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Failure Behavior of Ultra-high Cycle Fatigue of
a 2 000 MPa Grade High Strength Steel
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Abstract The failure behavior of ultra-high cycle fatigue of a 2 000 MPa grade high strength steel (0.45C, 2.08i,
0.9Cr, 0.001S, 0.005P, 0.026Al, 0.001 50, 0.002 8N) melted by 500 kg vacuum induction furnace + electro-slag
remelting has been studied by USF-2000 ultrasonic fatigue test machine with resonant frequency 20 kHz, load ratio R =
-1, resonant gap 150 ms. Results found that the fatigue crack originated mostly from non-metallic inclusions ( inclusion
average size 12. 3 pm) ; with increasing inclusion size both fatigue strength and fatigue life of steel decreased; fatigue fail-
ure area caused by inner inclusion presented fish-eye shape; and with decreasing the stress intensity factor range AK, at
fatigue crack originated site of inclusion, the fatigue life N; of steel increased.
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Fig.1 Dimension of specimen for ultra-high cycle fatigue test
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Fig.2 Stress number (S-N) curve of ultrasonic fatigue of test
steel
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Table 1 Statistieal results of inclusion number and size in
field of fatigue crack origination site
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Fig.3 Inclusiop at fatigue crack origination site in test steel (a) , fish-eye type failure caused by inclusion (b), rough granular bright
facet around inclusion (c), and energy spectrum of typical inclusion (d), SEM, o, =825 MPa,N, =7.98 x 10’
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Fig.4 Size and distribution of inclusions at ultrasonic fatigue
failure crack site of test steel
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Fig.5 Relationship between stress intensity factor range AK,,
at inclusion of fatigue fracture origination and fatigue life N, of
test steel
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