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Correlation between Porosity and Fatigue Strength in Large Steel Castings.
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Synopsis

In recent years, general industrial machine parts such as pressed parts have required high toughness and high fatigue
limit that can withstand repetitive loading when used in harsh environments. However, porosity inevitably occurs in
cast steel products and greatly affects the fatigue limit. In this report, the relationship between the evaluation of fatigue
characteristics of cast steel materials used for large cast steel products and porosity was investigated. The results of the
investigation using test specimens with different carbon concentrations and mass effects showed that increasing carbon
concentration increased tensile strength, increased the solidification temperature range (6, —6 ), and increased the
varea of the defect at the failure initiation point in the principal stress direction, and that the fatigue limit decreased
as v/area increased.

Although there was a significant difference in the cooling rate of the solidification zone for 1t ingots compared
to 50kg ingots, the maximum +/area of the fracture initiation point remained the same and the fatigue limits were
equivalent.

The fatigue life prediction equation was obtained from the relationship between the initial stress intensity factor
K,... and fatigue life N;/ v/area . The lower boundary stress intensity factor range A K, predicted for the smooth
material in 1t ingots and the value obtained from the fatigue crack growth test were equivalent.
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Sample| C Si Mn P S Ni Cr Cu | Mo \Y%
Cl4 1014 1023 | 078 | 0.003 | 0.0024 | 3.50 | 1.51 | 0.15 | 0.20 | 0.04

50kg [ C17 | 0.17 | 023 | 0.78 0.004
Ingots [ C19 | 0.19 | 0.22 | 0.76 0.003
C23 10231024 080 0.004
1tC20 | 0.20 | 0.26 | 0.84 0.010

0.0029 | 3.49 | 1.50 | 0.15 | 0.20 | 0.04
0.0032 | 3.47 | 147 | 0.15 | 0.19 | 0.04
0.0028 | 3.50 | 1.53 | 0.16 | 0.21 | 0.04
0.0015 | 3.55 | 1.49 | 0.05 | 0.21 | 0.04
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(2) Uniaxial tensile compression fatigue
specimen shape.

(1) Tensile specimen shape.
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S: Solid phase
L: Liquid phase
P: Porosity

(1) 50 kg ingot

(2) 1 tingot
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