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Evaluation of Bearing Steels from View Point of Fatigue Properties

Yukitaka Murakami

Synopsis : To evaluate the quality of bearing steel, several methods of fatigue testing such as (1) rotating bending, (2)
tension-compression, (3) rolling contact, (4) thrust type rolling contact, (5) actual bearing, etc. have been
employed. It is sometimes said that the quality of bearing steel cannot be evaluated until the actual bearing
is tested. However, as the order of tests, (1) to (5), increases, so does the possibility of adverse factors affecting
the evaluation of the material quality. For this reason care should be taken. If these factors lead to an incorrect
interpretation of the bearing steel’s quality then the wrong strategy may be pursued and lead to a regression

of technology.

This paper will focus on the mechanism of fatigue fracture to effect greater understanding and propose a
direction for development in bearing steel and so higher quality bearings.

Key words : bearing steel; mechanism of fatigue fracture; fatigue limit; rotating bending fatigue test; tension-compression
fatigue test; rolling contact fatigue test; nonmetallic inclusion; crack initiation; crack propagation.
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Fig.1 Relationship between hardness and fatigue limit.
(Garwood et al (1951)?)
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Material : SAE9254
Vickers hardness HV=636

Inclusion size | area=19.3m

Distance from surface h=96um

Nominal stress at inclusiono "=859MPa
Predicted fatigue limit at inclusiono . =720MPa
Cycles to failure N/=1.97x10°

Chemical composition: Al-Ca-Mg-0
Fig.2 Fatigue fracture origin in rotating bending fatigue of high
strength steel. The white area having a nonmetallic
inclusion at its center is called fisheye.
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Fig.3 Relationship between bending stress distribution and the
location of fracture origin inclusion.
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Fig.4 S-N curve of rotating bending fatigue composed with two
straight lines and a horizontal step. (H.Emura and
T.Asami®)
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Fig.5 Definition of stress, nominal stress at surface or at
inclusion, influences S-N curves of a bearing steel in
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Material : SUP10M(Shot-peened on emery paper finished
surface after turning)

Vickers hardness HV=540

Inclusion size | area=29.8um

Distance from surface h=360um

Nominal stress at inclusiono '=658MPa

Predicted fatigue limit at inclusiono . =648MPa

Cycles to failure N,=3.54x10"

Fig.6 Fisheye mark deformed by compressive residual stress
near surface.
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Fig.7 Difference in S-N curves having approximately equal
fatigue limit but different fatigue lives of a maraging steel
containing different defects.
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Fig.8 Transition of rotating bending fatigue strength of bearing
steels since 1955. The numbers beside the plotted marks
indicate of specimens.
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Fig.9 Distribution of statistics of extreme values of inclusion
size of superclean bearing steels.

Table 1 Chemical composition of superclean bearing steels.
(Wt%)
C Si Mn P S Ni Cr Mo Cu Al Ti Nppm Oppm)
A:SUJ2 |0.99 0.23 0.34 0.014 0014 0.02 1.45 0.01 00250001 45 8
B:SUJ2 [0.98 0.23 0.37 0.010 0.005 0.02 1.43
0.013 0.001 0.09 140 020 — — — 4
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(a)Fish-eye fracture (b)Center of fish-eye in(a)

(c)SEM photograph of center of fish-eye in(a)
Material : EB-CHR

Vickers hardness HV=776

Defect size | area=15.7xm

Distance from surface h=220xm

Nominal stress at defect o "=1073MPa
Predicted fatigue limit at defect o . =883MPa

Cycles to failure N.=1.78x10*

Fig.10 Fisheye mark of EB-CHR. The fatigue fracture origin is
not usual nonmetallic inclusion. It is supposed to be a
carbide.
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Fig.11 Butterfly mark formed in bearing by long life contact
fatigue.
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Fig.12 Steel making process of EB-CHR and specimen
preparation procedure.
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Fig.13 Irregular contact stress distribution caused by
nonmetallic inclusion existing at surface.
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Fig.14 Plastic zone formed in subsurface layer under contact
loading.

Fig.15 Large carbides precipitated along grain boundaries.
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Fig.16 Comparison of S-N curve between rotating bending
fatigue and rolling contact fatigue of bearing steels.

Tmax = 0a/2 in rotating bending fatigue and Tmax= A Txy/2
=pmax/4 in contact fatigue.
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ratio= —5%, N: cycles)
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