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HYBRID TEXTILE STRUCTURES
AS MEANS OF MATERIAL-INFORMED DESIGN STRATEGY

three-dimensional shapes developed by the MIT Self Assembly Lab and
explores s plental {0 create functnal buling envelopss. This me-
thodology relies on 30 printing a less elastic material such as plastic on
top of an elastic, pre-siressed fabric. Once the textle is released from
D

4. UP-SCALING
Gallleo in “Dialogue on Two New Sciences” elaborates on scaling laws
and observes that bones of large animals are proportionally much thicker
than those of smalle ones. (] Smiar principes spoly 0 e sirulus!

DS
material form-finding, 3D printing on textles,
performative building envelopes, self-shaping texties

1. ABSTRACT
‘This research focuses on potential applications of lightweight textile struc-
tures in the building industry. The need of more eco-friendly and ligh-
ter materials, more flexible designs and substantial cost reduction cre-
ate new possibilties for textles as construction material. Development
of highly engineered, programmable fors as well as new 3D prining

State, itfolds influenced by the
printed form. [2]

3. MODULE DEVELOPMENT

The first part of the research focuses on the development of one textile

module in several iterations that would provide various degrees of poro-

sity. Numerous studies were carried out in order (o test and understand

ihe variabls that aflec the ransformaton f the textle camposiss. For
e resuls, all

certain loads where the scala-
ity depencs on oy fctor and secomen ety compon challenging

e socond part o h rescarch focuses on scaling up the textile module
into an architectural building component. It is not a linear transformation,
since the fabric doesn't change and the only element that can be enlar-
ged is the 3D printed geomery. This non-uniform scaling process relies
on a series of rial and error experiments unii the desired Setup s found.
Besides increasing the overall size of the rings, the focus is aiso put on

ot e an sosiamans soon. (1

The project investigates the technique of 3D printing on pre-stressed fa-
brics in order to create textie composites and explores their potential
applications as buiding envelopes. Design methodology

ge of the elasticily and self-shaping properties of such structures while
looking into performance, modularity and scalabilty. The position, geo-

o]
and 15 % Elastan) using the FDM printer In order to ensure the uniform
tension of 150%, the fabric was cut into proportionally smaller parts and
each piece was sewed around the printing plate 1o avoid inaccuracies.

scaling the. process such as the thickness of the printing
path or layer height.

e following Series of experiments aimed at scaling the circular module
from the 10 cm diameter into the 30 cm diameter. The 1:1 scale prints

A circular module was chosen as a base for testing the
prinoples. The design conssts of o 30 prited, concenircrngs snd o
Eutinbotwon inom. By varying th length oftha cut and tha proportons
sftne ngs. Aerent degroes of cpening are posile witin one e

metry and height of the 3D printed form can locally affect
of the textie, one the tension s released. Such method enables precise
control over ne ransformaton process and design aning at minimizig
the material needed for fabricaing the desired thr fextie

then fur in order
Iar modules wih cfferent openings.

e outer

modules.
Th case study for i investigation s a textlo sur-shading mocul do-
f the “Self-Shaping Textiles™

Sachsische Textiforschungsinstitut STFI* in Chemnitz, where the lar-
ge-scale prolotype was manufacture

2. MATERIAL FORM-FINDING
The study uses one of the methods for transforming texiles into desired

 SELF-SHAPING TEXTILES /// EXPERIMENTS IN A SMALLER SCALE
~ Acatalogue of experiments

~ Assembly process of the 1:1 scale prototype

and the inner rings and the length of the cut, but aiso by the direction of
the warp threads in relation to printed boundary and position of the cut
‘The same printed geometry would fold differently once rotated 90 de-
reate symmelrical openings, the direction of the warp.
threads needed to be perpendicular to the symmetry axis of the cut
Asaresul, three
allowing production of a customized textile sun-shading structure, optimi-
personal needs or environmental conditions. The traditional
textile technique of lacing was used to connect the components together
‘and assemble them into a functional scaled prototype.

w Textile module: Diameter 10cm, Fabric: 85% Polyamid and 15 % Elastan, filament: PLA)

> UP-SCALING /If MANUFACTURING PROCESS OF A 1:1 SCALE PROTOTYPE

chsische in
itz using a larger FOM 3D printer with buittin mechanism for tensioning
the fabric. The PLA filament was replaced by polyolefin and the thickness
of the printing path was significantly increased from 0.4 mm to 1mm in
order to speed up the printing process.

Optimizing the printing time turned out to be the first challenge. After a
series of experiments with the printing speed and printing path we mana-
ged to print the module of a 30cm diameter in Th 20 min, just as long as
the 9 times smaller initial module. The customized circular printing path
with more height distance ended up not only speeding up the manuf
turing process, but also affecting the aesthetic appearance of the printed
rm, where the printed layers followed the geometry.

The second challenge was adjusting the proportions of the 3D print in
order (o replicate the desired geometry, but after plenty of iterations we
managed to reconstruct the iniial form. The height of the print had to be
varied depending on the length of the cut and the inner circle had to be
stiflened along the opening boundary.

2 different modules demonsirating various transformation

w Assembly of 9 circuar modules, 10cm diameter each

w Textile self-forming while releasing the tension

w Self-shaping textiles experiments

Specifcaons of th inal potoype

p
Manufacturing technology: FOM 3D printing on pre-stressed textile
- Fabric: 85% Polyamid and 15 % Elastan, Filament: Polyolefin
~Tension 120 %
- Qutr ting: “10mm, H 30mm, inner ring: W 5mm, height 30mm
I Gap. 1.3 M, Layer haight: 0,6 m, st ayer haigh: 1 mm

4. CONCLUSIONS.
3D printing on pre-stressed fabrics is a robust methodology for creating
three-dimensional, lightweight, transformable materials with potential ap-
plications as architectural structures or smart textie facades.
of the remaining challenges is the process of scaling up the design
Solutions and manufacturing processes, however the carried out project
demonstrates tha the geometric and the self-shaping principles can be
translated to the architectural scale. Increasing the size of such element
mallprin-
ters with fine printing resolution require more precision and accuracy in
adjusting the height of the printing bed and the nozzle, so that the filament
an get in-between the threads and attach to the fabric. Printing in lower
resolution with thicker lines and more material allows compensating the
differences and as a result the filament atiaches very well to the fabric.

Demonstrated project shows a passive design strategy for a customized
performative facade olution. Currently the material transformations are

Could such process be reversed and these structures become dynamic?
The next stspofthe research wil acus on implementing moverment o
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Proposed research aims at providing novel applications for lightweight textile
structures in the building industry. As construction becomes more digital and de-
sign increasingly physical, the objective is to re-introduce craftsmanship and ma-
teriality into architectural design.

The need of more eco-friendly and lighter materials, more flexible designs and
substantial cost reduction create new possibilities for textiles as construction ma-
terial. New digital fabrication technologies such as additive manufacturing as well
as development of highly engineered, programmable fibers allow for re-introduc-
ing textiles into the build environment as lightweight, efficient and sustainable
solution.

The study explores potentials of self-forming textile structures generated through
3D printing on pre-stressed fabrics. It focuses on potential architectural applica-
tions of that system while looking into modularity, variation and scalability. By intro-
ducing hierarchy into the 3D printed elements, various degrees of shrinkage are
possible within one printed sample. Variable height and geometry of the printed fil-
ament allows local influence on the deformation of the fabric. This method enables
precise control over the geometry and aims at minimizing the material needed for
fabricating three-dimensional textile modules.

As additive manufacturing becomes more affordable and textiles more and more
robust, proposed methodology suggests potential novel applications for light-
weight textile structures in the building industry.



