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Table 1 Mechanical Properties of TC4 titanium alloy

Thickness/ Tensile strength/  Yield strength/ Elongation/
mm MPa MPa %
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Fig. 1 Schematic diagram of welding process
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Fig. 2 Schematic diagram of tensile specimen (Unit: mm)
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Fig. 3 Surface morphologies of joints under different rotating
speeds: (a) 200 r/min; (b) 150 r/min; (c) 120 r/min; (d) 100

r/min
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Fig. 4 EDS spectrum of blue materials marked in Fig. 3(a)
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Fig. 5 Morphologies of cross sections at different rotating
speeds: (a) 200 r/min; (b) 150 r/min; (¢) 120 r/min; (d) 100

r/min
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Fig. 7 Microstructures of BM and SAZ at different rotating
speeds: (a) BM; (b) SAZ, 200 r/min; (¢) SAZ, 100 r/min
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Fig. 8 Tensile properties of FSW joints at different rotating
speeds
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Fig. 9 Fracture locations and morphologies of FSW joints
under different rotating speeds: (a) 120 r/min; (b) 100 r/min
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Formation and tensile properties of friction stir welded
TC4 titanium alloy joint below f-phase transus temperature

WANG Yue', JI Shu-de', LI Zheng-wei', CHAI Peng’

(1. Faculty of Aerospace Engineering, Shenyang Aerospace University, Shenyang 110136, China;
2. School of Mechanical Engineering and Automation, Beihang University, Beijing 100191, China)

Abstract: TC4 titanium alloy with thickness of 2.5 mm was friction stir welded using W-Re rotational tool with shoulder
diameter of 15 mm. The formation, microstructure and tensile property of FSW joint were mainly discussed. The results
show that nugget zone (NZ) of cross section presents typical bowl-like shape. When rotating speed is lower than 200
r/min, the peak temperature during welding is below f-phase transus temperature. The tearing defect often appears in pin
affected zone of NZ, which results from the welding tensile stress during welding. Decreasing the rotating speed is
beneficial to reduce and even eliminate the tearing defect. The defect-free FSW joint attained below S-phase transus
temperature owns high tensile strength, which is almost equal to that of base metal. The fracture surface is composed of
plenty dimples, presenting the typical ductile fracture.

Key words: TC4 titanium alloy; friction stir welding; tensile strength; tearing defect; phase transus temperature
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