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Research on dynamic behavior of molten pool in adaptive laser welding of
TC4 titanium alloy with unequal gap structure

MA Chao, ZHAO Yanqiu, KANG Xufeng, ZHAN Xiaohong

(College of Materials Science and Technology, Nanjing University of Aeronautics and Astronautics, Nanjing, 210016, China)
Abstract: To address the problem of uneven pre-welding assembly gaps widely existing in the laser welding process of complex
thin-walled aviation components, adaptive laser welding experiments were conducted on 1.2 mm thick TC4 titanium alloy plates
with unequal gaps. A three-dimensional transient thermal-fluid coupling model of the welding process was established to analyze
the influence of different welding gaps on the dynamic behavior of the molten pool. The results indicate that to balance welding
quality with the linearly increasing weld gap, the laser energy density shows a gradually decreasing trend while matching the
corresponding laser spot radius. As the welding gap increases, and the laser energy density decreases, the surface tension and recoil
pressure acting on the inner wall of the keyhole decrease significantly, making it difficult to maintain the high-temperature and high-
speed Marangoni circulation required for a long conical molten pool. The fluid velocity at the keyhole tip decreases markedly, and
the keyhole shape transforms from a long conical shape to a flat gyroscope-like shape, which fails to exert a strong impact on the
molten pool bottom. Consequently, the vortex at the molten pool bottom disappears, and the weld profile transitions from an X-

shape at the initial section to a Y-shape at the final section.
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Highlights: (1) Effective joining of TC4 structures with unequal gaps was successfully achieved by adaptive laser welding.

(2) Significant differences in keyhole morphology and molten pool flow patterns under unequal gap conditions were

elucidated.
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Table 2 Experimental parameters of laser mirror welding
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Fig. 2 Mesh model for unequal gap laser welding of TC4 titanium alloy. (a) overall grid model of the computational
domain; (b) schematic diagram of the computational domain size
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Fig. 3 Verification results of heat-fluid coupling model for unequal gap laser welding of TC4 titanium alloy. (a) initial
segment (gap = 0.02 mm) X-shaped weld and verification results; (b) terminal segment (gap = 0.20 mm) Y-

shaped weld and verification results
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Fig.4 Temperature field and flow field distribution
results of X-shaped molten pool cross-section.
(a) temperature field of X-shaped molten pool; (b)
flow field of X-shaped molten pool
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Fig. 5 Temperature field and flow field distribution
results of Y-shaped molten pool cross-section.
(a) temperature field of Y-shaped molten pool; (b)
flow field of Y-shaped molten pool
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Fig. 8 X-shaped molten pool keyhole morphology and
flow field distribution with unequal gaps laser
welding. (a) keyhole morphology of X-shaped
molten pool in the initial segment; (b) flow field
distribution of X-shaped molten pool in the initial
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Fig. 9 Y-shaped molten pool keyhole morphology and
flow field distribution with unequal gaps laser
welding. (a) keyhole morphology of Y-shaped
molten pool in the terminal segment; (b) flow field
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Fig. 11 Influence law of X-shaped weld melt pool flow
behavior on weld profile. (a) schematic diagram
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Fig. 12 Influence law of Y-shaped weld melt pool flow
behavior on weld profile. (a) schematic diagram
of dynamic changes in the flow behavior of the
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