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OpHieto 3 HaWbinbll 3HAYyLWMX TEXHOOFI YeTBepTOi NMPOMUCAOBOI peBotouii € 3D-apyk.
Haza3BuualiHa piu y 3acTOoCyBaHHI TEXHOJOTT TPUBUMIPHOIO APYKY MOASraE B TOMY, WO il MOXHA
BMKOPUCTOBYBATU AJ/11 CTBOPEHHS Pi3HOMAHITHUX NpPeAMETIiB, aZlanToBaHWUX A0 BAACHMX NoTpeb. Y
iHAYCTPIi MOAW iCHYe NoTpeba B IHAMBIAYaNbHUX 3aXMCHIMX 3acobax. Y AaHin poboTi NnpeacTaBieHa
MOXJIMBICTb 3aCTOCYBaHHSA HOBMX TEXHOOTIN, TakuX K 3D-MOAeNt0BaHHSA 3aXMCHUX NEMEHTIB, AKi
MO>XHa 3pobutn 3a gonomoroto 3D-npuHTepiB.

3D-mopentoBaHHA Ta agnTUBHI TexHonorii (3D-apyk) MoxXyTb 6yTn BI/IKOpI/ICTaHi npu po3pobui
3aXMCHOro poboyoro oaary. Ans BUrOTOBNEHHS n0Tp|6eH nnwe umdposuin dain i3 3D- MOAenIto Ta
NpaBu/bHO 06paHuiA MaTepian. B szaHOMY AOCAiAXeHi BUKOPUCTaHO TePMOMNACTULHIIA NOJiypeTaH.
3pa3ku KOHCTPYKLi byan nobyaosaHi Ta 3MOAe/IbOBaHI 3a 4ONMOMOrOH NPOrpaMHoro 3abesneyeHHs
Rhinoceros. 3pa3ku MoxXyTb ByTW iHTErpOBaHi B NpeaMeT OAary Ans BiATBOPeHHs dopmu Tina Ta
3abe3neyeHHs HeOHXIAHOTO 3aXMUCTY.

Mema pobomu. Poboma cnpsamMosaHa Ha 8UBYEHHS MOX/UBOCMI 3acmocysaHHA 3D-Opyky 3
BUKOPUCMAHHAM MepMONIacmu4Ho20 nojailypemaHy 0/18 po3pobKu 3axUcHO20 CNOPAOXKeHHS.
Hayxoea HoeuzHa. Y iHOycmpii MoOu mpusumipHuli (3D) Opyk sukopucmosysascs dusaliHepamu
ma (HxeHepamu 019 CMBOpeHHs 0/1 CMBOPeHHS PI3HOMAHIMHUX peyel, NoYUHaro4u eid akcecyapis
[ 3akiH4yro4u odsazom. [laHa poboma o0Ha 3 Hebazameox, 8 Akili dosedeHO MOXUBICMb U020
3acmocyeaHHs 8 3acobax (HOUBIOyanbHO20 3axucmy.

NMpakmuune 3HayeHHA. AOumusHa mexHosozii ma 3D-Opyk € npedmemom (HMeHCUBHUX
docnidxeHb ma po3pobok (Memodu, Mamepiaau, Ho8l MexHiku, chepu 3aCMOCy8aHHA Mowjo), Wo
npodosxeHo 8 daHoMy OOC/IOXeH( 3 BUKOPUCMAHHAM MepMOoNIacmu4yHozo noaiypemary. PoapobaeHo
3pasku mamepianis, AKi MOXyme 6ymu 3aCmoCco8aH( y 3aXUCHOMY 0053L.

Kmouoei cnoea: iHoycmpis moou, addumusHe supobHuUymeo, 3D-0pyk, du3atiH, 3axucHe 06/1a0HAHHS,
mepmMonaacmu4YHuUt NoJlypema.
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The extraordinary thing about the application of 3D printing technology is that it can be used
to create accessible items customized to personal needs. In the fashion industry, there is a need
for individualized protective equipment. The possibility of applying new technologies such as 3D
modelling of protective elements that can be made by using 3D printers is presented in this paper.
3D modelling and additive technologies (3D printing) can be used in the development of protective
work clothing. The fabrication process only requires the digital file with the 3D model and the right
material - we chose to use thermoplastic polyurethane (TPU).

The design samples were constructed and modelled using a software program called Rhinoceros.
The samples can be integrated into the clothing item, in order to follow the body shape and to
provide the necessary protection.

Purpose. This paper aims to explore the applicability of 3D printing materials using thermoplastic
polyurethane (TPU) for the development of protective gear.

Scientific novelty. In the fashion industry, three-dimensional (3D) printing has been used by designers
and engineers to create everything from accessories to clothing, but only a few studies have investigated
its applicability in personal protective equipment.
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Practical value. One of the most significant technologies of the fourth industrial revolution is 3D
printing. Additive manufacturing and 3D printing are the subject of intensive research and development
(methods, materials, new techniques, application areas, etc.). The purpose of this study is to develop
3D printing samples and study conditions related to TPU.

Keywords: fashion industry, additive manufacturing, 3D printing, design, protective equipment,

thermoplastic polyurethane.

This study attempts to develop design samples,
using a FDM desktop 3D printer of the type widely
used in many different industries. In total, three
types of materials designs were developed.

This study is meaningful in terms of developing
shield protectors, examining the limitations,
and suggesting methods by which to improve
and enhance technology of 3D printing for the
protective equipment.

The additive manufacturing is used in various
manufacturing fields (healthcare, construction,
mechanical, retail, defense, pharma, automotive
industry, aerospace, smart manufacturing). Adding
materials to create an object is called as “additive
manufacturing” and 3D printing is an additive
technique [1], [2]. This technique allows a creation
of a three-dimensional physical object by laying
down layers of materials from a digital computer
model [1], [2], [3].

In the solid type 3D printers (Fused-Deposition
Modelling (FDM)), thermoplastic materials
(polymer wire or filaments) are melted down
by heating. Then, the melted polymer is passed
through nozzle and laminated [2], [4]. Objects are
created in layers on a descending platform.

When modeling with the end goal of fabricating

an ergonomic and effective shield protector, from
both manufacturing and print strength points of
view, one must take into consideration aspects
such as print orientation, overhang, infill and
other technical aspects that are directly tied to
the printer technology and materials used [5]

All 3D printing materials have their own
distinctive features. There are necessary factors
like texture, durability, resistance, cost, etc. that
need to be considered in 3D printing. Researchers
in this field have keen interest in new materials
suitable for 3D printing applications. Although
a large number of plastic/polymer constituents
are available for additive manufacturing [5].
New molding materials are continuously being
developed but can largely be categorized as
polyamide, polylactic acid (PLA), thermoplastic
polyurethane (TPU), metal, ceramic, wood, and
composite materials.[6]

For this paper, different materials were
compared by the strength, flexibility and durability
of the filament. We chose polyurethane because
is a flexible and abrasion resistant thermoplastic
and is resistant to many chemicals, see Table 1.
TPU material also has a higher abrasion resistance
and a higher resistance to oils and greases [6].

Table 1 — Specifications for TPU material

Specifications for | Dimensional - . :
TPU material accuracy Strength Flexibility Durability Material costs
Features High High Very high High Medium
Resi . Chemical Flame Water Abrasion
esistance Heat resistance . . .
resistance retardant resistance resistance
T Melting Nozzle Heated bed Print Melting
emperatures ) 220-250°C to 60 °C | temperature | temperature
up + 210-230°C | + 220 £ 10°C
Methodology. for all curves and surface geometry. Non-

First step was using the Rhinoceros and
Grasshopper software for modeling. The Rhino
for Windows interfaces (Fig.1) uses NURBS,
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Uniform Rational B-Splines, are mathematical
representations of 3-D geometry. The program
requires basic education or training.
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Fig. 1. First design in Rhinoceros 6.0 software

Samples were modeled using the Rhinoceros
6.0 software (Robert McNeel & Associates,
Seattle, WA, USA).

In the next step, we converted the 3D models
to compatible files with 3D printers by generating
the G-code using 3D printing software -Ultimaker
Cura (Fig.2). We tested layer height, infill density,
infill pattern and print speed. The designs were
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printed at a temperature of 215 °C, using a
flexible thermoplastic polyurethane (TPU). We
gave careful consideration to the requirements of
manufacturing and prototyping that are involved
when using 3d printing technologies, such as
print orientation, overhang management for
minimal support usage, etc. [5]
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Fig. 2. Model nr.2 in Ultimaker Cura

The models were built around making a
flexible but shock absorbing protective pad
basis, combining 3-D printing technology
and a support material (PE mesh or knitted
cotton fabric) that tied the individual shielding
subsegments together. This allows for more
flexibility and range of motion in potential
protective clothing where this method would
be eventually applied.

The increased range of motion directly
linked to the form of the shielding elements,
their distance apart and the overall form of the
inlay. The infill is geometrically generated so that
it provides adequate support when faced with
mid-range impact force, even at low infill density
values such as 15-20%. It provides geometric
stability for the Z axis — throughout the thickness
of the shielding pad.[7]

Research results

Further testing is necessary. This study
suggests that design surfaces, the samples

produced (Fig.3-5.), can be used in development
of further application such as protectors. The
choice of material is crucial in this undertaking
because the goal is to make items that are easy
to manufacture and reproduce with inexpensive
3-D printing technology and materials.
Because TPU material is flexible and elastic, it
makes it very sensitive to fast movements such
as retractions. Therefore, to successful 3D print, it
was crucial to optimize the retraction settings to
limit the movements. Recent studies have shown
that TPU is a suitable material for protective
equipment due to its physical proprieties and
ease of use and print, relative to other flexible
materials. We ended up using a 20% infill value
for an optimal elasticity/strength of print ratio.

(7]
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Fig. 3 Sample model nr.2

Fig. 5. Printing Model nr.3

The unique capabilities of additive
manufacturing enable new opportunities for
improvements in product performance such as
protective pads. The flexibility of TPU is excellent,
but this also depends on the 3D printing software
settings. When we used a low level of infill, the
3D printed design was more flexible. This makes
it possible to create objects that are more elastic
or more rigid.

When it comes to 3D printing, TPU filament
requires the transfer of a larger amount
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Fig. 4. Sample model nr.1

of energy. This research was conducted to
examine the use of 3D printing and to analyze
manufacturing process of three different designs
using a FDM type desktop 3D printer of the type
most commonly available.

Conclusion.

NURBS modelling can be used to create the
virtual model for shielding pad elements, from
concept to manufacturing stages.

Out of the many materials that can be used
in 3-D printing, TPU shows the most potential,
having great parameters optimal for protective
equipment. We have chosen this material to
fabricate different flexible shielding prototypes
for further testing in the future.

This research aims to examine the applicability
of 3D design and printing on a larger scale,
using composite techniques combining 3D
printing thermoplastics along with fabrics.
Further testing is needed in order to develop
acceptable protective pads, but the design and
manufacturing principles stand.
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