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Abstract: 3D printing as a functional Rapid Prototyping tbhek been used for years, and along with the aduaewt of

engineering technology, 3D printing technology isoadeveloping and improving. This technology has found

representation only in the engineering industryt, dmross industries such as healthcare, constnjato.In the end, |

also present specific cases of the use of 3D ictipea From the most basic 3D printing with simig@ehnology, several
kinds of printing methods have evolved. From thifpof view of simplicity for the novice user, titechnology is FDM

(Fused Deposition Modeling). With this 3D printitechnology, the process of applying a thin layemoften filament
to the printing surface is used until a completaleids finally created. FDM is also characterizgdiie use of a wide
range of materials, such as ABS, PLA, HIPS, PETuGatso wood or copper. Other methods | will ddsere SLA,

SLS, DOD-PolyJet. These are less available fomaseacquisition by the average user, but are isargly sought after,
due to the expanded printing options. In the emeketis also an example that we processed for @aayrin the field of
assembly.

1 Introduction model into many layers. The printing time itselfailso
The basic principle of 3D printing is “additive Significantly extended because it takes longereate one

manufacturing”, which in practice means that wendo layer and at the same time a larger number of sayerst
have a large block of material at the beginningpointing b€ created. These shortcomings and limitationering of
begins on a clean substrate by gradua”y app|yh@ tquality and time are minimal against the advantmj&)
material layer by layer as precisely as possililepaling Printing. It is necessary to find the most suitaylee of
to the requirements for strength, stiffness andntaé technology, determine the required properties efgtint,
properties, or resistance to influences such amicaés, Cchoose the material accordingly and ultimately fiad
water, sunlight, alcohol, etc. According to thes€ompromise between speed and precision of prifitid.
requirements, the material (filament) and the methd

creating the model are subsequently chosen. Thetheay 2  Fused Deposition Modeling - FDM

printer applies the material is layer by layer D$pace. It The principle of this method consists in melting th
is then moved horizontally by the next layer urdil material. The material entering the process iditament,
complete 3D model is created. Even though indiidugvhich reaches the print head, where it is heateth¢o
printing methods differ from each other, they @l one required melting temperature. Subsequently, itristgd
thing in common: applying material layer by layerwith the help of a nozzle, which slowly applies the
Therefore, it is necessary to modify the 3D modedst individual layers to the printing pad (Figure 1).

often in STL format) in the software before prigtin  The main advantage of this technology is the use of
dividing it into several thin layers forming thetiee object. very large number of types of materials for thipetyof
The thickness of the layers best corresponds tqubéty printing. Another of the advantages and positivethis
of the model. The thinner the individual layerse thore type of printing is the creation of a minimal ambuwif
accurate the print quality, and the transition leetwlayers \aste. The disadvantage is the lower quality offihal

is minimal. So printing in the smallest possiblgeld surface of the material, which is indicated byfigimum
appears to be the most optimal quality, but it itas height of the layer during printing, which is arou@.25
limitations. The hardware itself has limits on htvin a mm [1-4].

layer it can create. If the software allows evetrarely

thin layers, we waste a lot of time in the arealigfding

the model into layers, because the software hasttthe
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Support filament This mechanically joins the particles togetherdorf one
. solid part. The unfused powder supports the parindu

Extrusion head F= - Main filament . Lo .
. : o printing and eliminates the need for special suppor
_ | e structures. The platform is then lowered one layer the
:;{‘% i ﬂ LR assembly chamber, typically between 50 and 200ang;r
: T 2 oAl Filamant spools and the process is repeated for each layer ustpéats are
Rlidsaten] | > B Jj'i-u | = finished (Figure 3).
Primted part LasEr Lll
# beam
j Suppart Roller—"
Figure 1 Fused Deposition Modeling Powder @
Workpiece ‘
3 Stereolithography - SLA Work [ 1 . 1— |
SLA 3D printing works by first placing a build ptatm plate ; Cantrol
in a tank of liquid photopolymer at a distance oédayer Piston = signal
height from the surface of the liquid. The UV laserates P
another layer by selectively curing and solidifyitige L
photopolymer resin. During solidification, part tfie Figure 3 Sdective Laser Sntering
photopolymerization process, the monomeric carbon ) o ) .
chains that make up the liquid resin are activéatgd)V With the help of this method, it is possible tonpra

laser light and become solid, forming strong, uakable fully functional model, and thanks to the diverséestion

bonds between them. The laser beam is focused indhmaterials, it is possible to choose from a widsge,
predetermined path using a set of mirrors, callewag Such as - ceramics, polycarbonate, metal, nylan, Tetis

(Figure 2). one is not compact for home users, as its dimeasiona
bit larger due to the built-in trays ready to fegifferent
Laser source —— types of material directly from the printer pari4lL
i /( 5 DOD - PolyJet, MaterialJetting

PolyJet 3D printing technology is quite similar do
regular inkjet printer that prints on paper. Irsthiethod, 2
types of material are used: construction mateviich
forms the basis, and support material, which essure
stability during the printing process. For the hefpthe
print head is the material applied to the printhoudpstrate.
Thanks to the large number of nozzles that theladead
has, itis possible to apply a larger width of matet once
without problems. These nozzles apply a small arhofin
material in the form of drops, which, after beingpked to
iquid protopolymer  the material, are immediately cured with the hdlp &V

Figure 2 Method of sterealithography lamp located in the printer near the print headfé 4).
) ) ) .. The main material is photopolymer, and the suppgrti

The main advantage of this method is good printingyaterial can be removed with the help of watewel as
accuracy. This metho_d is more time-consuming tp@&  \ith SLS technology, or it can also be removed
and complete, as it is necessary to remove SUPPSMSmechanically. This PolyJet technology gives us high
mentioned above, which we call postprocessing [1-4]  gyality printed and subsequently cleaned parts.f@vith

. . . FDM technology the minimum layer is 0.1, this i th
4  SelectiveLaser Sintering- SLS smallest possible height at an incredible 0.014 rgimce

The SLS method uses a combination of laser andcan print a wider layer of material, it is théme much
powder for printing, which is dispersed in a thilydr on  faster than SLA technology. The width of the prihkzyer
top of the platform inside the build chamber. Thiater  can be adjusted using the print head, which carhbeged
preheats the powder to a temperature slightly belmv to the desired size. Last but not least, therengla range
melting point of the raw material, making it eadierthe of materials and colour options to choose from][1-4
laser to raise the temperature of specific areashef
powder bed as it follows the model to solidify. Tlaser
scans a cross-section of the 3D model and heapothder
just below or directly to the melting point of theaterial.

Fabrication platform
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6 Colour Jet Printing, Binder Jetting

Colour Jet Printing (CJP) is an additive manufaotur
technology with two main components: a core matarid
a binder. The core material is applied with a raltethin
layers to the construction platform. After eachelays
applied, a coloured binder is selectively ejectenfthe
inkjet print heads and this causes the core tdli§pliThe
build platform is lowered to allow each successayer to
be laid out and printed, resulting in a full-colatree-
dimensional model (Figure 5).

LIQUID BINDER INKJET
SEWEER PRINTHEAD
ROLLER
@  OBJECT/PART
NEW |
POWDER)| PQiDER
STOCK 2

I D BUILD
PLATFORM

Figure 5 Colour Jet Printing (Binder Jetting)

possible to configure the properties of the priaewell as
the model in the software. The disadvantage of @flipg

is occasional imperfections, as, for example, arMFD
printer works at the micrometer level.

3D printing has also found its place in the field o
aviation. Maintainers from the 60th Maintenance&gtyan
and 349th Aircraft Maintenance Squadron, along with
engineers in Georgia, are using 3D printing in neaiance
as a rapid means of creating faulty or damaged
components.

Improving properties and their degradable footpisnt
a challenge for industrial companies. The KIMYA
company disclosed an analysis of the material usEBM
printing, more precisely 3D PETG filaments. Theap
shows that the use of recycled PETG filaments helps
reduce CO2 emissions by 35% compared to standard
PETG filaments.

Art and design are pushing the boundaries with 3D
printing. In the last good, 3D printing is used me@nd
more often by fashion designers or artists. An glans
the Texas project Sunday Homes, where reconstruigio
planned using 3D printing.

In addition to improving patient outcomes, the madi
device industry could potentially use 3D heartird for
testing.

Engineers at the Massachusetts Institute of Teokyol
(MIT) have devised a way to 3D print a replica dfuanan
heart, which could have a significant impact on
personalized treatment for people with heart probleThe
engineers behind the discovery hope it will helptdos
tailor treatments to the specific shape and functib a
patient's heart. 3D printed hearts are soft andbile, and
researchers can manipulate them to mimic a patient'
ability to pump blood. The process of making on¢heke
3D copies of the heart begins by converting medical
images of the patient's heart into a three-dimewsio
computer model [5-9].

Mr. Tay Yi Wei Daniel at the Journal of materials
processing technology states that 3D printing afcoete
can be used to build many complex structures. Hewev

As with the DOD method, one of the advantagesss fadue to its material properties in the fresh siate difficult

printing with the help of a wide print head thabh@pply a
wide layer of the binder. The printed models usihig

to build overhanging structures without support. To
unleash the true potential of concrete 3D printingyipport

method do not have high strength and therefores it $tructure is needed to support any protruding freaterial

necessary to modify them quite often, that is,g® the so-
called postprocessing [1-4].

7 Conclusions

that is usually removed during post-processings Bhudy
demonstrates the feasibility of adjusting printgmaeters
to print the main structure and the supporting cstme
using a single type of building material [8].

This article describes 3D printing technologies. 3D Ramezani, Hamed in the study used multiphysics

printing is becoming an integral part of both snsatle
production and large enterprises. A big benefithisir
purchase price, of course, it depends on the $erters,
3D printing technologies, and the use of differgpes of
materials and software for converting to gcode rfite.
another benefit is the simplicity of model creatias the
software converts the model in .stl format to .ge@ahd
calculates the extruder path itself, if necessdtyis

simulation to determine the potential printabilitf
chitosan hydrogel as a desirable biomaterial usd¢idsue
engineering. In the simulations, the flow was asstito
be laminar and two-phase. Furthermore, the inflaesic
different speeds and viscosities in extrusion-bab@dsan
3D printing was investigated [7].

Our result of using 3D printing specifically wittD
technology is the design and realization of a pustael,
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for a company that had high losses when gluingbzzadi  [3] Grames, Emmett. What is FDM 3D printing? Simply

boxes and the production of a new pusher from the explained, [Online], Available: https://all3dp.ca&ffl

company would have a long payback period. Thathg w  sed-deposition-modeling-fdm-3d-printing-simply-

the company chose 3D printing technology. The pushe  explained [17 Oct 2022], 2022.

in the form of a prototype and is being testeddfliyen the [4] MiRe, www.mire.sk: Technologies of 3D printing

company. [Online], Available: https://mire.sk/technologie-d-3
Another use is the processing of a request from a tlace [17 Oct 2022], 2022.

company that needed a grid for a filter device Withible [5] BURGANOVA, N., GRZNAR, P., MOZOL, S.,

properties, where the 3D print is already directly MATYS, M.: Trends in the design of factories of the

introduced in production and meets the predetemhine future, Conference: Trends and Innovative Approaches

requirements. in Business Processes 2021, Ildey 2021, [Online],
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