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FROM THE EDITOR

Yoseph Bar-Cohen, yosi@]pl.nasa.gov

Novel and exciting new applications of EAP
actuators are continually being reported. Some of
the recently developed devices were demonstrated
at the EAP-in-Action Session of the SPIE’s 2011
EAPAD Conference. These include a haptic
interface in the form of an attachment to the Apple
iPod that was developed by Artificial Muscles Inc.
(AMI), Bayer MaterialScience LLC. Their device
allows the users of such games as Angry Bird to
feel the action that is shown graphically and
supported by related sound. Other development that
is worth noting includes the relatively large number
of researchers and engineers who are working on
energy harvesting using EAP. These studies have a
worldwide significance in terms of the impact on
our Climate Change and the need for green forms of
renewable energy sources. To bring attention to
this important topic, several special sessions of the
2011 EAPAD Conference were dedicated to the
progress in this field (see further details in this issue
of the WW-EAP Newsletter).

Biomimetics is one of the most important
applications of EAP. Recently, the San Diego Zoo
has established an in-house program in biomimetics
and at the 2011 SPIE Smart Structures Symposium
several representatives held a small workshop to
review their programs (Figure 1). In order to foster

collaboration with the EAP community, a keynote
presentation is going to be given at the 2012
EAPAD Conference. Efforts will be made to seek
the establishment nature-based designs database.

Figure 1: A live crocodile that was presented by
representatives of the San Diego Zoo during the

2011 Smart Structures Symposium.
http://www.sandieqozoo.org/conservation/biomimicry/new
s/bioinspiration biomimetics and bioreplication conferen
ce - march 610 2011

GENERAL NEWS

The WW-EAP Webhub http://eap.jpl.nasa.gov is
continually being updated with information
regarding the EAP activity worldwide. This
Webhub is a link of the JPL’s NDEAA Webhub of
the Advanced Technologies Group having the
address: http://ndeaa.jpl.nasa.gov
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LATEST EAP DRIVEN
COMMERCIAL PRODUCT

Artificial Muscle, Inc., Bayer
MaterialScience LLC

ViviTouch™ offers a new sensory dimension to
mobile gaming

Andy Cheng Andy.Cheng@artificialmuscle.com

With the explosive growth of the mobile gaming
market, device manufacturers will be looking for
ways to differentiate their products. By providing a
platform that integrates ViviTouch™, a next-
generation technology from Artificial Muscle, Inc.
(AMI), a Bayer MaterialScience LLC company,
device makers now have the potential of reaching
even more consumers in the gaming market (Figure
2).

ViviTouch™ brings a new level to the mobile
gaming experience by synchronizing realistic tactile
feedback with the sight and sound of gaming
applications. As a result, consumers are now able to
feel the difference between hundreds of sensations,
not just the one-buzz-fits-all vibration from before.
Rolling pinballs will feel different than revving

motors, explosions or even a sharp blade slicing
through soaring fruit. The possibilities are endless.

Figure 2: ViviTouch™ is a new mobile gaming
gadget that synchronizes realistic tactile feedback
with the sight and sound of gaming applications
For further information see: www.vivitouch.com

“This level of sensitivity and responsiveness
hasn’t been seen before on a mobile device,” said
Dirk Schapeler, CEO, AMI. “The technology
vividly captures the full spectrum of high-fidelity
movement, far beyond what has been experienced.”

ViviTouch™ is made possible through advances
in Electroactive Polymer (EAP) technology. As a
result, ViviTouch™ creates the most realistic tactile
feelings (50-300 Hz frequency range) that can be
felt immediately (within 5  milliseconds).
Additionally, the technology’s customizable design
and performance options consume significantly less
battery life than other technologies in the market.

Currently, there are several integrations of the
ViviTouch™ actuator that are available with a
technology license from Immersion Corporation.
For example, the Device Shaker reference design
uses ViviTouch™ to precisely move an inertial
mass to provide an incredible level of feedback that
can be felt in a user’s hand.

The mophie® Pulse, featuring ViviTouch™,
was introduced earlier this year at the CES. The
device will be available for sale later this summer.

UPCOMING CONFERENCES

SMN2011 conference
The 3rd International Conference on Smart
Materials and Nanotechnology in Engineering
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(SMN 2011), is going to be held from December 5
to 8, 2011, at Shenzhen (near Hong Kong), China
(Figure 3 and Figure 4). 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; In-Lee, Korea
Advanced Institute of Science and Technology
(KAIST), Korea; and Jian Lu, City University of
Hong Kong, China.

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 the peer-review process,
selected full-length papers will be published in the
special issues of SCI cited journals.

Important Dates:

Deadline of abstract submission: July 18, 2011
Date of abstract acceptance: August 1, 2011
Deadline of pre-registration: October 1, 2011
Deadline of final paper: November 15, 2011

Figure 3: Shenzhen Window of the World IS a
fantastic replica park situated at the Overseas
Chinese Town. Here you can see vivid replicas of
the world's wonders, historical heritages and famous
scenic sites.

Figure 4: World Trade Centre Hong Kong, Chlna

For more information contact Zhichun Zhang
(Conference Secretary), smn2011@smart-nano.org.
Web: http://smartnano.org/smn2011. All abstracts
should be submitted by email to smn2011@smart-

nano.org.

2012 SPIE EAPAD Conference

The 14™ SPIE’s EAPAD conference is going to be
held March 11-15, 2012, in San Diego, California.
This Conference will be chaired by Yoseph Bar-
Cohen, JPL, and Co-chaired by Keiichi Kaneto,
Kyushu Institute of Technology, Japan. The
Conference Program Committee consisted of
representatives from 26 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.

In the EAPAD 2012, we are going to have a
Special Session dedicated to the subject of "EAP
Actuated Medical and Tactile Devices" chaired by
John David W. Madden, The Univ. of British
Columbia, Canada; and Yahya A. Ismail, University
of Nizwa, Sultanate of Oman.

As in past years, a course will be given on
Sunday, March 11, and the EAP-in-Action Session
will be held on Monday, March 12, 2010. The
abstracts are due on August 29, 2011. Information
about the EAPAD 2012 Conference can be found at
http://www.spie.org//eap
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RECENT CONFERENCES

2011 SPIE EAPAD Conference

This SPIE’s Electroactive Polymers Actuators and
Devices (EAPAD) 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 this year
was chaired by Yoseph Bar-Cohen, JPL, and co-
chaired by Federico Carpi, University of Pisa, Italy
and included 124 presentations, which is the largest
number of EAP related papers that have ever been
submitted. EAP materials are increasingly attracting
researchers from many fields for their large
displacement and functional similarity to biological
muscles.

The Conference was well attended by
internationally leading experts in the field including
members of academia, industry, and government
agencies from the USA and overseas. The Keynote
speaker was Thomas Sugar, Arizona State
University, and the title of his presentation was
“Walking with springs” (Figure 5). In his
presentation, he gave a review of his work related to
the development of compliant wearable robots using
tunable springs as well as robotic orthoses and
prostheses for rehabilitation and mobility. He
described spring ankle with regenerative kinetics
and a powered ankle foot orthosis for stroke
rehabilitation.

Figure 5: The 2011 EAPAD Conference Keynote
Speaker, Thomas Sugar, Arizona State University.

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 with focus on such
areas as energy harvesting, biomimetics, haptics,
braille displays, and miniaturization. The papers
addressed 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 energy harvesting.
Moreover, the conference included four Special
sessions grouping contributions from members of
the European Scientific Network for Artificial
Muscle (ESNAM). One of these Sessions was also
dedicated to Energy Harvesting. Other topics that
were covered in this conference included:

e Electroactive polymers (EAP) and non-electro
active-polymer (NEAP) materials
e Theoretical models, analysis and simulation of

EAP.

e Methods of testing and characterization of EAP

e EARP as artificial muscles, actuators and sensors

e Design, control, intelligence, and kinematic
issues related to robotic and biomimetic
operation of EAP

e Under consideration and in progress
applications of EAP

The efforts described in the presented papers are
showing 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,
IPMC, conductive polymers, gel EAP, carbon
nanotubes, and other types. Specifically, there
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seems to be a significant trend towards using
dielectric elastomers as practical EAP actuators.

To provide the attendees with opportunity to
learn about EAP, an introductory course was given
on Sunday, March 6, 2011 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 lonic EAP
was covered by John D. W. Madden, the Univ. of
British Columbia, Canada (Figure 6), while the
topic of Electronic EAP was covered by Qibing Pei
from the University of California at Los Angeles
(UCLA).

Figure 6: John Madden escribin the ionic EAP
materials (Top) and attendees of the course that was

held on March 6.

The invited papers in this conference are:

o Siegfried G. Bauer, Johannes Kepler Univ. Linz
(Austria), “Dielectric elastomers: from the
beginning of modern science to applications in
actuators and energy harvesters.”

e Roy D. Kornbluh, Ron Pelrine, Harsha Prahlad,
Annjoe Wong-Foy, Brian McCoy, Susan Kim,
and Joseph Eckerle, SRI International (United
States), “From boots to buoys: promises and
challenges of dielectric elastomer energy
harvesting.”

e Zhigang Suo, Harvard Univ. (United States),
“Maximal energy that can be converted by a
dielectric elastomer generator.”

e Guggi Kofod, Hristiyan Stoyanov, Matthias
Kollosche, Sebastian Risse, Hilya Ragusch,
Denis N. McCarthy, Dmitry Rychkov, Mario
Dansachmuller, and Remi Waché, Univ.
Potsdam (Germany), “Molecular level materials
design for improvements of actuation properties
of dielectric elastomer actuators.”

e Frederic Vidal, Cédric Plesse, Univ. de Cergy-
Pontoise (France); Alexandre Khaldi, Univ. de
Valenciennes et du Hainaut-Cambrésis (France);
Nicolas Festin, Brain Vision Systems (France);
Eric Cattan, Univ. de Valenciennes et du
Hainaut-Cambrésis  (France); Patrick Pirim,
Brain Vision Systems (France); Dominique
Teyssié, and Claude Chevrot, Univ. de Cergy-
Pontoise (France), “Conducting IPNs based
electrochemical actuators: from  chemistry
towards devices .”

e Herbert R. Shea, Ecole Polytechnique Fédérale
de Lausanne (Switzerland), “Miniaturized EAPs
with compliant electrodes fabricated by ion

implantation.”
e lain A. Anderson, Tony C. Tse, Tokushu
Inamura, Benjamin M. O'Brien, Auckland

Bioengineering Institute (New Zealand); Thomas
G. McKay, The Univ. of Auckland (New
Zealand); and Todd A. Gisby, Auckland
Bioengineering Institute (New Zealand), “Flexi-
drive: a soft artificial muscle motor.”

On Monday, March 7, 2011, the EAP-in-
Action Session was held. This Session is continues
to provide a spotlight on Electroactive EAP
materials, their capability, and their potential for
smart structures. New materials and applications are
continuing to emerge and this is a great opportunity
for the attendees to see state-of-the-art
demonstrations of the unique capabilities of EAP as
possible actuators-of-choice. This Session offers a
forum for interaction between developers and
potential users as well as a "hands-on" experience
with this emerging technology. It was during this
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session that he first Human/EAP-Robot
Armwrestling Contest was held in 2005.

Seven research and industry presenters

demonstrated their latest EAP actuators and devices
including:
Lone Ivang, Danfoss PolyPower A/S, Denmark,
presented a PolyPower® DEAP energy harvesting
system (Figure 7). This demonstration included a
medium scale DEAP energy harvesting system
comprised of control and monitor electronics,
PolyPower DEAP generator elements, and
mechanical energy source. Also, “constant charge,
constant voltage, and constant electric field" energy
conversion cycles were demonstrated.

Figure 7: Lone lvang presenting a PolyPower
Energy Harvesting System

The team (Figure 8) consisting of P. Lotz?, M.
Matysek®, H. Hausa, H. Moessinger®, D. Brokken®,
H. F. Schlaak® presented a handheld haptic user
interface with localized tactile feedback. This
device is a battery driven bidirectional user
interface based on dielectric elastomer transducers.
Its actuator-mode is wused to present tactile
information (e. g. display device status) while its
sensor-mode enables user interaction (e. g. change
device status). Energy efficient design and
additional wireless communication emphasize the
autonomous usability of the device (Figure 9).

% Technische Universitat Darmstadt, Germany
b Philips Research, Eindhoven, the Netherlands

Figure 8: From right to left: Hikger Moessinger,
Helmut F. Schelaak, Henry Hausa, Maze Matysek,

and Peter Lotz

aly

a1

Figure 9: Handheld haptic user interface with
localized tactile feedback

Federico Carpi, University of Pisa, Research
Centre “E. Piaggio”, Italy, presented a
hydrostatically and granularly coupled dielectric
elastomer actuators (Figure 10). The demo
consisted of prototype samples of his new types of
dielectric elastomer actuators (DEAs). In these
devices either a fluid or a fine powder is used to
transfer forces to a load without direct contact
between the latter and any DEA active element.
This solution has advantages in electrical safety and
design versatility.

lain Anderson Emilio Calius, Todd Gisby, Andrew
Lo, Thomas McKay, Ben O’Brien, and Tony Tse,
the  Biomimetics Lab of the Auckland
Bioengineering Institute, New Zealand, presented
their latest Dielectric elastomer (DE) technology
including bio-inspired DE self-sensing and logic
circuits (Figure 11) as follows:
1) A capacitive, high specific torque rotary motor -
Sequential actuation of electroded zones on the
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thin dielectric elastomer membrane produces an
orbiting motion in a gear at the center of the
membrane that contacts and turns a rotor.

2) A four channel artificial muscle controller unit -
A stand-alone portable laboratory tool simplifies
the generation and control of high voltages for
artificial muscle research. The unit features
include 4 channel computer controlled output
and battery operation.

3) A portable dielectric elastomer generator - A
portable and autonomous generator technology
will be demonstrated.

T = =
Figure 10: Hydrostatically and granularly coupled
dielectric elastomer actuators

| el & —

Figure 11: The New Zealand team from right to
left, Todd Gisby, Ben O’Brien, Thomas McKay,
Andrew (Ho) Cheong Lo and lain Anderson,
demonstrating a series of devises that are driven by
the DEA and controller

Marcus Rosenthal, Artificial Muscle, Inc., a Bayer
MaterialScience Company, USA, presented the
ViviTouch™ Haptic Actuators integrated into
consumer products. The demo showed the latest

Reflex actuators integrated into a haptic feedback
for mobile and gaming applications (Figure 12).

U
Figure 12: ViviTouch™ Haptic Actuators

Qibing Pei, UCLA, presented a refreshable tactile
display device in the form of a refreshable Braille
display. This device is driven by bistable EAP
actuators and it can display Braille text and tactile
images and it_g content is refreshable (Figure 13).

Lr=aay

Figure 13: The L tea under the lead of
Qibing Pei (top right) and their refreshable tactile
display devices.
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Lenore Rasmussen, Ras Labs, LLC, demonstrated
her control algorithm (Figure 14). Voltage step
functions are applied to a contractile EAP and thus
the level of contraction and modulate the movement
are controlled.

Figure 14: Control algorithm presented by Lenore
Rasmussen.

EuroEAP 2011 conference
Federico Carpi, University of Pisa, Italy
f.carpi@centropiaggio.unipi.it

EuroEAP 2011, the “First international conference
on Electromechanically Active Polymer (EAP)
transducers & artificial muscles’ (www.euroeap.eu)
took place in Pisa, Italy, on 8-9 June 2011. This
conference was chaired by Federico Carpi and
Danilo De Rossi, from the University of Pisa, and
was organized by the *European Scientific Network
for Artificial Muscles - ESNAM’ (www.esnam.eu)
with a support from the European Science
Foundation’s programme called COST
(www.cost.esf.org).

The event was attended by about 130 delegates.
In consideration of the fact that the event was
organized in six months, the response to the call for
contributions was much higher than the most
optimistic estimate. The technical programme
(available at www.euroeap.eu) included 11 invited
talks from top-level scientists, some of the pioneers
of the field of EAP, and 66 unsolicited
contributions.

The invited scientific talks were given by the
following scientists purposely coming from outside
of Europe: Yoshihito Osada (plenary speaker), Ron
Pelrine (plenary speaker), Keiichi Kaneto, Qibing
Pei, Geoff Spinks, Werner Jenninger, John Madden
(plenary speaker), Roy Kornbluh, Zhigang Suo,
Paul Calvert and Shihai Zhang. Among them, two
are representatives from industry. This is a clear
sign of the importance that the EAP technologies
are gaining for applications. Actually, this year
marks a key achievement, since the first mass-
produced EAP product with a high expected
commercial impact has been released.

During the social dinner, the following three
scientists were awarded by the ESNAM network,
with an informal ceremony in a friendly atmosphere
(Figure 15): Yoshihito Osada (“for a long-standing
carrier and important scientific contributions in the
field of Polymer Gel Artificial Muscles”), Keiichi
Kaneto (“for a long-standing carrier and important
scientific contributions in the field of Conjugated
Polymer Artificial Muscles™) and Ron Pelrine (“for
the invention and development of the Dielectric
Elastomer Artificial Muscle technology that this
year has entered the market with the first mass-
produced device”). Pictures that were taken during
the Conference can be viewed at www.euroeap.eu.

The conference was the inaugural event of
annual editions moving across Europe. EuroEAP
2012 will take place in Potsdam, Germany, and will
be chaired by a highly esteemed scientist, Reimund
Gerhard from the University of Potsdam. The
conference date will be announced soon thru the
website www.euroeap.eu and it is most likely going

to be held at the end of May 2012.

—

(@) Yoshihito Osada rreceivi"n. the award.
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(c) Ron Pelrine receiving the award. -

Figure 15: The three EuroEAP 2011 ESNAM
award recipients

ADVANCES IN EAP

Aerospace Engineering-Propulsion, USA
DEA Compressor for Gas Turbine Engines
Babak Aryana Babak.Aryana@Gmail.com

Today, the need for effective energy generators is
one of the most important global issues. Creating a
new generation of gas turbine engine that can adapt
itself to environmental elements and users’ demands
is a necessary step. One possibility is to introduce
context-awareness, which is a specification of
cyberspace to gas turbines.

Pursuing the concept of context-aware gas
turbine engine, the author turned his attention to the
possibility of using EAP to create a compressor
inherently compatible with a context aware system.
The outcome is an original conceptual compressor
design using Dielectric Elastomer Actuators
(DEAS) [Aryana, 2010].

The concept consists of several thin tubes that
suck air into a vessel (Figure 16). Each cell

consists of the several rings. The rings are made of
DEA that surrounds an elastomeric tube whose end
is attached to the vessel (Figure 17). Orderly
expansion and contraction of these rings creates a
gullet like movement by moving a knot from the tip
to the root of the cells (Figure 18). Such a
movement inflates the vessel that would be depleted
when its internal pressure reached a desirable value.
Yet, to generate a steady flow, inflating and
depleting processes should be carried out at high
frequencies.
Vessel

Cells

Figure 16: Schematic view of the DEA compressor
and its two key components.

Silicone Film (Common Dielectric)

A DEA Electrode

Elastomeric Tube Wall

Elastomeric Tube

Layers

Figure 17: A ring encompassing tube schematically
depicted by its sections at switch on (Tube open)

The behavior of low density gases can be

described by the following equation:
PV =mRT

in a constant volume process by increasing mass,
the temperature and pressure will increase. This fact
can clearly be seen during inflating a bicycle tires.

The cells in the concept (Figure 16) carry out
the inflating procedure. DEAs in the rings (Figure
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19) expand when an adequate electric field is
applied. In normal situation, each ring should be
capable to close a tube and then it should be strong
enough to withstand the maximum desirable
pressure in the vessel.

AT
Vi

e
e
e
L

the rings from cell tip towards its root schematically
depicted among the 15 rings, along with needful
times for such a movement in three steps

Switch Off
(Tube Close)

. Switch On
N (Tube Open)

Figure 19: A layer of each ring consisting of
several DEA at switch on and off

References
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IPMC artificial muscle finger activated through
EMG

R K Jain rkjain@cmeri.res.in , S Datta, S
Majumder, S Chowdhury and P Banerjee

10

To produce biomimetic robots, the use of an IPMC
based soft actuating mechanism has been reported
previously in this newsletter (Jain et al., June 2010)
where IPMC is actuated from forearm human
muscle power. An IPMC actuation has shown
bending from extensor and flexor muscles forearm
for lifting purpose. These muscles provide voltage
range of 5 mV for activation of IPMC. In
continuation of the above mentioned work, this
article focuses on IPMC based micro finger
actuated by the muscles of a human index finger for
holding an object. The index finger has two
interosseous muscles (101 and 102), one lumbrical
(LU) muscle and four extrinsic muscles connected
through long tendons i.e. extensor digitorum
communis (EDC), extensor indicis proprius (EIP),
flexor digitorum superficialis (FDS) and flexor
digitorum profundus (FDP) for heavy holding
purpose as shown in Figure 20 which gives voltage
range of +1.2 mV. So, this is implemented through
an electromyographic (EMG) signal for holding the
object.

In order to examine the biomimetic behavior of
IPMC by human finger via EMG signal, EMG
electrodes are positioned at the muscles of the index
finger because they are capable of lifting heavy load
during operation. The input EMG signal from the
muscle movement varies in the range of +1.2mV
but activation of IPMC needs +3V which is only
possible by amplification of voltage from muscles
through signal processing. For the desired output
voltage to IPMC, EMG signal is transferred through
analog-digital card (ADC) and PXI system (NI-
6289) in real time environment. After that, the
signal is amplified with help of the data acquisition
(DAQ) assistant express VI in LabView 8.5
software and digital-analog card (DAC) through
amplification factor of 2500-2550. The PID control
system is also used as a negative feedback system to
achieve the stability during operation of IPMC
finger. Electric voltage is detected through EMG
signal from human index finger muscles and is
transferred to IPMC (Figure 21) through PID
control system as a compensator to attain the
stability of EMG voltage. The stability analysis of
EMG voltage (Figure 22) shows the zero-poles in
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left hand side of real axis which satisfies the
Nyquist criterion. Also, the gain cross-over
frequency (GCF) (1 rad/sec) is less than the phase
cross-over frequency (PCF) (1.34 rad/sec). Hence, a
stable EMG voltage data is achieved and sent to
IPMC. The characteristic of IPMC finger shows
similar bending behavior up to 12 mm at 45° angle
of the index finger. The deflection and force
characteristic of IPMC finger is shown in Figure
23.

Phalanx Extensor Hood
l.l; l Proi "l\ Metacarpal bone
151 i o o H
Middle - oxIa r}}:ﬁ
DIF Join{ EDC & EIP
Joint / Tendon

FDP FDS

Tendon Tendon Lumbrical  Interosseous

Muscle (LU)  Muscle (10)
Figure 20: Basic tendons of the index finger

(2

| Human finger |

IPMC finger
(@) Initial state

(b) Activated state
Figure 21: IPMC finger activated by EMG signal

In real time environment, an IPMC finger shows
capacitive and resistive behavior by contraction or
expansion of muscles. These behaviors are utilized
for development of IPMC based micro finger in bio-
mimetic micro manipulation that would be activated
from human finger in future. This potential shows
saving in the downsized production system in terms

11

of energy, space and resources in the field of bio-

mimetic, rehabilitation technology and micro
manipulation.
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Figure 22: Root-locus and bode plot behavior of
human index finger after applying PID control
system.
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IPMC tip force vs. Finger tip angle
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Figure 23: IPMC finger characteristics when
activated by human index finger via EMG

Duke University, USA

Substrate-bonded Dielectric Elastomer: From
Artificial Muscle to Artificial Skin

Xuanhe Zhao <xz69@duke.edu>

Subject to a voltage, a layer of a free-standing
dielectric elastomer reduces the thickness and
expands area. The large voltage-induced
deformation together with the softness of elastomers
has made dielectric elastomer an ideal candidate for
artificial muscles. The Duke Soft Active Materials
Laboratory (SAMs Lab) led by Xuanhe Zhao
recently showed that substrate-bonded dielectric
elastomers can be readily used as artificial skins that
dynamically vary their morphology in response to
apply voltages (Figure 24).

The physical mechanism behind this artificial
skin is a new mode of electromechanical instability
discovered at SAMs Lab. Subject to a voltage, a
substrate-bonded dielectric elastomer initially
maintains flat and smooth shape. Once the voltage
reaches a critical value, regions of the elastomer
surface locally fold against themselves to form a
pattern of creases. As the voltage further rises, the
creases increase in size and decrease in density, and
strikingly evolve into craters in the elastomer. The
critical voltage, morphology, and length scale of the
instability patterns can be tuned by varying the
dimension and modulus of the elastomer. It is
expected that the artificial skin will find promising
applications in surface functionalization, haptic

12

electronics, lithography, drug delivery, and energy
harvesting. For more information on the artificial
skin see [Wang et al, 2011]

Artificial Muscle
I_
| | | | -

Artificial Skin

I —
< o Oy - -+ <~

A -\, __/_'_x'--:' f _t' ) 1] o o
¥ i S,

R RTI e Ga ad
Figure 24: Substrate-bonded Dielectric Elastomer
using EAP as artificial muscle to produce an
artificial skin

Reference

Wang Q., L. Zhang, and X. Zhao, 2011, “Creasing
to Cratering instability in polymers under
ultrahigh electric fields,” Physical Review
Letters, 106, 118301
http://www.duke.edu/~xz69/papers/34.pdf.

Harbin Institute of Technology (HIT),

China

Thermo-electro-mechanical instability of
dielectric elastomers

Jinsong Leng lengjs@hit.edu.cn
http://smart.hit.edu.cn

Dielectric  elastomers are a sub-group of
electroactive polymer materials that are capable of
undergoing very large deformations while being
subjected to an electric field, benefiting attractive
advantages such as large deformation, high elastic
energy density, excellent conversion efficiency,
high responsive speed [Pelrine et al, 2000; Suo,
2010]. Such properties have enabled a variety of
applications including actuator, sensor, energy
harvest, refreshable Braille display, active tactile
display, medical device and space robotic.
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A new method is proposed herein to analyze the
thermo-electro-mechanical instability of dielectric
elastomer. The equilibrium equations in this
thermodynamic system at different temperatures are
initially established. The critical nominal electric
field and the critical stretch under various
mechanical and thermal loads were obtained
involving the effects of different stretch regimes on
the system stability. Namely, these include the
equal-biaxial stretch, the unequal-biaxial stretch and
the thickness elongation. The results provide
guidance to the design and synthesis of dielectric
elastomer-based devices, especially for those
operating at various temperatures.

Due to the dielectric elastomer’s
incompressibility, consider the effect of the
temperature  on  the  dielectric  elastomer
thermodynamic system, the free energy function
can be expressed as follows [Liu et al, 2011].

W4 A4 % T.0)=8A A A A A4 A% D) (1)

In Eq. (1), W(4,4,,4 4,4, T,D7) is the free
energy of the dielectric elastomer thermo-electro-
mechanical coupling system, as a function of the
three generalized coordinates, the stretch, 4, and 4, ,

the current temperature, T, the nominal electric
displacement, D™. &(4,4,,4°4,") is the thermo-
elastic strain energy, 7(4,4,,4'4,",D7) is the
electric field energy. In the thermodynamics system,
to simplify this work but without losing its physical
picture, we take the following assumptions: the
system is an adiabatic process, the dielectric
elastomers are ideal hyperelastic elastomers, the
electrode is the ideal fluid and compliant, the
temperature varies linearly. Therefore, the thermo-
elastic strain energy can be expressed as

R S L R R A

In the right hand of Eq. (2), the first item is the
thermal hyperelastic energy. The second item is the
thermal contribution. We employ a Mooney-Rivlin
model with two material constants to describe the
hyperelastic performances, where: C,, C,are

material constants determined by experiments. T, is
the reference temperature and c, is the specific heat
for dielectric elastomers.
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Figure 25 shows the relationship between

E and D
C C
&L e

respectively. In each curve, % takes different
1

when a=1,2andT =T,, 1.44T,,

values such as 0, 1, 2, 3, 4, and E reaches its peak
values. Before E reaches its peak value, the
Hessian matrix is positive definite while after the
peak value, the Hessian matrix is negative definite.
Simply speaking, in the peak point, det (H)=0. As

the value = increases, the nominal electric field
1
decreases.

Figure 26 illustrates the entropy of a dielectric
elastomer  thermo-electro-mechanical  coupling
system of different dielectric elastomer materials
(=1, 2) wunder the loading condition as
A=4,=4 and T. As shown in Figure 26, the
entropy of the thermodynamics system decreases

with the increase in stretch or with the decrease in
temperature.
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Figure 25: The relation between the nominal
electric field and nominal electric displacement of
the thermo-electro-mechanical coupling system of
dielectric elastomers under specialized load
condition, namely 4, =4, =4.(@) T =T,, a =1, (b)
T=T,, a=2,(c) T=144T,, « =1, (d)
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Figure 26: Entropy of thermo-electro-mechanical
coupling system of dielectric elastomers different
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temperatures and stretches under specialized load
condition, namely 4, =4,=4.() a=1,(b) a=2.
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Joseph, “High-speed electrically actuated

elastomers with strain greater than 100%,”
Science, 287, 836-839 (2000).

[2] Suo Z. G., “Theory of dielectric elastomers,”
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(2010).
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Leng, “Thermo-electro-mechanical stability of
dielectric elastomers,” Smart Materials &
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University of Agricultural Sciences, India
Bacteriorhodopsin from Halobacterium: Smart
protein for optical nano devices

Vijaykumar P. Savalgi savalgi_2000@yahoo.com

The archaebacteria Halobacterium salinarium
(Figure 27) is an extremophile found in strongly
saline environments like Solar patterns, the Dead
Sea, the Great Salt Lake, etc. These environments
are characterized by intense illumination and a
shortage of oxygen. The presence of an intrinsic
membrane protein named Bacteriorhodopsin (Br)
allows this organism to sustain and survive under
such extreme anaerobic conditions. This 26kD
protein is of great interest because of its analogy in
its structure and mechanism to the visual pigment
rhodopsin, active in the vertebrate retina.
Bacteriorhodopsin (Br) acts as a proton pump to
export H+ ions, thereby providing the cell with the
capacity  for  phototrophic ~ growth, and
halorhodopsin  (HR) exports Cl-ions to help
maintain the osmotic balance during growth. Br is a
revolutionary material with unique photocycle,
which helps in a battle to bring computing down to
the molecular level. For example: a five cubic
centimeter volume of Bacteriorhodopsin-studied
polymer could theoretically store 512 gigabits of
information, whereas a 36 cubic centimeter DIMM
(dual in line memory module) currently can hold
only 64 megabytes. Recently this bio-material was
also used for solar photovoltaic cell development
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for enhanced efficiency in energy conversion. It can
also be used for artificial retina development. Br
biomaterial is mainly used in designing molecular
electronic devices and optical memory devices,
since it  possesses  photophysical/chemical
properties. The structure and function of Br have
been extensively studied.

Less is known about the better cultivation
system and effect of different cultural stimulants on
bacteriorhodopsin production. Our laboratory is
working on this protein for enhanced protein
production, optimization of selected factors on
growth and protein production as biomaterial.

I

Figure 27: Halobacterium salinarium (Hs9)

University of Southern Denmark,

Denmark

Bio-inspired smart sensors and gripper
Christian Maibohm maibohm@mci.sdu.dk, Alin
Marian Drimus and Arne Bilberg

The University of Southern Denmark is part of the
EMICAB (Embodied Motion Intelligence for
Cognitive Autonomous Robots) project, a FP7
program where researchers are combining and
integrating neuroscience with technology for a
holistic approach to artificial cognitive systems
based on research of insects. At the Mads Clausen
Institute the group is developing sensors, a sensory
network and gripper which will provide the
EMICAB hexapod robot, seen in Figure 28 with a
high amount of sensory feedback so an adaptive,
agile and versatile locomotion can be achieved even
over rough terrain together with object gripping and
manipulation capabilities.
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The Sgnderborg group is designing and
fabricating bio-inspired smart mechano sensors
mimicking the three main sensory organ functions
found on the limbs of insects; proprioceptors, tactile
receptors and stress receptors. All of the limb
sensors will be fabricated from DEAP (Dielectric
Electro Activated Polymer) material, produced by
the Danish company PolyPower A/S making them
highly stretchable, environmental tolerant and low
cost. On the robot the sensors will be integrated into
a decentralized sensory network for each limb
where each sensory modality is measured by more
than one sensor, like seen in biological systems and
where the network also take in to account
environmental influences on and non-linearity of
each sensor. Processed sensory input from each
limb is used by the central control for intelligent
planning and control of motor behavior.

For manipulation tasks the hexapod robot will
be equipped with a compliant sensorised gripper
enabling it not only passively to adapt to the object
during the gripping process but also getting both
static (contact force and object shape) and dynamic
(slipping) tactile feedback.

Figure 28: Full scale model of the EMICAB
hexapod robot.

Xian Jiaotong University, R.R. China
Effect of mechanical pre-stretch on the
stabilization of dielectric elastomer actuation
Bo Li libo.xjtu@stu.xjtu.edu.cn, blancolee@gmail.com
Hualing Chen hlchen@mail.xjtu.edu.cn
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A dielectric elastomer is capable of giant
electromechanical actuation but fails at breakdown
due to instability under certain conditions with a
small deformation. By applying a mechanical pre-
stretch, one obtains a stabilized large actuation.

In this reported study, measurements were made
of the dielectric constant and critical voltage of a
polyacrylic dielectric elastomer subject to both
equal and unequal biaxial stretch (Figure 29). The
actuation was modeled by employing the Gent
strain energy function with a microscopic view to
characterize the nonlinear stiffening behavior and
the electrostrictive effect in the deformation.
Using this model the maximum actual stretch was
estimated at levels of pre-stretch (Figure 30) and
the dielectric strength as a function of deformation
(Figure 31). The mechanical pre-stretch contributes
in several ways to the stabilization of dielectric
elastomer, by eliminating the pull-in instability, by
generating electrostriction, by improving the
breakdown strength, as well as by reducing the
membrane thickness which consequently lowers the
voltages required for activation.

Reference

Li B., H. Chen, J. Qiang, S. Hu, Z. Zhuand Y.
Wang, 2011, “Effect of mechanical pre-stretch
on the stabilization of dielectric elastomer
actuation,” J. Phys. D: Appl. Phys. 44 155301
doi: 10.1088/0022-3727/44/15/155301

Figure 29: VHB film are clipped at the stretching
frame and mechanically pre-stretched by tuning the
butterfly-wind nut at each direction to different
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level, after which the compliant electrode is
smeared uniformly at both surfaces of the
membrane.
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Figure 30: Voltage-stretch relation of unequal

biaxial pre-stretched dielectric elastomer involving
electrostriction.
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stretch for elastic dielectric

NEW BOOKS
Biomimetics — Nature Inspired
Innovation

Yoseph Bar-Cohen (Editor)

This Edited book that is about to be published by
CRC Press in August 2011 is part of the new book
Series on Biomimetics for which Y. Bar-Cohen is
also the editor.
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This  new  book
contains 20 chapters and
they are covering various
aspects of the field of
biomimetics  including
Nature as a source for
inspiration of innovation;
Artificial  Senses &
Organs; Bio-mimicry at
the Cell-Materials
Interface; Multiscale
modeling of plant cell
wall  architecture and
tissue mechanics for biomimetic applications;
Biomimetic composites; EAP actuators as artificial
muscles; Refreshable Braille Displays Actuated by
EAP; Biological Optics; Biomimicry of the
Ultimate Optical Device: Biologically Inspired
Design: a tool for interdisciplinary education
Enhancing Innovation Through Biologically-
Inspired Design;  Self-reproducing machines and
manufacturing processes; Biomimetic products;
Biomimetics for medical implants; Application of
biomimetics in the design of medical devices;
Affective Robotics: Human Motion and Behavioral
Inspiration for Safe Cooperation between Humans
and Humanoid Assistive Robots; Humanlike robots
- capabilities, potentials and challenges; Biomimetic
swimmer inspired by the manta ray; Biomimetics
and flying technology; The Biomimetic Process in
Artistic Creation; and Biomimetics - Reality,
Challenges, and Outlook.

Further information is available at:
http://www.crcpress.com/product/isbn/9781439834
763

BIOMIMETICS
SERIES

Eomep Y

Yoseph Bar-Cohen

@L‘RC Press
ok i

UPCOMING EVENTS

Date Conference/Symposium
July 5th ECCOMAS Thematic
6-8, Conference on Smart Structures
2011 | and Materials« (SMART'11),
Saarland University
Campus, Saarbrucken/Germany.
For information contact Alexander
Patrut
smart2011@izfp.fraunhofer.de
Aug. Nano-Opto-Mechanical Systems
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21-25, | (NOMS) conference, SPIE Optics

2011 and Photonics, San Diego, CA,

Sept. ASME 2011 Conference on Smart

18 -21, | Materials Adaptive Structures &

2011 | Intelligent Systems (SMASIS
2011) Scottsdale, Arizona. For
information contact Mary Jakubowski
JakubowskiM@asme.org
http://asmeconferences.org/smasis2
011/

Nov. Biomimetic and Bioinspired

14 -16, | Technologies Conference (Topic 7-

2011 3), of the ASME 2011 International
Mechanical Engineering - Congress
& Exposition, Denver, Colorado.
For information contact Yosi Bar-
Cohen, yosi@jpl.nasa.gov Web:
http://www.asmeconferences.org/c
ongress2011/

Sept. The International conference on

18-20, | bionic engineering, Boston, MA.

2011 For information contact
customerservice-
bionicsl1@elsevier.com Web:
http://www.bionicengineeringconfe
rence.com/conference-
committee.html

Oct. 22nd International Conference on

10-12, | Adaptive Structures and

2011 | Technologies (ICAST), Corfu,
Greece. For information see
http://www.icast2011.eu

Dec. 3rd International Conference on Smart

5-8, Materials and Nanotechnology in

2011 Engineering, Shenzhen (near Hong
Kong), China. For information
contact: Jinsong Leng,
lengjinsong@yahoo.com Web:
http://smart-nano.org/smn2011
Abstract should be submitted to
smn2011@smart-nano.org

March | 14th EAPAD Conf., SPIE’s Smart

11 -15, | Structures & Materials and NDE

2012 Symposia, San Diego, CA., For
information contact: Rob Whitner,
SPIE, mikes@SPIE.org Website:
http://www.spie.org//eap

TBD 2nd international  conference on
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May,
2012

Electromechanically Active Polymer
(EAP) transducers & artificial muscles
(EuroEAP 2012) to be held at Potsdam,
Germany, and chaired by Reimund
Gerhard from the University of
Potsdam. Website: www.euroeap.eu
For information contact Federico Carpi
f.carpi@centropiaggio.unipi.it

4™ International Conference on Smart
Materials Structures and Systems,
CIMTEC2012, Montecatini Terme,
Italy. For information contact: Pietro
Vincenzini, www.cimtec-congress.org
5th International Conference on
Electroactive Polymers: Materials and
Devices (ICEP-2012), India. For
information contact: Prof. Suresh
Chandra
sureshchandra_bhu@yahoo.co.in

June
10-14,
2012

TBD,
2012

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.qov/nasa-
nde/lommas/eap/EAP-armwrestling.htm

Books and Proceedings:
http://ndeaa.jpl.nasa.qgov/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

Electroactive Polymer [EAP)
Actuators as Artificial Muscles

Reallty, Patential. and Challenges

ecomg e
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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 (Edltors)

The book that is entitled
“Biologically-Inspired Intelligent
Robots,” covering the topic of
biomimetic robots, was published f;
by SPIE Press in May 2003. /.
There is already extensive |,
heritage of making robots and #’ 3
toys that look and operate similar i
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.

BI()\II\]I e ‘-:

ally isplred Technologl

—p————

Yuseph Bar-Cohen

Biclogically Inspired
Intelligent Robots

5.
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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 [ o
\ ? " REUOLUTION

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.

Grand challenge for EAP
Arm wrestling with human
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