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Fig.2 Dimensions of the specimens: (a) in-situ tensile specimen; (b) room-temperature tensile specimen; (c) high-cycle fatigue specimen
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Fig.3 Microstructures of TC4-AN (a—b) and TC4-STA (c—d) alloys
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Fig.4 Engineering stress-engineering strain curves of TC4 alloy
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Table 1 Mechanical properties of TC4 alloy

Ultimate tensile

Sample  Yield strength/MPa strength/MPa Elongation/%
As-rolled 1069 1098 10.4
TC4-AN 983 1040 11.2
TC4-STA 962 1029 18.2
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Fig.5 Tensile fracture morphologies of TC4 alloys
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Fig.6 In-situ tensile stress-strain curves of TC4 alloy: (a) TC4-AN and (b)TC4-STA
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Fig.7 Microstructures of TC4 alloy during in-situ tensile testing at different stages in Fig.6
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Fig.8 TEM microstructures of TC4-AN (a—d) and TC4-STA (e—f) alloys after room-temperature tensile testing: (a) dislocation distribution within

the a phase and at the o/ interface; (b) dislocation distribution at the o/ interface; (c) dislocation distribution in the lamellar o phase; (d) TEM

image and SAED pattern of equiaxed a phase; (e) dislocation types of equiaxed « phase; (f) dislocation distribution at the & /f interface
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Fig.9 S-N curves of TC4 alloy under high-cycle fatigue
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Fig.10 High-cycle fatigue fracture surface morphologies of the TC4 alloy
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Effect of Microstructure on Tensile Properties and High-Cycle Fatigue Behavior of a Low-
Cost Ti-6A1-4V Alloy

He Songzhi', Wei Guohuan', Yuan Wenzhi', Huang Meilin', Li Yushan', Zhao Qinyang',
Zhang Yong', Zhang Qifei’, Liang Gaofei’, Chu Shuangjie™
(1. Chang’an University, Xi’an 710064, China)
(2. Baowu Special Metallurgy Co., Ltd, Shanghai 200940, China)
(3. Baoshan Iron & Steel Co., Ltd, Shanghai 201900, China)

Abstract: A low-cost Ti-6Al-4V (TC4) alloy fabricated by remelting TC4 scrap using electron beam cold hearth melting (EBCHM) combined
with a short-process hot-rolling route was investigated. Two heat treatment conditions, namely stress-relief annealing and solution treatment
followed by aging were adopted to study the influence of microstructure on the tensile properties and high-cycle fatigue (HCF) performance of the
alloy. The results indicate that the stress-relieved alloy exhibits a typical basketweave a+/f lamellar microstructure. After solution treatment and
aging, the microstructure transforms into a heterogeneous structure consisting of coarsened a lamellae, equiaxed a grains, and transformed f.
Compared with the annealed condition, the solution-aged alloy shows a significant improvement in ductility while maintaining relatively high
strength, leading to a favorable strength-ductility synergy. This enhancement is primarily attributed to the cooperative deformation of coarsened a
lamellae and equiaxed a grains, which effectively accommodate dislocation slip and promote the activation of higher-order slip systems, thereby
improving the plastic deformation capability of the alloy. High-cycle fatigue tests reveal that the annealed alloy exhibits a higher fatigue strength.
This behavior is associated with the basketweave lamellar microstructure, which facilitates crack deflection and prolongs the fatigue crack
propagation path, thereby improving resistance to fatigue crack growth.

Key words: low-cost titanium alloy; microstructural evolution; tensile deformation behavior; high-cycle fatigue; deformation mechanism
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