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Abstract. Laser sintering sintering is one of the most widely used 3D printing technologies, in which it
transforms 3D models into authentic parts with generally excellent workmanship, the test today is to ensure
the unmatched nature of the item produced, therefore hypothetically to understand and predict the thermal
history in this process, the thermal models must be exact and fair, In this article, the consideration will be
focused on the different models of heat flux diffusion, in the bibliography, some formulas Numbers that
describe the transport of the heat source out of the powder bed have been found. A comparison between its
laser source models will be established. The re-modeling takes place in MATLAB using the parameters of
polyamidel2.

1. INTRODUCTION Costame sewr i — < ieccion

Selective Laser Sintering (SLS) is one of the 3D printing
technologies that enables the design of complex three
dimensions parts with layers of nylonl2 powder
material heated by a CO: laser that generates a gaussian Laser
distribution of heat flux on the polyamide upper of | Heat i Absarption
powder bed. The surface thermal source models are the Ml
most used compared to volumetric source models, in comection
this context, we will compare four models of surface
heat source cited in the literature by [1] [2][3][4] , one
of which is experimentally validated by the author [1].
these functions relate several parameters, for example,
the laser power, the spot radius, the radial distance, the
absorption rate, ... etc., so understanding the effects of
different laser parameters on the difference of the
partition of the heat source is very important [5-12].
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Fig.1. Thermal effects of laser interaction with nylon

In the thermal equation which describes the heat transfer 12 powder during SLS process

in the polyamide 12 powder bed, there are three
phenomena in the heat transfer process

- conduction; 2. HEAT SOURCE MODELLING IN SLS
- convection; PROCESSES

- radiation;

or K, oT> o7* oT? As the laser passes over the surface, it melts the powder

—= +
o C p(8x2 o

+ o2 )+0, ) material to form a solid layer of polyamide 12. The use
P

of the laser flux which is a gaussian beam whose
development of the amplitude profile of the electric
field, the transverse magnetic power as a function of the
spatial propagation is relative to a gaussian function, for
example a gauss-Hermite function.

Where: T=T(x,y,z,t) is the temperature on the (x,y,z)
point;

A - Thermal conductivity, in [W/mK];

p - Mass density, in [kg/ m3)];

Cp - Specific heat, in [J/kgK];

Q - heat source distribution, in [W/m3].

This laser flux is essential for liquefying the nylonl2
powder bed, whose hot vitality required for sintering,
heating obtained by transforming the dynamic vitality of
the electrons into a hot vitality [9].
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3. SURFACE DISTRIBUTED HEAT FLUX MODELS w7 ———

experiment

= = Gaussian function |
e  The first heat source model
The model of the distribution of the heat flux chosen

by the author [2] is described in the following
mathematical form:

depth / Power density (relative units)

_ 2P —2(x*+y?)
Q(X' Y) - Ttr2 eXp r2
(2) ~
- 0 Mo
-150 -100 -50 0 50 100 150
. . . x(um)
Hence, Q is the applied flow thermal, P is the laser
power, and r is the laser spot radius on the top of the Fig.2. Static CO2laser impact at P0=27.5 W laser
layer, x2 + y? is the radial distance from the center axis power

of the beam. The laser parameters are listed in Table 1.

on a thick polymer foil. Identification of the rayon of the
spot laser and comparison of the experimentally
determined fused profile (2D profilometer) with an
analytical quasi-Gaussian partition [1].

e  The second heat source model

The model of the partition of the thermal flow chosen
by the author [3,4] is described in the following

mathematical form: Table 1. Laser Parameters of the process SLS and

thermo-physical properties of nylon12 for laser CO2

2AP —2(x*+y?) =10.
Qxy) =§exp—iz Y (A=10.6 pm)
3) Laser
parameter Full name Value Unit Referenc
where Q is the applied heat flux, A is the energy / Thermal e
absorption coefficient, A is the absorption rate of the properties
powder bed from nylon12 to laser P the value taken from Th
figure 4 [6] and r is the laser spot radius on the top ¢ )
surface., x? + y? is the distance between the center axis A absorption rate 0.95 % [6]
of the spot laser and the parameters are listed in Table 1. of the powder
e The third heat source model bed from
nylonl2 to
The model of the the partition of the thermal flow chosen laser P
by the author [5] is described in the following
mathematical form: p The laser 30 w -
__ 455P xZ+y? power
Qxy) = " exp(4.55 2 ) r The spot laser 0.6 mm -
4) n - 4 - [1]
Hence, Q is the applied heat flux, P is the laser power, k Adjustable 0.5 - [1]
and r is the rayon laser spot, on the upper layer, x? + y? coefficient
the distance between the center axis of the spot laser and Q Heat source N N
the parameters are listed in Table 1. .
function (w/m?)
e The fourth heat source model
The model of the the partition of the thermal flow chosen
by the author [1] is described in the following
mathematical form and it’s experimentally validated: 10
Q(X, y) =k.n % eXp(—n X :;y ) (5) g (0): /—- -8~ Absorptance
g 07 == Reflectance
Hence , Q= surface heat flux (W/m?), n = 4, rlaser (m) = g 2 i Traoamiiace
laser radius at 1/e? , PO (W) = average laser power, K = g A
adjustable coefficient < 1 integrating reflectivity R and g 05
Mie diffusion D factors (K= (1-R).(1-D)) of the laser g 04
through the powder layer , x? + y® is the distance g 03
between the center axis of the spot laser and the g 02
parameters are listed in Table 1. g o1 — —.
2 00 e
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Fig.3. Optical material characteristics of polyamide 12

- D (1% r2) ) 4 EE*((X24Y2)/r2
for different layer thicknesses [6]. |-Q(X’Y)_(4'55 Plpi’r))"exp(-4.557((X"+Y)Ir"))
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4. RESULT AND DISCUSSION
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Fig.6. Distribution of the laser beam on the powder bed
of nylon powder 12 — the third model heat source
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The figure 6 shows the gaussian distribution of the heat
flow under the same conditions listed in table 1, with
Fig.4. Distribution of the laser beam on the powder bed this first model, the magnitude of the heat flux increases
of nylon powder 12 — the first model heat source to 70 w/cm?, respectively at the surface powder bed.
The figure 4 shows the gaussian distribution of the heat I (X, Y)=K*n*(PI(pir?))exp(-n*((X2+Y?)ir?)) .
flow under the same conditions listed in table 1, with
this first model, the magnitude of the heat flux increases —~ 50 .
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2 5 Fig.7. Distribution of the laser beam on the powder bed
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of nylon powder 12— the fourth model heat source

5 The figure 7 exposes the gaussian partition of the heat
flow under the same conditions listed in table 1, with
this first model, the magnitude of the heat flux increases

Fig.5. Distribution of the laser beam on the powder bed to 32 w/em?, respectively at the surface powder bed.

of nylon powder 12— The second model heat source
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The figure 5 shows the gaussian distribution of the heat
flow under the same conditions listed in table 1, with
this first model, the magnitude of the heat flux increases
to 30 w/cm?, respectively at the surface powder bed.
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Fig.8. Comparison between four-surface distributed
heat source models.

The figure 8 shows a comparison between a four-surface
distributed heat source models , which all this models
are given under the same conditions listed in table 1, the
first model and second model , are identical, the
magnitude of the heat flux increases to 0,17 w/cm?, and
for the second model, the magnitude of the heat flux
model increases to 0,22 w/cm?, and the two first models
show a little large values compared to the other two
models. The difference is about 0.2 and the both models
are very close.
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Fig.9. Comparison between a third and fourth surface
distributed heat source models.

The figure 9 shows clearly a value of magnitude of the
heat flux, the first model was increased to 4e-4 and the
second model was increased to 8e-4, , the difference
between them is 0.0004, which it shows that the model

is very correct also and more accurate compared to other
models.

S5.CONCLUSION

In this paper, a comparison of some important models of
the surface heat source distribution for the modelization
of the laser flux penetration on nylonl2 powder
bed fusion additive manufacturing bed during the
selective laser sintering process has presented, the
impact of this research focuses on the improvement of
another accurate and correct thermal simulation model
for the SLS and to discover the influence of adding other
characteristics of the process, the main conclusions are
summarized as follows:

- A third model seem correct and show a good result
compared to fourth model validated to the experimental
result found by the author [1], the error is less than
0.0004 the first and second models are very close, but
their result is a little larger than the other models
compared to the experimental result by the author [1],
the error is around 0.18-0.21.

in general, all these errors are too small and we have
confirmed the model approved experimentally by the
author [1] as well as the theoretical third model of the
author [5] which is very close.
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