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Fig.1 Structure diagram of freewheel assemble
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Fig.2 SEM micrograph of a cross-section (a) and element

distribution from the surface to the core (b)
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Fig.3 XRD pattern of chromium carbide layer
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Fig.4 Variation of microhardness versus distance from the

surface of the specimen to the core
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Fig.5 Spalling morphologies on the sprag surface: (a) slight
spalling, (b) block spalling, and (c) breakthrough spalling
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Fig.6 SEM images of spalling area: (a) integral spalling area, (b) no spalling area, (c) internal area of spalling area,

(d) boundary of spalling area, and (e) slight spalling near the main spalling areas
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Fig.7 SEM images of cross-section of coating at different area: (a) no spalling area, (b) spalling area, (c) area around spalling place,

(d) area at critical state spalling area, and (e) slight spalling area
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Fig.8 Optical micrograph of matrix under the failure coating
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Failure Analysis of Chrome Carbide Coating on a Freewheel
Used in Helicopter Main Reducer

Zong Xiaoming, Jiang Wenming, Fan Zitian
(State Key Lab of Materials Processing and Die & Mould Technology, Huazhong University of Science
and Technology, Wuhan 430074, China)

Abstract: The premature rupture of the chromium carbide coating on a freewheel used in a helicopter main reducer was analyzed by
stereomicroscope visual examination, scanning electron microscopy examination, structure analysis, hardness test and X-ray diffraction
analysis (XRD). The results show that the fracture of the coating is a mechanical contact fatigue mechanism, and the main cause of the
flaking of the coating is the microcracks caused by micro porosities under the condition of cyclic loading. With the development of the
microcracks, the lightly flaking area initiates on the surface, which causes stress concentration in the adjacent area and the through coating
crack in the border of flaking area. The flaking of the coating reduces the loading area which increases the stress and new flaking areas
initiates; finally, with the extension of different flaking areas, the throughout flaking forms.

Key words: freewheel; chromium carbide coating; failure analysis; fatigue flaking; micro porosity
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