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Effects of Chemical Composition of Nonmetallic Inclusions
on Fatigue Strength of High Strength Steels

Yukitaka Murakami, Toshiyuki Torrvama, Yoshirou Kovasu and Shin-ichi Nisuma

Synopsis :

It is well known that the fatigue strength of high strength steels are strongly influenced by the existence of nonmetallic
inclusions. It is said that the effects of nonmetallic inclusions on the fatigue strength of high strength steels depend on
their size, shape, chemical composition and locations where they exist. Therefore, nonmetallic inclusions are likely to
cause a large scatter in fatigue strength.

A firm opinion that hard inclusions are more detrimental than soft inclusions for fatigue strength, has prevailed for
long years.

In the present paper, this opinion is proved incorrect by detailed investigations of the chemical composition and size
of inclusions observed at fracture origin, i. e., the chemical composition of inclusions is not crucial factor controlling
fatigue limit, even if the chemical composition influences the rigidity of inclusions and the residual stresses around
inclusions.

On the contrary, it is verified that two crucial factors which control the fatigue strength are the Vickers hardness of
matrix (HV) and the square root of projection area of inclusion (varea). It is shown that the lower bound of large scatter
in fatigue strength can be successfully predicted by the statistics of extreme values (vareamax) of inclusions contained
in many specimens.
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Table 1. Chemical compositions. Wt (%)

C Si {Mn| P S Cr o
N : Normal grade 0.52 | 1.43 | 0.71 {0.0230.0050.723 | 0.001
S : Softened inclusion | 0.58 | 1.47 | 0.69 |0.014|0.003|0.693|0.002
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Fig. 1. Shape and dimension of specimen (Rotating
bending test specimen).
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Fig. 2. S-N Curve (Material N and Material S).
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Distance from surface=138um
Chemical composition : Al-Ca-Mg-O

Fig. 3. Typical example of fisheye (Material N).

HV =675, 0 =980MPa, N;=6.91 X10°, Jarea =9.8u4m
Distance from surface=93um
Chemical composition . Ti-Mn-C-S

Fig. 4. Typical example of fisheye (Material S).
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Chemical composition : Al-Ca-Mg-O

Fig. 5. SEM photogragh of inclusion observed at the center of fisheye in Fig. 3.

Chemical composition : Ti-Mn-C-S

Fig. 6. SEM photogragh of inclusion observed at the center of fisheye in Fig. 4.
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Table 2. Fatigue test results, size, location and chemical composition of inclusions
and fatigue limit predicted by Eq. (3).

(a) Normal grade specimen

Specimecn | HV o Nf [area h Shape of Chemical ' |ow R | 0 /ow
Inclusion | Composition
N-1 640 | 600 | 5x107 = 18.2 | 115 Al-Ca-Mg-S-0| 564 | 731(-1) 0.772
931 | 6.85x10° 875 1.20
N-2 640 | 882 | 3.83x10%| 21.2 81 Al-Ca-Mg-0 | 859 | 712(-1) 1.21
N-3 641 | 588 | 5x107= 17.9 | 138 Al-Ca-Mg-0 | 568 | 734(-1) 0.774
980 | 1.69x10° 927 1.26
N-4 810 | 833 | 3.22x10°| 16.4 25 unknown 810 | 715(-1) 1.13
N-5 636 | 735 | 5x107=+ 19.3 96 AN Al-Ca-Mg-0 | 715 | 720(-1) 0.994
882 | 1.97x10° ,4@—-‘ 859 1.192
N-8 522 | 490 | 5x107= 26.3 | 215 Al-Ca-Mg-0 | 460 | 576(-1) 0.799
637 | 5x107= 598 1.04
735 | 5x107 = 690 1.20
833 | 8.52x10° 782 1.36
N-9 589 | 784 | 2.10x107| 17.6 | 120 W\ Al-Ca-Mg-0 | 755 | 686(-1) 1.10
N-10 |620 |539 | 5x10"= 26.6 | 150 Al-Ca-Mg-0 | 519 | 720(-1) 0.833
735 | 5x107= %, 708 1.14
882 | 8.25%10° 849 1.36
HV : Vickers hardness number. o : Nominal stress at surface (MPa)
Nf : Cycles to failure,
Jarea : Square root of projection area of inclusion (um),
h : Distance from surface (um), o’ :Nominal stress at inclusion (MPa),
ow : Fatigue limit predicted by Eq.(3) (MPa). R: Stress ratio
(b) Softened inclusion specimen
T
Specimecn | HV o] Nf {area h | Shape of Chemical g | o, R | o /ow
Inclusion | Composition
S-1 573 | 600 | 5x107 =+ 11.6 90 Ti-0 578 | 719(-1) 0.755
8333 1.10x107 %) 765 1.07
S-2 675 | 980 | 6.91x10° 9.8 93 )q/ Ti-Mn-C-S 944 | 766(-1) 1.23
S-3 | 566 | 833 | 1.63x107 | 6.4 | S5 f%‘ X-0 812 | 786(-1) | 1.03
S5-4 582 | 539 | 5x107= 17.7 34 Si 528 | 613(-1) 0.861
882 | 1.20x10° % 864 1.41
S-5 565 | 735 | 5x107=+ 6.7 45 Ti-Mn-C-S 718 | 779(-1) 0.921
833 | 7.25x10° ff‘\ 814 1.04
S5-6 669 | 600 | 5x107= 15.8 | 132 Ti-Mn-S 576 | 777(-1) 0.742
833 | 5.31x10° ﬁ@( 800 1.03
S-8 644 | 882 | 4.23%x10° 7.5 78 }1\ Ti-Mn-C-S 869 | 852(-1) 1.02
_____ L
S-10 666 | 784 | 2.39x10° 16.1 20 % X-C 780 | 772(-1) 1.01

HV : Vickers hardness number,
Nf : Cycles to failure,

o : Nominal stress at surface (MPa)

{"area : Square root of projection area of inclusion (um),

h : Distance from surface (um),
ow : Fatigue limit predicted by Eq.(3) (MPa),
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o’ : Nominal stress at inclusion (MPa),

R : Stress ratio
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Fig. 7. Effects of chemical composition of inclusion
on fatigue strength.
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. Test volume| Number of | Return +/areamax

Materials V (mm®) | specimens period T (um)
Normal 1 5.86x10° 25.5
grade 89.8 10 5.86x10° 29.2
(N) 100 5.86 <107 32.9
Softened 1 7.00x10° 15.6
inclusion 89.8 10 7.00 X10° 17.6
S 100 7.00x107 19.7
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