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Research on Microstructure and Properties of TC4 Titanium Alloy by TIG
Welding for Bogie
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Abstract The complex welding structure of the high—speed rail bogie and the demand for high strength and
lightweight, the TC4 titanium alloy with high specific strength and good weldability was selected. Using the non—
melting tungsten inert gas (TIG) arc welding process, welding experiments for butt joints and T—joints were
conducted on TC4 titanium alloy plates with a thickness of 14 mm. The results indicate that both types of joint welds
demonstrate favorable formation. The microstructure in the nugget zone comprises columnar crystals and elongated
acicular martensite o’ phase, whereas the heat—affected zone consists of @’ phase and (a+f) phase, and the base
metal zone is composed of (a+B) dual-phase. Transmission electron microscopy (TEM) observations of the nugget
zone in the butt joint reveal straight, strip—like a’ phase formations along with high—density dislocations. In
contrast, the dislocation density in the heat—affected zone is notably reduced, and dislocation walls are observed
within the a phase grain boundaries in the base metal zone. The average tensile strength and average elongation after
fracture of the butt joint welding specimens are 981 MPa and 5. 5% respectively, both of which are lower than those
of the base metal. The impact energy of the weldment at —40 °C is 19. 51 J, also significantly lower than that of the
base metal. Regarding hardness distribution, the hardness of the butt joint exhibits a high—low=high trend from the
weld center to the base metal, with the hardness value in the weld zone exceeding that of the base metal. For the T—
joint, hardness decreases from the weld center to the base metal, with the nugget zone displaying the highest
hardness.
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Fig. 3 Microhardness location of butt weld joint
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Fig. 4  Microhardness location of T-weld joint
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Fig. 6 Macro morphology of T-weld surface
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Fig. 9 Metallographic structure of butt weld joint
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Fig. 11 Microstructure of the weld nugget zone in butt weld
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Fig. 12 Microstructure of the heat-affected zone in butt weld
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Fig. 13 Microstructure of the Base metal in butt weld
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Fig. 14  Microhardness distribution of butt weld joint
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Fig. 15 Microhardness distribution of T-weld joint
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Fig. 16 Impact fracture morphology
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