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Among the various additive manufacturing processes, there is selective laser sintering, with the use of a high-
power laser that sinters the small particles of polymer powder and turn them into a solid structure, from a 3D model,
nowadays SLS additive manufacturing has become the best choice for the industry, especially for polymer
materials, SLS ensures high productivity and well-honed materials at low cost. Recent advances in fitting, the
materials and software have made SLS printing accessible to a wider range of activities. Our study is to show the
mechanism of polymer particle suspension during the three stages of selective laser sintering printing, we start with
printing first, the polymer powder in a thin layer applied on a flat shape inside the build chamber and the printer
will heat the powder until the polymer melts, Allowing the laser to easily increase the temperature in specific areas
in the powder bed to trace the morphology of the solidified part. Secondly, cooling and finally post-processing to
extract the finished parts from the build chamber. In our study, we will analyze the suspension of small polymer
powder particles in the SLS printing process. We will start with the mathematical formulation of the problem with
an experimental study of the polymer sample studied. Next, we will set up the chosen solution method and finally
the modeling of the results obtained on the FORTRAN language.

Key words: additive manufacturing, small polymer, selective laser sintering, suspension of polymer granule, flow
deformation.

1. Introduction

Selective laser sintering is a laser additive manufacturing process that consists of manufacturing parts
from a 3D model by sintering small powdered polymer particles to fuse them together. Among these
advantages are the flexibility of production, the geometry can be changed during production and also the
manufacture of robust parts. In this study, we are mainly interested in the polymer powder bed to model the
phenomenon of suspension and flow deformation of these small polymer particles during the additive
manufacturing process by selective laser sintering. We have treated this phenomenon by using a
polypropylene-type polymer powder, because it is semi-rigid and contains a high resistance to fatigue and
bending, tear-resistant and chemically inert. The innovation and invention that drives our study is usually
evident in the morphology of polypropylene seeds as well as its suspension during fusion treatment by the
selective laser fusion additive manufacturing process. [14], [18], [19].
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Fig.1. Simplified diagram of the SLS manufacturing Fig.2. Selective laser sintering additive manufacturing
process of polymer. process SLS.

2. Mathematical modeling
2.1. Continuity equation

The continuity equation in the case of incompressible flows then reduces to:
div(ﬁ):o, Q2.1

where U =oe, +Pe, is the fluid velocity.
2.2. Transport equation
The concentration of polymer granules within an airflow obeys the following transport equation:

ac, -
a_tg (Uve,)=m, v, . (2.2)

2.3. Quantity of motion equation

The Navier-Stokes momentum conservation equation:

1 (1) =m, (t)v=[pvay, (2.3)
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3. Experimental study

3.1. Scanning electron microscope

We did an analysis for the sample studied on the scanning electron microscope and an energy
dispersive X-ray spectroscopy in our laboratory to find out the morphology as well as the chemical properties
of the sample.
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Fig.3. The mass of the chemical components of Fig.4. Atomic composition of the chemical
polypropylene by energy-dispersive X-ray components of Polypropylene by energy-
spectroscopy EDXS dispersive X-ray spectroscopy EDXS

Figures 3 and 4 show the mass and atomic composition of the sample studied by energy dispersive X-
ray spectroscopy EDXS.
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Fig.5. Polypropylene granule in scanning electron microscope (SEM)x100.
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Fig.6. Polypropylene granule in scanning electron microscope (SEM)x500.
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Fig.7. Polypropylene granule in scanning electron microscope (SEM)x1000.
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Fig.8. Polypropylene granule in scanning electron microscope (SEM)x10000.

Figures 5, 6, 7 and 8 show the geometric morphology of polypropylene granules and the texture and shape of
the granules on scanning electron microscopy (SEM).

3.2. Effective thermal conductivity of powder

Numerous numerical and experimental methods have been developed to determine the thermal
conductivity of granular media. For example, there is the plate method (ISO 8302) (3). It is a stationary
measurement method used for Solid materials with low thermal conductivity for which the contact resistances in
relation to the strength of the material. The experiment consists of two outer plates, made of a highly conductive
material, at a constant temperature by circulation of a fluid and a third heating plate in the middle which transmits
uniform heating power through the sample to be measured thermal conductivity [9], [10], [11], [12], [14].

A simplified model was first developed using the FLUENT software. In this model a column of
Polymer powder 40 mm in diameter and 200 mm in height is considered with an effective thermal conductivity

of 0.4 W/ (mK ) A curve of the evolution of the temperature was calculated throughout the height of the
column (Fig.9) [13], [15].
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Fig.9. Axial temperature profiles for different powder particle sizes.
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Fig.9 cont. Axial temperature profiles for different powder particle sizes.

3.3. Polymer particle dimension

The histograms show that the dominant dimensions of the polymer particles obtained for 0.4, 0.8 and
1.2 m/s. One found that a scan rate of /.2 m/s provides more particle dominance small sizes. The images in
Fig.10 show that there are occasional particles as large in diameter as 40 um [4], [5], [6], [16].
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Fig.10. Histograms of polymer particle size distribution deposited on the slides of glass at a height of 2 mm
with 200 W laser power and scan speeds different.

This step experimentally highlighted the phenomena generated during the SLS process. The experiments

carried out and described during this stage have made it possible to determine the data necessary for the
implementation of a numerical model which will be the subject of the next stage.
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It has been shown that the interaction of the laser beam with the powder bed leads not only to the
melting of the polymer but also to the formation of a vapor above the melt pool and the ejection of molten
polymer droplets [7], [8].

4. Method of resolution
4.1. Meshing

Each point in the physical domain that stores a scalar or vector quantity satisfies the differential
equations of the mathematical model, governing our physical phenomenon. To project these equations onto
this domain, we subdivide it into a number of finite volumes, localized by means of indices i and j, in each
middle of each volume we consider G points, called control volume centers £, O, N, and § are the centers of
the volumes to the east, west, north and south of the G center. The faces of a typical control volume are located
at points e, o, n, and s. Each control volume has a dimension Ax, Ay and /. In the center of each control volume
the scalar variables (p and o) are stored, but for the vector quantities (the speeds and), they are located on the
faces of the control volume (Figs 11 and 12).
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Fig.11. Control volume shifted upwards. Fig.12. Control volume shifted to the right.

G is the principal node, i is the discretization index along the x-axis, and j is the discretization index of
discretization along the "z" axis. In general, the letters £, O, N, and S represent East, West, North, and South,
respectively. The square represents a control volume element. The segments [GE] and [GN] are Ax and Az,
respectively.

4.2. Discretization of equations

4.2.1. Discretization of continuity equation

t+At e t+At n

I g—idvdw j jg—fdvdtzo. (4.1)

t o t
With: dv=dxdz1,

t+At t+At
[ Az(4,-4,)dr+ | Ax(B,-B,)di=0, 4.2)

t t



28 The effect of mechanical properties on polymer deformation...

TAz(A(H1,j)—A(i,j))dz+HjtAx(B(i,j+1)—B(i,j))dz=0, (4.3)

t t
pe| AN (i1, )= AN (i, ) |+ A BN (i, j+ 1) = B (0, ) | = 0. (44)

4.2.2. Discretization of quantity of motion equation

e Speed A:
t+At oA t+Atea(AA) t+Atna( t+Ate
.!.I;[Edvdt+ !! S v+ !! = ) v = jj—dvdt. (4.5)
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ay, == I:Bt+At(l ]) Bt+At(l,]+]):|’ asp, = |:Bt+Al(l ]) Bl+Al(l,]—1):|, (4.14)
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4.2.3. Discretization of transport equation
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5. Results and discussions

A spectrometric study has shown that this plume does not contain ionized species but only certain
excited species of the material studied. The phenomenon of absorption of laser light by this plume has been
discarded and it has been shown to remain neutral with respect to the passage from the laser beam to the target.
After presenting all the conceptual, mathematical and numerical bases in. the objective of this study phase is
to present the results obtained by the code established in FORTRANT. Calculations are initiated by an initial
profile, which can be absolutely nondescript as long as it meets boundary conditions. However, to reduce the
computation time, an initial profile was used that was closer to the actual profile chosen. Then, a profile that
corresponds to a flow of a Newtonian fluid continuous in a flat tube is adopted.
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Figures 13, 14 and 15 show the profile of the axial velocity as a function of the radius. It can be said
that as the polymer approaches the duct wall, the axial velocity decreases, when the polymer reaches the outlet
of the tube, the axial velocity increases. This can be because the polymer becomes in a molten state and the
particles become disorganized and slide between them more easily [1], [17], [19].
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Figures 16, 17 and 18 show the profile of the apparent viscosity with respect to the three-section radius
of the tube. It can be noticed that, the polymer becomes melted with a very high temperature, which causes a
low number of three-dimensional nodes in the bonding network, per unit volume of polymer, resulting in a
decrease in the viscosity of the polymer [1], [3], [18].
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Figures 19, 20 and 21 show the profile of the density. From this curve, we can see that the density near
the wall is approaching unity. The result obtained can be explained by the fact that the molten polymer is
considered to be an incompressible fluid in some parts of the tube wall [3], [18], [19].
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Figures 22, 23 and 24 illustrate the dimensionless temperature profile in two different sections of the
pipe. We can see that the axial velocity increases the time that the polymer changes the state from solid to
liquid, and thanks to this increase we obtain a small separation of the constituent molecules, which causes an
increase in temperature. More than the temperature range increases. We can also see that the polymer is getting
closer to the outlet of the tube. [1], [18], [19].
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Fig.27. 3D Surface of dimensionless rate shear.

Figures 25, 26 and 27 show the shear rate profile in different sections of the pipe. It can be seen that
the shear rate increases as the radius increases. and that the shear rate decreases as the radius continues to
increase. It can also be seen that when the section is close to the exit of the tube, the shear rate is high.
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Figures 28 and 29 illustrate the profile of the volume density as a function of time., we can see that the
volume density is close to the unit near the wall. This effect can be interpreted as the molten polymer can be
considered as an incompressible fluid in certain areas near the tube wall [2], [3], [28], [29].

6. Conclusion

We made a numerical model reproducing the main characteristics to see the deformation and flow
suspension of the polymer in the SLS process. The heat source produced by the laser travels over a bed of
powder spread over a substrate. The substrate consists of the polymer powder layers that have already been
fused and consolidated. The operation takes place in a protective gas environment whose pressure can be
controlled. The model also allows the consideration of the thermophysical properties of the material that
depend on the temperature and, therefore, it allows the consideration of changes in the physical state of the
material during the SLS process. The results obtained show that the effect of mechanical properties on polymer

deformation and flow suspension in the selective laser sintering process plays a very important role, especially
for speed, density and temperature.
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Nomenclature
C - granule concentration

o, - velocity components
)

K

. —number of Schmidt

. —rate of dissipation of the turbulent kinetic energy
K, — energy kinetic turbulent

WUy, —dynamic viscosity
v, — viscosity of fluid kinematic

0, — granule diameter

Y —step at the moment # in space
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