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Fig. 1

Structure diagram of wind turbine gear

transmission system
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Table 1 Parameters of gear transmission system
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Table 2 Parameters of wind turbine
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Fig.2  Diagram of meshing base plane of helical gear pair
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Fig. 3 Meshing base plane model of low speed helical gear pair
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Fig. 4 Time-varying mesh stiffness curves of helical gear pair
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Table 3 Symbols of kinetic parameters
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Fig. 7 Time domain diagram of dynamic meshing forces
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Table 4  Surface hardening parameters of gears

gl FF s WE H,, H. z/mm
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Fig. 11 Calculation domain of stress field
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Fig. 15 Material utilization distribution of helical gears
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Fig. 17 Equivalent stress history of low-speed sun gear under

key operating conditions

SERUN 1 T RE A L2 T e W A5 R4 g S B G A o i A ik
TEIRFEYE , 5 52 09wk & AR XS B, 78 10 min P ATHERA I
TR YRS RGE AR T4 KU, S5 A300 7 I i i R i
Bl 5 24 BRI XU R o 4 e RS, A e R S B AN )
TRE,
42 EFBRHGRIEZER

RIS S T 10 min S50 N RS, it i
T 05 PR 0GR, I 25 & S-N il £ 3550 K0 I 1 2k 38000 3R Tk
o MRS Miner 15 2R M M4 R UG SR 47 , 75 31 G5 100
V14 o O B2 e S5 A0 0 A O

o
D‘(Um’gz)z A

s D DG 0 18 I i 55 450495 50, —— SR BRE 0L
F - 349 R, m/s 5 or —— S B T 00 (9 il AR HE 25, m/ssn
SR YA R N——55 1 RN ) A T 19 2R 550106 26
L

Sy T e 2650l T ST P 450 1 A 4 e 55 B L R T AR
] & pR B A (radial basis function, RBF) 8 57 4% 15 46 1Y) % 57
B AR A 18 FT % o A Ji i oK 50T ) E K B
A28 B T 00 B4 R BT o 57 45140 , BV b SR R AR Y R
HOAEL, 100519 307 249 XS i U A v 22 AR 0 A 57 461 40
P = T BRI PRI, I DA LH A 2 s 50 v T 552 T 50 19 e A 42
Fb S 0 o A o) e R SRSB4 2 K

(25)

b =Sueo(fe-el) o
d)(”x—cju):exp —Hx;:zj (27)
S DS 00 B4 S0 2 Al 2 5 53 405 5 —— 00 119 52

T8 =(0, .0, ) ——ELAT S A b T 4 AR 1 3
R = (0,0, ) 50— FL T B8 N —— N b A8
it R 1 3 B, SR 0 B RO 55—

VI 18 R T 47 JXE I B 28 22 X B 104 i 57450
PRI . 2455734 SR B ) AR | XL L4 L 5 G
BEEAT 0V HE A S5 RN 5 24T e b A i
25 751 A 2 A B, XL LA 36 5B A SRR P 258, S 1
R 5507 B PO IV L T 254 5734 I 8
JRUHLI | DML BB T3¢, S 190 Al e 45 007 35 1) ik
R 21 SR B0 Ut SR S L 35

% 2 B g 15

§ \ \ Jj::i 10 »

ix 87,05 N
"0 200

o %%&

B g, 20 =X 20
iz %}(%0 0 ;&Y%\@ o % h qli(’)l 8 )

a. RN FHEE d. R A



@)}

! RS« T 20Tl 5 o D) ) DXL DA A 2 o 57 5 d WS 381

FE53/(1076)

Fws 2 o

0l
S

b5l

E E
S1s E 6
1.0 X 4
T_&O.S ﬁg 2
%0.0 % O3
= #
ﬁ K ) %:)%Z% X
=S A)@ 1
e 10 % 10 9
@@ 5¥m§ﬂ\ (,%)00 w_ﬁv\p

o IG5 f. e L A 17
P18 S il 57 50 00 ) A BRASE Y

Fig. 18  Surrogate models of short-term contact fatigue damage
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Fig. 19  Contact fatigue damages and contact fatigue

lives of gears
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CONTACT FATIGUE LIFE STUDY OF WIND TURBINE
GEARBOX BASED ON MULTIAXIAL FATIGUE CRITERION

Gu Huiyun', Zhou Jianxing', Cui Quanwei', Fei Xiang', Wen Jianmin'?, Fang Zhong’
(1. School of Mechanical Engineering , Xinjiang University, Urumqi 830047, China;
2. Xinjiang Goldwind Science & Techology Co., Ltd., Urumqi 830039, China)

Abstract: Wind turbine gearboxes are subjected to contact loads during operation, resulting in contact fatigue damage in the gears,
which significantly affects their service life. To accurately predict the contact fatigue life of gears, this study takes a 6 MW wind turbine
gearbox operating at Dabancheng Wind Farm, Xinjiang, as the research object. A gearbox dynamic model considering both internal and
external excitations is established to calculate the dynamic meshing forces of each helical gear pair. The analysis incorporates local
material properties and residual stresses in the gears. By applying the Dang Van multiaxial fatigue criterion combined with S-N curves,
the fatigue damage distribution in the helical gears under contact loading is analyzed. Fatigue hotspots are identified, and critical
operating conditions are extracted to develop a surrogate model, which quantifies the contact fatigue damage and estimates the contact
fatigue life of each gear over a 20-year design period. The results indicate that the engage-in and recess points of external meshing pairs
in helical gears are the primary fatigue hotspots, making them more susceptible to fatigue failure. Among all gears, the sun gears exhibit
the most severe contact fatigue damage , with estimated contact fatigue life of 8 years for the high-speed sun gear and 21 years for the low-
speed sun gear. Conversely, the planetary gears in both stages show relatively lower fatigue damage, with their contact fatigue life
exceeding 30 years. The ring gear experiences the least fatigue damage, resulting in an exceptionally long service life.

Keywords: gears; wind turbines; fatigue damage ; multiaxial fatigue criterion; contact loads; key operating conditions



