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ABSTRACT

Purpose: This review analyses different approaches used to study selective laser sintering
(SLS) technology of polymer materials. These main approaches concern: thermal behaviour,
fatigue and surface roughness.

Design/methodology/approach: Regarding the first behaviour, researchers extensively
studied the impact of process parameters, including scan speed, laser, power and laser energy
density, on the thermal behaviour of 3D printed parts. Numerical and experimental analyses are
used to conduct process parameter evaluations.

Findings: Laser power and scan speed are the most significant parameters of the laser energy
density. For the second, according to test protocols and quantitative analysis performed,
the authors concluded that the combination of small and large laser energy density particles
generates higher sintering and better fatigue resistance. Moreover, tensile analysis in different
environments showed that testing in the water decreased the fatigue life of polymer samples.
The influence of process parameters on the mechanical properties and surface roughness of
3D parts is also analysed. In addition, the investigators found that the additives increase the
surface roughness of 3D printed parts.

Practical implications: This review shows that researchers can focus on creating a
combination of these approaches to expand the use of this process for industrial part production.

Originality/value: All these investigations have made it possible to determine the optimal
process conditions to ensure higher quality, optimal surface quality and better fatigue strength.

Keywords: Selective laser sintering (SLS), Polymer, Thermal behaviour, Fatigue, Surface
roughness, Process parameters
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Additive manufacturing (AM) or 3D printing is a process
of creating 3D printed objects by following a series of
operations [1]. Layer by layer, until obtaining the final part
from a numerical model obtained with computer-aided
design (CAD) software. The evolution of this technology in
terms of equipment, materials and software has led to a wide
range of activities and real advances in many applications.
These applications are: aerospace, automotive, biomedical
and energy [2,3]. Polymers are the most widespread
materials used for 3D printing. Particularly for stereo-
lithography (SLA), fused deposition modelling (FDM) and
selective laser sintering (SLS) [4,5]. Principally, selective
laser sintering received particular attention. Due to its
relativity to high dimensional accuracy, ease modification,
design changes, and flexibility in the type of materials [6].
In this context, SLS is a technology that consolidates the
powder particles. This fact is obtained by transmitting
energy as a result of a CO; laser beam that will pass through
the scanning mirrors [2,7]. A selective laser sintering system
is shown in (Fig. 1). These SLS printers are equipped with a
powder placed on the print bed. The print bed takes a
translation along the Z-axis during the manufacturing
process by means of a power delivery piston. After
preheating the roller, print bed, and sintering powder at a
temperature below the polymer melting point. A first layer
of powder is applied to the bed using a roller. Then, the laser
beam is scanned to melt the first layer, another layer is
added, adhering to the previous one. The bed lowers as each
layer is completed and covered with the surface of the
material. These steps are repeated until a 3D printed part is
produced [8,9]. Furthermore, this technology is often used
for industrial plastic parts [10]. Because of its advantages
compared to other conventional production methods
(especially injection moulding). These include short cycle
time from design to manufacturing, high geometric freedom,
personalised components, and low-cost production of small
numbers of parts [11]. Numerous research have highlighted
the range of applications for AM employing the 3D printing
method from polymer filament compared to conventional
manufacturing procedures. In this regard, to compete
effectively with conventional production methods, some
quality issues need to be resolved to meet the operational and
in-service load requirements. These involve inaccuracies in
dimensions and form, unexpected mechanical performance
and internal defects [12]. Two critical factors must be
considered to provide a high-quality and mechanical
strength of 3D printed products. First, control of thermal
distribution to ensure optimised process parameters.
Because it’s related to heat distribution, radiation and

thermal convection phenomena provided in the SLS-built
chamber [13]. For that, thermal behaviour is one of the
critical factors influencing the transformation of the
microstructure. As a result, thermal phenomena significantly
influence dimensional accuracy, surface finish, mechanical
and microstructure strength [13-15]. Hence, different
aspects are studied to thoroughly understand the effect of
various process parameters and material characteristics on
the quality and surface roughness of 3D printed parts. The
second factor is the ability of 3D-printed parts to withstand
environmental and mechanical stresses. These considerations
subsequently cause material failure and fatigue crack
propagation. So, fatigue can occur in polymers under applied
stresses below their yield point [16]. Moreover, there are
factors that decrease the mechanical strength during the
fatigue analysis. This involved process parameters and
geometrical and environmental considerations. So, it is
essential to have a comprehensive understanding of the
fatigue behaviour to improve the final parts' reliability and
durability [17]. Consequently, this paper gives an overview
of surface roughness, thermal and fatigue behaviour of 3D
printed polymers. The main goal is to determine whether
there are models that can shed light on the printing
parameters that produce the best fatigue resistance. Also, to
pick optimised parameters and physicochemical properties
of powder that will result in high surface quality of the
product. This review is structured as follows. Section 2
provides a description of the impact of process parameters,
particle size and morphology, melt pool and temperature
distribution on product quality. Section 3 identifies the
parameters that directly affect fatigue life and mechanical
properties. These comprehend process parameters, powder
bed density, geometric and environmental considerations,
and material properties. Section 4 shows the parameters and
properties that influence the surface roughness exhibited by
parts produced via the SLS process. These parameters
included process parameters, powder and polymer type. The
review's conclusion is reached at the end.

Scanning Mirrors

Delivary Piston,
7.
Print Bed

Fig. 1. Schematic of the SLS process [18]
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The laser projection process involves a complex set of
thermal phenomena that results in specific properties of the
projected material [19]. In this section, numerical simulations
and experimental tests are utilised to analyse and investigate
these thermal phenomena. The researchers first defined the
process parameters: scan speed ,hatch spacing, energy
density and laser power. Then, the influence of process
parameter variations, particle size and morphology on part
quality and mechanical properties was examined. Also, they
analysed the impact of process parameters on temperature
distribution and melt pool (see Tab. 1). Additionally, it is
shown how particle size affects temperature variation.

The thermal behaviour is a mechanism that links process
parameters to product quality. Therefore, process parameters,
such as scan speed, hatch spacing, energy density, and laser
power, significantly impact the thermal behaviour. These
parameters have been widely reported in the literature to
have varying effects on the surface qualities of parts
produced by SLS. [20] reported that scan speed and laser
power are two tied parameters. Because they define the
quantity of energy transferred to the volume, which refers to
energy density. The laser power represents the quantity of
energy delivered per second, while the scan speed governs
the time spent in the same section (see Fig. 2).

Therefore, these two parameters must be balanced to
prevent the formation of pores due to insufficient or
excessive energy. To reduce build times for industrial
manufacturing, [21] investigated the powder bed fusion
(PBF) at high scan speeds. In this work, they claimed that
high-speed processing decreases the density of printed parts
and particle fusion. Moreover, [22] revealed from his
experimental analysis that with non-constant values of the
scan speed during the sintering process . Local overheating
and notable deformations are obtained, which also
influenced the mechanical performance of 3D parts. In order
to explain the combined influence of scan speed and laser
power on energy density. [23] concluded that with high scan
speed and low laser power, the energy density is insufficient
to melt a single layer.

As a consequence, it leads to low part density and poor
mechanical properties. Additionally, due to the high energy
density generated, the powder may partially decompose with
relatively high laser power and low scan speed. This
equation (1) confirms the results [20]:

_ Plaser

Ed - Vscan*Rspace*tiayer (1)
where Ed, Plaser, Vscan, hspace, and tiayer represented the energy
density, laser power, scan speed, hatch spacing and layer
thickness, respectively. In this context, [23] noted that high
energy could result in undesirable outcomes during the part's
construction and might deteriorate the properties of the
polymer. [24] confirmed the same result, concluding that
using an energy density of less than 0.1 J/mm? remains the
desired technological and energetic solution. Selecting this
particular input could result in energy consumption.
Moreover, the thicknesses of the laser-melted powder are
also examined by [24]. In this study, the authors correlated
these thicknesses with the used density energy. Based on the
heat point source model, depth grows with energy density
and proves that heat diffusion along z becomes dominant.
The hatch spacing (Fig. 2) represents the separation between
the sintering lines formed as the laser spot moves [25]. In
this regard, [20] announced that it is required to determine
the proper track distance. In order to avoid zones with no or
incomplete interactions with the laser beam, resulting in
unfused powder particles. Also, for obtaining a high-quality
part and optimising the processes build rate.

Laser power
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Fig. 2. Scheme of process parameters involved during the
SLS process [20]

Furthermore, particle size and morphology really affect
the flowability and powder bed density [26]. Researchers
reported that particle shape is a crucial element of the PBF
sub-functions, namely recoating and coalescence [27]. In
this regard, [26] discovered that spherical particles (Fig. 3)
improve the dimensional accuracy of 3D printed parts. In
turn, it contributes to the creation of a denser powder bed.
[10] also showed in their study that a non-spherical particle
decreases the properties of 3D printed parts. According to
[26], the fine particles are small enough that surface forces
induce them to agglomerate, opposing flow and hindering
smooth layer coverage unlike parts produced with larger
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Table 1.

A summary of process conditions, properties and results from the studies that used selective laser sintering of polymers

Ref. Polymer Powder properties Laser and constant Properties of produced parts
type parameters
At Eq=0.3 J/mm?
. _ e The porosity grows from 2.5% to around 6.5%
* Energy density Eq values: as the scan speed increases.
0.3-0.4 J/mm>. . S . .
. e There is a significant link between the density
. . Hatch spacing: 0.25 mm. .
e Mean particle diameter and porosity.
The temperature of the . . . .
dv50: . o Higher scan speed results in partial melting of
build chamber: 173°C. .
[21] PAI2 60-80 pm. The feed t ) ¢ the particles.
[ ] . .
e Refreshed powder mix of ¢ feed temperature o With a lower scan speed value, the particles

50:50 new and recycled
powders.

the powder: 80°C.

Build orientation: y-axis.
Coating speed: 250 mm/s
with a counter-rotating
roller.

occur to be completely molten.

At Eq =0.4 J/mm?
The porosity is almost constant at about 4%.
The part density is relatively constant at a level
of 0.98 g/cm?’.
Deterioration of the mechanical properties.

e Powder grain diameter:
30 and 70 um (for PA12). .
e More spherical shape for .
PAI12 the PA12 powders than
[22] and for the PEKK.
PEKK e Powder grain diameter:
10 and 90 um (average
value D50 =50 pm for
both) (for PEKK).

CO; laser, 50 W.

Laser radius: 120 pm.
Layer thickness:

30-80 um.

Spreading temperature:
373 K (for PA12).
Spreading temperature:
373-473 K (for PEKK).

15% is the optimum porosity rate (for PEKK).

e A nearly spherical shape. .
e The average particle size:
[23] PAG6 25.6 um.
e The particle size:
12.3-50.7 pm.

CO;, laser, 55 W with
radius of 0.35 mm.

Preheating temperature:
190°C.

Excessive energy density reduced part quality
due to the possibility of material degradation.
High porosity and distinct layer separation
caused by the low energy density resulted in
poor bonding strength and mechanical
qualities, and also the unfused powder can be
seen between the two layers.

CO;, laser, with maximum
average power: 50 W.
The laser spot diameter
0.7 mm.

With lower energy density values, real
agglomeration process begins.

[24] PA 12 e The scan speed: e High energy may generate negative effects
500-2500 rI; m /s. during the part construction process and may
e The laser power: l 2550 W damage the polymer, reducing its properties.
e Room temperature (20°C).
e The length and width of
the powder layer: 30 mm.
e The thickness of the . ) )
CNTs/ ® A near-spherical shape powder layer: 0.1 mm. iﬁe energy dznsny level: Of.015_1f).04 V/mm®.
[30] > e The average size: e Diameter of the laser ¢ optimized parameters for SLS process
PA12 of the material CNTs/PA12 are obtained as

60-70 pm.

beam: 0.42 mm

Bed temperature: 174°C.
Temperature of fusion
finish: 190°C.

P=40W, s=3800 mm/s and h = 0.3 mm.
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particles, which can induce layer scarring by disrupting the
smooth surface of the powder bed. These defects impact
directly the quality of manufactured parts.

PA12 Ideal spherical systems Cryogenically milled elastomeric

PA12 LS standard ~ 100 pr PS20um  100pm

PS 40 pm PMMA 40 pm
PAI2-1 100 pm 100 pm BT

L

PA12-2 100 pm

Fig. 3. Examples of powder morphology from commercially
available nylon-12, polystyrene, poly(methyl methacrylate),
and thermoplastic polyurethane [28]

According to the literature, the melt pool is impacted by
the process parameters. So, it is important to figure out the
reaction of the melt pool under various process parameters.
For this reason the melt pool generates descriptive
relationships between process parameters, mechanical
properties and surface performance [29] (see Fig. 4). Using
a three-dimensional finite element model (FEM), [22]
accurately estimated the resulting fusion depths of two
polymers, PA12 and PEKK, during SLS. In other words,
they indicated that the powder bed reflects or diffuses most
(60%) of the incident laser light. Whereas just 40%
contributes to polymer melting.

Similarly, [30] have made predictions of melt dimensions
for sintered PA12/CNTs nanocomposite. In the opinion of
[31], both the physical properties and the laser power have
an influence on the melt pool. Furthermore, [30] related that
the maximum temperature, width and depth of the melt pool
all increase as the laser power increases while the scan speed
decreases. In some cases, for multi-track scanning, the hatch
spacing controls the overlap of melt pools in adjacent tracks,
impacting the total melt pool volume. As well as [23] stated
numerous experimental and numerical simulation analyses
for the polyamide 6 (PA6) processing. In this study, they
concluded that the melt depth increases with increasing laser
power because of higher heat penetration.

Moreover, the depth decreases with increasing scan
speed due to inappropriate heat input. [23] also observed that

the depth of melt pool directly affected the bond strength
between the powder layers. A higher melt depth leads to a
higher sintering conditions and better mechanical properties.
As aresult, the optimized parameters are in the region where
the powder can be remelted. This ensures a sufficient depth
of the melt pool, while the maximum temperature is lower
than thermal decomposition temperature of powders.
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Fig. 4. Illustration showing the powder bed sintering process:
(a) overall view and (b) cross section view [30]

Inconsistent thermal distribution of laser sintering
machines is one of the major problems experienced by SLS
users. Scientists, users, and machine producers have
remarked that the temperature distribution is irregular on
some commercial machines .This conduce to discrepancies
in the mechanical characteristics of the parts [32]. Various
experiments to deconstruct all parameters of this problem
have been introduced in the form of experimental research
and numerical simulations. [23] noticed that the temperature
increased rapidly as the laser beam approached, while
temperature decreased slowly as the laser beam moved
away. Also they found that the maximum temperature of the
melt pool increased as the laser moved, which is related to
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the impact of the heat stored in the first path. Besides, [31]
proposed a three-dimensional finite element (FE) method by
COMSOL Multiphysics software, in order to calculate the
maximum temperature at the centre of the laser spot. In this
simulation, the phenomena of convection and thermal
radiation are considered. They concluded that the preheating
power and the application of temperature with a small beam
from the laser caused a large temperature change on the
surfaces of the polyamide layer. In addition, [32]
emphasized the importance of the powder bed temperature
when it is projected over the build area. In fact, if there is a
large difference between the powder bed temperature in the
powder bed and the new powder layer, flow/deposition or
curling problems in the previously scanned layer can arise.
Furthermore, [33] supported this result by considering that
the bed temperature had a significant influence on the
geometric accuracy of the part. [22] and [34] focused in their
studies on the thermal cycle of the PBF process. They
reported that the low temperature (lower than the
crystallization onset temperature) promotes thermal
shrinkage during crystallization and layer deformation. So it
is essential for polymers to have their melting temperature
higher than the crystallization temperature. For the raison,
that crystallization can be delayed and reduced during the
construction process. Moreover, to figure the impact of
process parameters on temperature distribution. [23] proved
that as the three-dimensional and maximum melting
temperature increases, the laser power raises and the scan
speed decreases. [35] asserted also that printing with low bed
temperatures lead to parts with low density.

The main disadvantages of polymer SLS parts are
porosity, shrinkage/warpage caused by thermal distortion,
and low strength in the Z-direction [6]. These failures can
lead to cracking or fracture. Especially when the structure is
subjected to repeated critical loads, resulting in fatigue
damage [36]. There are many types of fatigue tests that
examine the structure's response to cyclic loading, including
axial loading, repeated or alternate bending, rotational
bending, mechanical fracture tests and torsional fatigue.
There are other types of fatigue tests namely: combined
bending and torsional fatigue and biaxial and triaxial fatigue,
that are used in more complex fatigue analyses [36].
Furthermore, the stress-cycle diagram, or the S-N curve,
represents the fatigue behaviour of polymers .They also
illustrate the evolution of stress as a function of the number
of cycles until failure [37]. Hence, fatigue behaviour is a
long-term factor that has an impact on mechanical properties
such as tensile strength and yield strength. Therefore, the

effects of process parameters including energy density,
powder bed density and printing orientation are first
introduced. Then, the impact of section thickness and
particle affinity on fatigue life are discussed in section 3.2.
Finally, the influences of materials properties and
environment considerations on mechanical properties are
examined in details.

Several experiments were conducted to analyse the
behaviour of the structure during fatigue tests. In this
reference [38], in fatigue tests for PA12 material , each load
cycle induces an increase in temperature near the failure
point as illustrated in the (Fig. 5) performed by IR-camera.
It was also reported that the fatigue life of the parts was
affected by the density of the PA12 samples. A lower density
would raise the probability of fracture initiation due to
unfused powder particles. Furthermore, [39] claimed that the
quantity of energy deposited during scanning has a strong
relation with tensile characteristics and mechanical
performance. In this context, [40,41] concluded that as the
energy input increases, the penetration of laser increases,
resulting in a denser part morphology, increased elongation
at break, and tensile strength. In addition, [41] focused on
particle sizes to see how they affected fatigue life. They
discovered that a combination of large laser energy densities
and smaller particles results in a higher degree of sintering
and elevated fatigue life. [7] also proved that the density of
the powder sample is an important parameter for the
sintering quality. A high value results in good agglomeration
and gives more particle-to-particle contacts and a smaller
pore size. This leads in turn to faster sintering. However, a
low density makes the material difficult to consolidate.
Furthermore, by raising the powder bed density for both
nylon-12 and a thermoplastic polyurethane (TPU) powder.
Due to better packing and flowability of the powder, [42]
observed an increase in printed density, an increase in
ultimate tensile properties and a decrease in surface
roughness. [41] reported that the energy density of the laser
has a significant impact on the mechanical properties,
particularly the porosity and microstructure of poly-
caprolactone (PCL) material. According to [40,43] porosity
between layers generates weak interfaces, which reduces the
overall strength of the part. The porosity [44] can arise for
two reasons. First, sufficient time scales and energy levels
can prevent the imperfect densification of particles. Second,
high levels of laser energy can cause extremely high
temperatures, resulting in the pyrolysis of the polymer,
which appears as porosity. This explains that porosity is not
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only the result of an insufficient energy level, but of an
excessive energy level. Another factor affecting the
mechanical properties of produced parts is printing
orientation. The authors of a study [45] examined the impact
of built orientation on notched and un-notched nylon-12
(PA12) hourglass specimens. The studies reveal that notched
specimens have a longer fatigue life. This is that because
notched specimens receive less thermal stress and a smaller
volume is exposed to cyclic loading.

°C

70.1

ﬂ 57.8
_d

g e
/4

U 33.1

208

Fig. 5. IR-camera temperature measurements during fatigue
testing [38]

On the other hand, they indicate that orientation has no
effect on fatigue life. Furthermore, in this reference [46], the
samples were tested in the X and Z axis orientations and at
30 Hz and 50 Hz frequencies. According to the results,
printing in the Z direction has no impact, but the 50 Hz tests
reduced fatigue life. Another test was performed for
rotational and reversed bending for specimens printed
parallel to the Y and Z axes [47]. The two types of
orientations and tests gave no significant difference,
showing that the specimens are isotropic. (Fig. 6) showed
the three build orientation of test parts. However, studies that
do not include frequency testing and notched/unnotched
samples prove that printing orientation directly impacts
mechanical performance. In this regard, [48] showed that
flexural and tensile [49] testing of components created in the
Z-axis orientation revealed the lowest strength and stiffness
values. At the same time, tensile testing of parts built in the
y-axis orientation revealed the highest mechanical property
values. Furthermore, [48] and [50] found that the highest
strength and stiffness appeared in parts printed in the x-axis
orientation, i.e., an orientation parallel to the laser scan
direction. The influence of the anisotropy [51] was
examined on samples plotted in perpendicular (90°) and
parallel (0°) directions for both PA12 and thermoplastic
polyurethane configurations (TPU). Figure 7 represented the
test specimen configurations. The semi-brittle failure

behaviour of the SLS-printed TPUs was particularly
noticeable for printing directions perpendicular to the stress
(90°). They also asserted that the influence of the printing
orientations, or more specifically, the weak interfaces
between layers, had a mitigating effect on the smooth notch.
In addition, [51,52] concluded that the maximum fatigue
strength was found for the 0° printing orientations
specimens. While the lowest fatigue strength was found for
the 90° printing orientations specimens. (Fig. 8) illustrated
the test specimen configurations of [52]. Overall, the
specimen printing direction induced anisotropy is crucial for
further strength investigation.

7 Axis

Y Axis

X Axis

Fig. 6. Build orientation of test parts [48]

. (S

Fig. 7. Configurations of cylindrical test specimens (a)
printing orientation vertical (90°); (b) printing orientation
parallel (0°) [51]

ﬁk SLs 0° ﬁi
SLS s‘m" 7

Fig. 8. Specimen geometry for the experimental program,
lines indicating layer orientation in SLS for tensile and
fatigue life testing [52]
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In addition to process parameters, geometric
considerations such as section thickness and particle affinity
substantially impact fatigue life. Studies by [53] examined
the effect of geometry on fatigue life by altering section
thickness (2, 4, and 6 mm) of PA12 dog bone specimens.
These specimens are subjected to tension-compression
loading and uniaxial tension-tension. In both situations, a
higher section thickness resulted in improved fatigue life.
However, the results for tension-tension loading were not
statistically significant. This is mainly due to the fact that the
temperature increases faster in small-section thicknesses
than in large ones. According to literature researches, if there
is a poor affinity between the powder particles, the part starts
to lose its rigidity and degrade more quickly [36]. In this
regard, studies conducted by [54,55] explored the
relationship between fatigue life and particle affinities. In
the first study [54], rectilinear boxes (35 x 5 x 1.4 mm?®) were
made from a combination of PA6 and PA12. The 50/50 and
20/80 blends exhibited the best fatigue life, although there
was an overall low affinity between the two particles.

Similarly, [55] created rectilinear boxes from
polybutylene terephthalate (PBT) and PA12. The 90/10
blend has the longest fatigue life. Moreover, the 90/10
combination did not harden or soften during cyclic loading
because the stress change remained constant.

According to the literature, the fatigue life of SLS
polymers is affected more by material characteristics and
ambient factors than by process parameters and geometric
considerations. Many experiments have compared injection
moulded and 3D printed specimens, varying materials, and
conditions in order to present the effect of different material
properties on fracture fatigue life. In [56], compact tensile
specimens made of PA12 were constructed by injection
moulding and 3D printing. The finding revealed that the SLS
components had longer fatigue life and less deformation. In
[57], compact tension specimens (50 x 48 x 10 mm?) made
of pure PA12 (PA12) and short glass fibre PA12 (PA12-f)
were examined in a dry atmosphere at 23 and -50°C. Both
materials have similar characteristics at 23°C and -50°C.
Both materials have comparable fatigue life at 23°C, while
PA12-f has a much better one at -50°C. Similarly, [58]
compact tensile specimens (50 x 48 x 10 mm?®) were
fabricated from PA12 and PA11 and tested in three different
environments: wet at 23°C, dry at 50°C, and dry at 23°C.
From the results, PA11 exhibited better fatigue resistance at
low temperature than at room temperature. It also showed

better fatigue crack propagation behaviour than PA12.
Moreover, they also claimed that the water test decreased the
fatigue life of both samples, with a reduction in fatigue
parameters, especially for PA12. Therefore, the toughness,
stiffness, and strength of polyamides decrease with humidity
while their ductility increases.

The surface irregularities that appear on the 3D part
define the texture and appearance of the surface. Therefore,
they play an important role in the characterisation of the
surface. In this regard, process parameters, powder, and
polymer type have been widely reported in literature to have
varying effects on the surface roughness of 3D parts
produced by SLS (Fig. 9). In this context, [59] shows that
controlling or modifying the parameters can augment the
surface quality. So, a deeper understanding of the effect of
process parameters is needed for optimal surface quality.
These process parameters included: laser power, scan speed,
hatch spacing, bed temperature and layer thickness. During
the investigations of the impact of process parameters on
surface roughness, [60] found a strong relationship between
hatch spacing, laser power and bed temperature. Also,
[60,61] revealed that laser power is the most crucial factor
in reducing surface roughness. At that [62] emphasised that
a less uniform surface is the result of reduced laser power.
This leads to less interaction between the powder particles
and less compact particles for the 3D printed part. In this
reference, [59] reported that the rises values of bed tempera-
ture cause the increase in surface roughness. As a result, the
material starts to recrystallise faster. So, they noticed a low
bed temperature (176°C) is the appropriate working value to
reduce surface roughness. For improved dimensional
accuracy and surface quality, [61] use the grey relational
analysis (GRA) approach in their work. In order to optimise
process parameters namely hatch spacing, layer thickness,
and laser power for glass-filled polyamide plastic compo-
nents. They claimed that when the layer thickness is thin, a
higher laser power value may sinter the previous layer.

Consequently, sintering inconsistencies emerge in some
areas of the product, resulting in a rough surface. Besides,
surface roughness increased at [63] with smaller hatch
spacing and higher roller speed. Because the smaller hatch
spacing provides more energy density to the powder. This
leads to a higher melting temperature and lower melt
viscosity. As [62] stated, the scan speed has a varying effect
on surface roughness. They reported that the average surface
roughness R, rises as the scan speed increases, due to the fact
that the powder particles do not have enough time to be
properly sintered, resulting in a less uniform surface.
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Fig. 9. Parameters and properties impacting surface roughness

On the other hand, other research shows that adding
additives to polymers has a real impact on the surface quality
of the 3D parts. This study [64], aimed to explore whether
the surface or mechanical characteristics of polyamide 12
were affected by additions like flame retardants, glass fibre,
carbon fibre, and aluminium powder. Samples prepared
from pure PAI2 and PA12 with aluminium powder
exhibited the poorest surface quality. While PA12 with a
mix of carbon fibres and glass material produced the best
surface quality. It was also found that the proportion of
additives in the powder affected the surface quality.

Furthermore, they concluded that additives increase the
surface roughness of printed components. Moreover,
compared to parts built with virgin powder, [63] found that
those made with recycled powder often had rougher
surfaces. As a result, they confirmed that the use of aged
powder engenders a significant improvement in the surface
roughness of SLS parts.

This review article summarises the fundamental aspect
of thermal behaviour, surface roughness and fatigue of SLS
3D printing for polymers materials. The effect of process
parameters on temperature distribution, melt pool, product
quality and mechanical properties has been investigated in
thermal behaviour. In the third section, the fatigue life and
mechanical properties are studied in relation to process
parameters, material characteristics and geometrical and
environmental determinations. As well as section four
focuses on the impact of process parameters, powder and
polymer type on surface roughness. The outcomes of this
review are listed as follows:

e The two factors that have a significant effect on laser
energy density are scan speed and laser power;

e Using an energy density of less than 0.1 J/mm? is the
optimal technological and energetical solution for
polyamide material;

e Higher melting depth leads to improved sintering
conditions and mechanical properties;

e The optimised values are situated in the remelt area of
the powder;

e Temperature is more affected by scan speed, laser power,
and density of 3D printed parts;

e The use of spherical particles increases the dimensional
accuracy of 3D-printed components;

e The fatigue life of the parts was affected by the energy
density and the powder bed density;

e The thickness of the section improves the fatigue
resistance of polymer materials;

e Smaller particles combined with high laser energy
densities result in more sintering and longer fatigue life;

e The water test decreased the fatigue life of polymer
material;

e Bed temperature, laser power, and hatch spacing
significantly influence surface roughness;

e The surface roughness of SLS parts increases when
recycled powder is used.

More investigations and experiments are required to find
the parameters and conditions that would provide long
fatigue life, high surface quality and robust mechanical
properties, resulting in high-quality 3D printed parts.
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