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Effects of environmental parameters on fatigue damage of wind
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Abstract: In the entire life cycle of a wind turbine, the probability distribution of long-term wind speeds
introduces randomness to the dynamic load on the wind turbine gearbox transmission system appear random,
thereby affecting the accuracy of fatigue damage prediction. In this paper, a fatigue damage prediction method is
proposed for the wind turbine gearbox transmission system with considering the characteristics of the long-term
wind speed probability distribution. The approach involves assessing the short-term fatigue damage of gears in the
transmission system of wind turbine gearbox based on an OpenFAST-SIMPACK combined simulation model built
for high power offshore wind turbines. Subsequently, surrogate model technology is used to reconstruct the
mapping relationship between “average wind speed, turbulence intensity, and short-term fatigue damage”
enabling the prediction of long-term fatigue damage for the gears. The research results show that the low-speed

sun gear in the wind turbine gearbox transmission system is prone to contact fatigue failure. Below the rated wind
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speed, the short-term fatigue damage of the low-speed sun gear correlates positively with the average wind speed,
thereby increasing the uncertainty of long-term fatigue damage and elevating the risk of fatigue failure.
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Fig.1 Transmission structure and principle of a wind turbine gearbox
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Table 1 Main parameters of an offshore wind turbine
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B TR IMW 5.8 B I /m 105.50
ey R 3R WA 45t H A2 /m 171.44
YIA e YT R /(mes™) 3.50.9.58.25.00 W B AL st 1:120.7
KA VI A B 5% 38 /(r-min™) 5.4.10.1 K HLHLE RS % 3 /(r-min ") 1219.07

®2 RBRBERERITSH

Table 2 Design parameters of a wind turbine gearbox

R A 1 1 Wk BL%L /mm ETE £11/(°) JE T 511/(°)
P47 Pl 93 24 5 20
I3 2 11 R 29 24 5 20
PN 32 24 5 20
A R 118 17 8.5 20
] 4% TR 47 17 8.5 20
K FHEE 23 17 8.5 20
- PNt 121 12 9 20
N K 24 12 9 20
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Fig.2 OpenFAST-SIMPACK co-simulation model for high-power offshore wind turbines
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Fig. 3 Analysis flow of key environmental conditions
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Fig. 5 Prediction results of 3 surrogate models on short-term fatigue damage of the low-speed sun gear
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Table 3 Prediction accuracies of 3 surrogate models for short-term fatigue damage of the low-speed sun gear
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Fig. 10 Effects of environmental parameters on contact and bending stress of the low speed sun gear
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Fig. 11 Short-term contact and bending fatigue damage of gears in the wind turbine gearbox transmission system
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Fig. 12 Effects of environmental parameters on short-term contact and bending fatigue damage of the low-speed sun gear
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Fig. 13 Long-term fatigue damage calculation results and errors of gears in the wind turbine gearbox transmission system
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Fig. 14 Effects of environmental parameters on long-term fatigue damage of the low-speed sun gear
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