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Design of Experiment for Integrated Offshore Windturbine Tower and Monopile
ZHOU Yiming"™, YAN Shu', YAO Zhongyuan®
(1. China Huaneng Clean Energy Research Institute, Beijing 102209, China;
2. Jiangsu Clean Energy Branch of Huaneng International Power Co., Ltd., Nanjing 210015, China)

Abstract: [Introduction| When inviting bids for domestic offshore wind power projects, the owner often puts forward requirements
for the foundation top load and tower mass provided by the windturbine manufacture, and rarely put forward requirements for the the
foundation mass provided by the design institute. During the detailed design stage, the windturbine manufacturer and the design
institute optimize the tower and foundation respectively in turn, so it is usually difficult to get the global optimal design with the
minimum total mass of the tower and foundation. [Method]| An integrated test design method of offshore wind turbine tower and
monopile was proposed. Through the test design of an offshore wind power project, several design schemes with different tower
types, tower bottoms and monopile diameters were obtained, and the corresponding foundation top load, tower mass and monopile
mass were obtained through load calculation and iterative optimization of tower and monopile design. [Result] The results show that
the design with the smallest tower bottom load or tower mass is not the optimal one with the smallest mass of the whole support
structure. The optimal support structure design with the lightest total mass of tower and monopile can be obtained by the
experimental design method. [Conclusion] Based on the results of this paper, it is an effective method to reduce the cost of offshore
wind power by adopting the integrated design of experiment of tower and monopile in finding the global optimum for the whole
support structure. In the future offshore wind power bidding stage, the owner will formulate the optimal rules for the whole cost of

the tower and monopile, and require the use of integrated design of experiment.

RS EEA. 2020-12-29  {EEIHEE. 2021-10-15

E&WMAB: TEEGRENARAFRREONA 24T F XA R AL R R F S OGS AR ™ (HNKJI20-H053) 5 H1[H]
HERESE P FRA TR 6 _E XL S AR — AL BE AR (—) 7 (HNKI20-HO7) 5 H R AR REAE AT AT RO WIRI 0 3 1 P4 i AL ]
P A AT B M i S R (HNKI20-H54)



5 4 1

JRIRRNG 2. g b XIS SR A Bt — AL IS B0 I ik 17

Key words: integrated design; offshore windturbine; experimental design method; global optimization
2095-8676 © 2021 Energy China GEDI. Publishing services by Energy Observer Magazine Co., Ltd. on behalf of Energy China
GEDIL. This is an open access article under the CC BY-NC license (https://creativecommons.org/licenses/by-nc/4.0/).

20204F9 H 22 H, WEIEZRFN D IEFES L
T RIS E RS — MRS Lk R E ISR
P, P EMER S E R A ETTEk )R, SREBCE A )
MR A, AUk BHE ) 4 F 2030 4F AT iA 2]
WM, 8514 H 2060 AEHT SEHRR AT, T XU BE
EAE R, MBI IR, MmBea AL, ST
FRuly, TR IR 5~25 m A1 25~50 m LY 100 m
JARE B IR H AR T K 543 5 210 GW F 190 GW
AT ARy 7 28 T [ i U5 45 48 2 10 1) 22 g S i 2
—o BRI, g LR REIGIEA T, B
ARAREE ., NHESRE, HJ7 W BCRMNEBOR A
WIRs, AU b XURR ™ i BB AR S B wE B K
BRI AR, Bl TR, X R A
T FT I FE AR RE 22, SEBL ™=\ AEURIR], S brami H
() TREZ S IR AR BIRT, R Zeh 3 SEE - XU
S BRI E P

g bR A, KL SE R (g
BEARAILRL ) 5 22% Ze A, BRI I XU S PR A
P A RE A5 A RIS AT B F A o S i ] P T XUHS,
WE A, b FAEFE FHUBRET 2 XA i HE L 0 3
Bt T A8 107 FNEE 20 B A T840, 4R R AR A
P BE B AL Y JE Rl T B AT s AR TR
B B s RUAIL T oy AR T e A T 4 1) o 4 R il
rfifbiit . fEdad R, K& KWL i S5t
Be#l A R T — A e i, BRI AE SEFR T
PRI H I TS SRR AR, SEREAIAREE ;R
SRR TR B d AR 1P, 3P #3510 28k ey 3 P A
FVa B B BAR R BT, BRI
e TR BALAE L AR R 200 S 58 31 PR R AF
B0 DRHAREE AL T Mk 75 BAT H B 2 AR LA

] A0 X g b S P S50 — R AL T R I 5T T
R, 20124E, RAD HZ AP X 1]+ 1
SWT3.6-107 HIL Y 1Y 55 S8 15 ATE 5 il 17%) B JE [ bsf i
TPl DA AR S P S5 k0 1 0T i e /N ol H AR R B
LA G5 g 1 Jmy 3 R A S il L A R S5 10 R Y
W, AR T 1210% B E R . 2017 4,
THEO G % A\ " R A BRIT I 0 S 45 i1 743
BT, WF5T 45 S 24 B 98 95 RO 0 R B2 1 Fs il 200

T 3 38 A5 TR X S P AR B LA S B A TR A mT LA
IR F I E 19.8% Y A .

PIXTE T RIS 45 0 — R fb e SR I T
REMRFTE, T E P e N By, B
NG5G B A F AT AR T, 201448, B AT
N PR AL SR — R A B, R
Wit bl oems . fotbmt J R s A5 R 249 R
JETAE, BHEELH0% B MAREMK . 201647, 5K
T BEGE T I XL — AR A 5 B, X
TR — b O B 22 5, g
BB IE T — Ak 2 7 B 532 T LA RO Ak S i
i, BRI EN . 20194, HfE% A7 %)k
LR X BRI 2R AT e, % R LR 2R A
T LAt/ M 25 Ry H AR X B 5 MW T g S
WL ML S P A AT, BRE B REAR T
7.14%. 20194, JAIMKRGEE N X b T B AR
ok 5o Rk oL es =8,
BT R B R S S5 0 T3 2 Rt it
H3E, DL EARSE TAEE A £ E i B XA Tl i
gy TR FHIEC HUE M BT A i TOLilF 75, &
Xof 2 Ao -4 1 - 5 AR - SR IR A T — R AL TSR B AU
T BTSSR EA T A A A R AR AL, R X454
PRI A far o A SE M A TR

AR 3C LA N L BRI H O 4, AR
TEC LG % X438 T ol b A7k, LASE
LRI RN 4, i R AR R3S 2R AR
FA R L e BT BLAR S S B R R S B A M b A T — 1A
AR oar g

SCEERMANT . B AR T — ket
TURES SR BAEAG A i, 5 2 T LA B ST O 191
HifE B RS 2 Al — bR e B o ik, B3
T T TREGI AR R, Fah s
W,

1 — USRI R g

b SR Z BT EER A KL TR
Mo TESCHEGTHEATTH R, — AR S i it
B BRARREERE A B BRI



18 T BRI

1.1 —UERREEITE

FE N %K H AT#6 R H GH-Bladed 34X XL 2K
VETR i W 2 Ny oy =2 7 I = T = N T N = 4 R TR 2
Bi S5 A AR S SRS Wy i . Her, BR
B R A4 W IR SH . 1K CSE. TR T
SR AR IR T GlEUK . HRE . B XEF); X
FEAEMBRI AR, . 2R SRl (R Jeim LA T
Wy o MIEHLA ISR, AR E S, &
Tl Z B L RAA B T AT S . Al IR &
HL, RHHSBE T, BALTA, FPLTH, Ba
1L, =5, SElE, B4k 8 MBI LA
4 (DLC, Design Load Case) .

e BIR 28 Ay 1) J Ak AR 95 TEC 61400-3 LG A 22
K, AR R T AT A G H R
MEXLAL, BV THAZSEEST; 6 M
T KCE A, AR KGE T AN [ R 9 124 L
B —2H, B A A R TR
Hir 100, MZS5&RE5TT; 12081 i XU
UL, LAE G AR 71 124 T8y — 4, 7E
e 2H PR 6 > T rp e IR AT ok BBOH PP R 61>
THCFHZR T AR T, BS5RES
o ZRIR SR A2, i EIEZRBOTER 2 AM Y
AL, AM PSE IR ANEE 2N, K% 57 TR
BN X WA e [ I 5 AN R P TR
FRAGAT 2 28 WL FoR, ga il T B XL
AT AR A bR 2R, Hoh s JRUSAL T RS S
SR A2 SR AL s XF KI5 ) 5 ZF i 4R
By e B e BT YF KSR Ay .

2 JERIR S [ 520, X TR b B SR AR A A 4

F1 WMRFEAHNRERE
Tab.1 Safety factor of ULS

e FR T8 TARFH BT 3E LAEFE
DLC1.3 1.35 DLC5. 1 1.35
DLC1. 4 1.35 DLC6. 1 1.35
DLC1.5 1.35 DLCé6. 2 1.1
DLC1.6 1.35 DLC6. 3 1.35
DLC2.1 1.35 DLC7.1 1.1
DLC2.2 1.1 DLCS8. 1 1.5
DLC2.3 1.1 DLC8.2 1.1
DLC3.2 1.35 Sea Ice 1.35
DLC3.3 1.35 Earthquake 1.0
DLC4.2 1.35 — —

E1 HEZRERER

Fig.1 Tower coordinate system
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Fig.2 Flow chart of integrated design approach of offshore tower and monopile
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Tab.4 Results of 1-straight-3-conical tower configuration
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Fig. 4 Results of 1-straight-3-conical tower configuration
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Fig.5 Results of 3-straight-1-conical tower configuration
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