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Influence of nonmetallic inclusion size on rolling contact fatigue life in bearing steel
Misaki Nagao Kazuhiko Hiraoka and Yasukazu Unigame
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Synopsis: As oxygen content and the size of oxide nonmetallic inclusions in steel have decreased, bearing life has been

made more than ten times as long as those in 1960's. Since a sulfide inclusion could be larger than oxide or nitride

inclusions in such clean steel, it is desirable to clarify the effect of sulfide size on the rolling contact fatigue life.

The relationship between the largest inclusion size predicted by statistics of extreme value and the thrust-type

rolling contact fatigue life was studied in this paper. As the result, the fatigue life was well correlated with the

predicted largest inclusion size without regard to inclusion types. Since sulfide has the adverse effect, it is

important to minimize the size of sulfide inclusions as well as oxides for further improvement in the fatigue life.
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Table1. Detail of SUJ2 materials

Specimen Grade Size Manufacturing Process
A ¢ 167 Billet
B LowS-(D 665 Billet-Forging (at 1273K)
C Billet—Forging (at 1423K)
D LowS-2 $65 Billet-Rolling
E LowS-® ¢ 65 Billet—Rolling
F HighS— ¢ 167 Billet
G ¢ 65 Billet-Forging (at 1423K)
H 167 Billet
I HighS—©2 665 Billet—Forging (at 1273K)
J Billet—Forging (at 1423K)

Table2. Chemical composition of SUJ2

(mass% Ti,N,O:ppm)

Specimen Grade C Si Mn S Cr Al Ti N 0
AB,C LowS-D 099 017 035 0.015 0.002 141 0.010 12 85 8
D LowS-2 098 030 027 0009 0.002 1.38 0.028 7 99 4

E LowS-® 1.01 023 036 0013 0002 140 0.012 18 46 4

F.G HighS-D 100 020 039 0019 0010 140 0.012 23 112 5
HILJ HighS-2 1.00 020 040 0017 0010 140 0.010 15 96 6
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Standard inspection area: S, 100mm?
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Fig. 1
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Fig.2 Schematic view of thrust type Rolling Contact Fatigue tester
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Fig.3 Observation method of the initiation site of flaking
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Fig.4 Result of thrust-type Rolling Contact Fatigue test
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Table4. Observation result of test pieces after static breaking

Breaking point

Specimen Nl;IrZ:ienrgof Rear of Fron.t of (Initiation site) Apart.from
flaking flaking flaking
A 11 9 1 (not clarified) 1
B 8 7 1 (not clarified) 0
C 8 7 1 (oxide) 0
H 10 6 4 (Sulfide: 3 0
Not clarified: 1)
I 8 7 0 1
J 8 7 0 1

Front of
flaking

Rear of
flaking

<= Ball rolling direction

Fig.5 Examples of fractured position after static breaking (Specimen:H)

Initiation site:
Oxide
Jarea:57 4m

Specimen: C
4.4x10%cycles

Initiation site:
Sulfide
Jarea:22 uym

Specimen: H
5.2 x10° cycles

Initiation site:
Sulfide
Jarea:10 um
Specimen: H
7.4 % 10° cycles

Initiation site:
Sulfide
Jarea:40 m
Specimen: H
14.8 X 10° cycles

<m Ball rolling direction

Inclusion

2004 m

Fig.6 SEM images of fracture surface revealed by static breaking
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Fig.8 Process of flaking in rolling contact fatigue
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Fig.9 Crack occurred from sulfide under raceway
(Specimen H, 11.6X 108 cycles)
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