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Abstract Innovative 3D printing techniques are
employed to craft both textile samples and wearable art,
where woven and knitted fabric structures are replicated
using chain mail, solid modeling, and adjustable infill
densities, while South Indian Kolam's elaborate geometric
patterns are translated into a unique jewelry collection, a
process that utilizes 3D printing's capabilities to precisely
render intricate designs, merging traditional artistry with
modern fabrication, and where the resulting pieces showcase
the technology's potential for diverse design applications,
thereby demonstrating how customizable material
properties and precise digital control enable the creation of
novel textures and forms, ultimately bridging cultural
heritage with contemporary innovation in both fashion and
accessory design.
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1.INTRODUCTION

The fundamental aim is to demonstrate the versatility and
potential of 3D printing in translating complex, nuanced
designs into tangible forms, bridging the gap between
historical craftsmanship and contemporary technological
advancements.

The initial phase of this project focuses on the development
of fabric swatches that emulate the textures and structures
of traditional woven and knitted textiles. This is achieved
through the application of diverse 3D printing
methodologies, including the creation of chain mail-like
structures for flexibility, the use of solid modeling for
precise surface textures, and the manipulation of infill
densities to control the drape and pliability of the resulting
fabric. By experimenting with these techniques, the project
aims to produce swatches that not only visually resemble
traditional fabrics but also exhibit comparable physical
properties. This exploration holds potential implications
for the future of textile design, potentially enabling the
creation of custom, on-demand fabrics with unique
structural and aesthetic characteristics.
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Simultaneously, the project delves into the realm of jewelry
design, drawing inspiration from the intricate geometric
patterns of South Indian Kolam. Specifically, the collection
draws from the elaborate designs of Brahma Mudi,
Prathishta Kolam, and Kambi Kolam, each characterized by
its unique complexity and symbolism. These Kolam
patterns, traditionally created using rice flour, are
transformed into three-dimensional wearable art through
the precision of 3D printing. The utilization of 3D modeling
allows for the faithful reproduction of these complex
designs, while the selection of appropriate 3D printing
materials ensures the durability and aesthetic appeal of the
final pieces. The incorporation of chain mail elements,
where appropriate, adds a dynamic, flexible dimension to
the jewelry, further enhancing its appeal.

This project is not merely an exercise in technological
application; it is a cultural exchange, a translation of
traditional artistic expressions into a contemporary
medium. By integrating the geometric elegance of Kolam
with the precision of 3D printing, the project seeks to create
a collection that honors the rich heritage of South Indian art
while simultaneously pushing the boundaries of modern
design. The combination of fabric swatch development and
jewelry design allows for a comprehensive exploration of
3D printing's capabilities, showcasing its potential to
revolutionize both the textile and jewelry industries. The
project's success lies in its ability to demonstrate the
harmonious integration of traditional aesthetics with
advanced manufacturing, resulting in innovative and
culturally significant creations.

2. Literature Survey

The advent of 3D printing technology has revolutionized the
jewelry design and manufacturing landscape, offering
unprecedented opportunities for customization, complex
geometries, and innovative production methods. The global
3D printing market in jewelry was estimated at $1.2 billion
in 2021 and is projected to grow at a compound annual
growth rate (CAGR) of 22.5% until 2028 (Mordor
Intelligence, 2022) [1].

The material diversity in 3D printed jewelry has expanded
significantly. Researchers have explored various materials
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including photopolymer resins, metal alloys, wax-like
polymers, and advanced composites. Stansbury and
Idacavage (2016) highlighted that photopolymer resins
offer exceptional detail reproduction and smooth surface
finishes, making them particularly suitable for intricate
jewelry designs [2].

Customization represents a critical advantage of 3D printing
in jewelry production. A study by Rognoli et al. (2017)
demonstrated that 58% of consumers prefer personalized
jewelry pieces, with 3D printing enabling unprecedented
levels of individual design interpretation [3].

The technology allows for rapid prototyping, reducing
design-to-production time from weeks to mere hours.
Sustainability emerges as another significant aspect of 3D
printed jewelry. Traditional jewelry manufacturing
generates substantial material waste, whereas additive
manufacturing can reduce waste by up to 70% (Bartolo et
al, 2019). This aligns with growing consumer consciousness
about environmental impact in product manufacturing [4].

Technical innovations have expanded design possibilities.
Vaezi et al. (2018) explored multi-material printing
techniques, enabling the creation of jewelry with integrated
functional properties like color gradients and varied
material textures within a single piece [5].

This technological advancement challenges traditional
manufacturing limitations. Economic implications are
profound. Klein et al. (2020) analyzed the cost-effectiveness
of 3D printing in jewelry, revealing that small-batch and
customized production becomes economically viable,
disrupting traditional mass-production models [6].

This democratizes jewelry design, allowing independent
designers to compete with established manufacturers.
Cultural adaptation remains crucial. Gonzalez-Henriquez et
al. (2021) studied global design trends, noting that 3D
printing facilitates cross-cultural design exchanges,
enabling designers to incorporate diverse aesthetic
influences more seamlessly [7].

3. METHODOLOGY

Fig -1: Methodology Flowchart
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4. SURVEY

A survey gathers data regarding 3D-printed jewelry and
fabric swatches, especially those inspired by Kolam designs.
Questions assess interest in 3D-printed textiles mimicking
woven/knitted structures and the appeal of Kolam-inspired
jewelry. It explores preferred materials (PLA, TPU) design
intricacies and perceived value. Inquiries address
familiarity with Kolam, desired jewelry types, and potential
applications for 3D-printed fabrics. Feedback on design
innovation and purchase intent is gathered. The survey aims
to evaluate consumer preferences and inform design
development.

2201


https://www.irjweb.com/

Peer Reviewed Journal
IRJET ISSN 2581-7795

v,
l!!ﬂl International Research Journal of Education and Technology

Fig-2: Design Survey (1/4)
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Fig-3: Design Survey (2/4)
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Fig. -4: Design Survey (3/4)
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Fig-5: Design Survey (4/4)

5. PROBLEM IDENTIFICATION

Current 3D-printed jewelry and fabric swatches face
challenges in replicating traditional textile textures and
intricate Kolam patterns. Material limitations restrict
flexibility and detail. Achieving precise dimensions and
preventing warping remain problematic. Post-processing,
especially support removal, risks damaging delicate
designs. Consumer perception of 3D-printed products’
durability and aesthetic appeal varies. A gap exists between
traditional artistry and digital fabrication's potential.
Balancing artistic integrity with technological constraints is
crucial. Optimizing printing parameters for diverse
materials and complex geometries requires refinement.
Market acceptance hinges on addressing these quality and
aesthetic concerns.

Table -1: Problem statement

PROBLEM STATEMENT FACED
SOME
ISSUES

EVERYTHING
IS FINE

What are the key challenges
in accurately replicating
traditional textile textures
and the intricate details of 75% 25%
South Indian Kolam patterns
using 3D printing for jewelry
and fabric swatches?

Solution identification: Material optimization for texture
and flexibility. Refine parameter settings to enhance detail
and accuracy. Support structure redesign for easier
removal. Improved post-processing techniques for delicate
designs. Enhanced 3D modeling for precise Kolam pattern
translation. Consumer education on 3D printing
capabilities and aesthetics. Iterative prototyping to refine
designs and materials.
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6. TREND ANALYSIS

Trend analysis reveals a dynamic evolution in 3D printing
applications within both jewelry and fabric swatch
development. In jewelry, the trend leans towards
personalized, intricate designs, leveraging 3D printing's
capacity for complex geometries. Customization, driven by
consumer demand, allows for unique pieces tailored to
individual preferences.

Material exploration is also prevalent, with designers
experimenting beyond traditional metals, incorporating
resins, polymers, and even ceramics for diverse aesthetics
and functionalities. Sustainable practices gain traction,
with recycled materials and on-demand production
minimizing waste. Furthermore, integrating generative
design and computational tools enables the creation of
organic, biomimetic forms, pushing the boundaries of
traditional jewelry aesthetics.

In fabric swatch development, 3D printing trends focus on
replicating and innovating textile structures. The
exploration of flexible filaments, like TPU and PLA, allows
for the creation of swatches with varying drape and texture.
Digital textile libraries are emerging. offering pre-designed
patterns and structures for designers to customize. The
integration of smart materials, capable of responding to
stimuli like heat or light, opens avenues for interactive
textiles. Multi-material 3D printing enables the creation of
swatches with gradients and layered properties, mimicking
complex fabric weaves.

Sustainable practices are prioritized, with research
focusing on biodegradable filaments and closed-loop
recycling systems. The trend towards integrating 3D
printed swatches into wearable technology is also growing,
with embedded sensors and electronic components. Both
industries reflect a movement towards greater
personalization, sustainability, and material innovation,
driven by advancements in 3D printing technologies.

7. DEVELOPMENT PROCESS

The 3D printing development process encompasses 2D
design, 3D modeling, slicing with parameter adjustments,
G-code generation, filament selection (PLA/TPU), printing,
and post-processing. Initial 2D designs are transformed
into 3D models, then sliced for G-code. Parameters like infill
and layer height are crucial. PLA is used for rigid jewelry,
and TPU for flexible swatches. Printing follows G-code
instructions, layer by layer. Post-processing includes
finishing, adding components or texture treatments, and
finalizing the jewelry and fabric swatches.
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7.1 2D DESIGN

Initial concepts are sketched or created using 2D software
like Adobe Illustrator or Inkscape. For jewelry, this stage
involves outlining the Kolam-inspired patterns. For fabric
swatches, 2D representations of weave or knit structures
are created.

Fig-6: 2d design (1/4)

Fig-7: 2d design (2/4)
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Fig-8: 2d design (3/4) 7.2 3D DESIGN

2D designs are then translated into 3D models using CAD
software like Fusion 360, Blender, or Rhino. Jewelry
designs are sculpted to capture the intricate details of
Kolam patterns, ensuring accurate dimensions and
proportions. Fabric swatch designs are modeled to
replicate woven or knitted structures, considering
flexibility and drape.

Fig-10: 3d design (1/3)

Fig-11: 3d design (2/3)
Fig-9: 2d design (4/4)
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Fig-12: 3d design (3/3)

7.3 SLICER (PARAMETER)

The 3D model is imported into slicing software (Cura).
Crucial parameters are set layer height, infill density, print

<o e A e

speed, support structures, and temperature settings. These i SR
parameters determine the final print's quality, strength, 3 S g :‘.;:
and flexibility. S B ot et

Fig-13: Slicer (1/3)

7.4 G-CODE

The slicer software generates G-code, a numerical control
language that instructs the 3D printer's movements. This
code dictates the precise path the printer's nozzle will
follow to create the object layer by layer.

Coding for Nethi Chutti:

;FLAVOR:Marlin

;TIME:3565

;Filament used: 0.865496m

;Layer height: 0.12

;MINX:126.074

Fig-14: Slicer (2/3) :mm\zﬁﬁ-;ﬂ

;MAXX:173.931

;MAXY:224.643

;MAXZ:2.52

;Generated with Cura_SteamEngine 4.13.1.

© 2020, IRJET Volume: 03 Issue: 01 | Jan-2020 Page


https://www.irjweb.com/

International Research Journal of Education and Technology

Iﬁﬂlsl Peer Reviewed Journal

IRJEAT ISSN 2581-7795

M140 S50
M105

© 2020, IRJET Volume: 03 Issue: 01 | Jan-2020 Page


https://www.irjweb.com/

International Research Journal of Education and Technology
Peer Reviewed Journal
ISSN 2581-7795

1\

IRJEAT

M190 S50

M104S200

M105

M109S200

M82 ;absolute extrusion mode

M201 X500.00 Y500.00 Z100.00 E5000.00 ;Setup machine
max acceleration

M203 X500.00 Y500.00 Z10.00 E50.00 ;Setup machine max
feedrate

M204 P500.00 R1000.00
Print/Retract/Travel acceleration
M205 X8.00 Y8.00 Z0.40 E5.00 ;Setup Jerk

M220 S100 ;Reset Feedrate

M221 S100 ;Reset Flowrate

G28 ;Home

G29 ;Auto bed Level

G92 EO;Reset Extruder

G1Z2.0 F3000 ;Move Z Axis up

G1X10.1Y207Z0.28 F5000.0 ;Move to start position
G1X10.1Y200.0Z0.28 F1500.0 E15 ;Draw the firstline
G1X10.4Y200.0 Z0.28 F5000.0 ;Move to side a little
G1X10.4Y20Z0.28 F1500.0 E30 ;Draw the second line
G92 EO ;Reset Extruder

G1Z2.0 F3000;Move Z Axis up

G92 EO0

G92 EO

G1F2700E-5

;LAYER_COUNT:21

;LAYER:0

M107

GOF6000X128.028Y92.578 Z0.12

;TYPE:SKIRT

T500.00  ;Setup

7.5 FILAMENT

Filament selection is crucial. PLA (polylactic acid) is
commonly used for rigid jewelry components due to its
ease of printing and smooth finish. TPU (thermoplastic
polyurethane) is preferred for flexible fabric swatches and
adaptable jewelry elements, offering elasticity and
durability.

7.6 PRINTING
The G-code is transferred to the 3D printer, which extrudes
the chosen filament according to the instructions. The

printer builds the object layer by layer, following the G-
code's precise movements.
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Fig-16: Printing Process (1/2).

Fig-17: Printing Process (2/2).

8. RESULT

The project successfully demonstrated the ability of 3D
printing technology to create innovative fabric swatches
and jewelry designs inspired by traditional South Indian
Kolam patterns. Using techniques such as chain mail, solid
modeling, and infill methods, fabric swatches were
developed to mimic woven and knitted structures,
showcasing flexibility, durability, and customizable
mechanical properties. Chain mail structures proved
particularly effective for replicating flexible textile-like
qualities, while infill variations allowed for the creation of
unique textures and strengths.

In the jewelry collection, intricate Kolam designs such as
Brahma Mudi, Prathishta Kolam, and Kambi Kolam were
translated into wearable art using high-resolution 3D
modeling techniques. The combination of flexible materials
for chain mail-inspired elements and rigid polymers for
detailed designs resulted in aesthetically appealing pieces
that retained cultural significance while embracing modern
design innovation.

2208


https://www.irjweb.com/

I\

IRJEAT

Fig-18: Woven fabric.

Fig-19: Knitted fabric.
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Fig-20: Nethi Chutti.

9. DISCUSSION

The project's outcomes highlight 3D printing's capacity to
translate intricate designs, yet reveal material and process
limitations. Fabric swatches demonstrated visual similarity
to textiles, but tactile replication proved challenging.
Jewelry designs captured Kolam patterns well, though
support removal posed risks. Parameter optimization
crucially affected quality. Consumer feedback indicated
interest, but raised durability and value concerns.
Balancing artistic integrity with technological constraints is
essential. Future research should focus on material
innovation and refined post-processing. Bridging the gap
between traditional aesthetics and 3D printing's potential
requires ongoing development..

10. FUTUER WORK

Future work should focus on material innovation, exploring
advanced filaments with enhanced flexibility, durability,
and aesthetic properties. Research into biodegradable and
recycled materials would align with sustainable design
practices. Automated,
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post-processing techniques, like robotic support removal
and surface finishing, could improve efficiency and
precision. Integrating sensors and conductive materials
into 3D-printed fabrics could enable interactive textiles.
Developing design software with parametric Kolam pattern
generators would streamline jewelry creation. Scalability
studies should investigate large-scale production methods.
Consumer perception research could inform design
strategies and marketing. Collaboration with artisans and
fashion designers would facilitate the integration of 3D-
printed textiles and jewelry into mainstream applications.
Exploring multi-material 3D printing to replicate complex
textile blends and jewelry components would expand
design possibilities.

11. CONCLUSION

This project successfully explored the feasibility of using 3D
printing to replicate traditional textile structures and
create jewelry inspired by South Indian Kolam patterns.
Fabric swatches demonstrated the technology's capacity to
mimic woven and knitted textures, albeit with limitations
in achieving authentic drape and feel.

The Kolam-inspired jewelry collection showcased 3D
printing's precision in capturing intricate geometric details,
translating cultural artistry into wearable forms. Material
selection and parameter optimization significantly
impacted print quality, highlighting the need for careful
consideration in design and execution. Post-processing,
particularly support structure removal, presented
challenges in preserving delicate features. Consumer
survey data indicated interest in the concept but also
revealed concerns regarding durability and perceived
value.

The project underscores the importance of bridging the gap
between traditional craftsmanship and digital fabrication.
Future research should focus on material innovation,
refined post-processing techniques, and consumer
education to enhance the acceptance and application of 3D-
printed textiles and jewelry. This project contributes to the
understanding of 3D printing's potential in cultural
preservation and contemporary design..

REFERENCES

[1] Mordor Intelligence. (2022). 3D Printing Market in
Jewelry Sector. Market Research Report. Accessed on
March 15, 2025.

[2] Stansbury, ], & Idacavage, M. (2016). "Materials
Considerations for Fused Deposition Modeling with
Polymer-Based Dental and Medical Biomaterials." Additive
Manufacturing, 10, 3-17. Unpublished Research, University
of Colorado Anschutz Medical Campus.

[3] Rognoli, V., Bianchini, M., Moro, E., & Arquilla, V. (2017).
"Designing Dynamic Materials for Emerging Experiences: A

@ 2025, IRJEAT Volume: 07 Issue: 03| Mar-2025

Case Study of 3D Printed Personalized Jewelry."
International Journal of Design, 11(3), 23-38.

[4] Bartolo, P., Chua, C., Almeida, H., & Reis, N. (2019).
"Sustainable Manufacturing Techniques in Additive
Fabrication: A Comprehensive Review." Journal of Cleaner
Production, 237, 117822.

[5] Vaezi, M., Yang, S., & Gibson, 1. (2018). "Multi-Material
Additive Manufacturing: A Review of Technologies and
Approaches.” Additive Manufacturing, 22, 159-177.

[6] Klein, A., Rodriguez, L., & Schmidt, M. (2020). "Economic
Disruption in Custom Manufacturing: A Comprehensive
Analysis of 3D Printing in Jewelry Production."
Manufacturing Technology Quarterly, 45(2), 78-95.

[7] Gonzalez-Henriquez, M., Martinez-Gémez, ]., & Chen, X.
(2021). "Cultural Convergence through Digital Design: 3D
Printing and Global Aesthetic Exchanges." Design Studies,
76,101-120.

2210


https://www.irjweb.com/

