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Abstract: The effects of Al, V, O, and Fe elements content on the low cycle fatigue (LCF) and high cycle fatigue

(HCF) lives of TC4 titanium alloy were investigated. The LCF and HCF lives of TC4 titanium alloy were predicted by

using machine learning models. The results indicate that Al and V contents have minimal effect on LCF life, and Fe

content positively influences the fatigue life of TC4 titanium alloy. The effect of O content on fatigue life of TC4

titanium alloy is significant. For the strain-controlled low cycle fatigue, the fatigue life of TC4 titanium alloy increases

and then decreases with increasing O content. For stress-controlled high cycle fatigue (0,,,,<700 MPa), the fatigue life

of TC4 titanium alloy significantly increases with increasing O content. Finally, element content, loading mode and

loading condition were considered as input variables of machine learning model to predict the fatigue life of TC4

titanium alloy. The predicted life is non-conservative based on generalized regression neural network, while the

support vector machine regression shows the highest prediction accuracy. This study provides experimental and
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theoretical bases for the material design and performance
optimization of TC4 titanium alloy.
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Table 1 Element contents of TC4 titanium alloy

No. Chemical composition Element
SF-1 5.00A1-4.14V-0.051Fe-0.1100 Al
SF-2 6.85A1-4.31V-0.055Fe-0.1090 Al
SE-3 5.73A1-4.24V-0.050Fe-0.1150 Al
SF-4 4.58A1-4.19V-0.051Fe-0.1160 Al
SF-5 6.06A1-3.69V-0.061Fe-0.1710 A%
SF-6 6.00A1-4.66V-0.065Fe-0.1680 A%
SE-7 6.15A1-4.30V-0.052Fe-0.1880 Fe
SF-8 6.09A1-4.26V-0.155Fe-0.1740 Fe
SF-9 6.12A1-4.24V-0.330Fe-0.1700 Fe
SF-10 6.13A1-4.09V-0.073Fe-0.0740 o
SF-11 6.12A1-4.11V-0.077Fe-0.1380 o
SF-12 5.93A1-3.98V-0.066F¢-0.1850 o
SF-13 5.94A1-4.00V-0.064Fe-0.2400 (¢
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Fig.2 Effect of Al content on fatigue life of TC4 titanium alloy: (a, b) low cycle life; (c, d) high cycle life
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Fig.6 Fatigue life distribution of TC4 titanium alloy with different element contents: (a, b) low cycle life; (c, d) high cycle life
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