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Abstract

Failure cause of the fractured engine parts was analyzed by microstructural observation. These parts

were failed far earlier than the expected service life. By the stereoscope and SEM examinations of the fractured
surface, the fracture modes have been identified as wear and fatigue failure. From the observation of microstruc-
ture and microhardness measurements of the failed gears, the probable cause for failures are internal oxidation
during using and retained austenite and carbide networks due to heat-treatment, respectively. These defected
structures at near surface contributed to the wear and fatigue failure.
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Fig. 1. Photographs of the failed engine parts; A(bevel gear), B(splines) and C(transmission coupling).

(c) O (d)

Fig. 2. Photographs of the bevel gear(specimen A).
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Table 1. Results of chemical analysis of the failed gear

FRFO - AL - EEORAE

Composition(wt %)
Element . Specimen B Specimen C
Specimen A AISI 8620 AISI 9310 - AISI 9310
Clutch | Power shaft Used Failed

C 0.19 0.18~0.23 0.10 0.11 0.07-0.13 0.11 0.13 | 0.07~0.13
Mn 0.87 0.70~0.90 0.56 0.65 0.40~0.70 0.51 0.50 | 0.40~0.70
Si 0.34 0.15~0.35 0.23 0.31 0.20~0.35 0.22 020 | 0.20~0.35
S 0.03 0.04(max) 0.018 0.001 0.025(max) 0.01 0.01 | 0.025(max)
Ni 0.41 0.40~0.70 2.98 3.29 2.95~3.35 2.94 291 | 2.95~3.35
Cr 0.40 0.40~0.60 1.16 131 1.0~1.45 1.14 1.27 1.0~1.45
Mo 0.17 0.15~0.25 0.09 0.07 0.08~0.15 0.09 0.08 | 0.08~0.15
Fe Bal. Bal. Bal. Bal. Bal. Bal. Bal. Bal.
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Fig. 3. Internal oxidation at surface of the bevel gear(Specimen A).
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Fig. 4. EDS result of oxidation particle at the carburized surface(Specimen A).
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Fig. 7. Micrographs of coupling material(Specimen C); (a) used and (b) failed.
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