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Influence of Ultrasonic Vibration on Melt Pool in Laser Melting
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Abstract The influences of ultrasonic field on temperature field, flow field and the melt pool morphology during
laser melting are studied through numerical simulation and experiment. A new three—dimensional mathematical
model describing the ultrasonic field and temperature field in the laser melting with ultrasonic vibration is
developed. The temperature field and flow field of the laser melt pool variation are analyzed systematically by the
finite volume method for coupled ultrasonic field and temperature field in laser melt pool simulation analysis. The
results show that the temperature of molten pool under the effect of ultrasonic field is slightly lower than that of
not applying ultrasonic field. The flow rate increases by 72%, but the effect of ultrasonic field does not change the
circulation tendency of Marangoni flow without ultrasonic. The width of melt pool increases by 0.5 mm and depth
reduces by 0.1 mm under the influence of ultrasonic field. It’'s verified that the numerical simulation results are
consistent with actual situation by laser melting experiment basically.
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Table 1 Material performance and thermo physical properties

Properties Vlues
Temperature /K 293 373 473 573 673 773

Thermal conductivity /(W -m™-K™) 9.63 10.47 11.72 12.14 13.40 14.65

e /(J- kg K™ 574 641 699 729
Density /(kg-m™) 4200

Dynamic viscosity /(m*+s™) 1.05x10°

Solidus temperature /°C 1604
Liquidus temperature /C 1660
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Fig.2 Velocity variety curve
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Fig.3 Distributions of dynamic pressure in the melt pool over one period
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Fig.4 Distributions of temperature field in melt pool. (a) With ultrasonic; (b) without ultrasonic
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Fig.6 Distributions of flow field in melt pool. (a) Without ultrasonic; (b) with ultrasonic
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Fig.8 Liquid fraction variety curves in the melt pool without ultrasonic. (a) Direction of depth; (b) direction of width
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