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Peculiar Microstructure Formed by Rolling Contact Fatigue in Bearing Steels

Akira Muroca and Hiroyasu Saka

Synopsis : A peculiar microstructure formed in a case-hardened steel has been examined by transmission electron microscopy.
The microstructure is called a bright etched region (BER) because it appears bright when etched with Nital. BER
consists mainly of very fine grains, the average size of which is a few tens nanometers. An amorphous region 1s
observed near a crack which is formed in BER. The observation indicates that, during rolling contact fatigue, a coarse
grain of martensite is transformed into polycrystals with very fine grains, and then into an amorphous region, from

which a crack initiates.
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Table 1. Chemical compositions of specimen.(mass %)

C Si Mn

P S Cu Ni Cr Mo

case-hardened steel JIS SCr420 | 0.20 0.24 0.75

0.019

through-hardened steel [JIS SUJ2 0.98 0.24 038

0.017

Fe
0.010 | 0.10 0.03 1.07 0.01 bal.
0.005 | 0.10 0.05 1.46 0.01 bal
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Fig. 1. Schematic diagram of radial-type rolling
contact fatigue testing.

Table 2. Conditions of radial-type rolling contact
fatigue testing.
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Fig. 2. Macrostructure of a cross section of case-
hardened steel subjected to a rolling contact
fatigue. a) through-hardened steel (JIS

SUJ2), b) case hardening steel (JIS SCr420).

Fig. 3. Microstructure of BER in through-hardened
steel (JIS SUJ2).

diameter of specimen 12mm
Hertzian maximum contact stress |5880MPa
loading speed 46469 cpm
lubrication turbine oil #56
lubricant temperature non controle ,but about 363K Fig. 4. Microstrgcgu‘re of BER in case hardening
_ steel (JIS SCr420).
diameter of ball 19.05mm
Table 3. Feature of the FIB system.

Ion source Jgallium liquid metal

Accelerating voltage 30kV

Probe current 13nA(for initial etching)

1nA(for intermediate etching)
50pA(for final etching)

minimum beam diameter for etching 40nm

SIM image resolution 25nm

Fabrication time after milled two trenches |about 3hrs

32




PWRAELTC S, (LFRSROCBOHEPRL D4 b
boT, HED= 7 o AREERC I 7 o X FE
ThHs.Fig 5 CEmRE s v a2 (SUI2) 0 EE 5
WSR2 R T &IRE 2 0 28128 (SUJ 2) (230 TIkERHE)
P77 RERANCRAE L T v Ic AR DRI LR AL 1 5
LT 225, ALBSESH (SCrd20) DA 2 i BRI 5 & 2K
RACRACHNI AR L ey 72, WUBESR (SCrd20) O34
BIRREAL TV 2100, BRE 2 0 228 (SUJ 2) D3
ALELY, BH» CAMIIOI Y RFEELIRPHFET
3, SO LABRERFCILY AL CHEGOE G
b 6 TSCrd20T $SUJ 2 LRIBEARBER LT w52
ED G, IRRMMRIIOFEAESL= MY v 72 AP ORERE
BEPHBERDERE > T3 LZFE LI,
3, Fig. 6 D& 5 IRRBDEDIFAE L L vSUJ2 T, #
DHBDAPERL TAHEAVBEINL I L L, EK
JEF A A ET, 2OBMNEMOFEITAR AR LT
bOLIEESNS, 3061, ZOBEHIZEFig 3 mT &)
BIEBCRIDBHEYRELTCLCI DG, HEYE
LI T Rig 3DL ) RBRAVRELILDLHET S 5,

Fig. 5. Scanning electron micrograph of BER in
through-hardened steel (JIS SUJ2).
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Fig. 6. Microstructure of BER in through-hardened
steel (JIS SUJ2).
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Fig. 7. Transmission electron micrograph.
(a) bright-field image, (b) dark-field image,
(c) and (d) diffraction patterns from BER
and matrix, respectively.
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Fig. 8. Transmission electron micrograph of BER
near a crack. a) bright field image, b), ¢)
and d) diffraction patterns from zone, I, II
and III, respectively.

Fig. 9. Dark-field images of zone I, II and III shown
in figure 8, taken with the objective aperture
at different positions as is shown in (d).
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Fig. 10. Superimposition of Figures 9 (a), (b) and
(c) of BER near the crack. a) and b) are
zone I, I, respectively.

Fig. 11. A river-like region which contains no
crack. a) the bright-field image, b), ¢) and
d) dark-field images taken with the objec-
tive aperture at three different positions
shown in f), e) diffraction pattern.
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Fig. 12. Schematic illustration of evolution of mi-
crostructure and the initiation of crack
during rolling contact fatigue. Zonel, IT and
IIT in (e) correspond to those in the right
part of Fig. 8-a).
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Fig. 13. Change in calculated shear stress plotted
against distance from surface at x4 =0.
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Fig. 14. Change in calculated shear stress plotted
against distance from surface at x=0.3.
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Fig. 15. Change in calculated shear stress plotted
against distance from surface at x=1.0.
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