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Abstract: This study investigates the effects of different laser oscillation parameters on the forming quality and microstruc-
tural properties of rail transit titanium alloy fabricated by laser-arc hybrid additive manufacturing. The results indicate that
oscillating laser can induce arc stabilization, thereby enhancing process stability during deposition. When employing a small
oscillation amplitude of 0.5 mm, superior formation quality was achieved, whereas non-oscillated laser resulted in signifi-
cant surface undulations and a 1 mm amplitude caused increased wall roughness. At the optimal 0.5 mm amplitude, typical
nail-shaped molten pool penetration was formed, which effectively refined grain size. In contrast, nearly horizontal fusion

lines with continuous vertical grain growth were observed under non-oscillation and excessive amplitude conditions, leading
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to coarse grain structures. The 0.5 mm amplitude demonstrated the most significant grain refinement effect, contributing to

optimal tensile properties with the specimen achieving a tensile strength of 949.07 MPa.
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Tablel Contents of main alloy elements in TC4 base metal and wire
(wt. %)

M Al \ Fe 0 C N H Ti

W#r 611 410 0.2 0.155 0.012 0.012 0.0014 Bal
s 601 413 009 0.080 0.030 0010 0.0011 Bal
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Table 2 Main physical properties parameters of TC4 titanium alloy
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Fig. 1 Additive system used for the experiment
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Fig.2 Schematic diagram of the welding process
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Fig. 4 Tensile properties test specimens
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Fig. 5 CMT additive TC4 forming under different currents
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Fig. 6 Laser-CMT hybrid additive manufacturing of TC4 with differ-
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Fig. 8 Cross-section morphology of TC4 in Laser-CMT hybrid

additive manufacturing with different oscillation amplitudes
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Fig. 10 Effect of oscillating laser on arc and melt pool behavior
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Fig. 13 Topography of thin-walled cross-sections with different laser
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