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FROM THE EDITOR 
Yoseph Bar-Cohen, yosi@jpl.nasa.gov  
The field of EAP is still being constrained by the 
fact that there are no low-cost mass-produced 
commercially available EAP actuators. The 
emergence of new EAP producing companies and 
the growth of existing ones is expected to lead to 
overcoming this constrain.  It is encouraging to see 
the progress that was made in establishing mass 
production capabilities by such companies as 
Artificial Muscles, Inc., USA; EMPA, Switzerland; 
and Danfoss PolyPower A/S, Denmark. 

As progress is made there is a realization that 
some of the terms that were chosen for the various 
EAP material types need to be refined.  These 
include the name of the group that is driven by 
electric field.  Initially, the Editor named it the 
Electronic group but increasingly it is gaining the 
name Field-Activated.  Other terms, which have 
recently received attention, are the ones for the 
categories related to the Field-Activated group.  In 
this issue of the WW-EAP Newsletter, suggested 
terms and definitions are given. 

GENERAL NEWS 
The WW-EAP Webhub is continually being 
updated with information regarding the EAP 
activity Worldwide.  This webhub can be accessed 
at http://eap.jpl.nasa.gov and it is a link of the JPL’s 

NDEAA Technologies Webhub of the Advanced 
Technologies Group having the address: 
http://ndeaa.jpl.nasa.gov  
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Redefining the material categories within 
the Field-Activated EAP group 
Based on e-mail discussions of Y. Bar-Cohen with 
F. Carpi, Z. Cheng, T. Furukawa, R. Kornbluh, Q. 
Pei, R. Pelrine, J. Su, and Q. Zhang,  
  
Recently, the Editor sought to confirm the history of 
the development of Dielectric Elastomers.  The 
confusion resulted from the fact that the paper 
[Zhenyi et al 2004] was reported by various authors 
to be a key milestone in the development of 
electrostrictive polymers where 3% strain was 
documented to be measured as the effect of 
Maxwell forces.  This paper appeared around the 
time that the researchers at SRI International, 
including Ron Pelrine and Roy Kornbluh, reported 
their pioneering work on dielectric elastomers 
[Pelrine et al., 2003]. After a series of e-mail 
exchanges with Pelrine, Kornbluh and other experts 
in the field it was realized that there is a need for a 
better sub-categorization of polymers that respond 
to E2 with strain change.   As a result of the 
discussion there seems to be an agreement that 
under the category of Field-Activated or the E2 
EAP materials there are the following three 
subcategories  
a) Ferroelectric – Polymers with noncentro-

symmetric structure that exhibit spontaneous 
electric polarization.  The key to ferroelectricity 
is having a high remnant polarization and it can 
be switched by external electric field. 

b) Electrostrictive polymers (including the grafted 
elastomers) – Polymers with backbone that 
respond with molecular (pendant group) 
alignment caused by internal polarization. These 
polymers consist of polarizable molecular or 
nanocrystalline structure that is aligned when 
subjected to electric field. 

c) Dielectric elastomers – Polymers that have their 
dielectric constant unaffected by the electric 
field with strain determined by the attraction 
force between the electrodes and the stiffness of 
the polymer. Because of the relatively small 
dielectric constant of polymers, the 
electrostrictive force is relatively low. However, 
the generated strain is large since these 
materials are soft. 

References 
Pelrine, R., et al., FY 1992 and FY 1993 project 

reports for SRI project Artificial Muscle for 
Small Robots, MicroMachine Center, MBR99 
Bldg. 6F 67, Kanda-sakumagashi, Chiyoda-ku, 
Tokyo, 101-0026 Japan. The FY 1992 
submitted in Feb/March (1993), and the FY 
1993 report submitted in Feb-March (1994).  

Zhenyi, M., Scheinbeim, J.L., Lee, J.W., Newman, 
B.A., J. Polymer Sci. B. (Polymer Physics), 32, 
(1994) pp. 2721 

 

RECENT CONFERENCES   
2009 SPIE EAPAD Conference 
The 2009 SPIE’s EAPAD conference, which is the 
11th one, was held from March 8 - 12, 2009, in San 
Diego, California.  The Conference was chaired by 
the Editor of this Newsletter, Yoseph Bar-Cohen, 
and was Co-chaired by Thomas Wallmersperger, 
University of Stuttgart, Germany (Figure 1).  The 
Conference Program Committee consisted of 
representatives from 20 countries as follows: 
Australia, Canada, China, Czech Republic, 
Denmark, England, Estonia, Germany, India, Israel, 
Italy, Japan, Lebanon, New Zealand, South Korea, 
Spain, Sweden, Switzerland, Taiwan, and USA.  
The conference included presentations by 
individuals from the academia, industry, and 
government agencies from the USA and overseas.  

 
Figure 1: The Co-Chair of EAPAD 2009, Thomas 
Wallmersperger, University of Stuttgart, Germany. 
 

The Keynote speaker was Demetri Terzopoulos, 
Univ. of California/Los Angeles (Figure 2) and the 
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title of his presentation was “The simulation of 
humans and lower animals”.  In his presentation he 
described a neuromuscular control model that 
emulates relevant biological motor control 
mechanisms. Employing machine learning 
techniques, the neural networks within his 
neuromuscular controllers are trained offline to 
efficiently generate the pose and stiffness control 
signals necessary to synthesize a variety of 
autonomous human movements. Examples of 
simulation videos were shown in his presentation 
and illustrated the level of lifelike performance that 
was achieved. 

 
Figure 2: The Keynote speaker, Demetri 
Terzopoulos, Univ. of California/Los Angeles. 

 
The papers in this Conference focused on issues 

that can forge the transition to practical use, 
including improved materials, better understanding 
of the principles responsible for the electro-
mechanical behavior, analytical modeling, 
processing and characterization methods as well as 
considerations and demonstrations of various 
applications.  A special session was dedicated to the 
topic of Biomimetics and was chaired by Iain A. 
Anderson, The Univ. of Auckland, New Zealand, 
and Gabor M. Kovacs, EMPA, Switzerland (Figure 
3). 

The efforts described in the presented papers are 
showing significant improvements in understanding 
the electromechanical principles and the emergence 
of better methods of dealing with the challenges to 
the materials applications.  Researchers are 
continuing to develop analytical tools and 
theoretical models to describe the electro-chemical 

and -mechanical processes, non-linear behavior as 
well as methodologies of design and control of the 
activated materials.  EAP with improved response 
were described including dielectric elastomer, 
electrostrictive, IPMC, carbon nanotubes, 
conductive polymers, and other types.  Also, there 
has been a great improvement in the automation of 
the manufacturing of EAP (including Danfoss and 
EMPA) reducing the reliance on hand processing.  
Further, there is a significant trend in towards use of 
dielectric elastomers as practical EAP actuators. 

 
Figure 3: The EAPAD 2009 Chair, Yoseph Bar-
Cohen, JPL, and the two co-Chairs of the 
Biomimetic Session, Gabor Kovacs of EMPA, and 
Iain Anderson of The Auckland Bioengineering 
Institute's Biomimetics Lab.   

 
To provide the attendees with opportunity to 

learn about EAP, an introductory course was given 
on Sunday, March 8, 2009 as part of the EAPAD 
Conference (Figure 4).  The course was entitled 
“Electroactive Polymer Actuators and Devices,” 
and the lead instructor was the Conf. Chair, Yoseph 
Bar-Cohen, who presented an overview, and 
covered applications that are currently developed 
and ones that are being considered.  The subject of 
Ionic EAP was covered by John D. W. Madden, the 
Univ. of British Columbia, Canada, while the topic 
of Electronic EAP was covered by Qibing Pei 
from the University of California at Los Angeles 
(UCLA).  This course was intended for engineers, 
scientists and managers who need to understand the 
basic concepts of EAP, or are interested in learning, 
applying or engineering mechanisms or devices 
using EAP materials.  Also, it was intended for 
those who are considering research and 
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development in EAP materials and their present 
and/or future applications.   

 
Figure 4: Students of the EAPAD Course. Courtesy 
of Kimiya Ikushima, Panasonic Corp., Japan 

 
The Conference included 7 invited papers as 

follows:  
• Gordon G. Wallace, Univ. of Wollongong, 

“Organic bionics” 
• Hyouk Ryeol Choi, Huu Chuc Nguyen, Duk 

Sang Kim, Nguyen Huu Lam Vuong, Ja Choon 
Koo, Young Kwan Lee, and Jae-Do Nam, 
Sungkyunkwan University, South Korea, 
“Integrated tactile sensing and display device,” 

• Gabor M. Kovacs, and Lukas Düring, EMPA, 
Switzerland, “Contractive tension force stack 
actuator based on soft dielectric EAP” 

• Lenore Rasmussen, Carl J. Erickson, Ras Labs., 
LLC, and Lewis D. Meixler, Princeton 
University, United States, “The development of 
electrically driven mechanochemical actuators 
that act as artificial muscle” 

• Gabriele Sadowski, Technische University of 
Dortmund, Germany, and Thomas 
Wallmersperger, University of Stuttgart, 
Germany, “Hydrogel research in Germany: the 
priority programme, 'Intelligent Hydrogels’” 

• Zhigang Suo, Harvard University, USA, 
“Electromechanical instability in dielectric 
elastomers”  

• Qiming Zhang, The Pennsylvania State 
University, USA, “Performance analysis of 
ionomeric polymer/conductive network 
composite actuators“ 
The EAP-in-Action Session included five 

demonstrations by organizations from Denmark, 
Italy, New Zealand, Switzerland and USA.   The 
presenters included  

• “Demonstrating the performance of 
PolyPower® DEAP),” Hans-Erik Kiil, Director 
R&D, and Michael Tryson, Electronics 
Specialist, Danfoss PolyPower A/S, Nordborg, 
Denmark (Figure 5). 

 
Figure 5:  Hans-Erik Kiil, and Michael Tryson, of 
Danfoss PolyPower A/S, presenting their DEAP 
products. 
• “Hydrostatically coupled dielectric elastomer 

actuators (Figure 6),” Federico Carpi, University 
of Pisa, Research Centre, E. Piaggio”, Italy 

 
Figure 6: Federico Carpi, University of Pisa, Italy, 
presenting his hydrostatically coupled dielectric 
elastomer actuators. 

 
Figure 7: The presenters from the Biomimetics 
Lab., New Zealand, demonstrating their DE EAP 
actuators and devices. 
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• “Dielectric Elastomer (DE) EAP demonstrations 

(Figure 7),”  Iain Anderson, Emilio Calius, Todd 
Gisby, Ben O’Brien, Thomas McKay, and Scott 
Walbran, The Auckland Bioengineering 
Institute's Biomimetics Lab., New Zealand 

• “Contractive tension force stack actuator based 
on soft dielectric EAP,” Gabor Kovacs, EMPA 
Dübendorf, Laboratory for Mechanical Systems 
Engineering, Switzerland (Figure 8) 

 
Figure 8: Gabor Kovacs, EMPA Dübendorf, 
Switzerland, presenting their latest contractile DE 
actuator 
 
• “Contractile Electroactive Polymeric Materials,” 

Lenore Rasmussen (Figure 9), Ras Labs, LLC, 
Intelligent Materials for Prosthetics & Robotics, 
Hillsborough, NJ, USA. 

 
Figure 9: Lenore Rasmussen, Ras Labs, presenting 
her contractile ionic EAP 

UPCOMING CONFERENCES 
2010 SPIE EAPAD Conference 
The 11th SPIE’s EAPAD conference is going to be 
held from March 7 - 11, 2010, in San Diego, 
California.  This Conference will be chaired by 
Yoseph Bar-Cohen, JPL, and Co-chaired by Jinsong 
Leng, Harbin Institute of Technology, China.    

The papers will focus on issues that help 
transitioning EAP to practical use thru better 
understanding of the principles responsible for the 
electro-mechanical behavior, improved materials, 
analytical modeling, methods of processing and 
characterization of the properties and performance 
as well as various applications.    

In the EAPAD 2010, we are going to have a 
Special Session entitled “EAP-based Tactile and 
Haptic Interfaces/ Displays”.  Haptic and tactile 
interfaces/displays are increasingly becoming part 
of the tools that are used to interact with and/or thru 
computers. The applications include teleoperators 
and simulators, computer interfaces and video 
games (e.g., joysticks and Wii), robotics, tactile 
displays, surgical force-feedback devices, and many 
others. EAP materials have enormous potential for 
enabling effective and exciting tactile/haptic 
mechanisms and Braille Displays are already being 
developed. In order to take advantage of the unique 
possibilities that EAP can provide and abstracts and 
demos for the EAP-in-Action are requested. 

As in past years, a course will be given on 
Sunday, March 7, and the EAP-in-Action Session 
will be held on Monday, March 8, 2010.  The 
abstracts are due on August 24, 2009.  Information 
about the EAPAD 2010 Conference can be found at 
http://spie.org//app/program/index.cfm?fuseaction=
conferencedetail&export_id=x12536&ID=x12233&
redir=x12233.xml&conference_id=896956&event_i
d=894245&jsenabled=1 

 
SMN2009 conference 
The 2nd International Conf. on Smart materials and 
Nanotechnology in Engineering is going to be held 
at Weihai, China, from July 8 thru 11, 2009.  This 
Conference will cover at least the following 
materials: Shape-memory alloys and polymer, 
Electroactive Polymer (EAP), piezo-materials, 
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multifunctional materials, smart composites, electro 
and magneto restrictive materials and fluids, fibre 
optic sensor, wireless sensor, MEMS sensors and 
actuators, chiral materials, tunable dielectrics, 
conducting polymers, polymer gels, super-elastic 
glasses, thermo-electric materials, electro -chromic, 
photo-chromic and thermo-chromic materials, 
dielectric elastomers, fluorescent materials, nano-
composite, photoluminescent.  For more 
information pleaser contact: Jinsong Leng, 
lengjinsong@yahoo.com Web: http://smart-
nano.org/smn2009 
 
2010 ACTUATOR Conference 
The “Polymer Actuators” Session has 
new Chairs (Figure 10)  
Federico Carpi, University of Pisa, and Hans-Erik 
Kiil, Danfoss PolyPower A/S 
 

 
Federico Carpi 

 
Hans-Erik Kiil 

Figure 10: The new Chairs of the Polymer 
Actuators Session of the 2010 ACTUATOR Conf., 
Bremen, Germany. 
 
Recently, Roy Kornbluh, SRI International, and 
Peter Sommer-Larsen, Technical University of 
Denmark, have retired from chairing the session 
about EAP in the ACTUATOR Conferences.  These 
Conferences have been held in Bremen, Germany, 
every two years since 1988. Hubert Borgmann, 
Messe Bremen, who has been organizing these 
Conferences since 1994, expressed regret of their 
decision and appreciation of their contributions 
since 2002.  The new chairs starting in 2010 are 
Federico Carpi, University of Pisa, and Hans-Erik 
Kiil, Danfoss PolyPower A/S (Figure 10). 

Federico Carpi is currently the coordinator of 
the “Artificial Muscles & Smart Materials” 

Research Group at the Interdepartmental Research 
Centre "E. Piaggio" at the University of Pisa, 
coordinator of the “European Scientific Network for 
Artificial Muscles”, and also member of the 
scientific committee of the EAPAD annual 
conference, which is part of the SPIE Smart 
Structures and Materials Symp., USA. 

Hans-Erik Kiil is currently Director R&D of 
Danfoss PolyPower A/S in Nordborg, Denmark.  
His new company was formed on 1 July 2008 as 
part of the Danfoss group. His company is focused 
on the commercialization of DEAP material and 
products based on the PolyPower developed 
technology. Their focus is on EAP actuator 
applications including manufacturing and sales. 
Danfoss PolyPower areas of R&D include 
application of the DEAP to energy harvesting, 
tactile sensors and active vibrations,  

The 2010 ACTUATORS conference will be 
held in Bremen, Germany, 14 – 16 June 2010.  The 
Call for Papers will be issued in September 2009 
and the due date for one page abstracts is the end of 
November 2009.  For further details please see 
www.actuator.de  

SPECIAL TOPICS - BRAILLE 
DISPLAYS 
Refreshable Braille displays using 
electroactive polymers (EAP) 
Yoseph Bar-Cohen, yosi@jpl,nasa.gov  
 
According to an estimate of the World Health 
Organization there are globally about 314 million 
visually impaired individuals of whom 45 million 
are totally blind.  This population has been missing 
out on the latest in the digital display technology. 
They will benefit greatly from the development of 
inexpensive refreshable full page Braille displays 
and EAP materials offer enormous potential.   

The Braille writing code, which was introduced 
by the Frenchman, Louis Braille, made the most 
impact on blinds ability to read.  The Braille code 
consists of a rectangular shape cells of raised dots 
that are arranged in two columns of 3 dots each 
providing up to 64 possibilities.  To represent all the 
printable ASCII characters in a single cell, the 
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Braille code was extended to 8 dots with 2 columns 
of 4 dots enabling 256 different combinations of 
dots. 

Reading Braille involves tactile perception and 
requires developing the required skill in order to be 
able to read.  Such tactile displays may include 
single character presentation devices, single line 
units and full page presentation board filled with 
characters.  Commercial active Braille devices are 
limited to single characters and line displays. The 
small dimensions, the complexity of producing a 
reliable display that addresses the daily wear and 
tear as well as the small market makes the cost high 
for active displays posing great challenges to the 
developers  

Constraining the active display to one cell 
allows addressing the size issue but the 
disadvantage is that the user’s finger cannot brush 
across the Braille cell. Instead, the finger is placed 
on the refreshable Braille cell and it does not suit 
the user’s reading habit. Generally, the commercial 
and the reported prototypes are electro-mechanical 
devices that raise dots through holes in a flat 
surface.  Over the years, various actuators and novel 
mechanisms were developed and tested using 
electromagnetic, piezoelectric, thermal, pneumatic, 
and shape memory alloys based actuators.   

In recent year, many EAP materials have 
emerged enabling enormous potential for the 
development of active full page Braille displays.  
The key benefit of these materials is that packing 
many actuators in a small area without interferences 
is increasingly becoming feasible.  Pioneering the 
efforts, the Editor conceived in 1998 a refreshable 
Braille display after he was inspired by the presence 
of vision impaired that coincidently held a 
convention at a hotel in Washington DC were he 
stayed [Bar-Cohen, 1998; Bar-Cohen, 2004].  His 
concept is based using an EAP actuator array made 
of a Field-Activated type material (see Figure 11).  
Rows of electrodes on the top surface and columns 
on the bottom of the EAP film allow activating 
individual elements in the array.  Each of the 
electrodes crossing form an element and is mounted 
with a Braille dot that is lowered by applying 
voltage across the thickness of the selected element.   

 
Figure 11: An EAP film with addressable dots at 
the intersection of selected row and column 
electrodes to which voltage is applied [Bar-Cohen, 
2004]. 

Only after 2003, other researchers have started 
reporting the development of EAP based active 
Braille displays. Eight different mechanisms were 
reported and their developers include investigators 
from Wollongong University jointly with Quantum 
Technologies, Sydney, Australia [Spinks and 
Wallace, 2009]; Darmstadt University of 
Technology: Germany [Matysek et al., 2009]; the 
University of Tokyo, Tokyo, and the National 
Institute of Advanced Industrial Science and 
Technology (AIST), Osaka, Japan [Kato et al., 
2007]; Sungkyunkwan University, South Korea 
[Choi et al., 2009]; as well as Penn State University 
[Ren et al., 2008], SRI International [Heydt and 
Chhokar, 2003] and Carolina State University [di 
Spigna, et al., 2009] in the USA.  The developers 
used such materials as the Conducting Polymers, 
Dielectric Elastomers, Ferroelectric, IPMC and 
PVDF.  The focus of the efforts has been on 
developing miniature actuated small pins/dots that 
can be packed into a small area while generating 
sufficient displacement and force. The actuator 
moves levers, rolled film over pre-strained spring, 
bimorph configuration, multi-layered array and a 
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diaphragm with spring backed elements taking 
advantage of the pre-strain.   

While the developed displays showed 
performance closeness to the required specifications 
there are still challenges that prevent them from 
making a commercial product.   These include the 
need for low activation voltage when using Field 
Activated EAP such as dielectric elastomers and 
ferroelectric EAP, and the insufficient force in the 
case of IPMC as well as the short cycling life of the 
conducting polymers. Also, there are issues related 
to their reliable operation and limitations in mass 
production. Advances in developing more effective 
EAP materials and processing techniques may lead 
to practical low cost compact Braille displays. 

In order to take advantage of the unique 
possibilities that EAP can provide the broad topic of 
haptic/tactile interfaces was chosen for highlight in 
a Special Session of the SPIE 2010 EAPAD 
Conference, and a call was issued for abstracts as 
well as demos for the EAP-in-Action Session.  

The initiation of this Session was triggered by 
the recent contact from the Center for Braille 
Innovation of the Boston-based NBP (National 
Braille Press).  Their goal is to help the EAP 
community accelerate the development of 
refreshable Braille Displays.  The following 
description by Noel H. Runyan is intended to 
establish a bridge between the two communities. 
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EAP Braille Display Needs and 
Requirements 
Noel H. Runyan, National Braille Press (NBP), 
Center for Braille Innovation 
Noel@PersonalDataSystems.com 
 
The Boston-based National Braille Press has 
recently established a Center for Braille Innovation. 
Part of CBI's mission is to facilitate development of 
dramatically lower cost electronic Braille display 
devices and the much-sought-after "Holy Braille" of 
a full-page Braille display. Developing new Braille 
technologies is key to improving the extremely low 
literacy rate (around 12%) of blind students. 

The CBI team is working to aid developers of 
Braille technology by focusing attention and 
resources on the development of the underlying 
Braille actuator technologies. We are also 
developing Braille-related resources to aid Braille 
display developers. The following Braille 
requirements summary is one of these efforts.  We 
feel that the exciting field of EAP technology has 
matured to the point where it can provide real 
solutions for Braille displays. We welcome and 
encourage anyone who wants to take part in Braille 
innovation. 

Most commercially available Braille displays 
have a single line of 20 to 80 Braille characters and 
cost several thousand US dollars. The OEM cost of 
commercially produced piezo-electric Braille cells 
is stuck around US $35 per cell, or $4.38 per Braille 
dot.  

There is a need for an order of magnitude less 
expensive, small, one-line Braille displays for 
education as well as for Braille actuator 
technologies that can produce multiple-line or full-
page Braille displays. 

 
Current Braille Display Technologies 
Virtually all currently sold refreshable Braille 
displays are built up from single-cell Braille 
modules of 8 dots in two columns of 4 dots. Nearly 
all Braille modules available today use piezoelectric 
ceramic bimorph reeds to actuate the Braille dots. 
The piezo reeds are mounted as a stair stepped stack 
of cantilevers, each with a Braille pin resting on its 
free end. Each reed can lift the dome top of its 

1.5mm diameter Braille pin approximately 0.5mm 
above the reading surface. As shown in Figure 1, a 
typical module has 4 layers of side-by-side pairs of 
reeds mounted horizontally, below and parallel to, 
the top reading surface. Figure 12 also shows the 
associated data latch and 200V driver circuitry 
required for, and integrated into, each Braille cell 
module.  

 
Figure 12: Typical piezo bimorph Braille cell. 

 
These modules are horizontally mounted next to 

each other in arbitrarily long lines (typically 20, 40, 
or 80 cells). It is possible to mount two of these 
lines together for a two-line display, but packaging 
size and cost limit most displays to a single line. 
These long, cantilevered piezo actuators cannot be 
reasonably packaged into larger multiple-line 
displays because the footprint of each Braille dot's 
actuator mechanism would need to be in the range 
of 2.5mm2 or less. 

Traditionally, the cells of embossed paper Braille 
have had a format of six dots, arranged in two 
columns of three rows. A full page of Braille 
typically has 25 lines of up to 40 cells per line. 

Most modern paperless, or refreshable, Braille 
displays have eight dots per cell, arranged in two 
columns of four rows and are limited to a single line 
of Braille. The refreshable Braille displays that were 
originally manufactured in the USA had dot 
dimensions and spacing close to those of 6-dot 
embossed paper Braille. European and Asian 
refreshable Braille displays have employed the 
slightly larger Braille dot spacing that is becoming 
the world standard for refreshable Braille displays. 

  
Specifications for Braille Dots 
Refreshable Braille specifications are evolving, so 
the values listed below are only an attempt to 
present a best fit to the current nominal "standards".  
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The tops of Braille dots are generally domed, with a 
radius of curvature that is unspecified, but usually 
larger than the radius of the base of the dots (Table 
1).  
 
Table 1: Specifications of Braille cells 
Parameter Min. Nominal Max. Typical 
Braille dot base 
diameter 

1.4mm 1.5mm 1.6m
m 

1.5mm 

Dot height 
(assuming no 
depression force 
from user's finger) 

0.48mm 0.5mm 0.9m
m 

0.7mm 

Dot Spacing 
Distance between 
centers of 
perpendicularly 
adjacent dots in 
the same cell 

2.3mm 2.5mm 2.6m
m 

2.45m
m 

Distance between 
centers of 
corresponding 
dots in 
horizontally 
adjacent cells 

6.1mm 6.35mm 6.5m
m 

6.42m
m 

Height of 6-dot 
Braille cell lines 

10mm 10.75mm 11.15
mm 

10.55
mm 

Height of 8-dot 
Braille cell lines 

12.25m
m 

13.25mm 13.75
mm 

13mm 

 
Under loading such as the touch of the Braille 

reader's finger, a dot should provide a minimum of 
20 grams lifting force, while being depressed 
<0.1mm from its top height.  Generally, a raised dot 
should be supported with a force of >25 grams, and 
30 grams (0.294 Newtons) or more is preferable. 
Dot height uniformity for adjacent dots: ±0.05mm. 
Minimum displacement below the reading surface 
of the top of an unraised dot: 0.025mm. Braille line 
spacing, or height, is measured between the centers 
of a top dot of a cell and the dot in the 
corresponding position of a vertically adjacent cell. 

A Braille display might also be used as a tactile 
graphics display, if it has additional dots to fill in 
the gaps between lines of Braille cells and the gaps 
between cells within each line of cells. For example, 
the display might be an array of evenly spaced dots, 
with 2.5mm separation between the centers of all 
perpendicularly adjacent dots. However, Braille text 
on such a display would not have the normal 

spacing between Braille cells and might feel strange 
to some Braille readers. 

Displays to be used only for tactile graphics and 
not for Braille text should have even smaller dot 
separation than normal Braille dots (<2.3mm) and 
should have correspondingly smaller dot base 
diameters. 

 
Other Functional Requirements for Braille 
Actuators 
• Cell height: ≤30mm, especially for applications 

such as notetakers, PDAs, etc.  
• Maximum dot setup time: 0.050 seconds desired 

for some applications. 
• Minimum dot cycling rate: As high as 10 Hertz 

for most applications, but 1 Hz may be tolerable 
for some applications with limited interaction, 
such as continuous reading of long pages of text 
on multiple-line or full-page displays. 

• Lifetime: 107 cycles for single-line displays and 
correspondingly less for larger, multiple-line or 
full-page displays that are updated less 
frequently. 

• Operating voltage: Preferably <300V, for safety 
and electronic driver circuit requirements.  

• Power consumption: Most applications call for 
battery power, but some of the full-page Braille 
display applications may tolerate requirements 
for AC lines power. 

 
Note: Braille actuator technologies should not be 
ignored simply because they do not perfectly meet 
all the requirements listed above. 
For more information, feel free to call or email me. 

ADVANCES IN EAP 
Danfoss PolyPower A/S 
Fuelling Commercialization of EAP 
through Innovation Contest 
Hans-Erik Kiil, hekiil@danfoss.com; Lone Ivang, 
lone_ivang@danfoss.com;  www. polypower.com  
 
The first year of operation for Danfoss PolyPower 
A/S – the Danish manufacturer of PolyPower® 
DEAP material – has been exciting. Their 
technology is based on micro-structured film that 
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they patented and a manufacturing setup that they 
established enabling volume production and high 
reliability.  Danfoss PolyPower is seeking to 
become a strong player n the field of EAP towards 
commercialization of the technology (Figure 13). 
 

 
Figure 13: Ken Graversen demonstrating the 
PolyPower film at the booth of the Hanover fair. 
 

After the summer vacation, Danfoss PolyPower 
is hosting an innovation contest for students where 
10 teams can compete for the most innovative 
prototype using their film and the prize is EUR 
10,000. An external expert team was set for 
evaluating the projects consisting of representatives 
from Artificial Muscles Inc., Fraunhofer Institute, 
Northeastern University, TTP and the Danish 
Innovation Lab. Their aim is supporting applied 
research related to EAP and commercialization of 
the technology.  

During the past year the main event for the 
company was the participation at the SPIE EAPAD 
Conference where a demo was present at the EAP 
in Action session, also presented papers about the 
manufacturing and the tubular core free InLastor™ 
actuators. Also, the company participated as an 
exhibitor at the Smart Structures Symp., and the 
world largest industrial fair, Hanover Fair in 
Germany. 

Until now long length of PolyPower DEAP 
material could be manufactured in 12” width with 
compliant direction across the material. One of the 
main accomplishments has been the production of 
material that is compliant in the length of the 

PolyPower film – enabling long actuators and 
sensors.  This opens the possibilities for making 
actuator and sensor devices having long stroke.  

The core of the PolyPower technology is the 
compliant metallic electrodes, until now compliant 
up to 30% elongation. Currently, Danfoss 
PolyPower is about to introduce material achieving 
an elongation of up to 100% which enables the use 
of PolyPower DEAP material in applications where 
high level of strain is required. 

Efforts are currently underway to use the 
PolyPower technology for active vibration 
dampening. To support this development, Danfoss 
PolyPower is sponsoring a Ph.D. project developing 
design rules for active vibration components and 
control algorithms. The possibility to use the DEAP 
material as key component in energy harvesting 
systems (Figure 14) has brought interesting 
application and it will be investigated further. 

 
Figure 14: Teaser for using PolyPower for both 
active vibration dampening and energy harvesting. 

 
 
Fraunhofer Institute 
Manufacturing Engineering and Automation 
IPA and Structural Durability and System 
Reliability LBF 
 
Reproducibility and reliability 
investigations on carbon nanotube – 
polymer actuators 
Urszula Kosidlo, Urszula.Kosidlo@ipa.fraunhofer.de 
Xisheng Cao, xisheng.cao@lbf.fraunhofer.de 
Web: www.ipa.fraunhofer.de, 
www.lbf.fraunhofer.de 
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Actuators based on carbon nanotubes (CNTs) have 
the potential to overcome drawbacks of currently 
used active materials. CNT actuators are 
lightweight, noiseless and require very low driving 
voltages what is the major advantage over 
ferroelectric, magnetostrictive and electrostrictive 
materials. These characteristics make CNT 
actuators attractive for medical technology 
applications including heart valves, brain simulation 
and artificial muscles. 

Actuation properties such as the displacement, 
force, reaction time were investigated.  Further, 
electrodes and stacks were developed and first 
attempt was made towards system integration. 
However, when considering applicability of CNT 
actuators into products further properties have to be 
considered. Here we report one of the first 
experimental results on the reliability and 
reproducibility of CNT actuators. 

Investigations were carried out on actuators 
composed of three layers, where two outer ones are 
carbon nanotube (MWNT) – electrolyte – polymer 
composites and the inner layer is an ion exchange 
membrane. CNT dispersions were produced via 
planetary ball mill processing and the three layer 
structure was fabricated by combination of solution 
casting and hot pressing.  

Actuators were subjected to series of 
performance investigations in continuous operation 
measuring the response to driving voltage of 3.0 V 
with a square-wave signal and frequency of 1/60 
Hz. The actuator operated continuously for at least 
200,000 cycles (Figure 15) but was found to 
decrease in actuation. This means that the actuator 
is usable, at low displacements, constantly over a 
period of four months without significant failure of 
performance. Further, actuators were investigated 
under driving voltages of 4.5 V and 6 V. These 
broke down at mean value of 95,000 cycles and 
7,500 cycles, respectively, due to damage. 

Under low voltage the failures in operation were 
caused by material fatigue that may had resulted 
from manufacturing quality and amplitude of 
deformation. Under high voltage, major thermo-
mechanically related failures occurred including 
evaporation and degradation of electrolytes. 

 

 
Figure 15: Long-life operation of CNT actuator 
under 3 V. 
 

In order to investigate production quality several 
actuators with the same composition were prepared 
using planetary ball mill processing with fixed 
parameters. Moreover, each of the CNT layers was 
subjected to control via measurement of surface 
resistance using four point method. It was ensured 
that the dimensions of each actuator are retained the 
same. Results on the actuator performance under 
application of square-wave signal of 3 V and 
frequency of 1/60 Hz are shown in Figure 16. 

 
Figure 16: Reproducibility of CNT actuator’s 
performance. 

From the above Figure it can be seen that the 
CNT actuators have poor reproducibility not only 
when comparing systems produced from several 
process batches but also within the batches. It is 
expected that the failure is related to the 
manufacturing of the three layer structures where 
part of the work is still done manually and thus 
cannot be controlled.  Reliability investigations 
have shown that CNT actuators can be operated 
over long periods even under conditions, which 
theoretically were predicted as destructive. 
However, before integration of the actuators into 
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products a major bottleneck, which is 
reproducibility, has to be overcome. 

For further improvement the work on the 
processing methodologies will be undertaken in 
order to achieve maximum automation of the 
process to eliminate man-made errors. 
 
Harbin Institute of Technology (HIT) 
Analysis of Dielectric Elastomer 
Electromechanical Stability  
Jinsong Leng   lengjs@hit.edu.cn 
http://smart.hit.edu.cn 
 
According to Zhao and Suo [Appl. Phys. Lett. 91, 
061921, 2007], instability may present in the 
dielectric elastomer film, when there is a coupling 
between mechanical force and electric fields on 
film, but no specific form of free energy function 
which consists of elastic strain energy and electric 
field energy is assumed. By taking the permittivity 
as a variable depending on the deformation in a free 
energy function, a relationship is established among 
critical nominal electric field, critical real electric 
field, nominal stress and principal stretch ratios.  

Dielectric elastomer is widely used to fabricate 
actuators, sensors etc. Due to its perfect properties 
of large deformation (up to 380%), high elastic 
energy density (3.4J/g), high efficiency, high 
responsive speed, as well as long fatigue lifespan. 1-5  

When a voltage is imposed on the dielectric 
elastomer film, the film will become thinner.  As a 
result, the actual electric field undergone by the 
dielectric elastomer becomes stronger if keeping the 
same voltage, and causes the further thinner of the 
films’ thickness. The above process will continue. 
When the electric field exceeds the breakdown 
electric field, the dielectric elastomers will be 
breakdown. This is called electromechanical 
instability or pull-in instability which is the main 
reason of preventing dielectric elastomers to be 
used in practical applications.  

The research on the failure and nonlinear 
electromechanical stability of dielectric elastomer 
has been one of the very popular subjects in recent 
years.6-17 The Hessian matrix of the 
electromechanical coupling system can read as 
follows 16: 
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The derivation of determinant is aims at the critical 
condition for the electromechanical coupling 
system of dielectric elastomer. When det( ) 0H = , 
the origin stable system gets meta-stable because of 
the electrical breakdown of material. To accomplish 
this, a more specific form of nominal electric 
displacement field ~D  is required as shown below 
the relationship between critical real electric field 
(maximum as well, the same below) and pre-stretch 
ratio: 
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In our recently accepted papers 17, Mooney-

Rivlin elastic strain energy function with two 
material constants is used to analyze the 
electromechanical stability performance of 
dielectric elastomer. This elastic strain energy 
together with the electric energy incorporating 
linear permittivity are the main items to construct 
the free energy of the system. Particular numerical 
results are also calculated for further understanding 
of the dielectric elastomer’s typical stability 
performance. The proposed model offers great help 
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in guiding the design and fabrication of actuators 
featuring dielectric elastomers. 

We suppose the in-plane stretch of dielectric 
elastomer are biaxial, and 1 2λ λ λ= = . Due to the 
dielectric elastomer’s incompressibility, we 
have 2

3λ λ−= , and then the free energy function can 
be written as:  
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Introducing a dimensionless quantity k, which 
depends on the material and the activated shape, 
simultaneously let 2 1C kC= , when 1C is a constant, 
as 0k = , 2 0C = . The system free energy function 
is changed to Suo’s form.32 Considering the non-
dimensionalize coefficient n, b na= . For getting 
the relationship between nominal electric 
displacement and nominal electric field, stretch 
ratio and nominal electric field, respectively, 
Let ~

1( , ) 0s Dλ = , further we 
have ~( , ) 0W Dλ λ∂ ∂ = ,  
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Figure 17 illustrates the stability performance of 
different dielectric elastomer materials under the 
loading condition as 1 2λ λ λ= = and 1n = . Figure 
17 (a), (b), (c) and (d) show the relationship 
between the nominal electric displacement and the 
nominal electric field of the dielectric elastomer 
with different values of k (1, 1/2, 1/4 and 1/5) and 
different values of a  (-1, -0.04, -0.034�0.04) 
respectively. Evidently, along with the decrease 
increase of a , the peaks of the nominal electric 
field decrease. However, the comparative stability 
performance of such kind of dielectric elastomer is 
even lower. When 0a = , neglecting the effect of 
deformation on the dielectric elastomer permittivity, 

it degenerates to the analysis on the ideal dielectric 
elastomer.  For example, when 1/ 2k = , the nominal 
electric field peak ~ ~

max 10.9363E C ε= , but 
considering special value of a , namely 0.034a = − , 
if k takes different values of 1, 1/2, 1/4 and 1/5 
respectively, the corresponding nominal electric 
field peaks are ~

11.1521 C ε , ~
10.9361 C ε , 

~
10.8158 C ε ,  ~

10.7905 C ε  respectively.  
 

 
Figure 17:  Relationship between the nominal 
electric displacement and the nominal electric field 
of dielectric elastomers for various values of r and k 
, under the stretches are equal biaxial 1 2λ λ λ= =  
(a) k=1 (b) k=1/2 (c) k=1/4 (d) k=1/5  
 

Figure 18 illustrates the relationship between 
the stretch ratio and the nominal electric field of 
different dielectric elastomers under the biaxial 
stretch with 1 2λ λ λ= = . Taking as a special 
example, various values of k are selected, namely 

1,1/ 2,1/ 4,1/ 5k = .When k=1/2, a=0 and the 
nominal electric field reaches its peak, the 
corresponding stretch ratio (the critical 
value) 1.37Cλ = , which is consistent to the 
conclusion based on Ref (13). In the same 
condition, if a  takes different values (-0.04, -0.034, 
0.04), when the nominal electric field reaches its 
peak, the corresponding critical stretch ratios are 

1.36Cλ = , 1.39Cλ = , 1.40Cλ =  respectively. 
Evidently, all the results are consistent to Suo's 
conclusion.  
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Figure 18: Relationship between the stretch ratio 
and the nominal electric field of different dielectric 
elastomers with different values of r and k, under 
the stretches are equal biaxial 1 2λ λ λ= =  (a) k=1 
(b) k=1/2 (c) k=1/4 (d) k=1/5 
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Harvard University 
Maximal energy that can be converted by 
a dielectric elastomer generator 
Soo Jin Adrian Koh: asjkoh@seas.harvard.edu, 
Xuanhe Zhao: xzhao@seas.harvard.edu, and 
Zhigang Suo: suo@seas.harvard.edu, 
http://www.seas.harvard.edu/suo/  
 
Experiments have shown that dielectric elastomers 
generators (DEGs) can convert mechanical-to-
electrical energy with a specific energy of 0.4 J/g 
per cycle, which is about an order of magnitude 
higher than piezoceramics and electromagnetic 
generators [Pelrine et. al., 2001].  DEGs are 
lightweight, compliant and rust-free, allowing them 
to be deployed widely.  A method was recently 
developed to calculate the maximal energy that can 
be converted by a DEG [Koh et. al., 2009].  A 
dielectric elastomer is susceptible to various modes 
of failure [Plante et. al., 2006].  We use these failure 
modes to define an energy conversion cycle on a 
force-displacement plane, and a voltage-charge 
plane.  The area bounded by the cycle gives the 
maximal energy of conversion. 

Figure 19 shows the mechanism of energy 
conversion in a DEG.  A dielectric elastomer 
membrane is coated with compliant electrodes on 
its opposite faces.  When the electrodes are subject 
to a voltage while the membrane is stretched, the 
electrodes would gain charges.  When the 
mechanical stress is relaxed, the elastic stresses in 
the membrane work against the electric field 
pressure, thus increasing electrical energy.  

Figure 20 shows the maximum work cycles for 
a DEG.  The DEG is first equibiaxially stretched up 
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to material failure limit.  An electric field is then 
applied up to the breakdown limit.  The DEG is 
subsequently relaxed with the true electric field 
maintained at breakdown or electromechanical 
instability limit.  When the DEG is fully relaxed 
(impending loss of tension), the electric field is 
gradually removed for the DEG to return to its 
unstretched, uncharged state.  Taking representative 
values for a VHB acrylic elastomer, the amount of 
energy that can be harvested from this cycle is 6.3 
J/g, denoting a theoretical maximum. 

 

 
Figure 19: Energy conversion mechanism of a 
DEG. 

 
Figure 20: Maximum work cycle for energy 
conversion in a DEG. 
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Polytechnic Institute of NYU  
Robotics using IPMC 
Maurizio Porfiri mporfiri@poly.edu 
 
The Dynamical Systems Laboratory (DSL) at the 
Mechanical and Aerospace Engineering Department 
of Polytechnic Institute of New York University 
was established in 2006 by Dr. Maurizio Porfiri 
(Figure 21). Since its inception, the DSL has been 
pursuing a variety of research activities in the area 
of modeling and underwater applications of Ionic 
Polymer Metal Composites (IPMCs). These 
activities are supported by the National Science 
Foundation, the Honors Center of Italian 
Universities, and NYU-Poly Intramural funding.  
 

 
Figure 21: Group photo of current DSL members 
working on IPMCs (from left to right: Weiyang Lin, 
Chekema Prince, Maurizio Porfiri, Vladislav 
Kopman, Matteo Aureli, and Karl Abdelnour). 
 

The DSL has developed a variety of physics-
based models for analyzing the complex 
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electromechanical response of IPMCs operating in 
aqueous environments [1-5]. Modeling efforts span 
the analysis of electrode surface roughness effects 
on IPMC electrical response, the characterization of 
charge diffuse layers at the polymer-electrode 
interface using perturbation methods, and the 
development of reduced order beam and plate-like 
models using multiphase mixture theory and 
laminates theory. 

Experimental research on IPMCs has been 
largely devoted to characterize their effectiveness as 
propulsors for miniature bio-mimetic underwater 
vehicles and as mechanical energy harvesters for 
underwater applications, see [6, 7]. Particle Image 
Velocimetry (PIV) has been used to investigate the 
flow field generated by an IPMC strip vibrating in a 
quiescent aqueous environment and to estimate its 
thrust production (Figure 22). A computational 
fluid dynamics analysis has been conducted to 
investigate the time-resolved flow physics in the 
proximity of the IPMC [8]. Thrust measurements 
and flow fields determined from PIV data have been 
validated through direct force measurements and 
computational findings.  This research activity has 
been conducted in collaboration with Dr. Sean D. 
Peterson, who is currently at the University of 
Waterloo.  

 
Figure 22: PIV setup for IPMC propulsion analysis 

 
The physics-based models and experimental 

results have been applied towards the development 
of a modeling framework for underwater vehicles 
propelled by vibrating IPMCs [9]. In addition, a 
remotely controlled miniature bio-mimetic 
swimmer has been designed and realized (Figure 
23). The vehicle is currently being utilized to 

understand the collective behavior of fish shoals 
comprising live and robotic mates (Figure 24). 

 
Figure 23: Snapshots of the bio-mimetic swimmer  
 

 
Figure 24: Bio-mimetic swimmer actively 
engaging a shoal of golden shiners. 

 
The DSL is currently looking for outstanding 

Ph.D. students and Post-Docs as a valuable addition 
to the group. For further information regarding 
positions  http://faculty.poly.edu/~mporfiri/index.htm.  
 
REFERENCES 
[1] Del Bufalo, G., Placidi, L., Porfiri, M., 2008:  

“A mixture theory framework for modeling 
mechanical actuation of ionic polymer metal 
composites”, Smart Materials and Structures, 
17(4), 045010  

[2] Porfiri, M., 2008: “Charge dynamics in ionic 
polymer metal composites”, Journal of Applied 
Physics, 104(10), 104915 

[3] Porfiri, M., 2009: “An electromechanical model 
for sensing and actuation of ionic polymer metal 
composites”, Smart Materials and Structures, 
18(1), 015016 

[4] Porfiri, M., 2009: “Influence of electrode 
surface roughness and steric effects on the 



WW-EAP Newsletter, Vol. 11, No.1, June 2009 (The 21th issue) 
 

 18

nonlinear electromechanical behavior of ionic 
polymer metal composites”, Physical Review E, 
79(4), 041503 

[5] Aureli, M., Lin, W., Porfiri, M., 2009: “On the 
capacitance-boost of ionic polymer metal 
composites due to electroless plating: theory and 
experiments”, Journal of Applied Physics, 
105(10), 104911 

[6] Peterson, S. D., Porfiri, M., Rovardi, A.: “A 
particle image velocimetry study of vibrating 
ionic polymer metal composites in aqueous 
environments”, IEEE/ASME Transactions on 
Mechatronics, in press 

 [7] Aureli, M., Prince, C., Porfiri, M., Peterson, S. 
D.: “Energy harvesting from base excitation of 
ionic polymer metal composites in fluid 
environments”, submitted for publication 

 [8] Abdelnour, K., Mancia, E., Peterson, S. D., 
Porfiri, M., 2009: "Hydrodynamics of 
underwater propulsors based on ionic polymer 
metal composites: a numerical study”, Smart 
Materials and Structures, 18(8), 085006 

[9] Aureli, M., Kopman, V., Porfiri, M.: “Free-
locomotion of underwater vehicles actuated by 
ionic polymer metal composites”, submitted for 
publication 

University of Pisa, Italy 
Hydrostatically Coupled  
Dielectric Elastomer Actuators 
Federico Carpi, Gabriele Frediani and Danilo De 
Rossi, f.carpi@ing.unipi.it 
 
Dielectric elastomer (DE) actuation is a highly 
versatile EAP technology [1, 2]. However, higher 
versatility could be achieved if certain design 
constraints are, at least partially, relaxed. For 
instance, let’s consider the encumbrance introduced 
close to the work space not only by the actuator’s 
passive parts (having a purely structural function), 
but also by the active parts themselves (frequently 
larger than the actual ‘end effector’). Evident 
benefits would be achieved in this respect with a 
possible ‘separability’ of the actuation part from the 
end effector, while still preserving somehow their 
mechanical coupling. Actually, this may favour 

actuating structures able to satisfy given application 
requirements with less demanding design 
constraints. Another example is represented by 
insulating parts added for electrical protection (e.g. 
coatings), which can stiffen the structure, with a 
consequent reduction of performance. Even in this 
case, the separability between the insulation and the 
actuation parts could offer attractive possibilities. 

In order to tackle these and other issues, a new 
class of DE actuators with a potential for a high 
versatility has been recently proposed and 
developed by our group. The new devices are 
referred to as hydrostatically coupled dielectric 
elastomer (HCDE) actuators [3]. They comprise the 
following elements: 
• an electromechanically active part, consisting of 

one or more DE based actuation components; 
• an electromechanically passive part, deputed to 

receive and transfer pressures to any external 
load arranged in contact with it, so as to work as 
end effector; 

• an incompressible fluid, contained in a sealed 
volume, bounded by the surfaces of the active 
and passive parts, so as to make them 
mechanically coupled. 
An electrically induced actuation of the active 

part exerts onto the fluid a pressure change, 
hydrostatically transmitted to the passive part. 
Accordingly, the fluid is used to internally transfer 
actuating actions from the active part to the load, 
without any ‘direct’ contact between them. 

This concept can be exploited in different ways, 
in order to design actuating structures with different 
intended functionalities. Examples are presented in 
Figure 25 and Figure 26. 

 

 
Figure 25: Schematic drawing of a push-pull 
HCDE actuator: (left) lateral section of the device in 
the rest state; (right) lateral view of the device in an 
electrically induced state, due to an applied voltage 
difference V. 
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Figure 26: Schematic drawing of a remotely acting 
HCDE actuator. 

 
Descriptions of these and different means to 

exploit the basic concept are reported in [3].  The 
most significant general features that characterize 
HCDE actuation are (for detailed discussions see 
[3]): 
 
1) Directionability of transmission 
The fluid-mediated hydrostatic coupling between 
each active surface and any other surface allows a 
uniform transmission of the actuating action along 
any direction (isotropic transmission), according to 
the Pascal’s principle. Therefore, by properly 
distributing and guiding the fluid (e.g. by means of 
chambers and/or conduits), actuation can be 
conveyed along preferred directions (direction-
ability), even different from that, or those, along 
which it is primarily generated by the active 
surfaces. Figure 25 shows an example. 

Moreover, this permits also to eventually 
allocate the encumbrance of the active components 
along more advantageous directions and/or in 
different positions. 

 
2) Remote allocability of the end effector 
Applications with stringent volume constraints near 
the load might benefit from fluid-mediated 
transmissions allowing a dislocation of the active 
components remotely with respect to the end 
effector, while still providing the latter with the 
typical compliance of any DE actuator. This can be 
obtained by establishing routes of communication 
between the active and passive parts, by means of 
properly dimensioned tubes, eventually flexible, 
filled by the fluid. Figure 26 shows an example. 
 
3) Scalability of the end effector 
The above described property can also favour, in 
specific cases, a dimensional scalability of the end 
effector. 

 
4) Modulability of displacements and forces  
The concept can also favour a modulation of 
displacements and forces transmitted to the load in 
contact with a passive surface, for a given electrical 
input. This can be achieved, for any given active 
part, by changing the size of the passive surface that 
gathers the actively induced variation of the 
pressure of the fluid. 
 
5) Maximisation of the electromechanical 
coupling 
For any HCDE actuator, the active stress applied to 
the fluid by the actuation part is fully harvested by 
the load, without attenuation. This is due to the 
isotropy of the occurring variation of the pressure of 
the fluid.  
 
6) Self-compensation against deformations 
caused by the load: regularity of the actuation 
profile 
The fluid-mediated hydrostatic coupling allows 
‘self-compensations’ against any eventual 
deformation of the end effector, caused by the load.  
 
7) Electrical safety 
Basically two factors favour an electrically safe use 
of HCDE actuators. The first consists in the fact that 
the load is in contact with an end effector that is 
purely passive. The second is represented by the 
possible use of fluids with dielectric properties, 
offering protection in case of accidental 
perforations, with occurring leakage of fluid. 
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NEW BOOKS 
The Coming Robot Revolution 
Expectations and Fears About Emerging 
Intelligent, Humanlike Machines 
Yoseph, Bar-Cohen and David Hanson (with 
futuristic illustrations by Adi Marom), Springer, 
ISBN: 978-0-387-85348-2, (February 2009)  
 
This book covers the 
emerging humanlike 
robots.  Generally, in the 
last few years, there have 
been enormous advances 
in robot technology to 
which EAP can help 
greatly in making operate 
more lifelike. 
Increasingly, humanlike 
robots are developed for a 
wide variety of 
applications. These 
“smart” lifelike robots are 
designed to help with household chores, as office 
workers, to perform tasks in dangerous 
environments, and to assist in schools and hospitals.  
In other words, humanlike robots, are coming and 
they may fundamentally change the way we live, 
even the way we view ourselves. 

This book is addressing many questions and 
raising more.  Some of the questions include: Will 
robots that look and act a lot like us be a threat to 
us? Or will they blend into our culture and 
eventually even be considered peers? Will they act 
ethically? Are we taking sufficient care to make 
sure that they do? 

These questions and many more are posed by 
the authors of this important book, which require 
that we take steps now to insure that the technology 
doesn’t lead us into potentially dangerous scenarios 
with a “species” we have created. What laws will be 
needed to keep things under control? Should robots 
be allowed to store private and personal information 
in their circuits or be given freedom to act on their 
own? Do we want robots as teachers, police 
officers, doctors, and accountants, or do we want 
them to only do menial tasks? Will there be 
“renegade” robots that set out to harm people? Will 

robot soldiers increase the chance of war?  There 
are no easy answers to these questions. But the time 
to look for answers is now. 

 
 
 

Biomedical applications of 
electroactive polymer actuators 
Federico Carpi and Elisabeth Smela (Editors) 
ISBN-10: 0-470-77305-7; ISBN-13: 978-0-470-
77305-5, John Wiley & Sons, Wiley (April 2009). 

 
This book covers the 
relatively mature EAP 
material types: the 
polymer gels, IPMC, 
conjugated polymers, 
dielectric elastomers, as 
well as the piezoelectric 
and electrostrictive 
polymers.  For each of 
these EAP materials, a 
separate section of the 
book describes both the 
fundamentals and the 
most significant biomedical applications that are 
explored today. These include drug delivery, cell 
manipulation, minimally invasive interventions, 
haptics, tactile displays, imaging, functional and 
structural support of organs, prosthetics, and 
orthotics.  The applications for each type of 
polymer actuator are covered by related chapters, 
authored by leading EAP inventors and scientists.  
Chapters within each section provide descriptions of 
specific EAP materials and device configurations, 
detailing material processing as well as device 
assembly and testing.  Also, there is a discussion of 
how the features of each particular EAP material are 
uniquely exploited to achieve actuation. 

This book is also a reference on biomedical 
applications of EAP materials.  The wide range of 
covered topics makes it relevant to experts in the 
field of biomedical material science and technology, 
as well as for engineers of intelligent systems and 
robotics, and those who are involved in the 
development of reliable polymer actuators.  
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UPCOMING EVENTS 
Date Conference/Symposium 

July 7 – 
11, 2009  

2nd International Conf. on Smart 
materials and Nanotechnology in 
Engineering, Weihai, China 
For information contact: Jingsong 
Leng, lengjinsong@yahoo.com  
Web: http://smart-nano.org/smn2009  

March 8 
- 12, 
2012 

12th EAPAD Conf., SPIE’s Smart 
Structures & Materials and NDE 
Symposia, San Diego, CA., For 
information contact: Rob Whitner, 
SPIE, mikes@SPIE.org    Website: 
http://spie.org/smart-structures-
nde.xml?WT.mc_id=RCALLACE  

June 14-
16, 2010  

ACTUATOR 2010 will be held at 
Messe Bremen.  For further 
information contact Peter Sommer-
Larsen peter.sommer.larsen@risoe.dk 
and see www.actuator.de  

 

EAP ARCHIVES 
Information archives and links to various websites 
worldwide are available on the following (the web 
addresses below need to be used with no blanks): 
Webhub: http://eap.jpl.nasa.gov  
Newsletter: http://ndeaa.jpl.nasa.gov/nasa-

nde/lommas/eap/WW-EAP-Newsletter.html 
Recipe: http://ndeaa.jpl.nasa.gov/nasa-

nde/lommas/eap/EAP-recipe.htm 
EAP Companies: http://ndeaa.jpl.nasa.gov/nasa-

nde/lommas/eap/EAP-material-n-products.htm 
Armwrestling Challenge:  
http://ndeaa.jpl.nasa.gov/nasa-

nde/lommas/eap/EAP-armwrestling.htm 
Books and Proceedings: 

http://ndeaa.jpl.nasa.gov/nasa-nde/yosi/yosi-
books.htm 

 
2nd Edition of the book on EAP 
Y. Bar-Cohen (Editor)   

In March 2004, the 2nd edition of the “Electroactive 
Polymer (EAP) Actuators as Artificial Muscles - 

Reality, Potential and 
Challenges” was published.   
This book includes 
description of the available 
materials, analytical 
models, processing 
techniques, and 
characterization methods.  
This book is intent to 
provide a reference about 
the subject, tutorial resource, list the challenges and 
define a vision for the future direction of this field.  
Observing the progress that was reported in this 
field is quite heartwarming, where major milestones 
are continually being reported.   

Biomimetics - Biologically Inspired 
Technologies 
Y. Bar-Cohen (Editor)  
http://ndeaa.jpl.nasa.gov/nasa-nde/yosi/yosi-books.htm 
This book about Biomimetics 
review technologies that 
were inspired by nature and 
outlook for potential 
development in biomimetics 
in the future.  This book is 
intended as a reference 
comprehensive document, 
tutorial resource, and set 
challenges and vision for the 
future direction of this field.   Leading experts 
(co)authored the 20 chapters of this book and the 
outline can be seen on 
http://ndeaa.jpl.nasa.gov/ndeaa-
pub/Biomimetics/Biologically-Inspired-Technology.pdf 
 
Biologically Inspired Intelligent Robots  
Y. Bar-Cohen and C. Breazeal (Editors) 
The book that is entitled 
“Biologically-Inspired Intelligent 
Robots,” covering the topic of 
biomimetic robots, was published 
by SPIE Press in May 2003.  
There is already extensive 
heritage of making robots and 
toys that look and operate similar 
to human, animals and insects.  
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The emergence of artificial muscles is expected to 
make such a possibility a closer engineering reality.   
The topics that are involved with the development 
of such biomimetic robots are multidisciplinary and 
they are covered in this book.  These topics include: 
materials, actuators, sensors, structures, control, 
functionality, intelligence and autonomy. 
 

 
 

 

WorldWide Electroactive Polymers (EAP) Newsletter 
 
EDITOR: Yoseph Bar-Cohen, JPL, http://ndeaa.jpl.nasa.gov  
 
All communications should be addressed to: 
 
Dr. Y. Bar-Cohen, JPL, M.S. 67-119, 4800 Oak Grove Dr., Pasadena, CA 91109-8099 
Phone: (818)-354-2610, Fax: (818)-393-2879 or E-mail: yosi@jpl.nasa.gov   
 
Copyright 2009. All rights reserved.  


