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Abstract: This scientific article deals with the mechanitsiting of samples produced by 3D printing techgplfsom
thermoplastic polyurethane (TPU), which is a fléxipolymer with elastomeric properties. The ainthef study was to
evaluate the mechanical behaviour of TPU materiaeu different printing parameters and loads, €apecin
compression. The samples were printed using the flRded Deposition Modeling) method with varial##iags such
as layer orientation, infill, layer thickness anthping speed, while a standardized shape of fEstisens according to
ISO 604 was used. Testing revealed a significapedéence of mechanical properties on layer orientand infill
degree. TPU showed high elasticity and energy alisorcapacity, which confirms its potential forpdipations where
flexibility, shock absorption and shape adaptabéite required. The results point to the importasfagptimizing printing
parameters to achieve the desired mechanical gireper practice.

1 Introduction have a significant impact on the resulting mechanic

With the increasing availability of 3D printingeftible ~ Properties of the samples, such as tensile strength
polymers such as TPU are becoming increasingly lpopu€lasticity, hardness, tear resistance, and fasgeegth. In
in applications requiring flexibility, impact resimce and addition, the layering direction, layer height, lifig
repeated deformability. TPU combines the propenties Structure and nozzle temperature during printiegsanong
plastic and rubber and is suitable for the productf the factors that can significantly affect the oyatand
components such as seals, damping elements andblearconsistency of prints [2]. Therefore, it is essanto take
devices. However, due to the anisotropic nature@f these variables into account when designing exeerisn
technology, the mechanical behaviour of TPU samisles and interpreting test results. The goal of meclamésting
strongly influenced by printing parameters, whieuires  0f TPU samples is not only to quantify their bashysical
their systematic evaluation. Mechanical testing3af and mechanical characteristics, but also to uratedstow
printed samples made of flexible TPU thermoplastithe material behaviour changes depending on the
polyurethane (Figure 1) is a key step in evaluatmejr technological conditions of printing and the tyfdaad.
functional properties and reliability in real-world Testing includes pressure tests that simulate tegetress
applications. TPU is a material known for its fleifity, ~in practical use [3]. The results of these testgesas a
abrasion resistance, toughness, and shock absprptigasis for optimizing production parameters, designi
making it suitable for use in a variety of indussi from ~ functional components and improving predictive nisdé
automotive to footwear to medical and consumerpetsl  TPU behaviour under various operating conditiorise®
However, its exceptiona| proper[ies also p|ace iﬁpec the increasing use of flexible materials in 3D pﬂg, itis
demands on the manufacturing and testing of mecaianiimportant to deepen knowledge about their mechinica
properties, especially when used in additive mastufing  behaviour and reliability [46] Mechanical testini_ng
[1]. 3D printing, specifically Fused Deposition Mlthg ~ fepresents not only a scientific approach to eviiga
(FDM) technology, enables the rapid and cost-eiffect _materla_l properties, but also a practical tooldeveloplng.
production of TPU parts with various geometridnnovative products that must meet demanding
configurations and internal structures. These patars requirements for performance, durability and safé}y
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Figure 1 Molecular structure of thermoplastic polyurethanes [1]

2 3D printing of samples 2002 was established for the pressure test. Aésigding
2.1 Proposal for a methodology for testing the sample, we generated a good for the followiby 3
materials printing. In Figure 2 we can see the sample delsefore

The samples were designed in the Simplyfy3D prografffinting for the pressure test.

according to the standards. The 1SO 604 standard fr

Figure 2 Sample design for static pressure test

2.2 3D printing of samples width of the first layer to 100% and the speedhef first

3D printing of the samples was carried out in théyer to 50%. We also set the starting point cloeshe
laboratory on a Trilab DeltiQ 2 3D printer. For §bnting ~ specific location, namely X to -200.0 mm and Y @02
of the samples, a Nimble extruder had to be usedaithe mm. For the infill, we entered the parameters fierinner
TPU material we used to print the samples. infill to 50%/75%/100%, the contour overlaps to 25%e

Before starting the print, we set the printing paegers. infill extrusion width to 150% and the minimum iihfi
The Trilab DeltiQ 2 is a printer with a working aref @ length to 1 mm. We set the substrate temperatugd@
250 mm (X,Y) x 300 mm (Z). We used a Nimble extmide °C. and the static speed of the supporting stradmB0%,
for which we set the nozzle diameter to 0.40 mmthed the insufficient speed of the solid infill to 100%e speed
extrusion width to 0.40 mm. For the layer, we haérter of movement of the X/Y and Z axes to 9000 mm/mm. |
parameters for the height of the primary layer,ohivas Figure 3 we can see the 3D printing of the samghekits
0.20 mm. Then we set the direction of the contatnich  final printing. Subsequently, in Figure 4 there primted
was made from the outside to the bottom. We set tis@mples for the pressure test with 50%, 75% an&6100
parameters for the height of the first layer to %5Qhe infill.
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3 Mechanical testing, evaluation determined according to the 1ISO 604 standard fro622
of pressuretests which describes methods for determining the congiwas
Using compression tests, we investigated thrOPerties of plastics. The samples were printehff PU
deformation behaviour of the material and the cions  Material with 50%, 75% and 100% infill. The comisies
of external forces. For mechanical testing, a simpf€StWas carried out on the Inspect 5 testing devihiere
cylinder was printed, the dimensions of which weréhe tested sample was inserted between the jagisrés).
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Figure 5 Test sampleinserted between jaws

The output of the testing device was a data talile. we can assess that the samples have low resistance
following figures show graphs that describe theressure and pass into the deformation regiorolltivis
deformation on the X-axis and the pressure in megegls that the material has the ability to withstand coespive
on the Y-axis. From the graphic representatioriguie 6, forces reducing the infill cross-section.

0 1 2 3 4 5 6 7 8 S 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 % 27

Figure 6 Graphical representation of compression test for TPU material with 50% infill

From the graphic representation in Figure 7 we camithout interruption of the material. From the dnap
assess that the linear region is approximatelgémee for representation it follows that the material hasahity to
all the tested samples. The region of plastic dedtion is resist compressive forces reducing the cross-seofithe
indicated on the graph when it is gradually comgeds infill.
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" Figure 7 Graphical representation of compression test for TPU material with 75% infill

In Figure 8 we can observe very similar behaviguina
the previous testing.
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Figure 8 Graphical representation of compression test for TPU material with 100% infill

4 Conclusion prototypes. From an experimental point of view,tdsting
This scientific research provides an insight inte t has shown that the quality and set infill of 3Dngirig
field of testing flexible TPU, where compressiostsavere  Significantly affects the behaviour of TPU matetialder
performed on cylindrical samples with 50%, 75% anpad. The findings suggest that TPU as a 3D puntin
100% infill. Compression testing of 3D printed saesppf ~Material has great potential in areas where flétiband
flexible TPU is a key step in verifying their mecigal ~ durability are needed. The pressure testing atsidlighted
properties, reliability and functional behaviour igal- the need for a comprehensive evaluation not onlthef
world conditions. The results of these tests provid Mmaterial itself, but also of the way the objectiesigned
deeper understanding of how the material behavdsrunand printed. The results of these tests can senzebasis
load, how it deforms and whether it can maintai itfor further research and development aimed at apitig

integrity after repeated or long-term pressurexible the design of 3D printed components from flexible
materials such as TPU are increasingly used imteah Mmaterials, thereby expanding their application amiaus
applications where a combination of flexibilityrestgth ~ industrial and consumer areas.

and wear resistance is required — whether it isléonping

elements, protective components, soft joints octional
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