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SRIM, Bt VgL XURRL 1) RV XS R,
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JUR 3t 9 B 3K 70 8 R 25 i AL SRl b N8
R, 2 T A e 8 B R = DA R 1 2K
FER AV B2 S PERE B FAMERGS R, A
TEAR AT TR /N, i, fERKR AR X
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AT B 1) ) SRR R o7 e, TR KU R
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111 g st ik

AR U B RIS A2 B AL T 2R L D T AT 2K
AT A o (B2 R 5 i B Ak Tt F- 1T LA
b, PR F A R ETE RS RA S, X
BrisgmaAR/ N (R, I A 00 ik i B v, ) 5T
BRANIE 5%) o 3V B A Ao 283 1 1) P35 TR
AR, SmanissmEme, Wmkn B m R

AN ORUeF2R A I I T3 SR RBILART 2801 8%) o XKL
e 38k 25 1k WE B L RO ) RS A o B4 4
W= FER S, JEBAESE T I BOA BRIT /e it 2
Kk LIRS S D I R R R A, R,
PR R R R, TS 2 4
BEAER A K BERSIL, S5 H 0 2 o

TR H2 s T00 T AR, XL
Mg LR 1, R BN TN, &
I K A 2R A 0, T 2 AR ) o7 2 UL S
B2 G T M, A1 F, WE T M., %
BT Fo iz EIBUE R IR F AL A2
AR (W5, 8.3 MW-105, K445 : WT-8.3
MW-LD-202403) , HJsafagda 5T (fe 2 FX
F1 % HALAL BT EER)  (GB/T 31517.1—2022) 10 Al
{Wind turbines-Part 3: Design requirements for off-
shore wind turbines) (TEC 61400-3: 2019)'2i3E, i@
i 50 AF—iBH K (52.5 m/s) . AR R (00
45° 5 8 A JT ) . MR CAAL R 14.1m) 1)
A T TEEAIRAS . iR a5 = i
WALK (P E A AL B A 7, AES 5
110234) izt b iR Tl A% S5 U
WE, HAerEiRESFAERPL (& CW175-83 MW,
WIBH MySE8.5-180) At i 150 4 2 fi 22 /N T 46
5%, H5 LIY ZEUE 8 MW 2% XUBLAR i fnf 2804 5%
TR — ik 94.7%, BA T840 4 3P Al
AIEEME A N RIS R 22K sy, R B T
Huls, S ESTHIPEIX, AT RCR R A A B A
T 2 J el 4 b o far i I AR NG ) UM R T
T B G T 0 45°%8h% , BT ARPE R 3L 2 At
AL, BT TAUREILE 1, RIETEY
SBUR ARG BT 53T

WA G b XU 3 TR XA L2 SRl A

x1 MHIRTHRAENEETEH

ACETT I 1A M FEEDT IR A M, WE DT M A M, KRy Fg EEITE O SEITRD FL BRI E,/
(kN+m)

(kN+m) (kN+m) (kN+m)

kN kN KN o RERN

-51 981.7 232 757.3 16 223.5

238 491.3

-2977.0 52.9 -9 366.0 29715 1.00

7)) (NB/T 10105—2018) , UL 285330 22 50K
1.5, BP_E 3R XML 275 B 1.5 £, o 3 Bk
FERE Ry i B, AR5 B R 355 MPa, 3%k HUBS
BERBCH 1,15, BI¥ Be s 78 1 1 o 355/1.15 =
308 MPa, DhIoRiA 7 i BOm BE A%

AT B AR e AR 5 v RS R 4 Y
51 JEE IO o AR KB Rt B Qe Y 28R it
Whor RS2 IR 2%, TR AT A IROu
Bro M TREARAFAE S 20 i, RIS By
R SRR RS AR T i, TR
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R T R o AR TR FROCAR (R #EA T 48 R
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1 ERESRILRER
1.1.2  sSEBOR FRRTAEEA
S AR BE AT U BB R A BROTER 2R 1 T A
T, G B R 1 AR R R F 52 BT SHELL1S8I,
[ o R/ DR AT, AR SRR, PR
B b DAL h— B, RS A
FR BRI EERBL, Z5MEHE e, S8R
Bl 7K T #0438k HI 4 AT PIPE28S B4, 7EHIT
P BATC A vy WM XA T 7z, SN [ 2
BITHIRE G o WAL BN e S i 22 i ey, R
TEVE BTG 0, R 22RO Y SRR T
ASUETEEST WIPEDX, AT DUKE 345 5 6 S b 43T 3 1%
fATAE T A b B PROTRRL L 2,

2 SERTERRATEE

R BAER AR B AT SR, DARAR SR ST L A
RUARCE . far g b =y R IE TAE: DK
RS ERIE : 43R 30 mm, 40 mm, 50 mm ]
60 mm PUFPRIRE ROT#EATIHR, S5REH], MM
RAF/NT4T 40 mm B, 33 Bede KW 128k it/
TEET 3% (2), MRS REREIRUET AR L
MR AL TR (299 636 AT, ST
EGTIRIR 2% 0 40 mm [RAK XTS5 SR A 52 2 AR
IAE BB S AR TP IXH: AH LG 60 mm 4%, 40 mm
W e T YER A B AR AL, I BB RE R
KB RAR B PR (W 22/ N T35 T 2.8%) |
R IR 57 o TR AT RE R A QAL
RUPESSUE : A SRR 45 R 5 S IR S50 512
56 BE AT R LG, o U B OB N SR 22N
4.2%, PEHPIREN 5.1%, FITE TR RV
W UNFEET 10%) , S0k TEIRIA AT SEME ;. O fi
A A G BRI UE . A T T 2R IR T AL
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KoL (b E gl RaE R BRIk
HUHLGL T ER) (GBT31517.1—2022) Al (Wind
turbines-Part 3: Design requirements for offshore wind
turbines) (IEC 61400-3: 2019) #yEIGIE, “FR00%
S5 TR EE T 100 ZH MUY AR fap 230 R 1Y) R O T 4R
REERATH], far i3 A 0 TR

I B R R FH 40 mm A AHRIAR S 53, oK
PRy WA ST PRI IESS R (GR 2), 1 MRS RO RERE
PAETH R (NIRRT T 3%) , X
IR TR (299 636 D), BEGRITHEYE
PRIR T, 40 mm PRS2 SR 152 e 32 SR IR AE
JrytR; JJEE R IX . AHEE 60 mm BIA%, 40 mm PIA%
AE S ER AR AL B N R RS, (SR A R
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Je S 55 A A B AT RE RN A
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TR ¢ B TT A Xl 0 ] LA = A8 50U 3408 A%
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x2 TREMERTITEERILL

% RS /mm W EBCEA EERTY GV KW F1/MPa N IR % TR /h
30 421 589 418 923 291.3 — 8.6
40 299 470 299 636 290.1 041 4.2
50 187 632 186 951 283.5 2.27 2.1
60 124 598 123 875 279.8 3.55 1.3
%3 TERERSY T EPAT R, WERE DR ETFAEN L
SR 1 AULWITUINERR , XS B A 24 Tl hNREr, 78
R 299 470 K E 8 EH T SRz iy e, HaR
I Eg N . . S . " '
oEE 299 636 BUKE] e PRI 5 10 5 BUSS H % 2 Wb
el veyiil SHELL181 : .
R 24 7 A P 57 IR SN AR B A Y 2B
I3 K /. 40—60 122 Bk o7t B ik
rniniion ’ Jok P B 5 H PR T 2 1 Miner 25 22
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95 57 W VR 45 P 1 {14 3R T b 12 [ 2 B b A
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JEFY R R E NI IS o I 57 A & —
A AR R B R R, R R R R R A
W, Mg, T N R g
YRR I 55 BB SU I R 3R o % 95 R i A6 i 4b
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PRI T o0 = AN B PRAERE, ey
JEe Ko SR ORMEIR o AN ZS A 952 55 SR R T 2B
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S-N i 2RI s R RE 45 & IR R BT 9%
95 FEA R ST R B Z A SC Ryt £, H LR 95 75 A
AR EUE log N AR bR, DU 57 5 B 9 AL AR o
L VE B S TR R SN kT3 (Fatigue de-
sign of offshore steel structures) (DNVGL-RP-C203)
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FRE YRR T LA AR I T AR B AR , 4548
FIR) Al JE AR B S T A ) 7 3 s JR X A4 1 s R 9 55
SR SRR o TR I 2% P JE A0 R A TE
JEH, <<Fatigue design of offshore steel structures.)
(DNVGL-RP-C203) MU &5 T )RR T JE i )5 B2
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ol )]

K, N S5 A4, B O7 BERE PR R
log ay log N Hl AL m 2 S-N il £ i D) 3% 5
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FEHCH 0.25,
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98 [AE R s D NI S 5545 45
F N i AT

(2) Miner 2t A5 HE N
Miner ZiE R BB IR E « A7 TRAG P72k
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Z 3 n RAEIRE ) BB .
D:;Dizg,ﬁ:ﬁ (2)
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offshore steel structuresy (DNVGL-RP-C203) #E7E,
XPAb T A ) A AR B, BRI 5 R AL
(Design Fatigue Factor, DFF) &2, 245545145 D< 1
W, AT LA S5 R 97 18 FE AT 520K . o o5
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< L 3)
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b= g'Ni DFF

(3) 2RI EIE

SR T E R R IR LAY L i BEALIRE 55 fa
AR A E I IR PR —for BRI, SRRl vl
VLR 8l g Rl A A g T, T iR A i 55
BT B 2 R, RO B 55 T B T AR
SO 55 Aoy 83 ) FEAS ARy ORI ) E T
I 252809 55 A 28 T 2 A R

1

.m

k
LY Ak, | @)
Neq =1 /

P, AF NS i MR {E ;s AR, 950855
e

B TR Z b, I ELREHLEIR A 200
DR o U BLASAL R 57 SR AL NI TR Ay 28 BT
BREGIE ST I L 10%) , PRIHIRE 55 73 A HHUXUAL

AF, =

TEVHE S0 97 fr 4, HFR A BRI,
Xof IRUALIE R JES T2 25 ot b 6 A4t i 2 sF 72 A
TEGE, R (4) 115 45 J3 8 1 A5 80 55 Fir
2, PRI S-N T2 Miner £ ZARES 15 i 0031
B STH, DORERE T DA R SR A A — ik 5k
ZUWFER TR . AR SCR B SR80 595 24>k A XUAIL
TR R S (45 . WT-8.3 MW-FL-
2024) , LT 25 4F (RWLEIHFF4r) N6
IUECH 10° M SEBRig A TR G T3S, @ R
THEZAL 3 100 2H MAVAERT AR FR T 2R, 4565 Min-
er ffEMSERLAS 2, HUEARYE 7E5r HATA TARSLRR,

L AT €k R S RN L O 8 B o K
RE 2 IR EE RS TR I (GEEL 3 419
TiEkATRE) , S5 ULER 4, MFRFTH, S0 57 2k
VR B9 55 B0 5 4 Bl ) R A 45 R 25
6.8%~8.3%, HTETREAVHERN, W%k
LA, RERETE I TR B R

4 SHEFEHRESEPNMNEIITERIIL

TR TEA] OB R aE I &SI R BR2E/%

1 0.896 0.968 74
2 0.932 1.016 8.3
3 0.857 0.919 6.8

SR T TR A MR E IR S
£5 EREHHH

f# M/ (kN-m) M,/(kN-m) M./(kN-m) F/kN F,/kN F./kN
B 71033 143711 26067.1 218.1 3458 2195

2 % B

2.1 WERSBNTELERSN

B4, B o5 B i Tl —. T
L AR ) . U Beb RER F DH36 844
J IR EE R 355 MPa, THENVH 1.15 L4745k, i
P BV )1 355/1.15 = 308 MPa, 48 45 %500
N, LB RN I H AR T — 1 52 R A
DRSS R ARsc ekt , BN 10 290 MPa, 2%
GARHE R P
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MIDDLE
DMX=161.612

SMN=0.490E-03
SMX=290.132

322374 96.711 1 161.185 225.659 290.132
—— SR— —_—
0.490E-03 64.474 2 128.948 193.422 257.896

4 FERIR-—FINNEE

SEQV (AVG)
MIDDLE
DMX=161.569
SMN=0.434E-03
SMX=288.598

32.066 9 96.199 7 160.333 224.465 288.598
L — S je=—
0.434E-03 64.1333 128.266 192.399 256.532

Es5 SERIR_%¥NNh=E

ZEE VIR T UL SN S L, G i B A
NI, RO E AR T LS, A
PR F AR AL (290 MPa) . 4 2 T AR 5
M A A8 AL (265 MPa) & 4K 5 W 52 5t 4b
(248 MPa) . FHZEEAR 5 LML A AL (232 MPa)
Hor, FRIRAR S S P AR Bk B 3 i A Ak
AR 17K, ORI . CRAN AR IS R 5 2
315 MPa, WG IFEAIK 26.3%) o
22 WEBRESITEERSN

A E SR LS R B TT R ), B S
b B T T RAS BN ZE R 5 55 F o I B 55 1
BRI 6, IR R TR, %t B R yE 55
PAOTEAR, FERE RO S R AL (GRRHif
4.458) NAHGEE FRRAREEAL (R KH07 3.862) 47
FERTFRIE ST I IR, A R A 55 R AR o HR
TR AT Joy 38 DI P 0 5 B A0 A R [ i, oA
PURL IR PERE NIRRT L, PR T X AR S F 21 7
PR, AT BT X SR i AUBS: X R b s A, L
PR HAE B A N BT 95 T RE

AR RROR , XL Rk AT T
BB, 503K 6. RnTs, RAAGME
TGS, AR R TV 5 A AR A 9 55 B 4 I =
0.89, FiRHFERRIEEAERER 0.76, YW i
K (D<05, BZEZELRZBG D<1.0), $EI7H54
MR 8—10 4E4RTF 2 30 4ELA |, S5k n] SEE
T

DAMAGE (NOAVG)
BOTTOM
DMX=15.356 4
SMX=4.457 92

0.495 325 1.48597 2.476 62 3.46727 4.45792
[ S— S — =3
0 0.990 649 1.9813 2.97195 3.962 6

BHe SELETEREFHRGIEE
Fxo6 RUBHERREMAITILE

. 21 7

it Ty
AR 4.458 3.862
JRFIE (90 mm) 1.245 1.138
JEIOE AR (500 mm [A]#E) 1.186 1.092
FTESbHE G IEFf 30°) 1.052 0.986
i 4 (800 mm [A]HE) 0.987 0.915
dathik 0.890 0.760
ARG 5255 5 i/ 32,6 384

TESEPR TR, S0P NA A PR AR Sk S 4%
FEAEFY BN ST AL BRI, T B G AR AR
1Y BEESH R 1 SRR, A2
LA ™, 2 BB AT LUR T B Ak 2R A 7
PORPGERAEIE IR . T, Sl TS AR 4 5 Rt
FSEIRAL D NI 8 1 A R AR L T 4R R O TH B AR 4
s, WD ST, (EASHAE R BT ER

LGy 2 A F R CREZEAE) {4
265 J) FEL T B o A AR 2%, R 0T 1S5 AR AR TOUAR 22 57t
PR DACH AL 7 o N =23 'GP g a i PO e S VA
TR EREFTINE . A SCRHLEE R 70 mm
JERPE, R A G T 52 B B 0 sy ¥ i R
90 mm JELJE, ARLFEN TIZALE BN K,
KA A A L0 25 R HCRE R A SRR
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, IO A el NI RE , A FI ) 2 A
FHE BERE S Ar A Zh b . BARMSIL WK 7.

A&

e AEAESMUBLEITUE IR

\
\.

DAL 18 i) S 4%

7 BUMEREE

LERRBR A T AL TR L S e PR L, ANAR SRR TR
S MREA . R . ERARFIARRE . EfA
PRI AL o Rk LERRAO AT 50— B 3T I Ak
L, RERERIE SRR IR DL, R ST AR,
i, RS AT REMEM PR SRR, b b BUE
RRBEFNR AT ZRAL ,  UNAS 1Y ik P8 B R A A A2 Thi A
BRI, (ETOUN s SEhns 2], ARk 1
TiiAR 52 F11E B

FERMIE RS AL DR AL, esh, R
MR B L RS, FESEPR I AT AT R
A, T s R RE 4G M AR 3T e R Y
PRl i HI A Al A il ) 7 52 R 4 fr AR I, 2252
BN ] PO A AR BB R o o 40 ey A
Ol BT B LA, TR 2R S5 ik SR B A
PR, IS MR PR E 1Y 5 24 T 4 o 2R 4K 25
BN, R RO T R AT A, SRR )
AFERET TN, SR RV 2 BRI R ] S Bl
SRARRIBEM, HIGEME B FORAVIRES, 45
HE R A AR . TR, AR AR R T % —
SE [IBEA A TS SO, SR R —E g
TR o At ol LA/ N G 7, T e
LARTs L M A KK 2 T e A i

3 10 i

3.1 BENAhEHRSEZHRG

AR SCR A BRICH A5t 8.3 MW KUK PUAE 54
HRTERI AR G2t P Bt AT T PR A 0 T H SRR
G, BREIR, R U B AR 57 B A 8K
fiX, BAERE G FRAIREA S A T2 5 3 R4
AEAE 2 I Rl g AR rh A S5 5 R R B AR

AR SCEFXT 8.3 MW R 25 it WAL st I B 1) SRy
P57 PRI, HENy T R A - 7 SR RIOR
E-HEWUE" RO, Sei i i g 55
SIHTIATRRE G S R (Bif) 4.458) . FERE
R (005 3.862) MO ALIX I
Gy TR IR SRR TR . R S
B4 KA R, & BN ) KA ikE
iR fenE il A A S Bk br , HAR b —
T, AR S TSR IR BERS n 15%~
20%, FEOREL T RAL A BRI R, X
— L2 S WEL X SRR “BREEIR - 2
AC-BOR B 1 L 25 R IbHESR — 3, HAEMR
RS WL I B b il T AT,

M T AT, AR S Y B SR R K
(290 MPa) Ik WEI X SEUF5E rh 2R Z5 A0 1 7 )
K (312MPa) , FEIEN 7.05%; 1B 55451475 (4.458)
T HAFEE R (3.21), HiEH 38.9%. EZFH
SRR AU LA 2 B P 7 W K (AR S
>} 186 MPa, WEIX ZEHF5Y A 152 MPa) o ifli £ &k
SERFSY T A AT B — G A R BEAL B AT R T
B SF TR s, AR TR 5 A
T Miner HEMATHE S R AR 250 7.2%, B00E T4
SO i E B o AR SCEE X 8.3MW R 25 4
WHLHEAT TR AT, R4t T 38 AR A Rk 7 43
AR 2, #hFE T T XL Ao Y B ) i
TR
32 FARATEEMNRLE

AR S AR 2V Bt AT R, R B
HAEZZ I U TR iy T AH He AR 2t P B 2
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PR X505 IR MR I S B 5T 25 R
—5, AT 53 S3E S S AT AN BRI A BT BIE T
8 2 U B AE TR K RA i AL At i 1 v () 4
b

ERXTE RN, TE 8.3 MW JKUHLIA] 25 A 48 T.1%
T, FE Gt P Bk R AR U B I AR Y
JIZEPERE S AU . JR W TR 18.6% (FH 22
290 MPa, #HE3L 356 MPa) ; PN EE A b4 5
223% (FERX 2.8 vm, HERX 3.6 /m); Z5H
WIS i Tt 31.5% (GEREL 32.6 4F, AHE
24.8 4F) .

I S OSE S BUE A BT LA TR R P BOE
A2 IIVERE, T8 AR TR W B AR 52 0 A A 2K
IR AR S — 3 TR AN Y i R
50T, A R P B L SR A T Dy LR Y
AR, BUIEMEET ABAQUS #F i b XU
AT IR VE B AT T A R IT T, BRI R
1TV BEAESS A s B AR E M IR B S A
Z 3, R T AT 8.3 MW KXUBLAY BRI Ak
T AR 2

4zt
A T AT FRICHPE T 8.3 MW XUHL IO bE 545
BRILR A B 2 P BT ) S 9T, 2ok

RURISEPERIE S, #3H DUT 24518,
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Optimization Study on the Jacket Transition Section of Deep Offshore Wind

Turbine Generator

WANG Yu', LUO Xiang', HUANG Ligang?, WU De’ an?
(1. Longyuan (Beijing) New Energy Engineering Design and Research Institute Co., Ltd., Beijing 100034, China;
2. College of Harbor, Coastal and Offshore Engineering, Hohai University, Nanjing 210024, China)

Abstract: To address the optimization requirements for the design of the transition section of the foundation for ultra-large-capacity wind
turbines in deep and far seas, this study established a model of the inclined box-girder transition section for an 8.3MW wind turbine’s four-
pile jacket foundation using finte element software, and conducted systematic structural static and fatigue analyses. The research results
show that the transition section exhibits a relatively low overall fatigue damage level; however, localized fatigue damage exceeds the allow-
able limit at the welded joints between the box girder and the main cylinder, as well as between the box girder and the main legs
(with a maximum fatigue damage value of 4.458 before optimization). To tackle this issue, specific design and application recommenda-
tions are proposed herein: First, during the design phase, local thickening treatment should be applied to the junction area between the
main cylinder and the box girder’s top plate (increasing the thickness from 70 mm to 90 mm), or arc-shaped gusset plates should be ar
ranged at 500 mm intervals both inside and outside this area-either measure can reduce the stress in this region by 15%-20%. Second,
smooth transitions of component shapes should be ensured to avoid sharp edges and abrupt cross-sectional changes; all sharp structural
junctions should be polished (optimizing the transition angle from 15° to 30°), which can reduce stress concentration by more than 30%.
Finally, it is recommended to arrange vertical supports at 800 mm intervals on the surface of the box girder’s side plates, which can increase
the stiffness of the side plates by 25% and effectively prevent buckling. The implementation of these optimization measures will reduce the
localized fatigue damage of the transition section to below 1.0 and improve the structural reliability by over 40%, which contributes signifi-
cantly to enhancing the design quality and operational reliability of the transition section for deep-sea wind turbine jacket foundations and
provides strong support for the development of deep and far-sea wind farms.

Keywords: deep sea; jacket foundation; transition section; structural static analysis; fatigue analysis; optimization design



