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ABSTRACT: This paper reviewed the current development
research of China’s offshore wind power industry in the field
of integrated design of wind turbine, tower and foundation.
This paper explored the feasibility of integrated design from
the aspects of load reduction optimization technology,
structural optimization technology and engineering exploration
and application, and discussed the key technologies and
implementation methods of integrated design that can be
adopted under the optimization goal of lightweight offshore
wind turbine support structure. The research shows that
China’s offshore wind power industry needs to be gradually
implemented from three levels: providing the prerequisites for
integrated design, using the technologies that can be adopted at
the current stage,and exploring the next research directions. In
the context of offshore wind power moving towards grid parity,
owner-engineers and third-party certification bodies need to

play a greater role in promoting the integrated design method.

E&WMAB . FXESH R H (2020YFB1506600);  H [H
HEREAR A IR R R 0 H (HNKJ20-HO7) o

Project Supported by National Key Research and Development
Program of China (2020YFB1506600); Science and Technology Project of
China Huaneng Group Co., Ltd. (HNKJ20-H07).

KEY WORDS: offshore wind power; integrated design;
global design optimization; structure lightweight design

0 55

R ERBHRTE N AL, e
2SI 7R s RIS i v T w2 W25 B RIS
REJRE M E TR A, KAOREBELEXE,
MTHIX 2 BF a5, A B T ORae it as 2
4, AT DMEBERTI BRI, metg R E Lt i
T R ] R B A S

MY EREIE RERPE Stit, 2019—2021 4 [A)7T
Ji LT AL 3N A i i SR B
T H BB FAE 17 000~20 000 JG/AW, 1 5 # 5k
BT 0.5 7C/(kW - h) I AN SE B ARAT HLfy, $5%
M T KA 10 000 70/KW LA R o, FHLR
FH 5 EE2R 33.67%~38.10%;  SCA¥ 45 M (FEZEAIHE L)
P N 18.16%~25.74%; 45 %% H 5 tb N
8.21%~11.42%; JhHui 9% H & H N 5.11%~6.19%;
M2 90 (5 BN 4.70%~5.53%;  HoAth 3% FH (5 A i
. W E . W& %A N 17.28%~
21.12%. Skt B RCAE R KAFE T, L
LIRS RSS2 5 LUy, 2 05 &A1) 1/4.

g EREAER) 77 “ Xk H b R R HE
EM. £ “TIUn” W, g b e XS
REWE SIS TH R B R ZAT W AR R K R
M ETF IR i B RIK, SCHESE I — AL
wWit—EgE XL &bk SRS
$ef, B2 BRI AR A T BEE IR S — 1) € R
BTE bR . 2021 42 i bR 252 [ R0 I 1) B



F44t F1H

K B OB R 37

JE 4, 2022 4T I I E K LG A
WE A E M et B B AR d e
MY B AR P L EE KL 5 PR AR A i R
LIHAMRIE, 2021 A bR 19 LRI H 3
WLOE BE T AR R AR A 3 3 830 Ju/kW, AHLEL
T B B RR T 20 40% . BRI H
P AR ZE 13 000 7T/AW LT, {H BB SF 4 8§
HRAL I AEANERR, R B AR S L
5 RS B R R AR . SIS
B A 7 aE i PR A S5 SR AL AN AR SR S I A
i e RA AR

B TATM A T, 78 2T b X SO A 1)
G i, B T A R A R A
HEN 51, BRSOl s v e 67 9 .
ZAE ST T N A HKG BN AR M R RV E R
2T ARG, BTGS2 Pl 1 T i B4k
SERIMRL, IR R R EAT A R AR

g B XK RELISKR, Mg b RUHL SIS ) —
RV (LA R SRR “— i Bt ) Ao —
LG AR TR Tl A48 Je, RO XML 3 2R A
BN, — AR ) A, R, IR WA
IR B BT R0 R R AL 2 2 ) RGeS RIVE F R I — 1k
TR M AR AR AL . — IR AL Tt A i b XU
“RET” PoREE A,

ARSCHEH T — R A BT IR 5 SR AR A
BT — A BT 7 V2 AE B AT 5T 5 R B O
BBl G 8 mr TF 550 45 M 0 A0 R SEZ o TR 92 R 155 0
M T 24T E N — AR R R IR, b 4
BOEE 240 AT R B BAR AR R W 78 05 W) 34N =
M4 T SEiids s, HRE T — Rk it 7iErE
HE Bl AP R T T RS FE AT

1 — BB RIRARAE R

AL R — A BT E SO e AESERRTH
€ THIVH ORI & m, 8I SA5 Z
FEAIALALER, Xh ML F SRR L At 245 ¥4 F) BT 22
ERATIEAAAL BT, 7R3 L KB AL 3 R
M ETERIATSE TS, AR AR H S RA R H
FRo AL UL vt A8 5 2 R (i AT AR R A JEE
WA, RENUER, ARV DI i 4 s )

S8 BRRMBERES M O AR R B EAR . B
B KRESEIMSHG HARNI H b2 7R 2

ZARALORIAHR T, 93EN BARH S L&
%R HTXESHREN — KRS e EE
FHOC, DRI 30 SC A3 45 4 1) o AR A4 H o

—MRAWTH RS T REN 1 KB A
GERIEN S H 1 B RS R
AT PR T FE A =] )
W WA R Raistl. B, T8,
EJRAME; W& BIPRERLE AEE IEC R 41 E bR
FrifE, DNV. Eurocode. DIN R RKHFR#E, API
RO EARE, N TR AE AT AT bR
s W 445 BLADED. FAST. HAWC2.
SACS. SESAM. ANSYS. ABAQUS % i\ %%k
fF, LRSS AT BB H BRI

FE— AR BT B SR A, BEAR A A
FELLRN A D EN K5 &R H A [F 3
W ARAERVR A R i g — A IR 2) iR
BT O S SE PR AR 22 8] R & A
itk 3) M2 THRITFEAE SOUH TIHZRE
TG BAFR Y 4) B BEH S5 EWER TS
2R TTER T G B 5 CAMTE. #
RUGER) 5 T2 R J& v AU

2 ESMITES N

2.1 BRRIR

[ 4b 223 e R AT — IR AT I D R AR AE
AL g 5 — R AR SR R AR E .
Fischer S5V X} 1 7K B8 1E FL Al 1) XU ATL A it T
Brif g, AR T ML AU BA
Loukogeorgaki 25" 3 T FAST Al MicroSAS #k {4,
i A N D FiBvees we s WS TS i 2 N
T ) T H MicroSAS-OWT, X & & O bR
WU BEAT — A RN A T S BT

BaJE, EAMEER SRR T .
Haghi 2505 75 117 3.6 MW HLAA RIS 4L, i
W BRIl () B SR RIS EAT AR AL, DA E RN N
HArek%, DA e . Susefg 57 514055 71
YR NA R, LT 12.1% B CE KR
Chew F5EMZE B RST L AR L AR PRI 57 247 £



38 FRSEE:  Eig L SRS — BT R

Vol.44 No.1

I, R FH RS M b B 0T 5 SR R 1) A AL
TG BAT AL, 29 R As K B> T
52%. Ashuri 5"V HR o B G Bh. 8
WAL E a7 BN i N (AR EE T AR g DO M A e £
AT, SRR, — A Bt T LA AL
b B A P 9 AL FE L AR (levelized cost of energy
LCoE). Theo 5% F 4 PR 70 77 12 0 34 4 oy sk
1T, SRR, G R 57 PR 2 = 45 1) 2
W, IS TIEH] 19.8% IR E AR .

DLW SRR — A B AT TR E, (HIX
BERIE 70 AR FH Tk A S5 iRzt BEAR 5 18
K FH TBUTE 0 26 20 R R A Ak 3 1) SR & 55 1T e B A 2
IEEAR, R B A A2 5] BB AL 1
L, ST EAROUABL AL AT BT, BT
T ERNEE B AR G ISR B = 5 MURAE, AN
RE AR TARRIE HeR .
22 THEMNHA

7 Tk 5, DNV GL""f#) FORCE(for reduced
cost of energy) Il H £ A ] BA B 1 K 243 b AL
T FCSCHESE R I — AR AR T 7V B A% AR E FRL
AR, G RBCE R 4 AR CEAAR B TH
T ANFR LI 1Y g A 1) S W R B 4 B R )
F), W ERITR AR B IEC10%, H—4&
A T 7925 ) LT STt 3 75 2 [A] B 2R AT Y ) 1R
Thy LRSS R T, Frig i 4 ik
ARAE— AT TR

TEBAEFF R I7TH, DNV GL 3T SESAM #ff
JFR T 5 BLADED #2110, LL “Hisoe” J5de
ft 7 — R Ak B T AN S I A D RE
BT SACS ¥ MK 7 5 BLADED. FAST %5 # fii
THEA O, WAL T 2 R LB Al — 4L
S annin) s

DL T8 AN A T BT RONIR R — 1k
WV I7iE S TRE R A TR IR 54 T A

3 EABRSERMA

3.1 BFEEMARAR

B b E T A BB, Ak EE L KAL)
BB AN T R T SRk /)N A AN 4G A
PALBARTEAT 7RI I B 1A A S0 i X

Bentley

WL H AT TR A — AR . i B XU B AR
F 5 R HLZH e Y () — AR A BTt XULEER 5 X
LA — A it i B X I E 2 B — 1AL
i THR . i BB EE R E RS
Bkt TR, JRAEE N O DNV GL Y
FORCE Bl H ) — A6 5 1F 2 2 dE AT 1 M i
RS TR = el b — Rt
(integrated design offshore, iDO) /% Gt 43 Afi 1AL
AT BT, 6 LU AR PR T A 55 TOL T i)
git e tabs, B — AR E T S
R IR RS T Eg, R TR
WAL TE R AE G R . BT I8 55 i1 5 48
FrJT A BOR T FEIEBE . it 72 B N =N 7
HRET DM HEEARE ST — i &, R4t
15 HARY T 7 SR T — A B B AT RE A

WA WA E N ERER, Sk
R — AT H AR . DRI, o] 3d i B 2
VR S I R AR S 2 Ry i A A O IR T R A O
O R R, SRR MEEC M 1 i B R R
(A AT SRR B LR, DL = 7K Al R Y i
KA1 AL AW SR R, A H BLADED #4742
AT, RABUEHLEES WIH . &
Z 0 PS5 1 D7 VR B A T i B R 47 3 AT
BROEIN T HVH LS Z 2. EF0
220 ] BLADED F SESAM #fF 2 3r KL, #5
RN B — R A Y, FEA AL [R] e 0 X
IRET AT IR, X R TR Tl B B e
T HMLAH — AR AT 5 A8 Gk A Bt 2 i 45
BOUE 7 — Ak 70T A S PR AR PR 21

VAL ERFFERE, R R S ST,
Mo A4z il & T LLVE A BR800 A AT B, — 1Ak
S ABE AT DA SRS A M A ADL S B 52 D RRAE, RN TR
MR RE o AR SLBIF 75 R A TH 2% B IR 55 #0411 52 1
IEART T IS SR I, R SR FH 35 2R AN il 225 g (1) T
FEETHRE,  RIE ek B B A T SEPR I H .

SAUHBERSIMESRR, 72 Y
A BRI — R T M AT o, e
Wit bnifE . BB — R, THw e S5 &M4m
B — A, DL KBS B () AR B2 H 4 S DT T
WA R G —, [FIRE H AR e sl ). $



F44t F1H

L S

39

ARG EAR BT R ) AT 4R BHLAS
R B IR . XERENERBSE =D
WAIE A 5] 50Nk 32 B — A TR T S it
OB B AR S ML, (B IE R R T
Ko WAN, BT TR A SE R AR E
S 2R [ ) £ SRR E A e Y L L R T
. SR RS ER N, W PR
ST REAE 2 M V3R
32 AR

B T M BRER A AT RO, AR S 4
Fe) A S 8 R AR AN D g TR AT O FE A R AR 2 2
(RIRIE 725 1 o 22 BB i B XU F — AR AR %
R ARFIR YT AT T R, 8 R S 4
MR GG Prokieits PrEiah. ik
P P88 A5 A8 A T B 1) O R 3 R 5 B L it M i) )
B R B AR O o 3 [ DY 1 U 7 SE B
TR A R — A BT R BT B
FERl 3 AT R IF .l A P DL X H b B S
PR B N1, R ABAQUS it KU FE LA -3
PEGE M -HEIEREAT RGUEBL, X XML, B
TR 51 B 55 B 0 o AT T, B AT
2otk B BT SEIL T — A SR A T
T FH T IR TR PR AT 7E 9 55 B3 o BN T
H, (EEEH T KRB BRI RS

AR MTH -

A L 5 ST E IR TEN SR B AR R A
SRR BT IR T A MR T REYE . AR AR
JE IR SR MRS WL BT (R, N2 AR & 3 A
RUGE ST HE AR A, SR A PR o B o S it 45 4y 2
it BARBE TR T 7.41%, KU THE R
RS BT AN S5 4 SR A 2 MO, et A R A
8 MRER U R TIE AT A LA
T EM — A I EREAT T xR, R TR
TR UK R SRR PR B 2 A A IR A TR
(Rl A M — A B ih . DL A 5T BAR 25 K A
BB AR T A B i B
THIE R, [ SRR R LA SO A6 0 5 R R A —
RACBLE T AT T RGEE IR, (BT XL
F2 1l S s 5 RIS AAL BETH IR AT IR -

FERAC VAR T RCR T T, BTN A
B A S o L SEEEAT IR T 0 i (0 2 Ak
G55 D RE AL S0 M b = B ST KL S S
W ERESHAT 2 ZHA B, ik
REIR o A RS SR 4 Jey e L BE T A A L
X B SRR A RN BEAT DAk, 25 T i B XL —
AR BT TR ANGARE, BRI 45 B A TR
if B 2R B /N PR 7 SR AN AL B 2R AT L S o
NS B g T SR AT — R i

T LSS5 AR AL TR

FIUEFEA 5L

—_————— e

SO SRR N SRR
AR R |
bz ) I
|

THRREA SR ——=

|
— AR : :~W&%zﬁﬁﬁu :
LA Fehl- B2 | I
B 4 H

Bt fi o
BT |

SERHSE | |
|

A5

P i

AT DURE SR [

A Kriging QIR Iy

Bt it !

Pl IE
S
S p R
fedk

o

WS
1. A A QR TR T S
LSRR 87 i 72 2 T /N T 1%2

IR H bR iR LR
FRAA TN T 1%7?

ARERREAL (A R AR Tl 2 ?

TRE): BEJE, FEOE. HeAE
L2

B/Mb: SRR R

W R E Y 5
J1% MIESHE bR R S

T
|
T FE |
IR TTH : AR SR l
WAL | it |
| |
4 4
FEALAT B

L. AT R LA IE B ?

2. 5 bRl SR G R
A5 S TS TE 1 %0 [ P ?

3.5 E Rl s s R
ARAY R TR AE 1 %3t FE N 2

Fig.1

B e — SRR BT ik

Integrated experimental design method of support structure




40 FRSEE:  Eig L SRS — BT R

Vol.44 No.1

T, 1% v I AR B 3 B 2 AN A [ AL R A
GRFEAR VLT, [R5 R 42 ) 2 HiORD &5 b B JEE 2 54
Ak, R TREFRERTE AT S5 MR A%, SR
AR LR A TR I RO A
I RG g T — R ik, (HXFHIE A
WA HEBRAL . BB IR ER R
33 IEBwEREMNH

MEL EWFFE AT UE B, AR — e d it
IR LB B AR AL, SRR AT T ik, AR
FIAT M ARHEREAT B2, W 7045 R AR G MREGAIE
HH B TR EREE, BfES 5890 TR
WHS . TS MENT . &bl | & M
FEREH T AT I — AR AL B BOR, B T AR
BURZS . MGG — Rl J1 R %, & ok
H B B IR R R . DENLA A
FRAL LI TN E M AT, EHEZ AN R
GuELAR, R4S AT DUSTE i B B B, [
Uk, MR E NI E R IR RIS Tk
AR TR R .

NS A BEANES = AR [ R, 20194,
4 X EHE 315 T DNV GL #5A0 1 b S he s 0 —
AL BT VRIS e B 2019 48, o [ i
HITE 1) € 0% A i B AR AL BB R B 77k
1) TH $EH T L -3 S A E R i L
KB — R BT ik, 3R T ER TR
BR—%32; 20204F, S IE A0 ) A AR
WA R B AR 1 i AT R L - i i &
A — AR BT VPG FF AR B

SR, AGAE E P TR H AR & H 71
LN EANIEERARM “35e4 ., HnliE”
Wits BRSSO N IR A G )« A
T ARRIEE E R BRI B A4, B
SRFHAEBE, M5 BT 38 ok St B ARk A
PR B BT, R, MRS A T
T 38 F IR BT AR S s F R B2 B 7R KRB
H R AT (ONLAL 55, BARR T B3 R B T &
o IXEEAG AW T RARE A T M A
A AT HE o DR, MBS I X FE LCoE ) B
PR, R E TR B S it 74 R R AT AR
BUL HEER N REAEA .

4 RFRELHEEE

AT TR S E RS A W R SE IR
S E I ECHE . AR IE YA 4 XOE il
W2 STt — R B T I AT AN SRR S AR
BRI IFAT 0L . B s SR R AR R . BT
ZER T SeRERHNE TE R LM B S %
FEORBUARE . T EHER B — A R K
YA AR BT | ) RHAT ML ZE— ) B TH R
. R ER AT & 2 e T2 B
L&A A Ja 7 Eit— S A i
4.1 SEHERTR AR
4.1.1  SERERI SR E

— 4L BB s TR B % e R XU
VESH. KU B 5 RE A0 A0 A 1 8 0 50 2 o
SR RAC BT AT SE 5 . R B
WA, Bk N A R FRS AL 1 3R 858 2 4
b FREGAR (U5 B IR S AR, T A A2 a7 5 A i
B[Rl A B BRI S BT AT,
N K %2 4 Z A LR AN PR O A e 4 I S
4.1.2  JRGEAEE VG

e Ay LSS A G Va7 0@ 6L
T GG HLZE S A (1 3 M A 22 A 1 R AT R A
o ARZRIE FH Y Bl )38 R R A T 20 PR TR
XA R T FIRERM B DR E],
ARG IR, ARSI A 5
52 BNPMAC LT, T 1T T OHE AR S A v I
SETHEERREE . WERIEL, ML 5
2K,
4.1.3 4y XE A sETh

PR BRSPS B, SRR A5 M 2
BN s AT B TH R, H I RUATL P 28 £ o B0 0 %
WA R R S a%kit. MEANX
KR HR 2% A 22 AR KB, i SRAT 98 R FH
W, KiE R TREERIRE . Fi, e
FRER A B B XOE ST, BERERE
LRGN, MREIRIER TR,
4.2 HETHBATRAREAR
421 HsmEE LA

BTl EAEMPUR B EIA . & RIS



F44t F1H

K B OB R 41

Wik, SKHABOTARSE . BSAUNEH . BhEEE . 4B
fERLEE S USRS, AT DS )98
NG SCPESE RGBT PR P SRR AR AL R 45
TE LA e R EBAF BT B 5 DR B &5 1) 22 A M 1) B A7 RX
FB.
422 BEG5HEAHFATHA

REZ AWM AR BER . IRIFE),
BEALE E XL TR S G 45T B I R - TR -
M-LEERE — ARG WERL, HEHAT 5451
(RO T) R A 52T, DN - R A S 43 4 ) e e B i
F REE 0TV BRI LAt [ 20 B AT R AR AL, Tk S 3
“CRRPEIR. EILRL “NIEAGHERAE” IR
423 QUFEMEIHHA

OB A HR B R e T
UL E (TR W85 FL55) R R i . A2 BE &2
SR RN R T A0, S M AR I e U B R P A T
SERE, R TR LV B R I U B DR AR A B0
[T 0UIF TR S e =E 5 N £ 175 s R A N R T
IS RIEN
424 SeidktmliE T2

KAGET GRS R 12 5 AT F &
RN, R SR BT B T2 Se BT 4L
FrEWTARIAL, PARD B ) B R4, X dEg
AR AT DL MR &2, AR T B AR AR 1
2398
4.3 RRKBFFAITH
43.1 KEHIAAE AR A

S TH 25 REAEA TR A o AR BR T A K A
W BN, A A A N SR S R 1
SO, KSR VPN K B A R AR R SRR
IS RT AT AR RSO XA S 4% 45 7 52 3 1) 4t
NI VT A B A
432 ik

W EREAT R F I AR HER 2, IRH LA 1
TFEER A IEC61400 R4 H FrbrifE, 285113
PR H Eurocode. DIN R F1bniE, FEAlistih 2K
FH P9 LT RRiE R AT M b, X S
WRERY. RELNERGFEEZEREES. K
i, AT S S5 IHEAMER, £xhE EX
FHL R AR ST A R o G — B T AT o L

433 —REMEE IR

12 LA H st 2 A 77 B — & it
BT WA S A B Pk AR T, B
T HREMHBRS 24, FERER RS RTTT
IATBIRTEE N, SRR A FR = BURY ( ERAET
&, FHEZ RIS, SHE2EE. ZHIRN
H s Ak .

5

LA 8 T A A L KU SR R — iR i
TR SO S DL, SR — AR BTt i
(17 G RN 111 1= P9 S 1 % NN N3 A D T
FETT IR 3N EIRGE T LBk AT . BARG R

D — B AU AR, IR EAE
48— KBV ANAR v R TT E 2 A AR R AT et
MNSF 4R 4 Ry foe M R A PR AT 42 ) 5 A [ e
BEATIRAL, R 2P & BOIAT SRR T Bt 20,
KBTS0 5 T ZRPBAIS .

2) P — AT 7R IR St A T S
BORERCR, BBk, We s . it
Wt A8 AT A4 AT M AR HE EE R

3) AR ERAGEFP T RFRE SR, Ak
TR 55 = J7 AENUA 75 2558 2 5K A HES)
fEM.

S 3R

(11 ZF%E, FRANL, HjarE, 5. FREWE B KRR

FARLER[T). RAHA, 2022, 43(2): 186-197.
LI Z, GUO X J, SHEN X H, et al. Summary of
technologies for the development of offshore wind
power industry in China[J]. Power Generation
Technology, 2022, 43(2): 186-197.

2] AET, kv, H4EE, & i L XEINE KR
WIEHORGR[]. KR, 2022, 43(2): 236-248.
ZHU J N, ZHANG ST, GE W C, etal. Overview
of offshore wind power transmission and power
transportation  technology[J]. Power  Generation
Technology, 2022, 43(2): 236-248.

3] MR, RZ%E, TR % BLEXEERREIR
ZER[I]. FUEEY, 2021, 42(6): 105-115.
SUN R J, LIANGJ, WANG K W, et al. Overview

of offshore wind power collection system[J]. Electric



42 FRSEE:  Eig L SRS — BT R Vol.44 No.1
Power Construction, 2021, 42(6): 105-115. LLORENTE C. A numerical tool for the integrated

[4] &HEW, Bk, FEEK, % BENFHREENE analysis of fixed-bottom offshore wind turbines[C]//
RN H R RS 2R S AU Proceedings of the 22nd International Offshore and Polar
T[I]. HARGHEY 580, 2022, 5021): 65-74. Engineering Conference. Rhodes, France: ISOPE,
JING B, YANGMC, LIGQ, etal. Optimization 2012: 347-354.
design of controller parameters for an offshore wind [13] HAGHI R, ASHURI T, VAN D, et al. Integrated
power DC output system by diode rectifier considering multidisciplinary constrained optimization of offshore
small signal stability[J]. Power System Protection and support structures[J]. Journal of Physics, 2014, 555:
Control, 2022, 50(21): 65-74. 1-10.

[5] R EIME T B PR A 7). A [ RE I e A e R [14] CHEW K H, MUSKULUS M, ZWICK D, et al.
2021[M]. dbxT: HPEF TR, 2021 89-108. Structural optimization and parametric study of offshore
State Grid Energy Research Institute Co., LTD.. China wind turbine jacket substructure[C]//Proceedings of the
energy and electric outlook 2021[M]. Beijing: China 23rd International Offshore & Polar Engineering
Electric Power Press, 2021: 89-108. Conference. Anchorage, Alaska: ISOPE, 2013:

[6] ZFWI%. ¥ EXMURG2EL40%, PR T ? [N/ 203-210.

OL]. WEBEJEHL. (2021-10-24)[2022-01-16]. https:/ [15] ASHURIT, PONNURANGAM C, ZHANGJ, etal.
baijiahao. baidu. com/s?id=1714475197107011146&wfr= Integrated layout and support structure optimization for
spider&for=pc. offshore wind farm design[J]. Journal of Physics
LILM. Offshore wind turbine quotes plunged by 40 %, Conference Series, 2016, 753(9): 1-13.

parity era? [N/OL]. China Energy News. (2021-10-24) [16] THEO G, WANG L, ATHANASIOS K. Integrated
[2022-01-16].  https://baijiahao. baidu. com/s? id= structural optimization of offshore wind turbine support
1714475197107011146&wfr=spider&for=pc. structures based on finite element analysis and genetic

[7] ZHANGL, ZHAOJ, ZHANG X W, etal. Integrated algorithm[J]. Applied Energy, 2017, 199(8): 187-
fatigue load analysis of wave and wind for offshore wind 204.
turbine foundation[C]//International Offshore and Polar [17] EFRAAAIM. DNV GL 328 #F b R B HLEE M Wit —
Engineering Conference. Beijing: ISOPE, 2010: 4L [EB/OL]. (2014-07-03)[2022-01-16]. http://www.
680-686. eworldship. com/html/2014/classification_society 0703/

[8] MANUEL L, SAHASAKKUL W, NGUYEN H, et 89307.html.
al. A review of coupling approaches for the dynamic [18] BAFIHT, BN, B —RESTEE W LR
analysis of bottom-supported offshore wind turbines[C]// TR W N AR T[], m T RETRE®, 2014,
Offshore Technology Conference. Houston, Texas, 1(1): 1-6.

USA: OTC, 2016: 1-9. ZHAO X Q, HUANG S M, ZHAO Z H. Application

[9] GLISIC A, NGUYEN N D, SCHAUMANN P. study of integration concept in domestic offshore wind
Comparison of integrated and sequential design power construction[J]. Southern Energy, 2014, 1(1):
approaches for fatigue analysis of a jacket offshore wind 1-6.
turbine  structure[C]//Proceedings  of  the  28th [19] M, FERI, ZR2eF. e b XL 28Rt —
International Ocean and Polar Engineering Conference. AL TT]. M JTREIRE R, 2018, 5(2): 1-7.
Sapporo, Japan: ISOPE, 2018: 440-446. ZHAI E D, ZHANG X G, LI R F. Integrated design

[10] VALK V D, PAUL L C, VOORMEEREN, et al. of offshore wind tower and foundation[J]. Southern
Dynamic models for load calculation procedures of Energy Construction, 2018, 5(2): 1-7.
offshore wind turbine support structures: overview, [20] REHE, XIERE, Z014%, 5. KREGE ERITKHEN
assessment, and outlook[J]. Journal of Computational PR R AT 0 AT B R A P A A o 0] H AR D,
and Nonlinear Dynamics, 2015, 10(4): 13-27. 2018(3): 69-71.

[11] FISCHER T, VRIES W D, RAINEY R, et al. WUIJH, LIUZH, LILS, etal. Load analysis and

[12]

Offshore support structure optimization by means of

integrated design and controls[J]. Wind Energy, 2012,

15(1): 99-117.

LOUKOGEORGAKI E, ANGELIDES D C,

load optimization control method of large-scale offshore

wind turbine[J].  Electrical

2018(3): 69-71.

Appliance  Industry,

[21] EF00, FEEI, 40w, . W BRCAALA [l e 5L



F44t F1H

K B OB R 43

[23] AL Tk A G A

[25]

T 25 1) B0 5% SO o T R R OBR R ) — Ak
WAH[I]. FERhEgify, 2020, 37(5): 1-6.
WANG Y H, TANG H Y, ZzOoU L,

Environmental sensitivity analysis and integrated design

et al.

of fixed support structure for offshore wind turbine
under extreme operating conditions[J]. The Special
Structure, 2020, 37(5): 1-6.

FEMSRE, XU, fElte, & EXCGBIUH ¢k
WBLTE” AERMII]. MEE, 2020(2): 68-69.
FU P C, LIUJ P, HE K H,
difficulties in “integrated design” of offshore wind
Wind Energy, 2020(2): 68-69.
“TANHR” BRI
AR YR B A X R S S M AR [T]. R E L T
Mk, 2018(1): 72-74.

China Machinery & Electric Industry. Zhai Endi,

expert of “Thousand Talents Plan”: technology-driven

—_—

et al. Analysis of

power projects[J].

reduction of support structure cost of offshore wind
power[J]. China Mechanical & Electrical Industry,
2018(1): 72-74.

[24] B & . i b XUR AL B A S 43 5 R A il B 1

WEFR[I]. HLEE R %, 2018, 35(6): 34-39.

CAO C T. Offshore wind turbine support structure of

study[J].
35(6):

the single pile and foundation design
Mechanical and Electrical Equipment, 2018,
34-39.

M, BRi, D, . BT RS M X
RINLZH SO AR ALAL[T]. RFHAESA 4R, 2019, 40(4):
1185-1192.

TIAN D, CHEN J, LUO T, et al. Optimization of
offshore wind turbine support structure based on flexible
foundation models[J].

2019, 40(4): 1185-1192.

Acta Energiae Solaris Sinica,

[26] AR, ZE0h, JEW], SE. g b XL SO S

5 iy 3 it — A Ak 20 BT BETE M. HUBR b Y R A

[27

[28

[29

2020: 36-153.

LINY F, LIS, FAN K,
and design of offshore wind turbine support structure
and base foundation[M]. China Machine Press, 2020:
136-153.

BT, ARV, TP BT HEALSRE A b XU SR
it 2 Z R BRI I]. W EAERRYR, 2020,
38(7): 900-904.

GE X, XU Y P, HUANG D. Multi-parameter

simultaneously optimal design of support structure for

et al. Integrated analysis

—

offshore wind turbine based on evolutionary strategy[J].
Renewable Energy Resources, 2020, 38(7): 900-904.
JAIRENS, ZEWED, WRERER. i R XHL SRS AR
& iH[I]. FEJTREVR A, 2019, 6(4): 86-92.

ZHOU Y M, LIXY, CHEN X Q. Integrated design

Southern

—_

optimization of offshore support structure[J].
Energy Construction, 2019, 6(4): 86-92.

1 BN, Eik, BRI RIS AR B — Ak
R W k. BT RE VR & B, 2021, 8(4):
16-25.

ZHOU Y M, YAN S, YAO Z Y. Design of

experiment for integrated offshore windturbine tower
and monopile[J]. Southern Energy Construction,

2021, 8(4): 16-25.

KRR 2022-02-11.
=3P

JABNS(1985), 5, Mt @HELRE
Uifi,  EEEEFIT A it R R KT

ym_zhou@qny.chng.com.cn.

JEI e

(RIEHIE  #H4R)



