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Inclusion Rating by Statistics of Extreme for Electron Beam Remelted
Super Clean Bearing Steel and Its Application to Fatigue Strength Prediction

Toshiyuki Toriyama, Yukitaka Murakami, Teruo Y amasurra, Kazuichi Tsupora and Kyozaburo Furumura

Synopsis

: The inclusion content of recent high strength clean steels has been remarkably reduced by the progress of steel making

process. Nevertheless, it is known that inclusions still cause fatigue fracture and decrease in fatigue strength. Thus,
the quantitative correlation between fatigue strength and inclusion content or size must be made clear.
In order to investigate the critical lower bound of inclusion size which influences the fatigue limit, a special steel with
extremely low inclusion content, the electron beam remelted super clean bearing steel (EB-CHR), was prepared.
The inclusion rating based on the statistics of extreme was applied for the quantitative evaluation of inclusion size
in EB-CHR with decreasing size of inclusion, detrimental effect of inhomogeneities which have larger size than
nonmetallic inclusions was revealed in place of inclusions.

The obtained results are summarized as follows ;

(1) The size of inclusions in EB-CHR measured by the inclusion rating based on statistics of extreme is extremely small

in comparison with commercial clean bearing steels.

(2)The fatigue limit of EB-CHR 1is extremely high in comparison with commercial bearing steels.

This is due to the reduction of inclusion size by electron beam remelted process.

(3)The fatigue fracture origins of EB-CHR are seldom at inclusions but mostly at a small inhomogeneity which is
presumed to be a local imperfectly heat-treated structure, bainite with lower hardness in the martensite matrix. This
is because, based on the rating by statistics of extreme, the size of inhomogeneity (bainite) has relatively larger size than

nonmetallic inclusion.

Key words : fatigue limit ; nonmetallic inclusion ; bearing steel ; electron beam remelting ; inhomogeneity ; square root of projection

area (varea) ; statistics of extreme.
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Fig. 1. Steelmaking process of EB-CHR and speci-
men preparation procedure.

Table 1. Chemical composition of EB-CHR. wt(%)

C Si Mn P S Ni Cr Mo Olppm

EB-CHR| 118 027 Tr 0.013 0.001 0.09 110 020 4
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Fig. 2. Shape and dimension of rotating-bending
specimen.
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Fig. 3. Cumulative frequency distribution of
areama.x  of inclusions in EB-CHR(A)
compared with commercial super-clean
SUJ2(B and C).
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Fig. 4. S-N diagram of EB-CHR.
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Fig. 5. A small defect observed at fracture origin
(Specimen RS).
Stress at small defect : ¢’=1129MPa,
Cycles to failure: Nf=23.95X103,
Size of small defect : varea =11.2um,
Vickers hardness : HV =779kgf/mm?.
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Table 2. Fatigue test results of EB-CHR.

o’ | ow (R) o' /aw

|

(a) Specimen EP

Specimen | HV o Nf # Jarea| h shape of
defect or

inclusion ‘

EP-6 766 | 922 |8.22x10% | 15.4 90 > ¢ 902 | 876(-1.0) ;1.03

T+ S
1
|

EP-14 756 | 863 |2.12x107 | 10.2 0 863\ 928(-1.0) ‘0.93

——r—

|
780 | 1078 | 2.03x107 | 6.3 81 ’1053i1033(‘1.0) ‘I.OZ

778 | 764 |5.0x107+ 11.5 0 764’

0.
813 | 5.0x1074 :[ 813 0.
1.

863 | 4.01x107 863 | 855(-1.0)
/

Lsa%

(b) Specimen RS

!

‘ Specimen | HV | o Nf J{area| h shape of o’ owi(R) o’/ow
t defect
RS-13 770 | 1177 | 5.0x107+ 5.5 385 1074 0.99
1255 | 1.30x107 v\ 1145 | 1045(-1.0) 1.10
( RS-15 779 {1216 3.95x105| 11.2 332 %\ 1129 1 938(-1.0) 1.20
RS-16 776 | 1138 1.78x10%| 15.7 [ 224 e 1073 | 883(-1.0) 1.22
I
RS-17 770 980 | 1.0x10% | 14.2 [ 0 72;:(‘ 980 0.91
1078 | 3.01x107 | 1078 | 1077(-3.94) 1.00
RS-19 778 | 1127 | 4.04x108 j 4.9 l 105 &( 1099 | 1075(-1.0) 1.02

HV:Vickers hardness(kgf/mm?), o :Nominal stress at surface(MPa), Nf:Cycles to failure,
{ area:Square root of projection area of inclusion or defect(ym),

h :Distance from surface(um),

o’ :Nominal stress at inclusion or defect predicted(MPa), R:Stress ratio=0amin/ G nax,
ow :Fatigue limit at inclusion or defect predicted by Eq.(1).
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I .
1. 0 L] -~ e
- ] e
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N - o, : Estimated fatigue limit
© = @ Fracture
0. 5}— (Specimen RS){ A& Fish-eye fracture
- O Not broken
- B Fracture
| (Specimen EP){ J  Fish-eye fracture
L O Not broken
0 I AT e R [E AR WU
10° 10° 107 10°

Cycles to failure Ni

Fig. 6. Modified S-N diagram of EB-CHR.
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Fig. 7. Small defects observed in

martensite matrix of EB-
CHR.
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Fig. 8. Measurement of micro-
hardness
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Fig. 9. Typical bainite structure
in martensite matrix of a
commercial bearing steel.

of

presumed to be bainite
(HV =560, load=25g).
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Fig. 10. Cumulative frequency distributions of
Jarea max of inclusions and bainites in EB-

CHR
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