
W O R K S H O P

Designing 
with the 4th 
Dimension-Time
Challenges of Active / Reactive 
Shape Changing Materials

W E I S S E N S E E  A R T  A C A D E M Y  B E R L I N

T E X T I L E  &  S U R F A C E  D E S I G N 
E X P E R I M E N T A L  M A T E R I A L  R E S E A R C H

2 4 .   -   2 6 . 0 4 . 2 0 1 7



This booklet summarises the processeses and outcomes of 
the exploratory hands-on workshop with Shape Changing 
Materials,  which took place within the framework 
of the semester project As a Matter of Fact…  led by 
Prof. Dr. Zane Berzina in col laborat ion with the R&D 
Project smart materials satel l ites  under the direct ion of 
material  experts: 
	 Paula van Brummelen

	 Jul ia Danckwerth

	 Fel ix Grol l

and resulted in works by: 	 Char lotte Ackermann

	 Suzan Camlik

	 Al ice Chamberla in

	 Milan Fr iedr ich

	 Lena Ganswindt

	 Ol iver Hurdman

	 Minyoung Han

	 Olga Kuschchyk

	 Li ina Leo

	 Phi l ippa Lorenzen

	 Boram Park

	 Jack Randol

	 Kat ja Ri ley

	 Constance Vidala in

	 Junshen Wu

and the SYN Award |  sms winners:	 Wagehe Raufi

	 Charlett Wenig

 	 Q U E S T I O N N A I R E 	 	 Q U E S T I O N N A I R E 	



Contents
INTRODUCTION	 006

Workshop Topic	 006

Shape Changing Materia ls	 009

Quest ionnaires	 013

THERMAL SHAPE MEMORY ALLOYS	 016

Task	 016

SMA experiments	 018

Opinions & Quest ions	 032

ELECTRO ACTIVE POLYMERS	 036

Task	 036

EAP scenarios	 038

EAP experiments	 044

Opinions & Quest ions	 048

PIEZOCERAMICS	 052

Task	 052

PIEZO experiments	 054

PIEZO scenarios	 058

Opinions & Quest ions	 060

EPILOGUE	 064

Conclusion	 064

APPENDIX	 068

Quest ionnaire	 068

IMPRINT	 100



Introduction



Introduction
Workshop Topic

This workshop was a hands-on introduction to three specif ic 

Shape Changing Materials, so cal led smart materials: Thermal 

Shape Memory Al loys: SMA; Electro Act ive Polymers: EAP; 

Piezoceramics: PIEZO.

The workshop was based on two themat ic bases:

One of them was smart materia ls  satel l i tes*,  an ongoing 

mult idiscipl inary two-year R&D project (10/2016 - 01/2019) 

that aims to develop a communicat ion strategies for complex 

scient if ic topics through the employment of design methods 

and ar t i s t ic  research .  The Shape Chang ing Mater ia l s  a re 

introduced to the broader public through a series of engaging 

exhibit ions giving everybody access to knowledge about the 

mater ia ls and the opportunity to experiment hands-on with 

them in order to take part in the broader discourse around 

the new mater ia l  developments.

The other was the semester project led by Prof.  Dr.  Zane 

Berz ina,  As a  Matter  of  Fact…**  wh ich a imed at  tak ing 

material ity and experiment as the start ing point of the design 

process. Within this project students were developing own 

processes or systems that supported them in invest igat ing 

and reveal ing the funct ional,  aesthet ic, emotional and many 

of ten unexpected or  overseen qua l i t ies  of  mater ia ls .  The 

three  spec i f ic  Shape Chang ing Mater ia l s  were  examples 

taken from the var iety of exist ing mater ia ls .

The funct iona l  mater ia ls  have part icu lar  propert ies  which 

let  them stand out  amongst  the broad var iety  of  known 

mater ia ls .  I t  is  c la imed that they have the potent ia l  to open 

up a new world for design and might even help to address 

some of the important issues of our t imes.

Within the three-day workshop the idea was to take l i tt le 

steps towards understanding the selected mater ia ls better 

by hands-on exper imentat ion in order to gain an informed 

v iew on the subject  matter.  The a im was to exp lore  the 

mu l t i - senso r i a l  potent i a l  of  t hese  mate r i a l s  and  the i r 

poss ib le  per formances  by  man ipu lat ing  these  mater i a l s 

and integrat ing them into var ious structures and/or design 

scenar ios.

Part icipants were asked to fol low a scientif ic working agenda 

- without giv ing up a designers’  exper imental  approach to 

mater ia l  research. The workshop stages were as fol lows:

›› Introduct ion to the Shape Changing Mater ia ls

›› Hands-on exper imentat ion

›› Explorat ion of possible effects

›› Understanding of mater ia ls ’  propert ies

›› Examinat ion of mater ia ls ’  potent ia ls & l imits

›› Development of design concepts

›› I terat ive making & test ing of mock-ups

›› Documentat ion of the process & outcomes

›› Reflect ion and presentat ion

After the introduct ion to the materia ls the part ic ipants were 

asked to form three groups, each group focusing on one of 

the three Shape Changing Mater ia ls in order to faci l i tate a 

more intense working exper ience.

* The project is funded by the German 

Ministry of Educat ion and Research (BMBF) 

and part of the research consort ium smart3. 

Col laborat ion partners are: St if tung Bauhaus 

Dessau, Technische Sammlungen Dresden, 

SYN St if tung, Fraunhofer IWU Dresden, 

weissensee art academy ber l in.  More 

informat ion on the R&D-project can be 

found onl ine: www.kh-berl in.de > academy 

> research > smart3

** More informat ion on the semester project 

can be found onl ine: www.kh-berl in.de 

> studies > text i le and surface design > 

courses
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Shape Changing Materials

The start ing point for the workshop were the three specif ic 

funct ional mater ia ls :

›› Thermal Shape Memory Al loys (SMA)

›› Electro Act ive Polymers (EAP)

›› Piezoceramics (PIEZO)

T h e s e  a l l  a re  c u r re n t l y  b e i n g  i nve s t i g a te d  w i t h i n  a n 

interd isc ip l inary  smart  mater ia l s  research c luster,  named 

smart 3 |  mater ia l s  -  so lut ions  - growth* ,  funded by the 

German Ministry of Educat ion and Research (BMBF).

A lec tu re  about  the  ma in  charac te r i s t ics  and funct iona l 

pr inciples of the three Shape Changing Mater ia ls was held 

at  the  beg inn ing  of  the  workshop.  The  mate r i a l s  were 

demonstrated 1:1,  in exper imental  f i lms and by expla in ing 

their  funct ional pr inciple using animated i l lustrat ions*.

Selected case studies demonstrat ing the use of the materials 

were introduced to the workshop part ic ipants in order to 

address the wide range of possible applications: from visionary, 

performat ive  concepts  to  spec i f ic  techn ica l  app l icat ions . 

Even though these  a l l  a re  complex  h igh-tech  mater i a l s , 

coming direct ly from sc ient i f ic  research laborator ies,  they 

can be worked with on a Do-It-Yourself level .

EAP can easi ly be made by oneself,  PIEZO can be used and 

control led in combinat ion with Arduino. SMA can even be 

manipu lated on a st ructura l  leve l  - ‘ t ra ined’  to behave in 

dist inct manners.

The Shape Chang ing Mater ia l s  revers ib ly  undergo shape 

change when exposed to an energet ic st imulus (e.g.  heat, 

e lectr ic current, force).  Some even funct ion vice versa.

Those can convert the energy created through their  shape 

changing process into an energy output (e.g. l ight, electr ical 

s ignal ,  v ibrat ion).

On the fol lowing pages there are schemat ic i l lustrat ions of 

the funct ional pr inciples of:

›› Thermal Shape Memory Al loys: SMA

›› Electro Act ive Polymers: EAP

›› Piezoceramics: PIEZO

* More informat ion on smart3 I  mater ia ls - 

solut ions - growth can be found onl ine: 

www.smarthoch3.de

* Al l  informat ion mater ia l  including DIY 

tutor ia ls can be found onl ine: www.st4sd.de

M   e l a s t i c  P I E ZO  c o nve r te r N   s e l f - m a d e  E A P  a c tu a to r s

O   S M A s h e et

P   P I E ZO  raw  m ate r i a l

Q   L a b - m a d e  E A P  a c tu a to r s

R   P I E ZO  raw  m ate r i a l S   S M A s p r i n g s

T   P I E ZO  a c tu a to r U   s i m p l e  P I E ZO  p l a te

V   E A P  s t a c k i n g  a c tu a to r W   S M A w i re 

X   S M A ro d s  a n d  w i re s
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ENERGETIC STIMULUS CHANGE OF SHAPE
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G E N E R A L  F U N C T I O N A L  P R I N C I P L E  O F  T H E  S H A P E  C H A N G I N G  M AT E R I A L S

O V E R V I E W :  E N E R G Y  C O N V E R S I O N S  O F  T H E  S H A P E  C H A N G I N G  M AT E R I A L S

S M A  A C T U AT O R
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Questionnaire: Day I

1. 	 Which (sensory) character ist ics 

do the three funct ional mater ia ls 

have?

2.	 What is „smart“ about these 

mater ia ls?

3.	 What is cr i t ica l  about these 

funct ional mater ia ls?

4.	 In which context do you see 

specia l  potent ia l  for these 

mater ia ls? Why?

5.	 Do smart mater ia ls in comparison 

to the, so cal led, convent ional 

mater ia ls offer advantages for 

design? Yes, no, which and why?

6.	 Which of the three funct ional 

mater ia ls do you wish to explore 

further? Why?

Questionnaire: Day III

1. 	 What was surpr is ing about 

working with the mater ia l?

2.	 Which (sensory) character ist ics 

does the funct ional mater ia l  have?

3.	 What is smart about the mater ia l?

4.	 What is cr i t ica l  about the 

funct ional mater ia l?

5.	 In which context do you see 

specia l  potent ia l  for the mater ia l? 

Why?

6.	 Does this smart mater ia l  in 

comparison to the, so cal led, 

convent ional mater ia ls offer 

advantages?

7.	 Would you be interested in 

further explor ing one of the three 

funct ional mater ia ls? Yes or no and 

why is that?

8.	 Which aspects about this mater ia l 

should mater ia ls research address 

in the future?

9.	 Why do you think this mater ia l  has 

not been used very often?

Questionnaires

In order to gain insights of the part ic ipants’ ideas, quest ions, 

d iff icult ies and opin ions on the topic,  they were asked to 

answer a few quest ions. Some beforehand their own hands-

on explorat ion phase, some - afterwards.

Both questionnaires dealt with the evaluation of the materials’ 

p roper t ies ,  the i r  supposed ly  c r i t i ca l  aspects ,  p resumed 

potent ia ls and advantages in comparison to the, so cal led, 

convent ional mater ia ls .

The aim was to compare the young designers’  expectat ions 

about the mater ia ls pr ior to the hands-on exper imentat ion 

sessions with their  opinions after actual ly exper iencing the 

mater ia ls direct ly through making.

For the second questionnaire the perspective was broadened 

by add ing quest ions  concern ing mater ia l  research .  They 

were asked to formulate a wish to the mater ia l  sc ient ists 

regarding aspects of the mater ia ls  that are needing c lose 

attent ion in the future in order to improve these mater ia ls ‘ 

propert ies.  Or to ident ify the reasons why those mater ia ls, 

despite their  specia l  character ist ics,  have not yet reached 

the status of being ful ly included into the designers’  basic 

set of mater ia ls .

Selected statements,  issued by the workshop part ic ipants, 

can be found in the relevant mater ia ls ’  chapters.
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Thermal Shape Memory Alloys



Thermal Shape 
Memory Alloys
Task

M AT E R I A L  E X P E R T

Paula van Brummelen

PA R T I C I PA N T S

Milan Fr iedr ich,  Minyoung Han,  Ol iver  Hurdman,  Ph i l ippa 

Lorenzen, Boram Park, Junshen Wu, Char lett Wenig

Working hands-on 
with SMA

During the process of developing concepts with SMA as kinetic actuators, 

there often occur discrepancies between the expectat ions a designer has 

towards the mater ia l  and its actual  capabi l i t ies and propert ies.  In many 

cases, where SMA is integrated, it is only ut i l ised due to its minimal need 

for space and therefore ‘ just ’  to replace bigger/more complex actuators 

(e.g. smal l  e lectro motors) .  The many other posit ive character ist ics of 

this funct ional mater ia l  are over looked and/or disregarded.

For th is  reason the focus of the SMA workshop was put on a hands-

on,  exper imenta l  and spontaneous examinat ion of  the mater ia l .  The 

part ic ipants learnt in an instant and direct manner about the potent ia ls 

and the diff icult ies one can have when working with SMA by integrat ing 

‘untrained’ and ‘trained’ SMA spring actuators in f lexible structures. They 

learned to ‘tra in’  the mater ia l  and to tr igger i t  with microcontrol lers.  By 

doing so, they got to know not only the technical  parameters but a lso 

the performat ive qual i t ies of SMA.

The knowledge the part ic ipants gained dur ing the workshop is thought 

to be a foundat ion from which more complex and innovat ive concepts 

with Shape Memory Al loys can evolve in the future.

Paula van Brummelen is Designer and 

Researcher at weißensee art academy ber l in 

working on the mult id isc ipl inary R&D project 

SoundAdapt. More Informat ion can be found 

onl ine: www.kh-berl in.de > academy > 

research > smart3

M   to o l s ,  u te n s i l s  a n d  e l e c t ro n i c  e q u i p m e nt  n e e d e d  fo r  ‘ t ra i n i n g ’  t h e  S M A w i re s
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SMA experiments

I.  inact ivated mock-ups of var ious mater ia ls 

and geometr ies.

I I.  -   I I I.  tr igger ing movement through heat ing 

up the SMA actuator by apply ing low voltage.

29. circular leather 
with ‘untrained' 

stitched actuator

30. circular leather 
with ‘untrained’ 

stitched actuator

31. folded plastic 
rectangles, actuated 

diagonally

32. folded plastic 
rectangles, l inear 

spring actuator

Due to the structures and 

mater ia ls the mock-ups 

are bui l t  of,  the actuators, 

after having reached 

their  ‘ tra ined’ shape, are 

returning back to their 

start ing posit ion (without 

any manual help) in order 

to repeatedly perform the 

shape memory effect.

I .    I I .    I I I .    

I .    I I .    I I I .    

I .    

I .    

I I .    

I I I .    

IV.    

V.    
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33. elastic sheet with 
centric spring actuator

34. elastic sheet 
with ‘untrained’ 

wire that shortens

35. paper shape 
with contracting 

spring actuator

36. three wooden 
veneers with two 

spring actuators

I.  inact ivated mock-ups of var ious mater ia ls 

and geometr ies.

I I.  -   I I I.  tr igger ing movement through heat ing 

up the SMA actuator by apply ing low voltage.

Due to the structures and 

mater ia ls the mock-ups 

are bui l t  of,  the actuators, 

after having reached 

their  ‘ tra ined’ shape, are 

returning back to their 

start ing posit ion (without 

any manual help) in order 

to repeatedly perform the 

shape memory effect.

I .    

I .    

I .    

I .    

I I .    

I I I .    

IV.    

V.    

V I .    

V I I .    

V I I I .    

T h e r m a l  S h a p e  M e m o r y  A l l oy s 	 S M A  E X P E R I M E N T S 	

0 2 0

T h e r m a l  S h a p e  M e m o r y  A l l oy s 	 S M A  E X P E R I M E N T S 	

0 2 1



37. paper origamy 
structure with 

spring actuator

38. paper origamy 
structure with 

spring actuator

39. ‘untrained’ 
wire that straitens 

when actuated

40. flexible sheet 
with piercing 

spring actuator

I.  inact ivated mock-ups of var ious mater ia ls 

and geometr ies.

I I.  -   I I I.  tr igger ing movement through heat ing 

up the SMA actuator by apply ing low voltage.

Due to the structures and 

mater ia ls the mock-ups 

are bui l t  of,  the actuators, 

after having reached 

their  ‘ tra ined’ shape, are 

returning back to their 

start ing posit ion (without 

any manual help) in order 

to repeatedly perform the 

shape memory effect.

I .    

I .    

I .    

I .    

I I .    

I I I .    

IV.    

V.    

V I .    

V I I .    

V I I I .    

IX .    
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41. woolen shape 
with spring actuator

42. elastic sheet 
folded with 

spring actuator

43. elastic sheet 
folded with piercing 

spring actuator

44. elastic sheet 
with cut-outs and 

spring actuator

I.  inact ivated mock-ups of var ious mater ia ls 

and geometr ies.

I I.  -   I I I.  tr igger ing movement through heat ing 

up the SMA actuator by apply ing low voltage.

Due to the structures and 

mater ia ls the mock-ups 

are bui l t  of,  the actuators, 

after having reached 

their  ‘ tra ined’ shape, are 

returning back to their 

start ing posit ion (without 

any manual help) in order 

to repeatedly perform the 

shape memory effect.

I .    

I .    

I .    

I I .    

I I I .    

IV.    

V.    

V I .    

I .    I I .    I I I .    
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45. l inear elastic 
sheets with spring 

actuators

46. round foam 
structure with centric 

spring actuator

47. wood veneer 
with stitched 

‘untrained’ actuator

48. elastic circular 
shape with linear 

spring actuator

I.  inact ivated mock-ups of var ious mater ia ls 

and geometr ies.

I I.  -   I I I.  tr igger ing movement through heat ing 

up the SMA actuator by apply ing low voltage.

Due to the structures and 

mater ia ls the mock-ups 

are bui l t  of,  the actuators, 

after having reached 

their  ‘ tra ined’ shape, are 

returning back to their 

start ing posit ion (without 

any manual help) in order 

to repeatedly perform the 

shape memory effect.

I .    

I .    

I .    

I .    

I I .    

I I I .    

IV.    

V.    

V I .    

V I I .    

V I I I .    

IX .    
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49. l inear actuator

50. straws with 
linear actuators

51. folded paper 
with spring actuator

52. l inear elastic 
sheet with spring 

actuator

I.  inact ivated mock-ups of var ious mater ia ls 

and geometr ies.

I I.  -   I I I.  tr igger ing movement through heat ing 

up the SMA actuator by apply ing low voltage.

Due to the structures and 

mater ia ls the mock-ups 

are bui l t  of,  the actuators, 

after having reached 

their  ‘ tra ined’ shape, are 

returning back to their 

start ing posit ion (without 

any manual help) in order 

to repeatedly perform the 

shape memory effect.

I .    

I .    

I .    

I .    

I I .    

I I I .    

IV.    

V.    

V I .    

V I I .    

V I I I .    
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53. wood veneer 
with stitched 

‘untrained’ actuator

54. textile structure 
with linear actuator

55. elastic film 
with piercing 

linear actuator

56. elastic film 
with diagonal 

spring actuator

The fabr ic of mock-up 

27 does not have enough 

tension to stretch back the 

SMA wire in i ts start ing 

possit ion after contract ion. 

Therefore the SMA needs 

to be manipulated manual ly 

in order to funct ion again.

I.  inact ivated mock-ups of var ious mater ia ls 

and geometr ies.

I I.  -   I I I.  tr igger ing movement through heat ing 

up the SMA actuator by apply ing low voltage.

Due to the structures and 

mater ia ls the mock-ups 

are bui l t  of,  the actuators, 

after having reached 

their  ‘ tra ined’ shape, are 

returning back to their 

start ing posit ion (without 

any manual help) in order 

to repeatedly perform the 

shape memory effect.

I .    

I .    

I .    

I .    

I I .    

I I I .    

IV.    

V.    

V I .    

V I I .    

V I I I .    

IX .    
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Opinions & Questions

Pros & Cons after three 
days of exploration

‘…the s t rength of  the spr ing i s  incred ib le ! ’

‘… is  i t  poss ib le  to  increase 
the shr inkage of  5%?’

‘…what  process ing techno log ies  are  ava i l ab le 
for  SMA? How can they be connected to 

other  mater ia l s  or  among each other? ’

‘…combin ing SMA with  text i le  techno log ies 
to  process  them as  ‘yarns ’  seems very 

promis ing.  Unfortunate ly,  i t  i s  too 
expens ive  to  produce whole  kn i t ted 

or  woven fabr ics  at  the moment . ’

‘…the poss ib i l i ty  of  t r igger ing the shape 
memory ef fect  by us ing the sor round ing 
temperature  i s  very  interest ing in  terms 

of  eco log ica l  and ressource sav ing 
aspects .  I s  there  a  way of  improv ing 

the funct iona l i ty  of  those potent ia l s? ’

‘…the s low and organ ic 
movement  i s  magica l ! ’

‘… is  i t  poss ib le  to  ‘program’  the a l loy 
for  i t  to  deform aga in  by i t se l f  af ter 

hav ing reached the memor ised shape? ’

‘…there are  too many cab les  and e lect ron ics 
necessary  to  act ivate  the shape memory 
ef fect  in  a  contro l led and spec i f ic  way. ’

‘… is  i t  poss ib le  to  ‘ t ra in’  a  SMA with 
var ious  shapes and temperatures 

wi th in  the same p iece? ’

Working hands-on 
with SMA

Process & Presentation

N   m ov i n g  S M A e n s e m b l e

O   ex p e r i m e nta l  d e m o n s t ra to r s P   p re s e n ta t io n
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Electro Active Polymers



Electro Active 
Polymers
Task

M AT E R I A L  E X P E R T

Jul ia Danckwerth

PA R T I C I PA N T S

Suzan Camlik, Al ice Chamberla in, Olga Kuschchyk, L i ina Leo, 

Kat ja Ri ley, Constance Vidala in, Wagehe Raufi

Working hands-on 
with EAP Sensors

The star t ing po int  for  the par t ic ipants ’  own examinat ion 

was a br ief introduct ion about what EAP sensors are, what 

character ist ics they show and how they can be integrated 

into design concepts.

The f i rst task was to conceptual ise and visual ise appl icat ion 

scenarios that use the sensor and actuator propert ies of EAP.

In  a  nex t  s tep  own EAP sensors*  were  fab r i ca ted  and 

integrated into text i les to create (free) shapes in order to 

use their  sensor-propert ies in different manners.

Ideas for interact ion scenar ios and methods of processing 

EAP as a material (e.g. though processes of weaving, bonding, 

knitt ing, etc.)  were gathered dur ing the brainstormings.

D u r i n g  t h e  f u r t h e r  i nve s t i g a t i o n  p h a s e  E A P s  m a d e 

profess ional ly  in a sc ient i f ic  lab** were introduced to see 

the working pr inc ip le and to art iculate demands to future 

mate r i a l  resea rch  f rom a  des igne rs ’  pe r spec t i ve.  Ideas 

regarding aspects such as ergonomics, perforat ion, contact 

with the skin, colour, surface and shape were col lected.

Dur ing  the  exper imenta l  p rototyp ing  s tage,  the  e lec t r ic 

impulses,  the EAP sensors detect,  were processed v ia an 

Arduino. Visual isat ions were made from the data and put in 

relat ion to the f i rst ly formulated scenar ios.

* DIY informat ion mater ia l  can be found 

onl ine: www.st4sd.de

** provided by Fraunhofer-Inst itue CesMa

Jul ia Danckwerth is Designer and Researcher 

working on conceptual text i les which 

recognise fashion as a new kind of interface. 

More Informat ion can be found onl ine: 

www.danckwerth.com

Q   f i l m  s t i l l  o f  a n  E A P  s e n s o r  t e s t i n g
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EAP scenarios

With a focus on the mater ia l  propert ies, f i rst 

appl icat ion ideas were sketched and visual ised 

in mock-ups. The character ist ics of EAPs, 

which the fol lowing concepts are addressing 

are: softness, high f lexibi l i ty,  shape changing 

possibi l i t ies as wel l  as the actuat ion and 

sensor ia l  funct ional i t ies.

Part icipants were asked to develop use cases and 

appl icat ions for EAPs as sensors or actuators:

S C E N A R I O  1

This idea shows EAP as an actuator, which 

changesits shape and along that the shape of 

the text i le.

S C E N A R I O  2

In this concept the sensor is integrated in 

the process of felt ing. In this way the EAP is 

hidden in a soft mater ia l ,  which can measure 

the pressure.

S C E N A R I O  3

The mock-up shows a measur ing device for 

pressure, in an aesthet ic way, which st imulate 

theuser to interact with mater ia l .  The shape is 

f i l led with l iquid. The intensity of the pressure 

can be measured, the playful  concept could 

be a mot ivat ion to tra in f ine motor ski l ls 

of pat ients in therapy.  This task a l lowed 

for an open and exper imental  approach to 

the conceptual isat ion of appl icat ions and 

processing methods on the basis of EAPs. 

The goal was to leave aside al l  technical 

restr ict ions and boundar ies in order for new 

concepts ar ise. In the second step, these can 

be combined and adjusted to the status quo of 

the technological  s i tuat ion. Such an approach 

enables the designers to sketch scenar ios, 

which are current ly not possible but verbal ise 

important demands to the mater ia ls .  This 

might inf luence the direct ion of future mater ia l 

development and research.

17. interwoven 
EAP stripes

18. EAP integrated 
in a felt surface

19. multi-sensorial 
EAP sensor

I .    
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IV.    V.    
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S C E N A R I O S  6  &  7

These concepts focus on the actuat ion and 

high shape changing propert ies of EAP. The 

f lexibi l i ty of the polymer f i lm are the basis for 

these i l lustrat ions.

S C E N A R I O S  8   -   1 0

For those ideas EAP is used for i ts sensor ia l 

qual i t ies and relate to the human body in 

different contexts.

Sensory Environment  
Research has shown that individuals 
with sensory disabilities can and tend to 
self harm for stimulus. To avoid this, a 
sensory environment could be created. 
Floor tiles could be made from EAP’S 
which sense pressure (when stood on or 
pressed) and could light up or produce 
sounds. Swings and ropes hanging from 
the ceiling  could be made from a 
stretch EAP which when pulled and 
stretched, would trigger a sensor to 
produce smells, sounds, visuals. This  
sensory environment would hopefully 
keep senses stimulated. 

Inspiration: Lotus flower reacting to the sunlight

Concept: To creat a lamp, which reacts to light. While turning the light on the flowers opens, while turning the light off 
the flower closes itself. 

Light off

Night Opening Day

Light on Liina Leo

Temporary Splint  

In emergencies, electroactive 
polymers could be used to wrap 
around a broken limb which 
when attached to a battery would 
harden to create a temp splint/
cast. Useful for walkers/skiers/
climbers as it would be 
lightweight and easy to carry on 
their adventures. 

Smart Shoes 
Smart shoes could help 
those who have broken 
their legs/foot/hip etc to 
learn to walk again. It is 
hard to know how much 
pressure to place on to this 
area, therefore, the shoe 
could tell you if you are 
putting the correct amount 
of pressure, too much or 
too little on the affected 
muscle/limb/bone by 
using pressure sensors in 
the insole and sole of the 
shoe.  
	

20   E A Ps  i n te g ra te d  a n d  c o m b i n e d  w i t h  d i f fe re n t  p ro c e s s i n g  te c h n iq u e s  s u c h  a s  3 D  p r i n t i n g

21   d i s c u s s i n g  id e a s  fo r  p ote n t i a l  E A P  a p p l i ca t io n s

2 2   u s i n g  t h e  s h a p e  c h a n g i n g  ef fe c t  o f  E A P  to  o p e n  a n d  c l o s e  a  s u r fa c e

2 3   t h e  f l ex i b i l i t y  o f  E A P  i n c re a s e s 
s h a p e  a d a pt i v i t y  a  s u r fa c e 24   m e d ica l  a p p l i ca t io n  fo r  E A P  s e n s o r s

25   i n t e g ra t io n  of  E A P  i n  a  t ex t i l e  s t ru c tu re 2 6   s t re t c h  s e n s o r  q u a l i t i e s  u s e d  fo r  c o m m u n ica t io n

E l e c t r o  A c ti  v e  P o ly m e r s 	 E A P  S C E N A R I O S 	

0 4 0

E l e c t r o  A c ti  v e  P o ly m e r s 	 E A P  S C E N A R I O S 	

0 4 1



S C E N A R I O S  1 1   -   1 4

The electrode surface on both s ides of EAP 

consist of a conduct ive mater ia l ,  usual ly black 

carbon powder and is spread evenly over the 

whole surface. These concepts show var ious 

patterns, with which the elastomer f i lm could 

be covered and therefore the shape changing 

and sensor ia l  propert ies would differ and be 

adjustable.

S C E N A R I O S  1 5  &  1 6

The sketches i l lustrate different ideas to 

ut i l ize the shape changing and electr ic energy 

producing propert ies of EAP.qual i t ies and 

relate to the human body in different contexts.

27   e l e c t ro d e  p i xe l  p a t te r n

2 8   e l e c t ro d e  s t r i p e  p a t te r n

29   e l e c t ro d e  p i xe l  p a t te r n  a c t i va te d

3 0   e l e c t ro d e  p a t te r n  i n  i n a c t i ve/a c t i ve  s t a te s

31   p o s s i b l e  u s e s  w i t h  fo c u s  o n  t h e  s h a p e  c h a n g i n g  q u a l i

32   s c e n a r io s  fo r  t h e  g e n e ra to r  fu n c t io n  of  E A P
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EAP experiments

D I Y  E A P  S T R E T C H  S E N S O R

Electro Act ive Polymer Sensors consist of a 

s imple combinat ion of mater ia ls .  The raw 

mater ia l  is  a highly f lexible, non-conduct ive 

polymer f i lm which is stretched and mounted 

on a frame to keep the tension. The f i lm then 

is covered with conduct ive powder (carbon 

black) on both s ides and electr ical  contacts 

are appl ied. This basic EAP converter can be 

ut i l ized as both - as sensor and as actuator. 

Due to the high voltage (≈ 5 kV) necessary to 

tr igger the shape changing effect, the EAP 

dur ing the workshop is used and explored 

for i ts ’  sensing propert ies only.  The sensor 

perceives very del icately and precis ley the 

changes on its surface when stretched. These 

data can be converted into screenbased 

graphics or other v isual izat ions.

11   u te n s i l s  t o  b u i l d  a n  E A P  c o nve r te r

1 2   s e l f - m a d e  s e n s o r

1 3   l e a r n i n g  by  d o i n g  a n d  fo l l ow i n g  t h e  s te p  by  s te p  tu to r i a l  (ca n  b e  fo u n d  o n l i n e :  s t 4 s d .d e)

1 4   by  s t re t c h i n g  t h e  E A P  f i l m ,  c h a n g e s  a re  s e n s e d ,  p ro c e s s e d  v i a  a  m ic ro c o n t ro l l e r  a n d  v i s u a l i z e d  i n  a  g ra p h

1 5   l a b - m a d e  s t re t c h  s e n s o r  by  F ra u n h ofe r  Ce s M a
16   s e l f - m a d e  s e n s o r s
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D I Y  E A P  S T R E T C H  S E N S O R

During the workshop every student bui l t  own 

sensor. By connect ing the sensor with an 

Arduino microcontrol ler one is able to measure 

the pressure. In image 7 the f inger deforms 

the sensor and the graph is changing. The 

sensor has a high sensit iv i ty.  In image 8 the 

sensor is pressed gently, the curve of the 

graph is softer.  When the pressure is stopped 

the curve lapses. Usual ly i t  takes a short t ime 

for self-made sensors unt i l  the polymer f i lm is 

completely relaxed again.

17   s e n s o r  b e i n g  d efo r m e d  w i t h  h ig h  p re s s u re

1 8   t h e  c o l o u r  g ra d ie n t  c h a n g e s  wh e n 
t h e  s t re t c h  s e n s o r  i s  a c t i va te d

1 9   s e n s o r  b e i n g  d efo r m e d  w i t h  l e s s  p re s s u re

20   by  p re s s i n g  t h e  f l ex i b l e  s u r fa c e  t h a t 
ca p a c i t y  c h a n g e s  ca n  b e  m e a s u re d
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Opinions & Questions

Pros & Cons after three 
days of exploration

‘…the mater ia l  i s  not  rea l ly  ‘smart ’ , 
because i t  needs conduct ive  media 

and h igh vo l tage to  funct ion . ’

‘… i t  i s  great  how st retchab le  EAP are !  I t 
wou ld be great  to  use them as  yarn  and 

integrate  them d i rect ly  in  text i le  s t ructures . ’

‘… i t  wou ld be interest ing i f  the 
e lect rodes cou ld be co loured 

d i f ferent ly  or  even see-through. ’

‘… is  i t  rea l ly  bet ter  than other  mater ia l s  wi th 
s imi la r  sensor ia l  and st retch ing propert ies? ’

‘…what  are  the poss ib i l i t ies  for 
combin ing EAP wi th  other  mater ia l s? ’

‘…the prototypes were very  sens i t ive 
and smal l .  Up to what  s i ze  cou ld 

they be fabr icated? Huge? ’

‘…cou ld there  be an EAP wi th  d i f ferent 
e last ic i t ies  or  dens i t ies?  I t  cou ld 

be 3D-pr inted in  one p iece. ’

‘…generat ing energy through st retch ing 
EAP cou ld be very  interest ing and 

cost-sav ing in  the future.  When 
would i t  be ef f ic ient  enough? ’

Working hands-on 
with EAP Sensors

Process & Presentation

R   p re s e n ta t io n  s e t - u p  w i t h  E A P  s e n s o r s  a n d  d i f fe re n t  v i s u a l i s a t io n s  of  t h e  d a ta

S   p re s e n ta t io n T   fa b r i ca t i n g  t h e  E A P  s e n s o r s
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Piezoceramics



Piezoceramics
Task

M AT E R I A L  E X P E R T

Fel ix Grol l

PA R T I C I PA N T S

Charlotte Ackermann, Lena Ganswindt, Jack Randol

Working hands-on 
with PIEZO

PIEZO converters  are  very  versat i le  mater ia l s .  They are  s t rong,  long 

last ing, extremely precise and senst it ive. The shape changing effect can 

be used in two ways and works v ice versa. Their propert ies a l low them 

to funct ion as generators to produce smal l  amounts of electr ic energy 

or as sensors when they are mechanical ly deformed. When the shape 

changing effect is tr iggered by an electr ic current they start to v ibrate, 

which results in a certa in sound output in correlat ion to the frequency 

of the electr ic input.

During the workshop simple PIEZO converters were explored in order to 

do both: to record and to create sounds. The data were processed via 

an Arduino microcontrol ler.

The results are experimental studies invest igat ing the material propert ies 

and combining them with digita l  technologies in a playful  way.

The hands-on research sessions were complemented by brainstorming 

sess ions  in  o rder  to  f ind  potent i a l  app l icat ion  scenar ios  fo r  P IEZO 

actuators, sensors and generators.

Fel ix Grol l  is  Designer and Superviser at 

eLab, an exper imental ,  mult id isc ipl inary 

research platform at weißensee art academy 

ber l in, to foster art ist ic discourse on the 

role of media and informat ion technologies. 

More Informat ion can be found onl ine: 

www.elab-kh-berl in.de

U   A rd u i n o/P I E ZO  ex p e r i m e nt s  a n d  p ro c e s s i n g  i n  e L a b
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PIEZO experiments

R E C O R D I N G  S O U N D S

First test series:  The PIEZO element was 

connected to an ampl if ier and recorded 

direct ly to a sound recording device. With that 

the f i rst recordings were made by taping the 

piezo element to a surface (see audio f i les on 

the r ight) .

Second test series:  A drawing was made with 

a bal l  point pen on a piece of paper that was 

placed on top of the surface to test how the 

mater ia l  conducts the vibrat ions. With that 

the second recordings were made using the 

mater ia ls and manipulat ing them by hand, 

knocking on them, tapping or bending them. 

The exper iments from the 2nd recordings with 

water were made by attaching the contact 

mic to the bottom of a plast ic bucket and 

recording the water that pours into i t,  both 

from the tap and then from a water pitcher.

A U D I O  F I L E S

·· bubblewrap.wav

·· corr igated cardboard.wav

·· fake leather chair.wav

·· glass window.wav

·· glass.wav

·· mesh fabr ic.wav

·· metal .wav

·· metal  sheet.wav

·· notebook.wav

·· plast ic heet tarp.wav

·· plexiglass 4mm.wav

·· plexiglass 2mm.wav

·· plexiglass 3 mm.wav

·· porcela in s ink.wav

·· water direct from tap.wav

·· water poured into box.wav

·· wood.wav

·· wooden table.wav

8   re c o rd i n g  s o u n d s  t h ro u g h  a  P I E ZO  s e n s o r  by  u s i n g  t h e  v i b ra t io n  of  a  s u r fa c e  wh i l e  d raw i n g  o n  t h e  s a m e

9   s o u n d  re c o rd i n g s  by  k n o c k i n g  o n  a  p l ex ig l a s s  s u r fa c e
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I N T E R E S T I N G  F I N D I N G S  F O R 

R E C O R D I N G  S O U N D  E X P E R I M E N T S

›› I t  is  assumed that the recordings 

cut out at certa in points when the 

vibrat ion is too intense.

›› The recorded sounds with the drawing 

exper iments were al l  very s imi lar.  The 

different surface mater ia ls had more 

effect on the volume than the actual 

sound qual i ty.

›› With the water sounds it  was real ised 

that the microphone needs to be 

connected to a resonator in order to 

better pick up the sound.

G E N E R AT I N G  S O U N D S

By using an Arduino microcontrol ler different 

sound exper iments could be made. The 

programme offers a sound l ibary based on 

defined frequencies with which the PIEZO 

elements need to be actuated. I t  is possible to 

use two elements at a t ime, so two different 

tones can be played together.  Due to the 

Arduino UNO hardware it  is not possible to use 

more than two PIEZOs. LF-W50E10B-C, 800 

Ω, 30V-p-p max was used for the tests.   The 

tone output is inf luenced by the undeground, 

e.g. i f  the PIEZO is lay ing f lat on a table and 

there is no air  in between the metal  and the 

table, the tone is more clear.  I f  there is a paper 

or dust in between, the tone is more rust l ing.

10   re c o rd i n g  s o u n d s  w i t h  p o u r i n g  wate r

11   re c o rd i n g  s o u n d s  by  wr i t i n g  o n  d i f fe re n t  s u r fa c e s

1 2   re c o rd i n g  s o u n d s  w i t h  ru n n i n g  t a p  wate r

1 3   f i r s t  s t e p s  A rd u i n o  a n d  P I E ZO

1 4   t h e  s o u n d s  of  P I E ZO  a c tu a to r s ,  wh ic h  a re  g e n e ra te d  by  v i b ra t io n s  of  h ig h  f ru e q u e n c ie s  ca n  b e  m a n i p u l a te d
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PIEZO scenarios

T H R E E  F U N C T I O N A L I T I E S

PIEZO converters have many funct ional 

character ist ics, which al lows for a broad 

var iety of appl icat ion concepts.

S C E N A R I O S  2   -   6

The PIEZO is used as a sensor to tr igger 

certa in act ions.

S C E N A R I O  7

The actuat ion property of PIEZO is used to 

generate electr ic i ty and power the l ight of a 

bicycle.

8   s i m p l e  P I E ZO  c o nve r te r

9   s e n s o r  i n te g ra te d  i n  t h e  p ave m e nt

10   t h e  P I E ZO  s e n s e s  t h e  p re s e n c e  of  a  p e r s o n

11   s e n s o r  to  t r ig g e r  a  s o u n d  i n s t a l l a t i o n 1 2   P I E ZO  m a k i n g  s o u n d  wh e n  p l a n t  n e e d s  wate r

1 3   s e n s o r  to  a c t i va te  i n fo r m at io n  i n  a  s t re et  s c e n a r io 1 4   P I E ZO  g e n e ra to r  to  s u b s t i t u te  a  re g u l a r  dyn a m o
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Opinions & Questions

Pros & Cons after three 
days of exploration

‘…the fact  that  p iezoceramics  produce 
e lect r ic  s igna ls  when they are  deformed 
i s  very  interest ing,  though they are  not 

ef f ic ient  enough at  the moment . ’

‘…cou ld p iezo e lements  rep lace other 
energy-produc ing systems in  the future? ’

‘…is  i t  poss ib le  to  combine p iezoceramics 
wi th  other  innovat ive  techno log ies? For 

example  process ing i t  wi th  a  3D pr inter? ’

‘…piezos produce sounds,  which i s 
great !  But  a re  they good enough 

to bu i l t  a  rea l  ins t rument  wi th  h igh 
qua l i ty  sound out  of  them?’

‘…do they a lways need to have s t r ic t 
geometr ic  shapes? Cou ld they be 

asymmetr ica l  and i f  yes,  what  would 
change in  terms of  the i r  funct iona l i ty? ’

‘… i t  i s  fasc inat ing that  one can record 
sounds wi th  the same p iezo e lement 

that  one can produce sounds wi th .  I t ‘s 
just  a  matter  of  process ing the data . ’

‘… i t ‘s  interest ing that  on ly  through the 
crysta l ine  s t ructure  of  the mater ia l  one 

can produce sounds and on the other  hand 
energy can be re leased f rom th is  s t ructure. ’

Working hands-on 
with PIEZO

Process

V   s o u n d  re c o rd i n g s  by  s c r i b b l i n g  o n  p a p e r W   s i m p l e  P I E ZO  c o nve r te r s

X   s o u n d  re c o rd i n g  by  d raw i n g  o n  m eta l  s h e et

Pi  e z o c e r a m i c s 	 O P I N I O N S  &  Q U E S T I O N S 	
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0 6 10 6 1
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Epilogue



Epilogue
Conclusion

The  work shop  was  an  i n tense  work i ng  and  exp lo r i ng 

exper ience for a l l  part ic ipants.

I t  can  be  conc luded  that  because  the  th ree  func t iona l 

mater ia ls have very different character ist ics, potent ia ls and 

l imits,  their  su i tabi l i t ies to be worked with in educat ional 

and academic sett ings vary widely.

Shape Memory Alloys are well accessible, their properties and 

funct ional i t ies are relat ively easy to understand. Therefore 

the hands-on explorat ions of the mater ia l  and the transfer 

into own design concepts is complex, yet managale.

E lec t ro  Act ive  Po lymers  a re  much more  compl icated to 

work with in an univers ity environment. Even though their 

composi t ion is  rather s imple and can be rea l ised in a DIY 

sett ing, they are diff icult  to handle. EAPs can only be used 

as sensors in such workshops, because of the high voltage 

necessary for them to funct ion as actuators.

When exp lo r ing  P iezoceramics  one  of  the  f i r s t  aspects 

that are rea l ised is  that in order to use them and explore 

the i r  character i s t ics  they  need to  be combined wi th  an 

electronic device, such as a microcontrol ler and/or a contact 

mic rophone.  Therefore  the  invest igat ion  of  the  mater ia l 

i tself happens on another level in comparison to the other 

two funct ional mater ia ls .

0 6 4
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