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Figure 13. Melt pool height as a function of power (W) and scan speed (m/s).

Spreading Model

The results of the spreading model are depicted in Figure 14 below. The generation of
particles (as seen in Figure 14 (A)) is goverbgdhe experimental PSD data applied. Particles
generated ranged from 14.%n to 65.7 m in diameter as seen the temperature legend (see
Figure 14 (E)). Oncgenerated, the particles fall and are eucally spread across the baseplate
lowered a distance equal to oiager thickness (i.e. 60m); in this instance the substrate used
was a flat surface. Once the rigid spredues surpassed the lengthlod table and all particles
meet equilibrium, this forms the final powder bed geometry as seen in Figure 14 (F).
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Figure 14. Particles are first generated (A) and then fall onegpreading platform (B). After a pre-set time, the spread
moves lineraly across the spreadard onto the build platform (C). The spread continues across the platform to completely
disperse the powder (D). Once the powder has reached equilibiurm, this solid geometry was input into the melting model (E).
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Melting Model

ESI-AM’s melting module produces a 3D-transient result that may be analysed at any
time-step simulated. Seven cases were simulated with various parameter sets and model settings
applied. Models 1 to 6 were deemed low-quality due to the course mesh applied to the geometry.
Figure 15 shows some results from model 2; application of 400 W and 0.67 m/s, equating to a
L.E.D of approx. 600 J/m. Within each 900 pm domain (for all models) the modulated laser
was applied 9 times with a point distance of 70 um to achieve a line length of 630 pum.

When analyzing the results of models 1 to 6, it was realised that a miscalculation in
Gaussian Beam radius resulted in the application of a spot size equal to almost half of that used
in physical experimentation. Due to this, the resulting melt pools displayed a large amount of
key-hole melting (as seen in Figure 15). In addition to this, the uncompensated point distance
of 70 pm resulted in a huge amount of variation in melt pool depth as insufficient melting
caused large gaps between welds (as seen in Figure 15 (B)). Throughout the laser application
process a maximum temperature of 3466 K was reached in the centre of the melt pool as seen
in Figure 15 (C). Following such high temperatures and with the application of recoil pressure
and evaporation models, spatter formation was observed as material was ejected from the melt
pool in various directions as identified in Figure 15 (D). In addition, the reduced spot sized
applied and consequent key-hole mode of melting further increased the rate of spatter formation
from the melt pool.

Due to the mistaken spot size applied in models 1-6, the resulting melt pool widths were
much smaller for each parameter set applied which saw further deviation as the L.E.D was
increased (as seen in

Figure 17 (D)). In the physical experimentation, a maximum depth in excess of 300 pm
was reached which surpassed the 200 um substrate domain applied to the model. The excessive
key hole melting led to depths beyond this maximum which could not be assessed thereby
reducing the average depth. Heights measured in each model were a lot lower than that of
physical experimentation. Again, without the right spot size and mesh quality applied, it is hard
to judge as to why this may be. Although, this should be investigated further as the mesh quality
may prove adequate in melt pool analysis with the correct spot size applied.

Unfortunately, only a single high-quality model (model 7) was simulated due to time
and computational constraints. Model 7 was simulated using the optimum parameters found for
this alloy (as seen in Table 4). As well as the highly refined mesh, the application of a 70 um
spot size was applied by recalculating the Gaussian beam radius. By doing so, the melt pool
width doubled to a value close to the experimental result. In addition, the variation of powder
depth along the single line reduced dramatically to a similar variation to that found in physical
experimentation. In this case the maximum temperature went beyond that which was estimated
(3500 K) resulting in the lack of colour seen in the last weld of Figure 16 (C). Once again, both
recoil pressure and evaporation model was applied resulting in the ejection of small particulates
forming spatter Figure 16 (D). Both widths and depths measure in model 7 correlated well with
the physical experimentation, but once again the height still seemed to be considerably smaller.
Further studies must be conducted using a similar model setup (but various L.E.Ds applied) to
further validate this model.
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Figure 15. 3D transient results from model 2 (400 W, 105 us): (4) top-down view of laser processing across powder bed, (B)
side-view of melted cells, (C) temperature ditribution along melted track, (D) melted cells highlighting particle ejection due
to material evaporation and (E) coloured legend indicating temperature range.

Figure 16. 3D transient results from model 7 (400 W, 40 us): (A) top-down view of laser processing across powder bed, (B)
side-view of melted cells, (C) temperature ditribution along melted track, (D) melted cells highlighting particle ejection due
to material evaporation and (E) coloured legend indicating temperature range.
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Figure 17. Melt pool width as a fuction of L.E.D for models 1 to 7 and experimental results. Due to the application of an
inncorrect spot size (approx. half the actual value) to models 1-6, large deviation is seen between the models and
experimental data. Model 7 (highlighted) included the correct spot size and concequently produced a realistic value.
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Figure 18. Melt pool width as a fuction of L.E.D for models 1 to 7 and experimental results. The maximum achievable melt

pool depth was limited by the boundary applied in the melting model (200 um). The combination of this and incorrect spot

size led to a huge variation in depth in models 1 to 6. Model 7 (highlighted) included the correct spot size and concequently
produced a similar value and variation to that found by physical experimentation.
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Figure 19. Melt pool height as a fuction of L.E.D for models 1 to 7 and experimental results.

1212



Conclusion

IN625 was used to conduct a single line study in order to validate model results
produced using ESI-AM’s spreading and melting modules. Process parameters were first
optimised for the alloy by method of density measurement based on Archimedes principle.
Using the optimised results, a solid rectangular geometry, known as ‘the crucible’, was
manufactured to serve as a substrate in which the single lines were processed on. Three power
settings were applied; 300 W, 350 W and 400 W. For each power setting 10 exposure times
were applied ranging between 23.33 us and 233.33 ps (or 3.00 m/s to 0.30 m/s). This resulted
on the application of 30 L.E.Ds varying from 100 J/m to 1333.33 J/m.

Firstly, the line morphologies were studied to assess line quality. During the application
of a high L.E.D, lines appear to be thick and stable. As the energy density is decreased
instabilities result in track irregularities which caused balling. A further decrease resulted in
little or no adherence due to insufficient power and/or exposure time to melt the powder.

Secondly, melt pool morphologies were analysed along each line in 3 separate positions
to obtain average width, depth and height measurements. Typically, application of a high L.E.D
resulted in stable and continuous tracks as seen in the top-down study. Both melt pool width
and depth show similar trends and no key-hole welds were identified due to the lack of L.E.D
applied. For each power setting, the largest widths and depths are seen during application of the
lowest scan speed (i.e. highest energy density). Line instabilities and discontinuity become
apparent as we see larger variations between each measurement taken in some parameter sets.
As L.E.D was further decreased, widths and depths values reduced until a point at which no
fusion took place.

Using the spreading module, a powder bed was numerically generated using details
relating to material properties, spreading geometry and particle size distribution. Once the
spreading process had complete and powder bed had reached equilibrium, this final geometry
was imported into the melting module. Using the melting module, seven cases were simulated
with various parameter sets and model settings applied. Models 1 to 6 were deemed low-quality
due to the course mesh applied to the geometry and model 7 was deemed high-quality due to
the refined mesh applied. Due to time and computation limitations, only one high quality model
was simulated. In addition to the low quality of models 1-6, a miscalculation in Gaussian beam
radius resulted in the application of a spot size half that applied in physical experimentation.
Due to this, the results did not correlate well to that of the physical experimentation. Conversely,
the single high-quality model simulated (model 7) showed promising results, although further
simulations covering a range of L.E.Ds must be completed to fully validate the model.
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