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Abstract: Additive technology provides several advantagespared to traditional production methods, suchreation
of complex geometric shapes with less material womsion. However, the setting of the 3D printinggass as well as
the positioning of the printed object has an impeacthe mechanical properties of the material uBkd.aim of this study
was to compare the mechanical properties of polgarti?A) material as well as the influence of thergation of printed
objects when using SLS and MJF technology. The t8tBnology used the P 396 device (EOS, GermanyHRiet
Fusion 5200 (HP, USA) was used for MJF technoldigypoth cases, PA was used to creating experimsataples for
mechanical testing. The orientation of the prirgathples was 0°, 45° and 90° to the base platfortimec8D printer. The
results show by comparing SLS and MJF technolobigkest mechanical properties for MJF technologgmvthe
position samples were at 90° to the basic platfof8D printer. Conversely, the lowest mechanicalpgrties were
recorded for samples that were positioned at aadgfe to the base platform of the 3D printer uSh& technology.

1 Introduction mechanical testing were preheating temperatureer las

Polyamide (PA) is considered a thermoplastic polymdower, scanning distance, scanning speed, layekniss
characterized by low density and good thermal ktwbi and orientation of the printed object. The resudfs
PA material is characterized by good propertieshm mechanical teSting for the selected settings of 3be
impact, wear against mechanical forces as well &inting process confirmed that the thickness patenof
proportional elongation [1]. However, in generalp P the applied layer has the greatest influence on the
material can be divided into several subgroups fgt6, Mechanical properties. The orientation of the pdnt
PA66, PA12 and PA6) [2]. The designation of théamples (horizontal = 0° vertical = 90°) with tseme
subgroups of the PA material refers to the moleculfarameters of the 3D printing process were alstysee,
structure that affects the mechanical propertiecke T While different mechanical properties of the PA enit
Subgroup of materials PA 6 represents harder anghm were also re.CO.rded ||.'] this -aSpeCt. A Slmllarlsnﬂﬂed the
materials, while PA 12, on the other hand, reprsseore  €ffect of printing orientation on the tensile styém of
flexible and pliable materials. However, the mejtin PA12 samples obtained by SLS is described by Jettt
temperature of the entire group of these material8]- The results of the study describe that samptisited
represents a temperature range of 220°C to 26q°C [3  Vertically during the 3D printing process have gheir

Due to the different types of polyamides, the sifien modulus of elasticity. The authors also hypothettiaéthe
community also studies these materials in terms &fntering process is more efficient for samplesried in
mechanical properties. One of them is the studyidfiand @ Vertical position due to a more umform trajegtof 'ghe
et al. [4] where they investigated the parametér8m» laser beam than for samples that.were orienteddrutally
printing of SLS technology on the mechanical préipsiof ~ t0 the base platform of the 3D printer. o
printed parts of PA12 material. Among the paranseter Additive technology, also known as 3D printing, is
investigated during the production of samples fdincreasingly entering various fields such as autorao
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manufacturing [6-8], aerospace industry [9-11l]samples produced by MJF technology. Fatigue tests
prototyping [12-14], medicine [15-17] or pharmaapto represent a higher dispersion for samples produggd
[18]. Additive technology currently plays an impant role  MJF technology and an increase in fatigue life.irAilar
in prototype design. However, it is necessary @ize study by Xu et. al. [24], which was devoted to the
what is expected from the manufactured prototypg amomparison of the SLS and MJF technology processes
therefore it is important to choose the approprige of while evaluating the morphology, thermal and meatan
additive technology during the production of thetptype. properties of PA12 parts. The results of the stsltywed
Currently, Selective Laser Sintering (SLS) and Miét that the PA12 material in powder form using these
Fusion (MJF) is often used in the production oftpiypes technologies had approximately elliptical shapesoflar
but also in serial production [19]. SLS technoltigyongs size. In the case of the produced samples, thecgurf
to the general group of additive technology calleder roughness of the samples produced by the MJF téayno
Powder Bed Fusion (LPBF), which uses a laser t¢ medhowed better values than that of the samples peatlioy
plastic grains that have been applied to a platfornthe SLS technology. During the printing processiite
Subsequently, the platform is moved lower in thexiz, a function of immediate laser cutting, the degreenefting
new layer of powder material is applied and thesras of particles with SLS technology was higher thathwilJF
sinters the material in the required places. Thiegss is technology. The results of the mechanical propedfghe
repeated until the entire 3D object is createde@ile printed samples were better with the SLS technoldgy
laser sintering is very popular in the field of gila 3D terms of time, the printing speed with MJF techgglwas
printing due to its substantial advantages, suctieaggn 10 times higher than with SLS technology.
freedom, high productivity and low part cost. Uslisome The aim of the presented work is to compare the
other 3D printing technologies, such as Sterediithphy mechanical properties of samples produced by two
(SLA) or Fused filament fabrication (FFF), SLS avidF different additive technologies. A difference isased
technology does not require any support structufes  between the positions of the samples as well asdagt the
enables the creation of very complex patterns [20-2 production technologies.

The 3D printing process of MJF technology can be
divided into the following points. The printer'ssgenser 2  Material and methodology
applies a thin layer of powder material to the folam. 21 Material characteristics
Then the ink head applies a liquid agent, which ein To compare the individual additive technologies in
two variants. The first type (fixing) connects thdividual  {orms of the mechanical properties of the PA12 riafe
layers together and the second type (detailinglsedd t0  the material PA 2200 (EOS, Germany) based on PA12
define the exact surface dimensions of the priptats. A sing SLS technology was chosen. In the second tese
_heatmg unit is used to harden thg individual Iayemlc_h MJF technology was chosen using the input matBAdI2
is activated after the agent is applied. The adwgeof this  ,nder the trade name HP 3D HR PA12 (HP, Germany).
technology is the use of bulk material, which efiates the The selection of materials was chosen based on the
creation of supporting structures, which resultsthe technologies used, which use only certified malefam

creation of complex structures (like SLS technojo@art  3p printer manufacturers. The technical specifisatof
of the production process is also the so-calleghe materials is described in Table 1.

postprocessing, where excess material is removeed U

material can be reused when mixing with new mdteria Table 1 Specification of materials

20/80 (new material / used material). MJF technplog PA2200 PA12
based on its principles is used for serial producitf :

printed parts as well as prototyping. By compa6h& and Density [.g/crﬁ] 0.93 1.02
MJF technology, it can be said that these techiedogre _AVerage grain size [pm] 65 60
similar in terms of the input materials used, buiSS Melting point [°C] 176 187
technology uses sintering to join individual layengile Glass transition [°C] ~55 ~50

MJF uses reagents and heating to join individugra
There are several scientific studies comparing &b 2
MJF technology. In a study by Rosso et al. [23?'
investigated an in-depth comparison of PA12 part
produced by SLS and MJF technology. The study aedly
the material properties of PA12 printed samplesmfRA12
as well as the mechanical behavior of selectedtsires in : o o
tensile and fatigue tests. The results of mechhmésts gz:\(r)npgl)sgrzé dzeoslczri.bler:jdilxl(Ij:liJgaLI”;alnatlons of the prepd
showed that samples produced by SLS technologyaappée ’
to be stiffer with lower plastic deformation comparto

Samples production procedure
The design of the experimental samples was
?nplemented in SolidWorks 2019 software (Dassault
Systemes, USA). The design of the proposed samade w
based on the valid standard for mechanical te §irg EN
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Figure 1 Dimensions of test samples (a:Total lerigid mm;
b: Lenght of the narrow parallel part 60 mm; c: Widf the narrow part 10 mm; d: thickness 4 mmi\dth at the end
20 mm; f: radius 60 mm )

The samples were divided into 3 groups according to  Powder mixture 50:50 20 fresh:80

the positioning during the 3D printing process (F&2). recycled

The difference in orientation for individual groupss as  Powder melting point 187 176

follows: [°C]

- Group A: position of samples at 0 angle (on tla)n20
pieces of samples. 2.3 Mechanical testing

- Group B: position of the samples at a 45° angléhe Mechanical tensile testing was performed on 120
horizontal axis, 20 pieces of samples. samples (Figure 3). The samples were divided intes8

- Group C: position of the samples at a 90° angléhe  groups (Group A: sample position at 0°; Group Bngke
horizontal axis, 20 pieces of samples. position at 45°; Group C: sample position at 9G%)

Inspekt Table (Hegewald & Peschke, Nossen, Germany)
S : with a measuring range of 5 kN was used for meciani
testing. The tensile testing speed was set at 2w he
relative elongation was measured on RTSS extensomet
‘ (Limess, Germany) while the initial length was 56nm
| The distance between the clamping jaws was 115 mm.

A

Figure 2 Preparation of samples for EOS and for HP y
(A: SLS Technology; B: MJF Technology) R C I X TR

. . . B

The production of experimental samples was carried
out using two technologies. One of them was the SLS
technology behind the EOS P396 device (EOS, Gerjnany
In the second case, MJF technology was chosehddfP
Jet Fusion 5200 device (HP, USA). In both casethef
chosen technology, PA12 material was used. The set
parameters of 3D printing are described in Table 2.

10

Figure 3 Produced samples for mechanical testing
(A: samples produced by SLS Technology; B: sarpptekiced
by MJF Technology)

Table 2 Parameters of 3D printing process for Sh& BIJF

technologies
B EOSP396  HP 5200 3 Resultsand discussion
Building speed [m/s] 6 0.014 31  Comparison of mechanical propertiesof PA
Layer thickness [mm] 0.12 0.08 material based on sample position
Sintering energy source Hle;ntl[r)lg Energy The investigated parameters of the mechanical

properties of PA material based on the positiorahthe
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sample were ultimate strength (Rm) and Young's nusdu printer.  When comparing groups, A and C, these
of elasticity (E). In Figure 4 individual groups sdimples differences in average values were recorded dethed of
are graphically represented and compared. 40.36 MPa.

When SLS technology was used, the average Rm value When using the MJF technology, specifically for the
for sample group A was 43.52 + 1.65 MPa, for samplearameter Rm, the average values were recordethdor
group B at 40.86 + 0.57 MPa and for sample grougt C sample group A at a value of 42.66 + 1.67 MPagfoup
42.63 = 0. 47 MPa. Comparing the average valugbeof B the value was 42.67 + 1.63 MPa and for group &€ th
Rm parameter, differences were found at the lef/8lG6 value was 45.25 + 1.1 MPa. In this case, the best
MPa (group A versus group B). By comparing the sammaechanical properties of the samples were achiexi
parameter between sample groups A and C, diffesenagroup C (position of the samples 90° to the bakitfggm
were detected at the level of 0.89 MPa. From thigin be of the 3D printer). The differences in mean Rm galwere
concluded that the positioning of the experimesamhples 2.59 MPa (group C versus A). A similar result was
at a zero angle (on the base platform of the 3Dtgmi recorded when comparing the average values between
shows the best mechanical properties of the sammele sample groups C and B (2.58 MPa). The analysis of
of PA material. Conversely, the lowest Rm was rdedr parameter E using MJF technology showed averagesal
for samples that were positioned at a 45° anglenduihe for sample group A at a value 1453.2 + 43.35 Miea, f
3D printing process. The analysis of parameter iBgus samples group B at a value of 1523.03 + 37.34 MPaea
SLS technology showed average values for samplepgrofor sample group C at a value of 1559.1 + 99.8 MPe
A at a value of 1464 + 78.4 MPa, for sample grougt® highest differences of these average values weseredd
value of 1425.49 + 44.41 MPa and for sample groap & between sample groups A and C (105.9 MPa). Iticesw
value of 1465.85 + 34, 97 MPa. By comparing theage from the results that the position of the experitakn
values of the parameter E, differences were redaatlthe samples below 90° to the basic platform of the BDter
level of 38.51 MPa in favor of the samples that evershows the highest values of the E parameter.
positioned at a zero angle to the base platforih@f3D

SLS Technology MJF Technology
(Tensile strenght) (Tensile strenght)
48 48
47 47
46 46
45 45
_ w M Group A _ a M Group A
o ©
% a3 + M Group B %_'. 43 M Group B
42
O Group C 42 ] Group C
41 41
40 40
39 39
38 38
SLS Technology MJF Technology
Young's modulus of elasticity Young's modulus of elasticity
1650 1800
1600 1700
1550 1660
M GroupA M Group A
= 1500 =z
s M GroupB 1500 i Group B
= 1450 = = =
Group C Group C
1400
1400
1350 1300
1300 1200

Figure 4 Comparison of mechanical properties ofegipental samples at different positions during 3eprinting process
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3.2 Comparison of mechanical propertiesof PA MJF technology. The difference in this case washat

material based on production techn0|ogy level of 97.54 MPa for group B and 93.25 MPa f(mg;r
The comparison of the mechanical properties oPthe C samples.

material based on the production technology was .

performed on the parameters Rm and E. In Figure®a 4  Conclusion

graphic representation and comparison of individual In this study, we used SLS and MJF technology to

production technologies. investigate the mechanical properties at diffepasitions

of printed objects on the ideal position in terms o

parameters Rm and E. The results showed that when

comparing SLS and MJF technologies, the highest

a6 mechanical properties were recorded when MJF

45 technology was used while positioning the sampke 2@°

44 angle to the base platform of the 3D printer. Cosely,

43 the lowest mechanical properties were recorded for

42 samples that were positioned at a 45° angle tdtse
4 I platform of the 3D printer using SLS technologyeEtudy
SLS MJF SLS MJF SLS M

Tensile strenght

[MPa]

:g also demonstrated that additive technology andaiteect
38 setting and position of printed objects is possitide
I regulate the mechanical properties of manufactpeats.
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