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Fig.1 Schematic diagram of laser cladding assisted by steady magnetic field: (a) three-dimensional view and (b) two-dimensional view

1 AISI 316L E# 70 Inconel 718 #RAILE K 7
Table 1 Chemical composition of AISI 316L substrate and Inconel 718 powder (w/%)

Material C Si Mn Al Ti Nb Ni Cr Mo Fe
AISI 316L 0.02 0.55 1.55 10.0 16.5 2.08 Bal.
Inconel 718 0.045 0.20 0.04 0.54 0.97 4.92 Bal. 16.5 2.08 18.1
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Fig.2 Computation domain grid and boundary condition
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Table 2 Thermophysical parameters used in calculation**2”

Property Value
Reference density, p_ /kg m™ 8000
Specific heat, c,/J kg™ K™ 500
Thermal conductivity of solid, k/W m™ K* 19.2
Effective thermal conductivity of liquid, k; /W m™* K* 209.2
Latent heat, Ah¢/J kg™ 250000
Viscosity, u/kg m* s 0.0042
Volume heat-transfer coefficient, H*/>x10°W m? K* 1.0
Temperature coefficient of surface tension, 43
ov /ot x10*Nm?t K? -
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Sample zone
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s !‘—\\- Powder deposit arca
— I ———— Laser beam
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Fig.3 Evolution of computation domain: (a) computational domain
initialization, (b) the initial stage of laser cladding, and (c) the

stable stage of laser cladding
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Fig.5 Simulation diagram of Fe element distribution and profile of longitudinal section of cladding layer without magnetic field applied:

(a) metallography of cladding layer, (b) partial enlarged view of initial region, (c) partial enlarged view of steady region, (d) partial

enlarged view of molten region, and (e) simulation of Fe element distribution
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Fig.9 Simulation diagram of Fe element distribution and profile of longitudinal section of cladding layer with steady magnetic field applied:

(a) metallography of cladding layer, (b) partial enlarged view of initial region, (c) partial enlarged view of steady region, (d) partial

enlarged view of molten region, and (e) simulation of Fe element distribution
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Effects of Induced Lorentz Force on Fe Element Distribution in Laser
Cladding Inconel 718 coatings

Wang Jiefeng"??, Ge Honghao™**, Xu Hanzong"??, Zhang Qunli‘?*, Yao Jianhua™*?
(1. Institute of Laser Advanced Manufacturing, Zhejiang University of Technology, Hangzhou 310023, China)
(2. Collaborative Innovation Center of High-end Laser Manufacturing Equipment, Hangzhou 310023, China)
(3. College of Mechanical Engineering, Zhejiang University of Technology, Hangzhou 310023, China)

Abstract: In order to study the effect of steady magnetic field on Fe element distribution in laser cladding Inconel 718 coatings, a three-phase
mixed solidification model based on volume average method was established. The steady magnetic field was coupled into the laser cladding
process to simulate the preparation of Inconel 718 coatings on 316L stainless steel. The 2D transient model, combined with heat and mass transfer,
fluid flow and induced Lorentz force, was used to simulate the distribution of element in the laser cladding coatings and compared with the
experimental results. The results show that the Fe element content in the cladding layer is uniform when no magnetic field is applied; however, the
Fe element content in the cladding layer is uneven when the steady magnetic field is applied, and the Fe element content in the top of the cladding
layer is lower than that in the bottom of the cladding layer. The simulation results are in good agreement with the experimental results, which
proves the reliability of the calculation model. It also shows that the steady magnetic field can inhibit the flow of the molten pool, affect the heat
and mass transfer of the moving molten pool, and ultimately change the element distribution in the laser cladding coating.
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