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In this scientific study, the optimization of the use of 3D printers is carried out. Be-
cause additive technology is developing quite actively, and at the same time, 3D printers
are being actively created, with various technologies for creating three-dimensional mo-
dels. Each 3D printer has its own features, advantages, and disadvantages. Every user
has a question about selecting a 3D printer. Everyone has their own production needs
and requirement, because printers are used in many industries, from mechanical engi-
neering, aerospace, building construction to use in inclusion. This study focuses on the
use of 3D printers for inclusion, to create three-dimensional models with Braille. This
research paper aims to explore the advantages and limitations of using 3D printers
for creating three-dimensional Braille models and to optimize their use. This article
examines the advantages of using a 3D printer for the creation of Braille models. It also
describes the potential pitfalls and limitations of using a 3D printer for the creation of
Braille models and how the 3D printer can be optimized for this purpose. By analyzing
the advantages and limitations of using 3D printers for the creation of 3D Braille mo-
dels, this research paper aims to provide insight into how 3D printers can be optimized
for the creation of Braille models. Sofiware for producing Braille and the main 3D
printers that can be used to create Braille models are also analyzed. Obtaining valuable
information is the optimization and selection of 3D printers for creating models with
relief dot font and understanding the principles of work for creating models. Using 3D
printing technology, one can ensure high quality and accuracy of printing, personalize
the material according to the needs of users, and quickly and efficiently produce proto-
types and finished products. However, in order to fully exploit the potential of this tech-
nology, the necessary knowledge and skills are required, as well as an initial investment
in equipment. Further research aims to explore software for modeling complex Braille
models and slicer programs for 3D printing output, which will allow for some standards
to be established for creating models for inclusion for people with visual impairments.

Keywords: 3D printer, 3D-models, factor, inclusion, 3D printing, additive techno-
logy, software.

Formulation of the problem. With the development of additive technology, many
3D printers are being created that are able to cover certain needs of the production sphere.
Each 3D printer has both its advantages and disadvantages. For example, as researched
in this paper, emphasis is placed on the use of additive technology in inclusion, creation
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of models with Braille font, there is a problem with the selection of 3D printers and
creation of models.

Analysis of recent studies and publications. Most of the scientific articles superfi-
cially describe the technology of additive manufacturing, the emphasis is mostly on the
field of medicine. However, additive technologies are used not only in medicine, but also
in many other areas of industries. The scientific publication does not adequately describe
additive manufacturing technology and recommendations for optimizing 3D printers for
creating three-dimensional models with Braille, which is our main topic of scientific
research. There is a need to conduct an analysis and establish standard recommendations
for the use of 3D printers to create models with Braille. From here, one will be able to
obtain results and information about the shortcomings of existing additive manufactu-
ring for inclusion and help to find new ways and standards of additive manufacturing in
the field of inclusion for people with visual impairments.

Presentation of the main research material

The use of 3D printers has revolutionized the way of creating three-dimensional
models. In recent years, there has been growing interest in using 3D printers to create
Braille models. The ability to tactilely represent objects and text has significant impli-
cations for people with visual impairments, and 3D printing offers several advantages,
making great strides in the world of tactile graphics. For example (image 1), 3D printing
can create three-dimensional models [1]. This technology also allows the use of multiple
materials that can create more accurate tactile symbols [2]. In addition, 3D printing al-
lows creating models in Braille with greater accuracy [3]. With the help of 3D printing,
it is possible to reproduce the tactile relief-dot Braille font using flexible settings and
different levels of relief lines [4]. This technology also led to the development of proto-
types and dual-purpose models such as Braille and painted relief images [5]. Braille can
also be added to 3D printed models [6], which can be used for educational purposes and
to assist the visually impaired [7]. 3D printing can also be used to create material models
of three-dimensional digital virtual models, thereby helping the use in the fields of ser-
vices, education for accessibility for people with visual impairments [8]. As a result, 3D
printing has become a powerful technology, including in the world of tactile graphics,
which facilitates the creation of three-dimensional Braille models [9]

The cost-effectiveness and accuracy of 3D printing technology have made it a
popular choice for creating practical Braille models [3]. Studies have shown that 3D
printed maps have a number of advantages for visually impaired people compared to
traditional prototyping techniques [1] 3D printing can create more detailed and complex
tactile graphics than those produced by standard Braille embossing [4]. In addition, 3D
printing can be used to create large models that can be used to teach the periodic table to
visually impaired people [5]. Additive manufacturing also has the ability to create tactile
symbols such as Braille with 3D printers that can be used to help visually impaired
people understand written information [8]. 3D printing technology therefore has several
applications to improve the readability of Braille for the visually impaired. 3D printing
technology was used to make tactile maps for visually impaired people from all over the
world [6]. 3D printing can facilitate the production of tactile symbols [6]. This process
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can be improved to create interactive physical models for blind people [6]. Furthermore,
3D models can be used as an accessibility tool for the visually impaired [6]. In addition
to the advantages of using multiple materials, 3D printing technology allows for complex
prototypes and can be used to create tactile symbols for maps, diagrams and labels [6].
The 3D printing process is also more cost-effective and faster than other traditional
methods [6]. Let one look at an example of a 3D bee model, which is often compared to
modeling Braille prototypes.
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Image 1. Example 3D-model with Braille font and 3D-Bee

1. Both have structures that reduce problems. 3D bee printing creates a three-dimen-
sional bee model with both convex and concave parts. Braille also uses raised letters so
that the visually impaired can recognize writing.

2. Both require precise placement When 3D printing bees, it is very important to
precisely position the layers of material to create a realistic model. When printing Braille,
it is also very important to place the dots correctly to facilitate reading.
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3. 3D printing can be used to create models for visually impaired people to observe
the anatomy of a honeybee. Braille is used to create books, periodicals and other printed
materials for the visually impaired.

4. 3D printing can create a range of objects useful for the visually impaired. Braille
is very important for the visually impaired and enables them to read and write. Overall,
3D printing and Braille are technologies that share several similar characteristics. Both
require elevated structures, are precise in their placement, and are used to create acces-
sible objects.

Other similarities.

— Both can be used to create tactile objects that can be used by the visually impaired.
— Both can be used to create custom objects.
— Both can be used to create both practical and aesthetic objects.

Differences.

— 3D printing of bees is a recently developed technology, whereas Braille has been
around for over 100 years.

— 3D printing of bees is used to create 3D objects, whereas Braille is used to create
2D objects.

— 3D printed bees are more expensive than Braille books.

Ultimately, 3D printing, and Braille are different techniques that can be used to
create portable and functional objects. This formulated the later design of a three-di-
mensional bee model (3D-bees) for a specific Braille system [6]. The 3D bee was used
in conjunction with a 3D printer and was placed alongside its Braille printers, allowing
users to access 3D tactile symbols [6]. This technology has been approved by Braille
authorities as an effective tool for tactile graphics [6]. Thus, 3D printing can provide an
efficient, cost-effective, and efficient way to produce tactile maps and symbols for the
visually impaired [6]. 3D printers have limitations when it comes to creating 3D Braille
models that are tangible and can be read by visually impaired people. This is due to
the difficulty of placing the model in the space of the replicator in such a way that the
supports do not affect the inscriptions [10]. In addition, the supports can damage the in-
scriptions if they are removed [10]. The scientists chose an inverted position to minimize
the amount of resistance generated [10]. In addition, only digital waterproof models can
be processed by 3D printing [10]. Moreover, there may be surface geometry errors that
cause problems in the printing process [10]. These issues make it difficult for 3D printers
to create 3D Braille models suitable for visually impaired people [10]. 3D printing is a
promising technology that offers several advantages for the creation of haptic 3D models
[3][11], but there are also potential disadvantages to consider when creating models. For
example, 3D printed models can provide a tactile experience, but may lack the detail
necessary for easy understanding [12]. These limitations make 3D Braille models diffi-
cult to read and understand [1][6]. Furthermore, 3D printing is expensive and difficult
to use, making it difficult for people with limited resources and technical knowledge to
use this technology [2][10]. Furthermore, both the resolution of 3D printers and the size
of 3D printed models are limited [6]. These problems are further complicated by the fact
that Braille does not yet have standardized symbols [9]. As a result, 3D printed Braille
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models need to be complemented with dual-purpose designs (Braille font and painted
text) [7]. In conclusion, it is possible to create 3D printed Braille models, but there are
several potential challenges, including limited details, lack of standardization, cost and
complexity of the technology, that must be taken into account. 3D printing has become
known as a powerful tool for creating material models, and Braille models are no excep-
tion. [3] This technology can be of great benefit to the visually impaired by providing
them with tactile maps, prototypes, models, and tactile labels for learning and reading
information from the environment [1]. They are also used to make 3D printed bees for
educational purposes. [2] 3D printers are useful machines that can be used to create ob-
jects using programmable commands. [11] Although 3D printing is a viable technology,
there are some limitations when it comes to adding Braille labels to 3D printed models.
Indeed, most 3D printers have limitations in terms of print quality and model design [7].
Furthermore, there are specific rules for Braille in tactile graphics. [9] With this in mind,
3D printing has been used to create Braille on models through scanning and modeling
[10]. It is worth noting that 3D models have the potential to be interactive for visually
impaired people [12]. In a study to evaluate the effectiveness of 3D printed models, 11
participants, four of whom were visually impaired, were familiar with Braille [12]. The
findings suggest that 3D models can improve accessibility for visually impaired people
[12]. Also in this study, four postures and their benefits were identified to help determine
the effectiveness of 3D printed models in assisting visually impaired people [12]. Thus, 3D
printers can be optimized to create Braille models for the visually impaired. 3D printing
as a technology that produces physical objects from digital models by appending layers of
material to one another. 3D printing can reproduce three-dimensional models in Braille,
where there is an opportunity to form relief-dotted Braille for the visually impaired. Such
three-dimensional models are tactile and enable information to be read by visually im-
paired people and used for teaching in inclusive education. 3D printing, like other produc-
tion technologies, has its advantages over other Braille production methods, such as:

— Effectiveness: 3D printing can lower the expense of Braille materials by utilizing
less equipment and energy, it also eliminates the need for expensive machines or
instruments.

— Accessibility: 3D printing can facilitate the creation of Braille materials that are
more accessible by allowing users to create their own labels or signs, without having
to rely on external providers or having to wait for a delivery.

— Flexibility: 3D printing can have a greater degree of flexibility in creating Braille
materials, this is accomplished by allowing users to customize the size, shape, color,
and design of their models, additionally, it can create complex tactile graphics.

To create 3D printed Braille models, users need a 3D printer, a 3D model and
software to create and download the model. Many different types of 3D printers exist,
including FDM, SLA, and SLS, which utilize different materials that are completely
different from plastics, resins, metals, and have different levels of resolution, speed,
quality, and accuracy. The choice of a 3D printer is based on the personal preferences
of users. There are certain factors to consider when choosing 3D printers to create 3D
Braille models.
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— Resolution: The resolution of a 3D printer is the smallest amount of parts that can
be produced and is measured in microns. The higher the resolution, the better it
provides higher quality, accuracy, and a smooth surface, which is quite an important
factor when creating Braille models, because the raised dots need to be clear and
consistent in order for a visually impaired person to be able to read the printed
information. Basically, SLA and SLS 3D printers have a higher resolution than
FDM printers, but they are also more expensive and require more processing after
printing.

— Speed: The speed of a 3D printer is the rate at which it prints a model, expressed in
millimeters per hour. A faster speed is associated with a shorter printing duration,
which is beneficial to Braille models, which are typically small and simple. Howe-
ver, speed also has an effect on the quality of the print faster speeds can lead to
lower resolution or accuracy. FDM printers are typically faster than SLA and SLS
printers, but they also have a lower resolution and fidelity.

— Accuracy: The accuracy of a 3D printer is the degree to which it can replicate the
dimensions and shape of the 3D model, expressed as a percentage or in millimeters.
The higher the accuracy, the more accurate the representation of the model. This
is very important because Braille models require the size and spacing of dots to
be determined according to Braille standards; SLA and SLS printers are generally
more accurate than FDM printers, but require more calibration and attention; FDM,
SLA, SLS etc.

There are many different types of 3D printers, most of which use very different
substances and materials, such as plastics, resins and metals. These materials have their
own levels of resolution, speed and accuracy. Choosing the most effective 3D printer for
creating Braille models depends on personal needs and what three-dimensional models
will be created. There are three factors to consider when choosing 3D printers to create
3D Braille models:

Ease of use. The greater ease of use of information systems leads to easier paths,
which are beneficial for Braille models since they have a convenient and simple inter-
face, which reduces the time and cost of user training. Touch See is a software applica-
tion that allows users to enter text into a blank space, generating it in Braille and creating
a 3D model that can be saved in STL format and ready for 3D printing.

Customization. The customization process involves changing software features, ca-
pabilities, or parameters to make them more personal or modified. Optimized settings
and customization is beneficial for 3D Braille models as it allows for more flexible and
creative modeling by allowing changes in size, shape, color and design. OpenSCAD is a
highly customizable software that allows users to modify models using a scripting lan-
guage, various parameters such as point size, spacing, height and shape.

Variety. Software variety is the number of different models supported or provided
by the software, expressed as number of categories, formats or sources. More variety
means more variety and more diverse and complex choices, this is advantageous for
Braille models that may contain additional components such as labels, graphics or ob-
jects. However, there are many programs and web services that provide ready-made 3D
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models in Braille, certain text, objects, etc. For example, software such as Cults3D and
CGTrader are web-based platforms that have a large library of ready-made 3D models
for Braille and with the font, which can be downloaded from the web platform in ready-
made formats such as STL, OBJ or GCODE. But there is such a service as Touch See,
where it is possible to write plain text generated by the Braille font into a ready-made
standard rectangular 3D model and with the possibility of loading it in STL format,
ready for 3D printing.

Conclusion. The study examines the use of 3D printing technology for creating
three-dimensional Braille models and identifies its advantages and limitations. Accor-
ding to the results of this scientific research, it is determined that additive manufacturing,
or in other words, 3D printing, is a justified use for creating tactile three-dimensional
models, since 3D printing has the ability to reproduce sufficiently high-quality relief-dot-
ted points of Braille font (symbols, letters, etc.) and reproduce on various materials, such
as plastic, metal, polymer materials, etc. The use of 3D printing in the field of inclusion
is quite financially and economically profitable, compared to other traditional types of
production. Such production allows rapid creation of tactile models and accelerates the
development of inclusion for people with visual impairments. However, additive ma-
nufacturing also has its drawbacks when used in the field of inclusion for people with
visual impairments. This is the occurrence of shortcomings in the formation of Braille,
especially voluminous and complex texts and the interpretation of tactile models, which
requires certain testing of tactile models by people with visual impairments, as well as
the wear resistance of materials in real life conditions. For this, it is necessary to conduct
scientific research and conduct experiments with materials for 3D printing and create
new information systems for the analysis of three-dimensional tactile models even be-
fore the launch of 3D printing. In addition, the research opens up the prospect that 3D
models can also be interactive, allowing for increased inclusion and accessibility for
people with visual impairments. Based on the findings, 3D Braille models are just one
type of object that can be created using 3D printing technology; however, more research
is needed to determine the full potential and limitations. The obtained research results in
this scientific article will give impetus to the further development of scientific research
in the field of additive manufacturing to create tactile models with relief-dot Braille for
people with visual impairments and are useful for future experiments as well as prac-
tical applications aimed at improving inclusion and accessibility for people with visual
impairments. In general, it is considered how additive manufacturing and the choice of
3D printing materials can affect the creation of models or prototypes with Braille. In
addition, this study shows that 3D printing technology can be optimized to create Braille
models, but further research is needed to explore its full potential and address any limi-
tations. The results of this research can contribute to the further development of additive
manufacturing and improve the quality of creating tactile models for people with visual
impairments using 3D printing and improve the quality and expand inclusion and acces-
sibility in all areas of life for blind people.
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Y yvomy nayxkosomy oocniodicenni 6yno npogeoeno onmuMizayiro UKOPUCTAHHS]
3D-npunmepie. OcKinvbKu 00CUmMb AKMUEHO PO3BUBAEMbCI AOUMUBHA MEXHONO02IsA, d pa-
30M 3 MUM AKMUBHO cMEopriombcs 3D npurnmepu, 3 PI3HUMU MEXHONO2IAMU CIBOPEHHS
mpusumiprux mooenei. Koowcern 3D-npunmep mae ceoi ocobnueocmi, nepesacu ma He-
0niKU. ¥ KOJHCHO20 KOPUCTY8a4a GUHUKAE NUMAHHS npo eudip 3D npunmepa. ¥ kodicHo2o
€801 6UpOOHUYI nompebu ma 3a2aibHi nompeou. Tomy wo npunmepu BUKOPUCMOBYIOMbCS
6 6acamvox 2any3sx NPOMUCIOBOCMI, 8I0 MAWUHOOYOVEAHHS, AePOKOCMIYHOI NPOMUC-
nosocmi, 6Y0isHUYMBA 00 GUKOPUCMAHHA 8 THK03il. []e 0ocniodcenHs 30cepeddrceHo
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Ha suxopucmanui 3D-npunmepis 013 cmeopenns mpusuMipnux mooesneti 3a 00noMo20i0
wipupmy bpaiina. [{a docnionuybka cmamms Mae Ha Memi GUeUUmu nepegazu ma 0o-
MedceH st ukopucmanis 3D-npunmepie 05t CMeopeHHs MpUSUMIDHUX MOOenell Wpug-
mowm bpaiina ma onmumizysamu ix euxopucmanna. ¥ yiti cmammi po32na0anomvca ne-
pesazu guxopucmanns 3D-npunmepa 0ns cmeopents mooeneu bpaiina. Y witi maxooc
ONUCYIOMbCA ROMENYIHI npodieMu ma oomedicents eukopucmannsa 3D-npunmepa 0aa
cmeopents moodenell bpaiina a makoxc cnocoou onmumizayii 3D-npunmepa 0ns docsie-
HEHHs 8UCOKOT AKOCMI 8IOMBOPeHHs OpaiecbKux mooenel. Ananizyrouu nepesazu ma
obmedncenns suxopucmants 3D-npunmepie ons cmeopenns 3D-mooeneti bpaiins, ys
00CTIOHUYbKA CIMAMMSA MAE HA Memi 0amu po3yMinHa moeo, Ax 3D-npunmepu modcna
onmumizyeamu 01 cmeopents moodeneti bpaiins. Taxooe npoananizoeano npocpamme
3abe3neyenns 01 cmeopeHus wpugpmom bpaiins ma ocnosni 3D-npunmepu, aKi modic-
Ha UKOPUCTOBY8amu 015 cmeopents mooeneu wipugmom bpaiina. Ompumanns yinnoi
iH(hopmayii norseac ¢ onmumizayii ma niobopi 3D npunmepie 01 cmeopenHs mooeiell
3 penbeDHUM KPANKOGUM UPUDIMOM MA POZYMIHHI NPUHYUNIE POOOMU Ol CMEOPEHHSL
mooeneti. Buxkopucmanus 3D-npunmepie 0nsi mooentosanns wpugmy bpaiiis 6i0Kpu-
8A€ HOBI MOJCIUBOCTI OISl CIMBOPEHH OOCMYNHUX [ 3PO3VMIIUX Mamepianié Os Jio-
Oetl 3 nopyuienusamu 30py. Bukopucmoeyrouu mexuonoeiio 3D-0pyky, u modiceme 3a-
bezneuumu UCOKY SKICMb I MOYHICMb OPYKY, NEPCOHALIZY8AMU MAmepian 8i0no8ioHo
00 nomped KOpucmyeauis, a maxoic WeUOKo i eQekmusHo 8UOMOBIAMY NPOMOMUNU
i 2omogi 6upobu. Oonax 01 Mmoo, Wob NOGHOIO MIPOIO BUKOPUCMAMU NOMeHyian yiei
MexHoN02ii, NOMpPIOHI HeOOXIOHI 3HAHHA MA HABUYKU, A MAKONIC NOYAMKOGI IHeecmuyii
6 oonaonanus. Ilooanvui 00CHiONCeHHS CNPAMOBAHT HA 8UGHEHHS NPOSPAMHOZ0 3a0e3-
neyeHHs Oisi MOOeNB8AHHs CKIAOHUX mooeneu bpaiinsi ma npoepam pospizanns O0ns
3D-0pyKy, wjo 003601UMb GCMAHOBUMU OSIKI CMAanOapmu 0jisi CMEOPeHHsS Mooenell Ol
BKIHOUEHHS T0OEU 3 8A0AMU 30DY.

Knwuogi cnosa: 3D-npunmep, 3D-modeni, pakmopu, bpaiins, inkno3zis, 3D-0pyk,
AOUMUEHA MEXHONO02IS, NPOSPAMHe 3a0e3neueHHs.
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