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Formation Process of White Etching Area under Rolling Contact in Bearing Steel

Hisashi HARADA, Noriyasu OGUMA, Atsushi YAMAMOTO and Harushige TSUBAKINO

Synopsis : The formation process of White Etching Area (WEA) under rolling contact was investigated to characterize the WEA formation mechanism

using radial type rolling fatigue test machine. The examination was carried out under rapid acceleration and deceleration of rotating speed.

From observation of test pieces by Scanning Ion Microscope (SIM) and Transmission Electron Microscope (TEM), it was found that acicular

structures were formed before forming WEA. The length and width of acicular structures were about 20 ¢m and about 2 um respectively.

Acicular structures were formed separately from each other and fine granular structures formed from martensite. It was considered that acic-

ular structures were formed by locally microstructural change of martensite due to rolling contact fatigue. The distance from surface to acicu-

lar structures were concerned with the location of maximum value of shear stress under rolling contact. An angle between rolling contact sur-

face and acicular structures wasn’t consistent with the analytical shear stress angle. It suggested that the stress to govern the forming the acic-

ular structure was not only shear stress under rolling contact but also secondary dynamic stress.
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Fig. 1. Schematic diagram of the radial type rolling fa-
tigue test equipment.

Table 1. Test conditions of radial type rolling fatigue test
under rapid acceleration and deceleration of rotat-
ing speed.

Test Bearing #6202
Contact pressure |2.6GPa
Rotating speed [150 ~ 300 5"
Accelaration 30052

Test time 40h and 71h

3. HEBEHKR

3.1 RFEEMGESEE

LU 2B TER N G o BB EARN 200
L, ZOWiH &2 F 4 2 —MIZk Ty F U7 LEBAD
KA FAMBTHIRBI S 4 Fig. 3 128§, [ (a) I3iRERNT
M 40h (X< BERFRID 50% 6 0) ORBTH Y, R
(b) iZ 71h (< BERFREID 0% A 5W) DRFTH S,
2B RD EEAHERE TH 0, EBEOEN D HhEITE
PoRETH S, AR 40h ODBAIT, ERBHL LK
100~200 um R X 12, BIBR S M (RE) 2380
55, —7%, 71h DFE, (a) O BEMRIC A THEIZ
WOHIMAIZE T WEA (RHY) 385N 3, Fig 413 40h
DRAPHIERY S h BBk L 2KTH 5., FIXD
O, BEMBOPII/NESEWEADED SN B ES 3
b5, BEOMED T, BENDEHIZK > TWEALR
433546, B, 5 WEADIEICHEBZE L3S 2
LA SN TE D, SRS h-fHBElLsZz iz
IIRIBL TS, 22T, WEARAEYVIHOMEGE (LG
WIS T 2720010, BREMMICER LT, FlaERs
-7,
HEedBoREMNBLIHA — 27 74 PRROBIR L
AT 572012, IHA =257 574 PRRBERAT Y+ 2k
(B2 VEE20g, FFINANRYE Y ANLFVEEF Y
v A50g, LT P YT LA LSg, BT R Y L0Tg,
HMAL) ALy F v 72 fiof, ZOBRME
Fig. 5 (RS . RO LAASEETR TS 5. Ml
KRR S ERIRILERIEI T H 0, HIBIKIHA — 25 F 4
FRREZRL TS, ZORMNIZE XK 10 um D BV EHik

Fig. 2. Optical micrograph of a part of flaking in outer
ring tested for 90 h. Arrows show WEA.

Table 2. Chemical compositions of specimen. (mass%)

C | si T mn] P

[ ¢cr [ Ccu T N [ Mo [ [0

Js—suJ2l 098 | 023 | 0.32 | 0015 ] 0.006 | 1.43 | 005 | 005 | 0.03 | 8ppm




Fig. 3. Optical micrographs of specimens.
71 h. Arrows show WEA.
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Fig. 4. Optical micrograph of WEA formed in black struc-
ture in the specimen tested for 40 h. This specimen
was etched with nital.
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Fig. 5. Optical micrograph of acicular structures in the
specimen tested for 40h. This specimen was
etched with etchant to observe prior-austenite grain
boundaries. Granular structures are spherodized
carbides and thin line structures are prior-austenite
grain boundaries. And needle like structures are

acicular structures.
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Fig. 6. Schematic diagram showing cross section of acicu-
lar structure in the specimen tested for 40h. The
cross section is made by FIB spattering and ob-
served by SIM.
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Fig. 7. SIM images of acicular structure in the specimen
tested for 40h. (a) Same surface of observed by
optical microscopy. (b) Cross section. A is cross
section of acicular structure in (a). B surrounded
by dotted line shows structural change area. C is
" martensite.
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Fig. 8. TEM images of acicular structure in the specimen tested for 40 h: (a) Bright field image, (b) SADP of acicular structure
and (c) SADP of martensite. B and C in (a) are same parts of B and C in Fig. 7(b) respectively. There are fine granular

structures at B and martensites with twin at C.
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Fig. 9. TEM image of fine grain and dislocation cell like

structure around acicular structure.

Fig. 10. TEM image of micro-voids around acicular struc-
ture. Arrows show micro-voids.
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Fig. 12. Distribution of number of acicular structure.
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Fig. 13. Distribution of shear stress calculated by K. L.
Johnson’s equation. The dotted line is 7gr. The
solid line is 7,y.
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(I) Stress localization under rolling contact
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Fig. 14. Schematic diagram of formation of acicular struc-

ture and WEA.
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