. 748

$% & 4@ TetsutoHagané Vol. 87 (2001) No. 12

ERTCHEICED RN EYOBERHET M

B #HE* - HE HE* 28 Bf#E* - Stefano Beretta*?

Statistics of Extremes Analysis of Nonmetallic Inclusions Based on 3D Inspection
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Synopsis : It is well known that the scatter of fatigue strength of high strength steels is caused by nonmetallic inclusions. The lower bound of the scatter

of fatigue strength can be predicted by considering the maximum size of nonmetallic inclusions. Thus, it is of practical importance to esti-

mate the maximum size of nonmetallic inclusions by appropriate inclusion rating methods. Most rational and convenient method to predict

the maximum size of inclusions is the one based on the statistics of extremes. Therefore, recently the inclusion rating based on the statistics

of extremes has been used by many industries, though the rating methods are mostly two-dimensional (2D) optical methods. It is known that

the accuracy of the 2D method is lower than the exact 3D method. In addition, when multiple type inclusions having different chemical com-

position are contained in a material, the statistics of extremes distribution does not necessarily become a single straight line but become a bi-
linear line. The objectives of the present study are (1) to clarify the validity of the 2D method and (2) to establish the method to predict the
maximum inclusion size when the statistics extremes distribution becomes bilinear. The results obtained show that the 2D method is basically

correct as predicted by the computer simulation. When a bilinear distribution is obtained, it is necessary to determine the minimum inspec-

tion area S, for predicting the maximum size of the larger type inclusions, which become the fatigue fracture origins of components.

Key words : nonmetallic inclusion; inclusion rating; statistics of extremes; multiple type inclusions; inspection area; inspection volume; fatigue.
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Table 1. Chemical composition of SCM435.

(Wi%)
C Si Mn P S Ni Cr | Mo Cu O(ppm)
036} 019 | 077 | 0014 | 0006 | 008 | 1.0 | 015 ] 0.13 8

Number of inspection :40
Inspection volume: ¥Vo=S. X AHXn
Vo=7.68X10 Tnni (n1=20)

Number of inspection : 40
Inspection area: §,=0.384mm?

(b) astandard volume (V2)

(a) specimen

Narea Vo) = MAX{J ared 13N Qred pay 25N ared o » }

Fig. 1. Measurement of 3D extremes distribution.
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Fig. 2. Shape and dimension of the test specimen (mm).
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Fig. 3. Inclusions contained in the standard volume V.
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Fig. 5. Extremes distributions for different inclusions.
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Fig. 6. Examples of maximum inclusions detected on pol-
ished inspection areas S, (0.384 mm?).
(a): \area ,,,=4.50 um; (b): Jarea,,,,=3.38 um;
(c): Narea ,,,=3.94 um; (d): Jarea, ,,=3.67 ym

Fig. 7. One example of the maximum inclusion detected in
an inspection volume ¥, (7.68X107*mm?), (a)~
(d) correspond to the sections area No. 1~+/area
No. 4 in Fig. 8.
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Fig. 8. The 3D size and structure of the inclusion in Fig. 7.
(a): 3D size at different sections; (b): 3D structure
model.
~area No. 1=3.74 um; \Jarea No. 2=4.10 um;
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Fig. 9. Comparison between 2D and 3D inspection.
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7mm 1

Fig. 10. Fish-eye topography and the inclusion at fatigue
fracture origin, ©=702MPa, N,=5.83X10",

varea=35.4 ym.
(a): Fish-eye topography; (b): Inclusion at fatigue

origin
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Fig. 11. The section topography and section structure
model of the inclusion at fatigue fracture origin in

Fig. 10.
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Fig. 12. 3D extremes distribution of the inclusions con-
tained in the fatigue specimens.
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