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PREFACE

This book is reviewing the dae-of-the-at of the fidd of Electroactive Polymers (EAP), so-
cdled Artificdd Musdes. In writing this book, efforts were made to cover the fidd of EAP from dl its
key agpects i.e, its full infragructure, induding the avalable materids, andyticd modds, processng
techniques, and characterization methods. It is intended to serve as a reference book, technology users
guide, and tutoria resource, as well as create avison for the future direction of thisfied.

For many years the fieddld of EAP has recaved rddively little attention since the number of
available materids and ther actuation capability were limited. The change in this view occurred in the
lagt ten years, as a result of the devdopment of new EAP materids that exhibit a large digplacement in
response to dectricd simulation.  This characteridtic is a vauable attribute, which enabled a myriad of
potential gpplications, and it has evolved to offer operationd smilaiity to biologicd muscles The
amilarity indudes redlient, damege tolerant, and large actuation drains (stretching, contracting or
bending). Therefore, it is naturd to condder EAP materids for application as biologicaly-ingpired
actuators to drive various manipulation, mobility and robotic devices. However, before these
materials can be gpplied as actuators of medicad ads (such as synthetic limbs or prostheses), their
actuation force and robustness will need to be increased Sgnificantly from the levels tha are currently
exhibited by the available materiads. On the postive rote, there has dready been a series of reported
successes in demondrating miniature manipulation devices including a catheter deering demernt,
robotic am, gripper, loudspeaker, active digphragm, and dust-wiper. The editor is hoping that the
information documented in this book will help dimulate the development of niche applications for
EAP and the emergence of related commercid devices. Such applications are anticipated to promote
EAP materids to become actuators of choice in spite of the current technology chalenges and
limitations. The commercid introduction of EAP will eventudly evolve into improved products and
can lead to awide range of technology transfers to other practical uses.

Chapter 1.0 of this book provides an overview and background to the various EAP materids,
and ther potentids. Since biologicd muscles are used as a mode for the development of EAP
actuators, Chapter 2.0 describes the mechanism of muscles operation and their behavior as actuators.
Chapter 3.0 covers the leading EAP materids and the principles that ae respongble for ther
electroactivity.  Chapter 4.0 covers such fundamentd topics as computationa chemistry and nonlinear
electromechanical analyss enabling to predict their behavior as wel as design gide for the gpplication
of one example EAP maerid. Modding the behavior of EAP materids requires the use of complex
andyticd tools and it is one of the mgor chdlenges to the design and control of related mechanisms
and devices. Efforts are currently underway to moded their nonlinear eectromechanica behavior and
to deveop nove experimenta techniques to measure and characterize EAP materia properties [see
Chapter 6.0]. These efforts are leading to a better understanding of the origin of the eectro-activity of
vaious EAP materids, which, in tun, can hdp in improving and possbly optimizing ther
performance.  Processng methods are dso being covered describing fabrication, shaping, eectroding
and integration techniques of producing fibers, films and other shapes of EAP actuators [see Chapter
5.0].

Genadly, EAP actuators are highly agile, lightweight, low power, and mass-producible, can be
made inexpensve, and they have inherent capability to host embedded sensors and micro-eectro-
mechanicd-systems (MEMS). Thar many unique characteristics can make them a vauable dternative
to current actuators such as dectroactive ceramics and shgpe memory adloys. The making of miniature
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insect-like robots that can crawl, swim and/or fly may become a redity as this technology evolves
[Chepters 7.0 and 8.0]. Processing techniques, such as ink-jet printing, may potentialy be employed to
make complete devices that are driven by EAP actuators. A device may be fully produced in 3D
details, thereby dlowing repid prototyping and subsequent mass production posshiliies.  Thus,
polymer-base EAP-actuated devices may be fully produced by an ink-jet printing process enabling the
rgpid implementation of science fiction idess (eg., insect-like robots that become remotely operationa
as oon as they emerge from production line) into engineering models and commercid products.
Potentid beneficiary of EAP capabilities include many fidds such as commercid, medicd, space, and
military that can impact our life greetly.

In order to exploit the highest benefit that EAP materids can offer, a multidisciplinary
international cooperation is needed among scientists, engineers, and other experts (eg., medica
doctors, etc.). Experts in chemistry, materids science, eectro-mechanics, robotics, computer science,
electronics, etc. need to join together to develop improved EAP materids, processing techniques and
gpplications that can benefit from EAP technologies.  Effective feedback sensors and control
dgorithms are needed to address the unique and chalenging aspects of EAP actuators. |If EAP-driven
atificda muscles can be implanted into a human body, together we can make a tremendoudy postive
impact on many humean lives.

Y oseph Bar-Cohen, JPL
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