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FROM THE EDITOR
Yoseph Bar-Cohen, yosi@jpl.nasa.gov
This issue reports the latest progress in the fields of
Electroactive Polymers (EAP) and biomimetics.
Some of the latest development at the various lab
worldwide is reported in this issue.
From the perspective of Biomimetics, it is
interesting to note that the SPIE’s Conference on
Biomimetics has continued to grow in terms of the
number of papers that are presented. In the 2015
SPIE Conf. on Biomimetics, the San Diego Zoo
presented a Caiman Lizards, also known as a genus
Dracaena. The Caiman lizards are found in South
America in Ecuador, Colombia, Peru and Brazil.
The male (see Figure 1).
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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

Figure 1: The Caiman Lizard shown by a
representative of the San Diego Zoo at the SPIE
Conference about biomimetics.
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hydraulic forces.
They pump fluids by
electroosmosis within microchannels in compliant
material from one place to another. The hydraulic
pressure causes the compliant material to deform.

EuroEAP Society open to subscriptions
Federico Carpi, Queen Mary University of
London, UK; Edwin Jager, Linköping University,
Sweden; Gabor Kovacs, Emma, Switzerland
As an outcome of the “EuroEAP Scientific Network
for Artificial Muscles”, a few years ago a group of
EuroEAP institutions decided to fund the ‘EuroEAP
– EuroEAP Society for Electromechanically Active
Polymer Transducers & Artificial Muscles’
(www.euroeap.eu) as a non-profit Association,
whose main purpose is to contribute to and promote
the scientific and technological advancement and
the diffusion of Transducers and Artificial Muscles
based on Electromechanically Active Polymers
(EAP).
The Society operates at international level and it
welcomes members from any country worldwide. If
you are interested in learning more about the
Society, please visit the website www.euroeap.eu
and subscribe to become a Member of this unique
Association in the EAP field.

Figure 2: Elisabeth Smela, University of
Maryland, is the Keynote Speaker of the 2916
EAPAD Conf.
In addition, in the 2016 EAPAD Conf. the
Special Session is going to be held in celebrating
the 10th anniversary of the Dielectric Elastomer
Minimum Energy Structures (DEMES). The chairs
of the Session are Siegfried Bauer, Johannes Kepler
University, (Austria); and Herbert Shea, École
Polytechnique Fédérale De Lausanne (EPFL),
(Switzerland).
As in past years, an EAPAD course will be
given on Sunday, March 20, 2016, and the EAP-inAction Session will be held on Monday, March 21,
2016. For the record of EAPAD conference archive,
the following is the list of the Conf. chairs since the
first one that was held in 1999 at Newport Beach,
CA.

UPCOMING CONFERENCES
2016 SPIE EAPAD Conference

The 18th SPIE’s EAPAD conference is going to be
held on March 20 to 24, 2016, in Las Vegas,
Nevada. This Conference is going to be chaired by
Yoseph Bar-Cohen, JPL, and Co-chaired by
Frédéric Vidal, University de Cergy-Pontoise,
France.
The Conference Program Committee
consists of representatives from 32 countries. The
call for papers is posted at: http://www.spie.org/eap
The papers will focus on issues that help
transitioning EAP to practical use thru better
understanding the principles responsible for the
electro-mechanical behavior, analytical modeling,
improved materials and their processing methods,
characterization of the properties and performance
as well as various applications.
At the EAPAD 2016, the Keynote Speaker is
going to be Elisabeth Smela, University of
Maryland, (Figure 2) and the subject of her
presentation is “Nastic Actuators”. These actuators
mimic the capability of plants and they are based on

Year
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
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Co-chair
Mohsen Shahinpoor, U. of New Mexico
Steve Wax, DARPA
Danilo De Rossi, Univ. degli Studi di Pisa
Yoshihito Osada, Hokkaido University
Geoff Spinks, University of Wollongong
Peter Sommer-Larsen, Risoe National Lab.
John D. Madden, U. of British Columbia
Jae-Do Nam, Sung Kyun Kwan University
Gabor Kovacs, EMPA
Emillio P. Calius, Industrial Res. Limited

Country
USA
USA
Italy
Japan
Australia
Denmark
Canada
S. Korea
Switzerland
New Zealand
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2009
2010
2011
2012
2013
2014
2015
2016

Thomas Wallmersperger, Univ. Stuttgart
Jinsong Leng, Harbin Institute of Tech.
Federico Carpi, Univ. of Pisa
Keiichi Kaneto, Kyushu Inst. of Tech.
Siegfried Bauer, Johannes Kepler U.
Barbar J. Akle, Lebanese American Univ.
Gal deBotton, Ben-Gurion U. of the Negev
Frédéric Vidal, U. de Cergy-Pontoise

For non-invited participants, the oral
presentation is very short (EAPill) and it is aimed at
anticipating in no more than 2 minutes key aspects
of the work, which then has to presented more
extensively with a poster (EAPoster), during a
subsequent dedicated poster session.
EAPills and EAPosters have to be prepared
according to special templates: see the section
‘Templates’.
The invited oral presentations are given by
world-leading
scientists,
young
emerging
researchers, as well as representatives of industry.
The oral sessions are intertwined by long poster
sessions that facilitate discussions among
participants in a friendly atmosphere.
Prototypes and products can be shown during
the whole event (EAPrototypes and EAProducts) by
any attendee, at no cost.
Discussions and networking continue also
during the organized lunch on each day and the
social dinner on the first day, whose costs are
entirely included within the registration fees that are
maintained competitively low by the non-for-profit
approach taken in organizing this unique event.
The next edition, EuroEAP 2016, will take place
in Copenhagen, Denmark, on 14-15 June 2016 and
will be chaired by Anne Skov (Technical University
of Denmark). Detailed information will be made
available at www.euroeap.eu/conference.

Germany
China
Italy
Japan
Austria
Lebanon
Israel
France

EuroEAP 2016 – the 6th international
Conf. on EAPs
Federico Carpi, Queen Mary University of
London, UK; Edwin Jager, Linköping University,
Sweden; Gabor Kovacs, Emma, Switzerland; Anne
Skov, Technical University of Denmark
The rapid expansion of the EAP technologies has
stimulated in Europe the creation of the annual,
international EuroEAP conference series, organized
by the EuroEAP Society. The conference is a highly
multidisciplinary event with international breath. It
is always held in Europe, in charming and easy-toreach locations, and gathers participants and experts
from all over the world.
The EuroEAP conference has a unique format,
which is conceived to facilitate interaction among
participants and includes:
• ‘EAPlenaries’: plenary talks;
• ‘EAPodiums’: invited lectures;
• ‘EAPromises’: invited lectures given by young
emerging researchers;
• ‘EAPills’: very short oral presentations given by
all the non-invited contributors;
• ‘EAPosters’: poster presentations (associated
with the ‘EAPills’) given by all the non-invited
contributors;
• ‘EAPrototypes’: exhibitions of prototypes
(optional and free-of-charge for all attendees);
• ‘EAProducts’: exhibitions of products (optional
and free-of-charge for all attendees).

RECENT CONFERENCES
2015 SPIE EAPAD Conference

The 17th SPIE’s EAPAD conference was held in
San Diego, California, from March 9 to 12, 2015.
This Conference was chaired by Yoseph BarCohen, JPL, and Co-chaired by Gal deBotton, BenGurion Univ. of the Negev, Israel. The Conference
Program Committee consisted of representatives
from 32 countries. The Conference included 113
papers and they focused on issues that help
transitioning EAP to practical use thru better
understanding of the principles responsible for the
electro-mechanical behavior, analytical modeling,
improved materials and their processing methods,
characterization of the properties and performance
as well as various applications.

The entire event is condensed in two dense
days, made of consecutive single-track sessions,
consisting of oral and poster sessions.
During the oral sessions, all the contributors
(invited and not) present the significance of their
work, in front of all the participants.
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the lead mechanical engineer a number of other
robotic systems. He has also acted as the lead
robotic engineer on several DARPA studies of
subjects such as orbital telescopes and humanoid
robotic mobility. On the flight side, his major role
has been as the Cognizant Engineer of the Robotic
Arm for the Mars Science Laboratory (MSL), for
which he was responsible for the design,
fabrication, and testing. Previously, he had also
been responsible for two elements of the Mars
Exploration Rover (MER) chassis. Currently, he is
leading the development of the RoboSimian robot
for DARPA’s Robotic Challenge.
As in past years, an EAPAD course
(http://spie.org/SS12/special-events/Special-Event)
was given on Sunday, March 8, 2015 (Figure 4),
and the EAP-in-Action Session was held on
Monday, March 9, 2015.

The Keynote Speaker was Brett Kennedy, Jet
Propulsion Lab (JPL), Pasadena, CA (Figure 3).
His paper title is “RoboSimian and the
Advancement of Mobile Manipulation in Robotics”
and it covered the progress in robotics for planetary
applications. Brett Kennedy is the Supervisor of the
Robotic Vehicles and Manipulators Group at JPL.
His areas of expertise include space robotics, bioinspired robotics, novel mobility systems, robotic
manipulators, and underactuated grippers. He
graduated from University of California, Berkeley,
in 1996 with his B.S. in mechanical engineering
with an emphasis in controls and robotics. As an
undergraduate, he was involved in research
covering the design of composite material parts, the
design of human amplification mechanisms, and the
finite-element modeling of bones. In 1997, he
received his M.S. in mechanical engineering from
Stanford University concentrating on mechatronics
and robotics.

Figure 4: Students of the 2015 EAPAD Course
The invited papers included
Zhang Q., “Multifunctional electroactive polymers
and nanocomposites: fascinating properties and
novel applications”, Paper 9430-2
Graetzel C., M. Suter, M. Aschwanden, “Reducing
laser speckle with electroactive polymer
actuators “, Paper 9430-3
Vertechy R., M. Fontana, and S. Superiore,
“Dielectric elastomers for wave energy
harvesting: current status and future
expectations”, Paper 9430-4
van Kessel R. C. L., A. Wattez,); P. Bauer, and S.
Rosset, “Analyses and comparison of an
energy harvesting system for dielectric electro
active polymer generators using a passive
harvesting concept: the voltage-clamped multiphase system”, Paper 9430-5
Quinsaat J. E. Q., S. Dunki, Y. S. Ko, M.
Alexandru, C. Racles, F. A. Nüesch, and D. M.
Opris, “Dielectric materials, chemistry, and
design”, Paper 9430-9

Figure 3: Brett Kennedy, JPL, was the Keynote
Speaker at the 2015 EAPAD Conf.
At JPL he has divided his time between research
and space flight robotics. On the research front, he
conceived and led the development of the bioinspired Lemur series of robots as well as acting as
4
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Canada – M. S. Sarwar, E. Glitz, S. Kianzad, A.
Rafiee, M. Pandit, J. D. Lewis, A. R. Berlingeri, M.
Farajollahi, S. E. Takalloo, Y. Dobashi, S.
Mirabbasi, E. Cretu and J.D.W. Madden, University
of British Columbia, Vancouver (Figure 6) - The
presentation title was “Conducting polymer and
nylon-based sensors and actuators”

Maziz A., C. Plesse, C. Soyer, E. Cattan, and F.
Vidal, “High speed electromechanical response
of ionic microactuators”, Paper 9430-23
Bauer S. G., and J. Kepler, “Bistable, giant, and
high-speed
actuation
with
dielectric
elastomers”, Paper 9430-45
Su J., and H. Asanuma, “Applications of
piezoelectric polymers in electrical power
generation using ocean waves”, Paper 9430-58
Li T., Y. Xie, C. Li, G.g Mao, and S. Qu,
“Dielectric elastomer soft machines: mechanics
and bionics”, Paper 9430-66
The 2015 EAP-in-Action Session highlighted
some of the latest capabilities and applications of
Electroactive Polymers (EAP) materials where the
attendees were shown demonstrations of these
materials in action (Figure 5). Also, the attendees
have been given opportunity to interact directly
with technology developers and given “hands-on”
experience with this emerging technology. The first
Human/EAP-Robot Armwrestling Contest was held
during this session.

Figure 6: From left to right, Mirza Sarwar, John
D.W. Madden, and Soheil Kianzad demonstrating
conducting polymer and nylon-based sensors and
actuators
Description - The demonstration featured ionic EAP
sensor membranes, miniature trilayer actuators, and
large force nylon linear actuators. The nylon
thermal actuators, which are helical in form, can be
woven into fabrics (Figure 7).
Figure 5: A view of presenters and participants of
the 2015 EAP-in-Action Session.
This 2015 Session included 11 demonstrations
which was a record for the EAPAD Conference and
the demonstrations were as follow (listed by the
country of the leading presenters). The presenters
included teams of professors and their students as
well as small companies who presented their
innovation and potential new products that are
driven by EAP.
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Figure 9: Soft crawling robot
Figure 7: Nylon thermal actuators
2. T. Li, Chi Li, Y. Xie, and X. Yang, Institute of
Applied Mechanics, Zhejiang Univ., (Figure
10) - “Softrobot Using Dielectric Elastomers”
Description - Inspired by the natural invertebrates
like worms and starfish, a novel soft robot was
developed using a flexible elastomer as the body
and driven by dielectric elastomer as the actuation
muscle (Figure 11). This configuration makes the
robot run fast and resilient to extreme mechanical
condition.

China
Two group from China presented demonstrations
this year:
1. J. Leng, J. Li and L. Liu, Harbin Institute of
Technology (Figure 8) - The presentation title
was “Soft Crawling Robot Based on
Dielectric Elastomer”
Description - A simple crawling robot based on
dielectric elastomer was demonstrated (Figure 9).
This robot is quadrupedal and each feet is a
dielectric elastomer based spring-roll actuator
having the appropriate deformation and response
time. The power supply and control were tethered
through wires. The speed of robot crawling can be
changed by changing the amplitude and frequency
of control signal.

Figure 10: From left to right, Tiefeng Li, Chi Li,
Xuxu Yang, and Guoyong Mao presenting their
softrobot using dielectric elastomers

Figure 8: From left to right, Hetao Chu, Jinrong Li,
Liwu Liu, Honogiu Wei, and Che demonstrating
applications of dielectric elastomer.
Figure 11: Softrobot
6
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Germany
H. Mößinger1, H. Haus1, M. B. Saif 2, K. Hofmann2,
Helmut F. Schlaak1 (Figure 12) 1
Institute of Electromechanical Design, Technische
Universität Darmstadt,
2
Integrated Electronic Systems Lab, Technische
Universität Darmstadt
“Reduced size electronics for controlling DEA”

Japan
M. H. Kabir, J. Gong, M. Makino, and H.
Furukawa, Yamagata University, Yamagata (Figure
14) - “Thermo responsive shape recovery soft
actuator”

Figure 12: From left to right, Helmut F. Schlaak,
Henry Haus, and Holger Mößinger demonstrating
reduced size electronics for controlling DEA.

Figure 14: From left to right, Masato Makino,
Kumkum Ahmed, M. Hasnat Kabir, Masonori Arai,
Naoya Yamada, and Koji Okada demonstrating
thermo responsive shape recovery soft actuator.

Description - As DEA move closer to the market
providing suitable driving and sensing electronics
becomes a crucial task. In the ongoing effort to
develop small and efficient electronics, Technische
Universität Darmstadt presented their first version
of their custom designed application-specific
integrated circuit (ASIC) for driving up to four DEactuators at voltages as high as 700 Volts. A total
chip size of 20 mm² was developed that contains
four signal generation units capable of generating
switching signals in the kHz range, configurable by
a serial digital interface (Figure 13).

Description - A free forming deformed shape of
polymeric gel can recover its original shape and
size. The gel shows temperature dependent the
functionality. The shape memory effect can be
observed both in hot water and hot air. The material
is suitable for soft actuator which might be
applicable in biomedical science. Using this gel to
drive a humanlike figure was demonstrated along
with the shape memory function (Figure 15).

Figure 13: Four channel ASIC for driving DEA
compared to the size a US penny.

Figure 15: Thermally active gel used to drive a
humanlike figure.
7
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game applications. The latest soft sensor for this
purpose was presented (Figure 17right).

New Zealand
This year, two organizations from News Zealand
participated in the EAP-in-Action Session:
1. Iain Anderson, Daniel Xu, Alan Veale,
Biomimetics Lab (Figure 16) www.abi.auckland.ac.nz/biomimetics; and
Stretchsense Ltd. - www.stretchsense.com

Figure 17: Motion capture controller (left) and soft
sensor (right)

Figure 16: From left to right, Alan Veale, Daniel
Xu, Todd Gisby, and Iain Anderson, demonstrating
Applications of dielectric elastomers

2. Stacy Hunt, biomym.com (Figure 18), “Selfhealing dielectric elastomer actuators”.

Applications of dielectric elastomers
Description - The Biomimetics Lab and its spinout
StretchSense Ltd demonstrated their advances that
lead to exciting wearable and portable energy
harvesters as well as soft sensor technologies.

Description - Self-healing dielectric elastomer
actuators was demonstrated.
After suffering
mechanical trauma the material was self-repaired
and continued working.

The demos included:
(1) An intuitive motion capture controller to play
DOOM – This is one of the first computer
games featuring 3D graphics and first-person
perspective. This novel game controller was
made from soft wearable sensor technology
allowing a design that is more intuitive and
simple to use.
(2) Artificial Muscle Power - An energy harvester
using dielectric elastomer generators was
present in the new version of the Artificial
Muscle Power (AMP) device (Figure 17left).
(3) Measuring human body motion can provide
valuable feedback for sports, medical, video and

Figure 18: Stacy Hunt presenting a self-healing
dielectric elastomer actuator.
8
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Switzerland
S. Rosset, S. Araromi, A. Poulin, L. Maffli, J.
Shintake, D. Floreano and H. Shea, EPFL (Figure
19 and Figure 20) - “High speed silicone DEAs”

Figure 21: Gripper and tunable lens
USA
Three presenting groups participated in the EAP-inAction Session this year and they were:
1. Z. Ren, D. McCoul, W. Hu, and Q. Pei, Dept. of
Materials Science and Engineering, University
of California, Los Angeles, California (Figure
22) - “New EAP Materials and Actuators”

Figure 19: From left to right, S. Rosset, Sluwaseum
Araromi, Alexander Poulin, and Jun Shintake,
demonstrating high speed silicone DEAs.

Figure 20: From left to right Sluwaseum Araromi,
Alexander Poulin, Herbert Shea, and S. Rosset
during the demonstration.

Figure 22: From left to right, Zhi Ren, Qibing Pei,
Maggie Hu, and David McCoul demonstrating
bistable electroactive polymers.

Description - Precise patterning of robust and wearresistant electrodes on silicone membranes allows
for the fabrication of high-speed dielectric
elastomer actuators with a long lifetime. At EPFLLMTS, a broad range of fabrication processes were
developed for the fabrication of high quality
silicone membranes and the patterning of compliant
electrodes presenting strong adhesion to the
dielectric membrane. Several devices were shown
to illustrate the related activities. These include
tunable lens with a settling time below 200 µm, a
soft and compliant 1-g gripper capable of holding
an egg, and capacitive sensing devices with
miniaturized sub-mm electrodes (Figure 21).

Description - Bistable electroactive polymers
(BSEP) combine electrically induced large-strain
actuation with a shape memory effect to present a
unique opportunity for refreshable, repeated
actuation. A new BSEP material was presented that
achieves prolonged cycle lifetimes. This refreshable
rigid-to-rigid actuation simultaneously provides
large-strain actuation and large load support. Other
innovative forms of actuators will also be presented
(Figure 23). One such device is a biomimetic pump
fabricated from tubular dielectric elastomer
actuators.

9
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Figure 23: Actuation of dot actuator on the hotplate
at elevated temperature

Figure 26: Carbon fiber infused EAP
3. Qi Shen, Tyler Stalbaum, Shelby E. Nelson, Sarah
Trabia, Jameson Lee, Viljar Palmre, and Kwang J. Kim,
Univ. of Nevada (Figure 27) - “Advanced IPMC
actuators and sensors”

2. Lenore Rasmussen and Eric Sandberg, Ras
Labs, www.raslabs.com (Figure 24) “Synthetic MuscleTM – Shape-morphing EAP
Based Materials and Actuators

Figure 27: From left to right, Viljar Palmre, Kwang
J. Kim, Qi Shen, Jameson Lee, Sarah Trabia, Tyler
Stalbaum, and, Shelby E. Nelson demonstrating
advanced IPMC actuators and sensors.

Figure 24: Lenore Rasmussen showing her
Synthetic MuscleTM
Description – EAP samples were demonstrated
contracting and expanding (Figure 25 and Figure
26). A thin shape-morphing film of the material in
the expansion mode produces raised surface zones
in desired shapes. The actuation is achieved using
suitable elastomeric coatings. It is interesting to
note that, this year, selected synthetic muscle
samples are going to be tested for radiation
resistance on the International Space Station (ISS).

Description – Conventional IPMC is produced in a
strip form. In this EAP-in-Action, advanced IPMC
actuators and sensors in a variety of different forms
(cylinder, tube, square, fiber, etc.) were presented
(Figure 28).

Figure 28: An IPMC actuators in the form of a tube
being manipulated.

Figure 25: Contracting EAP (the dyed red)
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Kinji Asaka, National Institute of Advanced
Industrial Science and Technology, Japan
 Hyouk Ryeol Choi, Sungkyunkwan
University, South Korea
 Edwin Jager, Linköping University, Sweden
 Jonathan Rossiter, University of Bristol, UK
 Ming Tian, Beijing University of Chemical
Technology, China
 Cédric Plesse, Université de Cergy-Pontoise,
France.
The technical programme and conference
proceedings
are
available
at
www.euroeap.eu/conference.

EuroEAP 2015 – the 5th International
Conf. on EAPs
Federico Carpi, Queen Mary University of
London, UK; Alvo Aabloo, University of Tartu,
Estonia
EuroEAP 2015, the ‘Fifth international conference
on Electromechanically Active Polymer (EAP)
transducers & artificial muscles’ took place in
Tallinn, Estonia, on June 9 to 10, 2015
(www.euroeap.eu/conference).
The conference was chaired by Alvo Aabloo
(University of Tartu) and was organized by the
‘EuroEAP
–
European
Society
for
Electromechanically Active Polymer Transducers &
Artificial Muscles’ (www.euroeap.eu). The event
was attended by about 100 delegates from Europe,
USA, Korea, Japan, China and Australia. Figure 29
shows a group picture of the participants.

a. Elisabeth Smela
Figure 29: EuroEAP 2015 group picture.
The conference format focusses on interaction
between the participants with invited lectures in the
morning followed by participant presentations that
comprise a short oral and an extended poster
session. In addition, there is ample time for
spontaneous meetings during breakfasts, coffee and
lunch breaks, as well as the evening social event, as
all the participants stay in the same hotel during the
conference.
The speakers invited to this edition were:
 Keiichi Kaneto, Osaka Institute of
Technology, Japan
 Elisabeth Smela, University of Maryland,
USA

b. Cédric Plesse
Figure 30: The recipients of the 2015 EuroEAP
Society awards,
11
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transparent termite insect wings surface as shown in
Figure 31.
In conclusion, detail understanding of our
observation could provide a platform for the
development of novel photonic devices for the biomimetic technological applications [Arora et al,
2014; Kumar et al, 2015b].

During the event, Elisabeth Smela, University of
Maryland, USA, (Figure 30a) was awarded by the
EuroEAP Society, with an informal ceremony in a
friendly atmosphere, ‘for her fundamental scientific
contributions in the field of Transducers and
Artificial Muscles based on Conjugated Polymers’.
Also, Cédric Plesse, University of CergyPontoise, France (Figure 30b) received the
EAPromising EuroEAP Researcher Award ‘for
evidences of a promising career in the field of EAP
ionic transducers’.
Pictures of the whole conference can be seen at
www.euroeap.eu/conference.

ADVANCES IN EAP
Ireland and India
Natural blazed micro-grating photonic structures
for bio-mimetic applications
Pramod Kumar1, 2, John McInerney1, K. P. Singh2
pramod.kumar@ucc.ie , kpsingh@iisermohali.ac.in
1

2

Figure 31: (SEM Image) Schematic of the light
interaction with nanostructures, long range
microstructures organization and single blazed
micro-grating. Blue line border showing the blazed
nanostructures arrangement on single micro-grating.
Asymmetric long tail diffraction in Figure 32 gives
the signature of blazing effect.

Optoelectronics & Nonlinear Optics Laboratory,
Department of Physics/Tyndall National Institute,
University College Cork (UCC), Cork, Ireland
Femtosecond Laser Laboratory, Department of
Physical Sciences, Indian Institute of Science
Education and Research (IISER) Mohali,
Knowledge City, Sector 81, S.A.S. Nagar,
Manauli-140306 Punjab, India

Fascinating hierarchical arrangement of natural
photonic
micro-nanostructures
on
various
transparent insect wings surfaces have possessed
microscopic mechanical and optical properties
specifically tailored for the multifunctional purpose
[Kumar et al, 2015; Arora et al, 2014; Kumar et al,
2015a]. While the direct use of natural bio-photonic
structures for optical applications is limited since
they are composed of bio-polymers with rather poor
mechanical and photo stability but they provide
intriguing templates for bio-mimetic applications.
We have discovered deeply grooved photonic
micro-grating structures arrays formed by quasiperiodically arranged blazed nanostructures on the

Figure 32: (top) A real picture of the experimental
setup in femtosecond laser lab @ IISER Mohali,
(bottom) SEM image of the microstructures on
wing surface, (middle row) Schematic of the
experiment to observe the diffraction pattern from
single micro-grating as well as from grating array
12
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(right column), zeroth order diffraction by
monochromatic and broadband pulse give the
signature of the effect of optical coherence. Incident
beam profiles for a pulsed fs (800nm, 10 fs,
2nJ@78MHz) laser, a monochromatic 532nm green
solid-state laser.

Twitter: follow@HumanPhotosynth
The role of melanin in biological organisms has
been relegated to a mere solar filter. The discovery
of this unsuspected intrinsic property of
transforming light energy into chemical energy
breaks the old dogma that glucose is the source of
energy of the human body and bound it to source of
biomass (Figure 33) [Solís-Herrera et al., 2015].

We demonstrate the unique optical diffraction
properties of single blazed micro-grating as well as
long range grating arrays [Kumar et al, 2013;
Kumar et al, 2014; Kumar et al, 2015a] using
monochromatic green laser and broadband
femtosecond laser pulse. Thanks to Prof. John
McInerney for the concreate discussion to analysis
the observation. We find the coherent manipulation
and control of light through these photonic
structures at various length scale shown in Figure
31 and Figure 32.
References
Arora A., P. Kumar, J. Bhagavathi, K. P. Singh and
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Figure 33: Photography of a live patient where the
optic nerve is observed at the left side. Melanin is
seen as dark greenish area that surrounds the optic
nerve and is crossed by blood vessels (red lines) of
the underlying layer, which is called choroid layer.
In 1990s, during an observational study about
the three main causes of blindness, the ever
presence of melanin nearby the optic nerve draw
powerfully our attention. The understanding of the
unsuspected intrinsic property of melanin to
transform light energy into chemical energy through
the water dissociation took us twelve years and
almost 6000 patients. At first, our hypothesis work
was the morphological characteristics of blood
vessels of the optic nerve in live patient. However,
the insistence of nature to place a pigment 2.5 cm
deep, made us doubt the role of melanin in our body
assigned by Sir Everard Holmes in 1820, who
proposed that melanin was a simple sunscreen that
protects the skin from UV rays.
In less than three months after the study started,
melanin was added as significant variable. As the
study progressed, our astonishment grew since we

Mexico - Centro de Estudios de la
Fotosíntesis Humana
Long-lasting battery made of melanin and water
Arturo Solís Herrera, María del Carmen Arias
Esparza, Paola E. Solís-Arias.
comagua2000@yahoo.com,
humanphotosynthesis@icloud.com,
www.humanphotosynthesis.com,
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began to find that the nearby tissues responded to
the presence of melanin. There were several subtle
details that we could observe in the retina of the
living patient, which finally led us to identify that
the true role of melanin in the body is the
transduction of light energy into chemical energy,
such as the chlorophyll in the leaves of plants.
Chemical reaction that takes place inside the
melanin [Solís-Herrera, 2014] can be written in the
following way:
2H2O ↔ 2H2 + O2 + 4eMelanin is able to dissociate the water molecule
using visible and invisible light, but is also capable
of reshaping it. The main product of the dissociation
of the molecule of water is hydrogen, not oxygen,
since the molecular hydrogen (H2) is the main
carrier of energy in the entire universe. Since H2
does not combine with water, it travels through it
reaching every corner of the cell. On the other hand,
for every two molecules of water that melanin reform, 4 high-energy electrons are generated.
Melanin is the more stable substance that is
known from 200 years ago. It is interesting to note
that the squid ink is melanin, and has been found in
good condition in the bags of squid ink fossilized
dye from 160 million years ago. It is also
interesting to note that the energy that emanates
from the melanin is the same energy that is
observed in such species as small as the ant to as
big as the whale [Solís Herrera et al., 2010]. One of
the many possible applications of these observation
is the development of batteries that are based on
electroactive polymer (EAP) materials.
An example of an LED luminaire enlightened
with batteries made with melanin and water is
shown in Figure 34. Melanin-based batteries can
potentially be used to provide electric power for
many years, both at day and night time. This is the
result of their capability to absorb visible and
invisible light and transform it into chemical
energy.

Figure 34: An LED luminaire enlightened using
a battery that is driven by melanin and water.
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Singapore - National
Singapore (NUS)

University

of

Development of Soft Robots using Dielectric
Elastomer Actuators
Zhu Jian mpezhuj@nus.edu.sg
Robots have been proposed to relieve human beings
from dangerous environments or tedious
manufacturing processes, or mimic human beings or
animals in appearance, behavior, and/or cognition.
Most of traditional robots use hard materials.
Inspired by nature creatures, researchers recently
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become more and more interested in soft robots,
which are made of soft materials, say polymers.
To exploit animal-like locomotion and behavior,
it is essential to develop muscle-like actuators with
properties close to biological systems. At NUS, we
employ dielectric elastomers - one class of soft
active materials - as artificial muscles. A dielectric
elastomer actuator consists of an elastomeric
membrane sandwiched between two compliant
electrodes. It can deform in response to voltage, and
exhibit unique attributes, including large
deformation (the strain can be more than 100%),
high energy density (order higher than other
materials, say ceramics), low weight, low noise, fast
response, etc.
Figure 35 shows mechanical design of the
jellyfish robot, which consists of a bell, an air
chamber, and a dielectric elastomer actuator. The
preliminary experiments showed that dielectric
elastomer actuators can drive the robot to move
effectively in water. Figure 36 shows a worm-like
robot, which can be driven by dielectric elastomer
actuators. Figure 37 shows artificial muscle
actuators which can achieve jaw movement.

Figure 36: A worm-like robot

Figure 37: Artificial muscles to achieve jaw
movement.

Spain - Technical University of Cartagena
Artificial proprioception from sensing-actuators:
experiments and models.
Toribio F. Otero toribio.fotero@upct.es and José
G. Martínez.
Proprioception is the self-perception of the relative
position of each part of our body and of the required
strength of effort (Figure 38). It is based on haptic
muscles (sensing-motors) and its permanent
communication with brain for taking fast decisions.
Our group has been focused on the empirical
study of dual and simultaneous sensing artificial
muscles (electro-chemo-mechanical actuators).
Now, starting from basic electrochemical,
polymeric and mechanical principles we have

Figure 35: A jellyfish-like robot based on the
dielectric elastomer actuator. (Top) Mechanical
design. (Bottom) The robot in water.
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developed now a theoretical model describing
artificial proprioception. The muscle potential
evolution during actuation is a function of its
mechanical, chemical, thermal and electrical
working conditions, including muscle movement
rate and muscle relative position at any working
time.

2

University of Waterloo, Canada

Figure 38: Natural and artificial proprioceptive
systems.
The basic proprioceptive equation has been
checked for dual systems: actuator-mechanical
sensor, actuator-thermal sensor, actuator-chemical
sensor and actuator-electrical sensor [Ref. 1-3].
Actuating (current and charge) and sensing (muscle
potential) magnitudes are simultaneously present at
any time in, and can be read by the computer from,
the only two connecting wires. The availability of
electrical motors sensing by themselves working
conditions described by a self-consistent theoretical
model cover the old dream of engineers and robot
designer to get zoomorphic and anthropomorphic
soft and proprioceptive robots.
The state of the art has been recently reviewed in
Prog. Polym. Sci. 44 (2015) 62–78.
1. J. Phys. Chem. B 2012, 116, 9223−9230.
2. J. Phys. Chem. B 2012, 116, 5279−5290
3. Sensors and Actuators B 195 (2014) 365–372

Figure 39: Electrically driven onion actuators
The single layered, latticed microstructure of
onion cells after acid treatment became elastic and
could simultaneously stretch and bend when an
electric field was applied. By modulating the
magnitude of the voltage, the artificial muscle made
of onion cells would deflect in opposing directions
while either contracting or elongating (Figure 39).
At voltages of 0-50 V, the artificial muscle
elongated and had a maximum deflection of -30
µm; at voltages of 50-1000 V, the artificial muscle
contracted and deflected 1.0 mm. The maximum
force response is 20 μN at 1000 V.

Taiwan - National Taiwan University

USA - Independent Researcher/Inventor

Onion artificial muscles
C.-C. Chen1, W.-P. Shih1 wpshih@ntu.edu.tw,
P.-Z. Chang1, H.-M. Lai1, S.-Y. Chang1, P.-C.
Huang1, H.-A. Jeng2,
1
National Taiwan University, Taiwan,

New Design for DEA Compressor
Babak Aryana, Aerospace EngineeringPropulsion/MEMS, Babak.Aryana@Gmail.com
A DEA actuated air compressor is introduced herein
16
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will be reported and discussed

following the same principle as previously reported
[Aryana, 2010]; however, it was redesigned using
new materials and more efficient actuators. The
operation timing, which is an important factor, was
also set based on more realistic and updated data.
In the current design, a new mechanism was
considered for the micro actuators. The actuator is
still based on DEA sheets, but it is arranged to
generate more volume to sallow air in the tubes, so
that the compressor can operate with a higher mass
flowrate. Each actuator system is called cell, which
in fact is the cross-section of main tube with
thickness of 1 mm. The cell is constructed to
resemble operation of a valve (Figure 40). Each
cell consists of seven sections including:
5. Collar spring
1. Body of main tube
6. Hyper-elastic tube
2. Micro-DEA
3. Strap
7. Core
4. Sprockets
In each cell, two opposite pressure forces are
applied on the strap. One is to expand the strap,
allowing the valve to open; the other is to compress
the strap helping the DEAs to close the valve.
Collar spring constantly generates expansion
pressure on the order of 1.1 MPa and sprockets are
attached to the mechanism that constantly creates 1
MPa compression pressure. When Switching-off,
the forces generated by the DEAs (because of
shrinking) are added to the force that sprockets are
applying and make the valve close. When
switching-on, the DEAs elongate and allow spring
expansion pressure to dominate the compression
pressure of sprockets making the valve open. As a
result, each valve produces enough pressure to push
air into a vessel with more than 1 MPa internal
pressure.
The material used to model the DEAs is Soft
Silicon improved by Single Wall Carbone
Nanotubes used in [Stoyanov et al., 2013] with
vinyl:hydride ratios of 10:90 which has the lowest
value of Young’s module among the others. Using
the mechanical characteristics of this materials, the
process is simulated for an actuator with 5 mm
length, 1 mm width and 40 micrometer thickness.
(Figure 41). This modeling work is still in progress
and, in future issues of this Newsletter, the results

Figure 40: Cell mechanism to sallow and push air
into vessel schematically depicted by 1/4th of a cell.

Figure 41: The model of a DEA sheet under 2.1
KV voltage, elastic strain (1) and stress (2) are
shown for X direction. The target is 20% strain in X
direction.
17
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Megan Artz megana@spie.org,
Website: http://spie.org/eap
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June 5 to 9,
2016

CIMTEC 2016 - 7th Forum on
New Materials will be held in
Perugia, Italy. For information
see:
http://www.cimteccongress.org/ Symposium H
"Electroactive Polymers and
Shape
Memory
Polymers:
Advances in Materials and
Devices".

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

FUTURE CONFERENCES
Date

July 15-17,
2015

July 28 to
31, 2015

August 23
to 26, 2015

March 20 24, 2016

Conference/Symposium
The 5th International Conference on
Smart
Materials
and
Nanotechnology in Engineering, SMN
2015 in conjunction with Cansmart
2015, The International Conference
on Smart Materials and Structures,
Vancouver, BC, Canada. Further
information can be obtained at
www.cansmart.com,
and
by
contacting
George
Akhras
akhras@rmc.ca

The 4th International Conference
on Biomimetics and Biohybrid
Systems
("Living
Machines
2015") will be held in Barcelona,
Spain.
http://csnetwork.eu/livingmachine
s/conf2015
The 8th World Congress on
Biomimetics, Artificial Muscle
and Nano-Bio, will be held on the
campus of the University of
British Columbia, Vancouver,
Canada. Further information can
be
found
at
www.BAMN2015.org and by
contacting the chair John
Madden, jmadden@ece.ubc.ca

2nd Edition of the book on EAP
Y. Bar-Cohen (Editor)
In March 2004, the 2nd
edition of the “Electroactive
Polymer (EAP) Actuators as
Artificial Muscles - Reality,
Potential and Challenges” was
published. This book includes
description of the available
materials, analytical models,
processing techniques, and
characterization
methods.
This book is intent to provide a reference about the
subject, tutorial resource, list the challenges and
define a vision for the future direction of this field.
Observing the progress that was reported in this

The 18th EAPAD Conf., SPIE’s
Smart Structures & Materials and
NDE Symposia, will be held in San
Diego, CA., For information contact:
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field is quite heartwarming, where major milestones
are continually being reported.

Biomimetics books series
Biomimetics – Nature Inspired Innovation
Yoseph Bar-Cohen (Editor)
This book contains 20 chapters
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;
Selfreproducing 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:

The book entitled “Architecture Follows Nature Biomimetic Principles for Innovative Design” has
been published by CRC Press as part of the book
series on Biomimetics for which Y. Bar-Cohen is
the editor. The homepage of this book series is:
http://www.crcpress.com/browse/series/?series_id=2719

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/ndeaapub/Biomimetics/Biologically-Inspired-Technology.pdf

http://www.crcpress.com/product/isbn/9781439834763

High
Temperature
Mechanisms

Architecture Follows Nature - Biomimetic
Principles for Innovative Design
Authored by Ilaria Mazzoleni www.imstudio.us
info@imstudio.us in collaboration with Shauna
Price http://www.crcpress.com/product/isbn/9781466506077

Materials

and

Yoseph Bar-Cohen (Editor)
http://www.crcpress.com/product/isbn/9781466566453

This book is addressing the growing interest in
high-temperature technologies. This book covers
technology related to energy, space, aerospace,
electronics, metallurgy, and other areas. While
some applications involve the use of materials at
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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.

high temperatures, others require materials
processed at high temperatures for use at room
temperature.
Reflecting the multidisciplinary nature of the
subject of high-temperature materials and
mechanisms, the chapters
bring as broad a perspective
to the field as possible and
are authored by leading
experts in the specific
subject. The book addresses
the various related science
and engineering disciplines,
including chemistry, material
science,
electrical
and
mechanical
engineering,
metallurgy, and physics.

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.

Books about robotics
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: 978-0-38785348-2, (February 2009)
This book covers the emerging
humanlike robots. Generally,
in the last few years, there have
been enormous advances in
robot technology to which EAP can help greatly in

WorldWide Electroactive Polymers (EAP) Newsletter
EDITOR: Yoseph Bar-Cohen, http://ndeaa.jpl.nasa.gov/nasa-nde/yosi/yosi.htm
All communications should be addressed to:
Yoseph Bar-Cohen, Ph.D.,
JPL, M.S. 67-119, 4800 Oak Grove Dr., Pasadena, CA 91109-8099
Phone: (818)-354-2610 or E-mail: yosi@jpl.nasa.gov
Web: http://ndeaa.jpl.nasa.gov
Copyright 2015. All rights reserved. Clearance number: CL#15-2398.
20

