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The Editors

Smart Textiles

The Smart Textiles initiative has in the past year changed
from an initiation phase to a development phase, addres-
sing three main areas:

e development of innovative collaboration and clusters;
e experimental research,
e business innovation

Smart Textiles has strengthened its role as a national and
international cluster in the textile field. The results range
from being involved in European projects such as
Crosstexnet (an ERA-NET project where the Vastra
Gotaland region is a “lead partner”), collaboration in
other initiatives, such as research and development in
cellulosic fibres for textile and fashion purposes, “Pulp
Fashion”, the organization of seminars to strengthen
links between institutes and universities, formation of
centres (PPE-Personal Protective Equipment, together
with the SP, the Swedish Technical Research Institute)
and business-driven projects.

Smart Textiles Design

Smart Textiles design items have become highly sought-
after, although they are not yet finished products.
Examples are the interactive pillows and the Energy
Curtain project. Here we together with a textile producer
(Ludvig Svensson AB) presented a prototype of a textile
with integrated lighting elements that form a self-sufficient
energy system through solar cells applied to the textile
design. This prototype was developed in 2004-2005

— now an architect proposes to purchase about 2500
sg.m. of energy curtain fabric. This can be seen as a first
example of how research can proceed into product
development and production.

Thus, there is high expectation that the experimental
design research will generate ideas that can be quickly
translated into products. Therefore a “smart textile

sample collection” has been developed to show how the
textile material or expression can be developed in parallel
with the application and need. It facilitates collaboration
with textile producers, textile designers and product
developers, where enterprises and local designers will be
able to use the new textile materials. It is intended as a
collection to use in workshops, product development, etc.

At the same time it is important that we maintain the
height of the experimental design research group, to
continue a long-term development and support. “New"”
pillows and energy curtains are ready for product develop-
ment during the next decade.

Smart Textiles Technology

One main focus is on experimental research in melt spin-
ning of conductive and piezoelectric fibres. Conductivity
is achieved by mixing in conductive particles, where both
novel carbon nanotubes and traditional carbon black
particles are used in the experiments. The ability of the
materials to be drawn into fibres was tested as well as
the conductivity level after drawing to fibres. The results
showed that increased levels of filler were detrimental

to the spinning properties, and, in addition, conductivity
decreased at drawing. With the new nanotubes conduc-
tance disappeared completely.

By using bi-component technology in melt spinning fibres
could still be made of the material with high filler content.
Heat treatment of the bi-component fibres made it pos-
sible to recover the lost conductivity. The result was a
thin fibre with a core of electrically conductive material
and with good strength, just slightly less than an ordinary
nylon fibre. The intended use of the new fibres is inter
alia as small heaters that can be woven into textiles, but
there is also an opportunity to use the fibres as tempera-
ture sensors.

Research has also focused on the development of

conductive fibres by melt spinning and coating. Here
polymers with intrinsic conductive properties are used,
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predominantly polyaniline. Melt spinning was carried out
of polypropylene which had been modified with polyani-
line or carbon nanotubes. The aim was to determine the
critical process parameters to achieve both high electrical
conductivity, and good fibre properties. The results show
that about 10 S/cm conductivity can be achieved, which
is comparable with results from other research groups.
The addition of the conductive components, however,
impairs other fibre properties. With the help of compati-
bilizers features can be improved and a relatively good
conductive fibre obtained. By steam polymerisation reactive
monomers are absorbed on the surface of a fibre or yarn,
and then polymerized to PEDOT (poly(3,4-ethylenediox-
ythiophene)). This method gives yarn with conductivities
of about 10 - 20 S/cm, with the advantage of having
good textile properties. So far only short fibre lengths can
be coated. A continuous coating method will be developed,
which should provide a commercially viable process.

Another theme has been the so-called shape memory
polymers, polymers that can change the shape from the
stimulation of temperature, light, electro-magnetic fields,
pH, etc. The focus was initially on textile aspects, such as
textile structure and appropriate conditions for industrial
production of textiles with memory polymers. However,
the availability of these materials is very limited, and own
solutions were then developed. Switching is achieved by
temperature stimuli, in what we call thermally activated
textile actuators, TATA. The big advantage is the reversi-
bility. Many memory polymers are one-way; they switch
into a shape and stay there.
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In a new project the focus is to create electrically conductive
coated fabrics, where the choice of materials (a textile
substrate and a polymer blend for an optimal coating
paste) in combination with process parameters (condi-
tions of the coating) was the theme. Conductive textile

is a technology platform for several varieties of smart
textiles, which in most cases are based on being able to
transmit or process electrical signals.

In the medical field, concentrated in the platform MT3
(Medical Texttronics), research is made on textile structu-
res for the measurement of ECG. Especially, the develop-
ment of new knitted electrode structures, development
of a new model for the integration of electrodes with
increasing pressure and the generation of strain- and
pressure-sensitive structures.

Metrology and measurement technology for electrical
measurements in textile materials responds to a great
need. Equipment has been designed and theoretical
modelling of the correct measurement procedure for the
fibre, with its special geometry, has been performed. A
project about sound-absorbing fabrics aims to investigate
how a textile should be designed in the best way to act
as sound absorber and how materials can best be used
to create sound control in common types of rooms, such
as schools and nurseries. Initial measurements of acoustic
properties in different classrooms have been carried out.

Business Innovation

Smart Textiles Business Innovation consists of two parts,
Company Driven Projects and Prototype Factory. The
foundation of Company Driven Projects was laid at the
initiative’s start in 2006, and in subsequent years, this
programme is increasingly taking shape. Initially a num-
ber of enterprises announced their interest and during
the first two years 13 company-driven projects were star-
ted. Three ongoing projects per month was an average
to compare with the last two years, where we have an
average of 15 projects per month and a total of 25 pro-
jects started. The reason for this large increase is greater
emphasis on activation of companies and enticing them
to cooperate with researchers. The distribution of both
active and formerly non-active firms is larger and project
results improve.

In some instances the Smart Textiles programme initiates
projects. Preferably these are thematically oriented projec-
ts with enterprises working together. One example is the
project Qanuk on the cold climate theme, which started
in September 2010.

An example of a successful project and a new company,
Y-Graft AB Project "Y-graft in human-adapted textiles”.
Two authors, a mathematician and a vascular surgeon joi-
ned Smart Textiles and opportunities around collaboration
were discussed. Bypass surgery on legs and hearts is a
common form of treatment in symptomatic atherosclero-
sis. Unfortunately, there is often a severe scarring of the
tissues into which vascular bypass grafts are sewn. This
leads to narrowing and about 30% of all such implants
cease working after a year. The idea then was to develop
an artificial blood vessel of a textile that was adapted

for human use. Such blood vessels have a design that
mimics nature and has the potential to improve function.
Together with Smart Textiles a patented flexible graft in
textiles has now been developed.

A further example of a project that turned out well, the
company TST Sweden AB with the project “Smart fabrics
impact on the human body”. The project has resulted

in a new business with the brand name TEMPTECH. In
addition to the TEMPTECH product, a refrigeration and
heating element of PCM (Phase Change Material), also
business knowledge and advice are provided. The project
was laid out to develop PCM materials and clothing for
various user situations and analyze the needs in

different contexts.

Prototype Factory, which is the second part of the
Business Innovation programme in the Smart Textiles
initiative, is a resource for prototyping and testing and
verification of ideas. A textile library, described in another
article in this journal, has been inaugurated in the spring
and is now under implementation in the Prototype Factory.
It will be a support and a platform for various stakeholders
to stimulate innovation and creative development.

Hakan Torstensson
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Adjusting daylight and
solar heating in offices

Joy Boutrup, Associate Professor,

Vibeke Riisberg, Associate Professor, Ph.D
Kolding School of Design,

Aagade 10, 6000 Kolding, Denmark

Abstract

There is a need to adjust daylight and temperature in office buildings according
to changes of the type of work, the day and the seasons. This project seeks to
merge aesthetical, functional and theoretical reflections into indoor decorative
textiles for the regulation of daylight. Diverse techniques for obtaining different
levels of diffusion and transparency were applied in decorative patterns and
the resulting textiles investigated in two series of experiments. The first
experiments were conducted in a model, the second in full scale. Temperature
measurements, digital photography and infra-red photography were used for
the evaluation of results.

Key words: Daylight regulation, light diffusion, printed textiles, devoré,
woven textiles.

Introduction

In both old and new office buildings there is a need to regulate daylight and
temperature according to changes of the type of work, the day and the seasons.
For the employees direct sunlight often cause problems when working on
computer screens, and increase of temperature in the office space can be most
impeding. But it is also important to have sufficient and changing daylight in
our working environment, as it is vital to our health and state of mood.
Several research projects have documented the problematic (Christoffersen et al.
1999, Figueiro et al. 2002, Traberg-Borup, Grau & Johnsen 2005, Osterhaus
2009). However, these investigations are mainly concerned with measurements
of sufficient daylight, health issues, building regulations and architectural problems.
They do not consider the aesthetic aspects of the working environment or
suggest new interior design solutions.
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This project seeks to merge aesthetical, functional and
theoretical reflections into indoor decorative shadings,
which can adjust daylight and solar heating in offices.
The objective is also to explore new solutions that will
take maximum advantage of daylight in order to save
energy. We see decoration as an active functional element,
which can provide both a means for light adjustment and
a pleasurable experience to users. Our research is practice
based and carried out through a series of experimental
investigations of ornament, textile materials and —
techniques in combination with polarizing, UV- and
IR-filtrating foils.

Existing Solutions

We did a survey of existing shadings on the market, and
made a small qualitative study of daylight adjustment in
six office buildings — five of them taken into use between
year the 2000 and 2005, and one in 1984 — facade reno-
vated in the year 2000 to prevent overheating.

Our study showed that there is a relatively small range

of products, which have been mounted on the facade or
inside the buildings. In all six cases there were two sets of
shadings, either one outside and one inside or two inside.
The shadings on the market are generally roller blinds and
Venetian blinds or flat panels — the majority is without
decoration and in white or neutral grey tones. Although
there is a choice of solutions on the market with color or
decorative surfaces those chosen all have an anonymous
appearance, which does not seek to give the user any
tactile or visual pleasure. Most of the outside screenings
were centrally controlled and outside the influence of the
individual. These are the points we are aiming to challenge
in our research.

The conclusion of the study is that problems with light
and heat are still not solved in office buildings. Because
the blinds have to be down in order to get enough
screening, artificial light is often turned on all day even
during the summer — adding to the energy consumption
of the building.
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Decoration

The basis of our research is a conviction that decoration
is more than just frippery. We believe that ornament can
bring about more pleasure to the users of a working
environment, and also become an integrated functional
element in the shading.

According to the design historian David Brett, decoration
is an expression of a deep human need for visual pleasure:
" ... a disposition not unlike the faculty of language and
counting, immanent in our nature without which we
would not be complete human beings. Just as there are
no societies that do not speak or count so there are none
that do not decorate, embellish or make patterns”.

This he defines as a group of values, which include social
recognition, perceptual satisfaction, psychological reward
and erotic delight (Brett 2005).

Textiles

Textiles are both flexible and strong and possess specific
properties in regard to light diffusion. These can be influ-
enced through the choice of fibers and constructions such
as yarn twist and weave density. When the light passes
through the yarn, it is diffused due to the differences in
refraction index between fiber material and air. Furthermore,
the finishing techniques and the layout of the decoration
can play an active role in the distribution of daylight in

a room. Fabrics and also foils can be manipulated and
decorated in various printing techniques and laser cutting
to obtain different levels of transparency and diffusion.

Apart from its functional properties, textiles also have
specific tactile, poetic and aesthetic qualities, which are
linked to our early subjective emotions and bodily experi-
ences. These experiences are at the same time collective
and included in our common cultural references (Attfield
2000, Collet 2010). This aesthetic, technical, functional
and cultural knowledge is the vocabulary of the textile
design profession, and it is applied in our practice-based
experiments.

New technology and materials

A literature study of new technologies and materials was
carried out, including different types of window glass.
Among other things we looked at Photo Chrome and
Photo Luminescense pigments, which are activated by UV
light, but found that these pigments were not suited for
indoor screening, because most window glass have an
integrated UV filter. Thermo Chrome pigments that react
to heat were also investigated, but not found relevant,
because at present they are only available in colors that
change from darker to lighter — for our purpose the
opposite was needed.

Also more sophisticated high tech products were evaluated
eg. phase changing materials that can store and release
heat. Used in a thin fabric this material needs to be close
to the body in order to work, and to regulate room
temperature it must be added in a large amount. Thus

it makes good sense to use phase changing materials in
walls, but not as threads in a thin curtain fabric. Another
high tech material - photovoltaric foil - which transforms
light into energy was studied, but abandoned, owing to
the fact that two layers of window glass would lower
energy harvesting considerably. We looked at several
other high tech materials, which for various reasons did
not suit our purpose — some also had an unacceptable
impact on the environment if applied to mass production.

On this background it was decided to base the experiments
on traditional textile techniques, new loom technology,
new fibres, foils and 3D structures.

First experiments

The first series of experiments were carried out as flat
horizontal sliding panels. This offered the opportunity to
work with combinations of ornamentations and materi-
als on different levels. The point of departure was the
hypothesis that:

e [tis possible to unite decoration and function in a new
type of interior screen

¢ The optimal regulation can be obtained by combinations
of materials with different properties regarding light
diffusion, light transmittance and heat reflection

e |t is possible to do this using two or more adjustable
layers with patterns creating new visual impressions
by combination

In order to limit the experiments, we used only white,
grey and silver tones. Nine different materials were select-
ed and printed or cut with five geometric patterns — all
constructed from the same hexagon grid. The patterning
consisted of different levels of transparency obtained by
the use of different cutting and printing techniques. The
patterns were designed to form an open and closed posi-
tion in two or three layers — allowing more or less light in
the room.

From the first 32 samples 14 were selected and tested

in a 1:4 scale model of an office at Kolding School of
Design. These first experiments mainly had the purpose of
testing different materials and their patterning properties.
The actual patterns were chosen as representative, with
the intention to be perceived as relatively neutral and of
no narrative connotation. The light was measured in the
model at different positions and places in order to get a
picture of the general distribution of light and glare. All
combinations were documented with a digital camera
during the process. The aesthetic appearance of each
combination was discussed between the members of the
team with reference to what was percieved as an overall
pleasant distribution of light, relation of the patterns,
proportions and materials.
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Preliminary findings

There was a clear correlation between the visual impres-
sions of the light distribution and the measurements. The
decorative aspect clearly has to be further developed and
structured into user surveys in connection with the further
development of patterns.

The aesthetic results of some combinations could be
described as poetic, delicate and fragile, both visually and
in the fabric tactility. This was particularly linked to the
devoré samples. Others were perceived as disagreeable,
with hard pointed forms and too harsh contrasts when
exposed to backlight. This effect was due to the pattern
layout in combination with pigment or foil transfer printing,
which shut out the light completely in the printed parts.
The experiments made it clear that the design of pattern,
the choice of material and technique as well as the varia-
tion of backlight in daytime and artificial light in the evening
poses a huge challenge, which is further complicated by
the need for functional performance to distribute daylight
and moderate the solar heating.

But the experiments confirmed the idea that textiles and
other fiber based materials are diffusing the light and
removing the glare, while the IR-reflecting foils reduce the
amount of light considerably, but have no positive effect
on the glare. The preliminary findings show that a combi-
nation of materials and several layers will be necessary for
an effective screening.

The second series of experiments

On the basis of the first findings a new series of experiments
were planned and carried out in 1:1 scale. The results
were later tested in the office on which the 1:4 model
had been based. Two or three layers can be combined in
the commercial panel system which was applied. In this
system the panels can slide horizontally and overlap.

As a point of departure for developing the new ornamen-
tation, we chose three distinctly different pattern catego-
ries: floral, textural and geometric — all well known within
the textile vocabulary (Meller & Elffers1999). The reason
for this choice was partly a wish to establish a common
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frame of reference, which could be recognized by a wide
group of users, partly to further investigate the visual and
functional effect of combining two different materials
with three different patterns in two or three layers.

Before selecting designs for printing the 1:1 panels, a
relatively long sketching phase took place. Based on a
visual analysis of historical documents a great number

of different means of expressions were explored and
brought into new designs. An on-going evaluation took
place in the group, until finally three motifs were selected:
One big flower with no repetition, one texture — opening
gradually towards the top and resembling the surface

of a melon, and one geometric repeat pattern with oval
shapes in different sizes.

The three patterns were printed as devoré on a ‘silver
fabric’ (woven with aluminized foil yarn) - and on a cotton/
polyester fabric. Devoré is a printing technique that locally
removes some fibers or aluminum from the fabric. In the
finished fabric the printed pattern will show as more open
areas with enhanced transparency and translucency.

On three sunny days in July we registered 14 combinations
with a digital camera. And in order to find out to what
extend the screening could reduce the solar heating,

we also used a thermal camera. To measure the room
temperature two digital thermometers were placed in the
window and next to the computer on the working desk.
The illumination was measured at five different places in
the room in order to evaluate the distribution of light.

At this point, we have not yet had the opportunity to
compare and analyze all the measurements and the varia-
tion of aesthetic expressions in the 14 combinations, but
some preliminary conclusions can be drawn.

Results from the second series of experiments

The measurements show that a gradation of the pattern,
from more closed in the lower part to more open in the
upper part, clearly helps to get more daylight into the
inner parts of the room, while screening the space near
the window.

The pictures taken by the thermal camera show that the
number of layers and the distance between them is more
important than the type of material, although it was
expected that the metallic fabric would have a higher
level of heat protection than the white cotton/polyester
fabric. The influence of the densities in the fabrics was
also visible on these photos — e.g. the devoré patterns
were clearly discernable as hotter parts.

One immediate observation also was that the exclusion

of color seemed to make it difficult to remember the
various combinations, even though they were in fact very
different. This suggests a wider focus in future research
experiments, raising the question on the role of color and
memory. This observation along with a hypothesis on
textile genre identification will be tested in the future on a
group of potential users.

Woven fabrics

While the first two series of experiments were based

on commercial fabrics with a limited choice of densities
we have also initiated investigations into design of new
woven qualities based on the experiences and results
from those. This implies working with different weave
constructions, density and yarns. These experiments were
made by hand weaving on a computerized 24 shaft loom
and on the new EasyLeno machine loom at Lindauer
Dornier in Germany.

The hand woven samples tested different yarns and
densities concentrating on flame retardant polyester

and newly developed fibers with special light diffusing
properties from the companies Trevira, Torcitura Padana
and Teijin. The filament yarns of polyester were without
pigmentation, allowing a maximum of light transmission

but with a high degree of diffusion due to the new shape
of the cross section. Fibers of PLA (Linnemann, Harwoko
& Gries 2003) and viscose FR were also included.

These investigations are strongly linked to a topic, not
touched upon in this article, namely the legislation on
flame retarding materials in public buildings, and our
goal to create more environmentally friendly and sustain-
able solutions for interior screens. The devoré technique
demands two different kinds of fibers, and it is not pos-
sible to combine flame retardant polyester with other
types of flame retardant fibers in order to make a fabric
suited for devoré without loosing the flame retardancy. In
order to obtain different levels of transparencies imitating
devoré, most of the hand woven samples were aimed at
decoupure patterns, where the differences in density are
obtained by cutting away floats on the surface.

The hand woven samples were generally too small for any
practical tests and have mainly been used for visual and
aesthetic evaluation, particulary of the new PLA fiber Bio-
front from Teijin, these samples will serve as inspirational
material for later developments on a machine loom.

The machine woven samples were on a larger scale and
could be tested. The EasyLeno was chosen because of its
ability to control the density of the fabric from very open
to very dense without loss of stability. The changes

in density could however only be achieved in horizontal
stripes mimicking the Venetian blinds. Recently the
EasyLeno® MultiPattern loom has been developed, this
combines EasyLeno® technology with Jacquard technology
thus allowing many more pattern variants.
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Parallel experiments

Parallel to the experiments with the adjustable flat panels,
we have explored designs in deployable structures and
tilted honeycombs, made of woven and non-woven
materials. The tilting of the honeycomb or the folding
makes it possible to screen for oblique and low sunlight,
which is prevalent in the Northern hemisphere. Daylight is
conducted towards the ceiling and a view to the outside
is at the same time possible.

This has widened the perspectives and some of the 3-D
structures have shown promising potentials in screening
for heat and glare. The first full size prototypes have been
made in a flexible and diffusing non-woven material,
decorated with a heat reflecting printed pattern. Next
step is to test the prototype in an office and to measure
if it brings about the desired heat-reduction and fulfill the
theoretical calculation in relation to diffusing and directing
the light.

12 |The Nordic Textile Journal

Discussion

In this project technology and materials have been consid-
ered the means to solve a problem mainly with mass pro-
duction in mind. Pleasant light diffusion, minimizing heat,
functionality and sustainability has been the core issues.
Developing acceptable aesthetic expressions for a large
group of office users with different taste have also played
a central role in our aesthetic considerations, allthough
this aspect still remains to be tested.

We have chosen this approch from an environmental
point of view, because we believe it is important to create
simple solutions that can help cut down energy consump-
tion in office buildings as soon as possible. Other design-
ers and architects are also working with sustainability in
mind e.g. including solar cells in curtains (Astrid Krogh
2009, Sheila Kennedy 2008 and Carolin Muller 2005).
These projects are concerned with harvesting energy from
daylight to power electrical appliances or to make the
curtain an artificial light source, which is a different ap-
proach than ours.

This type of research is important in order to investigate
upcoming technology, challenge the way we think and
push textile innovation. A challenge to which Textile Future
Research Group, University of the Arts, London and Smart
Textiles Innovation Center, University of Boras, are also
making important contributions.
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In the making - designing
with smart textiles

PhD Linda Worbin is a senior Linda Worbin

lecturer in Textile Design at the linda.worbin@hb.se

Swedish School of Textiles.

She presented her dissertation Abstract

Designing Dynamic Textile

Patterns in July 2010. The past decade has seen an increasing interest in our small-scale experimental

textiles at the design lab at the Swedish School of Textiles. Representatives
from various industries and professions have visited to find out more about
our so called smart textiles and to collect product samples. We want to
encourage designers to work directly with the textile material in the design
process to enlarge the understanding for how to design with smart textile
materials. Weand we are currently working to develop a collection of samples
of smart textile sample collection’s for designers to use and work with,
enabling them to better understand the great potential of smart textiles.
This article also describes some new design variables regarding dynamic
textile patterns; a result from the thesis Designing Dynamic Textile

Patterns (Worbin 2010).

Key words: Textile design, smart textiles, dynamic textile patterns,
design variables

During the industrial era, modern society turned craftsmen into designers
and specialists on different segments in the process of making an object. In
comparison to the craftsman, a modern day designer may grasp the process
from fibre to yarn, but a designer typically has no first hand experience with
the material itself. In 1947, the textile designer and artist Annie Albers saw a
justification for craftmanship in textile design and through that emphasis on
craftmanship a bringing back of the contact with the material to strengthen
Photo Linda Worbin textile expressions both aesthetically and functionally. She said that “the
material itself is full of suggestions for its use if we approach it unagressively,
receptively. It is a source of unending stimulations and advises us in a most
unexpected manner” (Albers 2000).
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In the autumn of 2010 | met the head of a German
electronics company that produces electronic components
for wearables, e.g. an integration of light and energy
supply for clothing. He told me that a well known fashion
house wanted to order a “test kit” and use it in their new
collection. The fashion designer did not come up with a
new design from the test kit (that merely showed a few
possibilities) but they wanted the kit just the way it was
because they did not know how to design with and for
the new possibilities.

Just like Albers suggested more than 50 years ago there

is still an urgent need to work directly with a material to
be able to develop it. A need that has grown even more
pressing today, as there is a fundamental shift in what
textiles may express and how they may function with the
introduction of electronic and information technology
into the textile field. A few introductory examples of ex-
perimental prototypes merging new materials, textiles and
electronics can be found in project E-broidery: Design and
fabrication of textile based computing (Post et al. 2000).

The design lab at The Swedish School of Textiles have
been hosting a variety of projects looking into smart textile
structures with qualities such as color change, conductivity
and light emittance. Textiles have been used for example
to produce or design with heat, show information, light
up when dark and to leave traces from someone’s steps
etc. (Worbin 2006, Dumitrescu & Persson 2008).

Materials that can sense and react on the environment
has been described as smart due to their “smartness”
and are classified in three categories; passive smart, active
smart and very smart materials by Tao (2001). Ever since,
the smartness in smart textiles has been a matter of the
materiality united within a textile construction. A textile
pattern that shows different aesthetic expressions over
time is called a dynamic textile pattern (Worbin 2010).
One example is a pattern that initially appears to be
striped changes a moment later to appear chequered in-
stead. This exemplifies a kind of textile pattern that needs
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to be designed differently compared to traditional
“static” textile patterns that are designed to keep a given
expression over its planned life span.

From a textile designer’s perspective, there is a big dif-
ference to designing a textile using materials that may
change their expressions over time compared to designing
a static textile pattern. That is why personal experience of
the material is preferred. Aside from the design possibili-
ties, another challenge is the eventual connection to and
integration of electronic components. Textile designers
and electronic engineers suddenly developesdevelops

a need for collaboration, however not regarding the
creation of the machinery. Instead, they need to collabo-
rate on how to program a textile to sense and react upon
different situations and applications. A personal experi-
ence could be described as the need for a “new modern
craft” that can merge textiles, electronics and information
technology. However, the conditions within the fields of
textiles and electronics contradict at the moment: e.g.

the products of one needs a washing instruction while
products from the other should not even be exposed

to moisture. It is hard to bring electronic wire/yarn into
industrial production for several reasons, one of which is
a global economy where industrial production mainly sup-
ports standardization, low prices, production capacity, etc.
which has forced industrially produced textiles into what
seems to be a dead end.

In hand looms the weft creates a textile by turning the
yarn at the edges and continuing to build up a woven
structure in an unbroken manner. Industrial weaving
machines most often cut the yarn at the edges, creat-
ing a textile that resembles several single straws creating
a textile structure, resulting in one cut length for each
inlaid. With regard to the intregration of an electronic

or lightning system this fact limits the potential use of
industrial weaving techniques. Thus it would make sense
to work with these smart materials in a hand loom when
beginning the search for new smart textile materials and
production facilities.

There are of course other techniques than weaving that
are suited for merging electronics with textiles, but as
was mentioned before, there are strong limitations which
are related to our present textile industry and its current
manner of production. We need to see textiles from a
new perspective and here a new modern craft will play

a crucial role for a possible new field of textiles that may
eventually merge electronics and information technology.

Even the imprint of time is changing when it comes to
smart textiles. It is no longer only a question of when and
where something is made and for how long it will stay
trendy. Today time is a central design variable regarding
dynamic textile patterns. A designer needs to handle tra-
ditional form and color variables in relation to the design
variable time.

The time variable relates to temporal and spatial condi-
tions and can be identified and developed by answering
these questions:

What initiates change?
When does change appear?
Where does change appear?
Why does change appear?

Answering these questions should be done with respect
paid to design methodology, design technigues and mate-
rial choices. Also whether the change should be consid-
ered a reaction to manual or digital stimuli is an important
factor for the final expression and use.

Aesthetics and function

In a dynamic textile pattern the aesthetic expression and
the function can be bound together in a way that is not
possible in more traditional “static” textile expressions.
The merging of textiles and information technology
(Redstrédm, Redstrom & Maze 2005) opens up for new
scenarios and uses where information are the building
blocks for aesthetic expression and the other way around,
i.e. in a way having the aesthetic expression function as a

textile interface, “displaying” information. Today, technol-
ogy supports textiles that can be handled as soft hard-
ware and we may subscribe to new aesthetic expressions,
instead of changing the actual textile object.

Collection of smart textile samples

Today it is quite hard and expensive to acquire a small
guantity of smart textile materials. Also, one may succeed
in acquiring the material/yarn/wire/chemicals and find
oneself devoid of the facilities required to make a textile
out of it.

In the collection we are creating qualities such as;

e color changing textiles (due to temperature or
light conditions)

¢ lighting textiles (light transporting and emitting
textiles, etc.)

e conductive textiles (for example to be used as sensors,
heat emittors or for transporting electricity).

To begin with the collection will be made to meet indus-
trial requirements and limitations, to spark a discussion
and to make users see the actual textile material more

as a design tool. By creating a collection of smart textile
samples a possibility will arise for other disciplines to work
with the smart textile materials. The goal is to collect
feedback on how these new textile qualities can be used.
The aim is to further developed the textiles for different
areas and for a variety of applications. We want to know
if smart textile materials will gain from being developed
from a more craft based perspective in the next phase.
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Integrity
Nature-Creature-Culture

June 5th 2010 - September 5th 2010 at the Museum of Textile
History, Boras

Text: Annie Andréasson
University of Boras
annie.andreasson@hb.se

Exhibition footage: Jan Berg
Museum of Textiles, Boras, Sweden

Additional images from students personal archives

Smart design for integrity. Clothes to hide away in, garments that protect
from extreme cold or textiles purifying water. The exhibition Integrity is the
result of a project by twelve Master students in Design, Textile Technology and
Textile Management. They have travelled to widely varying places in the world
to develop their ideas and find new areas of application for smart textiles.

According to the Swedish National Encyclopedia (Nationalencyklopedin), the
word Integrity is synonym to inviolability, i.e. the right of any individual to have
his personal character and inner sanctum respected by others. The students’
objectiv was to develop smart textiles that would strengthen integrity in
places where it is not self-evident and include artistic and scientific perspectives
in the results. The students were divided into three groups, who went to the
shanty towns of Kampala, the cold and barren Svalbard, and crowded down-
town Tokyo.
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Culture: city environment and integrity

- We began by thoroughly reading up on Japan, anything
from culture, philosophy, lifestyle, traditions, technology,
and fashion. Then we compared Western/European
culture with Asian/Japanese, says Marta Kisand, who
belonged to the group who went to Tokyo.

Marta is a Master student in Textile Design and has
worked together with Anna Lidstrém (Master in Fashion
Design), Eleonor Johansson, and Katja Schmitz (both
master students in Applied Textile Management).
Working from the ideas they came up with they developed
a collection of innovative garments on the concept "hiding
and seeking — creating or sharing space/communicate”.

- We chose to focus on how we could help people
acquire their “own space”, since Tokyo is one of the
most densely populated cities in the world. It was the
most interesting topic to work on, especially because
Scandinavia, where we all are studying at the moment, is
one of the least crowded areas in the world. | find it very
exciting to work on extreme topics, says Marta Kisand
and continues:

- Westerners define themselves as but Japanese
define themselves as “my share of the shared space
between us”. Also belonging to a social group (family,
friends, etc.) is very important in Japan, in contrast to
Western people, who are very individualistic.

She says that the collection mainly is a tool to investigate
social relations in a crowded city environment. Despite
the earnestness behind the garments, they have the feel
of having been drawn with a humorous twinkle in the
artist's eye — and sure, we all need that joy to feel good
and appreciate personal integrity.

ulu
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The Black Air Dress

For the Black Air Dress and its white counterpart White
Air Dress the group was inspired by inflatable life-jackets.
Inevitably, | am also reminded of Yin and Yang. Anyway,
by the release of gaseous carbon dioxide, the collar or
back of the dress is inflated to form a pillow. This allows
the wearer to lean against a wall or another person to
rest while waiting for the train or the arrival of a friend.
The white dress also lights up to invite other people to
use the pillow.

— We did several garments with inflatable parts. The idea
behind inflatables is philosophical but also very practical.
In the Western world space between objects or air is

so called “nothing”. But in Japanese culture the space
between objects is perceived and also named. We did
garments which are made of “nothing” for the Western
world, but are made of “something” for Japanese culture.
Some people get very stressed in a crowded space. The
concept of our inflatable garments helps create instant
private space around you, says Marta Kisand.

Black Air Pants share the same concept but here it is the
hind section that inflates, allowing you to sit comfortably
wherever you are, even on the hardest of surfaces. The
Red Thermo-Chromic Dress is made for anyone who
loves company as it has room for two. Another fun detail
is that the love-red dress is printed with a pattern that is
thermo-chromic, i.e. it changes color when it comes in
contact with the body. Strips of textile from the dress are
displayed in the exhibition, allowing visitors to try out the
various color combinations available.







Bookshelf

Marta Kisand's personal favourite is the bookshelf dress.
— It is a bit absurd to dress oneself up as a bookshelf,
but then again it actually worked out well. We had fun
testing it in Tokyo.

Marta Kisand is grateful to have been a part of the
project and for her group being allowed to develop their
concepts all the way through.

Their Bookshelf Dress is made for anyone who wants to

hide away in their surroundings. Using a sound sensor
the dress can even tell when there is too much invasive
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noise around it, at which time some of the books light
up, displaying the words “Please”, “Slow"”, “Down"”. The
words are placed in various places in the bookshelf so

as not to provoke the surrounding world too much but
simply ask for something that should be obvious to one
and all. A row of image sequences shows the visitor how
Japanese people reacted to the garments in Tokyo: on
the subway, in the streets, in alleyways and stores. The
Bookshelf dress can be said to have been well received.
When it leans against a post a man in a suit hurries past
it without even noticing it and the same happens when it
is squeezed in an alleyway.

— It is of immense value to have been able try to our
prototypes in extreme conditions. Most school design
projects are very theoretical and very rarely tested. We
also had several discussions with Japanese people about
our collection and the theme crowdedness in general.

At the exhibition in Tokyo we had questionnaires, where
we asked people how they feel about crowdedness and
how they deal with it. We ask the same questions in

the Swedish exhibition. We hope to get opinions about
crowdedness from the one of the most and from one of
the least crowded areas in the world. It will be interesting
to compare the opinions of those different areas.

The five garments are displayed to the public at the exhibition.
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Nature: pollution and integrity

Water is the single most important factor of our survival.
It is something we take for granted, while many developing
countries such as Uganda are faced with increasing
shortages of usable water. They need the water for their
personal integrity but also that of for their countries.
Producing drinking water became the mantra of the
group, who went to the polluted shanty towns of
Kampala. Their solution to the problem was to focus on
the use of an unlimited natural resource, such as sunlight
or rain water. In the exhibition, two screens display
onsite interviews with different people shedding light on
the drinking water problem. For example, a man who
explains how the people of Kampala is supplied water
today and a woman showing her outside tank collecting
rain water.

Between the interviews are sequences showing large
garbage heaps beside a brownish stream of muddy
water, from which the local population draws their drink-
ing water. On the other screen, the group displays their
solution to the problem: a fabric that purifies water.

It is a smart textile made up of three processes: water
collection, storing, and cleaning. The waterproof fabric
collects rain water from an adjacent roof and drains it
into a tank. The water is then stored in the tank, which
has a textile that acts as a germicide when it is exposed
to sunlight, i.e. UVrays and heat. The textiles used by the
group are made by F.O.V. Fabrics AB and were developed
by the group on site in Uganda. The group consisted of
Sarah Torkelsson, Marina Rehbein, Jeannine Han, and
Shufei Wang.
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Human being: living conditions and integrity

In sharp contrast with the heat in Uganda is the arctic
cold of Svalbard, which was the destination for Laura
Clausen, Cecilia EIf, Emma Jonsson, and Anna Madella.
The point of departure of their work was the extreme
weather conditions and the great variations between
periods of light and dark. Other important notions were
safety and function, which are evident in the exhibited
prototypes. Their focus is on practical products that save
lives. Safety Shelter is a mobile home where everything is
combined in one product: coat, mattress, sleeping bag,
and wind shelter. The idea is for everyone to have an
inflatable “home” that is easy to use for homeless people
and victims of natural disasters. The material is windproof
and waterproof ripstop coated in aluminum. The fabric
protects the user from cold, while keeping the body heat
in. The outside of the tent has a thermo-chromic excla-
mation mark that glows in the dark. It makes the pigment
change color when temperatures drop below 8°C (46°F).
The group also developed both a mobile home for expedi-
tions that combines a sledge with a tent and a portable
wind shelter. In all modesty, the undergarments made to
look like a traditional Icelandic wool sweater may however
be the most important. Using electrically conductive yarns
on the body parts, where heat is most needed when the
body is being cooled down, makes it easier staying warm.
It also contains sensors registering body temperature and
blood pressure. The group explains that their goal is to
have the sensor send SOS signals if e.g. the wearer’s
registered blood pressure is too low.
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In perspective it is clear that all three student groups have
adopted the keyword integrity into their ideas of the
future of smart textiles. They display widely differing solu-
tions to widely varying problems with a common denomi-
nator: integrity. The audience visiting the exhibition at the
Museum of Textile History during the summer months
received it very well and it is considered a success, much
owing to some parts of the exhibition inviting the audi-
ence to pause and think again. In defiance of a complex
topic the students’, often unusual, approaches show that
it is possible to penetrate and make sense of it. Smart
textiles can do good and help change. All we have to do
is dare to leave our traditional trains of thought and think
outside the box.

A book about the project Integrity, can be ordered by
Proteko. CTF Publishing € 15 ex vat & shipping.
litteratur@proteko.se

ph. +46 33 20 49 50

fx. +46 33 20 49 69
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Abstract

The development of electrically conductive fibers, exhibiting higher mechanical
properties and their integration in smart and interactive textiles, has become a
prominent research area throughout the world. Smart textiles have increasingly
been used in medical, sports and military applications. In other words, we

can say, smart textiles are going to shape our future. This paper describes our
ongoing research in which, we have produced relatively highly conductive
fibers by coating commercially available textile fibers (viscose, polyester) with
conductive polymer, poly(3,4-ethylenedioxythiophene) (PEDOT). A novel coating
technique, called oxidative chemical vapor deposition (OCVD), was used for
this purpose. Different testing and characterization techniques were then
employed to investigate electrical, mechanical, thermal, and surface properties
of PEDOT coated fibers. The surface modification of electrically conductive
textile fibers with silicone resins is also discussed and an analysis is given to
show how silicone coating enhances the mechanical as well as hydrophobic
properties of coated textile fibers.
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The obtained PEDOT coated textile fibers showed good
electrical as well as mechanical properties. From this
research, we can easily select the most appropriate type
of fiber according to the specific electronic application,
exhibiting the required end-used properties. These con-
ductive fibers could also be used as substrates for heat
generation devices, such as solar cells, and organic fuel cells.

Keywords: Electroactive textile fibers, conductive
polymers, OCVD coating technique, fibrous solar cells

1. Introduction

Electroactive textile fibers and fabrics will be the key
component of the smart and interactive textiles that will
be used in the future, and they feature widely as power
and signal transmitters in many potential applications
such as sensors (Bowmaker et al. 2005), sports and military
garments, motion capture devices (Lorussi et al. 2004),
electrotherapy (Oh et al. 2003), ECG measurements
(Rattfalt et al. 2007), pressure sensors (Rothmaier et al.
2008), and photovoltaic devices (Bedeloglu et al. 2009).
Different kinds of wearable computing devices have been
developed to date by integrating metallic wires and carrying
electronic devices that make these garments heaver and
uncomfortable for daily uses (Meoli & May-Plumlee 2002).
Electrically conductive fibers having good electrical
properties could be an alternative of metallic wires in
wearable textiles, which can transmit the signals as well
as maintain the comfort level same as that of common
textiles. Also the woven structure of these conductive
fibers could be used for different applications such as
pressure and stretch sensors.

Electrically conductive fibers could be produced by different
techniques such as by incorporating metallic fibers in
commercially available textile yarns, by melt spinning and
wet spinning of conducting polymer with thermoplastic
polymers, by coating textile and polymer fibers with
carbon powder, metallic powder or conjugated polymers
(Okuzaki et al. 2009, Pomfret et al. 2000). In order to
enhance the adaptability and processability of conductive
fibers in different applications, they should have good
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electrical properties, mechanical properties, enough
flexibility, better hydrophobicity, and resistance to different
acids. The fibers produced by above mentioned techniques
have some problems concerning mechanical and electrical
properties. It is quite difficult to introduce both of these
properties in conductive fibers by conventionally used
techniques.

During the last decade, several research groups have tried
to produce highly conductive fibers without integrating
any metallic content. For this, intrinsic conductive polymers
(ICPs) are good choice because they have been used in
several useful electronic applications (Otero and Cantero
1999, Bouzek et al. 2001, Gerard et al., 2002, Dall’Acqua
et al., 2004, Breslin et al. 2005). Commercially available
textile fibers, such as, viscose, polyester (PET), nylon,

have very good mechanical properties and conductive
fibers based on these textile fibers should also have good
mechanical properties. So, very interesting approach to
transform commercially available textile fibers into electro-
active fibers is to coat them with conjugated polymers

by the oxidative chemical vapor deposition (OCVD) tech-
nique. It is a solvent-less technique which has been used
to form thin layers of conjugated polymers on a variety
of substrates (Hong et al. 2005, Lock et al. 2006, Xia and
Yun 2008). Among the large number of ICPs, PEDOT has
received considerable attention by scientists because of
its good environmental stability and its application in
different fields such as EMI shielding, heat generation,
light emitting diodes, and chemical sensors.

In this article, we have summarized our ongoing research
in which, we are trying to produce textile based electro-
active fibers having good mechanical, thermal, and
hydrophobic properties. We have produced electrically
conductive fibers by coating commonly used viscose and
polyester (PET) fibers with highly conductive conjugated
polymer, poly(3,4-ethylenedioxythiophene) (PEDOT). The
technique, which we have used for this purpose, is oxidative
chemical vapor deposition (OCVD). We will give short ex-
planation of all steps which we have covered to date. We
aim to use these obtained fibers in different medical and
energy generation applications (fibrous solar cells).

2. Experimental
2.1. Materials

We selected two types of yarn fibers, (a) viscose (1220
dtex 720, No. of filaments, Z100 twist/meter) purchased
from CORDENKA®, (b) polyester (2200 dtex, No. of fila-
ments 210, without twist) purchased from Performance
Fibers. In the OCVD polymerization, we used 3,4-eth-
ylenedioxythiophene (EDOT) monomer (CLEVIOUS® M
V2), ferric (Ill) chloride (FeCl3) (Sigma-Aldrich, 98%), and
butanol (C4H90OH) (Aldrich, 99%) solvent. For surface
modification, we used thermoplastic silicone elastomer
(GENIOMER® 80) purchased from WACKER and methyl
ethyl ketone (MEK) (C2H5COCH3) from Fisher Scientific.
All of these materials were used without of any further
modification.

2.2. Production of PEDOT coated viscose fibers

Initially, we had selected viscose yarn fibers for our experi-
ments because viscose has supportive chemistry (excess
number of —OH groups) to make strong bonding with
conjugated polymers. The schematic diagram of setup,
which we had developed for our experiments, is shown in
Fig. 1 (Bashir et al. 2010c). The detailed process descrip-
tion has been explained in our previous publication (Bashir
et al. 2010d). In short, viscose fibers cut into 150 mm
length, first pretreated with oxidant (FeCl3) solution. Oxi-
dant solutions were prepared with variable concentrations
(3 wt. % to 15 wt. %) in butanol solvent. The oxidant
treated viscose fibers were dried at room temperature and
were then introduced in tubular reactor, shown in Fig.

1. In tubular reactor, EDOT (3,4-ethylenedioxythiophene)
monomer vapors were introduced from separate flask
along with nitrogen gas. During the passage of EDOT
monomer vapors from tubular reactor, the polymeriza-
tion reaction was started immediately at the surface of
viscose fibers and a smooth, thin, and darkish blue layer
of PEDOT was deposited on the surface of viscose fibers.
PEDOT in un-doped form shows relatively lower or no
conductivity, so PEDOT coated viscose fibers were again
treated with a dopant solution. We used FeCl3 solution
again as dopant. The polymerization and doping mecha-
nisms of PEDOT on surface of viscose fiber, is shown in
Fig. 2 (Bashir et al. 2010b).
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Figure 2. OCVD polymerization mechanism on
viscose fiber, (A) Oxidation of EDOT to PEDOT,
(B) Doping of PEDOT with FeClI3 dopant solution

In this study, we investigated the
effects of different reaction condi-
tions, such as, oxidant concentra-
tion, dipping time of viscose fibers in
oxidant (FeCl3) solution, drying time
of oxidant enriched viscose fibers,
and reaction time, on electrical,
mechanical and thermal properties

of PEDOT-coated viscose fibers. The
effect of these variables on surface
resistance of PEDOT-coated viscose
fibers is shown in Fig. 3 (Bashir et al.
2010d). The polymerization of PEDOT
layer on viscose fibers was justified by
scanning electron microscopy (SEM),
Fourier transform infrared spectros-
copy (FT-IR), and thermogravimetric
analysis (TGA), which is shown in Fig.
4 (Bashir et al. 2010d). The effect of
oxidant concentration on electrical
and mechanical properties of viscose
fibers is given in Table. 1. It was con-
cluded that maximum conductivity
can be produced at 15 wt. % oxidant
concentration i.e. 14.2 S/cm but
mechanical properties were reduced
a lot at this concentration.

Figure 3. Effect of reaction conditions on
surface resistance values of PEDOT coated
viscose fibers

Figure 4. SEM micrographs at [(A) 0 wt. %, (B)
3wt. %, (C) 5 wt. %, and (D) 9 wt. %], FT-IR
analysis [(a) 3 wt. %, (b) 5 wt. %, (c) 9 wt. %,
and (d) 15 wt. %)], and TGA analysis of PEDOT
coated viscose fibers

Table.1. Effect of oxidant concentration on
electrical and mechanical properties
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Oxidant Surface .. Max. force

. . Conductivity .
Concentration Resistance (S/em) at break Tenacity
(Wt.%) (kQ) (N) (N/tex)

0 65 (£3.3) 0.351

3 18.4 1.85 41 (£1.4) 0.21

5 5 6.81 34 (£1.3) 0.18

9 3.5 9.74 32 (£1.9) 0.16

Table. 1 15 2.4 14.2 26 (£2.1) 0.13
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2.3. Production of high perfor-
mance PEDOT coated PET fibers

From our initial experiments, we
found the most suitable reaction
conditions at which we can achieve
at least maximum electrical properties.
But for integrating these electroactive
fibers in smart and interactive textile
applications, mechanical properties
should also be required along with
good electrical properties. So, we
selected polyester (PET) fibers having
higher mechanical properties and
different chemistry than viscose
fibers. We used same reaction
conditions at which we had achieved
maximum electrical properties and
same experimental setup while using
viscose fibers. From experiments, we
concluded that PEDOT coated PET
fibers exhibit higher electrical as well
as mechanical properties as compared
to PEDOT coated viscose fibers at
same reaction conditions.

In Fig. 5 and Fig. 6, the comparison
of electrical and mechanical properties
of PEDOT coated viscose and PEDOT
coated PET fibers is shown (Bashir et
al. 2010b). We found that PET fibers
almost retained their original mechanical
properties even at higher oxidant
concentration (15 wt. %) at which
viscose fibers reduced their original
mechanical properties up to 60%.
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Figure 5. Voltage-current (V-I) characteristic curves of, (a) PEDOT-coated viscose fibers, (b) PEDOT-
coated PET fibers
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Figure 6. Comparison of mechanical properties between PEDOT coated viscose and PEDOT coated
PET fibers
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Figure 7. Schematic diagram of conductive viscose yarn after silicone modification

2.4. Surface modification of PEDOT coated
conductive fibers

Although, viscose and PET fibers were successfully coated
with PEDOT and also PEDOT was partially impregnated
inside the fibers, the PEDOT coating was easily be removed
by scratching or un-twisting yarn fibers. As a result electrical
properties were considerably reduced. It was necessary
to modify the surface of PEDOT coated conductive fibers
with some surface modifiers, which can enhance scratch
resistance and improve mechanical and hydrophobic
properties. So, we selected thermoplastic silicone elastomer
resin (GENIOMER® 80 from WACKER) solution in methyl

ethyl ketone (MEK). We used PEDOT coated viscose fibers
for surface modification, because viscose is hydrophilic

in nature and we wanted to enhance its hydrophobic
properties. We treated PEDOT coated viscose fibers with
silicone solution for 10 minutes and then dried at room
temperature. A very smooth and thin layer of silicone
resin was deposited on surface of PEDOT coated viscose
fibers; the schematic diagram is shown in Fig. 7 (Bashir et
al. 2010a).
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It was also justified by FT-IR analysis
that PEDOT coated viscose fibers
were completely covered by silicone
layer and IR spectra are illustrated in
Fig. 8 (Bashir et al. 2010a). The charac-
teristic absorption bands of PEDOT
coated viscose fibers, pure silicone
resin, and silicone treated coated
fibers, are shown in Fig. 8 (A), Fig. 8
(B), and Fig. 8 (C), respectively.

It is clear that all absorption bands

of PEDOT coated viscose fibers after
silicone treatment are exactly same
as that of absorption bands of pure
silicone resin. The absence of charac-
teristic peaks of PEDOT coated viscose
fibers in silicone treated coated fibers
is the strong evidence that fibers
were completely covered with thin
layer of silicone resin.

It was expected that silicone coated
conductive fibers would not show
any conductivity but these surface
modified fibers were still conductive,
due to a very thin layer of silicone

on the surface of the PEDOT coated
fibers. The change in surface resistance
of the PEDOT coated fibers after
silicone coating is shown in Fig. 9.

In order to find out the effect of
water treatment on surface resistance
values of PEDOT coated viscose fibers
before and after silicone coating;
modified and un-modified conductive
fibers were dipped in water for 10
minutes and washed them without
any detergent.
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Figure 8. FT-IR spectra of, (A) PEDOT coated viscose fiber, (B) pure silicone resin, and (C) silicone
treated conductive fiber
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Figure 9. Effect of silicone coating on electrical properties of PEDOT coated viscose fibers before
and after washing (From left to right, PEDOT coated viscose fibers, silicone treated coated fibers
before washing, and silicone treated coated fibers after washing)

The change in electrical properties of
PEDOT coated viscose fibers without
silicone modification after washing is
shown in Fig. 10.

The effect of silicone coating on
electrical properties of PEDOT coated
viscose fiber before washing and
after washing is shown in Fig. 9.

It is clear from Fig. 9 and Fig. 10 that
without silicone coating surface resis-
tance values of PEDOT coated viscose
fibers increased a lot after washing as
compared to silicone treated PEDOT
coated viscose fibers. So, the hydro-
phobicity of PEDOT coated viscose
fibers enhanced with surface modifi-
cation. The effect of silicone coating
on mechanical properties of PEDOT
coated viscose fibers is illustrated in
Fig. 11 (Bashir et al., 2010a).

It is clear that maximum force at
break is almost same for treated and
un-treated fibers but flexibility of
PEDOT coated viscose fibers have
been increased after surface modifi-
cation. These silicone treated conduc-
tive fibers could be used as pressure
and stretch sensors in medical and
sports applications.
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Figure 10. Effect of washing on electrical properties of PEDOT coated viscose fibers before surface
treatment with silicone
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Figure 11. Effect of silicone coating on mechanical properties of PEDOT coated viscose fibers
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2.5. Production of coated fibers in
longer length

The oxidative chemical vapor depo-
sition (OCVD) technique is being used
throughout the world to produce
thin, smooth coating on different
substrates. But the major drawback
of OCVD technique is that the
samples cannot be coated in longer
length. For this reason; we selected
150 mm long viscose fibers for our
initial experiments even though this
length could not be used for any
textile application. Now we can pro-
duce PEDOT coated fibers in longer
length i.e. from 5 meter to 10 meters
by using specific fiber holding setup,
shown in Fig. 12. The fibers of 5-10
meters in length can easily be winded
over fiber holding setup and then
inserted into tubular reactor having
larger a diameter. By using this setup,
we can coat longer lengths of fibers
in one batch. The setup could also
be modified to a semi-continuous
process by increasing the length of
the fiber holding setup and diameter
of tubular reactor.

46 |The Nordic Textile Journal

Figure 12. Fiber holding setup used to produce longer lengths of PEDOT coated conductive fibers

3. Future prospects

These PEDOT coated electroactive
textile fibers in longer length could
be transformed into woven structure
that will give higher mechanical as
well as electrical properties. That
woven structure could be used to
form different sensors for medical
applications such as ECG, pressure,
and stretch sensors. We are trying to
find out different electrical applications
of these fibers in smart and interactive
textile clothing. These coated fibers
having good electrical properties
could also be used as solar cell and
organic fuel cells demonstrators, which
could be used to produce flexible and
wearable energy harvesting devices.
The schematic diagram of fibrous
solar cell based on PEDOT coated
viscose fibers is shown in Fig. 13.

(PEDOT)
Anode

o . f Cathode
| Photoactive
1 Transparent
[Viscose) Layer [ I.a?:' )

Figure 13. Schematic diagram of fibrous solar cell based on PEDOT coated viscose fibers
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4. Conclusions

We have concluded that commercially available textile
fibers exhibiting higher mechanical properties could be
converted into electroactive textile fibers by coating them
with intrinsically conductive polymers (ICPs). OCVD is the
most suitable and economical technique to get smooth
and uniform polymer layers on the surface of textile
fibers. The coated fibers exhibit good electrical as well as
mechanical properties, which could not be achieved with
conventionally used melt and wet spinning processes.
The surface properties of PEDOT coated fibers could be
enhanced by modifying with silicone resins. This surface
modification can improve scratch resistance, flexibility,
hydrophobicity, and the service life of coated fibers. We
have produced PEDOT coated fibers in longer length

i.e. 5-10 meters, which is, according to our knowledge,
maximum length ever achieved with OCVD technique to
the date. The obtained electrically conductive fibers could
be transformed into three dimensional woven structure
according to the end used required applications. Also,
these fibers could be used to produce energy harvesting
wearable devices such as wearable solar cells and flexible
organic fuel cells.
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Abstract In this paper 4 different textile based strain sensors for measuring
different level of strains were presented. Sensor consist a conductive part
formed by coating or weaving technique. Both elastic and inelastic textile
substrates were selected to achieve the required stains in applications.

Sensor configuration was characterized using a tensile tester and measuring
the resistance parallel by microprocessor. A linear working range with working
function of each sensor was found. Coated sensor gives a good stability, while
woven sensor was relative less stable. Inelastic textile substrate reduces the
hysteresis error caused by refraction and construction of materials. The sensi-
tivities were between 2.5 to 9 vary with different sensors. This paper finished
by a discussion of how to choose sensors with different applications, among
which sensor function and processability are most important aspects to be
considering.

Key words: Smart textile, strain sensor, textile integration, conductive yarn,
measurement
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1. Introduction

Smart Textiles represent the next generation of textiles
anticipated for use in many applications. Fibres, yarns and
fabric structures with added-value functionality, such as
conductivity, sensing and actuating abilities, have been
developed for a range of applications, especially in sport
and heath care areas. Integration of intrinsic sensing
function into textile structures is an elegant way to monitor
the human body and/or environment changes. The
integration of sensors is not only a concern in clothing
industry, but also has a potential in technical textiles
applications, for example in the automotive area where
the share of textile components is constantly increasing
(Drean et al. 2007). The possibility of using textile strain
sensors has been presented in several research projects.
This new generation of strain measurement devices have
been made for applications, where conventional sensors
are not suitable due to their rigid mechanical properties
(Cedric et al. 2008).

Strain sensors may be based on several types of principles,
most commonly on piezoresistive, and optical. The
piezoresistive effect, successfully employed in sensors,
can indicate the stress or strain change during time by
recording intrinsic resistance change of the material.
Optical fibres use another phenomenon, by measuring
the path and strength of an optical signal. The advantage
with optical fibre sensors is that optical signals effectively
eliminate the electrical noises. Many previous approaches
have integrated strain sensing properties into the textile
structure based on different textile processes. Knitted
sensors manufactured from yarns based on carbon
(Bickerton 2003) or metal (Van Langenhove 2004) have
been used for measuring cyclic forces such as breathing
rate. Coating or chemical vapour deposition is another
method to apply conductivity into textile structure.
Conducive elastomeric composites coatings have been
shown to have highly sensitive pizeoresistive properties
when deformation, such as stretch (Tognetti et al. 2004)
or press (Softswitch) is applied. Conductive polymers,
such as polyaniline, polypyrolle or polythiophene, are
polymers that are inherently able to conduct charge
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through their polymeric structure, and they have been
used as strain sensors in several projects as well (Li et al.
2005; Munro et al., 2008; Tsang et all, 2005 & Dunne et
al. 2006). The integration of piezoelectric PVDF films by
means of lamination has also been shown as a potential
flexible strain sensor (Edmison et al. 2002). D.W.Lloyd,
D.G.Neilly and D.B.Brook (Lloyd et al. 2001) have succeeded
to measure small strain as the normal engineering strain,
but the sensor was limited for large strain up from 10%.
In this paper, we present four different textile strain sensors
based on different textile manufacturing processes.

First, the sensor materials and the textile integration

are described. Thereafter the experimental procedure is
described, followed by the result. Finally the results are
analysed and future efforts are suggested.

2. Sample preparation

The sensors presented in this paper are based on conduc-
tive materials which have been applied to the textile
substrate by means of coating or integrated into the
textile substrate directly in the weaving process, figure 1.

The textile substrates were both elastic and inelastic
woven fabrics. Four types of samples were developed,
each of them described below.

Textile Substrate

Conductive material

Fig. 1.Construction of textile strain sensor

2.1 Sample 1, S1 (Fig. 2.)
Textile substrate: Polyamide/Lycra
Conductive material: Silicon rubber filled with carbon-

black particles, Elastosil LR 3162 A/B. Supplier Wacker Ltd.

Manufacturing method: Textile substrate: plain weave.
Conductive material: knife-over-roll coating.

Sample Size: 200mm x 50 mm, coated area:

(150mm x 10mm)

Fig. 2. Elastic coated sensor, sample 1(S1)

2.2 Sample 2, S2 (Fig.3.)

Textile Substrate: Cotton (95%) & lycra(5%)
Conductive material: Bekintex 50/2, Staple fibre 80%
polyester, 20% stainless steel. Supplier Bekaert
Manufacturing method: plain weave

Sample size: 200mm x 50 mm.

pAD SR A A DR
i ' :

Fig. 3. Elastic woven sensor, sample 2(S2)
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2.3 Sample 3, S3 (Fig. 4.)

Textile substrate: Polyester (cargo security strap).
Conductive material: silicon rubber filled with carbon-
black particles, Elastosil LR 3162 A/B. Supplier Wacker Ltd.
Manufacturing method: Textile substrate: plain weave.
Conductive material: Knife over roll coating.

Sample Size: 200mm x 50 mm, coated area:

150mm x 50mm

Fig. 4. Inelastic coated sensor, sample 3 (S3)

2.4 Sample 4, S4 (Fig.5.)

Textile Substrate: Cotton

Conductive material: Bekintex 50/2, Staple fibre 80%
polyester, 20% stainless steel. Supplier Bekaert
Manufacturing method: Plain weave

Sample size: 200mm x 50 mm.

Fig. 5. Inelastic woven sensor, sample 4 (S4)
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3. Experimental procedure

The samples were measured to determine the relationship
between mechanical properties (strain-stress) and electri-
cal properties (resistance) of sensors.

3.1. Measurement setup

The mechanical properties were measured by a tensile
tester and by a specific cargo strap testing machine.
Sample 1, 2 and 4 were tested in the tensile tester presented
in figure 6, and the measurements were done at a speed
of 50mm/min. The maximum elongation variance with
different sensors refers to the sensor span. Sample 3 was
tested by a specific cargo strap testing machine, where

a regular force from 100N to 2500N was applied. Each
sample was measured five times and the relaxation
between measurements was 10 sec.

Fig. 6. Mechanical measurement setup
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Fig. 7. Electrical measurement setup

In order to determine the electrical and mechanical prop-
erties simultaneously, the sensor resistance was recorded
by a pre-programmed microprocessor and a computer.

The circuit is explained in figure 7. The sampling rate for
resistance measurement was 9 samples/ sec, which corres-
ponds to 9Hz in frequency. Snap buttons were used as

the interface between textile sensors and electrical wires.

The output voltage measured from the microprocessor
was in digital form ( Dgut ). It can be calculated into
analog output voltage ( Your ) by the equation:

5 Volts
Vour = ZT*DW:

The output voltage ( Vour ) over the reference resistor
(Rfef ) was measured according to Ohm’s Law in series
circuit. The sensor resistance ( R sens ) was calculated by:

_ Rrsf(s - Vmﬂ.t)

Voul: — 5- Vauc
Rrsf Rsens

Rssn.s Vout

The reference resistance ( Rrsf ) was determined in
advance, similar to the resistance of the textile sensor.

3.2 Measurement method

Using the described measurement set-up the sensor linear
working range (span), working function, sensitivity, stability
and hysteresis error were measured.

3.2.1 Sensor span

The sensor span represents the working range of the
sensor, which is the determination of the linear input-
output relationship. The sensor working function defines
the numerical relationship between input and output of
the sensor within the linear working range (span). The
sensors span and output-input relationship is determined
by simultaneously recording the sensor resistance and
elongation.

3.2.2 Sensitivity

The sensitivity of a strain sensor is defined as the resistance
change (percentage) divided by the elongation (percent-
age) during strain. The sensitivity provides the overall
sensing property of sensor. The sensitivity of a metal strain
sensor is around 2, while the sensitivity of semiconductor
strain may be as high as 150.

3.2.3 Stability

The repeatability in short term is called stability, while it is
called aging in long term. In this experiment, the sensor
performance after 1 hour, 1 day, 5 days and 14 days has
been tested, confirming the sensor stability.

3.2.4 Hysteresis

A hysteresis error is a deviation of the sensor’s output at a
specified point of the input signal when it is approached
from the opposite direction (Fraden,] 2007). The hysteresis
before stretch and after release is of interested in our
experiment. Sensor has been stretched until the maximum
working range and released immediately.
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4. Result

20000,001
In this section, the sensor working range, the working

function within this working range and the sensor sensi-
tivity are presented. The phenomenon of whether resistance
increase or decrease with extension has also been analyzed.
Further, the sensor stability and hysteresis errors were
illustrated and compared.

1:3000,00

Resistance

4.1 Sensor linear working range (Span) 10000,00-

Linear working range of textile sensors depends on the
properties of the textile substrate and how the conductive
part has been integrated into textiles. The elastic samples
had a larger span than the rigid samples. But the conduc- f . . . .
tive coating increased the span due to the excellent 0.00 .00 40.00 B0.00 B0.00
elasticity of the silicon rubber. According to the curves

in figure 8, the span of elastic coated sensor ranges
between 5% to 40 %( 10mm elongation and 80mm
elongation to the original length of 200mm). The inelastic
coated sensor performed below 6% (12mm). In the

O Observed
— Linear

Elongation

woven samples, a linear working range of the elastic 300,001
sample is 3.5% to 5% (7mm to 10mm), while the
inelastic sampled had a working range between 1%
and 2.5% (2mm to 5mm). 2700
@
o
=
& 2500001
‘w
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2250,001
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@
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Fig. 8. Linear working range of elastic coated, S1(top left), elastic woven
(top right) inelastic coated , S3 (bottom left) and inelastic woven,S4
(bottom right) sensors.
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4.2 Sensor working function and sensitivity

As illustrated in table 1, the coated sensors have positive
resistance versus elongation change effect, which means
that the resistance increases with extension. However, the
woven sensors shown opposite phenomenon, the resistance
decreases when the elongation is increased.

The reason for that is the construction of different
samples. In the coated sensor the conductive effect comes
from the presence of carbon black particles. When the
sensor is released, the carbon particles are evenly distributed
in the silicon rubber and tightly contacted with each other
as in figure 9 (left). When the sample is stretched, the
carbon particles are pulled apart that some of the carbon
black particles contact with nothing. Therefore the conduc-
tive path becomes narrow and the resistance will increase.
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Table 1: sensor working function and standard error.*:
standard error refers to an estimate of standard deviation,
derived from a particular sample used to compute the

estimate.
Sensor Name Parameters Std. Error* Working function

1 Elastic Constant 1700,651 445,518 Y=1700,651+230,382X
Coated Elongation | 230,382 8,9 (terror)

2 Inelastic Constant 1655,178 9,650 Y=1655,178+105,156X
Coated Elongation | 105,156 1,332 (terror)

3 Elastic Constant 138,078 1,093 Y=138,078-7,189X (+error)
woven Elongation -7,189 0,128

4 Inelastic Constant 22,842 0,205 Y=22,842-2,776X (+error)
woven Elongation -2,776 0,057

The woven sensors have different principle to achieve
conductivity. As shown in figure 9 (right), the conductive
yarns woven in the central part of the sensor form the
conductive path. When the sample is stretched, the con-
ductive wefts are tightened to each other. The conductive
connections increase and the resistance decreases.
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Fig.9. Conductive path of coated sensor (left) and woven
sensor (right) before and after stretching.

The sensitivity quantitatively indicates the sensors
mechanical-electrical behaviors and the sensitivity
usually specified by gauge factor, GF.

/-3

Gauge factor can be calculated by
AL/L

By calculation, the elastic coated sensor had the highest
GF equal to 9.2, the inelastic woven sensor had the
lowest GF in absolute which was around 2.5. The GF in
inelastic coated sensor and elastic woven were 8.5 and

6 respectively.
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4.3 Stability

All sensors have acceptable stability after one hour, one
day, five days and two weeks repeated measurements.
Both elastic and inelastic coated sensors have almost
constant performance regardless to the time, confirming
the stability of sensor. Concerning the woven sensor, the
minimal resistance shows a marginal decreasing along
with time of about 10% in elastic woven and 25% in
inelastic woven. The result of elastic coated sensor stability
change during 2 weeks is shown in fig. 10 (left), while the
right one shows the change of in elastic woven sample.

—— Sensorchamcteristic while strethcing to 40%
— sansorchamcteristic aftar 1 hour

25000
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—— sensorchamcteristic aftar 5 days
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Fig. 10 Stability test during 2 weeks, elastic coated sensor, S1 (top) and
inelastic woven sensor,54 (bottom)
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4.4 Hysteresis error

The resistance versus strain under a typical stretch and
release cycle plot, figure 11, shows an example of how
to calculate the hysteresis error of the sensor. Hysteresis
is typically caused by friction and structural change in
materials (Fraden, J. 2007). Usually elastic materials have
higher hysteresis. This is because elastic materials need

longer recovering time, especially when high force is applied.

The hysteresis error for elastic coated sensor (see fig.11.)
and elastic woven sensor were rather high, which were
around +10% (20%) and +9% (18%) of the working
range. Inelastic woven has smallest hysteresis error; it
has only 1.9% deviation. Inelastic coated sensor in our
case had large hysteresis around 20%, this caused from
the large force (2,5ton) applied on sample. When large
force involved in, the textile substrate changed not only
in fabric structure, but also in arrangement of yarns.
Elongations applied on single yarns were more difficult
to recover.

20000,00-

15000,00

Resistance

10000,00-

5000,00

Linear working range
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Fig.11.Hysterisis error of elastic coated sensor, S1
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5. Discussion and Future work

This project presents four different textile strain sensors
and each sensor has been characterised by measuring
the mechanical and electrical performance during stretch.
Two of the sensors were based on elastic textile structure
and the other two sensors were based on rigid textile
structure. The result shows that in textile strain sensor
development, the requirement of the sensors properties
such as the maximum elongation, sensors force, stability
and hysteresis depend upon the end application. The
quality and the processability are other important issues
to consider in the sensor development.

The working range of sensors shows that the different
sensors are useful in different applications with different
requirements of elongation at maximum. The elastic
woven sensor (sample 2) senses strain up to 6% while the
other elastic senor, conductive silicon coated on elastic
fabric senses strain up to 40%. The rigid sensors on the
other hand only sense small strain up to 2%.

The stability of the coated sensors had almost constant
performance while the resistance of the woven sensors
decreased. The reduction of resistance was quite small
and may derive from the influence of the environment.
However, the fact that the resistance decreases the initial
resistance should be calibrated in advance.

The inelastic samples had less hysteresis error compared
with the elastic samples. Therefore, the inelastic textile
sensor should be chosen when rapid cyclic force should
be monitored.

Besides the mechanical and electrical properties of the
sensors, processablility and quality are important issues to
consider when designing a textile strain sensor. The silicon
rubber used in this project is quite hard to apply by using
conventional coating technologies due to its solid state
compared to fluid coating materials. However, conductive
coating is an economical process when textile substrate

is already made. Weaving the sensors by using a strain
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sensitive yarn or fibre seems to be an easier process and
the development of fibres and yarns that could be used
as stain sensors in yarn-based processes is of high interest
in this area.

The next step of this project is to test the sensors in
different climate conditions. Modification of temperature,
humidity and UV radiation may influence the performance
of the sensors. Besides, it would be interesting to test

all the sensors at different elongation rate (elongation/
time) in order to be able to evaluate sensors bandwidths.
Modeling is another area of interest that could verify the
experimental results and eventually push the standardization
of textile sensor manufacture and testing methods
forward. Accordingly new testing methods and devices
need to be introduced in development and evaluation

of the smart textile products in order to achieve higher
accuracy. An important issue to be considered is that the
required characteristics of smart textile products are highly
dependent on the end application.
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IN [FASHION] DESIGN

CLEMENS THORNQUIST

Book Review

Sass Brown is the Resident
Director for the Fashion Institute
of Technology’s study abroad
program in Florence, Italy.
Originally from London, England,
Sass established herself as a
designer with her own signature
collection selling in the UK and
across Canada. As an academic, her
area of research is in community
outreach and ethical design
practices in fashion businesses.
She has published papers and
spoken around the world on

the topic of sustainable design,
has worked and volunteered in
women's cooperatives in Latin
America, and taught workshops
to manufacturers and fashion
enterprises in Peru. Her book,
Eco Design, for British publishers
Laurence King, has been translated
into Italian as well as Spanish,
with the intent of showcasing
some of the best expressions of
eco fashion around the world.

The Fashion Institute of
Technology, Florence Italy.
Villa Strozzi, Via Pisana 77,
50143 Firenze, Italia.

Book Review

Artistic Development
in (Fashion) Design

by Clemens Thornquist

Clemens Thornquist takes a totally new and modern approach to creativity,
not the old paradigm of left versus right brain and logic versus chaos, but
instead bridges and compares the similarity of art and science, as a process
of immersion and separation. Taking a total departure from the school book
format on creativity, Thornquist instead approaches design with an experien-
tial methodology in the form of inspirational projects and conceptual sugges-
tions, very much in the mode and as pivotal as The Artist's Way, only specific
to the creative development of fashion designers.

The least understood or appreciated form of fashion design is intellectual
design, which in some people’s minds is a contradiction of terminology; that
of fashion on the one hand considered mere consumerism and vanity, and that
of intellect and the inward journey. Thornquist approaches intelligent, intel-
lectual design head on through example, talking of fashion as an “expressive
language” that informs our vision and expresses our concepts. Once and for
all bridging the gap between “abstract theory and concrete practice.”

This book and the projects within it should not only be required reading for
all students of design, but required practice.

For more information and

to order please contact:

Proteko

litteratur@proteko.se

ph. +46 33 20 49 50

fx. +46 33 20 49 69

Price: € 20 excludes vat & shipping
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smgrt
textiles

ETT VINNVAXTINITIATIV Smart Textiles

More or less all people have a relation to textiles. Textiles can be natural bearer
of technology and electronics, so there is an encouragement to further
develop textiles.

In Western Sweden, with Boras as the centre, an internationally well-known
textile cluster operates with Smart Textiles at its core.

The goal of Smart Textiles is a dynamic innovation system, which promotes
growth, strengthens the international competiveness and creates job
opportunities in the region.

Smart Textile’s mission is to stimulate and support research and development
and facilitate collaboration between end users, researchers and industry.

All this will result in new textile-based products and services on the global
market. There is a multitude of innovations and ideas for integrating tech-
nology in textiles and finding sustainable solutions to interactive textiles.
Business and development opportunities in the cluster are benefits for all
industrial branches with textiles as the common denominator.

More information about Smart Textiles can be found at www.smarttextiles.se.

Student exhibition 2010,
Photo by Jan Berg, Museum of Textiles, Boras
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FASHION « FUNCTION « FUTURES
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Fashion Function Futures

In the textile and fashion value chain from ideas to customers and beyond, the
decisive stage is the design process, which combines artistic skills and func-
tional considerations in order to make the fashion products logistically man-
ageable, attractive for customers and resourceful from an environmental

and sustainability point of view. Other salient elements of the chain are
logistics, production, branding and marketing, merchandising and retailing,
consumer behavior, and post-consumption management.

F? - Fashion Function Futures — is a programme for research and artistic devel-
opment, addressing these elements from artistic design to distribution logistics
and returns management, characterized by a strong professional context and
an environment of interaction between theoretical knowledge and applied
experience in the field. The programme is based on a “passion

for fashion” and an interdisciplinary environment, which supports the
development and balancing of artistic expressions and design methodology
with logistics and value chain management skills. Several departments of the
University of Boras collaborate to achieve the interdisciplinary approach and
knowledge required for identifying and shaping the Fashion Function Futures.

Student exhibition 2010,
Photo by Jan Berg, Museum of Textiles, Boras
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Textiles and Plastics department:
Our R&D work covers chemical,
physical and mechanical properties
of fibrous and polymeric materials,
production technologies of, textiles,
plastics, nonwovens and rubber
products and their waste manage-
ment.The results of our research
work are implemented in a number
of industrial applications.

By choosing Swerea IVF as your R & D
partner you benefit not only from
our researchers know-how but also
from our many strengths:

- Well-educated personnel with
in-depth industry insight

- Extensive laboratory facilities for
analysis, design, manufacturing
and testing-In-house strategic
research for long-term competence
development

- Academic research combined with
applied development and
knowledge transfer in intimate
collaboration with industry-Close
collaboration with universities and
research organizations

- Active international collaboration
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The Textile Research Board at Swerea IVF,
Textiles and Plastics Department

Adjunct professor in Textile Technology at The University of Boras,

The Swedish School of Textiles. Manager at Textiles and Plastics department,
Swerea IVF. Finished her PhD 1996, focusing on “Phase distribution of mixed
biopolymer gels in relation to process conditions”. Has since then worked
with biopolymers, gel formation phenomena, followed by fibre

spinning processes.

PhD in Mechanical Engineering. Expert on polymer processing, polymer melt
rheology and melt spinning of fibers. Manager Functional fibres group
at Swerea IVFE.

PhD student at Swerea IVF. Finished her Master of Science in biotechnology in
spring 2006. The studies focused on biopolymers (DA-work) and molecular
biology. Has thereafter worked with electrospinning of nanofibres for
biomedical applications.

Senior scientist at Swerea IVF. Polymer materials engineer in 1987, then
studied innovation engineering 1989-1992. Long industrial experience in
the field of polymeric materials, composites and textiles from automotive,
defense and medical technology as design engineer, project manager,
R&D manager and technical manger.

Senior scientist at Swerea IVF. Professor of Fibrous Materials at Chalmers,
since 1995. Research revolves around the micromechanics, rheology and
constitutive theory of fibre networks, suspensions and composites.

PhD in Mechanical Engineering. Master of Science in polymer engineering
materials in 2005. Licentiate in polymer engineering in 2008 on dielectric
properties of polyethylene foams. Currently working on developing new
conductive fibres for smart textile applications.
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Erik Perzon

Erik Nilsson

Linda Hardelin

Licentiate in engineering in 2001 on durability of fibre reinforced polymers
in concrete. Has since worked with development and production of chemical
type humidity indicators. He was employed 2008 as a researcher at Swerea
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PhD in chemical engineeering. Expert on material science with a specialization
in polymer organic chemistry. Focus on solution spinning of cellulose.

PhD-student at Swerea IVF. Focus on development of new, conductive fibers
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PhD-student student at Swerea IVF. Focus on electrospinning nanofibers of
celulose in ionic liquids.
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The Textile Research Centre

Managing Director
Hakan Torstensson
hakan.torstensson@hb.se

Assistant Managing Director
Agneta Nordlund-Andersson
agneta.nordlund-andersson@hb.se
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www.hb.se/ths/ctf

Since its start in 1998 the Textile Research Centre, CTF, gathers international
and national actors who work for reinforcing research in the textile and fash-
ion sector. The CTF is linked to The Swedish School of Textiles, THS, at the
University of Bords. Through active work the CTF is now of central importance
to the research and the artistic development work carried out at The Swedish
School of Textiles. Seminars, conferences, publication of journals and other
works, and creation of research networks are items from the programme.

Today (2010), The Swedish School of Textiles has some 10 professors and

25 postgraduate research students. Its intentions are now to develop and
strengthen the CTF as an arena and as part of the infrastructure for research
and artistic development work. To achieve this, a re-examination of activities,
organization, communication, and financing has been carried out.

Purpose

The purpose of the activities of the CTF is to promote Nordic research in tex-
tile and fashion by making research results and information available to all
professionals in the field. The CTF strives to provide an overall picture of this
kind of research by highlighting design and craft as well as technology and
management and the unique combination of these subject areas represented
by The Swedish School of Textiles and its partners. Thus, CTF activities include
hosting lectures, seminars, and conferences along with reflecting current issues
and presenting discoveries through publications and media.

Student exhibition 2010
Photo by Jan Berg, Museum of Textiles, Boras
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board meeting was held on August 31 1998.

Hakan Torstensson

Lotta Ahlvar

Bjorn Brorstrém

Ingrid Giertz-Martenson

Anne-Charlotte Hanning

Johan Huldt

Roger Johansson

Maria Levin

Eva Ohlsson

Managing Director, CTF,

The Swedish School of Textiles,
University of Boras
Textilhdgskolan, Hégskolan i Boras
hakan.torstensson@hb.se

Managing Director, Swedish Fashion Council,
Svenska Moderadet
lotta.ahlvar@moderadet.se

Prorector, University of Boras,
Hogskolan i Bords
bjorn.brorstrom@hb.se

Managing Director, Swedish Vision AB
igm@swedishvision.se

Production Manager, Swerea IVF
anne-charlotte.hanning@swerea.se

Managing Director, Innovator
info@innovator-design.se

Chalmers University of Technology,
Chalmers Tekniska Hogskola
s.roger.johansson@telia.com

Creative Director, Nudie Jeans
maria@Nudiejeans.com

Managing Director,

The National Swedish Handicraft Council,
Namnden for Hemslojdsfragor
eva.ohlsson@nfh.se

The Nordic Textile Journall 85



Members: Ola Toftegaard Managing Director,
Swedish Textile and Clothing Industries
Association, TEKO
ola.toftegaard@teko.se

Margareta Van Den Bosch  Chief of design, H&M
bosch@hm.com

Pirjo Hirvonen Professor, University of Art and Design,
Helsingfors
pirjo.hirvonen@taik.fi

Curry Heimann Museichef, Boras Museum &
Textilmuséet, Boras
curry.heimann@boras.se

Additional members: Agneta Nordlund-Andersson Assistent Managing Director, CTF
The Swedish School of Textiles,
University of Boras
agneta.nordlund-andersson@hb.se

Larsh Eriksson Senior Administrative Officer, CTF,
The Swedish School of Textiles,
University of Boras
larsh.eriksson@hb.se

Karin Rundqvist Student Representative,
The Swedish School of Textiles,
University of Boras
Textilhdgskolan, Hogskolan i Boras
S082823@utb.hb.se

Student exhibition 2010
Photo by Clemens Thornquist
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Concerning design
Marcus Bergman
Simonetta Carbonaro
Lars Hallnas
Clemens Thornquist
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Paperback
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INTERACTION DESIGN

FOUNDATIONS, EXPERIMENTS

Interaction design Foundations,
Experiments
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Johan Redstréom
150x230x20 mm
310 pages

Paperback
ISBN-91-631-8554-7/
978-91-6318554-0
Published 2006
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Published 2006

Price: € 16
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Notes on methods
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1 Photographic sketching
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ISBN 978-91-85659-19-7
160x240x4 mm

Paperback

Published 2006

Price: € 18 per unit
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IN [FASHION] DESIGN

CLEMENS THORNQUIST

Artistic development in [fashion]

design

Clemens Thornquist
132x210x13 mm

160 pages

Paperback

ISBN 978-91-85659-55-5
Published 2010

Price: € 20

Formal Transcendence
Clemens Thornquist
170x240x5 mm

Colour prints

40 pages

Paperback

ISBN 978-91-85659-54-8
Published 2010

Price: € 10

For more information and
to order please contact:
Proteko
litteratur@proteko.se

ph. +46 33 20 49 50

fx. +46 33 20 49 69

All books are excludes vat &

shipping
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FORMAL TRANSCENDENCE

CLEMENS THORNQUIST

New Book

Clemens Thornquist is Professor
in Fashion Design at the Swedish
School of Textiles, University of
Boras, Boras, Sweden.

Dr. Thornquist is currently
Chairing the Fashion Design
Department at The Swedish
School of Textiles,Boras, Sweden,
and has amongst other things
gained professional experience
from being arts manager for
theatre director and visual artist
Robert Wilson and designer at
Vivienne Westwood. His action
based artistic research in the
intersection of art, fashion,
philosophy and organisation
have resulted in numerous
original books and publication
and artistic research work in
different media exhibited and
presented worldwide.

Formal Transcendence
by Clemens Thornquist

This work aims to explore and present the inevitability of three generally
adverse qualities in research methods. The point is to examine these qualities
philosophically, without the further aim to disclose anything explicit concerning
the content on which they feed. Instead, the work investigates the actualities
and possibilities of what together can be noted as a formal transcendence in
methods emphasising animated qualites in research.

At the same time, being both a participating subject and an observer from a
distance, the voyeur is both present and absent; literally, in-between — inter
esse. Voyeurism in general, and not only understood in the everyday sense of
the word implying sexual arousal by observing people’s intimate situations, is
the engaged participating interest where every modality of the body is at work
together. At the same time, however, voyeurism involves participating and
reflecting from a distance without interfering with the object investigated.

As not so much the opposite of, but rather, the foundation for voyeurism,
immanence here refers, not to the quality, but instead the ability to remain
within, throughout all aspects of the vast and overwhelming spatial world.
Through an act of allusion, things do not replace but merely indicate the infinity
of nostalgia, and so becomes the long way home. In this gradual direction
home, an immanence through all the manifestations of worlds becomes the
fundamental movement for actualisation with motives from within.

In order to re-make things into something different, there is first the necessary
act of misunderstanding, or simply, an intentional or unintentional amnesia.
Before things can be re-made into a new meaning, a new direction or a new
perspective, the elements to build on must be deprived of their connotations,
their contexts, their meanings. From here, as formless, uncategorised and
meaningless fragments, things are made into differences.
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Textile Notes

Student Exhibition 2010
Photo by Clemens Thornquist




Ballet shoes with shock absorption.

The Capulet Juliet D30 pointe shoe.

Photo Jan Berg.

Textile material library

Stig Nilsson

The Swedish School of Textiles
University of Boras
stig.nilsson@hb.se
TexMatBib@hb.se

Introduction

The collecting and cataloging of knowledge is a human behavior and not
even the Library of Alexandria was the first of its kind. The need to collect and
make this in a good way has become even more evident since the Western
world turned to fierce hard economic competition. The necessity of industrial
innovation is pressing. A prerequisite to achieve this is good access to infor-
mation on material properties. Worldwide there are several material libraries,
organized both with commercial structures and achademic ones. Nowadays
the textile industry pays particular interest to new functional materials such as
"Technical materials” and even “Smart Textiles”, i.e. interactive textiles.

Background

The aptly named “Smart Textiles” cluster network in Bords, Sweden, has a
need of a Material Library in order to showcase exciting achievements. The
Swedish School of Textiles in Boras is home to a multitude of different materials,
stored in separate collections. Thus the step is taken to begin coordinating
these collections, manifested in May 2010 by the opening of a Textile Material
Library. The library is governed by the cluster, and located at the School.
Preparations are made to move the library when the School and the Smart
Textiles cluster leave the old building for new premises in the Simonsland

area in Boras in the fall of 2013. The new school location will be close to the
central buildings of the University of Boras. The idea is for the Material Library
to become a center of activities at the new location. The benefits are obvious
with partners such as the Museum of Textile History, which will move to
Simonsland as well, and our new neighbor Swedish School of Library and
Information Science. These two partners already work actively with the Textile
Material Library in a complementary cluster. Efforts will be made to achieve
shortcuts and synergy effects within the disciplines.
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Arrangements

At the Textile Material Library in Bords, we have subscrip-
tions of membership in some of the leading international
libraries, so we can be sure to assist customers according
to normal international level.

We are now collecting interesting materials in different
stages of the product development chain. We collect
samples from fiber to the ready-made product. The ma-
terials are exposed in a gallery with some of the exclusive
samples behind glass. Garments are exposed on man-
nequins. Most of the materials are mounted on walls or
listed on hangers.

In design circles, the desire is to explore new kinds of
venues that represent the combination library — gallery —
workshop — courses — conferences in an environment that
affirms creativity; a meeting place where students meet
producers, trade associations, and project participants
such as industrial designers and even artists. Researchers
in academia and business entrepreneurs want a database
for fact finding, but also a tactile experience - to touch
and feel.

The Textile Material Library acts as a window between
academia, science and industry where different skills,
thoughts and ideas can be exchanged — not least for the
participants of the Smart Textiles initiative. The library

is also a neutral place and part of the Prototype Factory
within Smart Textiles and the Swedish School of Textiles.

Two ways of arranging information about textile materi-
als are needed: one to store materials physically, and
one to store information digitally

Many development processes are complex and depend on
various technology components, manufacturing methods
and design requirements, where this must be resolved.
Visualization, simulation and interaction with digital tools,
as well as documentation of the process are even more of
interest. Based on this, a pre-study is ongoing to investi-
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gate if and how to establish a Visualization Lab within the
University of Boras and the Espira development center.
The idea is that the Visualization Lab should be another
innovation tool within the cluster.

As for the physical arrangement of material samples it
would be the Material Library’s task to show the potential
achievements of each material. All known material librar-
ies have an educational goal. In order to present textile
materials, libraries often mount materials on a paper/plas-
tic sheet of approximately 20 x 30 cm, where half of the
surface is taken by the material, and the other half by

a concise list of data on the material. Reference is then
accounted for, typically by a code to a data file. The sheet
can then be mounted on walls or stored in boxes, which
in turn can be stored on shelves.

3-dimension weaving in carbon fabric by Oxeon
Photo Jan Berg




Relevance

A material library caters mainly to product development
related activities. Then again we need it for educational
purposes. The pedagogical value in a collection of materi-
als lies in how we use it. American education researcher
John Dewey (1859-1952) coined the term “learning by
doing” - which is an educational activity where theory,
practice, reflection and action are linked. Knowledge
must be transformed into something useful and have a
real-world training function. According to Dewey, this is
done by giving students living knowledge they can trans-
form into practical professional use, as well as personal.
The best way to do that is to distance oneself as far as
possible from a constructed way of learning. He believed
that education should aim to develop the human capac-
ity for problem-solving and critical thinking, rather than
focus on memorization.

Work can be done individually or in group, in thematic
work and in projects. Here the material library is essential
by providing the right materials. The actual gathering of
the material in an engaging manner is thus a prerequisite
for the process. The student can choose, then create and
thereby learn. The Austrian educator Elsa Kéhler (1879-
1940) in her book Activity Pedagogics argues that the
emotional experience is important. Georg Kirchensteiner
(1854-1932) points out that manual activities are impor-
tant. He built laboratories and considered the traditional
school as too theoretical. Lev Vygotsky (1896-1934)
focused on the processes around the learning man. His
vision of human creativity and imagination is important in
the understanding of learning.

Heated clothing by WarmX, Germany.
Photo Jan Berg
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World perspective

World-wide there are a number of material libraries with
different angles in their ambition. Normally they are

not limited to fabric, but collect materials in a broader
perspective, including materials from the construction
industry and handicraft. Such materials are wood, paper,
leather, metal, glass, plastics, composites, textiles, stone
and concrete.

We are insightful enough to acknowledge the fact that it
would be an overwhelming mission to store samples of
all materials in the world. We have been commissioned to
collect interesting textiles, textiles considered to be state
of the art. If we do not have what is needed in physical
form, we can always find it digitally. With this mode of
work, we are able to work multidisciplinarily.

Curiously, all material libraries were established fairly late
— the oldest one a mere 15 years ago.

Material ConneXion holds a front position among

the material libraries of the world. It is privately owned
and commercial, with headquarters in New York. It has
branches in e.g. Milan, Cologne and Bangkok, and is
constantly looking for partners around the globe. The
business consists of a library of material samples, a gallery
that is open to the public, material development software
applications, conference rooms, an area for journals/
magazines, and a bookstore. The library stores over 5000
samples of what the library itself brands as new innova-
tive materials and applications at the cutting edge of
development. Extra interesting is the New Arrivals Wall,
displaying samples of the latest news in materials

Matério, Paris, is the next material library of significance.
This library is also privately owned. It has a commercial
website allowing access to a database of their entire cata-
log and search tools. Physically, the library has 400 square
meters of showroom shelving exclusively for textiles and
some 2500 materials.

Innovathéque in Paris is a commercial material library
that is owned and operated by the French wood and fur-
niture industry. It focuses mainly on new materials.

Kuopio Academy of Design, Finland was one of the
first material libraries when it was founded in 1994. It is
linked to education and has an ambitious approach, both
digitally and physically.

Materialbiblioteket in Stockholm is run by University
College of Arts Crafts and Design, and is a separate
library from the other school library. In order to do every-
thing right from the very start, the founders of this library
studied the world market for various material libraries
carefully.

Designarkivet in Pukeberg, Nybro. Sweden. The archive
premises, 1300 square meters in all, consists of an open
plan office, research room, library, archives, photographic
studio, conservation studio and an exhibition hall of of
300 square meters.

Material Works based in Frankfurt and Berlin is a very
well built material library. Materialbiblioteket in Stock-
holm acts as a Swedish agent for this German library. The
system is very ergonomic with materials on sheets, stored
in boxes.

IDEO is a chain of offices over the world with headquar-
ters in San Francisco. IDEQO’s intranet holds a catalog of
materials that is simple, clear and practical. Information
given in addition to the neat description of the material

is cost, supplier, the size of the sample, instruction how
to visualize the material in the best way. If the material

/ sample is used in the project, the opportunity to com-
ment and link to the manufacturer is a useful and creative
feature.

Central Saint Martins College of Art & Design in

London has ambitiously collected producer and supplier
information with plant samples.
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Taking the process one step ahead

A presentation of materials may be good. Visualization of
ready-made products is even more exciting. When look-
ing to spark product development processes, a booster
that makes the inspiration begin to flow is very useful.
We collect interesting products and present them in an
exhibition. There we can study developments taking place
in different stages, such as product, finishing, material
design, yarn, and fiber.

The next step is to develop a database that can handle
the information at those levels. It should facilitate search-
ing both horizontally and vertically. This is the next step
for our Textile Material Library, a never-ending process
that has just begun at The Swedish School of Textiles in
Boras.

Fluorescent and light emitting plastic held against a solar panel.
Photo Jan Berg
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Bringing active functions
to fibres

Martin Straat
martin.straat@hb.se

Imagine a smart garment where sensors, switches and actuators are no longer
push-buttons from the electronics industry but actual textile fibres.

This thought may not be so far fetched. Creating electroactive components in
single fibres is now possible by for example using the increasing knowledge
of nanocomposites. Plastics mixed with carbon-based fillers, such as carbon
nanotubes, graphene and carbon black can conduct electricity. By manipulating
the plastic materials and their structures, new materials can be created which
can react to its environment, for example by changing its reflective properties
or physical shape upon the application of an electrical current. Putting these
kinds of functions into fibres and textiles opens up new and exciting challenges.

(Sensors)  yije Actuators)

mOI’I

Additional Value

Fig.1 A so-called “smart textile” is a textile which uses sensors and/or actuators for a higher
degree of functionality, thereby adding value to the textile.
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The Lef-tex project

In the Lef-tex project, further steps are taken towards
developing new lightweight and functional fibres, textiles
and layers. This new generation of smart fibres will make
it possible to create smart functions in textiles which have
much more in common with traditional textiles than the
previous solutions. Participants from Chalmers Univer-
sity of Technology, Swerea IVF, Imego Institute, Russian
Academy of Sciences and University of Boras are joining
forces to push the boundaries of the realm of smart tex-
tiles. Funding is provided by the Swedish Foundation for
Strategic Research.

In its first year, several interesting results have appeared.
The prerequisites for producing piezoelectric fibres made
from the polymer poly(vinylidene fluoride) (PVDF) has
been the outcome of a collaboration between University
of Bords, Swerea IVF and Imego institute. The initial trials
were made on a small-scale apparatus. Test trials on a
larger scale have begun and the preliminary results are
promising. One problem with piezoelectric fibres made
from PVDF is that a conductive layer is required in order to
get the poles. At Swerea IVF, research on melt spinning of
conductive nanocomposites has shown the influence of
processing on the conductivity when nanocomposites are
drawn to fibres. Limitations with this technique as well

as possible solutions using bicomponent technology have
been described in two scientific publications. The findings
together with the articles have also been published in a
PhD- thesis presented in June 2010.

Fiberspinning using bi-component technology

The bicomponent technology is a key factor in the chase
for fibers which display some kind of electroactivity . It
means that two materials with completely different prop-
erties can be spun together into the same fibre. Figure 2
shows a sheath-core fibre, cast in an epoxy matrix, with
a strong material (polyamide) in the sheath and a con-
ductive material in the core. The fibre feels like a normal
nylon fibre but it has certain conductive properties.
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Using the conductive material to develop heat or moni-
toring the conductivity in order to detect changes in the
surroundings are typical examples of electroactivity in
textiles.

16rm GO0

Fig 2. Sheath-core structure of a bicomponent fibre.
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A fibre-sensor could be made if the conductive material
changes its resistive behaviour due to some stimuli (tem-
perature or a certain targeted chemical). These kinds of
fibre sensors would have a faster response time compared
with for example film sensors due to their high surface
area (high uptake) and small thickness of the active layer
(short penetration time).

The bicomponent fibre spinning process is described in Pl
Figure 3, where the material is melted and fed from two

extruder pumps (1) into a so-called spinneret (2) where the @
two fluids are combined in a way so that when they exit

from the spinneret through a section with small (0.6 mm) |

holes, called the die, the fibres already have the sheath-

core structure. What follows next is the melt drawing (3) ) @
which is where the 0.6 mm plastic strands exiting the die

are turned into thin fibres. The reduction in thickness is 2 3

decided by the speed of the godet (4), the rotating wheel B 6
which draws down the fibres. By stretching the drawn @
fibres, in what is called the cold-drawing section (5), the

properties of the fibres change radically. Strength for

example, can typically increase by a factor of 10 or more

if plastics such as polyamide or polyester (PET) are used.

Our research shows that cold-drawing unfortunately also

reduces the conductivity of this type of fibres as well. Last

of all, the fibres are wound up on a bobbin (6).

Figure 3. Schematic description of the bicomponent fibre spinning
process. The difference between bicomponent versus conventional fibre
spinning can be found in steps 1-3.
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An international conference,
and exhibition, which welcomes
researchers and artists/designers/
architects to the University of
Boras 28-30 November 2011.

Call for conference and
exhibition participation
- First call

WELCOME TO AMBIENCE 11
...where art, technology and design meet

The Ambience conference focuses on the intersections and interfaces between
technology, art and design. The first international conference in the Ambience
series was held in Tampere, Finland in 2005. In Tampere 2005 the basic theme
was "“Intelligent ambience, including intelligent textiles, smart garments, intel-
ligent home and living environment”. In Boras 2008 it was “Smart Textiles

— Technology & Design” and in Boras 2011 it will be the new expressional
crossroads where art, design, architecture and technology meet; digital archi-
tecture, interaction design, new media art and smart textiles.

With a foundation in artistic practice the conference will be organized as a
meeting place where art, design, architect and technology communities can
come together to discuss and share ideas on the interfaces between art and
technology development; a place where art, design, architecture and technol-
ogy can meet and interact, to inform each other, and to bring new ideas back
to their own community.

The conference will include sessions for paper presentations as well as an exhi-
bition for the presentation of art, design and architectural work.

We welcome contributions from the areas of art, design and architecture
where new technology plays a key role and also contributions from areas of
technology where focus is on applications in contemporary art, design and
architecture.

Keynote speakers will introduce discussions about, and critical reflections on,
the future development of the intersections between artistic practice and
technology. Concerts and performances will also display artistic perspectives
on modern technology.

The conference is organized by The University of Bords in cooperation with
Tampere University of Technology and is a part of the Smart Textiles Initiative
— www.smarttextiles.se
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Submitting

Extended abstracts of papers and exhibition proposals
should be submitted no later than:

April 12011.

Please visit the conference website for more information
and detailed instructions:

www.ambience11.se

Be sure to check the website for changes that may appear
as the submission deadline approaches.

Conference Chair

Lars Hallnas

The Swedish School of Textiles
University of Boras

Conference Organizing Committee Chair
Agneta Nordlund Andersson

The Swedish School of Textiles

University of Boras

Anne-Christine Andreasson
University of Boras

Therese Rosenblad Eriksson
The Swedish School of Textiles
University of Boras

Malin Hansson
University of Boras

Annika Hellstrom
Jagor Bild & Form

Hanna Landin
The Swedish School of Textiles
University of Boras

Heikki Mattila

Fibre Materials Science
Tampere University of Technology
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School of Photography

Faculty of Fine, Applied and Performing Arts
University of Gothenburg

Annika Karlsson-Rixon

School of Photography

Faculty of Fine, Applied and Performing Arts
University of Gothenburg

Jane Philbrick

Valand School of Fine Art

Faculty of Fine, Applied and Performing Arts
University of Gothenburg

Smart Textiles Chair

Linda Worbin

The Swedish School of Textiles
University of Boras

Zane Berzina
Textile/Surface Design
Art College Berlin-Weissensee

Barbara Layne
Department of Studio Arts
Concordia University

Vibeke Riisberg
Designskolen Kolding

Sara Robertson
School of Textiles and Design
Heriot-Watt University

Sabine Seymour
School of Fashion
Parsons The New School for Design

Exhibition, Concerts and Performances Chairs
Bjorn Nilsson
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Clemens Thornquist

The Swedish School of Textiles
University of Bords

Linda Worbin

The Swedish School of Textiles
University of Boras

Contact Ambience11: info@ambience11.se
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Contributors

Notes for authors

Refereeing

Submitted article manuscripts will be peer reviewed by at least two referees
appointed by editorial board. Article manuscripts can be either accepted as
submitted, accepted after requested major or minor modifications or rejected
by the editorial board. Submitted images of research objects will also be
scrutinized by experts appointed by and after the assessment, accepted or
rejected by the editorial board.

Submitted exhibition reviews and book reviews will be subjected to an
editorial assessment.

Free access publication

The journal will be published electronically, with free access, six months after
the publication date of the printed issue. The electronic version will be pub-
lished in the University of Boras institutional repository BADA (Boras Academic
Digital Archive) http:/bada.hb.se/ .

Guidelines - articles
- Submitted article manuscripts should be original articles, written in
English. They must not be published in the same form earlier or submitted

for publication elsewhere.

- The text should be submitted in two copies: one editable copy and one
non editable copy in appropriate file formats.

- Photos and other images should be supplied as separate files in an
appropriate file format.

- ltis the author’s responsibility to obtain the required approval from all the
parts involved: authors, photographers, artists and others.

- There is no page limit specified for contributions, but it is recommended
that the material is presented in a form that is succinct and attractive
to read.

- An abstract of not more than 250 words should be supplied as well as

5 essential subject keywords.
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A biography of 3-5 sentences for each author should
be supplied as a separate file.

References should preferably be in Harvard style
(the “name-year system”).

Harvard system:

Example, books

The reference:

(Finnane 2008, pp. 44-48)

In reference list:

Finnane, A. (2008). Changing clothes in China.
Fashion, history, nation. New York. Columbia
University Press.

Example, book chapters

The reference:

(Breward 2001)

In reference list:

Breward, Ch. (2001). Manliness, modernity and the

shaping of male clothing. In: Entwistle, J. & Wilson, E.

(eds.). Body dressing. Oxford. Berg, pp.165-181.

Example, journal articles

The reference:

(Studd 2002)

In reference list:

Studd, R. (2002). The textile design process.
The Design Journal, vol. 5:1, pp. 35-49.

Example 1, websites

The reference:

(Victorian and Albert Museum n.d.)

In the reference list:

Victorian and Albert Museum (n.d.). Fashioning
diaspora space.

[Online] Available at: http://www.vam.ac.uk

/ Research & Conservation

/ Research / Research Project: Fashioning Diaspora
Space [Accessed 19 April 2010].
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Example 2, websites

The reference:

(Scalway 2009)

In the reference list:

Scalway, H. (2009). Essay: Means and meaning.
[Online] Available at: http://www.vam.ac.uk/
collections/fashion/features/diasporas/movingpatterns/
essay1/index.html [Accessed 19 April 2010].

Guidelines - exhibition reviews and book reviews

For book reviews, bibliographic information should be
supplied: author(s), title, publisher and publication year.
For exhibition reviews, name of originator(s), title,
location and dates of the exhibition should be supplied.
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