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Contextual review and concept statement. In the current digital transformation era with the
emphasis on consumers’ personalization through design, 3D printing, an innovative
manufacturing method, has attracted much attention from various industries including the
fashion industry. Previous studies have explored the potential use of 3D printing and its materials
in wearables’ design and the differences between 3D printed textiles and traditional fabrics (e.g.,
Kim et al., 2019; Pattinson et al., 2019; Uysal & Stubbs, 2019; Valtas & Sun, 2016). The
majority of 3D printed garments were created through selective laser sintering (SLS) with Nylon
or fused deposition modeling (FDM) with other rigid filaments, for example, Nervous System’s
(2014) Kinematics dress and Kim et al.’s (2019) 3D printed dress. However, most 3D printed
wearables were composed of rigid hinge-joint interfaces or interlocked chainmail (e.g., Chen,
2020; Lee & Kwon, 2017; Sun & Parsons, 2014), leading to relatively low flexibility compared
to apparel made of traditional fabrics. Although designers started to adopt flexible 3D printing
materials such as thermoplastic polyurethane (TPU) in wearables’ design (e.g., Cui & Sun, 2018;
Sun, 2018; Sun, 2017), it has been only used in a small section of the wearables (e.g., bra,
gloves). Creative design scholarship on 3D printing with flexible materials for wearables’ design
is still limited. Thus, we challenged to develop 3D printed dress that is wearable with high
flexibility and fulfills wearers’ functional (e.g., comfort, mobility, ease of donning and doffing),
expressive, and aesthetic needs. For this textile innovation challenge, incorporating various
design technologies (3D printing, CLO, and Rhino), the flowy dress, Bouncing with 3D Printed
Soft Cells, was proposed using the FDM method of 3D printing with TPU materials.

Aesthetic properties and visual impact. With the consideration of wearers' needs and desires, we
incorporated Lamb and Kallal’s (1992) functional, expressive, and
aesthetic attributes into this design. As shown in Figure 1, this dress,
Bouncing with 3D Printed Soft Cells, is consisted of 88 individual
panels with various shapes and sizes. The inspiration of these
distinct panels was derived from the concept of biological cells,
which are basic building blocks of the human body. Certain cells in
S our body are self-renewal and they can differentiate themselves into
“ other cell types (Stanford Children's Health, n.d.). We interpreted

s this phenomenon as the endless diffusion of technological
r innovation in our society. Each soft cell panel was designed to fit the

human body nicely, allowing the 3D printed dress to conform in
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response to wearers’ body movement without such a restriction. The

Figure 1. 3D printed soft
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cetl panets textile structure in each panel was developed, referenced by
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Pattinson et al.’s (2019) 3D printed textiles. The continuous lattice structures of 3D printed
textiles, mimicking a traditional see-through fabric, can maximize wearers’ functional needs by
allowing the dress to be stretched in multiple directions. The dress with white TPU filaments and
wave shapes of the panel edges reflects the image of bio-rhythm, transparency, and diffusion of
technological innovation.

7 Process, technique, and execution. The dress, Bouncing with 3D Printed
/ \ Soft Cells, involves multiple design steps: design ideation and sketching,
! “ 3D textile structure development and testing, 2D pattern development and
/ 3D prototyping, mapping structured textile panels within a virtual
V4 "\ prototype, 3D printing, and assembly. 2D patterns of the dress were first
~ created and then virtually draped, stitched, and adjusted on a size 8 avatar
in CLO (see Figure 2). The contour of 3D simulated dress was exported,
which was then imported and used in Rhino for segmenting the dress into

L] 88 cell-shaped panels as shown in Figure 1. Rhino was also used for
Figure 2. 3D developing the continuous lattice structured 3D textiles; all panels were
prototyping extruded with a thickness of 0.4mm, which is the

outcome of multiple iterations from testing 3D
printed textiles’ functionality as wearables. One of the FDM 3D
printers was used to print 88 panels using TPU filaments, which is a
common engineering material for FDM printers with high flexibility
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(Formlabs, n.d.). A total of 85 hours were spent creating this dress, ’ o
including 79 hours of 3D printing and 6 hours of assembly. All panels ﬂ:: ‘E@
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were assembled together using a non-toxic, lightweight fabric adhesive.
3D printed button closures were added on the side seam and two
shoulder panels for wearers to easily put on and off the dress (see P
Figure 3). This dress, Bouncing with 3D Printed Soft Cells, is Figure 3. 3D printed
extremely light with a weight of 387.9g, which would eventually button closure
enhance wearers’ comfort, movement, and functionality.
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Cohesion. This design, Bouncing with 3D Printed Soft Cells, is the outcome of our 3D printed
textile innovation challenge to develop 3D printed dress that is wearable as traditional fabrics
and fulfills wearers’ functional, expressive, and aesthetic needs. With the inspiration from
biological cells and how they function within the human body, this design portrays the endless
diffusion of technological innovation we do face in our everyday life. The flared dress with a
simple silhouette was ideal for experimenting with drapes and flows of 3D printed textiles on the
avatar and human body. Drapes between the 3D simulated dress in Figure 2 and our 3D printed
dress were almost identical. The continuous lattice structures of 3D printed textiles maximize
wearers’ comfort, movement, and functionality. The dress is a true reflection of the diffusion of
technological innovation and presents the future of 3D printing in wearable apparel design.
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Significance, rationale, and contribution. By utilizing various design technologies (Rhino, CLO,
and 3D printer) in 3D textile structure development, 2D and 3D prototyping, and dress
production, this design was created to experiment with its wearability, considering wearers’
functional, expressive, and aesthetic needs. Fabrics were developed as mesh-like 3D printed
textiles with high flexibility and a lightweight, which allow the dress to be stretched in multiple
directions. Through the textile innovation challenge, we showcase the potential of using the
FDM method of 3D printing with TPU filaments for wearable apparel design.

Originality and innovation. This 3D printed wearable dress is original and innovative in terms of
(a) textile innovation of developing 3D printed functional textiles for wearables, (b) creating
wearables with 100% of 3D printed panels without using any other traditional fabrics, and (c)
proving the potential to use FDM 3D printers with TPU filaments for wearable apparel design.
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