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Abstract: With the development of recent technologies, novel design strategies possibilities increase day by day. 
3D printing technologies, which are also known as the additive manufacturing, are announced as the technol-
ogy of today as well as the future. The aim of this study is to review current literature in terms of the types of 3D 
printers, the raw materials, the manufacturing processes, and design examples. It is also aimed to highlight some 
of the well-known brands and designers in the fashion industry which employed the 3D printers to develop their 
fashionable structures. The main advantage of the 3D printing technologies is to ease of the creating own design 
without needing help. Everyone can now be their own designer and manufacturer with this technology, thanks 
to 3D printers, and in a few hours, they can produce the product anywhere within the preferred color and model.
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PRIMENA PROIZVODNJE ADITIVA (3D ŠTAMPA) 
U TEHNIČKOJ MODNOJ INDUSTRIJI

Apstrakt: Sa razvojem novih tehnologija, novih strategija dizajna mogućnosti svakim danom bivaju sve veće. 
Tehnologija 3D štampe, takođe poznata kao proizvodnja aditiva, predstavljena je kao tehnologija sadašnjosti 
ali i budućnosti. Cilj ovog istraživanja ogleda se u pregledu trenutne literature po pitanju tipa 3D štampača, 
sirovih materijala, proizvodnih procesa i primera dizajna. Cilj je takođe da se istaknu neki od dobro poznatih 
brendova i dizajnera u modnoj industriji koji primenjuju 3D štampače za razvoj modnih struktura. Osnovna 
prednost tehnologije 3D štampe je olakšano kreiranje sopstvenih dizajna bez potrebe za dodatnom pomoći. 
Zahvaljujući 3D štampačima sada svako može biti dizajner i proizvođač, a za nekoliko sati može proizvesti 
proizvod bilo gde u okviru željene boje i modela.  

Ključne reči: proizvodnja aditiva (3D), tehnička moda, polilaktična kiselina, akrilonitril butadien stiren.
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1. INTRODUCTION

Fashion is the process by which a product becomes 
popular within a given time frame and encompasses 
traditions or styles. Fashion is fi rst accepted by a few 
people, and in course of time it begins to be accept-
ed by everyone. Then its popularity wanes [1, 2]. On 
the other hand, fashion design is a general term used 

for the work done by using the information required 
for design in order to create trend pieces created with 
this interest. “Haute couture” and “ready-to-wear” are 
the two types of fashion design [3]. Haute couture 
has a French origin, it means personalized sewing. In 
haute couture parts, the product to be designed are 
made with great care and attention by the hands of 
workmanship, using expensive and high-quality fab-
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rics in the production, based on the person’s request 
and the size of the person [4]. Ready-to-wear, on the 
other hand, is known as mass production and it is the 
products in stores with lower costs [5].

With the developing technology, fashion chang-
es and develops every day. In the 18th century, 
clothing sector production technologies, methods 
and materials changed due to industrialization. With 
these technological developments in the fashion in-
dustry, fashion designers have also been aff ected by 
this situation. It may be impossible for the designer 
to embody his original thought and imagination with 
old technology, but with the developing technolo-
gy, these impossibilities have disappeared. With the 
elimination of these impossibilities in design and the 
realization of the extraordinary designs made, it both 
inspires other designers and allows the imagination 
of designers to develop [6, 7, 8, 9]. With 3D printers, 
which are trending in today’s technologies and will 
become widely available in the future, everyone will 
be their own designer, and they will have the oppor-
tunity to make free designs as they wish with fast and 
low costs [10]. 3D printers, also known as additive 
manufacturers, address a large part of the popula-
tion. It is the technology of the future and is used in 
the production of clothes (shoes, bags, dresses, skirts, 
etc.) in the fashion sector. In short, 3D printers are ca-
pable of producing designer clothes designed by the 
fashion designer or people in line with fashion trends 
within hours [6, 7, 8, 9]. This research examines the in-
novations and developments brought by 3D printers, 
one of the developing technology branches, in the 
fi eld of fashion (clothing, shoes, bags, etc.). The main 
purpose is informed to designers and manufacturers 
who are interested in this subject by conducting a 
research based on observations about the use of 3D 
printers in the fi eld of fashion as well as in many areas 
in daily life. Domestic and foreign sources were exam-
ined in the research.

1.1.  3D Printers (Additive 
Manufacturing) and Personalization

3D printers, which are thought to be used more in 
the future, are used in the fi eld of fashion in daily life, 
as well as shoes, bags, jewelry and so on. It is used in 
many areas [11]. There are many reasons to abandon 
mold production and switch to this technology where 
CAD software is intense. Some of them are very risky 
and diffi  cult to remove the fi ne details as a mold in 
the production made by the molding method. On the 
contrary, in the designs made in digital environment 
with CAD software, very fi ne detailed patterns and 
fashion products that exceed our imagination can 
be easily produced. At the same time, the molding 
method is costly and requires more time-intensive 
work [12, 13, 14]. With the molding method, which 
is the traditional method, it is quite expensive in per-
sonalized haute couture production. Errors made in 
design with molding may be situations where the 
product should be started from scratch, in this case 
it is a situation to the detriment of the designer. Be-
cause the quality and cost of the fabric used in the 
production of haute couture (personalized design) 
products are high and the processing details are me-
ticulously made [9]. In addition, 3D printing is sustain-
able. The use of 3D printing in production can help 
reduce waste [15].

With 3D printers, which are known as the technol-
ogy of the future, as a rival to all these methods, it is 
now possible to produce shoes suitable for the color 
of our clothes or clothes suitable for the color and 
pattern of our bag. The fashion industry, which is in 
a continuous cycle with 3D printers, takes a diff erent 
path. With the development and cheapness of home 
3D printers, we will be able to produce all the impos-
sible and wearable fashion products at home, in the 
offi  ce, in any place where we can reach a 3D print-
er, in any size, colors, patterns and imagination. This 

Figure 1: 3D body scanning and model creation system of the Broosk Brothers company [9]
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will make it possible for the consumer to become a 
producer in the future [15, 16]. Applications including 
3D body scanners are also used for personalization. 
3D scanners create a digital copy of the outside of the 
human body. With this digital copy, clothes are pro-
duced according to body sizes with body scanning. 
With 3D body scanning technology, refund problems 
can be eliminated [17]. In 2001, the Brooks Brothers 
company introduced a digital tailoring system (Figure 
1) where people called “Digital Tailoring” can create 
suits, jackets, trousers, and shirts [9].  

As seen in the examples, manufacturers have 
made great strides in the fi eld of personalization to 
produce personalized products that match the body 
size, color, and taste of consumers. The “black drape 
dress” (Figure 2) was developed by Jiri Evenhuis and 
Janne Kyttanen, one of the fi rst to produce with 3D 
printers. Laser sintering (DMSL) was used in the pro-
duction phase of the suit. For machine control, the 
product produced with the slicing software consists 
of separate parts. Today, the dress is a permanent part 
of many museums such as The Museum at FIT in New 
York City [7, 9, 18].

Another example of customization with 3D 
printers is New York designer Michael Schmidt and 
architect Francis Bitonti created a 3D printed dress 
for dancer Dita von Teese. The personalized design 
product designed by the designer Michael Schmidt 
was produced by Francis Bitonti using Laser sintering 
(SLS) method. In production, it is based on the trans-
formation of plastic material as a material into a lay-
ered structure with laser sinter. It is articulated to each 
other to create a mesh image with hard plastic ma-
terial. Spirals based on the golden ratio were applied 
to the computer image of the dancer Dita von Teese’s 
body. With this advantage, the dress fi ts on the person 
and can easily perform the waist movement. There is a 

silk corset under the dress. 17 pieces of products were 
produced with a 3D printer and the pieces were at-
tached to the suit by hand. The dress is embellished 
with 12,000 Swarovski crystals on it. Finally, the dress 
has been carefully polished to shine [7, 19].                   

3D printer undertakes the process of converting 
the designed product into tangible through 3D print-
er after the design is made with CAD systems. It is 
thought that personalization in 3D printers and mak-
ing everyone their own designer can help reduce the 
consumption of ready-to-wear industry and non-re-
cyclable textile products. Today, materials used in 3D 
printers are increasing day by day. The materials used 
are synthetic based. It is hoped that natural materials 
will be developed in the coming years. Finally, person-
alization in 3D printers is also a step towards prevent-
ing waste in consumption. In this way, waste is elim-
inated, and it becomes possible to produce clothes 
suitable for every budget. 

1.2.  3D Printer and Its Emergence

3D printer (printer) is based on the principle that 
the product, which is designed with computer-aided 
CAD software systems, is transferred to 3D printers in 
a computer environment without using any mold ma-
terial and paper, pen, and the printer creates a 3-di-
mensional product by gradually adding it in layers. On 
the other hand, 3D scanner enables an object in tangi-
ble form to be made visible in the computer environ-
ment by pouring it into numerical data. In addition, 
changes can be made on the object transferred to the 
computer environment with the scanner. The process 
in the scanner is done by laser or optical methods. By 
sending light to the object to be scanned, the object 
is digitally transferred to the computer and made vis-
ible. Today, this process is carried out within minutes 
[20, 21].

Figure 2: Janne Kyttanen, black draped dress and various designed surfaces [7, 18]
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3D printers came into our lives in the 1980s and 
their eff ectiveness has been increasing for about 20 
years. The reason for this is that the advertising op-
portunity has increased, and it has become easier to 
explain the contribution of 3D printers to our lives to 
wider audiences [22]. In 1984, Charles Hull invented 
a technology based on the hardening of the resin 
in liquid form layer by layer with UV. This method is 
the working principle of SLA technology. It patented 
this technology in 1986 and in 1988 established 3D 
systems, one of the largest 3D printer companies. In 
1988, Scott Crump added a layer of silicone layer by 
layer with a silicone gun to make a toy frog for his little 
daughter, and his trial was successful. This method has 
formed the basics of FDM technology [23]. Currently, 
the 3D printing market is valued at US $ 13.7 billion 
in 2020 and is expected to reach us $ 63.46 billion by 
2026 with a CAGR of 29.48% during the forecast peri-
od (2021 - 2026) [24].

2.  3D PRINTER PRODUCTION METHODS 
USED IN THE FASHION INDUSTRY

As a result of the slow operation of commercial 3D 
printers, it provides products for a long time, but this 
disadvantage is eliminated due to the reduction of the 
length of the textile process chain. There is no need to 
perform operations such as weaving, dyeing, cutting, 
sewing for 3D printed clothes. In addition, there is a 
serious decrease in expenses such as transportation, 
energy, and salary [25]. 3D printers in the fashion in-
dustry address 2 purposes. The fi rst of these is that 
the garment can be produced as a whole. The size of 
the garment to be produced also depends on the size 
of the printer. The latter is based on creating surfaces 
with alternative parts produced by a 3D printer next 
to woven or knitted surfaces. In other words, the prod-
uct is produced in pieces and then combined with var-
ious methods [11]. 

The design studio named Nervous System has re-
moved the restrictions in movement with the garment 
hinges produced with a 3D printer and in one piece. It 
can also be said that the dress behaves like a fabric since 
it does not restrict movement and is very comfortable. 
The company named the production method of this 
hinged dress “Kinematic”. Complex images, numerical 
operations and a series of operations are eventually 
revealed, where the surface is created by interlocking 
the components and the production is achieved expo-
nentially in the form of a ball. This ball-looking complex 
structure comes across as a whole dress assembled 
after it comes out of its 3D printer. Besides the dress, 
the design company named Nervous system produc-
es in one piece by kinematic method; there are many 

products such as belts, corsets, jewelry, skirts (Figure 
3). There are many products, all of them are produced 
in a folded manner to be produced on the production 
table of the 3D printer as in the production method 
and are removed from the machine as one piece inter-
twined with hinges [26].         

Figure 3: Example of skirt and blouse designed with 
kinematic production [26] 

For fi ve years, shoe manufacturers around the 
world, such as Nike, Adidas, and Reebok, have been 
leading names in the 3D printing method. To this 
day, companies only use 3D printers to prepare pro-
totypes, while now insoles, midsoles, and sandals can 
also be used in the production phase. Companies can 
use 3D printers to make a wide range of designs (Fig-
ure 4) [27].

Figure 4: 3D printed shoe samples [27]

SLS (Selective Laser Sintering), FDM (Fused Dep-
osition Modeling), Stereolithography (SLA), Polyjet, 
Binder jetting are often used in the production of 
products in the fashion industry [11, 28].

2.1. SLS (Selective Laser Sintering) 

The foundations of the SLS (Selective Laser Sin-
tering) method are based on the principle of hard-
ening resin materials in layers with the help of laser 
by Charles Hull. With this method, it has patented the 
Stereolithography technology. SLS method is also 
known as fusion in powder ground [23]. The basic pro-
duction in the SLS method is based on the hardening 
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of the powder material by heat and pressure. In oth-
er words, this process is repeated in layers after the 
powder material put on the foundation is hardened 
by laser beams. Eventually, the product is obtained. 
Thermoplastic polymers are used as the main raw 
material in SLS printing. The laser beam provides the 
hardening of the dust particles, called the” sintering “ 
process. In the SLS method, it is used in various fi elds, 
as it can create complex shapes without the need for 
a Support Element and create complete products. At 
the same time, powders that are dissolved can be re-
used. The diff erence between SLS method and FDM 
technology is that the parts are embedded in the 
powder used as raw material. Therefore, there is no 
need for support material. Since there is no support 
material, time loss for cleaning is eliminated and the 
resulting model is the fi nished product [29, 30].

In a construction platform where 3D material is 
produced, it consists of 6 parts a laser responsible for 
sintering, Galvano mirrors used to project and direct 
the laser beam to the correct printing positions, a res-
ervoir platform that holds the dust and distributes 
it on the platform, a mechanical cylinder that emits 
and fl attens the dust on the platform, and a material 
vessel that restores the powder material [29, 16]. In 
the SLS system, advantages are gained from reasons 
such as material diversity, time saving, low cost due to 
tool-free production, low cost because no additional 
material is used in model formation, the product pro-
duced is hard and highly resistant, and has high re-
sistance to chemicals. Having a porous structure is a 
disadvantage. Making complex designs and extraor-
dinary detailing is possible. Model production can be 
made with SLS technology and prototype production 
can be carried out quickly and easily [31].

The collection called crystallization was presented 
to the consumer during the Amsterdam fashion week 
in 2010 by fashion designer Iris Van Herpen and ar-
chitect Daniel Widrig. The sequel to the collection, the 
escape, was presented at Paris fashion week in early 
2020. Escapism collection is to force production with 
3D printers and show everyone what can be done. 
CAD software is used by making computer-aided 
designs. Flexible and lightweight fi ber materials are 
used. Houte Couture products are manufactured in 
collaboration with New York-based Label MGX using 
the SLS method with polyamide-like materials [32].  

2.2. Fused Deposition Modeling (FDM)

FDM technology is also known as melt-pile mode-
ling. FDM technology, which was introduced by Scott 
Crump, the founder of Stratasys in 1980, is the most 

preferred method among other technologies with its 
easy operating system. FDM technology is used in ap-
proximately 70% of 3D printers worldwide. The appli-
cation method of FDM technology is melted by bring-
ing the thermoplastic material to the melting tem-
perature with a nozzle that controls the temperature. 
The molten thermoplastic material is pushed into the 
head automatically. The material coming out of the 
head in a very thin state is laid on the printing table in 
layers and the model is formed. Many types of materi-
als can be used in FDM printing, such as ABS, PLA (po-
ly-lactic acid), TPU polycarbonate and nylon. In this 
system where thermoplastic materials are used, ABS 
and PLA materials are mostly preferred [33, 13, 30].  
The materials used in FDM technology are recyclable 
and environmentally friendly. Along with all these, 
it is the method with the highest material strength. 
The variety of colors used in FDM technology is also 
quite high. But one of the problems with printers is 
precision and roughness. It can be used to make solid 
products, but its surfaces are rougher than those of 
SLS and/or SLA products. In FDM technology, the ad-
hesion between layers is lower compared to SLA tech-
nology, so the upper layers apply pressure to the low-
er layers, helping to increase the adhesion rate. How-
ever, the lower layers will be compressed due to the 
weight of the upper layer, and errors in the printing of 
the modeling may occur, such as the lifting of edges, 
inaccuracies in the modeling of the layers, the shifting 
of the layers due to overlap, and the shrinkage of the 
lower layers. While the reasons are listed in this way, 
it cannot be said that surface behavior and sensitivity 
are high. FDM technology can be used in prototype 
construction, low-cost modeling, where precision and 
surface quality are not kept too high [11, 33, 34, 35].                                   

To summarize briefl y; The design product de-
signed with CAD software is converted to .stl format 
and converted into a format that the 3D printer can 
read. In modeling, it is decided whether there will be 
support material or not. The thermoplastic material 
to be used is added to the printer and the material is 
melted by heating up to the melting point thanks to 
the hot head. The working principle of the nozzle is 
based on the principle of repeating the process in lay-
ers by spraying the material in thin layers. At the same 
time, the distance between the head and the print 
tray is adjusted. The thermoplastic material is auto-
matically pushed into the nozzle and the sprayed ma-
terial solidifi es with the nozzle. The movement of the 
printing tray is adjusted to be millimetric. Production 
is completed by repeating this process. If the support 
material is used after the end of the production, the 
support material is removed manually or with water 
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and chemical material after production [35, 36]. The 
schematic diagram of the FDM 3D printer is shown in 
Figure 5.

Figure 5: Schematic diagram of FDM 3D printing [37]                                                 

2.3. Stereolithography (SLA)

It was patented by Chuck Hull in 1986. SLA tech-
nology converts liquid resin into solid materials using 
high-strength UV light [37]. It is one of the production 
methods with resin writing machines for production 
with SLA technology. The working principle is as fol-
lows; it is based on hardening by transferring the laser 
source onto the resin. There are 2 diff erent methods; 
fi rst, it is known that the process occurs in large print-
ers in this way by projecting the laser source on the 
resin and hardening the resin and going down the 
printing table step by step. In the second method, the 
base of the tank with the resin called the printing tank 
is covered with a transparent material called fepfi lm. 
By pouring resin material into the printing tank and 
hardening the laser source of UV rays, the printing 
surface is lifted and the process is carried out in layers 
[37, 38, 39].

SLA technology is one of the most widely used 3D 
technologies. It is based on the photo-hardening pro-
cess of a liquid resin in which the liquid resin is placed 
in a reservoir and a positionally programmed laser is 
scanned on the resin surface to initiate photopolym-
erization. The resin hardens and turns from liquid to 
solid, usually through a chemical crosslinking process 
[40]. Schematic diagram of the SLA 3D printer shown 
in Figure 6.

The biggest advantages of SLA method are ex-
plained in the following articles [41, 42, 43]:

Diff erent material types can be used.

Can work with accurate measurements

High resolution

High quality results are obtained while pro-
ducing with a model with complex and fi ne details.

Fast production

Non-hardening resin can be reused

Figure 6: Schematic diagram of SLA 3D printing [37]             

One of the disadvantages is that the objects can 
be fragile. When exposed to sunlight for a long time, 
degradation may occur because of their low strength. 
Compared to the FDM method, the SLA method 
shows higher properties in terms of strength, surface 
smoothness, stability in production dimensions and 
production speed. The FDM method is ahead of SLA 
technology for production volumes and high-volume 
production. The most used resins range from stand-
ard resin, transparent resin, rigid resin, castable res-
in, fl exible resin, elastic resin, high temperature resin 
shape [44, 45]. 

2.4. Polyjet 

An Israeli company, Objet Geometries Ltd., The 
fi rst machine based on Poly-Jet technology was re-
leased in early 2000. It has the same working princi-
ples as inkjet printing or stereolithography methods. 
It is in the form of curing the resin with UV rays af-
ter the photopolymer resin is sprayed on the surface 
to be printed. Products with high solubility are pro-
duced. Poly-jet systems have the advantage over SLA 
systems in that the resins come in cartridge form (no 
liquid photopolymer container), and the devices are 
clean, quiet, and offi  ce-friendly. The parts are less 
cleaned after the process. Print heads are relatively 
costly and must be replaced regularly in addition to 
maintenance costs, this is a disadvantage [46]. With 
this technology, thin layer production up to 16-32 mi-
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crons can be made [47]. Products with details and fi ne 
details can be produced easily. With Polyjet technolo-
gy, more than one material can be used in production 
at one time. Thus, it is possible for the material to be 
both transparent and soft. The support material used 
is material that can dissolve with liquid [48]. Schemat-
ic diagram of the polyjet 3D printer shown in Figure 7. 

Figure 7: Schematic diagram of polyjet 3D printing [48]

Table 1: Comparison of Polyjet, 
SLS and FDM technologies [43, 49, 50]

POLYJET SLS FDM 

Solubility Good Medium Weak

Strength Weak Good Good

Surface quality Good Weak Medium

Material Acrylic Polyamide, 
polystyrene

ABS, PLA

2.5. Binder Jetting

It is a technology developed by Z corporation. In 
binder jet technology, known as color 3D printing, as 
in the SLS method, after the powder material is laid on 
the printing table, the head of the 3D printer passes 
over the powder and sprays glue and paint. When the 
next layer is passed, the powder material spreading 
process is provided by a roller. After the powder ma-
terial is spread with the roller, it is completed in this 
layer by spraying the adhesive and colorant from the 
head of the printer again and this process is repeat-

Table 2: Production methods, working principles, raw materials in 3D printers [31]

Production 

methods

Working principle Raw materials Example

FDM Technology It is based on melting 
thermoplastic material into thin 
layers with nozzle.

ABS ve PLA The outfi t shown at 
the Asian art museum 
in San Francisco was 
printed with PLA.

SLS Technology It is based on hardening resin 
powder material in layers.

Polyamide
Polystyrene
Thermoplastic
Elastomer

Iris Van Herpen 
and Daniel Widrig’s 
crystallization 
collection suit is 
produced using 
polyamide material.

SLA Technology It is carried out in the form of 
curing UV rays on resin material.

Polymer material Translucent dress from 
Iris Van Herpen’s Hybrid 
Holism collection.

Polyjet 

Technology 

Curing with UV rays after spraying 
photopolymer resin on the surface 
to be printed

Multiple raw materials 
can be used at the 
same time
Multijet materials with 
diff erent hardness

Part of Iris Van Herpen’s 
Ludi Naturae Houte 
couture collection, 
Foliage dress.

Binder Jet 

Technology

As in the SLS method, the adhesive 
and colorant are based on spraying 
after placing the powder material 
on the printing table.
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ed until the model is produced in layers. In order to 
increase the hardening of the model, it is processed 
in the oven. No support material is required since it 
is produced with powder. After the model production 
is completed, the process is carried out with the help 
of brush and water in order to remove residual dust. 
With the binder jet technology, complex shapes can 
be produced in a very short time and at low cost [51, 
52, 53]. The schematic diagram of the binder jet 3D 
printer is shown in Figure 8.

2.6. Design Process in 3D Printers 

In additive manufacturing technology, the de-
sign process begins with modeling. Modeling is done 
through scanning or using CAD modeling software. 

After the modeling process, the drawings are saved 
in .stl format. 3D printers have a relatively small build-
ing volume. Producing the entire garment in a single 
production process is diffi  cult. In order to create the 
fi nal products, small parts need to be assembled.  
Therefore, it is important to produce the design in 
smaller parts so that the selected 3D printer matches 
the allowed structure size. Small parts are combined 
with suitable adhesives after production. In order to 
commence production, the parameters of the printers 
such as layer thickness, strength, speed, temperature, 
creation of support structures must be determined. 
Solidworks, AutoCAD, PTC Creo, and Rhinoceros (Rhi-
no 3D) are some examples of commercial CAD soft-
ware used in engineering, architecture, product de-
sign, and industrial design. Solidworks is a hybrid solid 
and surface modeling application. Rhino 3D makes it 
easier to work with complex curved surfaces accord-
ing to SolidWorks, it is more commonly used in 3D de-
sign modeling of fashion products where the design 
includes a large number of curved surfaces [54, 55]. 
The stages of the production process, from the devel-
opment of the idea to the production of the fi nished 
product, are shown in Figure 9.

To summarize in general, the design cycle in ad-
ditive manufacturing begins with an idea in mind. For 
example, the emergence of an idea such as a collec-
tion inspired by motifs in the Seljuk period or objects 
in nature and sketching and CAD design are made 
based on this idea [56]. CAD design (Solidworks, Au-
tocad, etc.) the model is saved to a fi le in .stl format. 

   Figure 8: Schematic diagram of 
binder Jet 3D printer [51]

Figure 9: Additive manufacturing stages [33]



12

TEKSTILNA INDUSTRIJA · Broj 2 · 2021

Software such as Cura is used to make this fi le read by 
a 3D printer. With the selection of materials and print-
ers, the model becomes ready for production [6].

With the 3D printer to be applied, the fi rst step in 
the production process is the determination of the 
subject. The subject determined in this study is Anato-
lian Seljuk Architecture in the 11th and 12th centuries. 
Anatolian and Seljuk architectural works of this peri-
od generally consist of tile, ceramic, wood and stone-
work. In this way, the subject of the theme research, 
which is the fi rst step, was inspired by Anatolian and 
Seljuk architectural works. In the visual research part, 
the fi ndings such as visual source, texture, form, color 
in the period were taken into consideration and the 
basis was prepared for the creation of a storyboard 
(Figure 10), which is the next stage of the design. There 
are quite a lot of geometric patterns in Anatolian and 
Seljuk architecture in the 11th and 12th centuries. The 
increase in the continuity of geometric patterns took 
place during the Kara-Khanid Khanate and Great Sel-
juk Empire period. Seljuk architecture, which has this 
rich geometric pattern architecture, have reached 
the borders of Europe with Azerbaijan from Khoras-
an-Iran, and became more complex patterns with the 
Anatolian Seljuk Architecture. As a result of research 
in diff erent sources, geometric patterns and forms in 
Anatolian and Seljuk Architecture were handled and a 
storyboard was created. This created panel is realized 
with Photoshop program. The production area of the 
product in the 3D printer, which will be produced at 
this stage, was also considered. This design is manu-
factured with FDM Ultimaker 2+. The size of the tech-
nology’s printing table has a surface area of 23x23x20 
cm. The numerical data is formed to produce the 
model garment not in one piece but in a form divided 
into parts [6].

Figure 10: Storyboard [6]

3. FILAMENTS USED IN 3D PRINTERS
 IN THE FASHION INDUSTRY

The materials required by 3-D printers are thermo-
plastics that can be processed at medium temperature 
and pressure. Acrylonitrile butadiene styrene (ABS), 
nylon, polycarbonate (PC), high density polyethylene 
(HDPE), high impact polystyrene (PS) and polylactic 
acid (PLA), polyethylene terephthalate (PET) fi laments 
are used for the development of products in fashion 
industry such as clothes, jewelry, shoes, etc. The most 
popular fi lament materials among them are ABS, PLA 
and PET [57, 58]. 

3.1. Polylactic acid (PLA)

It is one of the most widely used fi lament types in 
3D printing. It is environmentally friendly as it is of or-
ganic origin and does not consist of petrochemicals. It 
is obtained from edible sources such as corn and sug-
ar cane. It is biodegradable and it has good strength. 
In the printing process, the process can be facilitated 
by a fan placed next to the printing table in order to 
cool the PLA material. In addition, the fans used can 
also improve the surface quality. Using the PLA ma-
terial can provide more fl exibility than other thermo-
plastic materials. More CO2 emissions occur. It is more 
brittle than ABS and more fl exible than nylon [57, 58, 
59, 60]. The glass transition temperature of PLA is 60o 
C. The temperature to be used for 3 d printing with 
PLA is 210o C. At higher temperature, it begins to de-
teriorate [58].

3.2. Acrylonitrile Butadiene 
Styrene (ABS)

ABS fi lament is often used in 3D printer [58]. ABS 
is a derivative of petroleum, and it is considered tox-
ic. So it is not environmentally friendly like PLA [57]. 
However, the glass transition temperature is much 
higher. ABS is an ideal choice for parts and objects 
that will be exposed to temperatures up to 100 o C. 
A heated structure platform is required for ABS to be 
used in a 3D printer. A minimum temperature of 100 

o C is required for the platform and 240 o C is required 
for the extrusion nozzle. Natural ABS is off -white. But 
with some techniques for PLA, it can be processed as 
transparent or color during manufacturing. It melts at 
a higher temperature than PLA (150 o C), but it binds 
better between 220-225 o C. It is more easily extrud-
ed than PLA. [58]. In addition, it emits a bad odor to 
the environment during printing, so the environment 
needs to be ventilated [60].
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3.3. Polyethylene Terephthalate (PET)

Polyethylene terephthalate is an odorless, color-
less, impact resistant fi lament that is derived from pol-
yester. The extrusion temperature of PET is between 
210 ° C and 224 ° C. There is no need for a heated build 
plate [61]. PET is the most recycled plastic among 
all plastics [62]. Although PET fi lament is normally a 
colorless material, its colorlessness changes when 
heated or cooled [63].

4. CONCLUSION

It is now easier for designers in the fashion indus-
try to embody original ideas thanks to 3D printing 
technologies. 3D printers take the fashion world to 
another dimension. Mold making, which takes time 
in the fashion industry, is being replaced by CAD 
software. With CAD software, measurements of a live 
model can be transferred to a computer within a few 
minutes. Also, changes can be made to an existing 
design and production can be started within seconds. 
Thanks to this technology, the consumer has become 
his own designer and manufacturer. Unique designs 
can be made with the help of 3D printers that use the 
correct fi lament while weaving, knitting and non-wo-
ven surfaces are obtained with yarn. The designs are 
used in daily life and help reveal our imagination in 
fashion shows. Today, these designs can be made with 
3D printers. One of the advantages of 3D printers is 
mass production and recycling. Raw materials used in 
printers can be recycled. It is known as a technology 
that sheds light on the sustainability that is today’s 
problem. This technology allows people to make their 
own designs in seconds. Also, pollution that occurs at 
the end of production in factories can be prevented. 
Besides the advantages of 3D printers, it has a disad-
vantage, such as the problem of raw materials. Syn-
thetic raw materials cannot provide the soft feeling 
of textile products used in daily life. However, it is be-
lieved that this disadvantage can be eliminated with 
innovations in the coming days.
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