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ABSTRACT

Laser Melting Deposition (LMD) is a metal printing technique that uses a laser beam to generate a melt pool on the surface of a metallic substrate

into which metal powder particles are injected by using a gas stream. Due to the versatility in parameters variation, the possibility to use two or

more materials, to produce alloys in-situ or produce multilayer structures, LMD technique is still scientifically researched and is still far from

industrial maturity. The melt pool dynamics and it’s solidification plays an important role in microstructure evolution, residual stress development

and eventual part quality. However, this area is still unexplored in the LMD process. In this poster, we have developed a computational fluid

dynamics model, using the volume of fluid and discrete element modeling techniquesin the case of LMD process. A method has been devised to

track the flow behavior, flow pattern and driving forces involved in the melt flow. The developed model has been compared with experimental

results in the case of AISI 304 stainless steel single-track depositions on AISI 304 stainless steel substrate. A close correlation is found between

experiments and modeling with a deviation of 1-3 %.

Material and Methods

Fig. 1. Laser melting deposition Set-up.
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rate

(g/min)

01 700 0.005 3.0

02 700 0.015 3.0

03 700 0.025 3.0

04 500 0.005 2.0

05 500 0.005 3.0

06 500 0.005 5.0

07 700 0.015 5.0

08 800 0.015 5.0

09 900 0.015 5.0

Table 1. Operating conditions for laser melting deposition

experiments of AISI 304 stainless steel single track deposition

on AISI 304 stainless steel substrate.

Computational Fluid Dynamics (CFD) Model

Mass 

continuity 

equation

Momentum 

equation

Energy 

conservation 

equation

Volume of fluid and discrete element modelling techniques

• Yb: YAG laser source (1030 nm wavelength)

• Focused laser beam spot = 800 µm with a top-hat shape

Results

Fig. 2. Equations used in computational fluid dynamics simulation.

Conclusions

• In LMD, a significant portion of the laser beam energy is utilized by the powder particles to transform their phase from solid to liquid. It, in

return, reduces the net amount of laser energy arriving at the substrate, thus yielding only the conduction-mode melt flow.

• From simulations, it has been identified that the “counters” of the deposited layer took the longest time during solidification compared to the

entire deposition.

• A combination of positive and negative mass flow rates has been identified during the printing process, which effects the homogeneity of the

microstructure evolution and residual stress formation.

• In LMD, the thermocapillary or Benard-Marangoni convection is not dominating compared to the selective laser melting process.
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