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Development of rolling contact fatigue life evaluation method using artificial defect
JRRAR RS

Takeshi FUJIMATSU

Synopsis: In recent years, it is desired for bearing steel to contribute to improvement of component reliability by suppressing

unexpected short-life of bearing. In order to realize a reliable product, it is an important task to clarify the

relationship between the size of inclusions and the bearing life, and to know the size of inclusions that can be the

origin of the short-time fracture. In this research, we aimed to develop a new method to investigate the relationship

between the size of inclusions and the lifetime, and established a sophisticated rolling contact fatigue test method

using artificial inclusion. In the newly developed method, a spherical inclusion whose chemical composition and

size was selected in advance was artificially introduced in a test piece. Then, it was HIPed for bonding the interface

between the inclusion and the matrix. Rolling contact fatigue test is conducted for its inclusion. A test result of 80

pum Al.O3, bonded to matrix, is shown in this paper. Although no flaking occurred under the experimental conditions,

cracks and peripheral microstructural changes due to the influence of rolling contact fatigue were observed around

Al>O3. From the result, the validity of the test method is confirmed.
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Fig.1 Flow chart of the newly developed rolling contact fatigue
test.
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Table 1 Chemical composition of the steel (mass%).
Steel C Si Mn P S Ni Cr Al O N
SuJ2 1.00 | 0.26 | 0.36 |0.015[0.006| 0.06 | 1.41 {0.019 |0.0005]|0.0094
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Fig.2 Position of a drilled hole on the thrust type specimen.

FNT. ENEDICRIL T AT EFALOER F D
EFEEEVOTYT RFROAE. BIORUIILK—=ILA
DA (Fig. 1TOITEGO~O®) DIEAEEEYT D, Fig. 3
CSEER LI ATIEFALO:DEEZRLfzo —EBICH
BUENFEREEL TSN AR DICENTFEEE
LTERLE. BiFZE RJIVKR—IVANEAT DICHT
W, BRIFOBEBRIEEEEICITADHIEEEBEECCDA A
N EOERBEME (RAEEXRL6ME) Laiahti
BREERATLEBEL, BRTOEYIT v TE
=23, BEREETORBICERLIZEIRINE ¢
10umOYAo0EEXY MZIKWUITD/Ee TDURAT A
ZBL. TLNNT—KMEIZDEBNEATIEFALOSKF
DEDIDISEBDENFEERY hTEYITY L. Z
DFEEFRASZMEBHFED R IJLR—)LOBIZER Y k
EimaBES Bl SORBFRREFIg. 4ICBIRLE. 2
DEE. ASZAMRBE LD R ILKA—ILOBOESEE
Ry MERICHRFLALROBEN FORAREREDS S &
fiz., ZOBSICTA—HRZEHLETCEEZEBE IS
ElCEY. RUINR—ILREEE(IZALOENRBEIAE
TEDo ZOHAEICTAHE LFig. 4DAI03BERZIF79um

33

Thofc. BERERE. EXY MmN DALOZE! ) —
ALTRUILR—=ILRANEA LTz,

Micro pipet

Fig.4 Al203 particle held by micro pipet.

el Ty HIPIIZIC K WALOsEBHDSUI2EDEE1L
(Fig. 10T D) ZR2fc. £ . AOsDIRITIED ZNE
LT, BREWHRDT—XIRZZ MEABRFZIRD. X5
ANRABADARNBICSEZANTH DT — X 2 HH
L. T—ARHZEZBRIILE 147TMPaT1170C
-BhiRFZICRD T DHIPIIIZ{TE > TARLOsEBEE &
BECEC, JOBIETIE. AIETOHEREERICE
D&, Fig. BICRTLDICAS R MABAKREARN SE5E
LTRZENIRE Y. AlOsh R UIILR—ILDTFAICELLE
HONBHSEHENEHS. RIEHICALO:EBHEDOREN
BELIDEHELTD, COITIREFHASEDI LT,
NEY-SHREICKHEEOEIVREZERRICHEITZ L.
BHAUBENICRIZITHREDEEZRAL TS, BH. 5
HUCDWTIIRIATEHBEI 20N RUILER—ILDRIEEE
BT UMBBEDKRE S DR/NESIRBEEMNRELT
BAEINL, INSREZEBRIEICE FJIILAR—ILOER

Sanyo Technical Report Vol.25 (2018) No.1



AIRMEZRB I RN EDR S

Low carbon steel case

Drilled hole

7

}

SuUJ2

A\

o

7

ZIMBEZRGFEL TV =MEDRBRS. BEREORIUNLS
WEBMADSIENRE L TERLEEDEA DT,

HIPIIZD#&. JBaEo L EERbREZLERLTH D,
SUIRRERR = X X MR (AR 956 XME ¢ 20
XEZ4.8mm) (IBMIL (Fig. 10IREG®). EAER
L (835T -0.bh, M%—=180T -1.5h, %) %#17>
T62HRCIZEEDREI (CHAE L= (Fig. 1OIEOQ), #Hil
T. BIBIFOBAL X T — )L ZFEAEI CTHRER. XT5X
B A AR DALOs DAL B IR ZS50MHZUTIC K WASE L
7= (Fig. 10T #), Fig. 6ld. 5O0MHzUTTH#&E L 7=
79umALOsh DI I—E&THY . TORFEDREES
IIZXZ X MERBRAKREAND1.35mmDFESTHDlIce TD
SESIEHRATE I, SIS N THEBALFICK > TERROD
22 NABEGTICB T2 EAMEAFRIZEAIC
ALOsh' BCBESNDEDICHZELE (Fig. 1OITIED), &
MR BRDEMEEEIIRIEICTERBYT 2,

=

Fig.6 Spherical Al2O3z with 79 um in diameter detected by
50MHz UT.

3.2 RS2 PRENUENABOEEER

22 NEAURNABRDERICHIY . AlO31E
HEFE L ZEBENBDSLDOICMELZRE L oo AXHE
ICEIERLUERBRFICENT. RUINKR—ILDOEREZE
ISR NESIRBICMKFHERSND Z & &l NTzh
IN5I3Fig. BOTOER%ZWS 2 ETHRBICNTEND
ELA@EICEKREND, nefBL. NTHEfLEISS
NIZRAZ X MEBRRA EICRE UTCSERBRIERLF B DILE

Low carbon steel case

Low carbon steel case

7 ﬂ %Static //

pressing

-

X

/ ] ez
7

7

Fig.5 Estimated interfacial bonding process between Al2O3z and matrix

34

# Final closing part

w7

-

Interfacial bonding
between Al2O3 and matrix

i
[
7

(SuJ2)

during HIP.

ZAFRHERRICLIREL. INZeHBEDRERER
DEME Lz (Fig. 10I#®@). Fig. 713ZDHREHEHT
HY. RIETHEALEMICKFENROND, INODH
FEZDARESIIHRUMBEISBEE DT, (F<BEHH
ICIIBELEBNEEZTRL, BH. XFBEMBTBEEDH
TIRIMNEHRFEZERITDDIIREL LD, FAID
S50MHzUTIC K DALOIEERUEREDRICK I N EIE
DEZZMITTHELLDICL .

Silicate particles
precipitated during HIP

/’ ‘\\
LA bl N
I e LN
Ve 8 7
\

50um

Fig.7 Optical micrograph of silicate particles observed on the
buffed surface of the thrust type specimen.

NT, B LUABERTIOUMDALO BN FZRET
DR pRERNUENEBRZT O (Fig. 10IE®B).
HEBHFOEEICEAL. ERICSUIZREX IS MEITZD
L—X (B#&51305) ZFAL. TRZALOEERISR
pBEAE L. EMETIROBICEE R E L TERI/BA
VFDOSURHIIKIMEZ120° EVFTENEEL Iz
el \CERENRE R D R MEABR A DIRMERIC4.0GPad &K
NIV ERISHOANMbLDEDICHEZNS L. BRYAD
IVEEZ1800T 1 Z)l/min, BB%ISO VGE8HAND
REBRE L. AROIERE M L Z B ADHMEN B D L
DICRBLIEDBER SR PRGN ENHEBRZHE CREE
Lizo 2O, RS X MEBRANEBDALOsIE. REHT
TEAMICHNEREED0.09mMmMAS(HEICRESND
FDOICFHE LT

Sanyo Technical Report Vol.25 (2018) No.1



3.3 AlO:AEDENVRNEZEHICEIDEE

R MEEANUBRNERBRICENT, —MIEERITS
WDBRELDI X100 A TN ZEBA T, 2X 10801
IIEERLIIKBEELBMNDIcfcth. ZORBETHER
ZHli L7, ABREDALOEEDERN RN EE) Z R
IHlH. MEREZEMRL /. Fig.8ICRTEMBICK.
B IR T BRI E DAL OSIEER BT 5 T DI E & S F 8
WIRBRZRELEDL D, NEVDEARMEZ TER
H&(TD7z. Fig.OllEA W ENABREDALO;DKESE
ZR9. Fig.9 (@) OBENSHKIL T, RSX AR
KENDS0.07TmmDRSE TALOENRRELDTEHEY.
FFENETDRSMAICALOZRE I 2 ENTET
WV oo TORST TS, REBRFATDKFERARISHDER
RIEDI%RRENEAL. I<HIFTELTHENEDD

fFe = — ] —
S Spccimen surface [l ol Ball moving direction
- M e <5 —)

e

Silicate particles
precipitated during HIP

Spherical ALOs3

Fig.9 Scanning electron micrographs of (a) Al20z and (b)

direction was from left to right.

20um

10pm

AL RMEZR A UERNERSG DR

Rolling diréetion

Specimen

Fig.8 Cross-sectional observation direction of thrust type
specimen.

ALO3ICH L T+ ABELNUENANIES SN EHBED,
TOICHEMBZELIEZ S Fig.9 (b) ICHNTHFE
ALO:DEBEDBAERICEHMDESRINBERZS N, INnidex

:

cracks initiated from the Al2O3 at the cross section perpendicular to
the raceway. Specimen was etched with nital. Rolling contact fatigue test was interrupted at 2X108cycles. Ball moving

Microstructural
change

* Microstructural
change
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Fig.14 Stress-strain curve of matrix (SUJ2).2

Table 2 Physical properties of matrix and Al203.

Matrix AlO3
Young’s modulus, E (GPa) 206 387
Tangent modulus, H* (MPa) 85.8
Poisson ratio 0.30 0.25
Hardness (HV) 700 ~1900
Yield strength (MPa) 1960(=cv) 3-ov
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