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Abstract
Additive manufacturing (AM) has emerged as a transformative technology in the fashion and textile 
industries, enabling unprecedented levels of design freedom, personalization, and on‑demand production. 
This paper explores the diverse applications of Fused Deposition Modeling (FDM) in creating functional 
and aesthetic fashion items-from fully 3D‑printed footwear and flexible garments to rigid accessories 
and metal‑filled decorative pieces. Key material classes including Thermoplastic Polyurethane (TPU), 
Thermoplastic Elastomer (TPE), Nylon, PLA, and copper‑filled composites are examined in terms 
of printability, mechanical behavior, and application suitability. The study further highlights recent 
advancements in consumer 3D printing systems, particularly the integration of Automatic Material 
Switching (AMS) and multi‑nozzle technologies, which enable simultaneous printing of dissimilar 
materials (e.g., ABS with TPU) in a single seamless structure-a capability largely unexplored in existing 
literature. A case study on reproducing a complex Nike Jordan footwear model using TPU 90A on a Bambu 
Lab A1 printer (44 hours, ~$60 cost) demonstrates the economic and technical feasibility of distributed, 
domestic manufacturing of high‑value fashion goods. The paper concludes by identifying promising 
research directions, including systematic parametric studies of identical textile patterns across multiple 
materials and the development of multi‑material functional textiles with spatially graded mechanical 
properties.
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Introduction
Additive manufacturing (AM), commonly known as 3D printing, builds objects layer 

by layer directly from digital models, offering design flexibility and material efficiency 
unattainable through conventional subtractive or formative methods [1]. The introduction 
of AM to the fashion industry gained formal recognition in the autumn of 2013 at New York 
Fashion Week and has since expanded rapidly across apparel, footwear, and accessories sectors 
[2]. The digital workflow underpinning modern fashion design-rooted in CAD modeling, CAM 
slicing, and G‑code generation-aligns naturally with the capabilities of AM systems [3]. This 
synergy enables designers to produce prototypes rapidly, iterate designs with minimal lead 
time, and offer highly personalized products on a per‑customer basis. However, despite its 
creative potential, the adoption of AM in textiles remains challenged by limitations in material 
softness, breathability, print speed, surface quality (e.g., stair‑stepping effects), and build 
volume constraints [4]. Recent technological breakthroughs-particularly in consumer‑grade 
FDM printers equipped with Automatic Material Switching (AMS) and hardened nozzles-are 
beginning to address these limitations [5]. This paper systematically reviews AM applications 
across the fashion domain, categorizing materials by their mechanical properties and use 
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cases, and presents original experimental findings on multi‑material 
and metal‑filled printing. The study also identifies underexplored 
territories, such as simultaneous printing of incompatible material 
pairs (e.g., ABS with TPU) and systematic property mapping of 
identical textile geometries across different filament types.

Applications of Additive Manufacturing in Fashion 
and Textiles
Footwear: The vanguard of AM adoption

Footwear represents the most commercially advanced 
application of AM in fashion. Major brands including Nike, Adidas, 
and CUPRA have launched 3D printed shoe models leveraging 
lattice structures for customized cushioning and fit. The open-
source shoe, developed by Bambu Lab and Presq, exemplifies the 
democratization of footwear manufacturing: users can download 
design files and print functional, customizable shoes at home using 
TPE 85A filament. Footwear has seen the most commercial success 
with additive manufacturing [6,7]. Major brands like Nike, Adidas, 
and CUPRA have released 3D-printed shoes featuring lattice 

structures for customized cushioning and fit. Open-source projects 
such as the shoe by Bambu Lab and Presq further show how 
accessible this technology has become - anyone can now download 
files and print functional shoes at home using flexible TPE or TPU 
filaments.

Case study - 3D Printed Nike Jordan Replica

A high complexity Jordan sneaker model was 3D scanned, 
processed in Eureka Slicer, and printed on a Bambu Lab A1 printer 
using TPU 90A filament. With appropriate scaling, a complete pair 
was fabricated in 44 hours at an approximate material cost of $60 
(Figure 1). This demonstrates that complex, previously inaccessible 
footwear designs can now be produced with high fidelity and 
reasonable efficiency. A highly detailed Jordan sneaker model was 
scanned, prepared in slicing software, and printed using TPU 90A 
on a Bambu Lab A1 printer. A complete pair took approximately 44 
hours and cost around $60 in filament. This example clearly shows 
that complex, previously expensive footwear designs can now be 
produced locally with good quality and reasonable cost.

Figure 1: 3D printed TPU 90A footwear model (Nike Jordan replica) produced on Bambu Lab A1 printer. Left: 3D 
model view; Right: printed pair (44 hours total, ~$60 material cost).

Flexible textiles and garments

TPU and TPE filaments are the primary materials for producing 
soft, stretchable, and wearable textile-like structures via FDM. 
Studies have shown that TPU exhibits significantly lower tensile 
stress than PLA, enabling better flexibility, tension recovery, and 
deformation recovery-properties essential for clothing applications 
[8]. Research on 3D printed knit fabric structures has confirmed 
that TPU is easier to tension and recover from tensile deformation 
compared to PLA, indicating strong potential for apparel use 
[9,10]. Chainmail inspired interlocked structures represent a 
particularly innovative class of 3D printed textiles. Researchers at 
NTU Singapore and Caltech have developed polyamide chain mail 
that remains flexible under normal conditions but becomes 25X 
stiffer when vacuum packed, enabling programmable stiffness for 

protective garments, exoskeletons, and soft robotics [11]. These 
geometrically interlocked discrete cells can be fabricated in one 
print cycle, eliminating assembly requirements.

Rigid and semi rigid accessories

For applications requiring structural stability-such as watches, 
jewelry, helmets, and decorative bag components-materials 
including Nylon (Polyamide), PLA, Polystyrene, and photopolymer 
resins are employed-1. Nylon, processed via SLS or FDM, enables 
highly complex lattice geometries with high tensile strength 
and dimensional stability, making it suitable for avant garde 
garments (e.g., Iris van Herpen‘s collections) and structural fashion 
accessories. SLA resins offer the highest surface quality and fine 
detail resolution, ideal for jewelry and intricate decorative pieces, 
though with lower impact resistance [12].
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Metal filled and composite filaments

Copper filled PLA filaments (Cu PLA) contain up to 80 90wt% 
copper powder, providing the appearance, weight, and conductivity 
of metal while remaining printable on standard FDM systems 
equipped with hardened nozzles [13]. Applications in fashion 
include custom jewelry, decorative ornaments, and weighted 
accessories. However, such composites remain underexplored in 
fashion contexts due to higher printing demands (abrasive nozzles, 
precise temperature control). Recent parametric studies on Cu 
PLA have shown that infill percentage, pattern, and layer thickness 
significantly influence failure load and elongation at break, enabling 
optimization for specific design requirements [14].

Multi material integration via AMS
A largely unaddressed frontier is the simultaneous printing 

of dissimilar materials-such as ABS/ASA for rigid structural cores 
combined with TPU for flexible interconnects-within a single, 
continuous textile like fabric (Figure 2). Automatic Material 
Switching (AMS) systems, available on advanced consumer printers 
(e.g., Bambu Lab X1C, P1S, H2D), allow up to 16 materials to be 
swapped automatically during a print [15]. This capability enables:

•	 Graded mechanical properties: Graded transitions from 
rigid to flexible zones within a single printed panel.

•	 Heterogeneous structures: Locking mechanisms where 
rigid ABS cores are surrounded by flexible TPU links, producing 
fabrics with both shape retention and elasticity.

•	 Multi color and multi texture effects: Simultaneous 
aesthetic and functional customization.

Figure 2: Conceptual diagram of a multi material textile produced via AMS, combining rigid ABS cores (blue) with 
flexible TPU connectors (red) in a continuous single print process.

No systematic study has yet been published that maps the 
mechanical behavior of identical fabric patterns printed across 
these heterogeneous material combinations. This represents a 
significant research opportunity.

Emerging materials and effects

Color shifting (thermochromic/photochromic) filaments 
enable garments and accessories that change appearance in 
response to temperature or UV exposure-effects impossible with 

traditional textile manufacturing. Similarly, carbon fiber reinforced 
filaments (e.g., ASA CF) provide high stiffness to weight ratios and 
engineered aesthetics, though they remain underutilized in fashion 
due to their association with engineering applications [16].

Comparative Material Matrix
Table 1 summarizes key additive manufacturing materials 

relevant to fashion applications, including printability, mechanical 
properties, and typical use cases.
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Table 1: Comparison of AM materials for fashion and textile applications. Data compiled from filament manufacturer 
specifications and experimental observations.

Material Form Print 
Technology

Printing 
Difficulty Typical Use in Fashion Key Advantages Key Limitations

TPU (85A 95A) Filament/
Powder FDM, SLS Medium Soft footwear, stretchable 

garments, swimwear
High elasticity, wear 

resistance
Layer stepping effects, 

slow print speed

TPE Filament FDM, Inkjet High (softness) Flexible footwear, soft 
accessories

Rubber like softness, 
lightweight

Poor surface quality on 
thick layers

Nylon (PA) Powder/
Filament SLS, FDM Low-Medium

Complex structural 
garments, avant garde 

fashion

High strength, 
complex geometries Rigid, not breathable

PLA Filament FDM Very Low Buttons, accessories, 
prototypes

Easy to print, 
biodegradable

Brittle, low heat 
resistance

Cu PLA (80 
90% Cu) Filament FDM (hardened 

nozzle) High
Jewelry, decorative 

ornaments, weighted 
accessories

Metal appearance and 
weight, polishable

Abrasive, requires 
specialized nozzle

SLA Resin Liquid SLA Medium High detail jewelry, 
decorative elements

Highest surface 
quality, fine detail Brittle, UV sensitive

Color Shifting 
Filament Filament FDM Medium Cosplay accessories, 

interactive garments Dynamic color change Limited availability, 
higher cost

Sustainability Implications
Additive manufacturing offers substantial environmental 

benefits compared to traditional fashion production. A 
commissioned study by AMGTA and Stratasys demonstrated that 
AM print to textile production reduces CO₂ emissions by 24.8% 
compared to conventional processes, saves 49.9% of stock material 
across the supply chain, eliminates water consumption (saving 
over 300,000 liters for a production run of 8,000 shoe pairs), and 
cuts electrical energy consumption by over 64%. Furthermore, AM 
reduces supply chain dependencies from 4 technologies to 1 and 
compresses production stages from 12 to 2 [17]. These metrics 
underscore that beyond design innovation, AM aligns with circular 
economy principles: on demand production eliminates overstock 
waste, digital distribution replaces physical inventory, and 
emerging recycled material filaments (e.g., denim waste recycled 
into TPU) close material loops [18].

Research Gaps and Future Directions
Based on the review of existing literature and experimental 

observations, the following research gaps are identified:

A.	 Systematic parametric studies on identical textile patterns 
across multiple materials - No comprehensive study has been 
published that holds textile geometry (e.g., a specific chainmail 
or auxetic pattern) constant while systematically varying 
filament material (TPU, PLA, PETG, nylon, CF reinforced) and 
measuring corresponding mechanical properties (tensile 
strength, elongation, stiffness, recovery). Such a “material 
property map” would provide designers with predictive design 
tools.

B.	 Multi material functional textiles using AMS - The ability 
to combine rigid (ABS, ASA, PC) and flexible (TPU, TPE) 
materials within a single, continuous fabric structure has not 

been systematically investigated. Future work should fabricate 
graded panels and characterize their mechanical behavior 
under tensile, bending, and cyclic loading.

C.	 Metal filled and specialty filaments in wearable applications 
- Cu PLA, bronze filled, and carbon fiber filled filaments are 
underutilized in fashion contexts. Their wearability, comfort, 
and long-term durability require assessment.

D.	 Sustainable and recycled filaments for fashion AM 
- Recycled TPU, bio-based elastomers, and leather waste 
composites- are emerging, but standardized characterization 
specific to textile applications is lacking.

Conclusion
This paper has surveyed the expanding landscape of additive 

manufacturing in fashion and functional textiles, highlighting 
the transition from prototyping to direct digital production of 
end use garments, footwear, and accessories. FDM technologies, 
particularly when enhanced with multi material AMS capabilities, 
offer a powerful platform for creating textile structures with 
spatially graded mechanical properties-from rigid structural zones 
to flexible, stretchable regions-in a single, seamless print process. 
Experimental reproduction of complex footwear models (44 
hours, ~$60 cost) confirms the feasibility of domestic, distributed 
manufacturing of high value fashion items. Key material families 
(TPU, TPE, nylon, PLA, Cu PLA) have been characterized with 
respect to printability, mechanical behaviour, and application 
suitability. However, significant research opportunities remain, 
particularly in systematic multi material parametric studies and 
the development of textile geometry material property databases. 
As consumer 3D printing systems continue to advance in speed, 
material compatibility, and ease of use, the integration of AM into 
mainstream fashion production-from haute couture to everyday 
apparel-appears not only possible but inevitable.
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