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Table 1  Chemical composition of TC4 titanium alloy (ω/%) 

Al V Fe O C N Ti 

5.65 4.08 0.30 0.19 0.08 0.05 Bal. 

 

 

 

 

 

 

 

 

 

 

Ì 1  TC4OPQEÍÎÏÐ 

Fig.1  Microstructure of TC4 titanium alloy 
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Table 2  Mechanical properties parameters of TC4 titanium 

alloy 

Elastic 

modulus/ 

GPa 

Poisson 

ratio 

Density/ 

kg·m

-3

 

Tensile 

strength/ 

MPa 

Yield 

strength/ 

MPa 

116 0.31 4379 971.6 893.4 

 

 

 

 

Ì 2  IJUoEÑÒ 

Fig.2  Dimension of fatigue specimens 
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Ì 3  R	STFÓIJUVÃÔ 

Fig.3  Three point bending ultrasonic fatigue system 
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Ì 4  ×-fghD TC4OPQE S-NTs 

Fig.4  S-N curves of TC4 alloy under different stress ratios 
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Ì 5  a�r���q|ØÙcÚÛÌ{��Ü{Ý�Ü{ÞqÜ 

Fig.5  Morphologies of surface crack initiation fracture: (a) overall image, (b) initiation site, (c) crack growth region, and (d) transient 
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Ì 6  àr�á��q|ØÙ 

Fig.6  Morphology of multiple crack source 
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Ì 7  ��r���q|ØÙcÚÛÌ{��Üâ"Ì{EDXÖãÌ 

Fig.7  Morphologies of internal crack initiation fracture: (a) over-all image, (b) magnified morphology of initiation site, and (c) EDX 
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Fig.9  Temperature analysis diagram by infrared camera 
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Fig.10  Temperature evolutions: (a) at HCF regime and 

(b) at VHCF regime 
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Fig.11  Temperature distribution on the horizontal line (a) and 

the vertical line (b) 
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Fig.12  Stress distribution pattern: (a) the normal stress and 

(b) the shearing stress 
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Very-High-Cycle-Fatigue Properties of TC4 Titanium Alloy 

Under Three-point Bending 
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Abstract: Aiming at the very-high-cycle-fatigue (VHCF) of aeroengine compressor blades under complex loading, three-point bending 

ultrasonic fatigue tests of TC4 titanium alloy under stress ratio R of 0.3 and 0.5 were performed, and failure mechanisms of VHCF under 

three-point bending was also investigated. Test results show that when the number of cycles exceeds 10

7

 cycles, specimens under the two stress 

ratios R of 0.3, 0.5 fail and S-N curves present a bilinear characteristic. SEM analysis indicates that the crack initiation sites are transferred 

from the surface to the sub-surface with the decrease of the maximum stress. Fatigue crack initiations are results of competition between 

surface slip and internal cleavage fracture. Then a model based on fatigue life was proposed to describe the competition between the two 

mechanisms, which is in agreement with the experimental results. The temperature of the specimen surface was monitored by an infrared 

camera. Its change can be divided into four stages in the high-cycle-fatigue (HCF) regime: steady rising, steady decreasing, fast rising and fast 

decreasing. While it can be divided into three stages in the VHCF regime: steady rising, fast rising and fast decreasing. Finally, the 

characteristics of heat production and transfer were described, and the correlation between temperature and stress distribution was analyzed.  

Key words: TC4 titanium alloys; VHCF; three point bending; S-N curve; infrared thermography technology 
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