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Research review on high step-up ratio DC/DC converter for offshore DC wind farm
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Abstract: The offshore DC wind farm with DC collection and transmission system eliminates the bulky power frequency
transformer and multiple power converters. It has advantages on power density, cost and efficiency. These advantages let
the pure DC system become an advisable choice of offshore wind farm. In the offshore DC wind farm, the high set-up
ratio DC/DC converter is a very important part. This paper firstly analyzes the requirements of the step-up ratio, capacity
and fault isolation for the DC/DC converter. Then a detailed classification is made about different kinds of DC/DC
converters. The advantages and disadvantages of various DC/DC converter topologies and their prospects are pointed out.
Finally, this paper compares the structure and control methods of these different topologies and affirms the future
development of the high step-up ratio DC/DC converters which can be applied in the offshore DC wind farm.
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Fig. 1 Three parallel topologies of offshore DC wind farm
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Table 1 Capacity and voltage level of offshore wind farm
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Fig. 2 Bipolar bidirectional HV DC/DC converter
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Fig. 7 Unidirectional DC converter based on thyristor resonance
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SCHER[19]4€ T — Ml 3R I 5K HL %5 (Resonant
Switched-Capacitor, RSC) Byt &##, W9, %
SGURTTRLIR IR ST, ANBCHORH BT T B
TR TAE. ZRINE L, 5 Cos L5 Ca 25 H
AR, BZSEMLG Coorn Co AR, H

Qﬂ@SLPI M ________ JJ

Vo (Vo

Qﬂﬁm ] i

9 IEIRFREBERERTIREHRTD
Fig. 9 Resonant switch-capacitor DC/DC converter



-162 - ® LRGP B R

B A H A L B S B N AT AR, IR A
BEREL I ANy No WS AZEEEI R (NN +1): 1
HI T2 A h RS kT, BT AT R
BHEBN, HZIR I EOR R A LU R
A, I L U 52 S SRR .

N T RIS F L TT R, BRI
PRI R Ry, SCHR[20182 1 AT A T b XU H
LRI P I EE T LCIFIBE IR 1 TH AL He %, &l 10
PR

N
|

QJ%%QUK} T T

E 10 LC FHEtiEiR BRI HRAIN

Fig. 10 Proposed resonant step-up converter

DL — Z 028 T b ) A5 A8 iR 1 4 b ] DL SE IR
e IR L R B BT A LA R T R e
AN TR KRR G RN RO
HiAR, AT ARG TFOCHIRE, (EE eI 0 K H i
EHUER, AL, AR . I HAZEIE TR
HIR NG e S EOE B BRSSO, AR
JREZE AR TR, HE SR A E A
W R IAT N HHE) I et 2P
2.3 EFANHiY B FEARINE

WSO8 B AR TR A e &, EH T
A H AR ) B iy T B s I R
AL, WA dagkEg, FHRA IR ME
o BRI TR DY Z IS R Y ) B R AR SR
i, HETTREAZRHAMWRITS, 258 T a8
IR Z ANDC/DCHEEE R 1. Jr W ST R a8
B) R34 s R Rl i)t T AR AR BE st =, P
DA H |9 2 8 1) TR i 2 AR ] (1) R
S R ) R AR L S A =

N R ORISR AN AL AT A A DY SR, HodraE
TAaEmRE EXERERILH MR, 2nlAimAIf
1% Hf BX (Input-Parallel-Output-Series, IPOS) Fl %
N H3 P64 L R I (Input-Series-Output-Series, ISOS)™.
EERFIX AP 5 DRI N R T ke, H AT
AFACAH P, (T2 mpfesx e, i
HE IR .

SCHR[21] 58 46 5 iR D 228 B U DC/DC AR e

Wb a5H, IR BN 20 LS TR SR S5 A
FEBEAT T LRI AT, Fda XA IR A R s B
A5 i #%(Dual Active Bridge, DAB)HAG % Hi [ T
TEORHRAE D 24 7R 52 1 H R Y. g AR O AR SR
A2 SR (2314 AT T A e P T
DABYEN FRERAATII, EILIR. i s
R RIS, B TRI R fth i 38
EE 11, SR A JFIG At o s IR B, A
SIS AR e IR IN T RBURE S $ e T A
B, IR BIT BRI R LT . I H.
P R () M DR R P AR A 22, LIRS
RGP R -

]

.- J; T Vﬁul
HEN
il Fie2 j
—T AR
T RN T

B 11 HAFFECH I BREX DAB EiR TR P
Fig. 11 IPOS based DAB DC/DC converter topology

SCHR[2413E HULLC #3 I B e s 15 O 1,
HA B A\ S I Ay i £ EDCAS) FoRT 21 L T
Aadh, IERAZIn A N T B H R, [
N3 SEBL T D R BB 0 A o K By 2 R 4 7
(Maximum Power Point Tracking, MPPT),

FEAEHITTTH, EF0TISOSSEM, 2% B N
t S R 2 s ) g, SCRR[25]8R M T = AR I S,
T R A R B BB Y A LU S A AN
FEIAFEER], S e A\ ) A 38 s R R s ) A
SE o SCRR[2614 HY T ACHe b 7 HU ) B8 s e, {H2
SRR ] AR ], ANE T TRORE Z 13
e SCHR[27]52 B 1 340t A I 5ol 1k AR 259 1
PEHIGENS , (ERLYAR RIS A — @ .
XTPOSEiHE, TR BAA TR N s B i
H S s e L, AR R ARPE B SO BT AR T
L BENS L RN S TR I BN E el A b T S
Bl RS S T T S HOR L, SCHR29]
P&t T K B T/ P g s - i e P 4 AR 1
PR XA TS BUBRA ,  (E RS
B ENE S TUR

I T A P N A L S R IBE T LS IR )
AL, WA E T S KRN . AR



HRH, & AERN LRGSR DC/DC BB AR 4R - 163 -

) F AR ML T SETL R R T IR, AT 98/ I
TARKE, TR BT R W TF AR, /N5 12542 e
PR, ZE BT, SR ST DN H A
T X7
2.4 ETES D BERRINGW

B AL 2 B P AR 8% (Modular Multilevel
Converter, MMC) H A = BB 1R, H 2 T4
JEs Bt A AN T S
BORHEAR L. B TFMMCEA AL ERRIZ, At
PG RIEAT

N T4 EI R 37 Y R A 4 2% T
ARG L R AR B, DRI o] DICR T TR &%
FIMMC, ELEAMMCLADC/AC/DCI )5 sk,
FEACH 7> K A8 IR 28 3T T, AT S8 v T
LG E A, i 1258 AT TAAR e ds,
K P R AR e g, T LAk /NAR R 2 AR

Hig, Ho N T EXCE .
‘ = % & ﬁ % = ‘
Hr Hr
SM2 SM SM SM2 SM SM2
Mn T SMn
L

SM/ SMn
L
d |
in

I

L
m B sw1] [swi] ]
Hr r
[sm2]

mmm mmm
v v

B 12 &F MMC BB R TR
Fig. 12 MMC based DC/DC converter topology

Sh 9D A R R PR S i, SCHR[30]4E 4
AR MM AR 3Emb L, i R A £ &
fel, WEN3HTR, ARSI @k
MIMMC, B RBFAR T A DL S AR AR

FELEMMCI PR T DLUR A s A 454
VLR ARBTG5 R T 2 TR AL,
(EEMFSE R I AS BAT B ae 10, i igqr
FUREIRI I3 b EL R A1 BRE J), 20104FALSTOM
O] G5B PR SEMMC AR e 48 1 4 BT B VR
A I A I E A Tl TUMMC  (Alternative-Arm
Multilevel Converter, AAMC)®?, 11 [&] 14 Ff 7%
AAMC WA 2 A2 7 B L X IGBT H
TR T PR R T R ZH e e AAMCHR M 1) 220N «
FAHM B POV & A AR WL, AR T 154

NN

NN

NN

MMC mﬁ Vou

NN

NANN

NN

B 13 ETBIESENERTRSR
Fig. 13 Topology of phase-shift-multiple based MMDC converter

A | | | __1 A
S mmM
M M

@@@ @@m

iiﬁJt%
== ==x

wmm 5] Bo] Bod
\ 4

& 14 EF AAMC BYE R T HEShTD
Fig. 14 AAMC based DC/DC converter topology

FIMMCHRATAH [F] P 4t P s RS i K
ML, RGN, PRI R ERAE
BRI, FEAA L AR A R
Ref A R b AT, BELT ER B e |
NP QIR % B NCOR i I DN o DR PSR ko
MMCZEAL, AHAN TEGMMCH 4, AAMCHi$b
TR I e ) SR, SCHR[34-35 14 L T
LS LA I P L R Pl S, (R ARAE R b
o} L 7 N 1) K N LT FEL IR R/ IR Al 23 B s Sk
[36]4E H T = B PR N 1 2 H T 1l SRS

TH A NV R T Bl S AR ) 1) e T i B AN
B, [P A R ZE s e FR e Ve N s S

SN
L L

|22]
=

[22]
4
w1
8o

v
Z|..
=

~

~
e
e

72}
=

[2)
<
S

4
<
I




-164 - ® LRGP B R

BR[3713 tH T3 ym A I r 2 s s 7 5K, AARE
P A SR R 3 A U SV . BRI
IR ) 8, SCHR[381HEAT T AAMCH: b AZ SN
ELTMER AT, JEPE T 8 AN A ) H H A
P ZE30° I AAMCTE BN B IE, AT 2103 bR i
M H o EF X AAMC H b 1 i b 2 ) 88, STk
[39-40150 7 T 75 IR SE I AAMCHIZATHLEE. T
PR E % R T T AT SR L S B ) SRS o AE% A D A
FE) R PRAE T, IGBTHR R SEIL R A, FrLLE
XTAAMCIHITST H i 32 B P AE BLIGUERY B, FF
WLSZEAR X 42D

MMC i #0475 H B [0 2 7 A5 e A s )l />
BRI RE T, 2534 B A TR U] A
U= B 2/ = i e D W e TR0 o i P
KRG TR IR S, SClR[41 062 5 4
Mr PR SE &, ST ELRPHNTRE )y, ok T
FFRA . R SCHREE H T 28 T sl s B 1 Ak
PEHITRNS, 9D TR ASAT A R A P
TR o SCHR[A21K M TR () R B 7 A
ghitrs RV AR S 2R 4 1
BB Eg o SCHR[43]4E o T DUMPAS [Rl 454 1 [ B
PECER R b 25 LU M 3, IR BE B 8 A ]
PR G,  TE SRR 2 AL 1 [ B 3 —
D T MM g4 e . SCHR[44]88 H T Fh 3t
T AT R A R TR A T AR e 8y, JF
TR 7R e 1 S f 4t A 1S LR PR R PR
AW g AT IR TAE. SCR[45)3eH T HAA B
TRBHTRE ) R AR, R L A
By AN T BRFR TR SRS R R . IS T
FEHRA SEIMMCH M b b 2R ), 3 R4
FasEtE, J& HATMMCK E ) —AN A 4.

REFEAER SISO, R HAHMMC
XS SE RIS AR M. B RGALI A =
(4T, T T R IMMC A Sz B . (H 25 i
A RA A R B A4, 2R AR B R, i
TRARE. REMMORISER R R, T RE AR SZ AL 7
EAMR. AT AP — ), H R E N AMEAERTAT
EAmEEREFEEGGWEHR AR RS, BT
A 5 AR e s ANAFLERERY B R 1T, T DUARA 1A%
G0 A A R e T RO R AR 0 B, SCRHR[46]
P PP T A R R AR B A L AR A b,
WEINSHTR. ©HESboost FHER AR AL T K, ] H
IR ) 2P M T AR AR il boost AL 1% HH 1) T G840 5
FIGBTS A 4 A1 A Ee H 1A R % 2 il boost
HEL B P ) AR R Ay R LR ) AR AR
AR T o3 e B, JLgh MR B R AR

Hed, ATSEBUABCKHIHUBAREE o Al 40 4t ] S
LR A Ao AEFEHUTT, IZSCHRR IR A
T3 AP TN TP
AN AR, SCER[47I3R T A AR AR IS, =
AR T ERAR RESEOUE KA A i, Sl &
ARSI e oA = R s AL S S

COT N Y
SR

! Sso

| |

! |

|

B 15 FEAREERTRSE
Fig. 15 Auto transform DC/DC converter

SCHR[4815€ T A R B 20 B R 2 L AL
s, WE16T7R. Fr R AR £ i i s
Pito SCHR[49THE H XU AR Hf 4% 5 B R A LA AR e s
APSERURAR AR R DA, 3 il B
HR RIS

A

v

16 BIRE MR ERTIRER
Fig. 16 Unipolar push-pull DC/DC converter

SCHR[S018 Y 17— M ELUE- L B MR R4S, 1%
A AT FRRPT ] B s A, PR s T HiAE.
(R TAZh b AN]SR FLIL R G PR
YRR, e U 4 T A SR kR 1 . SCRR[S 100
DC/DC B MAZ g8 AT T HAMett, 1R 7 ILHuR
AN wa P S A e P2 (T I VARSI pe 2 T N0 R62
FEBNAERG T, EHA 2L A
PEARRRI A E I 15 ik




PRI, %

4 E L X R T B DC/DC AR e R 4k - 165 -

SCRR[S2]4E H TR A SR B AR e 2% IO AL 25
WEIL7HTR . SR MBS LIGBT IR, 7574
TR RS, IR AN S S A
VR A

E 17 RERHKUERTRE
Fig. 17 Hybrid cascaded DC/DC converter

AT SRR 2 PSR MR, b ITOG
BB REE . AR A LA TR A )
HEPP S, AT R0 > T A (K JT <A i Sk
BRI SEm . BRI, AP LRI A
WAE A TFRE M D IR HRES, B i 4540
SE A A B R, SRR R A,
TR TFRBHER,

3  ZMIRIMLE

AN AR AR OE TR AN TIVE R .
I M T AR R AR A SGE T SR ) LR A e DAL
LT T T s ) PV A s B AR RE SIS
MHERAREE, (HHARRm R RA R, JFHRZIR T4
PRI S RE s, 38T T X K ALY D BEAT— T T
o TTE T4 A Y 5 O I5C LR R ER A 22 FiP 1 L
WA, I 2B A5 ] LSEIUBCR B AR A
FEUSERW RIS, @ T HRIER AR
T, BOR RS ] 25 18 FON ] T4 T s
RGL. HARHEIZR 2R

& 2 thiMERELLER
Table 2 Comparison of different kinds of topologies

Wiy LRIk AL & e
FETZ A0 oG Y IR [ KL )
) e . WRTHE RS
JE R R R K-Sk L fE
T R T R Y HIEI Al IR ERE 0
NIRRT HH R e [ERI YN JLHfE T, EREE)T
FEHAb A A 7Y [ERI Y JLHfE T, EREE)

RSE AN TS PR T8 A S S e U
T KRNI, AT NETERA .
FMERE. IR RS LA T AL, R Tr kI
T R TR NS ORI LA A £ T A
IGBTS IR AT, AR B MR IMERE
10 e A A T FIBR K39 41 & R g A g 4 00
BIREATIEBORR, R A RN, S AR
RGN, MR TR 2 R B AR ey, AT
M AR R U A Ay S B R s, AR
JVich d ST T 8P B A R o 7 Y N 1A )
HH ISR . AERH] L, X PIR R B R HMA R
7 L& TG N R FR 7 1 LA B 3% 7 AR 2 TR BC A o
i A\ i Y ER R IBCH A1 0 A T B/ R
UL, AR TR TS HARIFR B2 A R R
TR IR RGURE e s B2 P ih
FMZ 0 F AT AR L A T (A, A A
TR I AL BT R I B

4 BZ

N =A

AT A HL I R R g AR b R AR
AR P D S5 80 S 45 RIS AT T 2708, TEAN A
2R T AT N T A IR B XU R G I B AR
WA, LA AT T SRR A s DL R
AT s.  Hareh o4 Eami LR R RETE P
AT HIRG B, R — 2 ML 7 gk T %

1) B1 5% H Al 4 B L XCH AT B 2% Tt
R — TR . HERM— TR, WHEER
LEIAE) B, il H AT P AR IR AN B [ 2L
Ko FHRHPETH T AT AR e, Bk
H B8 T i S AR R, AT e 4
B AN BIE TR 2 0 R A e B b
Ji G vy s T3 480 D) 75 2 N i S R G AR DA R A
Pz PR

2) TR N AR ORI AR s, nT
HE— AR R A s IR NG, 258 R G T AR
SR SR [ R T R I 2 Fe 1l
J5 SRR . AT 2 RS 2 R A R ) AR g 5 2%
TP FICER, (8T AR 388 S 0 T
Wit RIS F4 N B IR AR i L
G EIAAr EEE,  E EE L RE 2 AE ) Sk
A L

3) FE TR 2 HOP B AR AR IO ST, EE
P e A 57 VR 5 SR WD NG (R At vl ol 7 e A
H T 9N E A AT, N EMMCIRAR, Mg
MR B e AR s i (PRI A e — AN R, [RII 2
BRI, MMCHIGBTI T AR A, e



- 166 -

® LRGP B R

PSR TR FRARTT SR ot — AL 53
A4k S5 D ACAT B T 52 R MIMC 1 i o 8 i

1

BIMAZRREN, EHAVTI
AR H 4 LU B X R GUA 5 B AR BER

BB (HRZARA T LSRR N I ks bR
ZRIEE . WA R, AERCR SR EAT ORI
PiFhe HIETT I, AERHE R ARG AN L
DACHEL A FEE [ 25 i)

S0k

(1]

(2]

(3]

(4]

(5]

(6]

(7]

RN W B LR R 3O W R R (0], XRE,
2016(9): 36-41.

ZHU Xiaoyi. Analysis of the development trend of
European offshore wind farm[J]. Offshore Wind Power,
2016(9): 36-41.

b AR AR S KRR LR 2. 2015 AR E X
AN EZT]. XEE, 2016(2): 48-63.

CWEA. Statistics on China's wind power in 2015[J].
Offshore Wind Power, 2016(2): 48-63.

S0, WA, R, S A R HIZ R
BUIRE AR IELD). A HLTREAAR, 2016, 36(8):
2036-2048.

CAI Xu, SHI Gang, CHI Yongning, et al. Present status
and future development of offshore all-DC wind farm[J].
Proceedings of the CSEE, 2016, 36(8): 2036-2048.
YLIEKY, B, Frim, 55 W EEHR R IF R ER
KR FERT L[], HEMEIR, 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.

P, SRS, VFAR. ELUR R OJRIBCHE B XU R BLZH 2
SRIS[I]. B RGRI S, 2015, 43(3): 46-52.

LI Xiang, HAN Minxiao, XU Dong. Control strategy of
DC parallel-series offshore wind turbines[J]. Power
System Protection and Control, 2015, 43(3): 46-52.

&%, WA, Fwg 2. A SR LT R AR B i
Jr IS HTI]. PR R, 2014(23): 43-46.
QI Xin, XIE Telie, DU Anshang. Comparison on design
schemes for offshore wind farm at home and abroad[J].
China Science and Technology Achievements, 2014(23):
43-46.

RAHMAN M H, XU L, YAO L. Protection of large
partitioned MTDC networks using DC-DC converters
and circuit breakers[J]. Protection and Control of Modern
Power Systems, 2016, 1(1): 170-178. DOI: 10.1186/

(8

(9]

[10]

[11]

[12]

[13]

[14]

[15]

s41601-016-0030-0.

EBR, A, BB, & ST ER MK LCL
R Z 7 DC/DC Sk [0]. MBI,
2017, 41(4): 1106-1113.

WANG Xinying, TANG Guangfu, WEI Xiaoguang, et al.
LCL-based DC/DC
converter for DC grids[J]. Power System Technology,
2017, 41(4): 1106-1113.

TORRL, AR, BB, . MMC-HVDC i
i DC/DC A2 i B iR U 0], i R ZEA sk
2017, 41(8): 172-178.

WANG Xinying, TANG Guangfu, WEI Xiaoguang, et al.
Discussion about the isolation of high voltage DC/DC
converter used in the MMC-HVDC[J]. Automation of
Electric Power Systems, 2017, 41(8): 172-178.

KISH G J, RANJRAM M, LEHN P W. A modular
DC/DC
capability for HVDC interconnects[J]. IEEE Transactions
on Power Electronics, 2014, 30(1): 148-162.

MOHAN N, UNDELAND T M. Power electronics:
converter, applications, and design[M]. Hoboken: John
Wiley & Sons, 2007: 172-178.

ZHAN C, SMITH C, CRANE A, et al. DC transmission
and distribution system for a large offshore wind farm[C]
// 9th IET International Conference on AC and DC Power
Transmission (ACDC 2010), October 19-21, 2010,
London, UK: 1-5.

DENNISTON N, MASSOUD A, AHMED S, et al
DC-DC

transformers for offshore wind energy systems[J]. IEEE

resonant modular multilevel

multilevel converter with fault blocking

Multiple-module  high-gain  high-voltage
Transactions on Industrial Electronics, 2011, 58(5):
1877-1886.

T, B, B, S5 T AN A e
Boost 225 [J]. ML LHEARZER, 2012, 27(6): 96-102.
LUO Quanming, YAN Huan, SUN Mingkun, et al. High
step-up  boost converter based on topology
combination[J]. Transactions of China Electrotechnical
Society, 2012, 27(6): 96-102.

ANAYA-RUIZ G A, ZUNIGA-GARCIA L G
MORENO-GOYTIA E L, et al. High power, high-boost,
resonant-type DC-DC converters as power interfaces for
interconnecting wind generators to main grids from MV
DC collectors: design and performance evaluation in
steady state[C] // 2015 17th European Conference on
Power Electronics and Applications (EPE'15 ECCE-Europe),

September 8-10, 2015, Geneva, Switzerland: 1-9.



YRR e, &

A E U B X & T B DC/DC R i R g5k

- 167 -

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

LUO F L, YE H. Positive output super-lift converters[J].
IEEE Transactions onPower Electronics, 2003, 18(1):
105-113.

JOVCIC D. Step-up DC-DC converter for megawatt size
applications[J]. Power Electronics IET, 2009, 2(6):
675-685.

JOVCIC D. Bidirectional, high-power DC transformer[J].
IEEE Transactions on Power Delivery, 2009, 24(4):
2276-2283.

CHEN W, 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.
Mok, B, Wimak, 25 —ROE ATl L X R R

WA B T AR 2 (0], FB RS A 3hik, 2015, 39(4):

129-134.

YANG Bo, CHEN Wu, CAO Yuanzhi, et al. Proposed
resonant step-up DC/DC converter applied in offshore
wind farm[J]. Automation of Electric Power Systems,
2015, 39(4): 129-134.

DU Y, LUKIC S, JACOBSON B, et al. Review of high
power isolated bi-directional DC-DC converters for
PHEV/EV DC infrastructure[C] // Energy
Conversion Congress and Exposition (ECCE), September
17-22, 2011, Phoenix, USA: 553-560.

VFIESF, 2R, X 44 DC-DC 2R 42 i A4 A AT
FELBI. BN RERY LG, 2016, 44(2):
140-146.

charging

XU Zhengping, LI Jun. Research and implementation of
full DC-DC
high-efficiency control[J]. Power System Protection and
Control, 2016, 44(2): 140-146.

SANO K, TAKASAKI M. A boost conversion system

consisting of multiple DC-DC converter modules for

bidirectional bridge converter with

interfacing wind farms and HVDC transmission[C] //
Energy Conversion Congress and Exposition, September
15-19, 2013, Denver, USA: 2613-2618.

JrEG, LAY, REARAE, AE. R TOREHeAL I
DC/DC A& e (¥ b HR I IF 7 0], 1 &
4t A3k, 2016, 40(17): 190-196.

YIN Rui, JIANG Daozhuo, TANG Weijia, et al. An
isolated modular DC/DC converter of offshore DC wind
farm[J]. Automation of Electric Power Systems, 2016,
40(17): 190-196.

GIRI R, AYYANAR R, LEDEZMA E. Input-series and

[26]

[27]

[28]

[29]

[30]

[31]

[32]

output-series connected modular DC-DC converters with
active input voltage and output voltage sharing[C]//
Applied Power Electronics Conference and Exposition,
February 22-26, 2004, Anaheim, USA:1751-1756.

SHA D, DENG K, LIAO X Z. Duty cycle exchanging
control for input-series-output-series connected two
PS-FB DC-DC converters[J]. IEEE Transactions on
Power Electronics, 2012, 27(3): 1490-1501.

MR, #mad, EL0sF, & B S Bk Y HR IRk
e s ELR AL R e A AU I 42 U SR [ 7], A LR
224K, 2015, 30(3): 187-195.

CHEN Wu, CAO Yuanzhi, CUI Hongfen, et al. Modular
input-series output-series DC high voltage system with
distributed voltage sharing control strategy[J]. Transactions
of China Electrotechnical Society, 2015, 30(3): 187-195.
SR, BBk, BRal. fy A IR t A 1A e i 3R
S HIHNE[]. T HR AR, 2008, 23(8): 86-93.
ZHANG Rongrong, RUAN Xinbo, CHEN Wu. Control
strategy for input-parallel output-series converter systems[J].
Transactions of China Electrotechnical Society, 2008,
23(8): 86-93.

MRk, BUBii, B4, DC/DC A A& R 5
PRI [I]. M LHR =R, 2009, 24(7): 93-102.
CHEN Wu, RUAN Xinbo, YAN Hong. Control strategy
for DC/DC multiple modules series-parallel combined
systems[J]. Transactions of China Electrotechnical Society,
2009, 24(7): 93-102.

EHA, ), PN, A i K BRI AR ]
DC/DC A& e M ea]. hE Rl LRE2AR, 2017,
37(3): 837-848.

WANG Xinying, TANG Guangfu, HE Zhiyuan, et al.
Topology research of DC/DC converter for offshore wind
farm DCcollection system[J]. Proceedings of the CSEE,
2017, 37(3): 837-848.

R, RN, M, &5 EIRMESERESA Z
SRR AR R SRS [T]. D R GRS, 2017,
45(10): 48-54.

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

MERLIN M M C, GREEN T C, MITCHESON P D, et al.
A new hybrid multi-level voltage-source converter with
DC fault blocking capability[C] // 9th IET International
Conference on AC and DC Power Transmission (ACDC
2010), October 19-21, 2010, London, UK: 1-5.



- 168 - €0 RGP B M

[33] K%, Fgidie, &R, — Bhogr 204 0 AR 4 8 1Y under steady operation and DC fault conditions[J]. High
VSC-HVDC ZFJi#hh[7]. *FE L TR 24, 2013, Voltage Engineering, 2012, 38(6): 1521-1528.

33(3): 52-61. (411 ALY, ) e, B2, FHRBGE AT MMC-HVDC H
ZHU Jin, WEI Tongzhen, HUO Qunhai. A new full-bridge DL AR o e T SR M [T, AL TR 2R, 2014,
alternative arm based VSC-HVDC converter[J]. 34(30): 5343-5351.

Proceedings of the CSEE, 2013, 33(3): 52-61. KONG Ming, TANG Guangfu, HE Zhiyuan. A DC

[34] VEMMR, T8, iz, R TESHMEN AAMC ride-through strategy for cell-hybrid modular multilevel
75 HLUR A SR [J]. A B Bk, 2015, 37(5): 56-59. converter  casedHVDC  transmission  systems[J].
WANG Fenglin, WANG Qin, QU Yayun. AAMC Proceedings of the CSEE, 2014, 34(30): 5343-5351.
capacitor voltage balancing strategy based on overlap [42] BEGEAR, FRBL C-MMC H ¥ 25 Hop L8 A a4 b
current[J]. Electrical Automation, 2015, 37(5): 56-59. TN B LR 2R, 2013, 33(21): 63-70.

[35] KHARADE J M, THORAT A R. Simulation of an XUE Yinglin, XU Zheng. DC fault ride-through
alternate arm modular multilevel converter with overlap mechanism and improved topology scheme of
angle control for capacitor voltage balancing[C]// C-MMC[J]. Proceedings of the CSEE, 2013, 33(21):
International Conference on Industrial Instrumentation 63-70.
and Control, May 28-30, 2015, Pune, India: 502-506. [(43] w4k, AR, SCEhas, 25, —Fhhe i BELIT B i i e v

[36] HEZLAk, 4RBL, T, JEF =i b A1 TLHVHT LT B b S & B AL 2 B 2 D).
AAMC HLZ LI T SRS ()], WL T BOR 4R, 2013, i [ L LR 244K, 2014, 34(29): 5171-5179.

28(9): 104-111. XIANG Wang, LIN Weixing, WEN Jinyu, et al. A new
XUE Yinglin, XU Zheng, WANG Feng. Capacitor topology of sub-modules with DC fault current blocking
voltage balancing strategy based on third harmonic capability anda new type of hybrid MMC converter[J].
current injection for the alternate-arm multilevel Proceedings of the CSEE, 2014, 34(29): 5171-5179.

converter[J]. Transactions of China Electrotechnical [44] Rz, ZPHR, IRk, & —FETFRuR &1
Society, 2013, 28(9): 104-111. BEHAL 2 HL Pt 45 6 v TR K D% DC/DC AR H 2% ().

[37) WNEZR, VEMERE, 55, S BT HGMIOFE RS i E L TR 249R, 2015, 35(14): 3577-3585
W 2 WP AR AR HR I HI[). R R4 A Bk, SUO Zhiwen, LI Gengyin, CHI Yongning, et al. A
2016, 40(13): 71-76. cell-hybrid modular multilevel converter based high-voltage
FENG Yadong, WANG Nannan, LU Yu, et al. Capacitor high-powerDC/DC converter[J]. Proceedings of the CSEE,
voltage balancing strategy based on commutation angle 2015, 35(14): 3577-3585.
for the alternate-arm multilevelconverter[J]. Automation [45] EHREE, KEWH, B0, & ETES FHEIE
of Electric Power Systems, 2016, 40(13): 71-76. MMC R BE W S B R AT [T, B Rt S

(38] VAR, VEVE, VLM, 55 MREFe U SIE S ias i i, 2017, 45(8): 73-79.

FEPEL]. WO BT %, 2016, 36(7): 118-124. WANG Zhenhao, SONG Jinbo, HAN Zijiao, et al. Fault
FENG Yadong, WANG Tao, WANG Nannan, et al. The blocking and harmonic characteristic analysis based on
harmonic characteristics of the AAMC[J]. Electric Power hybrid sub-module of MMC[J]. Power System Protection
Automation Equipment, 2016, 36(7): 118-124. and Control, 2017, 45(8): 73-79.

[39] MATHEW E C, SHUKLA A. Modulation, control and [46] WANG J, BURGOS R, BOROYEVICH D.
capacitor voltage balancing of alternate arm modular Switching-cycle capacitor voltage control for the modular
multilevel converter with DC fault blocking multilevel DC/DC  converters[C] // Applied Power
capability[C] // Applied Power Electronics Conference Electronics Conference and Exposition, March 15-19,
and Exposition, March 16-20, 2014, Fort Worth, USA: 2015, Charlotte, USA: 377-384.

3329-3336. [47] NORRGA S, ANGQUIST L, ANTONOPOULOS A. The

[40] @EEUehk, fREL. FRABATH H M T A8 S polyphaser cascaded-cell DC/DC converter[C] // Energy

Z P AS P RIS [T]. R ERIR, 2012, 38(6):

1521-1528.
XUE Yinglin, XU Zheng. Control strategy of AAMC

Conversion Congress and Exposition, September 15-19,
2013, Denver, USA: 4082-4088.

[48] FERREIRA J A. The multilevel modular DC converter[J].



YRR e, &

A E U B X & T B DC/DC R i R g5k

- 169 -

[49]

[50]

[51]

[52]

IEEE Transactions on Power Electronics, 2013, 28(10):
4460-4465.

ENGEL S P, STIENEKER M, SOLTAU N, et al
Comparison of the modular multilevel DC converter and
the dual-active bridge converter for power conversion in
HVDC and MVDC grids[J]. IEEE Transactions on
Power Electronics, 2015, 30(1): 124-137.

MR, X5, BEA. Hif-HR AR RS
I UL T RE2AR, 2014, 34(36): 6515-6522.

LIN Weixing, WEN Jinyu, CHENG Shijie. DC-DC
autotransformer[J]. Proceedings of the CSEE, 2014,
34(36): 6515-6522.

MR, X, FERA. B W A f i ae
T3 EL - ELA E AR AR e g (0] [ AL TR AR R,
2015, 35(4): 985-994.

LIN Weixing, WEN Jinyu, CHENG Shijie. DC-DC
autotransformer capable of isolating DC fault currents[J].
Proceedings of the CSEE, 2015, 35(4): 985-994.

YANG J, HE Z, PANG H, et al. The hybrid-cascaded
DC-DC converters suitable for HVDC applications[J].
IEEE Transactions on Power Electronics, 2015, 30(10):
5358-5363.

[53]

[54]

BT, BRI, M, & P IR 2 H S A
TS B R TR T). B D ROR 2R, 2011, 26(5):
15-20.

TU Qingrui, XU Zheng, ZHENG Xiang, et al. An
optimized voltage balancing method for modular multilevel
converter[J]. Transactions of China Electrotechnical
Society, 2011, 26(5): 15-20.

EHON, #REL MMC %Y VSC-HVDC REtHLA R
P, T L TRE 4R, 2011, 31(12): 9-14.
GUAN Minyuan, XU Zheng. Optimized capacitor voltage
balancing control for modular multilevel converter based
VSC-HVDC system[J]. Proceedings of the CSEE, 2011,
31(12): 9-14.

Yrfs HER: 2017-06-20;

{&El HHF: 2017-11-08

EEEIT:

RAH(1993—), %, ALEHRAE, HRFTWASEL

L4 % B-mail: hmguolingyu@163.com

P

B4R (1977—), F, @, 1L, SRR, AF

RAGAHCHRTERA L% T 69EA . B-mail: yaogangth@

sjtu.edu.cn

(%% £#m)



	DOI: 10.7667/PSPC170925 
	全直流海上风电场高升压比DC/DC变换技术综述 
	Research review on high step-up ratio DC/DC converter for offshore DC wind farm 



