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Table 1  Three processing methods for TC17 alloy 

Processing 

Forging 

Temperature/ 

° 

Heat treatment 

α+β forging 865 

850 °/2 h/AC+800 °/ 

4 h/WQ+630 °/8 h/AC 

β forging 930 800 °/4 h/WQ+630 °/8 h/AC

Secondary forging 930+860 800 °/4 h/WQ+630 °/8 h/AC
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Fig.1  Typical microstructures of TC17 alloy: (a, b) equiaxed structure produced by α+β forging, (c, d) basket-waved structure produced 

by β forging, and (e, f) globularized structure produced by secondary forging 
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Fig.2  Crack growth resistance for TC17 alloy with three typical 

microstructures: (a) a-N relationship and (b) da/dN-∆K 

relationship 
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Fig.3  Crack path (a) and macro fracture surface (b) in the three 

microstructures  
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Fig.4  Typical facture morphologies in three microstructures: (a, b) equiaxed structure, (c, d) basket-waved structure, 

and (e, f) globularized structure 
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Table 2  Critical crack length and propagation life for TC17 

alloy with three different microstructures 
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Fig.6  ∆σ-N relationship for TC17 alloy 
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Fatigue Crack Growth of TC17 Titanium Alloy with Three Microstructures 

 

Zhang Saifei, Zeng Weidong, Long Yu, Li Xin, Xu Jianwei 

(State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China) 

 

Abstract: Three typical microstructures for TC17 titanium alloy, i.e. equiaxed microstructure, basket-waved microstructure and 

globularized microstructure, were obtained by conventional forging, β forging and “secondary forging”, respectively, and the fatigue crack 

growth rates of TC17 samples with the three microstructures were tested in order to evaluate the influence of different microstructures. 

The results reveal a significant dependence of microstructure on fatigue crack growth rate for this material. Basket-waved microstructure 

has an excellent fatigue crack growth resistance, followed by globularized microstructure, while the equiaxed microstructure shows the 

poorest propagation resistance. Fracture analysis shows that fatigue crack growth resistance is closely related to the crack deflection and 

bifurcation. On the basis of fracture mechanics, prediction models for fatigue crack growth life based on Paris equation were developed for 

the three different microstructures. The models suggest that the propagation life for the large crack in the three microstructure accounts for 

only a very small proportion of the total fatigue life, hence the control of crack initiation is more important. Superior propagation 

resistance means a longer critical crack length, which is easily testable in practice.  

Key words: TC17 titanium alloy; fatigue crack growth; equiaxed microstructure; basket-waved microstructure; globularized microstructure 
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