR 5 U R GE HL
HL TR AE U e AHEEEFIWT U (H ; P BT
A8 ; P RIS 1A DY) 22108 5 PL O L
BUMTHE,

TESEPR TRE 10 e I 4 55 % VHSS I ¢
RACRAEEE RN HSS ik 45 55 17 DURFAS 7T kA
Ji S2f 3 T XL T PR TR IE— L0 e A AL A
Pl iak 1
23 BINNEMMFEFIREAR

LRSI ¢ HSS AL T3 PR AR, i F
PSR SRPIBTIE S0 FEPapyI: S5 S i EBvI ) 8t b a ]
AR 2, anfEl 3 B o

WFMMC, GSMMC,

—» | — GSMMC,

WEMMC,

3 mXTRINER
Fig. 3 Point-to-point power flow

- 78

ELL LR B2 TT 56 HSS Ab T4 AR B), i F
JAUERL AT T 3y 2 o TR O A o L R R I AT —
Z Ay , IR A 6 A T DR AN 2 A7
Uit A It FEL X SR B Bl b 480 3 3 =2 [ s LA 6
e O, VY g LU FEL ) ) 3 M A AE 2
PE, N 4 FR

=~ GsmMmC
WEMMC, (=t :
WEMMC, ———"= GSMMC,
-

El4 BHI#@RARE
Fig. 4 Active power flow direction

LB IRES TF G HSS Ab T4 IRPRASHE 98
Ui GSMMC, AJ AR 46 52 g v I 75K E 3298954 2 2
AR50 P A ) AR R P O 22 O
TP S v HL A A R 4R B R G DI
FA , B L RS 2 A DR AR A R
I, 5l F 3R E A DR P AR, T
EXALIE A YR S GSMMC, Z [8]4 H) 22
F Shil AT SR8 4, SRR L A S 2 3
], I b A S A DR R s (2) B

71N 83 A Sl T R O B A ) A R AR R A

{P csmct = Pweniet ¥ Pweic: = Peswner

Posmcamin = Poswnce = Poswmcama (2)

PGSMMClmin gP)CSMMCI $ PGSMMCI max
2 Poswe Fl Popsve A3 0554 TN, Pyicain 1
Poswicuin A I/ N I, Pyrsicn T Poswicnn AR
A%,

AP =(PWFMMC1 + PWFMM(?I - PGSMMC)/N (3)
AP <AP

e AP Ry KU A S I T T BRI T T 3R
AP KLY S HESEBR T BB TP

GSMMC, 5, GSMMC, i iR H 21 7R, WEMMC,
H WEMMC, S V)55 AL i A2 PRI %48 4 &
SR KR GA DR, ke AR B
s R R i fn 5 IR & B i KRR IZ 1 TRE . A
G IR 1 XU oA TE A I I 22 R BR U548 4, B
s i) 4 B AR R ) A A i R A
66 kV 1A 3 BEAT T DI 2 AR, JI T UL 7 g
AT LRRRR DI RAE 4, X (3) Fios , Y s



2026 415 3 1

Ak, A L KO 2RI G — ASE ELE H DR SR

(E552254)

il 22 58 AE IS — i B[] J (RE RS s R 3 F MMC
REJIW0E ) , Al 2] XU S Do) SR 44 IR FR Ty 584
A IERA TS, T Ll B A ) R G BBk R 66 kV
T BEAS TR A B R A R AT DT AR KU 5
BEVIBE b B R e AT s AT,

24 HRFEREEERS

oo &4 D a8 1 n = (4) frow . al(4)
ATHT, GSMMC. 32 % 38 1t HL I A2 e e S ], GSMMLC
R E&T AN RAGHBE S . T AR =1L 5 Hi
Y e S I o 1 W T R S W B FU S B
T R G A AT S E 2R N DR
SEIR T A2 U A8 Uik HL I R R R RE T . AR SO T L
TPHR TR A rPoRE R & 7 RUEA TS, 16 1
JAUHL 3752 FH R 7R JRUAL , AS EL A st R AR T )R
(RE T, M HESE B M R G i R R, 75 H Bk
AR EIRAERELE B N R G B AR TIR,

~ US},SUVSC sind

X
— USYS( Usys - U\'s(- cosé ) <4)

X

P o as i A D Q Jads it as i G
DDA X N Uy S LU 5 U, 483
aki R s 8 LR 2E

LU FEAERE BB VTP SR MR FH LI L A
RO AR S BOE (A B, B R R T
FEME A ShBIA, FR AL /N TR BRI F 3B i, 4
X(SFR.

Uie> U e
Udr: < Url('reﬁnin

Kb U, B AE R IERAE ; U, NFERE
WEBRABESEME; U, WFEREREER T HEE
ZHH.,

H AT, VLI QAR S50 1 AU 3 Bk s T AR R T
i R FE R Bl L R I A S, 2 RN AE
MARGANINZ, HILFNARZE TS 1 &
FERERE AR EEHTZMEHR %L 2
X H A4 1 DBS, fil DB, [A] i} #% A J5 , GSMMC, £l
GSMMC, JC AR5 ) 22 i HL D i 26 A3 D )2, OF AR
T A0 A HC 3 I L ) R GE R R R R GE 4 T
BT, % EH] GSMMC, V4 7 vl . 4% 2 15 B v R
(RIRE T, BE T AR SCHE L S IR T B gt sl 11 Bl &R
LI R, 2 B R R — AR R A R EL AR R
BEETHFER AT, ELMAERESE B T e M B
FEBA L H e 3 {8, 7 EL IR 5 3 GSMMC, LR

(5)

PR A JE 4 1l B9 LU R R L e, S B O
F S 1A DR o0 3 FERERE B I AR L AR )R
o FEREBCUISEIEANTE] 5 s

/—>max

Udcg’?—' Pl > Limit —— Uy
min—/

Udcmf

E5 FEEHRIIRES

Fig.5 Energy consumption switching strategy

ARSI E I OCIL AR E 2 & H i AERER
B E R BELE T 5 HSS 2 MRS B , E i FERE
BE B IHAE RN 5 T 2% AR D)), BLAE
AERE 2 A JCH LG o

BRI TF G HSS A T4 TPIRAS T, B
FE BB B BB I AE LI L N RSB DY)
.2 5 ELIMAERE R B AT — 5 A Y REIH AE £ F )
RGEBRAYYZ H 2 5 HIRAERER & R A
I R o B — 480 3t 3 5 T B I A i A D, 4%
Sl WERIE N L ENA R LN Y R ey 2 X
22, Ry ikEGR DL AL, BT RE R ke R I 3 I B
RIRLE T C HSS A IR ET , EIFERER B 5T A 3h
RS BT RO 1Y) LU FE RE R B U B L R e
P 2 B EIFERE R B SR T )

ARSI FE BE AR ) 2R GG I B B B 2 HK
25 FF G HSS 4b T4 WEARAS S, BRIA DBS, LS4k
A, DBS, il 1) B i B4 T OC HSS A [RPIR A1
RIIF B E U0 0 L e i 22 , A8 SO s B H
JEi 224 0.02 pu.. DBS, 3T HSS FF 548 1 A 1%
VIR B R HE & 6 s . 78 TR St it
b AR R R BN B AR RE RE ) #RK Ak
T HY DBS, RG] HII, DBS, ¥ A JH 3
PV i i Hs i 22451, B DBS, Fl1 GSMMC, Bip[F] Fic

AU,

Uer 1
o
HSS_CLOSE

El6 FEREIRTIKME

Fig. 6 Energy consumption switching strategy

Udmu\ss

3 {AEIGIE

75 RTDS H & it b XU IRl — PR S Bk
HARGE, HAMINEL 1P, iR 4 N R SR X A B
I, BB E SR 2 s,

. 79 .



2026415 3 1

ENERESRYAE

F47E

R2 BREBRARSH
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