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Hybrid DC Energy-consuming Device for Offshore Wind Power
DC Transmission System and Its Modulation Strategy
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Abstract: In a flexible DC transmission system for offshore wind power generation, surplus power will be
generated in the system when the land end is greatly unloaded or the AC system fails, resulting in a rapid increase in
the DC transmission voltage. A DC energy-consuming device can quickly dissipate the surplus power, which is a key
technical solution to ensuring smooth fault ride-through and reliable operation of the system. However, the
modulation voltage of the energy-consuming valve will become negative when the surplus power is large. To solve
this problem, a hybrid DC energy-consuming device based on half-bridge and full-bridge sub-modules and its
modulation strategy are proposed in this paper. By using the negative-voltage output capability of the full-bridge
sub-module, the matching range of the surplus power can be expanded, and the recovery speed of DC voltage can be
speeded up. The effectiveness of the proposed energy-consuming device and its modulation strategy is verified
through theoretical analysis. Besides, a simulation model of the offshore wind power flexible DC transmission
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system was built on a PSCAD/EMTDC electromagnetic tran-
sient simulation platform, and the feasibility of the proposed
DC energy-consuming device and corresponding modulation
strategy was verified under conditions of different values of
surplus power.

Keywords: Offshore wind power; flexible DC transmi-
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modulation strategy



56

i, A i L XU LU TR S Y ELURE AEHE L S i SR 219

Wi BRSNS T e S [ A I, -4
sR IR KIS B R RE IR A E S 1k
A AR A X AR — KU, A5 SERe TR
SER R, I AR TR I i S AT AH R B R ) 3
R KGR T & RN 2 e S A S g AT
FHHO T A SRR R 3R, i XU 2 0 e 3
AN RIENE . MUY & SRR C), i R K
HAEX BT, 077 B G
AR IR i T e S R R AR
i #% MMC(modular multilevel converter)f¥ZE 4 B
kTS s NS SN A AT VR N - TN W61
W, AT RIS A DIRTC A, DLAGE G
R ARG, AR R R G
2T R,

TEF XU A P % 1 R ge v, Xkt
S P it R 2R 8 ot i 52 07 L P i A S B
Wi 8 L 5 S AN P, S B 7, AT T AR A DR
Ko BT E XML I, RatJoik ikt
MNEIIZIBATIRES , 77 A 1 R G BL AR D)3 A )
R, AL ET R A R iR H
FARCE i, B2 Rt B R R Tk IE
iBAT, HEMA ATRET | R KU HLZH R TR ARSI, L
T A L R G, R R
i i L R 8 1] R FH R R IR R AR SRy S AR K
H, S L o P R A A R e R T Y P AR
B, ZRG LR RGN BRI RIH 96
1, HFERER B AT D TR R FERES
B SCTAERE R B B FERERE E 2 AR, X
T E LR PE B M R Gk, i BB
TEAEBRINE . A et . Bl S SRS,
WM — P SR FH B % 42 2 T i i 119 EL U AG RE S 7
Fo FIER M ATEFNR, R E R
6 H 2R G000 B A AR R ke 3 R A Bl B OE
bz T LR RE il T 3 1 R R R 1
AT SR AR RIFERE T A, IR BT # R 458
D3I Y Re B A 2 R AR

L FE RE R T A FE RE IR AN FE RE H BHL
w4y, HhAERER] th R D AR AR . ARYEAERE

HURH S DR AR E 75X, D AR e B
AR A SR AR 3 AR, 4R
T UE R AE RESE B A FERE I b Kt DR AR F A%
BRI AL, I SHEA AR, @il PWM £
VIS I RTRIPS TN PIE S DS TR E L Akav iF
REFLBHIMFE R B ARTIR . U HRAERER B Y
FORTT S BRARAR . ST o, [H A oKt AR
HR ) DR AT G — I S o e 349 1685 e A4 V) i A
TR e R B RN oA 3R FE RERE B RY
FERE HLBH M T4 TR, il 0 AR
DPRZS AT A ) 52 BURE RE D R0 S 1Y
M RERS A R8N R G AW, ER i 3
HL LA 225 B TR S Ve R G,
AR BEE ARG A . RGN FE R B Ak
ot T AR S A SR R, R RE IRl TRk
oy i LRI e 4R R SCRERERLRHL, FERE MY TR
SNGSE S A8 oS

TER BB ARINFBERIX ], T T2 7R
TR AR RERE B 2 th BT be 8l ] Fi S A 170
ATE O, ECEIRAERERS B R AERE YR IX [H) ANl
Mo i, ASCHR HH—RhFERE L T Fl ety 1
PR TR o LA AR RE RS B S L il et , e
A AT G A A e R, BERS AR R SLH
INELARTIRINAE ST, B PR TR i P T
NIETEDL, TERGERNRERITEI T, AR
PTTAERE LN RS B AR IT L, [R] O B B PR T
FREAE o 8 i BEE AT EL oA B U P $ 4 5 e
SR B4 A A

1 BLEXEEREXHRREEFISH

1.1 B ERBEEEH RERIMEY

ARSCHIT BT B9 b XL SRR B A AR S
TN 1 F7R o REGEFEALS T i R4
. g RIRGES R g M BRI | IR L
HZE, BRAERERCHE | Bl LAuiiinh | Bl DHRSS AR K
i il b S R R4S

ity b KRR SR TR AR T B i L R A



220 IR S S 14 503 %
{@iﬁ fﬁj: E:I FntJJ: _ Udc
AL B gy, B Uy =2 ()

Pt ] ataDt@)

B 1 B LEXEEREEREHRGAazR
Fig. 1 Typical topology of offshore wind power flexible DC

transmission system
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Tab. 1 Main parameters of offshore wind power flexible

DC transmission system
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Tab. 2 Main parameters of MMC converter station
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consuming device
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