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Introduction
Today there are several types of 3D printing technologies available. Fused Deposition 

Modeling (FDM) can be considered the most common and affordable 3D printing technology 
working by melting a thermoplastic filament and extruding it layer by layer to create the 
object [1]. Stereolithography (SLA) uses a liquid resin that is cured by a UV laser to form solid 
layers and has the capacity of producing high-resolution and detailed models [2]. Selective 
Laser Sintering (SLS) is a process where a laser selectively fuses powdered materials, such 
as plastics or metals, to create the object layer by layer [3]. Digital Light Processing (DLP) 
is a 3D printing method that is similar to SLA but uses a light source, such as a projector, to 
cure liquid resin. Considering that entire layers are cured at once DLP is considered faster in 
printing speeds [4]. Various metal 3D printing technologies exist, such as Direct Metal Laser 
Sintering (DMLS) and Electron Beam Melting (EBM). These methods use lasers or electron 
beams to selectively melt metal powders to create metal objects [5]. Finally, MultiJet Printing 
(MJP) utilizes an inkjet-like printhead to selectively deposit liquid photopolymer onto a build 
platform in combination with a UV light that is used to solidify the material [6].

In this paper, we make a review on the advancements regarding the usage of 3D printing 
technology for textile design and manufacturing. 3D printing technology has evolved in many 
ways in the past decade and the main technologies employed have been made available in 
the form of open-source designs. These radically changed the landscape mainly through the 
evolution of the makers’ movement and the adaptation of such designs to achieve various 
goals including for example the high-resolution capturing of planar surfaces and their 
reconstruction in the form of image mosaics [7] and 2.5 D digitisations [8].

At the same time, rather than adapting 3D printing technologies, another track 
regards its application in new fields. For example, in textile design, 3D printing allows for 
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Abstract
3D printing can revolutionize textile engineering and fashion design by introducing new possibilities 
for customization, rapid prototyping, and the creation of complex designs in a similar manner that it 
revolutionised other forms of manufacturing. Today Various 3D printing technologies exist ranging in 
terms of material, printing quality and printing method. In textile engineering, several challenges exist 
regarding the utilisation of 3D printing technology since fabrics by design require a different weaving 
process than the one supported out of the box by existing 3D printing technologies. In this review paper, 
we outline the possibilities that 3D printing technology has brought to the textile manufacturing and 
textile design industry.
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the creation of prototypes, customized accessories, and textile 
tools. It enables designers to quickly iterate and test their ideas, 
fabricate personalized components, and develop unique fabric-
like structures. 3D printing aids in the optimization of textile 
processes, such as weaving and knitting, by producing specialized 
tools and accessories. In fashion design, 3D printing technologies 
offer the ability to produce intricate prototypes, highly detailed 
jewellery and accessories, and custom components for garments 
and footwear. Designers can experiment with complex geometries, 
textures, and material combinations to create visually appealing 
and unique designs. 3D printing also supports the integration of 
wearable technology into textiles, enhancing the functionality and 
aesthetics of wearable devices.

Discussion
Fused deposition modelling

FDM 3D printers are often used in textile engineering to 
create prototypes, functional parts, and accessories. They can 
produce flexible and wearable objects by using flexible filaments or 
combining rigid and flexible materials. FDM is also used to create 
customized textile tools, such as fabricating moulds for textile 
casting or designing unique textile structures. Several approaches 
have already studied the aesthetic qualities of 3D printing for textile 
design [9-11]. At the same time, several 3D-printed products have 
been used in the context of fashion designs (e.g. [12]).

To achieve the above-mentioned innovations, research efforts 
in this domain focused on various aspects of FDM printing for 
textile manufacturing. For example, evaluating the adhesion 
strength between FDM-printed PLA parts and surface-treated 
cellulosic-woven fabrics is important to understand whether it is 
possible to create enduring composite textiles by printing on top 
of woven fabrics [13-16] following previous research efforts on 
printing on top of textiles [17-19] or mixing textile and 3D printed 
layers [20]. At the same time, creating flexible textiles while not 
capable to weave with a 3D printer has also received attention by 
proposing 3D structures that cat replicate the effects of a woven 
fabric [21]. Other approaches focused on creating flexible textile-
like 3D-printed materials without requiring elastic filaments that 
are challenging to print [22,23].

Stereolithography (SLA) and Digital Light Processing 
(DLP)

SLA and DLP printers are commonly used in fashion design to 
produce intricate and highly detailed prototypes, jewellery, and 
accessories. These technologies enable designers to experiment 
with complex geometries and intricate patterns, allowing for the 
creation of unique and visually appealing designs.

Research efforts in this domain focussed on the evaluation 
of resin adhesion to various textile fabrics and the effect of resin 
chemical solvents on the printed fabrics during the cleaning and 
curing process. Cleaning is the process of removing non-cured resin 
from the printed fabric, while curing is the process of hardening the 
printed resin through exposure to UV light [24]. 

Selective Laser Sintering (SLS)

SLS printers are valuable in textile engineering and fashion 
design for producing functional and durable parts using a wide 
range of materials, including nylon and other polymer powders. SLS 
technology can create intricate fabric-like structures, interlocking 
mechanisms, and even 3D-printed shoes. It offers design freedom 
and the ability to create complex and lightweight textile components.

Research with SLS technology has produced extremely 
interesting results in terms of printing textile structures since 
proof of concept has been implemented that with the usage of SLS 
technology and nylon powder managed to create actual flexible weft 
knitted structures. The results show the potential to print flexible 
textile-based structures that exhibit the properties of traditional 
knitted textile structures. Furthermore, the mechanical properties 
of the material used have been also studied [25,26].

Metal 3D printing

Metal 3D printing technologies, such as Direct Metal Laser 
Sintering (DMLS) and Electron Beam Melting (EBM), are 
technologies that are based on melting metal powder to create an 
object via laser or electron beams. Since this produce solid printed 
objects, they have applications in creating high-end jewellery, 
accessories, and textile components [27-30]. These processes 
allow designers to work with precious metals like gold, silver, and 
titanium, enabling the production of intricate and customized 
metal designs.

MultiJet printing

MJP technology has shown potential in creating detailed textile 
patterns, intricate textures, and prototypes in the field of textile 
engineering and fashion design. It offers high resolution and the 
ability to incorporate multiple materials in a single print, allowing 
for the development of visually appealing and functional textile 
objects.

Conclusion
Considering the outbreak of 3D printing technology in the 

past decade there is a significant impact already in the domain of 
textiles and fashion design that yet has not covered the potential 
of the various printing technologies. It is foreseen based on what 
existing literature has displayed, that each technology will play an 
important role in the future.

FDM will probably continue to play a significant role in textile 
design and manufacturing. In the future, we expect that more 
advanced filament materials with enhance the flexibility, durability, 
and even electrical conductivity of the printed fabrics. This will 
enable the creation of complex, flexible textile structures with 
integrated sensors and electronic components. FDM’s accessibility 
due to open designs has the potential to make it a tool for rapid 
prototyping and customization in both small-scale and mass 
production.

Regarding SLA and DLP technologies since currently are 
mostly used in the design of luxury accessories are more probable 
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of finding increased application in high-end fashion design. As 
these technologies become more affordable and offer larger 
build volumes, designers will have the possibility to explore the 
creation of larger-scale intricate garments and accessories. A 
current limitation is their ability to print with a single material 
thus if multiple materials are supported in the future both rigid and 
flexible elements within a single design will be possible.

SLS has the potential to revolutionize textile manufacturing by 
enabling the creation of complex, functional textile structures from a 
variety of materials, including polymers and even composites. Thus, 
it is expected, in the future, that as materials improve and become 
more diverse, SLS could enable the production of customized, high-
performance fabrics with specific mechanical properties tailored to 
different applications.

Metal 3D Printing is more likely to be employed in luxury fashion 
and high-end accessories, since the reduction of cost will make it 
feasible to 3D print intricate metal jewellery and components, even 
with precious metals. 

MJP technology’s high-resolution capabilities are relatively 
new for the fashion world. It is expected that probably these will 
find applications in textile designs that require intricate textures, 
patterns, and surface finishes by enabling the design and printing 
of textile moulds used for casting, intricate textile accessories, and 
even highly detailed fabrics for high-end fashion pieces.

As a general remark regarding the future of 3D printing 
technologies, a trend is starting towards sustainable and 
environmentally friendly materials and since the fashion industry 
faces increasing pressure to reduce waste and environmental 
impact, 3D printing could offer solutions through smart production 
methods and less material wastes. At the same time, another trend 
in smart textiles and wearable technologies will likely expand and 
their 3D printing is expected to have a fundamental role. As a final 
remark, it should be considered that since the above discussion 
provides speculations regarding future trends the actual trajectory 
might differ as the industry continues to evolve.

Acknowledgement
This mini review was supported by research work conducted 

in the context of the Horizon Europe Project, Craeft, Grant No. 
101094349.

Conflict of Interest
No conflicts of interest.

References
1. Chennakesava P, Narayan YS (2014) Fused deposition modelling-

insights. In: Proceedings of the international conference on advances in 
design and manufacturing ICAD&M 14: 1345.

2. Melchels FP, Feijen J, Grijpma DW (2010) A review on stereolithography 
and its applications in biomedical engineering. Biomaterials 31(24): 
6121-6130.

3. Kruth JP, Wang X, Laoui T, Froyen L (2003) Lasers and materials in 
selective laser sintering. Assembly Automation 23(4): 357-371.

4. Zhao Z, Tian X, Song X (2020) Engineering materials with light: Recent 
progress in digital light processing based 3D printing. Journal of 
Materials Chemistry C 8(40): 13896-13917.

5. Buchanan C, Gardner L (2019) Metal 3D printing in construction: A 
review of methods, research, applications, opportunities and challenges. 
Engineering Structures 180: 332-348.

6. Chand R, Sharma VS, Trehan R, Gupta MK, Sarikaya M (2023) 
Investigating the dimensional accuracy and surface roughness for 3D 
printed parts using a multi-jet printer. Journal of Materials Engineering 
and Performance 32(3): 1145-1159.

7. Zabulis X, Koutlemanis P, Stivaktakis N, Partarakis N (2021) A low-cost 
contactless overhead micrometer surface scanner. Applied Sciences 
11(14): 6274.

8. Koutlemanis P, Zabulis X, Stivaktakis NM, Partarakis N, Zidianakis E, 
et al. (2023) A close-range photogrammetric surface scanner and its 
evaluation.

9. Tufan Tolmaç N, İşmal ÖE (2023) A new era: 3D printing as an aesthetic 
language and creative tool in fashion and textile design. Research Journal 
of Textile and Apparel.

10. Chakraborty S, Biswas MC (2020) 3D printing technology of polymer-
fiber composites in textile and fashion industry: A potential roadmap of 
concept to consumer. Composite Structures 248: 112562.

11. Kang M, Kim S (2019) Fabrication of 3D printed garments using flat 
patterns and motifs. International Journal of Clothing Science and 
Technology 31(5): 653-662.

12. This Dress Is Made From 3-D Printed Plastic But Flows Like Fabric.

13. Demir M, Seki Y (2023) Interfacial adhesion strength between FDM-
printed PLA parts and surface-treated cellulosic-woven fabrics. Rapid 
Prototyping Journal 29(6): 1166-1174.

14. Goncu Berk G, Karacan B, Balkis I (2020) Embedding 3D printed 
filaments with knitted textiles: investigation of bonding parameters. 
Clothing and Textiles Research Journal 40(3).

15. Melnikova R, Ehrmann A, Finsterbusch K (2014) 3D printing of textile-
based structures by Fused Deposition Modelling (FDM) with different 
polymer materials. IOP Conference Series: Materials Science and 
Engineering 62(1): 012018.

16. Pei E, Shen J, Watling J (2015) Direct 3D printing of polymers onto 
textiles: experimental studies and applications. Rapid Prototyping 
Journal 21(5): 556-571.

17. Dip TM, Emu AS, Nafiz MNH, Kundu P, Rakhi HR, et al. (2020) 3D printing 
technology for textiles and fashion. Textile Progress 52(4): 167-260.

18. Sabantina L, Kinzel F, Ehrmann A, Finsterbusch K (2015) Combining 
3D printed forms with textile structures-mechanical and geometrical 
properties of multi-material systems. IOP Conference Series: Materials 
Science and Engineering 87(1): 012005.

19. Rivera ML, Moukperian M, Ashbrook D, Mankoff J, Hudson SE (2017) 
Stretching the bounds of 3D printing with embedded textiles. 
Proceedings of the 2017 CHI conference on human factors in computing 
systems, pp. 497-508.

20. Chen Y, Deng Z, Ouyang R, Zheng R, Jiang Z, et al. (2021) 3D printed 
stretchable smart fibers and textiles for self-powered e-skin. Nano 
Energy 84: 105866.

21. Forman J, Dogan MD, Forsythe H, Ishii H (2020) DefeXtiles: 3D printing 
Quasi-Woven fabric via under-extrusion. Proceedings of the 33rd Annual 
ACM Symposium on User Interface Software and Technology, pp. 1222-
1233.

22. Dorsey KL, Roberts SF, Forman J, Ishii H (2022) Analysis of DefeXtiles: 
A 3D printed textile towards garments and accessories. Journal of 
Micromechanics and Microengineering 32(3): 034005.

https://pubmed.ncbi.nlm.nih.gov/20478613/
https://pubmed.ncbi.nlm.nih.gov/20478613/
https://pubmed.ncbi.nlm.nih.gov/20478613/
https://www.emerald.com/insight/content/doi/10.1108/01445150310698652/full/html
https://www.emerald.com/insight/content/doi/10.1108/01445150310698652/full/html
https://pubs.rsc.org/en/content/articlelanding/2020/tc/d0tc03548c
https://pubs.rsc.org/en/content/articlelanding/2020/tc/d0tc03548c
https://pubs.rsc.org/en/content/articlelanding/2020/tc/d0tc03548c
https://www.sciencedirect.com/science/article/abs/pii/S0141029618307958
https://www.sciencedirect.com/science/article/abs/pii/S0141029618307958
https://www.sciencedirect.com/science/article/abs/pii/S0141029618307958
https://link.springer.com/article/10.1007/s11665-022-07153-0
https://link.springer.com/article/10.1007/s11665-022-07153-0
https://link.springer.com/article/10.1007/s11665-022-07153-0
https://link.springer.com/article/10.1007/s11665-022-07153-0
https://www.sciencedirect.com/science/article/abs/pii/S0263822320314367
https://www.sciencedirect.com/science/article/abs/pii/S0263822320314367
https://www.sciencedirect.com/science/article/abs/pii/S0263822320314367
https://www.emerald.com/insight/content/doi/10.1108/IJCST-02-2019-0019/full/html
https://www.emerald.com/insight/content/doi/10.1108/IJCST-02-2019-0019/full/html
https://www.emerald.com/insight/content/doi/10.1108/IJCST-02-2019-0019/full/html
https://www.wired.com/2014/12/dress-made-3-d-printed-plastic-flows-like-fabric/
https://www.emerald.com/insight/content/doi/10.1108/RPJ-10-2022-0369/full/html
https://www.emerald.com/insight/content/doi/10.1108/RPJ-10-2022-0369/full/html
https://www.emerald.com/insight/content/doi/10.1108/RPJ-10-2022-0369/full/html
https://journals.sagepub.com/doi/abs/10.1177/0887302X20982927
https://journals.sagepub.com/doi/abs/10.1177/0887302X20982927
https://journals.sagepub.com/doi/abs/10.1177/0887302X20982927
https://iopscience.iop.org/article/10.1088/1757-899X/62/1/012018
https://iopscience.iop.org/article/10.1088/1757-899X/62/1/012018
https://iopscience.iop.org/article/10.1088/1757-899X/62/1/012018
https://iopscience.iop.org/article/10.1088/1757-899X/62/1/012018
https://bura.brunel.ac.uk/bitstream/2438/19049/2/FullText.pdf
https://bura.brunel.ac.uk/bitstream/2438/19049/2/FullText.pdf
https://bura.brunel.ac.uk/bitstream/2438/19049/2/FullText.pdf
https://www.tandfonline.com/doi/abs/10.1080/00405167.2021.1978223?journalCode=ttpr20
https://www.tandfonline.com/doi/abs/10.1080/00405167.2021.1978223?journalCode=ttpr20
https://iopscience.iop.org/article/10.1088/1757-899X/87/1/012005
https://iopscience.iop.org/article/10.1088/1757-899X/87/1/012005
https://iopscience.iop.org/article/10.1088/1757-899X/87/1/012005
https://iopscience.iop.org/article/10.1088/1757-899X/87/1/012005
https://www.sciencedirect.com/science/article/abs/pii/S2211285521001245
https://www.sciencedirect.com/science/article/abs/pii/S2211285521001245
https://www.sciencedirect.com/science/article/abs/pii/S2211285521001245


Trends Textile Eng Fashion Technol       Copyright © Nikolaos Partarakis

TTEFT.MS.ID.000709. 9(2).2023 1055

23. Grothe T, Brockhagen B, Storck JL (2020) Three-dimensional printing 
resin on different textile substrates using stereolithography: A 
proof of concept. Journal of Engineered Fibers and Fabrics 15: 
1558925020933440.

24. Beecroft M (2016) 3D printing of weft knitted textile-based structures 
by selective laser sintering of nylon powder. IOP Conference Series: 
Materials Science and Engineering 137(1): 012017.

25. Beecroft M (2019) Digital interlooping: 3D printing of weft-knitted 
textile-based tubular structures using selective laser sintering of nylon 
powder. International Journal of Fashion Design, Technology and 
Education 12(2): 218-224.

26. Korium MS, Roozbahani H, Alizadeh M, Perepelkina S, Handroos H 
(2021) Direct metal laser sintering of precious metals for jewelry 

applications: process parameter selection and microstructure analysis. 
IEEE Access 9: 126530-126540.

27. Zito D, Allodi V, Trevisan F, Malagoli MG, Rossini A, et al. (2018) Potential 
and innovation of selective laser melting technique in platinum jewellery 
production. In The Santa Fe Symposium on Jewelry Manufacturing 
Technology, Albuquerque, USA, pp: 625-684.

28. Cooper F (2015) Sintering and additive manufacturing: The new 
paradigm for the jewellery manufacturer. Johnson Matthey Technology 
Review 59(3): 233-242.

29. Chatterjee K, Ghosh TK (2020) 3D printing of textiles: Potential roadmap 
to printing with fibers. Advanced Materials 32(4): e1902086.

30. Spahiu T, Grimmelsmann N, Ehrmann A, Piperi E, Shehi E (2017) Effect 
of 3D printing on textile fabric. Eng Entrep 1: 1-7.

https://journals.sagepub.com/doi/full/10.1177/1558925020933440
https://journals.sagepub.com/doi/full/10.1177/1558925020933440
https://journals.sagepub.com/doi/full/10.1177/1558925020933440
https://journals.sagepub.com/doi/full/10.1177/1558925020933440
https://iopscience.iop.org/article/10.1088/1757-899X/137/1/012017
https://iopscience.iop.org/article/10.1088/1757-899X/137/1/012017
https://iopscience.iop.org/article/10.1088/1757-899X/137/1/012017
https://www.tandfonline.com/doi/full/10.1080/17543266.2019.1573269
https://www.tandfonline.com/doi/full/10.1080/17543266.2019.1573269
https://www.tandfonline.com/doi/full/10.1080/17543266.2019.1573269
https://www.tandfonline.com/doi/full/10.1080/17543266.2019.1573269
https://technology.matthey.com/article/59/3/233-242/chinese/
https://technology.matthey.com/article/59/3/233-242/chinese/
https://technology.matthey.com/article/59/3/233-242/chinese/
https://pubmed.ncbi.nlm.nih.gov/31788860/
https://pubmed.ncbi.nlm.nih.gov/31788860/

	Reinforced Composites by Palmyra Palm Leaf Stalk fiber: A Basic Review on Parameters, Method, and Pe
	Abstract
	Introduction
	References

