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Microstructure and Properties of 20 mm Thick TC4ELI Titanium Alloy
Welded Joint by Dual-torch Laser—-MIG Hybrid Welding
SUN Chongfeng!, LIU Jia, SUN Erju!, CHEN Liyang!, YU Wei'? LEl Xiaowe, CUI Yongjie",
ZHANG Hao', WANG Weichao!, ZHANG Yalong', ZHANG Wei*

(1. Luoyang Ship Material Research Ingtitute, Luoyang 471023, China; 2. National Key Laboratory of Marine Corrosion and
Protection, Luoyang 471023, China)

Abstract: The dua-torch laser-MIG hybrid welding process of 20 mm thick TC4ELI titanium aloy plate was
investigated, and the welded joint of 20 mm thick TCA4ELI plate was fabricated. The microstructure, mechanical properties and
process performance of the welded joint were systematically studied. The results indicate that the dual-torch laser-M1G hybrid
welding can produce TC4ELI titanium alloy welded joint that meet the standard Grade | requirement. The microstructure of
the weld zone consists of needle-like martensitic o' phase, needle-like o phase, and a small amount of intergranular 8 phase. In
the upper heat-affected zone (HAZ), continuous, well-defined grain boundaries and Widmanstitten structures are observed.
The middle HAZ exhibits unclear grain boundaries, with refined microstructures; the B-phase transformation structures are
elongated to finer needle-like o phases, which aligns parallel to the 8 grain boundaries, forming o bundles. In the upper fusion
line, coarse o phases and stable basketweave structures are present, while in the middle fusion line, the needle-like o phases
exhibits a high aspect ratio, resulting in a narrower basketweave pattern. The average tensile strength of the joint in the upper
and middle regions is higher than that of the base material. The hardness of the weld zone in the backing layer and filler layer
is aso bigger than that of the base material and HAZ. The bending performance of the joint is qualified, and the overall
process performance is acceptable.

Key words: TC4ELI titanium alloy; laser-MI1G welding; mechanical properties; bending performance
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Tab.1 Chemical composition(wt%) and mechanical
properties of TC4ELI alloy

All|V|Fel C | O] H N |R./MPa|Ry/MPa|A(%)
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Fig.1 Welding process diagram
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Tab.2 Welding process parameters
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Fig.4 Macroscopic metallography of section of the joint
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Fig.5 Microstructure of the base metal
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Fig.6 Microstructure of HAZ around base metal of the joint
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Fig.7 Microstructure of HAZ around weld of the joint
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Fig.8 Microstructure of the fusion line zone of the joint
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Fig.9 Microstructure of weld center zone of the joint
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Tab.3 Transverse tensile properties of the joint
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Fig.10 Microhardness of upper region of the welded joint
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Tab.4 Impact absorption energy of different areas
of the welded joint(J)
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