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Australia, China, Germany, Korea, Japan and USA
have been working on the required actuators and
related prototype using EAP materials.
The
materials that are used include IPMC, Conducting
Polymers, Ferroelectric EAP, Dielectric Elastomers
and SMP.
To attract the attention of the science and
engineering community as well as the general
public to the development of EAP for refreshable
braille displays, the Editor held a related Special
Session as part of the SPIE 2010 EAPAD
Conference, San Diego, California, on March 8-11,
2010. The Session covered the broad topic of
haptic and tactile interfaces/displays since they are
increasingly becoming part of the tools that are used
to interact with and/or thru computers. Their
applications include teleoperators and simulators,
computer interfaces and video games (e.g., joysticks
and Wii), robotics, surgical force-feedback devices,
and many others. In addition, demonstrations of
various refreshable braille displays were made at
the EAP-in-Action Session of this Conference.

FROM THE EDITOR
Yoseph Bar-Cohen, yosi@jpl.nasa.gov
There is increasing recognition of the importance
and potential of EAP to other fields of science and
engineering. Herein, it is an honor to report that for
his contributions to the field of EAP, Gordon
Wallace, Univ. of Wollongong, Australia, was the
recipient of the 2009 SPIE Smart Structures
Lifetime Achievement Award. Also, at the 2010
SSM Symposium, he was a Plenary Speaker. His
presentation was entitled “Can We LEAP Tall
Buildings? Electroactive Polymers: An Alternative
Platform for Bionic Devices”. Also, Jinsong Leng
(right), Harbin Institute of Technology (China), who
served as the Co-Chair of the SPIE EAPAD 2010
Conference, was the recipient of the SPIE Fellow
award during the opening of the SSM Symposium.
The ability to read Braille text using a
refreshable display can help visually impaired
persons benefit from the growing advances in
computer technology. The development of such
displays in a full screen form is a great challenge
due to the need to pack many actuators in small area
without interferences. In recent years, various
Braille displays using such actuators as ceramic
piezoelectric stacks have become commercially
available but they are limited to one line displays.
To address this need researchers in the field of EAP
are investigating methods to produce full screen
displays. Nine different researcher groups from
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Federico Carpi, University of Pisa, Italy
f.carpi@centropiaggio.unipi.it
Several European research centers have a longstanding tradition in the EAP field, and a significant
competence in EAP technologies is based in
Europe. As a natural evolution of this strength,
during the last couple of years a core group of
highly skilled and motivated experts from research
institutes and companies in Europe have
progressively adhered to an initiative aimed at
establishing the ‘European Scientific Network for
Artificial Muscles (ESNAM)’. Today, the network
(Figure 2) is a reality and its website is
www.esnam.eu.
The network is primarily aimed at fostering
scientific and technological advancement of
artificial muscles and transducers based on EAP as
smart materials for electromechanical transduction
(actuation, sensing and energy harvesting). The
network consists of leading European research
centers and industries with recognized expertise in
this field and its applications.
The network has been steadily growing, and at
the time of writing this article it consists of 28
Member Institutions from 16 Countries: 21
Research Institutes and 7 Companies (four EAP
developers and three EAP end users).

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

Bayer MaterialScience LLC Acquires
Artificial Muscle, Inc.
In March 2010, Bayer MaterialScience LLC (BMS),
a subsidiary of Bayer AG and part of the global
Bayer MaterialScience business, acquired Artificial
Muscle, Inc. (AMI) in Sunnyvale, California. BMA
has integrated AMI as a part of its Functional Films
unit and adds AMI as an EAP competency center.
While AMI’s transducer components have broad
application potential, the company has focused
specifically on developing its haptic actuator
technology (Figure 1).
Reflex™ Technology AMI’s broad patent
portfolio will allow BMS to address a significant
part of the value chain for films in a variety of
applications, as well as accelerate the introduction
2
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Figure 2: The ESNAM network.
In recognition of the significance of this effort,
the European Science Foundation has recently
approved a Cost Action for ESNAM and the kickoff meeting will take place during autumn 2010.
The first (informal) meeting of ESNAM has
taken place on June 15 during the conference
ACTUATOR 2010, in Bremen, Germany. During
the meeting, short presentations were given by each
group and they are available at the ESNAM
website: http://www.esnam.eu/private.html. Figure
3 shows a photo of the meeting participants and the
author would like to thank all of them for their
enthusiastic participation.
Their massive
participation is a very clear sign of the vitality of the
EAP community.

Electro-active polymer, Dielectric Elastomer
Nanocomposite, Novel Dielectric Elastomer
Actuators,
Constitutive
Modeling,
and
Electromechanical Stability Analysis of
Dielectric Elastomer
Thermoset shape memory polymers, including
Synthesis of Styrene and Epoxy based SMPs.
Fiber optic sensors and their applications in
Structural Health Monitoring of composite
structures and concrete structures,
Active vibration control of Smart composite
structures embedded with ER fluids and fiber
optic sensors,
Microwave photonics devices based on Fiber
Bragg Gratings,

Figure 4: Jinsong Leng (right), Harbin Institute of
Technology (China) was promoted to the level of
SPIE Fellow. The certificate was handed to him by
the EAPAD Conf. Chair, Yoseph Bar-Cohen (left).

Tissaphern Mirfakhrai now at Stanford
University
Tissaphern Mirfakhrai,
Ph.D., who an expert in
carbon
nanotube
actuators, has finished
his Doctorate degree in
December 2009 at the
University of British
Columbia. He worked
under the advisory of
John
D.
Madden.
Following
his
completion of the
degree requirements he
has joined Hongjie Dai’s group at the Dept. of

Figure 3: Participants to the 1st meeting of ESNAM
(Bremen, Germany, June 15, 2010).

ABOUT THE EXPERTS
Jinsong Leng - SPIE Fellow
Jinsong Leng was promoted to the level of an SPIE
Fellow (Figure 4). He received this promotion for
his contributions to five research areas:
3
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Chemistry at Stanford University as a postdoctoral
scholar. He is now working on the synthesis and
characterization of graphene-based materials for
energy storage applications. The main focus of his
Ph.D. research has been on carbon-nanotube-based
artificial muscles.
He discovered a novel
mechanism for the contractile actuation of carbon
nanotube yarns. He used them to establish a new
record for loads achievable for non-metallic
artificial muscles (>200 MPa). He has also worked
and published on the physics and chemistry of
nanotubes and conducting polymer actuators.
Mirfakhrai is a 2009 recipient of a Postdoctoral
Fellowship from the Natural Sciences and
Engineering Research Council of Canada. He has
published in journals such as Smart Materials and
Structures, Nanotechnology, Journal of Chemical
Physics, and Materials Today (Webpage:
www.tissa.ca, email: tissa@ece.ubc.ca).

Thomas Wallmersperger now at
Technische Universität Dresden,
Germany
On April 1, 2010, Thomas Wallmersperger moved
to the Technische Universität Dresden, Germany,
where he is now Professor and the Chair of
Mechanics of Multifunctional Structures at the
Institute for Solid Mechanics, Faculty of
Mechanical Engineering. He came from the
Institute of Statics and Dynamics of Aerospace
Structures, Faculty of Aerospace Engineering and
Geodesy at the University of Stuttgart where he was
the Head of the “Smart Structures and Coupled
Multifield Problems” group.
Dr. Wallmersperger completed his dissertation
(Ph.D. thesis) in 2003. His habilitation -entitled
“Electroactive Materials – Fundamentals, Modeling,
Simulation and Experiments“ - in 2010 in Stuttgart,
Germany.
His research fields comprise: Coupled
Multifield Problems, Material Modeling, Adaptive
Structures, Electroactive Polymers, Multiscale
Modeling, High-Temperature Materials, Fracture
Mechanics and Discretization Methods.
He has been a reviewer for multiple scientific
journals, co-organizer of the “International
Symposium on Design, Modeling and Experiments
of Adaptive Structures and Smart Systems"
(DeMEASS)” and since 2009 he has been
coordinator of the German-French doctoral school
“Analyse
intelligenter
Systeme
unter
Berücksichtigung
von
Mehrfeldkopplungen“
(Analysis of intelligent systems by considering
multi-field couplings).
Since 2000 Thomas
Wallmersperger
has
published more than 60
conference and journal
articles in the field of
adaptive
structures.
Since 2006, he has been
Program
Committee
Member of the SPIE
Electroactive
Polymer
Actuators and Devices
(EAPAD) conference organized. In 2009, Dr.

Gordon Wallace – Plenary Speaker
At the 2010 SPIE Smart Structures Symposium,
Gordon Wallace (Figure 5), Univ. of Wollongong,
Australia, made a plenary Presentation entitled
“Can We LEAP Tall Buildings? Electroactive
Polymers: an Alternative Platform for Bionic
Devices”. This presentation follows Gordon’s
significant 2009 Lifetime Achievement award,
which was given to him for his contributions to the
field of EAP,

Figure 5: Gordon Wallace, Univ. of Wollongong,
Australia, was a Plenary Speaker at the 2010 SPIE
Smart Structures Symposium.
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Wallmersperger co-chaired the SPIE EAPAD
conference. His contact information:
Thomas Wallmersperger, TU Dresden, Fakultät
Maschinenwesen,Institut für Festkörpermechanik
Professur
für
Mechanik
multifunktionaler
Strukturen, George-Bähr-Straße 3c, 01069 Dresden
Tel.: +49 351 463-37013,
wallmersperger@mfk.mw.tu-dresden.de

PPPL, where the electrodes are plasma treated
before being incorporated into prototype actuators.
The close proximity of the Ras Labs synthetic lab
and PPPL’s PSML is extremely beneficial, because
the less time that elapses between plasma treating
the electrodes and polymerizing the EAPs around
the embedded electrodes, the stronger the metalpolymer interfacial bond.
Contact information: Lenore Rasmussen, PhD,
Ras Labs, LLC, Intelligent Materials for Prosthetics
& Automation, Suite 226, New Guggenheim
Building, 501 Forrestal Road, James Forrestal
Campus, Princeton, NJ 08543, Tel: (908) 2969056 Fax: (908) 371-0625 Web: www.raslabs.com e-

ABOUT THE EAP COMPANIES
Ras Labs, LLC, has moved
Ras Labs, LLC, has moved its synthetic laboratory
operation to the James Forrestal Campus, Princeton,
NJ. The principal scientist of Ras Labs, Lenore
Rasmussen, is a synthetic polymer chemist with a
biotech background. Ras Labs produces EAP based
materials and prototype actuators that respond to
electricity, then relax back to their original weight,
size, and shape when the electricity is turned off,
and can be put through motion-relaxation cycles
repeatedly. Ras Labs produces EAPs that bend,
swell, and (new development) contract under low
electric input. In addition, Ras Labs produces EAP
materials that quickly contract and then expand,
repeatedly, by reversing the polarity of the electric
input. These recent developments are important
breakthroughs in the field of electroactive materials
because of the ability of contraction and
contraction-expansion to produce biomimetic lifelike motion.

mail: rasmussl@raslabs.com

Figure 6: Lenore Rasmussen and PPPL
collaborator Lewis Meixler at the Ras Labs
synthetic laboratory.

RECENT CONFERENCES
2010 SPIE EAPAD Conference

Ras Labs was founded in 2003 and formed a
Cooperative Research & Development Agreement
(CRADA) with the US DOE's Princeton Plasma
Physics Laboratory (PPPL) at Princeton University
in 2007, which is ongoing. The CRADA, with
PPPL participants Lewis Meixler, Head of
Applications Research and Technology Transfer,
(Figure 6) and physicist Yevgeny Raitses revolves
around plasma surface modification. By plasma
treating the embedded electrodes, the polymermetal bond is significantly improved, allowing for
the embedded electrode(s) to move along with the
EAP when activated, analogous to nerves and
tendons moving with muscles during movement.
The new synthetic laboratory is very close to the
Plasma Surface Modification Laboratory (PSML) at

The 2010 SPIE’s Electroactive Polymers Actuators
and Devices (EAPAD) conference, which was the
12th one, was held from March 7 - 11, 2010, in San
Diego, California. The Conference was chaired by
the Editor of this Newsletter, Yoseph Bar-Cohen,
and was Co-Chaired by Jinsong Leng, Harbin
Institute of Technology (China). This Conference
included 120 presentations, which is the largest
number of EAP related papers that have ever been
submitted. This Conference is the leading
international forum for presenting the latest
progress and holding discussions among the
attendees regarding the capabilities, challenges and
potential future directions. The Conference was
well attended by leading world experts in the field
including members of academia, industry, and
5
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Qibing Pei, Univ. of California, Los Angeles
(United States) “Bistable electroactive polymers
(BSEP)”
Guggi Kofod, Hristiyan Stoyanov, Matthias
Kollosche, Sebastian Risse, Huelya Ragusch,
Denis N. McCarthy, Univ. Potsdam (Germany),
“Materials science on the nano-scale for
improvements in actuation properties of
dielectric elastomer actuators”
Kwang J. Kim, Univ. of Nevada, Reno (United
States), “IPMC: recent progress in modeling,
manufacturing, and new applications”
Toribio Fernandez-Otero, Gemma Vazquez, Laura
Valero, Univ. Politécnica de Cartagena (Spain),
“Conducting polymers as simultaneous sensoractuators”
Michael J. Tryson, Danfoss PolyPower A/S (United
States); Hans-Erik Kiil, Danfoss PolyPower A/S
(Denmark) , “Dielectric electro active polymers:
development of an industry”
Christa Jordi, Silvain A. Michel, EMPA
(Switzerland); Alexander Bormann, Christian
Gebhardt, Aeroix (Germany); Gabor M.
Kovacs, EMPA (Switzerland), “Large planar
dielectric elastomer actuators for fish-like
propulsion of an airship”

government agencies from the USA and overseas.
Its 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 Keynote speaker was Bharat Bhushan of
The Ohio State University (Figure 7) and the title
of his presentation was “Biomimetics: lessons from
nature”. In his presentation, he gave a broad
overview of various objects and processes of
interest found in nature and applications under
development or available in the marketplace. He
focused on the recent research on superhydrophobicity, self-cleaning, low adhesion/stiction, and
highlighted drag reduction in fluid flow.

Turning EAP into actuators-of-choice requires
solidifying the technical foundations and identifying
niche applications taking advantage of their unique
capabilities to provide edge for critical needs.
Significant progress was reported in each of the
topics of the EAP infrastructure. The papers
focused on issues that can forge the transition to
practical use, including improved materials, better
understanding of the principles responsible for the
electromechanical behavior, analytical modeling,
processing and characterization methods as well as
considerations and demonstrations of various
applications. Two special sessions were dedicated
this year to the topic of haptic interfaces and
Refreshable Braille Displays and it was chaired by
Qibing Pei, Univ. of California, Los Angeles;
Deane B. Blazie, National Braille Press as well as
Federico Carpi, Univ. di Pisa (Italy); Noel H.
Runyan, National Braille Press. Other topics that
were covered in this conference included:

Figure 7: The Keynote speaker, Bharat Bhushan,
Ohio State University.
The Conference included 7 invited papers as
follows:
Javad Foroughi, Univ. of Wollongong (Australia);
Tissaphern Mirfakhrai, The Univ. of British
Columbia (Canada); Ray H. Baughman, Shaoli
Fang, Mikhail E. Kozlov, The Univ. of Texas at
Dallas (United States); John D. W. Madden, The
Univ. of British Columbia (Canada); Geoffrey
M. Spinks, Gordon G. Wallace, Univ. of
Wollongong (Australia), “Carbon nanotube yarn
as a microscale rotational actuator”.
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Electroactive polymers (EAP) and non-electro
active-polymer (NEAP) materials
Theoretical models, analysis and simulation of
EAP.
Methods of testing and characterization of EAP
EAP as artificial muscles, actuators and sensors
Design, control, intelligence, and kinematic
issues related to robotic and biomimetic
operation of EAP
Under consideration and in progress
applications of EAP

Figure 8: Xin Lan (PhD candidate) and Jinsong
Leng, Harbin Institute of Technology presenting
braille displays.

The efforts described in the presented papers
have shown significant improvements in
understanding of the electromechanical principles
and 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. Specifically,
there seems to be a significant trend in towards use
of dielectric elastomers as practical EAP actuators.
This year, the EAP-in-Action Session was held
on Monday, March 8, 2010 and it included eight
demonstrations from institutes and companies from
5 difference countries as follows:

Denmark
“Demos actuated by PolyPower dielectric EAP
films,” presented by Hans Erik Kiil and Mike
Tryson Danfoss, PolyPower A/S

Figure 9: Mike Tryson Danfoss, PolyPower A/S, is
demonstrating the operation of an actuator driven
by a PolyPower dielectric EAP films.

China
“Tactile display using stacked dielectric elastomer
and Braille printer using refreshable shape-memory
polymer (SMP) paper,” were presented by Jinsong
Leng, Harbin Institute of Technology.

Italy
“Hydrostatically coupled dielectric elastomer
actuators,” was presented by Federico Carpi,
University of Pisa, Research Centre “E. Piaggio”
New Zealand
“Dielectric
elastomer
actuator
(DEA)demonstrations of actuation, sensing and control,”
was presented by Iain Anderson, Emilio Calius,
Todd Gisby, Thomas McKay and Ben O’Brien, the
Auckland Bioengineering Institute's Biomimetics

7
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Lab. The demos included a motor, game and other
electroactive mechanisms.

Figure 12: Marcus Rosenthal, Artificial Muscle,
Inc. (AMI), demonstrating several of the latest
haptic interface prototypes.
“Commercial Active Braille displays” were
demonstrated by Deane Blazie and Noel Runyan,
National Braille Press.
Figure 10: Federico Carpi, University of Pisa,
presenting his hydrostatically coupled dielectric
elastomer actuator.

Figure 11: The New Zealand team from right to
left, Thomas McKay Iain Anderson, Todd Gisby,
and Ben O’Brien demonstrating a series of devises
that are driven by the DEA and controller.

Figure 13: Noel Runyan and Deane Blazie National
Braille Press, presenting various commercial braille
displays.
“Contractile EAP that is driven by low electric input
and capable of contraction-expansion cycles,” was
demonstrated by Lenore Rasmussen, Ras Labs,
LLC.

United States
“Reflex™ haptic feedback technology” was
demonstrated by Marcus Rosenthal, James Biggs,
and Al Zarrabi, Artificial Muscle, Inc. (AMI):
Platforms for consumer electronics were shown
including touch screen devices and gaming
controllers.

“Demonstrating: Jamming as an Enabling
Technology for Soft Robotics,” demonstrated by

8
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Erik Steltz and Annan Mozeika, iRobot G&I
Research.

Figure 14: A collection of commercial braille
displays presented by Noel Runyan and Deane
Blazie.

Figure 16: Qibing Pei, UCLA, presenting his BSEP
design that is applicable for braille displays.

Figure 17: Erik Steltz and Annan Mozeika, iRobot
G&I Research, presenting various inflatable
actuators.
To provide the attendees with opportunity to
learn about EAP, an introductory course was given
on Sunday, March 7, 2009 as part of the EAPAD
Conference. 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

Figure 15: Lenore Rasmussen, Ras Labs, LLC,
presenting her latest contractile EAP actuator.
“Bi-stable electroactive polymers (BSEP),” was
presented by Qibing Pei, Zhibin Yu, Paul Brochu,
Xiaofan Niu, Wei Yuan, and Huafeng Li, UCLA:

9
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This good result for the whole EAP community
has been possible only thanks to the massive
participation of members of the new-born
‘European Scientific Network for Artificial
Muscles’ – ESNAM (www.esnam.eu), which was
described on Page 2 of this Newsletter issue.
We wish to take this occasion to thank all of the
participants for their strong and motivated
participation to the event, with high-quality
presentations. Their work has certainly contributed
to improve the international impact that EAP
technologies are having in the field of smart
electromechanical transducers.
Further information about this Conference,
including the program of the ‘Polymer Actuators’
Session is available at www.actuator.de.

Electronic EAP was covered by Qibing Pei from the
University of California at Los Angeles (UCLA).

Figure 18: The attendees of the EAPAD course.

2010 ACTUATOR Conference
Federico Carpi, University of Pisa, Italy
f.carpi@centropiaggio.unipi.it
Hans-Erik Kiil, Danfoss PolyPower, Denmark
hekiil@danfoss.com
ACTUATOR 2010, the 12th International
Conference on New Actuators, was held in Bremen,
Germany, on 14-16 June. This conference is a
forum for the engineering community working with
smart actuators, to communicate progress to a broad
audience of professionals from industry and
academia. The conference includes a remarkable
exhibition, with companies presenting advanced
actuator solutions. This year, ACTUATOR had 250
conference contributions (124 oral presentations +
126 posters). The ‘Polymer Actuators’ Session, that
this year we had the pleasure and the honor to coChair, follows the former Chairs Peter SommerLarsen and Roy Kornbluh. The Session had
significant growth in participation with the highest
number of contributions of the entire Conference.
To interesting to quote the conference organizer and
Chair, Dr. Hubert Borgmann, who used the
following words in his introduction to the
conference Proceedings: “The most obvious trend is
the huge number of contributions dedicated to
actuators based on dielectric and ionic polymers.
We notice a strongly increasing interest in this
topic: In the year 2000 we invited Y. Bar-Cohen, Jet
Propulsion Lab, Pasadena, Ca, to give the first talk
on polymer actuators in this event series. Today, as
a result of the 39 abstracts submitted on this topic,
we will have a whole day session with in total 17
oral contributions, and 20 posters. That’s just a
small conference for itself. We appreciate our being
the main meeting location in Europe also for this
community.”

UPCOMING CONFERENCES
2011 SPIE EAPAD Conference

The 13th SPIE’s EAPAD conference is going to be
held from March 6 - 10, 2011, in San Diego,
California. This Conference will be chaired by
Yoseph Bar-Cohen, JPL, and Co-chaired by
Federico Carpi, University of Pisa, Italy. The
Conference Program Committee consisted of
representatives from 23 countries.
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.
The keynote speaker is going to be Thomas
Sugar (Figure 19), and the title of his talk is Title:
“Walking with Springs”. Thomas is a faculty
member in the Department of Mechanical and
Aerospace Engineering and the Department of
Engineering at Arizona State University. He
majored in business and mechanical engineering for
his Bachelor degree and mechanical engineering for
his Doctoral degree all from the University of
Pennsylvania. In industry, he worked as a project
engineer for W. L. Gore and Associates. His
research focuses on compliant wearable robots
using tunable springs. He is developing robotic
orthoses and prostheses for rehabilitation and
10
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about the EAPAD 2011 Conference can be found at
http://www.spie.org//eap

mobility. His current research projects include
SPARKy, Spring Ankle with Regenerative Kinetics,
and PAFO, a powered ankle foot orthosis for stroke
rehabilitation.
The invited papers in this conference going to
be submitted by:
 Edwin Jager, Linköpings universitet, Sweden
 Frédéric Vidal, Université de Cergy-Pontoise,
France.
 Guggi Kofod, University of Potsdam, Germany.
 Herbert Shea, EPFL Switzerland
 Iain Anderson the Auckland Bioengineering
Institute's Biomimetics Lab., New Zealand
 Roy Kornbluh, SRI International, Menlo Park,
CA, USA
 Siegfried Bauer, University of Linz, Germany.
 Zhigang Suo, Harvard University, Cambridge,
Massachusetts USA,

SMN2011 conference
The 3rd International Conference on Smart
Materials and Nanotechnology in Engineering, is
going to be held from November 11 to 13, 2011, at
Shenzhen (near Hong Kong), China.
The
conference is Chaired by Jinsong Leng, Harbin
Institute of Technology China, and Co-Chaired
by
Yoseph
Bar-Cohen,
Jet
Propulsion
Laboratory/California Institute of Technology,
USA.
This Conference will cover: Sensors and
Actuators, Bio-inspired Materials Multifunctional
Materials, Nanocomposites, and Structures,
Adaptive Materials and Structures, Structural
Health Monitoring, Mechanics, Modeling and
Applications.
After normal peer-review process, selected
full-length papers will be published in the special
issues of SCI cited journals. For more information
please
contact:
Jinsong
Leng,
lengjinsong@yahoo.com
Web:
http://smartnano.org/smn2009
Important Dates
Abstract Submission:
May 4, 2011
Abstract Acceptance:
August 11, 2011
Pre-registration:
October 4, 2011
Submission Manuscripts: November 11, 2011
All abstracts must be submitted on-line via
http://smart-nano.org/smn2011/en/submit/a.htm

Figure 19: The 2011 EAPAD Conference Keynote
Speaker, Thomas Sugar, Arizona State University.

ADVANCES IN EAP
Central Mechanical Engineering
Research Institute (CSIR), Durgapur,
India

In the EAPAD 2011, we are going to have a
Special Session entitled “Energy Harvesting using
EAP”.
The concern about green forms of
producing energy is continually increasing and the
recent accident in the Gulf of Mexico with
thousands of gallons of oil leaking into the
environment makes this need even more urgent.
As in past years, a course will be given on
Sunday, March 6, and the EAP-in-Action Session
will be held on Monday, March 7, 2010. The
abstracts are due on August 23, 2010. Information

Control of IPMC-Based Artificial Muscle Using
EMG Signal for Hand Prosthesis
R K Jain rkjain@cmeri.res.in , S Datta and S
Majumdar mailmaster@cmeri.res.in
Increasingly, there is a demand for assistive devices
such as prosthetic and orthotic devices which are
actuated by muscle power. In the existing ones, the
force is generated by these devices through an
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polarity of the signal, the bending behavior can be
changed towards the other side. The input and
output behavior of the strips are shown in Figure 22
and Figure 23.
An EMG signal is generated by an intended
contraction of muscles in the forearm which
provides the actuation to an IPMC. An IPMC acts
as both capacitive and resistive element actuator
that behaves like biological muscles. This feature
can be utilized in the application field of
rehabilitation technology and industrial application.

electro-mechanical system like an electric motor.
Such devices are heavy and are not compatible with
muscular system. Ionic polymer metal composite
(IPMC) can be used as actuators that are driven by
low voltage in the range of 0-4 V. In this study,
biomimetic actuating behavior is being investigated
The electric voltage is detected by Electromyographic (EMG) signals through human muscles
and is passed to the IPMC. The actuated IPMC
produces bending behavior which is controlled
according to the human wrist movement. The
actuation of IPMC through human muscles is
provided by interfacing it via an ADC/DAC card
and DAQ Assistant Express VI in LabVIEW 8.5
software (Figure 20). An Electromyographic
(EMG) signal generates the voltage from the
muscles which is then fed into the input port of an
ADC (Analog–to-Digital Converter).

Figure 21: (a) Initial position of IPMC (b) Bending
position through muscles

Figure 22: Input voltage Vs time when the strip is
straight in initial position

Figure 20: (a) EMG signal placed at body muscles
(b) Input and output pulses (c) Interfacing PXI
system.
The input parameter from muscles is taken in
the range of 12-30 mV through referenced singleended (RSE) signal along with continuous sampling
rate of pulses. The pulse is amplified with the help
of a PXI system. The amplification factor is 400.
The desired output voltage range (1-3V) is
generated through a DAC port with the same
frequency range. The output signal is connected to
the IPMC strip. Due to amplified output voltage
from the DAC, an IPMC strip bends in one
direction as shown in Figure 21. By changing the

Figure 23: Output voltage Vs time when the strip is
actuated by muscles
Acknowledgment
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five year plan on “Modular Re-configurable Micro
Manufacturing Systems (MRMMS) for Multi
Material Desktop Manufacturing Capabilities
(NWP-30)”. Miss Debanjali Sadhu, Sreyashi
Samanta, Koushani Banerjee and Subhasree
Mukherjee students of Asansol Engineering College
are carried out research work along with authors.

Monitoring applications: The developed compact
and flexible strain sensor element was found to be
well-suited for sensitive personal or medical
application, but is also applicable in physically
demanding environments. Applications can range
from non-intrusive health care applications
(breathing monitor, compact blood pressure
measurement) over structural health monitoring of
buildings to direct strain measurement over airfoils.
Strategic design potential is large given the
possibility for new combinations of design
parameters and optimizing the performance for
enabling monitoring solutions. For further contact
polypower@danfoss.com or view on the web at
http://www.polypower.com/Products/Strain_sensors
.aspx

Danfoss PolyPower A/S
Utilizing EAP for compliant strain sensing on
non-planar surfaces
Ken Graversen, ksg@danfoss.com; Lone Ivang,
lone_ivang@danfoss.com; web: www.
polypower.com
At Danfoss PolyPower A/S, the possibilities for
using the PolyPower® DEAP film for sensing is
being investigated. This capability was known but
has not been well tested and documented up until
recently. Producing a strain sensor, that was named
InLastor® (Figure 24), using PolyPower film
allows making compact and compliant elements.
The strain sensors can take on a multitude of forms,
ideal for integration into various flexible materials.

Johannes Kepler University Linz, Austria
What can we learn by repeating the old
experiment of Röntgen on charge controlled
actuators?
C. Keplinger (christoph.keplinger@jku.at), M.
Kaltenbrunner (martin.kaltenbrunner@jku.at), N.
Arnold (nikita.arnold@jku.at), and S. Bauer
(sbauer@jku.at),
At first, it may be surprising that a look on early
investigations of elastomer actuators provides new
insights to the field. As now well known to the
members of the EAP field, Wilhelm Conrad
Röntgen suggested an early demonstration to show
large deformations of natural rubber by electrostatic
forces. Röntgen used a fairly long stripe of natural
rubber, stretched to double its length by means of an
attached mass. After having waited until viscoelastic drifts became negligible, charges were
sprayed on the natural rubber, causing the stripe to
significantly elongate in length. Though this seems
to be only a simple demonstration which can be
used to illustrate the operation of dielectric
elastomer actuators, it surprisingly also contains a
wealth of new physics. Electrode coated dielectric
elastomers under voltage control are known to be
sensitive to the electromechanical pull-in instability,
providing (among other failure mechanisms such as
rupture, electrical breakdown etc.) a limit on
elastomer operation. Under charge control, as

Figure 24: Standard configuration of an InLastor
strain sensor element.
Scalability: The strain sensor elements were
observed to have a high accuracy performance
combined with capability for large strain and
significant change in capacitance. When
mechanically strained, the change in capacitance of
the sensor element is proportional to the strain and
load. These compliant elastic strain sensor elements
are light weight and are found suitable for
measurement on non-planar surfaces. The elements
combine strain capability of either 30% or 100%
and large scalable sensing area (from sq. mm to sq.
meter).
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proposed by Röntgen in 1880, the pull-in instability
is avoided, allowing for giant deformations in
elastomer actuators. We have repeated Röntgen’s
experiment with the VHB material as a simple
demonstration experiment of elastomer actuation
(Figure 25), useful in classes on electroactive
polymers. Sprayed on charges can yield extreme
deformations in circular actuators, well beyond the
electromechanical instability point as illustrated in
Figure 26. Finally, Figure 27 shows operation of
an elastomer actuator without any attached
electrodes.
Further details can be found in C. Keplinger, M.
Kaltenbrunner, N. Arnold, and S. Bauer,
“Röntgen’s rubber muscle: Electrode free elastomer
actuators with unlimited actuation range,” Proc.
Natl. Acad. Sci. USA, Vol. 107, pp. 4505-4510
(2010).

Figure 27: Electrode free operation of a DEMES
bending actuator.

The European Union NOMS consortium
Using tactile visual-aid tablet for the visually
impaired using Opto-Mechanical Systems
(NOMS)
Eva M. Campo, NOMS PI’s assistant,
evamcampo@gmail.com
Nano-opto mechanical Systems (NOMS) based on
the photoactuation of optoactive polymer actuators
and devices (OAPAD) is a much sought-after
technology. In this scheme, light sources promote
mechanical actuation of polymers and liquid crystal
elastomers producing a variety of nano–optical
mechanical systems. Photoactive actuators could be
a complement to Electroactive Polymer Actuators
and Devices (EAPAD). Indeed, the “wireless”
characteristics of optical actuation could pose an
advantage to electrical actuation in some
environments. Albeit, given the similarities of
smart materials presenting electro- and photoactuation, advancements of photo-actuators in
microsystem integration are likely to produce
synergistic advancements in the integration of
electro-actuators and vice versa.
The European Union NOMS consortium
(www.noms-project.eu) is a multidisciplinary team
assembled to promote OAPAD to mainstream R&D
by building a tactile tablet for the visually-impaired.
The consortium is formed by experts in materials,
optics, microsystems, neuropsychology, as well as

Figure 25: Illustration of Röntgen’s rubber actuator
with VHB.

Figure 26: Giant deformations of a circular actuator
with sprayed on charges.
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 A circuit that can boost voltage and prime a
dielectric elastomer generator using harvested
charge,
 Control unit for prototyping and developing new
artificial muscle devices.

end users, and commercial partners who will
fabricate the first visual aid tablet based on
photoactuation technology. The NOMS consortium
proposes to build a tactile visual-aid tablet for the
visually impaired, as shown schematic in Figure
28. Accomplishing this ambitious project requires
knowledge of basic and integrating research within
the field. It also requires the contribution of expert
neuropsychologists to study, in cooperation with
end-users, the effectiveness of the tablet both as an
assistive tool for the visually impaired and as a
research tool in the field of neuropsychology.

1. Towards smarter muscles
Ben O’Brien ben.obrien@auckland.ac.nz

A recent development in is the Dielectric Elastomer
Switch (DES) [O'Brien et al., 2010], which utilizes
piezoresistivity of dielectric elastomer electrodes to
control the current to actuator (DEA) elements.
DEA elements can in turn deform DES elements to
control their resistance. By coupling multiple DES
and DEA a complex circuitry can be built and
enabled us to develop a switching material and
applied it to make a NAND gate and ball rolling
oscillator circuit (Figure 29). Note that with NAND
gates any Boolean logic circuit can be constructed,
and that with the addition of an oscillator circuit it
should be possible to create a digital computer. Also
note that all sensor, driver, and logic circuitry is
built into the oscillator itself, i.e. the device is
detecting the location of the ball, deciding how
much to tilt, and driving the actuators to roll the ball
around the rails. With further material and
fabrication development we hope that dielectric
elastomer switches will enable the worlds’ first
truly smart artificial muscles.

Figure 28: A schematic view of the proposed
visual-aid NOMS tablet showing computer wireless
interface along with subjacent optical technology.
Ground-breaking OAPAD used to lay the
ground of an incipient field, will likely generate a
strong impact in a variety of scientific arenas.
Ultimately, we envision optical actuation in
multiple environments such as intracellular motors,
artificial muscles, and tactile displays for the
general public.

The University of Auckland, New
Zealand - Biomimetics Laboratory
News from the Auckland Bioengineering
Institute
www.abi.auckland.ac.nz/uoa/
Iain A Anderson i.anderson@auckland.ac.nz
The following is a brief account of three of the
ongoing projects:
 A mechanism that will make artificial muscles
smart,

Figure 29: Ball Rolling Oscillator Circuit. All
sensor, driver, and logic circuitry were built into the
device itself. The only external circuitry is a single
high voltage DC supply.
2. Self-priming dielectric elastomer generators
Tom McKay thomas.mckay@auckland.ac.nz

Another significant development is the self-priming
circuit for Dielectric Elastomer Generators (DEG)
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 Phase control for each channel.
 LCD screen with backlight to display voltage,
frequency and phase.
 Rechargeable battery powered option.
 Internal Faraday cage.

[McKay et al., 2010]. The DEG cycle requires a
source of electrical charges for priming.
Previously, this has been provided by an external
high voltage source. The self-priming circuit
enables the system to be initially primed from a low
voltage source such as a photovoltaic cell, without
the need for a high voltage transformer, reducing
system mass, cost, and complexity. Our system
does this by using a portion of the energy produced
by the DEG to replenish charge losses. This
enables autonomous DEG that does not require
connection to an electricity grid or a battery. When
the energy produced by the system exceeds the sum
of the losses and energy transferred to the load, the
system voltage is boosted. This is highly desirable
as DEG efficiency increases with priming voltage.
A picture of one of our prototype units is depicted
in Figure 30.

Figure 31: The EAP controller setup with a dot
actuator.
References
O'Brien B. M., E. P. Calius, T. Inamura, S. Q. Xie,
and I. A. Anderson, Dielectric Elastomer
Switches for Smart Artificial Muscles, Applied
Physics A: Materials Science & Processing
(2010).
McKay T. G., B. O'Brien, E. Calius, and I.
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Figure 30: A portable, hand-driven self-priming
dielectric elastomer generator.

The University of Auckland, New
Zealand - Mechatronics Engineering,
Dept. of Mechanical Engineering,

3. Biomimetics Lab EAP controller

Innovative research for advancing IPMC
transducers into real world applications

Iain A Anderson i.anderson@auckland.ac.nz

A new high voltage power supply was developed
that is specifically designed for dielectric elastomer
applications (Figure 31). The control units are
made to meet the following specifications:
 Output channels: 4 channels
 Output Voltage: 0-5000V in increments of 0.1%
of full scale
 Output Current: 100μA per channel
 DC control or square wave output with variable
frequency.
 USB connectivity for PC controlled output and
feedback.

Andrew McDaid: amcd039@aucklanduni.ac.nz
Kean Aw: k.aw@auckland.ac.nz
Shane Xie: s.xie@auckland.ac.nz
Enrico Haemmerle: e.haemmerle@auckland.ac.nz

IPMCs are transducers with significant potential in
robotics and biomedical applications and will
ultimately have the capabilities to rival the
performance of traditional sensors and actuators.
Much IPMC research has been undertaken in
laboratories around the world but little has been
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done to implement this technology into real world
applications. In 2008, a research team at The
University of Auckland started developing systems
with integrated IPMC sensors and actuators,
demonstrating their major potential in a variety of
applications. Since the group commenced research
in this field less than three years ago, development
has been undertaken on an IPMC actuated robotic
rotary joint, a stepper motor, a joint sensor for
measuring finger displacement, an impact sensor for
characterizing force and pressure in the sole of an
athlete’s foot during exercise, a biomimetic ‘wrist’
joint, a micro-fluidic pump and a micromanipulator.
In order to facilitate the development of these
systems, an accurate model of the force and
displacement was developed to describe the IPMCs
behavior over a large range of displacements and
when interacting with external mechanical systems
and loads. This model has equipped the team with
an invaluable tool which enables advanced
mechanical design, simulation and optimization in
addition to performance evaluation of the final
integrated IPMC system design before the actual
system is built.
IPMCs exhibit a number of adverse actuation
traits resulting in complex, unrepeatable and timevarying behavior. In order to use IPMCs to achieve
some useful output, advanced intelligent control
schemes must be implemented to effectively control
this behavior. A nonlinear gain scheduled (GS)
controller which is adaptively tuned using a model
free approach called Iterative Feedback Tuning
(IFT) has been developed (see Figure 32) to
address this problem. The developed control system
(Figure 33, Figure 34, and Figure 35) is extremely
useful when implementing IPMCs in real
applications because each system can be
individually and automatically tuned online, without
any knowledge of the system itself.

Figure 33: Model simulation of free displacement
response of a 24mm long (20mm free section),
10mm wide IPMC actuator under 1, 2 and 3V step
inputs.
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Figure 34: Block diagram of developed Gain
Schedule (GS) controller with IFT
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Figure 35: Random stair-step reference input for
comparison of GS controller performance vs.
standard PID, both optimally tuned using IFT

UPCOMING EVENTS
Date
Nov.
13-16,
2010

Conference/Symposium
The ASME 2010 International Mechanical
Engineering
Congress & Exposition, will be held at
Vancouver, Canada
For information contact: Suzette Hewitt
HewittS@asme.org Web:
http://www.asmeconferences.org/congress2010/

Nov.
21-26,
2010

Figure 32: Nonlinear electric circuit model used to
predict the current drawn by the IPMC

March
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4th International Conference on
Electroactive Polymers: Materials and
Devices (ICEP-2010), Surajkund (near
Delhi), India. For information contact:
Prof. Suresh Chandra
icep2010@gmail.com, web:
www.icep2010.org
13th EAPAD Conf., SPIE’s Smart
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6 -10,
2011

Nov.
11-13,
2011

progress that was reported in this field is quite
heartwarming, where major milestones are
continually being reported.

Structures & Materials and NDE
Symposia, San Diego, CA., For
information contact: Rob Whitner, SPIE,
mikes@SPIE.org Website:
http://www.spie.org//eap
3rd International Conference on Smart
Materials and Nanotechnology in
Engineering, Shenzhen (near Hong Kong),
China
For information contact: Jinsong Leng,
lengjinsong@yahoo.com Web:
http://smart-nano.org/smn2011

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

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/nasande/lommas/eap/WW-EAP-Newsletter.html
Recipe: http://ndeaa.jpl.nasa.gov/nasande/lommas/eap/EAP-recipe.htm
EAP Companies: http://ndeaa.jpl.nasa.gov/nasande/lommas/eap/EAP-material-n-products.htm
Armwrestling Challenge:
http://ndeaa.jpl.nasa.gov/nasande/lommas/eap/EAP-armwrestling.htm
Books and Proceedings:
http://ndeaa.jpl.nasa.gov/nasa-nde/yosi/yosibooks.htm

http://ndeaa.jpl.nasa.gov/ndeaapub/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.
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.

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

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)
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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.
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