JFE £¢# No. 57
(2026 /-2 H) p.34-38

B 7C 3

BEZLZRBEANZ LTBREZRMROFEFHEEICRIET
BA—R7 4 FMEORZE

Effect of Austenite Grain Size on the Fatigue Strength of Vacuum
Carburized Low Carbon Steel Sheets after Quenching
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Abstract:

In recent years, since the application of the vacuum carburizing and quenching process has expanded, prompting
an exploration of guidelines for improving fatigue strength. In this study, vacuum carburizing and quenching were
performed on low carbon steel, and the plane bending fatigue strength was evaluated. Specimens were prepared
under different quenching temperature conditions after vacuum carburizing, and fatigue tests were conducted. The
results indicated that fatigue strength tends to increase as the prior y grain size becomes finer; however, when the
maximum grain size of the prior y was below 47 pym, the increase in fatigue strength was minimal. Observations of
fracture surfaces suggested that the transition of the fatigue failure initiation point from intergranular fracture to
transgranular fracture was a contributing factor. It was suggested that in vacuum carburized and quenched materials,
achieving a sufficiently fine prior y grain size can lead to a stable and high fatigue strength, as the initiation point of

fatigue failure shifts to intragranular fracture.
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Table 1 Chemical composition of steel (mass%)

Steel C Si Mn P S Others
J 0.14 0.25 0.35 0.005 0.004 Cr,B,Sb
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Fig.1 Specimen for plane bending fatigue test
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Fig. 2 Thermal history of vacuum-carburizing and quenching
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Fig.3 Optical microstructures of austenite grains after
carburized and quenched at each temperature
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Fig.4 Relation between austenite grain size and quenching
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Table 2 List of quenching condition, hardness and residual

stress
Steel No. JA JB JC JD JE
Quench temp. ("C) 820 850 870 920 1030
Case hardness
(HV200 g) 769 773 834 797 768
Core hardness
(HV200 g) 240 242 270 368 384
Effective case
depth (mm) 0.35 0.40 0.35 0.40 0.40
Residualstress - _ 35, 595 _336 —358 —437
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Fig.5 S-N curves of plane bending fatigue test
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Fig. 6 Fractographs of crack initiation sites of fatigue fractured
specimens
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Fig. 7 Cross sectional micrograph of fatigue specimen (JE)
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(a) Intergranular fatigue fracture
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Fig. 8 Effect of grain size on intergranular fatigue fracture
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Fig.9 Relation between fatigue strength and prior austenite
grain size
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