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Self-actuated textiles & materials             
materials programmed to feel and react to  stimuli in their environment with a specific behaviour

Relatively new family of engineered materials 
that:

• Challenge traditional categorization of 
man-made artefacts (machine vs material)

• Challenge practice of textile and architec-
tural design  as they introduce time as a 
core dimension of their materiality

Colonise by Jane Scott 

Soft House, Kennedy & VIolich 



Time as a material for design               
From designing material behaviours to designing timescape 

Questionning 

(1) the temporal characteristics of the designed object or ma-
terial:
- how does it unfold in time
- at which pace and rythm
- through which typology and patterns of movements 

(2) the temporal experience or timescape designed through 
these materials 

Opte Project, 2003, mapping the entire internet in a day



Sustainability: a conflict of timescape      
resulting from the imposition of industrial time over natural rythmicities (cf B. Adam)



Gossamer Timescapes
Designing Self-actuated Textiles 
for the Home PhD Thesis by Aurélie Mossé

Centre for IT & Architecture,
Royal Danish Academy of Fine Arts, 
School of Architecture & Conservation
Copenhagen, Denmark, 2014

Gossamer Timescapes                
exploring the cultural/poetic potential of smart textiles for the home by developing embodied scenarios mixing fragments of reality and fiction  

Light-responsive experiments 

Electro-active experiments 



an application-led in-
vestigation allowing 
interfacing with real 
world problems and 
constraints

a design-led inves-
tigation allowing 
speculative inquiry, 
theorisation and the 
setting out of design 
criteria

Conceptual Probe

Material Probe

a materially-led in-
vestigation allowing 
exploratory testing, 
of craft and material 
behaviour. The prot 
type answers and 
develops the design 
criteria ofthe concep-
tual probe

Immersive Probe

Material Tales                   
material evidences as a process of investigation rather than a finite object or application



Sick building                   
Early stimulus for the research understood as  manifestations of a culture of deterritorialisation

sick building syndrome: series of 
ailment affecting the inhabitant of 
a building characterised with poor 
indoor environment quality: inad-
equate ventilation or air pollution. 

Extension of Ecole Nationale des Arts Décoratifs, Paris by Philippe Starck, 1998



Interactivity vs interconnectivity              
how smart textiles can contribute to a culture of interconnectivity 

Earth-bounded temporality

Time as variable, impredictible,  irreversible and 

embodied concept

A set of experiences concerned with local time 

based on earth-life dependances

Inheritance of ecological conceptions of time 

vehicled by the concrete and contextualised 

temporality of biological clocks

Selgas Cano offices 
iFrame by Olivier Irschitz & Peyote Cross Design Concepts

Technology-driven temporality

Time as invariable, predictable, reversible and 

universally applicable concept

A set of experience essentially concerned with a 

user-oriented time space based on human machine 

dependences.

Inheritance of mechanical conception of time vehicled 

by the abstract and decontextualised temporality of 

the clock.



Photovoltaic Mashrabyia                 
designing a textile membrane changing shape and producing electricity according to solar rhythms

Traditional islamic mashrabiya The Photovoltaic Mashrabyia by Aurélie Mossé



Photovoltaic Mashrabyia                 
Exploring energy-harvesting designs based on thin film photovoltaics

Designing & testing a soft electronic circuit based on tessellations with thin films photovoltaics 2009, by Aurélie Mossé

Research of tessellations, 2009, by Aurélie Mossé



Photokinetic Textiles                  
Investigating liquid crystals for light-induced shape change, collaboration with TUe Eindhoven  

Change in order gives dimensional change 

Courtesy Casper van Oosten Raw  light reactive liquid crystal





Photovoltaic Mashrabiya                 
Designing textiles changing shape with light 

36 
 

Different textile materials  
As discussed in chapter 4.2 three different textile materials were used to make the textile-polymer 
composite: polyolefin, polyester and nylon. All three materials seemed compatible with the liquid 
crystalline materials and the adhesion didn’t seem to differ on first inspection. We will show later that 
mechanical testing (see Chapter 4.7) shows that the polyolefin textile did not have as good adhesion as 
the other textiles, but this was not of influence on the bending. The characteristic that did have an 
influence on the bending behaviour seemed to be the fibre density of the textiles, which is expressed by 
their weight by area. The polyolefin, polyester and nylon materials have weights of respectively 30, 60 
and 70 gr/m2. The bending of the samples is shown in Figure 47.  

 

Figure 47: Bending of samples with different textile materials 

These pictures were taken during the second cycle of illumination. At the start of the first cycle the 
samples were more or less horizontal but they didn’t revert back totally when the UV-light was turned 
off. This can be caused by relaxation effects, e.g. due to residual polymerization stresses in the polymer 
layers or polymerization-induced diffusion effects during photopolymerization under strong UV gradient 
conditions as caused by the presence of the azo compound. When left in the dark after the second (and 
subsequent) illumination steps the films would move back to their starting shapes (of those runs) quite 
quickly as shown by the pictures on the right, which were taken after the UV-light had been turned off 
for twenty seconds.  
The first thing to notice is that the bending of these samples is much better and faster than the samples 
with an orientation of both layers, as was already mentioned in the previous section. The graph of one 






Photovoltaic Mashrabiya                 
By-passing the need for electronics in the actuation of shape-changing textiles 

Liquid crystal polymer technology       
Potentials

UMTS    experiment

Complex morphing (TUe and partners)   

Surface relief (TUe and Brown University) 

Inkjet printed and responding to different light 
wavelength (Casper van Oosten, TUe)  

from film to yarn  (nanoforce)    

Courtesy Dick Broer
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Reef                  
designing a self-actuated ceiling changing with the wind 

Active behaviour 

Passive behaviour 






Energy minimization for self-organized structure formation and actuation
Guggi Kofoda� and Werner Wirges
Applied Condensed Matter Physics, University of Potsdam, Am Neuen Palais 10, 14469 Potsdam, Germany

Mika Paajanen and Siegfried Bauerb�
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An approach for creating complex structures with embedded actuation in planar manufacturing steps
is presented. Self-organization and energy minimization are central to this approach, illustrated with
a model based on minimization of the hyperelastic free energy strain function of a stretched
elastomer and the bending elastic energy of a plastic frame. A tulip-shaped gripper structure
illustrates the technological potential of the approach. Advantages are simplicity of manufacture,
complexity of final structures, and the ease with which any electroactive material can be exploited
as means of actuation. © 2007 American Institute of Physics. �DOI: 10.1063/1.2695785�

Electromechanically active polymers.1–5 are lightweight
materials that convert electrical into mechanical energy.
They are ideally suited for artificial muscles in biomimetic
robots.6 The design of active structures �robots� based on
actuators follows an approach in which a passive skeletal
structure composed of rods and joints is augmented by ac-
tuators, which apply force to the skeleton, such that it
changes its shape. We present an approach to robot design
that takes advantage of a principle of structure formation
based on the minimization of free energy. It relies on planar
manufacturing steps only: a prestretched elastomer sheet is
combined with an elastic frame, resulting in complex out-of-
plane structures.

An elastomer consists of a highly entangled and cross-
linked network of polymer chains �Fig. 1�a�� with large con-
figurational entropy, and thus low free energy. Upon stretch-
ing of the elastomer, the chains are elongated, thus lowering
the configurational entropy and raising the free energy �Fig.
1�b��. The stretched elastomer combined with an elastic
frame gives rise to complex structures �Fig. 1�c��, because
the energy released from the contracting elastomer is par-
tially stored as bending energy in the frame. The simulta-
neous minimization of these two energy contributions pro-
vides the driving force towards the establishment of a
unique, complex structure. The addition of an external stimu-
lus allows the self-organized system to change its configura-
tion, and thus to actuate �Fig. 1�d��. This can be achieved
with a third energy contribution, which couples the elastic
energy of the frame with the free energy of the elastomer,
such that a new energy minimum with a different structural
configuration is established.

The proposed technology platform rests on the principle
of minimal surfaces7 found everywhere in nature, for in-
stance, in the highly complex shape of soap films trapped
within fixed boundaries. The beauty of such structures is
evident, serving as toys for children, as well as inspiration
for artists and architects.8

The principle of complex structure formation and actua-
tion due to minimization of free energy is substantiated with

a model actuator, shown in Fig. 2. It consists of a sheet of
stiff plastic bent into a shell, to the ends of which a sheet of
elastomer is attached. Compliant electrodes are applied to
both sides of the elastomer sheet, forming an elastomeric
capacitor �dielectric elastomer actuator� driven by Maxwell
stress.9 Actuators based on this principle are known to un-
dergo large actuation strains.1

The analytical model of this structure is based on the
energy stored in the bending beam, Ubeam, and the free en-
ergy of the elastomer, Uelast. The energy in the freely jointed
chain model in its Gaussian limit10 is

Uelast��1� = x1�x2�x3�
1

2
G��1

2 + �1
−2 − 2� , �1�

where x1�, x2�, and x3� are the initial length, width, and thick-
ness of the rubber band, respectively, G is the shear modulus,
and �1 is the deformation ratio in the length direction. It is
assumed that there is no deformation in width ��2=1, pure
shear� and that the volume is constant ��1�3=1, correspond-
ing to a Poisson ratio of 1

2 �. As discussed in Ref. 10, the
Gaussian model provides reasonable agreement with most

a�Electronic mail: gkofod@uni-potsdam.de
b�On leave from: The Department of Soft Matter Physics, Johannes Kepler

University, Altenberger Str. 69, A-4040 Linz, Austria.

FIG. 1. �Color online� �a� Prestretched elastomer is combined with a frame
�b�, in a planar process �c�. Release results in large deformations through the
simultaneous release of entropic energy and storage of bending energy in the
frame. �d� Additional energy contribution results in actuation.

APPLIED PHYSICS LETTERS 90, 081916 �2007�

0003-6951/2007/90�8�/081916/3/$23.00 © 2007 American Institute of Physics90, 081916-1
Downloaded 26 Feb 2007 to 141.89.177.71. Redistribution subject to AIP license or copyright, see http://apl.aip.org/apl/copyright.jsp

(1) Energy-minimisation and self-organisation principles as morphogen-
esis and actuation principes (Courtesy Guggi Kofod, University Potsdam)

Electrical pressure on the elastomer results in 
the actuation of the mnimum energy structures

Self-actuated minimum-energy structures           
crafting dielectric elastomer composites for 3D shape change, collaboration with G. Kofod, Postdam University






Reef                      
Design the interactive setting 



Reef                      
expericencing material behaviours,  in collaboration with David Gauthier, CIID





Soft Matters Research group              
design-led research exploring the potential of new materials & technologies for the shaping of more resilient futures 
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