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Selective Laser Sintering (SLS) or sintering of polymer powders is one of the most well-known additive 
technologies for printing 3D components. The properties of individual polymer powder materials have a 
significant impact on the quality of the manufactured part. Potential deformation and shrinkage can 
occur during printing if a significant number of parts are piled on top of one another or are oriented 
incorrectly, accumulating thermal energy in certain areas. The aforementioned research focuses on an 
experimental study to investigate the impact of the distribution and orientation of printing samples in 
the build chamber on the accuracy of dimensions and the surface roughness of PA12 prints. The aim of 
the study was to examine the impact of model settings during production as well as the effect of individual 
factors on the properties of manufactured parts, with a focus on ensuring that heat rises evenly from each 
print without accumulating. 
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 Introduction 

Additive manufacturing (AM) is a group of inno-
vative technologies that create objects in the form of 
digital models through the gradual reinforcement of 
material layer-by-layer [1,2,23]. According to 
ISO/ASTM, Powder Bed Fusion (PBF) is classified as 
one of the seven categories of AM technologies. This 
technology has a promising future in both industrial 
and academic organizations due to its capacity to make 
components with complex geometries and to employ 
any powder that can be melted or sintered [3,4,24]. As 
a result of the rapid advancement of additive manu-
facturing technologies, such as SLS technology, man-
ufactured components are increasingly used in a wide 
range of industries, even as a source of design fea-
tures[5]. Despite the available information on the me-
chanical properties of parts printed from polyamide 
powders, only the results of the tensile test are de-
clared by material suppliers and manufacturers of pro-
duction equipment. Additionally, the stated accuracy 
of production equipment is not reliably declared. The 
accuracy of the movement of the individual axes is in-
sufficient since several process parameters influence 
the quality of the manufactured components. Further-
more, there is a lack of information on the orientation 
of the printed model in the build chamber, the influ-
ence of the individual axes of the model setup on the 
achieved geometric characteristics, and the integrity of 
the manufactured surface [6,7]. To manufacture a 

component by additive technology, a 3D model of the 
component is required. This can be made by scanning 
a material body or structural design in a CAD system 
[8]. For a wide range of CAD programs, it is necessary 
to export the completed 3D model into standard for-
mats such as the stl format. It is vital to pay attention 
to the export process settings to achieve the required 
quality of the 3D model. If the quality requirements of 
the model are not fulfilled, there will be a significant 
reduction in the accuracy of the component that is 
built.  

Selective Laser Sintering (SLS) is one of the most 
common powder-based technologies for additive 
manufacturing. As a result, SLS technology is 
currently employed in the manufacturing of a wide 
range of components. Due to the absence of 
supporting structures, SLS technology can be used for 
complex-shaped components. With the availability of 
advanced printing materials, manufactured 
components can now be used not only for prototype 
applications but also for mechanically stressed 
components in real-world conditions. This 
technology, which is remarkably similar to 
Stereolitography (SLA), uses powdered materials 
(plastic, metal, and ceramic) that are fused, or more 
precisely sintered with a laser beam [9]. High-powered 
lasers are used in selective laser sintering (SLS) to 
sinter powder material to create a printed object. This 
can result in changes to the internal structure of the 
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object as well as its surface [10,11,12]. The laser 
hardens the desired shape of the object into solid 
powder material, which is then applied to the print 
bed. After one layer has hardened, the machine applies 
another thin layer of powder, which is then laser-
hardened. Finally, the prints with increased strength 
are obtained but must be carefully cleaned and 
removed from unhardened dust. Professional 
machines that utilize the laser sintering principle are 
used in industrial production and the production of 
prototypes for functional testing. The fundamental 
difference is that the final materials are no longer 
required to be made of plastic but can instead be made 
directly of metals or other solid materials such as 
ceramics. [13,14]. The advantages of SLS printing 
include the ability to position the printed part 
arbitrarily in the space of the build chamber and the 
ability to print a series of prototypes in the X, Y, and 
Z axes using non-sintered powder as support. The 
disadvantage is the difficulty in achieving typological 
characteristics that correspond to the CAD model's 
dimensions while printing multiple parts at once. 
Furthermore, thermal energy can accumulate in 
specified places when a more complex part is poorly 
positioned or when numerous pieces are piled on top 
of each other, then warping can occur during cooling. 
[15] 

 Methodology 

The main focus of the experiment is the effect of 
the layout and orientation of the print samples in the 
print chamber. Emphasis is also placed on the 
dimensional accuracy and surface roughness of the 
PA12 prints. The effect of pattern alignment during 
production, as well as the influence of various factors 
on the properties of the fabricated parts, were also 
studied, with a focus on ensuring that heat rises evenly 
from each printout without accumulation. 

 Used material 

The semi-crystalline polymer polyamide 12 (PA12) 
is a strong, durable material that is widely utilized in 
the medical, automotive, aerospace, and biomedical 
industries because of its excellent mechanical 
properties such as good machinability and low 
porosity. If reprocessing and use of insoluble materials 
were not possible, low usage of the material in SLS 
technologies, collection, and disposal of powders 
would be uneconomical and environmentally harmful. 
[16] According to research and the latest findings, 
non-sintered materials are vulnerable to complex 
thermal and chemical degradation when used 
repeatedly. [17] Furthermore, the quality of the prints 
and their mechanical properties are also affected by 
the SLS printing settings, such as laser power, laser 
energy density, scan speed, the distance between the 

hatches and the scan length of the parts. [18] 

 Sample Design 

The proposed material (Tab. 1) for printing the test 
model (Fig. 1) was polyamide black powder, which is 
suitable for functional prototypes, and chemically 
resistant products. Furthermore, it has high-
temperature resistance. The model's dimensions are 
25x10 mm, and its thickness is 10 mm. During 
printing, the new PA12 Smooth-30% powder is mixed 
in the prescribed ratio with 70% of the used powder. 
The amount of fresh powder needed is calculated by 
the software Sinterit Studio. [19] 

Tab. 1 Properties of the material PA12 [19] 
Property Value 

Particle size (µm) 18-19 

Tensile Strength (MPa) 41 

Melting point (°C) 182 

Roughness Ra top surface (µm) 9.680 

Roughness Ra side surface (µm) 6.470 

Roughness Rz top surface (µm) 31.633 

Roughness Rz side surface (µm) 54.184 
Impact strength (KJ/m²) 
Printout density (g/cm³) 

15-20 
1.0 

 

Fig. 1 Model of the sample 

The software product Minitab 2020 used for the 
orientation of prints in the build chamber is equipped 
with several analytical and graphical tools that can be 
used to better understand the results. Design of 
experiments method (DOE) identifies process 
conditions and print components that influence 
quality. Subsequently, the settings of the parameters 
that optimize the outcomes can be determined. [20] 
An experiment was carried out based on the 
developed DOE proposal, which included 17 samples 
of repeating five values in X, Y, and Z coordinates 
(Tab. 2).     
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Tab. 2 Repeataing values when designing using DOE 

Angle adjustment 

Number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 

X 
0 
90 
0 
90 
0 
90 
0 
90 

22.5 
67.5 
45 
45 
45 
45 
45 
45 
45 

Y 
0 
0 
90 
90 
0 
0 
90 
90 
45 
45 

22.5 
67.5 
45 
45 
45 
45 
45 

Z 
0 
0 
0 
0 
90 
90 
90 
90 
45 
45 
45 
45 

22.5 
67.5 
45 
45 
45 

 SLS parameters 

Using Sinterit studio, it is possible not only to 
adjust the height of the printed layer and the laser 
power ratio but also to optimize the entire printing 
process and thereby achieve better properties of the 
printed model.  

Tab. 3 Print parameters data 
Property Value 

Laser power ratio 1.0 

Layer height setting(mm) 0.100 

Camber temperature (°C) 178 
 

 Measurement methodology 

The surface roughness of injection molded parts is 
determined by the quality of the mold surface. It is 
0.012-0.025 µm for super high gloss and 3.20-18.0 µm 
for matte texture finish. In previous experiments, 
typical surface roughness values for the SLS process 
ranged from 5 to 25 µm. [21] 

To evaluate the quality of the 3D surface 
roughness, two roughness height parameters (Sa - the 
arithmetical mean height of the tested area and Sz - 
the maximum height of the tested area) were measured 
for the printed samples. A non-contact Alicona 
InfiniteFocus G5 device was used to measure the 
surface roughness of the samples.  This measuring 
system allows for a detailed 3D surface analysis, 
including 3D colour images (Fig.6) with a high vertical 

resolution of up to 0.01 µm and a precise 
measurement analysis ranging from simple 
dimensions data to 2D Ra and 3D surface roughness. 
[22] The measured surfaces (Fig. 2) are area A - the 
top part of the sample (SaA, SzA) and area B - the side 
part of the sample (SaB, SzB). 

 
Fig. 2 Surface roughness measurement of the sample areas 

Dimensional accuracy was measured using the 
two-point measurement method in addition to surface 
roughness. For 2D measurement, a micrometer, 
MAHR Micromar 40 EWR, and the dimensions 
25x20x10 were employed (Fig.2). 

 Results 

Two surface roughness height parameters, Sa and 
Sz, were selected to determine the surface quality of 
the planar (3D) roughness characteristics. These 
parameters represent a group of surface texture 
parameters where the statistical characteristics of the 
height z (x,y) are evaluated. 

 Surface Evaluation 

Based on the graphical representation of the 
measured values of the parameter Sa (Fig. 3) over 
area A, the roughness of all samples was nearly iden-
tical. Samples 6,9,11 showed increased roughness, 
and within area B a higher roughness was recorded 
for samples 2,8,9,10,11. The highest roughness was 
shown by sample 12 with a similar value within areas 
A and B. Area A achieved overall better results than 
area B. Samples that had significant differences in 
measured values were not considered during the 
evaluation. According to the Sa parameter, samples 
with an orientation of 90° and 45° in any axis and an 
average SaA value of 13.45 m are optimal for achiev-
ing the most stable roughness. 
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Fig. 3 Graphical comparison of the results of measuring samples of the roughness parameter Sa 

The measured values (Fig. 4) reach a comparable 
roughness Sz. Due to measurement inaccuracy and 
deviations induced by non-sintered powder, the 
highest parameter in the measured area B for sample 
1 was not considered. The best parameters were 

achieved by samples that were oriented by 90° and 45° 
in all planes of the X, Y, and Z axis, where the 
roughness value Sz in area A varies from 259.50 µm. 
As a result, the orientation of the samples has no effect 
on roughness when measuring the Sz parameter. 

 

Fig. 4 Graphical comparison of the results of measuring samples of the roughness parameter Sz 
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Figure 5 compares selected surface roughness 
parameters evaluated by the Alicona InfiniteFocus G5 
device for areas A and B. Within area A, the surface 
of sample no.1 was the best. The worst surface was 
measured on sample no. 12, and sample no. 6 also 
showed a higher measured value. This is a certain 
defect that occurs when the reprocessed powder is 

used. The reason for such a surface structure is the 
quality of the powder. Within area B, sample no. 1 had 
the best-measured surface, which had slightly higher 
measured values compared to area A. The highest 
measured value of surface roughness was on sample 
no. 12. Compared to area A, it had a better-measured 
surface roughness. 

 

Fig. 5 Selected parameters of surface roughness Sa within areas A and B 

 Evaluation of Dimensional Accuracy 

The places were measured repeatedly in the X, Y, 
and Z axes, with dimensions of 25x20x10 (Fig. 2), and 
the results were averaged. The measured values (Fig. 
6) show that the values of the deviations measured on 

the X axis are predominantly positive, but the values 
of the deviations measured on the Y axis are half 
negative. We can see a link between sample 1 and the 
roughness parameter Sz, which was the highest within 
area B. The most accurate samples were 4, 7, and 8. 
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Fig. 6 Measured deviations by a micrometer 

 Discussion of results 

According to the findings, the print quality is 
influenced by the orientation of the samples but also 
by the surrounding conditions. We can confirm that 
the orientation of the samples in the build chamber 
had an impact on the dimensional quality when 
analyzing the dimensional accuracy. The evidence is a 
statistical evaluation where optimization in the 
following experiment could improve the results. 
Dimensional accuracy is related to deformation and 
shrinkage, as well as thermal energy distribution. 
Several studies have confirmed that orientation has a 
significant impact when printing large parts. The 
experiment itself could have been affected by a 
significant temperature load and by the fact that the 
samples were not far enough apart. 

The surface roughness evaluation results 
confirmed that the statistically selected factors have no 
effect on the surface. By comparing samples of the 
roughness of the Sa parameter, the average value 
achieved was 13.45 µm in area A and 20.31 µm in area 
B. Within area A, the Sz parameter averaged 259.50 
µm whereas, within area B, it averaged 306.88 m. A 
graphical comparison of the prints showed that the 
top surface A of the samples achieved better results 
than the side surface B. 

The results of the dimensional accuracy 
measurement were reflected in the statistical 
dependence of factors on the measured values of 

dimensions, as well as a graphical comparison of 
dimension deviations, with the samples in the X-axis 
achieving the greatest deviation from the prescribed 
dimension on average. The surface roughness 
evaluation results confirm that the statistically selected 
factors have no effect on the surface. The graphical 
comparison of the samples shows that the top surface 
of the samples achieved better results than the side 
surface of the samples. 

 Conclusion 

The aim of this study was to investigate the 
correlation between the geometry and surface 
properties of the printed samples at different rotation 
angles of the model in the X, Y and Z axes of the 
Cartesian coordinate system. For 17 specimens, the 
design and the results obtained were analyzed in 
Minitab statistical software using the DOE 
experimental method. The software demonstrated the 
dependence of the factors on the variable of interest. 

To determine the surface quality for objective 
evaluation, the parameters Sa and Sz were determined. 
The tested surfaces were unmachined to determine 
which factors of the print setup conditions have the 
greatest influence on the resulting print quality. In 
addition to roughness, the dimensional accuracy of the 
25x20x10 sample in the X, Y, and Z axes was also 
evaluated. The results revealed that the orientation of 
the specimens in the build chamber has  an  effect  on 
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the dimensional accuracy, which depends on the 
uniform distribution of thermal energy. The 
specimens may have been subjected to significant 
thermal loading and were not sufficiently spaced apart. 
The ambient conditions and their effect on the 
resulting print quality, as well as measurement 
inaccuracies when the two-point method was not 
sufficient, contributed significantly to the poor model 
values. Reprocessed powder from previous prints also 
had a significant effect on the results that caused too 
much noise. Graphical comparison of the results 
reveals these inaccuracies, with no correlation 
between area and dimensions found. The results 
obtained in the present study can be helpful in 
preventing problems in the additive manufacturing 
process from polymer powders and also can be used 
in additive manufacturing for the specific type of 
printer and material used in further research.  
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