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Abstract
This body of research investigated potential applications for textile weaving techniques in non-textile contexts with particular
focus on techniques appropriate for textile scaffold making. The research was conducted over three main phases: a review of
existing literature on the application of textile techniques in non-textile contexts, exploratory hands on making investigating
various weaving techniques for scaffold building and, finally, contextual critique and further making to support a research
hypothesis.

The research began with a survey of existing projects/research efforts that employ weaving or other traditional textile techniques
to achieve three dimensional form. Such examples covered a wide range of applications from the architectural scale to the cellular
scale, from fields such as architecture, fashion, industrial design, geotextiles, agriculture, synthetic biology and speculative design.

For a summary of the chosen 10 examples that demonstrate the diversity of these applications and that further informed this
research, please view the attached 10_Examples document.

This initial research phase was followed by an exploratory making phase that involved more hands-on investigation of various
scaffold making techniques with particular focus on weaving. Several prototypes were made as inquiry into and assessment of
different weaving techniques. This included various layering, twisting, knotting and stretching techniques as well as freeform form
generation achieved by manipulating draped woven cloth by hand. The research approached scaffold making holistically by
applying weaving techniques to non-textile materials such as wood, metal and plastic. Additionally, Unity – a 3D simulation
software – was used to inform the physical making process by facilitating a back and forth dialogue between the digital and the
physical.

Finally, the research findings indicated that textile weaving holds enormous potential for further research and weaving as a
technique has potential high-stake applications in many fields, most notably in tissue engineering; however, existing body of high
quality, quantitative open-source research material on weaving techniques is not sufficient to leverage the unique properties of
woven scaffolds in non-textile fields with rigor. Additionally, new kinds of three dimensional fabrication looms need to be designed
to accommodate for the specific structural and environmental requirements of weaving for tissue engineering. The research
concludes that aside from the topological significance of weaving, a wet lab style loom with adjustable environmental condition
setting and appropriate for working with “wet” materials such as chemicals and living organisms would be a potential game
changer enabling the repurposing of existing weaving skills in non-textile contexts.



Literature Review

Please view separate document titled:10_Examples.

Tissue Engineering Applications of Textile Technologies
Tissue engineering for organ transplantation requires the fabrication of tissue constructs with controlled mechanical properties,
microstructure, and cellular distribution. Scaffolds made from synthetic or natural biomaterials are required to provide both the
mechanical support and ideal 3D environment for cellular growth. Traditional tissue engineering methods generate porous
constructs with interconnected pores that are suitable for delivery of nutrients to cells. Such examples include freeze-drying
(Hutmacher 2000), particle leaching (Yao 2012), and solvent casting (Mikos 2000). However, precise control over the spatial
distribution of pore size, pore interconnectivity, and mechanical and structural properties is limited. Recently, advanced bio-
fabrication methods such as bioprinting (Bertassoni 2014; Kolesky 2014; Bajaj 2014; Murphy 2014), stereolithography (Gauvin 2012;
Lee 2015; Zhang 2012), self assembly of microgels (Qi 2013; Du 2008), and bio-textiles (Muotos 2007; Onoe 2013; Akbari 2014) have
emerged to produce complex 3D engineered tissues from living and non-living elements with high level of control over the
resulting scaffold microarchitecture and cellular distribution.

Commercial bio-textiles such as TIGR® Matrix, ULTRAPRO™, and INTERGARD™ are currently used as medical implants for
treating pelvic organ prolapse, hernia, and vascular diseases. As well, recently, textile technologies have been used for bio-
fabrication of fibrous scaffolds for various tissue engineering applications (Muotos 2007; Akbari 2014; Muotos 2010; Najafabadi
2014). In these cases, key parameters such as physiochemical characteristics of fibers, pore size and mechanical properties of the
fabrics play important role and the versatility of textiles allows for precise tailoring of scaffold architecture by controlling fiber size
and orientation, pore size and geometry, pore interconnectivity, total porosity, and surface topography. In addition, cell-laden fibers
can be used during the assembly process, allowing for further control of cellular distribution. Lastly, knitting, weaving, and braiding
have been explored in the literature.



Exploratory Making

Using four layers of industrially woven cloth, a honeycomb-like structure
was sewn. A myriad of examples of the honeycomb structure exist that
have been man-made and/or made by nature. This particular example
was an inquiry into how a self-supporting textile structure could be
formed and was in equal part an investigation of the aesthetic qualities
derived from the medium weight woven cloth used for the prototype.
The softness of the material contributes to the organic drape of the
structure while the layering and spacing between the honeycomb walls
allow the structure to stand on its own.

top: Layered cloth prototype

right: Different views of spacer fabrics (Chen, 2011)



Exploratory Making

right, top, left: Freeform hand manipulated cloth scaffold



Exploratory Making

Textile technologies have been attracting
increasing attention lately due to their ability to
generate heterogeneous and anisotropic
materials – materials that have different
properties and behave differently at different
points on the material. To investigate and
visualize this aspect of textiles, a lightweight
woven cloth was draped from the ceiling and
given form through freeform hand manipulation
using stitching and curved bamboo dowels. This
generated interesting gatherings, hills and
valleys into original flat cloth.

left: Freeform hand manipulated cloth scaffold



Exploratory Making

As a follow up to the previous prototype with three dimensionality built into a flat cloth, a different material
that takes on a 3D form without need for sewing or bamboo frames was used to create the next prototype.
Straight lines were sewn onto a flat piece of paper towel and the paper was then scrunched to create creases
giving the material complex 3D form. In the images above, the black stitched lines help reveal the structure of
the resulting form. Paper towels are interesting material to work with as they have the memory of paper and
the flexibility of cloth.

top: Paper towel prototype



Exploratory Making

Moving on from working with existing materials and letting the material dictate the form, the next few
prototypes started with the form and worked back to the design of the ideal frame and weaving technique to
achieve the form. In the above prototype metals wires were used to create a 3D frame on which 2 sets of
yarns were placed in intersecting fashion. Similar to string art, this kind of weaving allowed for more
controlled manipulation of the resulting form.

top: 3D frame for weaving



Exploratory Making



Exploratory Making

Moving on from making custom frames to support specific forms, the research investigated the plausibility of weaving
complex forms such as the human heart using various techniques. The first hypothesis was that it would be possible to
weave around an object that accurately resembles the final form desired, thus achieving a woven version of that form. To
quickly and economically test this idea, donated fabric offcuts were tied together to roughly resemble the shape of a
human heart and clear plastic tubing was used to weave around it. The plastic tubing was chosen as opposed to fabric
yarn in order to give structure and self-standing ability to the final form.

However, this kind of weaving around the final form was much harder, imprecise and took longer than initially perceived.
On a loom, the warp threads provide stability during the insertion of weft threads; due to the lack of distinguishable and
stable warps, the weaving became unstable thus adding unnecessary irregularities to the weaving process.

top: Rough approximation of the form of a human heart and weaving done around it right: Human heart 3D model (Visual 3D Science)



Contextual critique

In traditional 2D weaving, there are two sets of yarns, commonly perpendicular to each other, that interlace to
form a woven fabric. The set of yarns that run lengthwise are called warp, while the set of the yarns that run
transversely from left to right, or right to left, are called weft.

Fabric production on conventional weaving machine (Khokar 2001).



Contextual critique

The most common understanding of 3D fabrics is that they have a third dimension in the thickness layer – the
Z-direction. Yarns are intertwined, interlaced or intermeshed in the X (longitudinal), Y (cross), and Z (vertical)
directions (Badawi, 2007). Often, a third set of yarns, known as pile or binder yarns, is introduced in the Z
direction, effectively creating a 3D fabric using 2D techniques.

Common 3D weave structures (Stig 2009; Badawi 2007; Chen 2011).



Contextual critique

Automated 3D weaving has many industrial applications with most common application being woven
preforms for composites. Industrial machinery for 3D weaving is designed to produce 3D structures with
uniform thickness, width, length and so on, exhibiting relatively homogeneous material behavior.

3D weaving method to make representative fully interlaced woven preforms; 3D plain woven preform (a1-a6), 3D plain-z-yarn
orthogonal woven preform (b1-b6) (Bilisik 2013).



Contextual critique

Below is an example of a 3D woven fabric for industrial composite applications
and an example of a multiaxial manufacturing method.

Multiaxial 3D orthogonal woven fabric (Mohamed et al. 1995) Multiaxial 3D woven fabric manufacturing method (Anahara et al. 1993)



Contextual critique

Similarly, on the right is an example of a multiaxial 3D circular woven fabric. This
type of fabric has a core and comprises five sets of yarns: axial, circumferential,
radial and two sets of bias yarns that are orientated ±45° with reference to the
longitudinal axis of the cylindrical fabric (Bilisik 2000).

Multiaxial 3D circular woven fabric structure and apparatus (Bilisik 2000)



Contextual critique

Below are more examples of specially designed weaving machines.

Weinberg’s special designed 3D weaving machine (Weinberg 1995)King’s special designed 3D weaving machine (King 1976)



Contextual critique

Shell Fabrics
Shell fabrics may have one or more layers, but the end product is always three dimensional.
These types of fabrics are widely used in helmets, bra cups in fashion, car interiors and so
on (Chen & Tayyar, 2003). Cut and sew technique has been the most commonly used
method in the production of shell fabrics; however the unavoidable seams can be a
disadvantage in technical applications where uniform thickness and continuity of the
material is important. Seams also affect the structural integrity of the material, reducing the
level of reinforcement and protection.

The other method of producing shell fabrics is through a combination of weaving
techniques, using a mixture of long and short floats. This method is relatively
straightforward and economical compared to cut and sew that produces offcut waste, but
if the end use requires larger domed effects or more exaggerated undulating features, the
weave combination method is not sufficient.

An example of a shell fabric woven with 
conventional weaving (Busgen 1999)



Contextual critique

The Institute for Computational Design (ICD) at the University of Stuttgart created the below pavilion as part 
of a research to develop biomimetic design strategies for performative morphology in architecture. Their 
research forms the basis of an investigation into integral structural, spatial and material systems.

The design of the pavilion was created through physical modeling which informed the development of the
filament wrapping technique. The technique uses a wooden frame and a robotic arm. In a first wrap (white yarn
representing glass-fiber) the spatial enclosure of the pavilion is defined; in the subsequent wraps (black yarn /
carbon-fiber) the fibers are placed according to the trajectories of the forces in the system. Through
continuous wrapping and accretion of fibers a self-supporting and external load-bearing structure is
generated.

During fabrication, the frame rotates while the 
robotic arm distributes the fiber 

(ICD/ITKE Research Pavilion, Institute for 
Computational Design, 2012)



Contextual critique

FIBERBOTS from the MIT Media Lab are a swarm of robots designed to wind fiberglass filament around 
themselves to create high-strength tubular structures. Each robot’s movement follows a flocking-based design 
protocol and can build in parallel to each other to rapidly create architectural structures. The length and 
curvature of each individual tube can be controlled with the embedded sensor in the each robot. This gives 
designers the ability to control, or change on the fly if necessary, high-level design parameters that govern the 
shape of the resulting structure.

left to right: a FIBERBOT at work; tubular structures created by FIBERBOTS; different winding techniques (MIT Mediated Matter Group)



Hypothesis

Based on the research into existing technologies for 3D weaving, it is clear
that the human hands are still superior when it comes to creating highly
complex 3D structures with heterogeneous and anisotropic properties. On
the right is a piece called Undulation by Ellen Dickinson that uses a coiling
technique. Coiling is a procedure combining the wrapping of a core
material and a sewing process; in that sense, it is often considered different
from weaving. However, it is worth noting that such complex textile 3D
structures could only be created by hand.

HYPOTHESIS

Therefore, the hypothesis for this research is that complex 3D woven
structures with programmable structural properties can be created with an
specially designed multiaxial loom that accommodates for hand weaving
while allowing accurate control of yarn placement.

Undulation by Ellen Dickinson using coiling technique (basketry stitch)



Loom construction

To begin the design of a multiaxial loom for hand weaving, a simple weaving frame was made from a half inch medium-density
fiberboard (MDF). Using it as a circular loom, a simple round structure was woven on it using 15 warps radiating from the
center of the frame and plastic tubing as the weft. Once finished, all of the warps were clipped and half of it were tied securely
to hold the wefts in place, while the other half were intentionally left loose to allow the tubing to take on a more 3D form.

Circular loom and warp manipulation technique



Loom construction

Based on the previous circular loom prototype, a more complex loom was constructed out of
MDF with enough warp hooks to complete 180 degree weaving along X, Y and Z axes. The
increased angle coverage along three different axes enabled the construction of significantly
more 3D woven scaffolds. However, the added coverage was still not sufficient for more
complex forms such as the heart.

top and right: a 180 degree multiaxial loom prototype for 3D woven scaffold making



Loom construction

The next iteration of the multiaxial loom for hand weaving was made using clear
acrylic along with MDF for the base. It was constructed to cover 360 degrees
along the Y-axis, and 180 degrees each along the X and Z axes. The clear acrylic
allows the weaver to see through the loom walls when constructing 3D forms. The
4 walls of the loom as can be seen above were designed to be modular so as to
accommodate for weaving forms with different scale. The walls can remain on the
border of the base platform or can be moved inwards to create smaller enclosed
weaving area in the center or they can be removed altogether to allow easier
access to the center of the loom.

top and right: a 18/360 multiaxial loom for hand 
weaving with see through construction



Loom construction

The open top design of the loom allows the weaver
to clearly record sequential steps in the weaving
process. On the right is a series of steps using
interlacing and twisting as the main techniques to
gradually build a form.

a series of steps using interlacing and twisting as the main techniques 



Loom construction

On the right are the steps in the process of creating a
more complex form using higher number of strings.

a series of steps using interlacing and twisting as the main techniques 



Loom construction

above: Hollow 3D form created on 180/360 multiaxial loom 

The prototype on the right
shows the result of weaving
around an existing 3D form
on the 180/360 multiaxial
loom. The form is follow
inside and the warps have
not been clipped.



Loom construction

Above are the steps from creating a biomimetic 3D form through a combination of techniques
involving stretching then twisting and knot tying. The loom accommodated for the construction
of this scaffold successfully. The resulting form is on the next page.

above: Steps from creating a biomimetic 3D form



Loom construction

above: Spiraling biomimetic form

Spiraling Biomimetic Form
Through stretching, then twisting, followed by knot tying, the below self-standing structure was
created. Due to the stretch applied after each knot, the structure took on a spiraling form with
inherent twisting inclination that functions as a shape memory.



Loom construction

Throughout the making process on the 180/360 multiaxial loom, several
design considerations became important. Two examples are the use of
washer rings and clips to hold the warp yarns in place. Washers were
appropriate when the warp had to be intentionally stretched to achieve
distorted form, but tying the yarn around the washer and untying
became a somewhat cumbersome task every time. On the contrary,
small clips were easier to use and allowed for instant warp length
adjustment; however, as more strain gets put on the warp during
weaving, occasionally the warp slipped out of the clip’s grip. For future
iterations, a small clip with very strong grip is recommended.

Washer and clip used to hold warp in place Clips could also be used to hold yarns 
together to achieve the desired shape



3D simulation

A part of this research aimed to find a 3D simulation software that can realistically simulate
physics on different woven structures. Unity software was identified as possible area of
investigation as the software allows the incorporation of motion detection from the hands and
use this motion capture data to manipulate 3D models in the current scene. Above are some
examples of 3D structures modelled on Unity, while on the left is a simulation of the hands
created using real-time hand motion capture data generated by Leap Motion device.

Plain weave constructed out of simulated ropes on Unity platform Close up of plain weave Knot simulation

right: real-time simulation of hands based on hand motion capture data



Future direction

On the right is a prototype visualizing a loom that allows warp threads to
be introduced to the scaffold from any angle in all 3 dimensions (within the
180/360 capability of the loom) and it is equipped with an augmented
reality system that projects a 3D model (can be a scan of the organ to be
weaved with the right specifications) to the center of the loom. In the
prototype, there is a 3D model of a human heart at the center and the
weaver is able to weave the scaffold using their hands. In this prototype,
the project 3D model augments and guides the weaving process.

Augmented 180/360 multiaxial loom with 3D heart projected in the center
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