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Abstract

The study focuses on the planet gear failure analysis of a wind turbine gearbox. The failed planet gear
was examined through macroscopic observation, chemical composition analysis, metallographic ex-
amination, fracture surface scanning electron microscopy (SEM), and mechanical property testing.
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The results indicated that a large number of oversized inclusions and carbon-rich second-phase
particles existed within the microstructure of the planet gear. Under the combined influence of
these material defects and external service loads, the planet gear initiated a fatigue crack at the
tooth root, which subsequently propagated and led to the final fracture of the gear. Based on this,
improvement measures are proposed for the steel manufacturing process, including optimizing the
melting temperature and holding time during the smelting stage, and adopting uniform heating
methods during heat treatment, followed by tempering or homogenization annealing to improve
microstructural uniformity and reduce the risk of similar failures.
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Figure 1. Macromorphology of the failed gear
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Table 1. Chemical composition analysis of the planet gear (wt.%)

%= 1. ITERUER D D (wt.%)

JLE C Si Mn P S Cr Mo Ni
Sz 0.2 0.25 0.63 0.012 0.009 1.6 0.26 1.55

FRfE 0.15~0.21 <0.40 0.50~0.90 <0.025 <0.035 1.50~1.80 0.25~0.35 1.40~1.70
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Figure 2. Metallographic structure at the tooth tip of the planet gear
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Figure 3. Metallographic structure at the tooth root of the planet gear
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Figure 4. Metallographic structure in the tooth core of the planet gear
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Figure 5. Inclusions in the polished planet gear (a) tooth tip (b) tooth core (c) tooth root
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Figure 6. Size analysis of inclusions in the planet gear
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Table 2. EDS analysis results of inclusions (at.%)
2. READREIE D HATEER (at. %)

R /pum C 0] Al Ca Si S Cr Mo
1 25.70 8.20 54.71 30.01 0.54 0.26 0.49 438 0.17
2 30.47 16.74 49.20 20.89 0.25 0.24 0.36 3.65 0.31
3 28.96 10.60 54.08 24.08 0.44 0.21 0.58 2.60 0.52
4 23.56 9.79 33.46 35.01 0.61 0.32 0.21 3.76 0.64
5 21.24 8.64 45.32 25.54 0.45 0.64 0.42 5.25 0.11
6 38.54 18.66 49.20 20.89 0.25 0.24 0.28 4.65 0.27
7 33.14 85.01 8.09 6.88 0.25 0.14 0.42 1.51 0.38
8 26.84 36.30 30.63 1.09 3.01 0.21 0.36 4.15 0.84
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Figure 7. Banded second-phase particles
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Figure 8. Microscopic morphology of the failed planet gear fracture surface (a) origin region; (b) propagation region; (c)
overload fracture region
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Figure 9. EDS analysis of the fracture origin region of the failed planet gear
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Table 3. Hardness measurement results of the planet gear

=3 ITEREENRER

HV 1 2 3 4 5 6 7 8 9 10
T 722.5 710.1 691.0 712.6 619.6 586.4 / / / /
Wt / / / / / 574.4 513.9 494.9 465.0 458.6
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Table 4. Tensile property test results of the planet gear
=4 TERR MRS R

s Rpo0.2/MPa Rm/MPa A% Z/%
1 820 1103 14.0 59
2 886 1104 14.0 58
FrifE >790 >1080 >8 >35
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