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Abstract: To accurately assess the fatigue damage of wind turbine gears under operational conditions ,
a prediction framework that integrated environmental randomness and load temporal characteristics was pro-
posed. A nonlinear damage correction model was utilized to calculate and analyze the influences of different
wind speeds on the fatigue damage of gears. The results indicate that the bending fatigue damage of gears
in the low wind speed range is dominated by high-frequency low-amplitude cyclic stressess while the con-
tact fatigue of gears in the high wind speed range is significantly exacerbated by extreme loads accumula-
tion. The rated wind speed range is identified as the main risk interval for gear fatigue damages. Based on
the damage analysis results, a quantitative speed control strategy was proposed to extend the service life of
the gearbox, providing a basis for the reliability design of the gearbox and the control of the wind turbine
hub speed.
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Tab.1 5 MW wind turbine parameters
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Fig.1 Wind turbine global coupling model
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Fig.2 Gearbox topology structure diagram
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Tab.3 Material parameters of gear

Kmg | fiRE | e
R 18CrNiMo7-6 42CrMo4
VE R T 0, 1/MPa 1500 1000
VR 1o J/MPa 500 370
ML E/GPa 206
FIER /N A 0.30

x2 HRBH
Tab.2 Gear parameters

EIgE| A o i) 2 i il 2
1R E/mm 21.00 12.20 11.00
IR/ C) 25.00 25.00 25.00
WEESR /() 4.50 11.35 11.85
L /mm 685.00 685.00 453.00
15 %6 /mm 380.00 184.50 170.00
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Fig.3 Result of contact spots simulation and test under

rated working condition
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Tab.4 Design load case
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Fig.4 Wind turbine hub coordinate system
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Fig.6 Torque in the X-direction at the hub center

under different working conditions
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Tab.5 Output stage sun gear stress calculation

parameters

i ES Bl e fih 8 Bl
K, 1.00 K, 1.00
Ky 1.03 Ky 1.03
Ky 1.00 Ky 1.00
K, 1.04 K, 1.04
Yy 1.31 Zy 2.28
Yy 2.18 Z 190.27
Y, 0.90 Z. 0.81
Yy, 1.21 Zy 1.01
Yor 1.00
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Fig.8 Statistics of stress cycle counts

2.3 ] RAEAILRTER LD A4FIE

A TR 34 58 0 7 53 A FE k5 XU Y 3)
A R ) AH G . B9 TR AR A TR AN R
4 DR XTI ) 4 fl 16 g R i T

R T 22 fisk 17 7 53 A S0 L /DN S 906 20 0B
BOK . &l 9a fir s 42 fil i 77 7E 500~600 MPa
PRI PR IR B 22, BRI P45 403 2 /DN AL 8 A4 B
SRR B3 B A o7 i MR RRE . i
N F3 762 R 6 m/s 8 43 A 3 /N  (EL A
PRV B R B2 f 1 7 A9 3 2 5 CIE 9dD) L - 349 XL 3 6
m/s T 15 iR 7 8 P A 2 IR Sy o AT I 1
Ve B, 2l 775 2 N ) TETE RS 4y
A7 0 B b 2 5 R R L ARG T Y XUBL A 9
AR, 1A e G 5 A0 A1 5 B0 fu 7 ) 10 B CEK
Ao AN T RSB B Y R P 2 aE i
e Bl Bt K 3 — 25 T4 Rz 7 A 2R 2R RR
RO o BRI AR XUER T L 0 K a8 e e RR ] AR
14~16 r/min (il % % 3 1) 86 %6~99 %) , LA 1 il
e A A 4 R

B KU S 2 il N g 4 A e LT R & 1300
MPa( & 9b) , 3f H 4 filk i 77 1100~1300 MPa %t
INE PR A PR IR B 0N S SR 0T 2 e i Bl A
N RGBT TR . U WG TR ) R
R S BOHE fl g 55 B0 TR R ORI
W B0 KUHC L N B 38 Uk Bl O 22 7 AR
0.5 r/min LT o DAREAR 22 fil 7 7 0 g B2 . &5
JNE 3 E 5 KGHL T 1 3 A 3 LB S R CET 9e) s
[i] Fsf 25 il 97 3 76 200~400 M Pa B 76 R U808 K
S WA A5 3 R YR T I N, PR R AR . A
T Y 2 0 DAL DX TR] PR R g 43 A e LT EL A
FRUCECRRE o AR Ay 247 %8 K 30 9% 55 458 3 1) G B KL
6 X 4k

ot A KU S B K% fih B ) AT A 1350

- 109 -



hEHL T AR 37 B 2 13 2026 51 H

150 90 150
% 100 % 60 % 100
@ 50 H HH @ 30 g 50
0 A g 0 0
0.2 0.4 0.6 0.8 0.6 0.8 1.0 1.2 1.4 0.6 0.8 1.0 1.2 1.4
Fef . 1) 011/GPa Hefh . 1) 011/GPa Hefih i 7] 01/GPa
() $ZAlR 11 (6 m/s) (b) Bt ¥ 13 (10 m/s) (o) 4B A3z 3 (12 m/s)
150 60 240
% 100 % 40 % 160
£ 5 5 HH H ] £ w
Hﬂ . ) il HHH . Hﬂﬂﬂnﬂlﬂnﬂ 0
0 0.2 0.4 0.6 0 0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8
5 it B2 3 ov/GPa 5 it 2] ov/GPa 5 it .73 ov/GPa
()7 iy 27 (6 m/s) ()72 i 23 (10 m/s) (O)Zh B2y (12 m/s)
B9 BREIATEHERENSH
Fig.9 Short-term gear stress distribution under steady-state conditions
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Fig.11 Distribution of gear contact stress and bending

stress under service conditions(one year)
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speeds under normal power generation conditions
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