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Effects of S-content on Gigacycle Fatigue
Properties of SCM440 Steel

Yoshiyuki FuruyaD*

1) Fatigue Property Group, Research Center for Structural Materials, National Institute for Materials Science

Abstract: Our previous study clarified the effect of MnS on gigacycle fatigue properties of SCM440 steel by
conducting gigacycle fatigue tests on High-S steels whose S-content was so high as to be close to an upper
limit of the JIS standard. On the other hand, this study discusses methods to avoid fatigue-failure from
MnS by conducting the gigacycle fatigue tests on Low-S steel whose S-content is as low as possible in
commercially available processes. Three types of materials were prepared with different working ratios,
and the fatigue tests were conducted in transverse directions. The Low-S revealed higher fatigue strengths
than the High-S. The fatigue strengths of Low-S with high working ratios were as high as those of a hot-
rolled round bar. The Low-S with the lowest working ratio was fractured from shrinkages, resulting in low
fatigue strength. The Low-S with the highest working ratio was fractured from oxides and matrix. As the
results, MnS caused fatigue failure in a few specimens of the Low-S only with the middle working ratio.
These results meant that the MnS-induced fatigue-failure was avoidable by minimizing the S-content. The
fatigue test results were analyzed by using a previously derived prediction. The analysis results suggested
that the MnS of High-S and the shrinkages of Low-S were more harmful than others. This was probably
attributed to the large number of the MnS of High-S and of the shrinkage of Low-S, which accelerated
crack propagations by interaction between the MnS inclusions and between the shrinkages.
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Effects of S-content on Gigacycle Fatigue Properties of SCM440 Steel

Yoshiyuki Furuya*
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Table 1. Chemical compositions of the tested steel.

Element (mass %)
Steel

Symbol
Mn P S

Low-S | 0.40 | 0.25 | 0.75 | <0.0020 | 0.001

SCM440

High-S

0.41 | 0.25 | 0.86 |<0.0020| 0.027

(a) 150 x 150

(b) 75 x 150
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(c) 20 x 150

Fig. 1. Microstructure of the heat-treated specimens.
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Fig. 3. Fatigue test results.
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Fig. 4. 10" cycles fatigue strengths correlated with plate thicknesses and reduction ratios.

(a) SE image (b) BSE image

Fig. 5. SEM images for a typical fracture surface at around the internal fracture origin of MnS. This is a 75 % 150 specimen fractured at
4.53 x 107 cycles at 800 MPa.

(a) Low-S (b) High-S

Fig. 6. Comparison of MnS between Low-S and High-S on the BSE images of the 75 x 150 specimens.
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SCM440 DT HYA VIVERFIFMICRIZT SENHE

1t (@, W) IZHRTKE D 5725, High-SD 150 X 150
M (O) 275X 15041 (&) DMnSIZHNS E/NE 5 7,
Low-S ® MnS & .91 © ~F 1%, High-S D20 X 15044 O
MnS (O) REMEMLANEDORRL (X) LRIFRETH -7z,

Table 2. Type of internal fracture origins of each material.

Oxide
(Type D)
0%

Oxide
(Type B)
0%
21%
0%

Material MnS Matrix | Shrinkage

0% 0% 100%
16%
0%

100%

100%

90%

150 x 150
75 x 150
20 % 150
150 x 150
75 x 150
20 % 150

Low-S 0% 63% 0%

37% 63% 0%

0% 0% 0% 0%

High-S 0% 0% 0% 0%

0% 10% 0% 0%

(b) Matrix
(20 x 150, 800 MPa, 1.17 x 107)

(c) Oxide, Type B, Mg>Si
(75 x 150, 740 MPa, 5.13 x 107

(d) Oxide, Type D, Mg>Si
(20 x 150, 770 MPa, 6.77 x 1096)

Fig. 7. Internal fracture origins other than MnS observed on fracture surfaces.
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Fig. 8. Inclusion sizes measured on the fracture surfaces at the
internal fracture origins.
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Fig. 9. Modified S-N diagram. The stress amplitude o, is normal-
ized by o,” calculated by Eq. (1).
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