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Abstract: Reducing the cost of offshore wind power sending
system is key to promote the development of offshore wind
power sources. The technical solution based on transmission by
diode rectifier possesses good economy. However there are de-
fects in the system such as the wind farm cannot be black-star-
ted and the transmission system cannot provide AC voltage for
the grid-connection of wind farm. To explore more feasible ap-
proaches based on the above mentioned technical solution, a
design of improved diode rectifier based transmission system
was proposed. On the basis of configuring auxiliary AC line, by
adding reactive power compensator at the offshore end or mak-
ing the inverter on mainland side to directly participate in sys-
tem coordination, the black-start and the steady state power
flow direction control could be realized. The theoretical analys-

is, system scheme design and control strategy design for the
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proposed technical scheme were carried out. In the simulation
environment of PSCAD/EMTDC, a model of offshore wind
power transmission system was constructed. Both methods
were verified by simulation results and were proven to satisfy

the reliable transmission of offshore wind power.

Keywords: offshore wind power; diode rectifier; auxiliary

AC line; reactive power compensator; power control

DOI: 10.19725/j.enki.1007-2322.2022.0216
0 5|8

H 2020 4F 9 H 22 H 23V FIFEAES 75 Ja K
HERe EEAA T EmANE . frh A BiRLk,
K78 J s 1 pe i A a4t 2 i R U, g B KL
J1 % HAE SR AT AR R R TR T R A T )
Z—, HARIPFR, Wlm ., RHBEICER . 3B
BLAHLA R HHZE RN AR PSR 7
far rhL A A A, R RE TR S o FC Rl A L (1)
BT 1] 1231,

WEEAFE M XTI, B2
R R R EE R R R RS NAE S, A
5% 1w P S B 32 [ T M E P SRR N
X g b AUH A e HA R LT

RS B 1 XHL 26 R G 2 AT = R A T ik
H I PRI AL Z2 S e i 4% (modular multilevel
converter, MMC) i 221 ELiAL 2% B S, B EAS T
i LR AR T XU 3% H IR R B R B i, iR
% 0 2T i PR S B 1) A 23 B A PR PR S Y 1
D) NI B 11 P £ G = a8 . B i S = R
0 Oy T el i o e, (A
TR B H R B ARG i, ELUREE 2
CrPEUL A 2 B g K, PRt SRk EL A

http://xddl.ncepu.edu.cn E-mail:xddl@vip.163.com


https://doi.org/10.19725/j.cnki.1007-2322.2022.0216

174 K B A

2024 -2 H

ARG B ATE RS i ifg 72 KU T &
B [ A 2 v KU, TR —— VT IR A AR U XU 32
PR U e TR I SR M B Hh O 22 0,

tE— 25 B A I B R G0 AR 1 R
RETH 208 — IR b XU R Lk
WA, W BT R 3 e AR
B S NAS | BRI IA ST R, G TR
RGUA120 5y — R B A i o i o i Y
TRASAS Bk ) 2R Ge R AR B B0 22 LAl
T AR A AY (diode rectifier, DR) HLAA i
PFE/N o BUARAG . (RBUIN . E /NI SR R A
R, AR R T R AR T B XU L
FAR BB 5T R 113160,

TR TS, BT AR AR
(A T XU BT R S, SRR TR AR E—
Seln) @, B, TARCERE TS KRR S TR,
ANBE RN R SR AR T AR Hak, CiRE R
AR T 2SI L R, ANRE M 1L 40 U 37 2 1L
JEME . IFH, TR AR AE AT YR A
B, kKRR, BFMNRE T
W — B TCTh TR . R T o LR, Sk
[17-18]4% Hi 7] DR 5 MMC #4788 . Ff 8k, B
BURAEN TR, RRZETETE L REF5 L
T i B DR Al MMC, Ffi & R 5 9 42 5,
MMC FHEH R KRS N, 5808 L7 & 43
FVE I, A A A R S . XU, SOk
[19-20] #2 i — Al B DR 15 45 Fb MMC i B A%
AR IR A B A%, PTIE> MMC AR R
AE, AHB] AR R L A SR R R AR
MR, 41X DR Joik &7 28 i B R iy )t 3¢
Mk [21-23] WF5E T I B XHL S DR BCA B34 H &R
4, WM RBLE S S, AT AR ik i
R o (EE T TR X R XUBIL A SRR JXU L 3%
B T AR R DR T ZE . SR [24] 48 O —Fh g
W%, BIFEXHEIE I RGE T A —5/NIEM
R B, A X IS Sh iR L e R S
[] B Ay XU HL AL 26 T I 4 AR m S i L e, BT
XX TP AR SCHERIF AN 2, AR TS F4%
il SR W A AT p i — 2P T

Y F I F T R AR (0 XU B
RGAETE W) B A BBE LA S R R AR DA s T
ATC LA Bl B A8 T 4k I ) AR A b XURR B TR R
ARG TG, E0 R G PRI T A2

()AL, HREH 2 RO R, MRS RTEARE T &
TR s )5, 78 PSCAD/EMTDC {)j H.2R
B R ¥ L XU R R AT L, 4
SIIE T T3 5 S MUGT R A2 A7 44 il 5% W 140 A 2850 o
1 REAHFRSHAET
1.1 RZENEXERESH

G B RTiES 7 4 &= 2 k1 3 NN
Tk RFE R ARG WE 1 R, RGN AE
2 FPaT 8 A AT DO T HR A AR . PRGE I 1 R
HL 7 DR AR e N B Bk T
B3 B 2 & K S YR 2 R B A I 2R ik .

FHERZE | oo im g1 i
:lf AL
£

jigJ@’ DRU MMC

TP

ESTE )

Bl1 HFHBXREHRHN_BREER[ELRBEIHRSE
Fig.1 DR equipped offshore wind farm transmission
system with auxiliary AC line

MBS R GE LA I A7 B 2 I, ol B S8 I 4k v
BT — AN K, KU 5 %A D) 1) 232
FEETHAE RSN ERAREL, HHRS
T 2R S GE 7, R D 28 2848 Bl A2 0k
Ik
12 ZHREBERLTHESH

T % % 2 i 5 JC (diode rectifier unit,
DRU) A B & RIRE ), HEREEREAS5H
™ e AH 4 3 #% (line commutated converter, LCC)
TEfl & AR 0°RF IR —2, =k (1) .

Uge DR =N37[£U1 _N%Xrlldc_DR (1)
Krf: N3R/R DRU H 6 Ikl — A8 B i 2 1) 1B
L Udc_DR%%ZT—\‘ DRU E i H JE ; Idc_DR RN
DRU H. I LU Uy 3R 40 I 48 T 4 1 ) 28 20 25
B R A RUE s Xy R 40 i A8 T 4% 55 (E 5 A
HL4T .

DRU H iR AITHE A
Udc bR — Udc_ MmC

Zge
:EEEF' : UdciMMC %‘:Zi“%ﬁﬂuﬁ MMC E@Eiﬁjﬁﬁm EEJIE9

@)

I4c DR =

AW, 77,2024,41(1)  http://xddl.ncepu.edu.cn  E-mail:xddl@vip.163.com



o414 5 11

I A B A R A R A I L KR K R G R A 1 175

Zye TR ELUR 4G S 3L BHAT
gh 4 () AR (2), W15 DRU &5 04 I
3 Pop WHEAK, =X (3) Fios.
Ppr = Uqc DR *ldc DR =
(N%/i Ui1Zae + N2 X Udc_MMC) (N%é Ui - Udc_MMC)
(Zae+N2Xn)®

)

orpra 3) AT, AR GE T Inl B S B 2 )

DRU A I )3 Ppp F 252 DRU A2 3l v A 4K

{H U, M52 MMC ELHLHUE Uge mmc M. —HZ
I E R AR 2 B

DRUF ZhT) % /pu
B W '—“ O = N W

/17' 1.010 1.10
. 106 lpv
§4% 1.000. — 04 3‘@?&‘/ ﬁﬁ&@
TG 0990 1.00 Ly WA
“ N

2 DRUBIIIER PR S5 U, Ui mmc P
Fig. 2 Relationship of active power Ppg with U; and

Use mmc

MIE 2 A LLF H, DRU A DT Ppy 5
Uy 2IIEHHIKER, Por 5 Use mvc 2 IR
KFR. B, X TATE DRU, AL 15 H AL
ELUR 2 I () HE R B 45 ] D3 my H 8o
1.3 REHFRRIT

TR RIS D S ey K 2 T b
JRUH, B VAL 26 R el 3 9 15 DRU 38 3t 00 H 5 1
(IERE RN R (NI - S = v R A
HlRe S o ST EHEESR TUT 2MEKRS
ED

55 1 Ay ZORAE M b KUAILIT ) 6 A I B
1k ] 2 b 1% £8 (static synchronous compensator,
STATCOM), W&l 3 frss, ik #51 f 53 i
FA, S 1 S B ) 23 3 re) 2o o 7 XU rRL % o o =3
T, STATCOM i id 3 K IC T oy A<k s LA 4R
FEIXHLIT P TR MR, i B A5 3 A
IHEAINHIZIIE, ERGHEIZTT, STATCOM

WA ® Fy,2024,41(1)

AT A KU 3 il W R A S I T T S . TR
i}, STATCOM [7) %5 & e ' 5 %l B 28 It HL I 1) ot
SRR M R G I S HE TR R A K

2 ¥

j" ES L
{

MMC

LI

STATCOM

B3 5 LinfiE STATCOM K% A RGN
Fig. 3 Topological structure of the transmission scheme
configuring STATCOM at offshore end

55 2 PTG LA il Bl S W 4R i 3k HH R G
FEARGE A, o Bl b MMC 3 B
JEMEAE, S DRU MREEH,, RELHS5E 1
—3 . RGP LG DRU TAETEA A #5 2 iik
&, BBy MMC 5 R B H . X
iy h A R, 20 MMC 38 5 42 1 B AR i
GV U s S B R e 1107 ST A
Gy D AR e MR e oh ELUR R B 1

I THCRE SR A R Y 2 R A R 507 %
PEATHE R SRS B AN AT AT PERIE

2 BLEMAEE STATCOM HFX

2.1 RFEITHMESEHIREEEIT

P2 1) R W 5T B AR U HE R 38 i STATCOM
T R A R A, SEER U e TR T
H DRI T

TE R Go A shiin YR v, e i
A MMC, K B R 45 il B 40 e (. RS
e S R R b, RN AR B R
HINNFE Py, BEE Py WK, STATCOM 7E
Pl AE R B KT o R, m A
BLIT I A T v R R, 8 XU R S o D) R R
TS R B %, STATCOM R il 3
W& AN 4 B o

4. P HIARBI RGN A TR
Q4 STATCOM I )R IETE A MH ; Qs N
TG TN RLRSH; O, W
RIBE s 1,1 530 R L R g il s 4
AL BB 5 Ucper M FREEHUERHE A (H, Uc

http://xddl.ncepu.edu.cn E-mail:xddl@vip.163.com



176 K B A 2024 42 H
RHLI 3 A e
STATCOM{ 45 14 U, ]
PLL
[re]
wt
PWAL STATCOM
H o~ d. )
TR L 3 q » , WIS
abc > J ﬂ» 2kt @
X .
TN
WRGA Oen
h#EP,, s #3451
E 4 STATCOM 35 & % Bg
Fig. 4 Control strategy of STATCOM
S TR R R B 5 1 L, 45N H A BF d RIS
ARV RPN fy
EEEJJ EE’J :J:El =4 Tﬁ%ﬂfitﬂfﬁo ‘ ‘ STATCOM AUL. U U,
STATCOM a8 1:f 4 1] [ % By 22 17 H, I rp 3 A
N N A} — >, L SO Y l(/
6 T HL SR 3 190 6 e TR (B, T B A8 J%} L=
WA i 55 2 4y, % L (short circuit ratio, SCR) " h
MR R G RS O B A b, SCREK, 32 OR g ORELUIES NS
T REEE, REMIRE; RZ, REBRAFRE. B 5 HBXRENENEERERMBEEREXERE

— WA, Scr=>3 BN AL ; Scr€[2, 310N
SRS Scr<<2 WIS R 45 2520,
T S BARS T STATCOM 75 3 W 15 32 3 Ha,
JE I RE 755 Bh 28 3t HL i B S8 2R o
P T3¢ T F Do) R A BEL P L A /DN Tk L
ARl B A8 I F D A BEL Sk 2l B . Bl B AE TR
FL ) 710 S5 00 L B R G P P O K B G R AN A S BT
Ro FEH: Uy RARKEBIZIFELHIE; Ly £
7 B L BRI R U R il B 32 T H D 2k
HLR 5 AULine #2718 T 9 5 25 L R i (B A 43 T 2
I, /R STATCOM 2 T 6 7F I M s PR IR A, 1]
it By A 97 R PR 3 A TG ) L
FEW s R TR S TR LR R N
AUlLjne
V3
K AUppase 678 WS HL R IRAE 6 T
J9 T ¥ THEL R, STATCOM 7t i e 3 o
KA AR N

= AUphase = Iy wleq 4)

AUy AU
AQ= ‘/gUpchq = Upcchelqne = (Us+AULine) a)Lel:e
(5)

RGP AR I Ser 5T RS

WA ® Fy,2024,41(1)

Fig. 5 Equivalent circuit diagram of auxiliary AC grid
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Fig. 9 Control strategy of MMC at land end
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