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Fracture Cause of High-Speed Carburized Gear Tooth in a Thermal Power Plant

PENG Bo', ZHANG Bin®>, ZHANG Chuanzheng' , SONG Zibo' . HAN Zhewen', LI Ling’, WANG Zhichun'
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Abstract; Several gear teeth of a secondary driven carburized gear for a feed water pump coupler in a thermal
power plant were broken. The fracture cause of gear teeth was analyzed by macro and micro morphology
observation, chemical composition measuring, metallographic inspection and mechanical property testing. The
results show that the surface hardness of the carburized layer of the gear tooth flank was insufficient, and the wear
resistance and fatigue resistance were poor. The surface metal of the gear tooth flank peeled off to form spalling pits
under long-term repeated contact stresses. Meanwhile flake defects existed in the microstructure of the gear. The
comprehensive mechanical properties of the material were inadequate. During the high-speed rotation of the gear,

the tooth flank was subjected to contact stresses, and cracks were initiated at stress concentration areas around the

spalling pits and expanded rapidly, resulting in the brittle fracture of the gear teeth.
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Fig.1 Macromorphology of gear and broken teeth: (a) entire gear; (b) crack of A2 broken tooth; (c) broken teeth in zone A

and (d) broken tooth in zone B
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Fig.2 Low magnification morphology (a—b) and partially enlarged morphology (c—d) at roots of A2 broken tooth (a, ¢) and intact tooth (b, d)
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Fig. 3 Inclusion morphology on longitudinal section at fracture of

broken tooth
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Fig. 4 Micromorphology of cracks at A2 broken tooth root
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Fig.5 Microstructures on cross section of broken tooth (a, b, f) and intact tooth (¢, d, e):(a, ¢) low magnification morphology;

(b, d) enlarged view of spots; (e) microstructure near outer surface and (f) microstructure at core
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Table 2 Mechanical properties of failed gear
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Fig.6 SEM morphology of tooth flank and fracture of Al broken tooth: (a) crack source; (b) spalling pits on tooth flank;

(¢) secondary crack and (d) final fracture zone
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Fig.7 SEM morphology of impact fracture (a) and tensile fracture (b) and EDS analysis results of inclusion on tensile fracture surface (c)
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