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Fig.1 Schematic diagram of ultrasonic fatigue test system
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Fig.3 Tensile stress-strain curve of Ti-6Al-4V
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Table 1 Chemical composition of Ti-6Al-4V (w/%)

Al Cr \% C O Ti

45~55 35~45 35~45 <0.05 0.08~0.13 Bal.
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Fig.4 Size of the specimen tested at 20 Hz (a) and 20 kHz (b)
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Fig.5 S-N data of Ti-6Al-4V
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Fig.6 SEM morphologies of specimen tested at 20 Hz (588 186 cycles): (a) crack initiation area, (b) quasi-cleavage fracture,

and (c) crack propagation region
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Fig.7 SEM morphologies of specimen tested at 20 kHz (1.306=10° cycles): (a) crack initiation area, (b) characteristics

of crack initiation area, and (c) fatigue striation
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Table 2 Evaluated value of g, o, @, #, b, r for log-normal and 3P-Weibull distribution

Normal distribution

3P-Weibull distribution
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u o r a B b r
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Very-High-Cycle Fatigue Behavior of Ti-6Al-4V and Analysis of Reliability Life

Jiao Shengbo®, Cheng Li*, Chen Xuan®, Gao Chao?, Feng Yu', Chen Jiao?, Lu Kaiju'
(1. Aeronautic and Astronautic Engineering Institute, Air Force Engineering University, Xi’an 710038, China)

(2. Beijing Aeronautical Technology Research Center, Beijing 100000, China)

Abstract: The very-high-cycle fatigue test and fatigue reliability life for Ti-6Al-4V were investigated based on the self-built ultrasonic
fatigue test system and MTS fatigue system at both 20 Hz and 20 kHz. Fracture morphology of the specimen was analyzed with scanning
electron microscopy. The distribution of fatigue life was determined. Single side allowance factor was proposed to calculate the reliability
fatigue life with both reliability and confidence level. The results indicate that fatigue life continuously increases with the decrease of the
stress amplitude and there is no fatigue limit in the very high cycle regime. The specimens fracture initiates from defects at specimen
surface at short fatigue life region and the location of crack initiation tends to subsurface with the fatigue life increases. The specimen
fracture surface tested at 20 kHz is smoother than that of 20 Hz and dark rough areas are observed around the dark facet. The fatigue data
tested at different frequencies corresponds with each other which imply that distinct frequency effect is not found on the ultra-high fatigue
properties of Ti-6Al-4V. Reliability fatigue life decreases more when the reliability increases than when confidence level does to the same
degree. A new fatigue model (p-y-S-N curve) is also established to predict the reliability fatigue life.

Key words: very-high-cycle fatigue; Ti-6Al-4V; frequency effect; Weibull distribution; reliability life; p-y-S-N curve
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