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ABSTRACT  Since ultrasonic fatigue test has been used to study the very high cycle fatigue
(107102 cyc), the difference between ultrasonic and conventional fatigue test methods should be
evaluated in order to ensure the validity of ultrasonic fatigue result. By comparing some results of
other researchers, it is found that the frequency effect is negligible, and the loading condition is the
main reason for the difference. A comparison of the fatigue strengths of the 54SiCr6 high strength
spring steel under three kinds of cyclic loading conditions, rotating bending (RB), tension compression
(TC) and ultrasonic (UL), was reported. The results reveal that the three kinds of fatigue specimens
display different fracture features, and the fatigue strength of RB is the highest, TC is the lowest,
and UL is somewhere in between. The difference in the fatigue strengths is mainly attributed to the
distinctions of stress gradient and the size of specimens. By taking highly stressed cross—section area
(HSCA) into consideration, a relationship of the fatigue strength and loading condition was proposed,
and the two constants ojim,0 and az4 in the equation of HSCA are mainly dependent on material
strength and inclusion size, respectively. A relationship of fatigue strengths between RB and TC is
also discussed specifically.
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Fig.1 Dimensions of the samples used in fatigue tests of
rotating bending (RB) (a), ultrasonic (UL) (b) and

tension compression (TC) (c)
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Table 1 Mechanical properties of commercial 54SiCr6 spring

steel
s o 1) HV o_1, MPa
MPa MPa % GPa RB UL TC

1628 1882 10.6 5.26 843 741,766 663

Note: 1) 741 is the fatigue strength for 109cyc and the oth-
ers for107cyc
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Fig.2 S-N curves of the fatigue specimens tested in RB (a),
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Fig.3 Fractographs of the specimens in UL fatigue test

Fig.4 Macro (a) and micro (b) fractographs of the spec-
imen in TC fatigue test under 675 MPa and 4.5x
109 cyc, crack initiated at the surface of specimen
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sion, 750 MPa, 6.469x108 cyc 10% cyc, crack initiated at the surface of specimen
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Fig.6 Stress distribution and schematic of highly stressed

volume for cylindrical specimen in RB fatigue test
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Fig.7 Dependences of the fatigue strength on the highly
stressed cross—section area Ag.g5 for the four steels
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inclusion size, the average inclusion sizes of D60,
H60, A60 are 44, 28.6 and 15.4 um, respectively(23]
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Table 2 Heat treatment procedure and the corresponding mechanical properties of 60Si2CrVA high strength steel

[23,24]

Specimen Heat treatment procedure op, MPa o_1, MPa
RB UL
D60 850 ‘C/30 min+0.Q.+410 C/90 min+A.C. 1930 735 598
H60 925 ‘C /30 min+0.Q.+410 C/90 min+A.C. 1955 835 688
A60 900 ‘C/30 min+0.Q.+410 C/90 min+A.C. 1960 915 763
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