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Fig.1 Lamellar microstructure of Ti-55531 alloy
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Fig.2 Tensile stress-strain curve (a) and torsion shear stress

(torque)-shear strain (twist angles) curve (b) for lamellar

microstructure Ti-55531 alloy at room temperature
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Fig.3 TEM of microstructure characteristics under tensile deformation: (a) deformation twinning in secondary « (as), (b) TEM diffraction

pattern of deformation twinning, (c) fracture of as, (d) nano-craps of as, (€) “Z”-pattern of deformed «s, and (f) shear slip bands of

long as
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Fig.4 TEM of microstructure characteristics under torsion deformation: (a) “Z”-pattern of deformed as, (b) fracture of as, (c) nano scale-

craps of as, and (d) globularization of as by shear
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Fig.5 Fractographs of tension and torsion deformation: (a) low magnification of tension specimen, (b) low magnification of torsion

specimen, (c) center zone of tension specimen, (d) fracture zone of torsion specimen, (e) shear dimple of tension, and (f) shear

cracks of torsion
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Fig.6 Secondary crack characteristics of tension specimen: (a) cracks parallel to the primary crack, (b) shear deformed zone at the

crack-tip, and (c) crack initiation at triple-grain boundaries
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Fig.7 Secondary cracks of torsion specimen: (a) cracks parallel to the primary crack, (b) crack initiation inside grains, and (c) shear

deformed zone at the crack-tip
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Tensile and Torsion Fracture Failure Behaviors of Ti-55531 Alloy with
Lamellar Structure

Huang Chaowen®?, Zhao Yongging?, Xin Shewei®, Ge Peng?, Zhou Wei? Li Qian? Zeng Weidong®
(1. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China)
(2. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: Deformation and fracture behaviors of Ti-55531 alloy with lamellar microstructure (LM Ti-55531 alloy) were investigated
during tensile and torsion tests at room temperature by transmission electron microscopy and scanning electron microscopy. Results
indicate that loading modes have a significant influence on deformation and fracture mechanisms of LM Ti-55531 alloy. First of all,
deformation mechanism of tensile tests is a mixed mode which combines dislocation slip, twinning of secondary as phase and shear, while
deformation of torsion tests is controlled predominantly by dislocation slips and shear. Secondly, fractographs of tensile and torsion tested
specimens possess different morphologies. Fractographs of tensile specimens are cliffier than those of torsion specimens. The tensile
sample shows a ductile failure, including microvoid coalescence, cleavage and inter-granular fracture mechanisms. The fracture of the
torsion specimen is still a mixed mode type but with more shear dimples. No matter under tensile or torsion loading, the failure of LM
Ti-55531 alloy is controlled by the highest shear stress. And the shear stress has much more effect on the failure of LM Ti-55531 alloy
than the normal stress.
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