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Fatigue Reliability Analysis and Structural Optimization Design of Wind Turbine Fasteners: A Preliminary Study by
Ge Shaohui Wang Haibin Li Xingbiao
Zhejiang High-Strength Fasteners Co., Ltd., Shaoxing, Zhejiang 312000

[ Abstract ] Wind turbine fasteners serve as critical connection components in wind power generation units, responsible for load
transfer and structural fixation. Their fatigue reliability directly impacts operational safety and stability. Operating under
complex conditions, these fasteners endure combined effects of alternating loads, environmental corrosion, and
vibration impacts, making them prone to fatigue failure that may lead to unit shutdowns or safety incidents. This study
establishes an academic framework integrating "failure mechanisms-reliability analysis-structural optimization" based
on fatigue strength principles, reliability engineering, and structural mechanics. Through systematic analysis of fatigue
failure characteristics and influencing factors, we elucidate the theoretical framework and evaluation logic for fatigue
reliability analysis, while exploring the theoretical mechanisms and synergistic approaches for structural optimization
design. Results demonstrate that scientific analysis enables precise identification of failure risks, and targeted
optimization significantly enhances fastener fatigue life and reliability, providing theoretical references for related
design and application practices.

[ Key words ] wind turbine fasteners; fatigue reliability; failure mechanism; structural optimization design; fatigue strength;
alternating load

—. 3l R B B S e YIS DU o PR, 50 T30

WHTHIT L BRI RS | 7R 1R T, %63
B2 KU Pl e B s Ak e, KU R LA TRLZMEEMEEN, B5TMH . S5m3atsEmt,

TR A, BRI s ok i S EREE

Hlk, HE AT S T AT 2 LT KA

PR 2 T AT . IR R ATRBE R, 452k

SO B, SR SR TG, IS5,

PR B RHELT R, SRS . S,

SCZEE LR AR RIS SR A —

BERHS T 20, X5 AT R (A R, (55

VS R EITA | SO0 [ P25 5 i S BLAURICE, P

W, SRALRE AT RS . PSSR, ST RS

N A e s S

PIEBERRELL
FEHERPEL

Dl

B 955 B0 A 58 R E IR

Tl UL IR R B S R A 2.2 557 JA S Ui R 2 R
DRGHEL S P 55 A2 28T AR L 24 L BREDURIA
2.1 955 KBRS D YE ST AR L] FRN , EATHE LR PR 5 97 75 A 15 T EEE B 2 R

DU 5 0 95 0 MRS AR SR AT, (b o S PR B AR 25 1L i, S TR
B 2B RO, A BB SOkt SRR RO MR SR I
FRH USSR, R A SRR TP PR BURCRCE , WK MR, B R
S LB, JUNELOH IR e, A, EARBRREUR AR, A
A W B R T N TR B S D P BN 1 PR RUE AR EERE , R S T

114



pr—r—ry

Modern Science and Technology Research MR HZR £ 6% 5 1 81 2026 £

[BL:ges AR GISV BRI OISES 5 YR 042 W=
BT GIRN I , RAPARIC R =5 i . BRI R
) [ 2 i 2 2

KB R EHH RIS PR3 I H T RBA B34

P |

boo 000000 o e,

B M 11
BRIGHER: BR-ITIT-HiF

Bl 2 -t a] AR A

2.3 AU OS5 S8 RE A s L

K7 2% B ATLZH R Bk T 00 Ao 5 T 4 T s 22 ek oy 5 PR B
RIZEFE, KIRIRE 57 KRB B 3 “ZREMETEM
TS 55 RBOR B s 2 IS AR, O 2
far AL A EE R — ISR gL BTIE 57 RE 17 o 38 A8 A ny (i
PPEHBEARTE , WA ORAP I, AR IO A R ik
YU, RIS e SR, TR 2R R
S E T 3005 . GRS &G4, RS54
AR AT AR, FRE— 2 IR, S 55 ] oy
Mr5 g tiib s b s iR,

ZRRBAERANERS AN TEER

REHAFA FREMIE HRASHER0
e B’ O
@)

e

BEUNIREI R ' RO RIBE

~

K3 ZHNEMAERRER
2.4 fRBEE VM T SEPE SR
PG BB R LA AR BRSO &2, AP B

LSRR, BSOS, BN TRE RS ZINEHRE,

DS FAT TSR BE | TR Al S 2y 5 R AR Tk

IR, Bt A SRR B L,

i B 220 0 U bR, R XTI M AR BE AT, MEfig

PR Jr 8 L e v A AL, LRSS S8 5 ] SRR Al

RER, HRELMETRIF I, S5 skinifh, 20

ThES, SRR KR ERRET , LG

AR, ST R

= RSP S5 wl SR B BRI SR

3.1 BB SR &R

DR B [ 57 AT SR AT, ARFTIE ST 9 . nI ST
LN eI E AT ey AP E S i N O 31 4 = v I I S
SIS RITAG A i AR, SRATAORHE RS AR s T AR AR
&, BRI 7R FRAE SCEK, Miner B8 . Manson — Coffin J5
RO A S AT TR TSR AL T

He, BRBAMREE, 2555 ik AT SR | T XU
SEYL, ARG SRR AL B S AR Wi
PR TR R, S5 T1 2 BRI SIS, )
MG . SRR o

3.2 355 T SEPE S BT A O N

DR B P 55 T SRR A BB < T O0ERE . 2R
MG AP R SN o T O AR DT LS
PRAGBE 00, MR . REE, ZEPRASAE, il 156 |
WL 18 Eh 55 . RSB IR 55 TR AR . ZINER
R SRR | AORREZ N PR, TR R 2
5 AR X SRS AR FH o S A PPAG 2 f Bt B S5 R
SRR R T R MU SRR, AR I R S
P o XUR: S SR AR KU A5 00 23, DB B P it , AL etk
10 RS A7 [

3.3 305 SRR DT G BELE L SR

DR, B (B0 55 P SEAE T A AT 20 955 i B
DL ATEEVERPAL | SRR R OGRS, B 2
fiEtr - A - PERPEREA - XUSENL” 24, A
TEIMTREE, AT AL AT S RO AR, WAL
SRR, T4 a S EE TR ORI 1 o 0T
Zi iy PN T 55 50 5 W T A e, A SRS Y
Loy AR, O A A O A U S R N R TR
PAGZE G A e O 5 TSR e, A TSR R AR AR . SRAL
JRBS U T e AUB A S G BRI R, 1R 2L

3.4 9857 W SEPE AN R R bR R £

Bhe i 55 AT SEME AL TR AR AR SRS AT B R B, 44
HEEEIE CRGENE . BT TR SR, RS AR AT
FEPE . MU =R bR . R antbn i A o7 IRBLRE ST, ol
AT FFATIIE L BRIERE | RRIEIE T A, 20 R e R R
BefIa] | A5 oA B R EE . WA HR IS % . ARk R
P ATAERATRE Sy, AR RIRERE . RBURMER | nI 5 AR by
o MBS TR 73 R BN 5, A WL, RAUm
RV IR R LG I R IR B R 4
G, ATRTIESCWEHIR 57 T FEpKF-

M. KRR RS T PLRZ f 5 S L]

4.1 SIS D B PR (R i

JRUE, S i PR 2 R O AL AR T LA 55 T Sk A3 A 4t R Ay
fifh, BAERM ATAERERETE - ERL - AR B9 P
[ HAR, BUSHIE NETH 15 BT a i SOt Ehg .
G589 12 BE B AL BB, T ROT IR 153
MRER, SR, R ET, ST RS S b
WEITHEST o W IT IR BB TRUEPERE I AR, B ROCALS 6 e %
J5 73 AT SEPEEOR , BRSNS L SRR TR
PEBETTEE ) 2 AAR AR BOR A2 4, A7 BB, 5k
it S G, LRLERIERERIL.

4.2 S BRI SRR

e S et aiiBus L EE UIEPIREE 2 EoEe b A
SIS 3 | BT ST ATRENE, OO HILER D SRR -
Tt — Bifkse” . B RCHE, Uik B nT iy
FOARBTA, FEARISARRL S 4R, (AL AREE 5 7 RE o 27
Py o SR oA 3R SR I DX, MR P A oA
AR, DA IR SRR S R Al . T

115



ACADEMIC
e

Modern Science and Technology Research MR HZR £ 6% 5 1 81 2026 £

PR AMORET SRR B AR, 225 e il T e (AT E
o PAELEE R oIBTEE A, R PE 8 o L HE X sk
2R, SN, BT R

4.3 St PRl R SEBLLER

Fi i I [F) (10 P 30 2o e B I 5 e 1 Ak o
P, RAETHEE AR S5 Al et , FAZ O PN “FrriEie - 4
oIt — AR . SRR TR LU R, &
HHDRE R BEAR TV & L S R T, B AR I 30, DD P A
BT ST AR, G R A o IO 8] BRI A ARIE
BCEHEEE, (IR R B /N R s 55 PERE o S TaT Bl 474
AT AL AN 5 2 = B R, el D R i, SRR g e
dio AT SCMEVEREIERC, BhiREUT (LRI 2],
17 L R 5 T ) AL IO 55 A8k

4.4 PR S5kt R R PR 2 S

DRGSR T P 55 T SRR REAR R S5 A BT, Wl SR fE
R, MRS A ORI AR TR 05 Al FE R A
B, FIEEE PPRIAMEYERE - S5HREGET) - PR
BEARAL” o APRHE R SR MERE B A M s, AR oA 5
TIRFIETE A XS LR 57 R | B B i e A R, e R
DEERBIVE . o5 I BRI R, ASHABETHEE R RS
MASEOR e RE S R SO AL, R BE ATl Al N i
o FERHSHE S AU R, i TSR TR ERE, B
BEHAL, Rm R B S IRLL L, TR TR 5Y
fES1.

4.5 % H bzt e et e

IR B R AR A B A 55 T At | R L 220
P AT Z A AR, f— ARSI o) (A IR T RE R 1,
w2 H AR R LA HAZ O I % LRI e
SREK, 3 AT S B ZI R AR SE A LR £ o 05 T HETE
SRR, AT B AR DR AL L K et (b
MASEIRTCARM R 2T a3 TS A AT
WA TS RCIA T2 MR fbZ s 2 H
PREREEY , SPHET J , AR AL S AT AR AR AT R A R P R e

R ZR A HERER AL T 5
. IG5 PR £

51 B0RHIGME : 24 SRER PRSI

IR B B0 55 TSR e A S At e e st (i
TETHRIPN R R st L etk Sl e . Zattt,
REHEI AT IR BONG: ,  BEXT DL A4 T 55 5 i 5 7 4
P, PR, R4S, R E s
17, ERENSRIT T O TINAE S, $RTTPREIENIE . 2 TF AR
b, FERARBAF A i is e A, R A BT REILE S i
A, R e AR . MTlE, SR R]
T B O IERRIE, MBI b 1) ] FEVE | R

SEXW

AT, B RENE ™ s i K

5.2 BiADRR : BB MG S 3 HE

P ATAEE T S A LB T BE A AR e, T e
FHARGBEAR R, WG BOTIE (7 ERIE S R R,
TS OB TR | T e BOREER, i
e A 3 R arien R RS e AR 8 2 Ve A o
B PR R A I, S REWIR AN R XU B9 57 T Sk 4
b, FESITREBIE . PFERUE BIA RITEROARM AL,
BHUSPR T 00, PASPLICRCR , AT R BRSO %, FET
HFERAS | Gt A . BORPRERNE SRV RETR IR 4E
A RIS R AR, PREEECR AL

5.3 S EIPRER : Az aw Al OINY al SRk

DR B [0 55 TSR PR S 25 AR BRI R E |
A fn M PR, S AR . SO B,
B E RS Ll PR, BRI RIE, Sz T B
SV BT TR A B, TR R R, g
REBCRAE R, UL T 2R, A LA™ i o
LERBTBE, MR, PRI S R T, s e A
BN & o IBLERT B, AW AR LES L], S
WEB AR, AL E W AR R BE , O 55 77 i Tt 4
[IEE N WS PR E e

N, BFREE R SRR

6.1 BFZE4e

ARCIETIETIRIE | AR TR R 1 Be, RS
PRFT AR 5 98 5 rT S i S 25 AL e IR 2R
P L XU 98 57 RO S AR 3y IABE Rl
AR R A4S 3R, XU 00 22 IR R A8 X
K, RS IMER TR 9257 AT SEPE T RFCAHSCETIE
Ze DR ERATRG VAL XS, A FE BT )5 25401k
T2 BARE, Wit 2P EOL PR T nT S, s
545 BISTEITE AR SEHEPE AR, rTHRTX
e N R F 2 Y € T A

6.2 oI

AR SCHFFFE BRI R 5 1 2398 57 RTS8 40T 5 5 4 A
AT HIEE T ISR I KR T AT LA R 5 R A - H—,
AR REAL T Ik A B 2R S B R A - 250 - T
SEPERLGTERY RS vETINR o7 nT SV R R IR S5 S8
EART AR R, P R e AR A AR A | S g
TipG, SRS ST, H, RENE T
EFXHE b R A, SRGTRE R . SRIRSh S R FE R AL
B, HESTIE B TOLR AT SRR . =, BB
MRS 858 IR R E S MRIER T, 856 05 A B e - HERE
TSR H LM, LSRR . DU, FF R a2 &R
ik, WEREREMISAR, HIRBEZTFREAHK.

[N R4, KL AE 0T IR W e 85 40T AR ID]. Wi WK%, 2022.

R2UHEHET. K ML IR 57 Far SR I R IFF[D]. J: BPRZE, 2023.

[3[5KFH. 316L NEW LB RFa-C B A B IRIZHOMAH L RPERERFSE[D]. HR: 2Z2INBET R, 2024
[4175F5. 4B TIN 2T 5155 SH 2 e I RERIESE (D). [ % . AEm BT okeE, 2024

116



