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Abstract The stationary magnetic and electric fields are coupled to form the directional Lorentz force. Based on the
multi-physics field coupling theory and the mesh deformation method, the molten pool model under the effect of the
directional Lorentz force is built, and the bubble movement process in molten pool is simulated by the discrete
element method. The comparison of numerical results with and without directional Lorentz force but both under the
same laser cladding process conditions indicates that the directional Lorentz force possesses an excellent ability to
regulate pores. When the direction of the Lorentz force is upward, the maximum velocity of molten pool is
suppressed by 62. 5%, the gas bubble movement direction deflects downward, and the pores in cladding layers
increase obviously. When the direction of the Lorentz force is downward, the maximum speed of molten pool is
suppressed by 25% . Nevertheless, for the reason of the increase of the bubble buoyancy, the bubble is accelerated
and escapes from the melting pool, and a dense cladding layer without any pores is obtained. The simulation results
agree well with the experimental ones, which confirms the reliability of this simulation model.
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Table 1 Chemical compositions of Inconel 718 powder (mass fraction, %)

Element Fe Cr Ti Al Mo Nb C Ni
Inconel 718 powder 18.4 19.7 1.04 0.64 3.0 5.17 0.33 Bal.
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Fig. 1 Schematic of laser cladding assisted by directional Lorentz force
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Fig. 2 Powder morphology. (a) Powder microstructure; (b) internal hollow structure
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Table 2 Physical parameters of metals and laser process parameters for simulation calculation™®!

Property Content
Melting temperature /K 1600
Mass density /( kg * m™ %) 7676
Conductivity of liquid /CJ e m s+ K) 29.3
Specific heat of solid /( J+ kg ' « K1) 625
Specific heat of liquid /( J + kg' « K1) 725
Viscosity of liquid /( kg * ms ') 0.006
Temperature coefficient of surface tension /( Nem '« K™') —0.11
Conductivity of solid /( Wem ' « K™) 0.56034-0.0294T—7.0X10 °T*
Laser scanning speed /( mm s~ ') 4,25
Laser power density /( W+ m %) 1.27 X 10°
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Fig. 7 Trajectory map of bubbles with different diameters at different positions.

(a) Front position; (b) middle position; (c) rear position; (d) statistical diagram of bubble park position
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