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Gigacycle Fatigue Properties of Modified-ausformed V-added Steels

Hisashi HIRUKAWA, Yoshiyuki FURUYA and Saburo MATSUOKA

Synopsis : This report reveals gigacycle fatigue properties for a modified-ausformed V-added steel with the chemical composition of 0.3C-0.3Si-1.0Cr—

0.7M0-0.3V in mass%. Modified-ausformed and oil-quenched steels were prepared for fatigue tests, followed by tempering at 400°C and
600°C. The tensile strengths of the 600°C tempered steels were almost equal to those of the 400°C tempered versions because of secondary
hardening due to fine precipitation of vanadium carbides. The fatigue properties of the 600°C tempered steels oil-quenched steel (QT600)
showed little difference from the 400°C tempered version (QT400) in spite of the fine precipitation of vanadium carbides. The modified-aus-
formed steels (AF400 and AF600) revealed higher fatigue limits at 5X10° cycles than the oil-quenched versions (QT400 and QT600), al-
though the difference between AF400 and AF600 was small. The remarkable difference between AF400 and AF600 was fatigue strengths at
around 10° cycles, i.e. the fatigue strength of AF600 at those cycles was higher than that of AF400. Based on the above results, the effect of
the fine precipitation of vanadium carbides was small on the gigacycle fatigue properties, while modified-ausforming could improve those
properties. On the other hand, the multiple effects of the fine precipitation and modified-ausforming was large on the fatigue strength at

around 10° cycles.

Key words : gigacycle-fatigue; V-added steel; modified-ausforming; fine vanadium carbide; fish-eye fracture.
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Table 1. Chemical composition.

Element (mass%o)
Mn P S Cr Mo V
0.30 030 031 0.01 0.003 1.00 0.70 0.35

Material C Si
V-added steel
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Fig. 1. Change in Vickers hardness with tempering tem-
perature for V-added steels.

Table 2. Heat treatment conditions.

Material Quenching Tempering

AF600 Modified-ausforming

920°C for 45 min, oil-cool

600°C for 90 min, water-cool
QT600

AF400
QT400

Modified-ausforming

920°C for 45 min, oil-cool

400°C for 90 min, water-cool
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Fig. 2. Modified-ausforming condition.
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Fig. 3. Dimensions of specimens for fatigue tests.
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Table 3. Mechanical properties.

0.2% proof | Tensile . | Reduction] Vuckers
i Elongation
Material stress strength of area | hardness
G (MPa) | 05 (MPa) | (%) v (%) HV
AF600 1432 1501 14 63 482
QT600 1332 1446 13 64 464
AF400 1530 1611 10 63 486
QT400 1434 1594 9 65 491

(a) QT600

(b) AF600

Fig. 4. Microstructure of nital eched surface.
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Fig. 5. Prior austenite grain boundary structure.
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Fig. 6. S—N curves of QT600 and QT400.
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Fig. 7. S-N curves of QT400 and AF400.
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Fig. 8. S—N curves of AF600 and AF400.
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(a) QT600

(c) AF600

(d) AF400

Fig. 9. Typical FE-SEM fractographs of fish-eye. (a) is QT600 broken at 3.1x10° cycles at 610 MPa in an ultrasonic test. (b) was

QT400 broken at 5.8 107 cycles at 730 MPa in an ultrasonic test.

(c) was AF600 broken at 6.1X10° cycles at 850 MPa in

an ultrasonic test. (d) was AF400 broken at 1.6X107 cycles at 850 MPa in a servo-hydraulic test.

(a) QT600

(b) AF600

Fig. 10. Typical OM fractographs of fish-eye. (a) is QT600 broken at 3.1X10° cycles at 610 MPa in an ultrasonic test. (b) was
AF600 broken at 6.1X10® cycles at 850 MPa in an ultrasonic test.
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Table 4. Summary of fatigue tests results.

Fatigue strength at 107 |F atigue strength at 5 10°
Materials cycles cycles
o, MPa)l 0, /0|0, MPa)l 0, /0%
AF600 970 0.65 820 0.55
QT600 800 0.55 600 0.42
AF400 800 0.50 800 0.50
QT400 740 0.46 620 0.39
0.8
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Fig. 11. Modified S-N curves in which stress amplitudes
are normalized with tensile stress. FDS mean
NIMS fatigue data sheets.'”
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Rohi-,
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