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Observation of Needle-like structure appeared in the formation process of White Etching Area in Rolling Contact Fatigue

FRIAE T H R

Kazuhiko Hiraoka, Norimasa Tsunekage

Synopsis:For global ecology, automotive and various industrial machine units are used under severer conditions nowadays.
Thus early flaking problems have appeared more often and more attention has been paid to WEA (White Etching
Area) caused by RCF (Rolling Contact Fatigue). We have studied the various types of microstructural changes in
RCF to obtain effective countermeasures against the early flaking in bearings. The studies have been based on
the viewpoint where microstructural changes in RCF are strongly related to SPD (Severe Plastic Deformation)
phenomenon. So far we have found that Needle-like structure observed prior to WEA generation plays the
important role of early flaking, while WEA itself does not, directly. In the present paper, crystallographic
observation results of the Needle-like structure and causality between the structure and the early flaking are
discussed.

Key words:rolling contact fatigue, microstructural change, Severe plastic deformation, SPD, White etching area, WEA,
Needle-like structure, amorphous
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Fig.1 SEI of Needle-like structures observed in
hydrogen-charged SUJ2 specimen by thrust
type rolling contact fatigue test ®.
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Table 1 Chemical compositions of the specimen (mass%).

C Si Mn P S Cr Nb

0.18 0.50 029 | 0.016 | 0.008 | 2.11 0.05
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Table 2 Conditions of the rolling contact fatigue test.

Heltzian Rolling Lubricant Ball
maximum contact dimeter
stress frequency
5.29GPa 1800cpm | ISO VGI10 | 9.525mm
2.4 HBELCBRES
HBREBEOXSX MABRAZFIQ.2ICRT LDIC. BBE

MICFETREREZRHD L CHEETOEBE(LZHREL
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Fig.2 Observation plane after fatigue test.
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Fig.3 Hardness distribution of the specimen.
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a) Appearance of the track and flaking
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b) Microstructure under the track

Fig.5 Appearance of the thrust test specimen and optical micrograph under
the track after rolling contact fatigue test.
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Fig.6 SEI of Needle-like structures in the specimen.
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d) Confirmation of rough polished section

Fig.7 Specimen preparation for Needle-like structure observation by FIB.

' 1 Needle—like
structure:
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Fig.8 SIM image of finished section.
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a) brighat field image of Needle-like structure
Two arrows show Needle-like structures.

b) Magnified bright field image of dotted area

Fig.9 TEM bright field image of Needle-like structures.

60nm

Fig.10 Magnified brighat field image of area @ in Fig.9 b).
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Fig.11 Diffraction patterns from area @ in Fig.10 by two beam directions.
Each pattern is identified as bcc structure.

Fig.12 Lattice image of area @ in Fig.10.

Fig.13 Diffraction pattern from area @ in Fig.10.
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Needle-like structure
observed by SEM

V shaped area observed by TEM

Fig.14 Three-dimensional estimated figure of
Needle-like structure.
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