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Abstract

This paper is part of a research that involves the nine technologies of industry 4.0 applied to the textile sector. Here
the focus is the literature review made with the SciIMAT (Science Mapping Analysis Tool) software. The tool
analyzed was the Additive Manufacturing, but the papers showed the term most used is the synonym three-
dimensional printing. The first time the term appeared in publications was in 2016. This paper will present the steps
for implementing additive manufacturing, textile industry applications, as well as advantages and challenges. The
results showed that machine adaptations are relatively easy with the introduction of accessories and examples
include smart textiles such as electronic parts, seamless or cut fabrics, and even entire parades with all parts made on
the 3D printer. However, it is still necessary to develop models that adapt to different bodies, adjusting with greater
flexibility, improving the production process through an automatic selection of needles.
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1. Introduction

Additive Manufacturing is the formal term for what is popularly defined as three-dimensional printing (3D)
(Straub 2017, Gibson et al. 2014, Matthews 2017). The technology has been known to the industry since the 1970s,
but initially it was only used in prototyping and simulation. From the 2000s onwards, it was also used in the
production of finished products. According Gibson et al. (2014), from then on, the first applications of technology
specifically in the textile area emerged.

Second Borgianni et al. (2017), initially, the technology was used in the industry to rapidly prototype developing
products, serving as a basis for analysis, adjustment and approval. In short, this technology consists of creating
physical models by printing data from a virtual model where complete products or parts of them are manufactured
directly by printing (Straub 2017, Borgianni et al. 2017).

Thus, it can be stated that Additive Manufacturing is a process where a variety of Technologies convert data

from virtual models into physical models quickly and easily (Sabantina 2015). The data is transformed into a series
of two-dimensional (2D) cross-sections of determined thickness, which will be sequentially deposited by a printer
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on top of each other, forming a 3D physical model, making sequential manufacturing processes unnecessary to
obtain the product (Gibson et al. 2014, Sabantina 2015).

Several methods allow the additive production of 3D shapes, such as sterecography, lithography, laser sintering
modeling, or fused deposition modeling (FDM) (Leist 2017, Borgianni et al. 2017, Gibson et al. 2014, Sabantina
2015).

The manufacture of articles by 3D printing has gained increasing popularity, something that can be explained by
the flexibility and personalized service that it provides. According Straub (2017), the consumers can obtain products
tailored to their needs, and suppliers can create parts that can be customized or produced on a unit scale.

The use of 3D printing finds application in many areas, including artificial limb manufacturing, tissue
engineering, sensors, clothing, footwear, among others (Straub 2017, Matthews 2017, Leist 2017 Gibson et al 2014,
Sabantina 2015, Simonis et al. 2017). Numerous materials can be printed, such as plastics, nanocomposites, micro-
fluids, pharmaceuticals, biodegradable materials, metals, wood, carbon fibers, basalt and concrete (Straub 2017,
Sabantina 2015, Celaschi 2017, Nascimento 2019).

The authors Gibson et al. (2014) summarized the 3D Printing process in eight steps, presented in the diagram
belowd (Figure 1).

* Define the product idea, design and functions.
1.CONCEPTUALIZATION AND CAD * Virtualize the product in 3D format using solid modeling
software (CAD).

2. DATA CONVERTION « Converting virtual model data to a stereolithographic format.

3. TRANSFER « File transfer to 3D printing equipment.

4. EQUIPMENT CONFIGURATION  Adjust specific printing parameters in the machine software.
» Supply the printing equipment with raw material.

« Start the printing or construction process.

5. CONSTRUCTION OR PRINTING » Process control by computer and execution by printing
equipment.
6. REMOVAL AND CLEANING *Removal of excess material after printing and product cleaning.

*Product finishing may involve, abrasive finishing, polishing, coating

7. POST - PROCESSING application, chemical treatment, heat, among others.

* Application of the printed product, use tests and mechanical strength tests to

8. APLICATION validate its physical properties and functionalities.

Figure 1. 3D Printing Process eight steps (Gibson et al. 2014).

The paper is structured as follows. First, it was introduced the concept of Additive Manufacturing, its synonyms
and history. Afterwards, it was presented the eight steps to implement it. Section 2 presents the methodological
procedure for literature review, realized with ScIMAT software. After, there are state of the art analyzes of that
industry 4.0 technology applied to the textile sector. Section 3 shows some advantages and challenges, final
considerations, and future works. Finally, the references are listed.
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2. Methodological Procedure

The Figure 2 shows the database searches, starting with keywords, “Textile” and “Industry 4.0” or “Industrie
4.0”. After, was selected the platforms as Web of Science and Scopus. At first moment, 278 papers were found, but
it was applied the focus of this paper: 3D Printing or Additive Manufacturing. To carry out this mapping, the
SciMAT software was used. This software was proposed by Cobo et al. (2012) that developed the free downloadable
SciMAT with bibliometric process and arrangements to incorporate methods, algorithms and measurements for all

stages of scientific mapping, from preprocessing to visualization of results (Guitiérrez-Salcedo et al. 2018, Montero-
Diaz et al. 2018, Kipper et al. 2019).

Words Platform Papers Filter Results
Textile + Web of 3D Printing or 15
Industry science + Additive T

4.0 Scopus manufacturing

U

Figure 2. Steps of literature review.

In addition, Figures 3 and Table 1 are taken from the same software that shows related words. The density was
157.95 (density range = 1) and centrality of 42.94 (centrality range = 0.43).

CIRCULAR-KEN

Figure 3. Cluster 3D Printing using SciIMAT.

In Table 1 it is possible to notice that the strongest internal relations with the additive-manufacturing are
printing, pattern-recognition and printing-machinery.
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Table 1. Internal links extracted from SciMAT related to additive-manufacturing.

Node A Node B Weight
METALS 3D-PRINTERS 0.12
CYBER-SECURITY 3D-PRINTERS 0.12
CYBER-SECURITY ADDITIVE-MANUFACTURING 0.25
CYBER-SECURITY PATTERN-RECOGNITION 0.25
CYBER-SECURITY PRINTING 0.25
CYBER-SECURITY PRINTING-MACHINERY 0.25
CYBER-SECURITY PRINTING-PRESSES 0.25
3D-PRINTERS ADDITIVE-MANUFACTURING 0.5
3D-PRINTERS KNIT-FABRICS 0.12
3D-PRINTERS CIRCULAR-KNITTING-MACHINES | 0.12
3D-PRINTERS KNITTING-MACHINERY 0.12
3D-PRINTERS PATTERN-RECOGNITION 0.5
3D-PRINTERS PRINTING 0.5
3D-PRINTERS PRINTING-MACHINERY 0.5
3D-PRINTERS PRINTING-PRESSES 0.5
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PRINTING PRINTING-PRESSES 1

Finally, the bubbles in Figure 4 highlight relationships with major themes such as industry 4.0 with embedded
systems, smart fabrics or/and product development with digital transformation (continuous line).
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Figure 4. Longitudinal result view.

3. Advantages and Disadvantages of 3D Printing Applied to the Textile Industry

Consumers are increasingly seeking product or service offerings that go beyond traditional concepts of quality
and value. In addition to these, sustainability and customization criteria have come to integrate their desires (Gibson
et al. 2014, Arribas and Alfaro 2018, Bruno 2016).

A 2013 survey by the Fraunhofer German Institute asked German manufacturers of textile and fabric equipment
what would be the key parameter for success in today's scenario. Of those interviewed, 98.6% pointed to
“flexibility” as a fundamental parameter for success (Matthews 2017). Achieving this level of service is a major
challenge for the apparel industry, whose products have a short life cycle, demands fluctuate widely and customers
increasingly seek originality and identity in what they consume (Matthews 2017, Straub 2017). In this context
Bruno (2016) described that the 3D Printing stands out because in its conception technologies play a central role in
production, reducing the distance between the principles of mass production and customization.

The interest around 3D printing in the textile universe has increased considerably worldwide. Beecroft (2016)
wrote that people can see fashion shows where models use accessories and even complete collections produced from
additive manufacturing. The Figure 5 presents some projects using 3D printing technology in the textile area.

However, despite developments, most of these articles have features of a “sculpture” on the body, lacking the
flexibility and functionality found in conventional textiles. In order to break this barrier some research has been
developed (Beecroft, 2016).

At the Institute of Textile Technology (ITA) at the Technical University of North Rhine-Westphalia (RWTH) in
Aachen (Germany), researchers present studies focused on the development of three-dimensional meshes using large
circular diameter looms to combine the high productivity achieved by looms with the flexibility offered by additive
manufacturing. At the end of the study, they present the prototype of three-dimensional fabric building by means of
an electronic selection of needles during knitting (Simonis et al. 2017).
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Manufacture of seamless, ready-to-wear garments using electrofinning principles in
which the fibers are arranged over a mold, guided by an electric field in the print
chamber, moving from the extruder outlet to the fixed mold can be developed according
to customer measurements (Bruno 2016).

Manufacture of seamless, ready-to-wear garments using electrofinning principles in
which the fibers are arranged over a mold, guided by an electric field in the print
chamber, moving from the extruder outlet to the fixed mold can be developed according
to customer measurements (Bruno 2016).

Production of electronic parts with microcontrollers capable of receiving signals and
reacting to them (Gibson et al 2014).

Combinations of computational geometry techniques with rigid body physics and
FIRST customization techniques, allowing large objects to be printed on a small 3D printer
(Gibson et al 2014).

fa
Figure 5 - Clothing produced by 3D printing.
The authors (Simonis et al. 2017) highlight that Jacquard circular looms can also adapt to this technique,

requiring a small investment to modify the machine. Figure 6 shows the three-dimensional mesh prototype
produced.

Figure 6 - Three-dimensional mesh (Simonis et al. 2017).

In another study (Beecroft 2016), knitted weft structures are printed based on selective sintering, where by means
of a computer-guided laser the polyamide powder (PA12) is fused to solid, forming flexible, elastic three-
dimensional objects and resistant with characteristics similar to traditional textiles. The results of the research
present structures constructed using the jersey mesh principle (structure obtained from single front loom) and
interlock (structure obtained from double front loom). The structures presented good mechanical properties, strength
and elongation, as well as flexibility, which enable them for applications in the textile and fashion industry. Figure 7
shows the weft mesh structures built at the end of the study.
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Figure 7 - Printed weft mesh structures (Beecroft 2016).

Another possible use for Additive Manufacturing in the textile area is the application of this technique on a
textile substrate, where the substrate enables the article to be used for clothing and 3D printing promotes the
freedom of creation to decorate the substrate.

In this type of application the fusion deposition printing technique is used. This technique is based on the
extrusion of filaments that will be deposited on the printing line by the printer, and the deposited filaments solidify
giving the printed structure 3D format (Sabantina 2015). Figure 8 shows the result of applying the printing technique
on different types of textile substrates.

Figure 8 - Textile substrates decorated by 3D printing (Sabantina 2015).

So-called smart textiles are products that have the ability to change their characteristics and properties when
exposed to external stimuli. In this context there are also studies that propose the construction of these articles by 3D
printing, where from the FDM technique thermoplastic filaments are sequentially deposited on a conventional textile
substrate, building a 3D object that, due to the polymer used in its construction. It has the ability to change shape
when exposed to a certain temperature.

Shape memory materials or as known worldwide Shape Memory Materials (SMM) can find various applications

in the textile industry, using their characteristic behavior of change and shape from a given temperature. Figure 9
shows a schematic of shape memory material printing.
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3D Printing

Smart textile Shape change - when Multifunctional 3D
exposed to external Object
stimulus

Figure 9 - 3D printing using SMM polymer (adapted from Leist 2017).

The technology of 3D Printing, when applied to the textile area, can bring benefits to customers and suppliers,
among can be highlighted some of these (Bruno 2016, Schwab 2017):

* Product development shared by suppliers and customers.

* Reduction of time between product development and production.

* Virtual testing of software projects, reducing material waste.

* Clean and compact manufacturing, which allows the installation of productive structures in large urban centers.
* Reduction of distribution costs and delivery time.

* Dramatic reduction in stock of materials and products, as production is initiated only after the customer orders,
or may even be performed by the customer, who in the future may “print” their clothing.

But, this technology faces some challenges for its expansion into the textile chain. Among them, it is possible
mention some challenges (Schwab 2017):

* Production of anisotropic parts, ie their properties are not equal in all directions of the part.

* Cause reduction of jobs in conventional production structures.

* Difficulty in controlling the originality of products produced, as well as their quality.

4. Final Considerations

This paper introduced the technology of the fourth industrial revolution known as 3D Printing or Additive
Manufacturing. For the textile industry, it is necessary to adapt the existing machines in the market, because unlike
the traditional methods, there are interlaced textile layers in different heights.

The literature review conducted with SciMat Software helped map the state of the art of this technology in the
textile sector, pointing out the steps for implementation, highlighting examples, and listing the advantages and
challenges.

The 3D fabric printing has several benefits, such as high-detail prototyping, the ability to build custom and
individualized parts, the possibility of storage and custom production, and reduced time, costs and materials. The
main advantage is making multiple materials with one machine.

There will also be a big investment in sustainability in the textile industry, and 3D printing contributes a lot to
that, as it wastes less material and uses fewer chemicals in its manufacture.

Future studies will describe the other 4.0 industry technologies - Big data (sensors), Robotics, Simulation
Systems Integration (Information Technology), Internet of Things (IoT), Cyber Security, Cloud, Augmented Reality.
After, the researchers will do benchmarking and survey about the 4.0 industry in the textile sector in South Brazil
companies.
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