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Clarification of the Flaking Mechanism Caused by the Inclusion, Partially - Appeared on the Surface,
under Rolling Contact Fatigue

ISPV N VN AW
MANABE Ryota and FUJIMATSU Takeshi

Synopsis: In recent years, carbon neutrality is strongly desired in worldwide. Expansion of ecoproducts, e.g., wind power
generation and electric vehicles, is expected to meet the needs. In order to improve the reliability and lifetime
of bearings used for them, we ought to clarify the mechanism of flaking originated from non-metallic inclusion in
steel, especially for the inclusion located near the surface of raceway. Because contact stress by rolling element
is act near the surface.

Our newly-developed Rolling Contact Fatigue (RCF) test method is valuable for the observation of the crack
behavior around the inclusion near the surface. The test piece for the RCF test have inclusion with gap is
artificially introduced in the steel and finished to appear the part of inclusion on the surface.

As a result of this study using a newly-developed method, it is clarified that flaking type from the inclusion
appeared on the surface is similar to the internal-originated fracture type. Estimated crack model based on
the observation is also similar to the internal inclusion with gap. Moreover, it was clearly found that the crack
propagation behavior is strongly influenced by the mode Il stress intensity factor.

Keywords: rolling contact fatigue; non-metallic inclusion; stress intensity factor; crack model; laminography.
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Sputtered area

Fig.1  Optical micrograph of the plasma-sputtered area.

Fig.2 Optical micrograph of Al,O5; appeared on the plasma-
sputtered surface.
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| (DNormalizing and Annealing of steel bar

| (@Preparing the thrust type test piece
|

| @Introducing a globular Al203 particle into the test piece

| (DIntroducing the gaps around the Al,O;3 particle

| ©Adjusting the depth of the Al203 by precise machining
|

| (DQuenching and Tempering for the test piece

| ®Ar plasma sputtering and Detecting of Al2O3 by GD-OES

|
|
|
|
| GDetection of the position of1:1203 by 50MHz UT |
|
|
|
|

| @Thrust type Rolling Contact Fatigue (RCF) test

Fig.3 Flow chart of the newly-developed rolling contact fatigue
test method.
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Fig.4 Schematic diagram of forced gap-introducing process®.

Table 1 Chemical compositions of the steels (mass%).
Grade C Si Mn P S Ni Cr Mo Al o
SuUJ2 1.00 0.26 0.36 0.015 | 0.006 0.06 1.41 0.02 0.019 | 0.0005
SCM420 | 0.22 0.29 0.82 0.018 | 0.012 0.11 1.08 0.15 0.029 | 0.0006
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Fig. 5 Schematic view of the Al,O; in the test piece for this
study.

AL O5 appeared on the surface of test piece

Fig. 6 Optical micrograph of the Al,O; appeared on the surface
of test piece.
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Table 2 Detail of the Al,O5 artificially introduced into each test piece.

. Diameter of AO3 Depth from the surface to| Depth from the
ALLOs3 particle . .

Grade diameter appeared on the surface |the maximum diameter of|surface to the bottom
of test piece AlLO3 of AO3
145pm 67um 64um 137pm
SuJ2 171pm 98um 70pum 156pm

77pm 49um 30pm 68um

SCM420 151um 50um 71lum 147um

Ball moving direction
——)

Wrinkled surface

Fig. 7 Optical micrograph of Al,O; appeared on the rolling track of SUJ2 test piece. Diameter of the artificially introduced Al,O5 is 145 u
m. RCF test was interrupted at 1500 cycles under 4.5 GPa of Prax.

Fig. 8 Scanning electron micrographs of Al,O5; and the surrounding matrix at the cross section of SUJ2 test piece perpendicular to the
raceway. Diameter of the artificially introduced Al,O5 is 145 um. RCF test was interrupted at 1500 cycles under 4.5 GPa of Prax.
(A) low magnification image, (B) high magnification image near the surface region and (C) the right side of Al,Os.

Sanyo Technical Report Vol.29 (2022) No.1



FHITTE LTV EEBN ALO, DEH (EREVMADIZEN S
BAHSFEIUINEVODRIE) ICEEFEL TODERFHIEREIC
WRTED. NIRRT RT EREFHHBRBDEFEEZR]
RELTEHELTWDZERERT. F/o, Fig.8(B) DED
[CREIAICIE, Fig.7 TRES iR ALO; BFEEE
DL, FTHICTHILT DEADNDMNEMIY, REH
BOEHRMNESNDH, CHODEEISEMTHDOTIE
<BEICDENDHBEMIIEWNEEZZXTIVD. —F, WERIC
HT Fig.8(C) DL DIC ALO; BEMBHEEREN S EEH
DENVENZEHSREL TV, ZROoDEHISHER
BEELLTCRBBEKFEIENEAEERLE. e, =8
I3 ALO; DREARMMECRELIZEDHBREELHESTH
V, BEDEDT23 umThork:.

EZ2E513, MBIOHARICBNT, BEZESERNEY
EAIRICBRLTIT > EEBENUENKRICHITDESRE
g &, ImHAYUEBMFEHT TCORNIBOERARMBBERED CAE
ICEBISHBITRREDIEZITOTIND Y. ZOBICE,
FEXRE FORBE4S ALO; (REONEYEER) D

REICHEB LN EYZERET DRI BERBORRR

BEASEHBEERICHLTRVNVABECOERESAHERL T
WD, &z, BAURBRNAERICH TOEKRTHDIZEHEN
hod CAE Bifh S ZEAFEICSOSIRERS (E—
R OERLFEIN, ZOICHEREORS IIEER
IS L TERONBEICEDZENREINTIVD. MERD
WitaEd &S, BEEESNEDEERL OITENUIENIC
HEOTELDERSNDIEBTERNEETDEHELT
(V. ZZTTable 3% ICEESHIUBICEAME L - FRE
3814 VFDEEDNIVYER (P, 1$ 3.95GPa) %48
FLERETOER 20 u m DZEEE D RTHEBM
[CHENERZRY. REY, SERERDDIEREOESE
ISZRANREITEVNEEKRFICLWVIEL BB I EDRSN
5. ZOHE#IE, REALO; BEICE LIk FISENER
DOEHERKEHTD. LENDT, RENEY NED
BEICKREHY) DIFEL, BBEZHOHNENTENDES
EEEICE— R ID3ERISHDERICE > TARICERA
HRETDIENHEIN-.

Table 3 Stress analysis results around cavity®. Pmax is 3.95GPa.

The The position and the direction of the The direction of
Depth of the . . i A
ore maximum maximum tensile stress the maximum
p tensile stress (Ball moving direction: left-to-right) tensile stress plane

0.05mm 2286MPa /®/k 14.1°
Plane of the maximum
principal tensile stress

0.12mm 2270MPa Q/ 17.6°

0.20mm 2122MPa /®/ 29.2°

Fig. 9 Optical micrograph of the crack around the Al,O; on the
rolling track of SUJ2 test piece. Diameter of the artificially
introduced Al,O5 is 171 um. RCF test was interrupted
at 1.07%x10° cycles under 4.5 GPa of Prax. Ball moving
direction is left to right.
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Ball moving direction
—)

Fig. 10 Scanning electron micrographs of Al,O; and the surrounding matrix at the cross section of SUJ2 test piece perpendicular to the
raceway. Diameter of the artificially introduced Al,Os is 171 pm. RCF test was interrupted at 1.07 X 10° cycles under 4.5 GPa
of Pmax. (A) low magnification image, (B) high magnification image.

200um

B
Optical micrograph of the flaking from Al,O; appeared on
the rolling track of SCM420 test piece. Diameter of the
artificially introduced Al,O3 is 151 um. Flaking occured
at 6.1x10° cycles under 4.5 GPa of Pna. Ball moving
direction is left to right.

Fig. 11
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Ball moving direction
T —-—p

Fig. 12 3-Dimensional CT image of Al,O; and surrounding crack
in the matrix of SCM420 test piece. Diameter of the

artificially introduced Al,O3 is 151 um. Flaking occured
at 6.1x10° cycles under 4.5 GPa of Pra. Ball moving

direction is left to right.
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Fig. 13 Cross sectional image of perpendicular to the raceway of Fig. 12. (A) parallel to the overrolling direction and (B) radial direction.
Ball moving direction is left to right for (A) and front to back for (B).

Fig.14 Scanning electron micrographs at the cross section perpendicular to the raceway of SCM420 test piece. Diameter of the artificially
introduced AlL,Oz is 151 um. Flaking occured at 6.1% 10°cycles under 4.5 GPa of Pmax. (A) low magnification image of Al,O; and

the surrounding cracks and (B) high magnification image.
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Fig.15 (A)Appearance of the rolling track of SUJ2 test piece and (B) its cross-sectional microgaraph. Flaking occurred at 1.74 % 10°
cycles under 4.5 GPa of Prax.?  The test piece included artificially introduced globular Al,O5 of diameter 201 um. Ball moving

direction is left to right.
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Fig. 16 (A) Appearance of the flaking originated from the Al,O5, 77 m in diameter, appeared on the rolling track of SUJ2 test piece and
(B) its cross-sectional microgaraph. Dotted circle in (A) indicates the diameter of the artificially-introduced Al,Os. Flaking occurred
at 5.14x10° cycles under 4.5 GPa of Pra. Ball moving direction is left to right.
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Fig. 17 Relationship between the AK,', the orthogonal shear stress
range (2,,) and the depth from the surface of the test
pieces in this study. 2., at 4.5 GPa of Pma is calculated
based on Hertzian contact theory. Arrows indicate the
depth of main crack around Al,Os in this study.
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