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Fig. 3 2D melt pool contours from the numerical model compared to experiments [16] for (a) 
VED = 65 J/mm3 at 7 mm from the beginning of the single track (b) VED = 103 J/mm3 at 3 
mm from the beginning of the single track (c) VED = 103 J/mm3 at 7 mm from the beginning 
of the single track. In the 2D contour, the non-melted region is indicated in blue, and the 
melted region is indicated by red and green when the VED is 65 J/mm3 and 103 J/mm3 
respectively. 

Table 3 Comparison of melt pool sizes from experimental and numerical results for single 
track green L-PBF process 

Source Location 
VED 

(J/mm3) 

Melt pool 

width (µm) 

Error in 

width (%) 

Melt Pool 

depth (µm) 

Error in 

depth (%) 

Experiment 
1 65 

183  107  

Simulation 200 -9 102 5 

Experiment 
1 

103 

238  245  

Simulation 256 -8 237 3 

Experiment 
2 

214  222  

Simulation 256 -20 237 -7 

The simulated melt pool matches very well with the experiments and this because the 
numerical model accounts for all three major physical phenomena occurring in the melt 
pool during the L-PBF process as explained earlier. The error in the melt pool depth and 
width can be accounted to the assumptions and simplifications made in the model to 
successfully compute the melting and solidification process of the powder bed. Melt pool 
height was not used as a metric to validate the numerical model due to powder spattering 
and entrainment phenomenon omitted in the model. The 3D temperature contour at time = 
1.8 µs for the two process parameters selected is shown in Fig. 4 along with the location 
where the pseudo-steady 2D melt pool contours were extracted for validation. It should 
firstly be noted that both selected process parameters can consolidate the powder layer 
successfully without any defect formation such as un-melted zones and gas pores. A VED 
of 65 J/mm3 creates a shallow U-shaped melt pool with a small melt volume due to less 
heat energy from laser as shown in Fig. 4(a). At the low VED setting, heat is rapidly 
dissipated away from the melt pool and hence the dominant heat transfer mechanism is 
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conduction due to the intrinsic high thermal conductivity of copper. A VED of 103 J/mm3 
creates a deep and wide melt pool as shown in Fig. 4(b) due to the combining effect of 
high optical absorptivity to green laser radiation and multiple reflection in the deep vapor 
depression. The keyhole shaped vapor depression is created due to the rise in local 
temperature above the boiling point and due to this geometry, multiple laser rays are 
trapped inside the keyhole due to the multiple reflection (Fresnel absorption) 
phenomenon, thereby increasing the absolute absorptivity. Hence, a larger melt pool is 
created and the energy coupling efficiency between the laser and the powder bed is 
increased. The width of the partially melted powder zone on the edges of the melt pool is 
small and has constant width when the VED is 65 J/mm3 when compared to when the 
VED is 103 J/mm3 thus indicating better stability in the conduction melting mode. Hence, 
green laser process parameters with VED ~ 65 J/mm3 should be implemented in melting 
the contours to reduce surface roughness and increase the dimensional tolerance of the 
part. The process parameters with VED ~ 103 J/mm3 can be implemented in the bulk 
regions where larger melting zones for each laser scan track is desired to increase the 
productivity without forming pore defects.  

 

Fig. 4 3D temperature contour plots of during single track L-PBF process at time1.8 µs when 
(a) VED = 65 J/mm3 (b) VED = 103 J/mm3 along with 2D melt pool contours at 5 mm from 
the laser initial position. In the 2D contour, the non-melted region is indicated in blue, and the 
melted region is indicated by red and green when the VED is 65 J/mm3 and 103 J/mm3 
respectively. 

The optical absorptivity for the green laser is 40% and is implemented as an input 
parameter in the green laser heat source model [17], [18]. 

INFRARED LASER SINGLE TRACK DEPOSITION 

Like the green laser model, an infrared laser model is developed for a single-track L-PBF 
process. However, due to the low optical absorptivity of copper to infrared radiation, the 
process parameter window for successful melting of the powder bed is narrow. It is 
difficult to obtain conduction dominant U-shaped melt pools by using an infrared laser 
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Fig. 6 3D temperature contour during the deposition of a single track in each layer at t = 3 µs. 
An inset image with each layer deposition depicts a 2D temperature contour on a plane 
located at the center of the laser and the width of heat affected zone is measured. 
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Fig. 7 Wall thickness measured at a 2D cross-section obtained from X-ray CT at 10 locations 
equidistant from each other. 

Table 7 Comparison of wall thickness from experimental and numerical results for single 
track multi-layer green L-PBF process. 

Location Numerical thickness (µm) Experimental thickness (µm) Error % 

1 389 340 -14 

2 400 461 13 

3 404 452 11 

4 404 390 -4 

5 404 420 4 

6 390 452 14 

7 418 332 -26 

8 412 226 -82 

9 452 398 -13 

10 434 496 12 

Average 411 ± 19 397 ± 76 -4 

From Table 7, the error % in the predicted wall thickness from the numerical meso-
scale model has an average value of 4% which is accurate and acceptable. However, at 
some locations the error % is quite high and this is due to the randomly packed powder 
bed used in the numerical model.  Therefore, it is shown that the meso-scale numerical 
model can be used to predict the actual thickness of thin-wall structures consisting of 
single-layer depositions accurately. 
  






