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Table 1 Chemical composition of TC4 titanium alloy and ERTC4 welding wire (wt%)

Material Al C N H \% Fe Ti
TC4 6.12 0.08 0.02 0.01 4.11 <0.25 Bal.
ERTC4 5.5-6.5 <0.08 <0.05 <0.015 3.54.5 <0.30 Bal.

R2 TCASKAE M NFIERE
Table 2 Mechanical properties of TC4 titanium alloy

Material Tensile strength/MPa

Yield strength/MPa Elongation/%

TC4 950

875 11
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Fig.3 Marco-morphology of transverse welded joints
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Fig.4 Thermal cycle curve of middle layer
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Fig.6 IPF maps of weld with different thermal cycles: (a) 0-TC; (b) 1-TC; (¢) 2-TC; (d) 3-TC
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Fig.7 Phase maps of weld with different thermal cycles: (a) 0-TC; (b) 1-TC; (c) 2-TC; (d) 3-TC
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Fig.9 Hardness distributions of narrow-gap welded joint at different positions: (a) cap layer; (b) middle layer; (c) root layer; (d) thickness direction
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Effect of Thermal Cycling on Microstructure and Properties of TC4 Titanium Alloy
Narrow-Gap Welded Joints

Sun Qi'"?, Sun Qingjie"?, Huang Wenhua’, Hou Shaojun’, Liu Yibo'"?
(1. State Key Laboratory of Precision Welding & Joining of Materials and Structures, Harbin Institute of Technology, Harbin 150001, China)
(2. Shandong Provincial Key Laboratory of Special Welding Technology, Harbin Institute of Technology (Weihai), Weihai 264209, China)

Abstract: Thermal cycling has a significant impact on the microstructure and properties of narrow-gap welded joints in titanium alloy thick
plates. In this study, a 60 mm-thick TC4 titanium alloy welded joint was fabricated using oscillating-wire magnetic-controlled arc narrow-gap
welding technique. The evolution of the microstructure (a phase, £ phase, and grain boundary o), as well as changes in microhardness and its
tensile properties under typical thermal cycling conditions were investigated through numerical simulation. The results show that high-temperature
thermal cycling induces a complete a— f transformation, promoting the preferential growth of the a phase and forming coarse and uniformly-
oriented a colonies. In contrast, subsequent low-temperature thermal cycling causes an incomplete a—>f transformation, where lower cooling rate
and temperature gradient weaken the preferential orientation, leading to the refinement of lamellar a phase. After the entire thermal cycling
process, the thickness of lamellar o phase increases from 0.91+0.09 pm to 1.02+0.18 um, and the proportion of residual § phase increases from
0.02% to 1.89%. The weld root layer exhibits the highest microhardness, attributed to grain refinement strengthening. The root layer also
demonstrates the highest tensile strength, while the cap layer shows the highest elongation. The joints exhibit ductile fracture behavior overall.

Key words: narrow-gap welding technique; TC4 titanium alloy; thermal cycling; microstructure; mechanical property
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