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Abstract
In this ongoing practise-based design research project, a new technique for 
designing textile patterns is developed and explored; a non chemical burn-out 
(ausbrenner) technique.  

As a first part of the project, experiments with conductive and traditional textile 
materials in knitted structures were designed. The knitted samples were made 
in cotton, wool, viscose, polyester and Kevlar (Kevlar 2008), and have all been 
combined with Kanthal heating wires (Kanthal 2008). When a voltage is applied 
to the textile, the heating wire leaves burned out patterns in the textile material.

The result is a new technique, where we can design irreversible textile patterns. 
We also suggest new design variables of relevance when designing dynamic 
textile patterns. 

The overall aim is to explore different materials, material combinations and tech-
niques for developing textile circuits and designing dynamic textile patterns. The 
knitted textile patterns change over time when a voltage is turned on or off in 
the textile circuits.
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Material 

Conductive materials in textiles 
Conductive materials e.g. copper, steel and silver are 
widely used in the industry for different processes – as a 
building material and for its conductive properties etc. In 
textile and fashion design, history shows some examples 
of metals used in textile structures and constructions. 
Threads of gold and other metals have been found in 
ancient textiles, used mainly for decorative purposes. 
In the 19th century crinolines came into fashion. These 
under-skirts were very wide and constructed of stiff materi-
als, such as whales’ bones or steel (Waugh 1954). 

Recently, the textile industry has made advances in the 
field of high performance textiles and yarns. Achievements 
in the textile industry have made it possible to enable elec-
tronic devices to be directly integrated into the structure of 
textiles (Kim et al. 2004). 

In the area of smart textiles, the demand for electrically 
conductive fibres used for sensors, shielding, dust and 
germ-free clothing and data transfer etc. is growing and 
modification of fibres based on conductive polymers 
seems to be an interesting approach, enabling these new 
functionalities (Kim et al. 2004). 

Some recent research projects show examples of how 
conductive yarns (fibres and metals) have been used 
in textile constructions. Paradiso (Paradiso et al. 2005) 
describes a wearable health monitoring system where 
conductive yarns are used for textile sensors, electrodes 

 
and connections. Wijesiriwardana (Wijesiriwardana et al. 
2005) describes a research project in construction of con-
ductive polymer electrodes for touch sensors. Stainless 
steel has been tested in hybrid yarns in woven structures 
for electro magnetic shielding (Su & Chern 2004). There is 
also research in the area of heat generating textiles using 
conductive fibres (Bhat et al. 2006). 

Several examples of textiles with conductive qualities are 
described by Post (Post et al. 2000). A range of metal 
yarns are available on the market, both monofilament 
and multifilament yarn. One manufacturer of metal yarn is 
Bekaert (Bekaert 2008). 

In this project two different conductive yarns have been 
used in the design of textile circuits. Kanthal heating wires 
(Kanthal 2008) have been knitted together with traditional 
textile materials. Copper yarns have been embroidered to 
provide electricity to the heating wires. 

Traditional textile materials
Our oldest fibres, the natural fibres and the major four of 
them; flax, wool, cotton and silk, have been used in  
textile constructions since the beginning of textile making. 
Traditional fibres have a significant tradition compared with 
man-made fibres that have only been used since the 
19th century. 

In this project we have used traditional fibres in combina-
tion with conductive metal fibres. The metals are providing 
electricity to the textile and are also used for generating 
heat. When the traditional fibres in the textiles are reacting 
to high temperatures, burned-out patterns appear. We 
have looked at different aesthetical expressions in tradi-
tional material when heated or burned. For example, we 
have used polyester, not for its qualities to dry fast or to be 
strong, but for its melting qualities when exposed to high 
temperatures. Wool was used not only for the well known 
high flame resistant quality, but also for the aesthetic 
expression when burned. 
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Textile pattern design
Textile patterns and its motifs in Europe are historically 
coming from mythological, symbolic or ornamental deco-
rations based on creatures of fables (sphinxes, birds, bulls 
etc.) and later with inspiration from the Eastern symbols 
for power (eagle, lion and the elephant), artistic vocabu-
lary around the Mediterranean region, portrait and figural 
design (huntsmen, natives, flowers and nature, animals 
etc.). The aesthetic expression, in colour and style, has 
changed from simple and geometrical to richer and more 
detailed decorations. Today textile designers still find inspi-
ration in historical textile patterns and often update them. 
Textile motifs today are still geometrical with floral shapes 
in new approaches and materials. But new approaches 
are entering the area of textile design where different kinds 
of information is used as inspiration when creating an 
aesthetic pattern. One example is Saldos pattern “Blind”, 
a textile with white dots printed in swell paint on a yellow 
fabric. For blind persons the tactile dots on the fabric are 
describing the colour yellow. Saldos pattern is a reported 
pattern (Saldo 2008). Another example of a textile pattern 
where information controls the actual design of the textile 
is made by the Danish textile designer Kirsten Nissen at 
Designskolen in Kolding (Designskolen 2008). She has 
used computer controlled jacquard technique to make a 
monotype pattern (direct pattern) from digital body measu-
rement information. 

Textile Pattern Classification
In what way a textile pattern is designed, is something that 
has been classified and divided into three main areas by 
Geijer (Geijer 1972);

Plain weave is a weave without decoration that could be 
exposed to different after treatments concerning structure, 
colour or embroidery etc.
Monotype pattern (direct pattern) is a way of making 
a decoration/pattern during weaving, crafting or making 
tapestry etc.
Reported pattern is a decoration/pattern that in advan-
ced is prepared for mechanical conditions, reports etc. 

 
An example of a textile pattern that fits into the “plain 
weave” category is the burn-out (Ausbrenner) technique. 
It is a design technique where a plain weave is exposed 
to chemicals and parts of the fibres are removed so that 
transparent “see through” parts in the textile pattern appear. 

Using heat to create textile patterns is not a common way 
of designing a textile pattern, but there is an existing burning 
process that acts as a textile finishing processes. In this 
combustion process gas and oxygen is used to burn away 
fibre ends on textile surfaces (Wynne 1997). This burning 
process is used rather for tactile effects than for visual. 

Dynamic textile pattern design
The textile patterns described above are all examples of 
textile patterns that are designed to keep the same colour 
and pre-designed shape during use. That is a quality of 
the textile pattern that most of us take for granted and can 
be described as a static textile pattern (Landin & Worbin 
2004). This way of designing textile patterns is changing 
and today’s textile designers begin to design for a variety 
of patterns in the same fabric. The opposite of a static 
textile pattern is a dynamic textile pattern. Designing for 
dynamic textile patterns is made possible by fibres with 
new qualities. Today, a fibre in a textile structure can emit 
and transmit light, receive and transport electric signals or 
change colour due to environmental conditions like tem-
perature, light or moisture. There are also other new upco-
ming technologies concerning visual changes and expres-
sions, like the electrochromic colours. This technique is 
now available to apply on paper where the electrochromic 
colour changes expression due to a low voltage. 

By designing textile patterns using these new fibres, infor-
mation from the environment can be shown in a textile. 
It is also possible to integrate computational technology 
in a textile to add temporal appearance. Just as any tex-
tile material, computational technology can be seen as a 
design material for expressiveness and aesthetics (Hallnäs 
et al. 2002). 
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Some example of dynamic textile pattern is the Hydra 
and Running Plaid etc. (International Fashions Machines 
2003-2008), Photonic Textiles (Philips Research 2008). 
More examples of dynamic textile patterns are exempli-
fied by the former group Play Research (at The Interactive 
Institute, 2002-2004) and are presented in the book 
IT+Textiles (Redström, M, Redström, J & Maze 2005). A 
project where conductive materials have been used to 
sense the environment and to function as data buses (to 
transport data) are for example in the Intelligent garment 
project/Smart Shirt (Georgia Tech Wearable Motherboard) 
at Georgia Institute of Technology, USA. 

Some of the new textile inventions are slowly finding there 
way to commercial products and applications on the mar-
ket. Industrially produced products that are available today 
are for example found in areas like workwear, sportswear 
and applications for information technology, accessories 
and home furnishings. There are also textile products availa-
ble with integrated light. Examples on handbags and table-
cloths with light can be found at Luminex (Luminex 2008). 

Most dynamic textile patterns are made to change expres-
sion in a reversible way, they always return to the origin 
aesthetic expression. Another way of designing dynamic 
textile patterns is in an irreversible way. An irreversible  
textile pattern changes expression and does not return to 
its original aesthetic expression. That way of designing a 
pattern is exemplified by the textile pattern designed 
in this project. 

To get a better overview of how to design with new mate-
rials we suggest updating Geijer’s work by adding a new 
category. Geijer made her classification regarding traditional 
textile patterns, and we now need to relate and update this 
classification to dynamic textile patterns with a new heading: 

Dynamic textile pattern is a textile pattern that is pre-
designed to change expression due to environmental and/
or computational conditions. 
We also suggest two sub headings to the new category. 
Designing a dynamic textile pattern is in many ways similar 

to traditional reported pattern making, with regard to the 
planning and preparations made in advanced concerning 
the production. But the design of a dynamic textile 
pattern differs.  

Sub headings:
Reversible dynamic textile patterns are textile patterns 
that change expression due to environmental or compu-
tational stimuli and always return to an original aesthetic 
expression. There is a starting point with x numbers of 
possible aesthetic variations. 

Irreversible dynamic textile patterns are textile patterns 
that change expression due to environmental or computa-
tional stimuli and that do not return to an original aesthetic 
expression. The aesthetic expression is built up (or torn 
down) during use.

We suggest adding the new category with two sub 
headings to Geijer’s classification in the following way:

A textile pattern will in this way be classified in at least two 
categories (for example as a plain weave and a dynamic 
reversible textile pattern). 

Experiments 

Material
We have been searching for materials that react in different 
ways when being heated or burned. We have looked for 
diversity in reactions, both visual reactions like in what way 
a material melts or changes colour, but also at what time 
a material starts to burn out and how fast. These reactions 
are depending on a range of factors such as the textile 
construction, the amount of voltage applied, the access of 
oxygen in the environment etc. The smell and the smoke 
of the material heated or burned are also things we have 
observed and considered when choosing what materials 
to go further with.

In the experiments made, a high resistance heating wire, 
Kanthal has been used (Kanthal 2008). The wire is a metal 
alloy, and due to its high resistance the wire gets warm 
when sufficient voltage is applied. The wire is commonly 
used as a heating source in electric household appliances 
e.g. ovens and hairdryers and as heating elements in indu-
strial furnaces and processes. 

Due to its good conductive properties, copper wire was 
also used in the experiments. The copper were embroi-
dered and connected to the Kanthal wire in the textile, so 
that parallel connections were constructed. A voltage was 
applied to the copper threads that lead the voltage to the 
heating wire in the textile. 

Knitted structures 
The knitted textiles were made in a single jersey circular 
knitting machine. The heating wire was knitted together 
with different traditional textile materials. The same knitting 
structure was used in all samples. All samples were knitted 
with white (bleached and unbleached) yarn, except for the 
Kevlar yarn that is yellow in itself. Twelve different samples 
with different combinations of materials were knitted. In the 
samples Kanthal heating wire was knitted in combination 
with different combinations of: cotton, wool, viscose, poly-
ester and Kevlar. 

 Traditional  Dynamic textile pattern
 textile 
 pattern  Reversible Irreversible

Plain weave

Monotype 
pattern
(direct pattern)

Reported 
pattern 
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Experimental setup 
In the experiments we wanted to 
explore and compare the behaviour 
and expression of the different textiles 
when heating the Kanthal wire. The 
same procedure was applied on all 
textiles. The textiles were fastened 
on frames about 20 x 20 cm, so that 
small scale experiments could be 
carried out. Two copper wires were 
embroidered onto all the textiles to 
construct parallel connections with 
the heating wires in the knitted piece. 
The frames were placed in a fume 
cupboard at IFP Research, and a 
voltage from 12-15 V was applied to 
the two copper wires for 2-4 minutes 
on each textile.  

Result of experiments
As the heating wire gets warm, it gets 
red hot and starts to glow. The hea-
ting wire leaves traces as patterns in 
the textile it is knitted together with. 
In the experiment the pattern shifted 
from yellow to brown to almost black. 
Different textiles showed different 
behaviour. Some textiles started to 
burn or glow after showing a brown 
or black pattern. Some textiles mel-
ted and in others holes that almost 
looked like cuts along the heating 
wire appeared. The experiment show-
ed that the expression of the burned 
out pattern depended on the material, 
the structure, how much voltage that 
was applied and for how long time 
the power was on. 
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Material combinations and 
observations 
1: Cotton – Wool – Kanthal
At 12 V and 30 sec. a light shade 
of brown appears in the textile. The 
pattern gets darker as the voltage 
increases to 15 V. After 2 min. the 
pattern is really dark brown and 
smoke appears that smells of 
burned bread. 

2: Wool – Wool – Kanthal
Smoke appears almost immediately. 
At 12 V and 30 sec. small colourless 
holes appear. The holes grow bigger 
at two min. and at 15 V and just over 
3 min. a stronger smoke is seen. At 
3 min. and 30 sec. the textile splits 
as the holes become cuts. The cuts 
have a dark colour. 
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3: Wool – Viscose – Kanthal
Smoke appears immediately. At 12 V 
and 30 sec. some small holes appear 
and a very dark pattern is seen. 
The holes grow bigger and a strong 
smoke is seen at 2 min. and 15 V. 

4: Cotton – Viscose – Kanthal
At 12 V and 30 sec. a weak light 
brown pattern is seen and some 
smoke that smells of wet dog! At 2 
min. some holes have appeared and 
the pattern is still weak. At 15 V and 
3 min. and 30 sec. the textile smokes 
more and a darker pattern appears.  
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5: Viscose – Viscose – Kanthal
At 12 V and 30 sec. some holes and 
a weak pattern is seen. At 2 min. and 
15 V a darker pattern appears and a 
strong smoke that smells like burned 
paper develops. After some seconds 
the textile around the heating wire 
starts to glow and is burned. 
The glowing stops after a little while.

6: Viscose – Polyester – Kanthal
At 12 V and 30 sec. a pattern is seen 
and holes appear. At 2 min. and 15 V 
smoke and a dark pattern have 
slowly appeared. 
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7: Polyester – Cotton – Kanthal
At 12 V and 30 sec. small holes 
and a weak brown pattern is seen. 
At 15 V and 2 min. the holes have 
grown bigger.

8: Polyester – Wool – Kanthal
At 12 V and 30 sec. the heating 
wire has melt out of the textile. Quite 
big holes can be seen and irregular 
brown dots have appeared. At 2 min. 
and 15 V smoke can be seen and 
the holes have become long cuts. 
Some glowing in the material can be 
seen. Since most of the Kanthal has 
melted out of the material, nothing 
more happens.  
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9: Polyester – Polyester – Kanthal
At 12 V and 30 sec. the Kanthal is 
melting out of the textile. Small holes 
appear. At 15 V and 2 min. more 
holes have appeared and the textile is 
melting around the Kanthal. The soft 
material shows small melted dots in 
the burned edges.

10: Kevlar – Polyester – Kanthal
At 12 V and 30 sec. a dark yellow 
pattern around the heating wire is 
seen. The smell appears to be a little 
“chemical” and small holes can be 
seen. At 1 min. and 15 V the textile 
melts and the pattern is darker yellow.
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11: Kevlar – Cotton – Kanthal
At 12 V and 30 sec. the textile smo-
kes and a light brown pattern is seen. 
At 18 V the pattern becomes darker. 

12: Cotton – Cotton – Kanthal
At 12 V and 30 sec. the white cotton 
changes colour to light brown.
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Concluding remarks

New design variables for designing dynamic 
textile patterns
This new way of adding a dynamic behaviour to a textile 
pattern is changing the design process and the making 
and use of a textile pattern. Some new design variables 
have therefore been identified. 
The textile patterns made in this project are designed 
directly in the construction of the knitted structure as 
reported patterns. The pattern is depending of the com-
bination of the knitted heating wires and the embroidered 
cupper yarn. The expected, irreversible textile pattern can 
not be seen until the electronics are implemented and 
turned on for a first time. When power is turned on the 
pattern starts to change expression and will not return to 
its original appearance. It will change over time, and for 
example a square may appear and grow into stripes, 
lines may grow and change a whole surface into another 
colour etc. 

Traditional design variables can be found for example on 
construction plans for manufacturing a textile. There you 
will find all specific data that is needed when producing a 
specific textile. For example colour is a given variable when 
designing. Traditionally it is describing one specific colour, 
for example red. But when designing a dynamic textile 
pattern, the colour has the ability to change. With that 
changes also the meaning of the variable colour. If it is a 
dynamic textile pattern that is designed, it might be better 
to describe it in words like: red colour outdoors and white 
indoor, as an example.

New design dimensions when designing dynamic textile 
patterns introduce new design variables:

The temporal dimensions introduce new variables, and 
due to the non chemical burn-out design technique we 
have to consider:
- When will the power be turned on and off?
- For how long time will the power be kept on or off? 
- What voltage should be used?

The spatial dimensions introduce new variables, and 
due to the non-chemical burn-out design technique we 
have to consider:
- In what way should the context influence a visual chan-
ge? In this case, things like the amount of oxygen, the 
position of the textile (hanging or laying) is of relevance. 

Construction and aesthetic expression
When designing for changing qualities due to the 
non-chemical burn out design technique we also need 
to consider for example:
- How many different inherent textile patterns can be 
visualized in the textile?
- Do we want the changing expression to be obvious or 
subtle?
- Can we construct the textile to break at a specific part?
- How may the textile circuits and material stand or break 
at a specific voltage? 

When combining new material and traditional material, 
all traditional qualities in relation to new variables are 
expressed in a number of ways. Some main aesthetical 
and visual reactions in the non-chemical burn-out techni-
que that we have observed are: 
- Cotton: changes colour from white to light brown further 
on to dark brown
- Wool: holes appear in the textile
- Viscose: some holes appear when the material “disinte-
grates” and colour change from light brown to dark brown
- Polyester: the soft material turns into hard dots and holes 
appear when the material is melting
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New techniques for making textile patterns
When this dynamic irreversible textile pattern is produ-
ced it looks like a traditional textile. For example it may look 
like a single coloured plain weave or a small structured 
knitted textile. The textile pattern does not appear until tur-
ning a power supply connected to the textile on or off. In 
this project we aim to integrate computational technology, 
where a computer is programmed to control the power in 
the textile circuits. After the textile is made, the electronics 
need to be applied and computer programs need to be 
written. When the program starts to run it affects the textile 
and visualises a change of expression.

By using conductivity as a kind of “toaster” a pattern 
appears and the result can be seen as a new technique 
for making textile patterns in a non-chemical way. With 
this burn-out technique both traditional and dynamic textile 
patterns can be designed. A new technique changes the 
steps in a design process and that is one of the things we 
want to explore in this project. 

Experimental design application
From the experiments with the knitted textile burn outs, 
there were mainly three different distinct aesthetical 
expressions of the textile samples that could be observed. 
The materials melted, split or changed colour when a vol-
tage was connected to the heating wire. Some samples 
showed more distinct behaviour and expression than oth-
ers, due to the material combination. For this project three 
samples were found more interesting, and one of them, 
cotton, was chosen to develop for future work. 

As a next step to explore this new design technique, we 
aim to design an experimental design application; a table-
cloth reacting on mobile phone signals.  
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