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Rolling Contact Fatigue Behaviors of Bearing Steels under
High Temperature and High Speed Loading Conditions

Synopsis :

Kazuki TAKASHIMA and Manabuy UENO

Rolling contact fatigue behavior in SUJ-2 and AISI M50 steels was investigated using a thrust type
testing under the conditions; shaft speed of 8 760 rpm, maximum Hertz stress of 476 kgf/mm?, and tempera-
tures of 50°C and 150°C. The Weibull distribution of fatigue life at 50°C presented approximately linear
line, while the complex Weibull distribution was obtained at 150°C in both SUJ-2 and M50 specimens.

- The rolling fatigue life of M50 was much longer than that of SUJ-2 at both 50°C and 150°C. The mean
fatigue life of SUJ-2 at 150°G was shorter than that at 50°C, whereas the mean life of M50 at 150°C re-
presented to a greater extension compared with the life at 50°C. These results were explained in terms
of no hardness decrement on the track in M50 during high temperature rolling contact. Scanning el-
ectron microscopy of a flaking on the rolling surface and of a cross section revealed that the flaking
in both SUJ-2 and M50 was initiated at plate-like carbides developed during cyclic stressing in rolling

contact.
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Table 1. Chemical compositions (mass%).

Steel C Si Mn P N Cr Mo v

SUJ-2 1.03 0.31 0.38 0.012 0.018 1.40 0.01 0.29
M50 0.8 0.17 0.30 0.020 0.003 4,02 419 0.9

BEFn 59 42 10 ARSHEALSCTRE B 60 £ 8 75 A% (Received Aug. 5, 1985)
* mekksTe# T8 (Faculty of Engineering, Kumamoto University, 2-39—1 Kurokami Kumamoto 860)
*2 EmEHE%®Ak%Y¥ T8 (The Technological University of Nagaoka)
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1. Main shaft 2. Upper race 3. Motor 4. Ball
5. Specimen 6. Loading system 7. Oil inlet and
outlet 8. Lubricant 9. Vibra-switch 10. Heater

Fig. 1. Thrust type rolling contact fatigue testing
machine.
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Fig. 2. Weibull plots of Rolling contact fatigue
lives at 50°C and 150°C for SUJ-2.
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Table 2. Weibull parameters and mean time
between failures (MTBF) for SUJ-2 and M50.

Steel Temp. (°C) e m MTBEF (cycles)
50 1.4x10°% 0. 48 7.2%x 108

SuUJ-2 150 (< N;) | 3.9x10% 1. 44 3. 4x104
150 (> Nj) 5.8 |0.13 1.6x10%
50 1.1x 109 0.82 2.5x107

M50 150 (< N7%) | 1.6x10%8 8.33 8.3x107
150 (>N3) | 8. 7x10% 1. 47 1.2x108

I ZXBHERER, K&V & ZXEREEEI DS
WD TEBD, LichoT, ZOHEDOHERRD
HBRIBESEN S TESD. —%, 150°Co
BREETBHEMLT A T AnMHECRNT, BHILKD
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EEVATALTL D, BOKDODOmEL Ns X b
FHMOENMEY 1 7 AT 1.44 »BEREKER, N; X
DHFMBRCE YA 7 AT 0.13 L gERC 58
XN, VA TADHEDAT A —ZThHD m {H, a {H
(RE~Z £2—2) BIUEHHFHR (MTBF) % Table
2 T, eREEFaER ()R X ER L.

1
MTBF = ql/m p<_+ 1> RN E D)
m
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BEEER LY, BETRRPRIVEG VA TRk
Df. M50 BBITE VAT AT 2— 2% XOFER
#5% SUJ 2 LE UL Table 2 R, #ErKT3
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DERICET B PHFMITII VE L H T 2.5x107
cycles &, SUJ 2 o EERERKD 7.2x108 cycles &
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Fig. 3. Weibull plots of Rolling contact fatigue
lives at 50°C and 150°C for M50.
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Fig. 4. Reliability curves of SUJ-2
and M50 at 50°C and 150°C.
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Table 3. Non-metallic inclusion in steels used.

Index of cleanliness (%)
Inclusion Type
*SUj-2 M50
A 0. 020 0.012
B+C 0.011 0. 004
A+B+C 0.031 0.016
900
O——0 M50
800 | 3 L—A SUJ2
(o)
\;i 700 -
@ 600 |-
[
5
e
500
g 00
400
1 1 1
3006200 200 600 800

Temperature (°C)

Fig. 5. Temperature dependence of the hardness
for SUJ-2 and M50.
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D E FTFHEBREOECIETHS. FolmBENE D
Db DIRE, WHOERKRECZEERLTWAS, %
TERABRD DTk N5y, N5 OFGEYECEEE
B ZE LT B, LLED Z A5 ) Fh B E
X, M5O ILER, miEEd SUJ 2 XhigBiciBh
FRTURER R L.

Table 3 AW RCH - SUJ 2 L M 50 0IEs
BNEYDEY, SEECIOVWELLERCHS. M
50 DFHPEWIEE BAFEY O BI P I8, i B
ZOFMCHELE JIETEIhTCWBBE, CEDA
EYY DED 0.004% LIEFEH oo T, &
ik SUJ 2 BRRB ARG EZE A AT, M 50 2B
IR L IR DEC LB DT H B, Fi:
Fig. 513 M 50 & SUJ 2 OE{EE I 0B a2 H 7
bDOTHS. BLEIHOBREIIMERE O 2 A2 ) BEi#o
7o, HEEFHMEE X DX ELEOTwE 0L E
bhb., 22T SUJ 2 28 200°C #i#d% % FEED -
FAEEDSCHEIPZPART 501 L, M 50 (15E
LEL 2 RIEMAFERRE L TN 27D IDETOLE
APEL, BOBEEIEZREFLTHS. D EOFKEEX
h M 50 BNEGEORVITH Y, REEEMT

(a) 1.4X107 cycles (b)

1.6X 103 cycles

Photo. 1. Rolling track surface appearances of
M50 tested at 150°C. Arrows indicate the rolling
direction.

HETHIHGRBNEY I E OEMCERES S XIFT/RG
BN E, FEREBWWTLEIMNME T LW
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3.2 FEWMAMHEELIABDENER
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Lubrication) HEiH2s BEH L5 2 — 219 13 4
0.9 BETHy, —nclhisz  F/H XN BEREEHER
DTRITILDTHB R, KBFZED X 5 REBHE, &SR
EEED H & T, MO EBEMI A w5 EEL
bhd. LDOLDRBRTHCE W CTHE BRI X
NDHEFTORCERELBMCERTS. 0L XBHED
EERENENBEL, REFEXEASEETFD
FEFBRCELLEEZ DR, ZOLDEGOERE
HTREEA I DR T b D e EXLBRS. —F,
KETOXKE DL, FHCESELOLRBA TIL
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Stress cycles

Table 4. Average depth and breadth of the
rolling track after fatigue testing.

SuUJ-2 M50
Depth | Breadth | Depth | Breadth
(#m) (mm) | (gm) | (mm)
Room temp. (30°C) 3.7 0. 40 2.1 0.39
High temp. (150°C) 5.2 0.51 3.2 0.38

BB R S h B ERR e b o, RED
RO Y & Bh, BEEIAFOFR b EAERHE
BrRELZDEEL RS, TORDEETREFWGOR
BRI EEEBORIIDIRL, ZOHEDEy FDFER
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PEBEEOKILE BV EDT, XVBEBERCKOLDE
Exbhb., LicdoT, B4 7 il CHERRED
REEERORNIZ LD, FhEmYr 1 7 MilcHERE
DA TR IV ERCETS LS5, O
BREDBE AT A T AL HCENR O TiRic v & &
bhs, LinlLicdib, RERBRTHEE LEEIE

(on track and outside of track) and
stress cycles to failure.

BT L7 860 © R €y F A& RERRHR 2 T
5T DML RA— TR\ e®d, TDZERF
HRBRCEEYRIZLTCHWSAEEELHY, ZORKD
WTURE HRBRFADBBETH 5.

wiz M 50 SRR\ TR BRI KT 5 FaEIR
DFEMH LV EL OoREREPWT E KT 5. Fig. 6
(a) (b) Wz AN FERRBRHBC T SPER LD
VWA RID & A D B2 ZT T DBE X
DR, BHRECHILTTry FLAEDDOTHS. W
Bkt siE ko Fig. 6 () RARTI5K,
SUJ 2, M 50 & 1< DB LEOHEME &b, N
TEHDDPBAMOBEI LW ER LTS, —7,
EEIELTh Fig. 6 (b) itz &L, SUJ2 oL
BHEEOE I IO -DEM LT 55, Fihst
BoSE X 0 MINOEFTAEET LT, ShiT
LT M 50 oBEE LOE S IERABRRCE W T
b, BHREARE L ERERECHEIZREFEL VL.

X, FDLEDTANYBHEDIEL DOCHES 2H
E LIRS Table 4 wRd. Ik ZOBBERZL LV
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T, HFRBREGTCOLRBI IOV TOFBEETRL
fo. SUJ 2 Tik Fig. 5 254 B binie X 51, 200°C
DECTHIOZMRET I ADIS., L0 RAR
AR AR C BOETE 238k 35 720, BLEIE,
BEES & SEBAREREO BN L T\t E4
M 50 T3 WLEE I S ERAREC SR RO F
DI U TRy, BIMORER SUT 2 X hd/hSus
fExm L.

LLEDFERL S, M 50 2ERIEH W CLHEIDET
PREAEHZLNT, ILCHEROEE il
LD, ~A Y Sl EERCET LBER IO
EEZbhB. ‘

3.3 CAMDBEEOL < BOMENER

ABRFEIC I L, EHOBTE X OBI#E: bEEE D
MR E y P ORE XD FHE D ERIC AN THYRT
PO, DX SBEHCE T I LIRR
FERB L, BREICIZC A2 R X2 CHsEE -
DIZSBEBAET S, Z O BRI HE L Rin b, v

Rolling track

Specimen

Fig. 7. Method of scanning electron microscopic
observation of both flaking surface and cross
section.

CEISZ ZIEFHCEEI TN Th, WontBET 55
WThH5. Lo T, TR D RERED BB
CHRDENRMIYEEC K UCEERREELE /o2 T
5. PRI VX BB EE T IR RD
NEYDVILTIERT ZBR L, Foviss LTRET
HEEZLRTETNBRID, L LEREORBIC X
DNEHDOEENPRDBAIETE, B HLTOLOD
BRIFETHZ 0D, EEE FTOREMSN £ £k 3
G BEDRAEZERTHDO TRV EEL bR Ty

Rolling direction
—_—

(a) General view of flaking
(b) Magnification of circled position in (a)
Arrow indicates a plate carbide developed parallel to the rolling surface

Photo. 2. Scanning electron micrographs of flaking in the rolling track of SUJ-2 at 3.9% 106

cycles, 50°C.,
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Rolling direction
—_———

(a) General view of flaking
(b) Magnification of circled position in (a)
Arrow indicates a plate carbide

Photo. 3. Scanning electron micrographs of flaking in the rolling track of M50 at 2.1x 107

cycles, 50°C.
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T Iew, X SUJ 2 v -CEEE T oM
BE LT HCB U CEEMc R 2 1T o MR, IR
DRI BMETCERIh D EE2RVWHL, i)
R INT BEORHC e DT B EHME LT3,
TR LWL AR E Lickdgs SUJ 2 oz
AN FENRRBRPICAER TS L 2REDTS, Lnl
eih, BEE CTOBEHETE, LR bOE
EEHEHE, br-EOMABEEZL TR TWAED
LT, FORGIIF BT,

AR, X EEIEDE TOMME 2 X EER
CEXHESH TIN5 7D, RO XS5 BIEFE 2 H v
o, FFELHEERE U TWBRB S, Fig. 7Tiexd
ISR EENELTHBPHOR LT DL, LB
WOy EHIRECHREL=2 ) —KE2HVT, BLi52ix
Bt RIDO L ZAETCHI V&L Lo, WESS %
1 X —ATEIBRTS. R EERS 2B o0 o
X5 eBiEEm R E, IHIRIXEROCEROLBIE
BEELCBETHID, 7 b VT 30min BEFHLE
#xfTok. TOBEEEEEM\T Fig. 7 oXHK
ARLEFAEIBETH LR IDOT, X HEH LM
H & MR HE U,

Photo. 2 (a) 1% SUJ 2 OEBETOFENRBREITAET
TSy ER D FETHELLERTHS. 11
HEDVE L TCO B AR OO EY DS Rbh, X

LICHIEICIXACTHA TS BATCHBESA 2 K b h
5. TDOADHF S EIEK LIS D2 Photo. 2 (b) TH
5. EEB)ET 50-60 pm {435 DKHTR LcHo IR
T Dfc N ETEL, ZhNEHDOBB S e>T
WHDORHECED IS, ZDEFRYE EPMA 4f
L7citR, C~6% T, zoftt Fe X0 Cr RHX
Nic, Lo Tl FHCIY &5 3 h
TWAERRIEHER—D LD TR E E 2 B h
3, Fi, ZORMCHYOERMER, ZHHDERC
X 2BRAREAMIEIERAME (KR0S & 1% 53
pm) FFIFE—FH L Cfo. F7z Photo. 2 3R
T5HERTHAHH, BRABRCEELCIRECLR
Bo R BEE IR,

Photo. 3 (a) 13 M 50 OERTOENREBRTE Uk
LB DWW TR BERTOoRE R TH 5. M
50 oW TIIANEMTIEE AL ROR T, TEET 50-
60 pm T B D LRI RD bhvtc. AT XHD
BETAOEIER LIcb Db Photo. 3 (b) THB. SUJ
2 LA EHOBRACBROERYIFLE L T
%. EPMA H#iofER, chb SUJ 2 off LR
fz C~6% DRt THot. ¥ic M 50 DFEELHE
BR IVEEABROABECES T IDORILYIEEIh
7.
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2T 5 &R Ehic, ZDORIEHOMR %
BUEE T OMSE L, HERERmEcRER IR
TEHAES ROHERTE Y, ThbiTR_Tosay
BMORBC X O ERINCEEL DR TS, BRI
DERBRCIL, ®ioRT2o0BENEL RS, 1
DX A BB X ) f O —MrBRERe A —A 7
FA M ECmBES R, RIEHP—ERBLCE, €A
WG L O HEER X v BRORICHPHITHL TS
EWVIEZT, 55—~ Yy 7ATHHBELEL
AT VYA PRRET L IS ELERT, £
DL BB B\ CTRAWIE I E DHEERAC XY, B
DE DB DHRREDIKHELVET, BROEILDH
MHL T BEW53ELTHS. AR TULZ S
23D B L) 9000 rpm L IEFEICEETH B2, &5H
2D BT 700°C Pl EoFRSER IS L1
Ez 1D, BT L BHEDOEREC X b AT
IRt ELORD., FLTZD XS5 LTHEREAL
AL, B HOERICI D, Foh bR SRR
HEL, BRPCIZSEIELRDEEZDRD. LT
A CHHEERREHOEBRMEE LT, RRKEAME
TIERALBEMC AT B RILM RN T E O IG5+
B, A ERULIIT X o TIBIL - RE MBI &
N T 28R E2E 2 TWBE, %D M 50 0
£, L BEERRAE LI TN EYOFEZZED DT
(Photo. 3 (b)), NEHELOMEEAC IV ITHLICE
E 2, FREEOIR S BREDIEEASE o,
BRBEAHDPER IR, AR ERFMHESL
febhEEXLLRA., kX SUJ 2 KL Ax X< HT
EHIBTHHN, REEDN 0.8% LAl M 50
Mo, BECEWTEIDETHNZEAEAD
R, FOdHERFIMHOTILEZLRS.

4.

—frsnszem SUJ 2 7x SO R A M 50 O
5 (50°C) x XOEE (150°C) kW URmHEMEER 5
R0 ERRBE LT T oG RE2E .

1) ZAMy ERFRsmE SUJ 2, M50 L3 74
s ey PERWTER (30°C) TEAEELZRL, &
B (150°C) TIEAR YA 7tk inol.

%

2) BRECBET B A ERFEML SUJ 2 OBA
FIRICHANEL 750 LT, M 50 CikEiEo 5ol
FRCHERTRERMOLRR L. 2t M 50 BEE
RBWTHEIDOETANI WD TH DT,

3) tAHARYFER XD AET B HE SUJ 2 Tk
JEBATEY R X ORBRP IR S hi- iRk R {e %,
M 50 Tz & UTIRIRR{IEEREA L LTREREL T
5 EDFER IR

AW RIT O hich, RRCHEWGIIE - R EE
BReRERERE iR KK (BL(K) REFHRBERT)
RLOOREHRE BREK @) 7Y FA V) R
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