PROCEEDINGS OF SPIE

Electroactive Polymer Actuators
and Devices (EAPAD) XXI

Yoseph Bar-Cohen
lain A. Anderson
Nancy L. Johnson
Editors

4-7 March 2019
Denver, Colorado, United States

Sponsored by
SPIE

Cosponsored by
OZ Opitics, Ltd. (United States)
Polytec, Inc. (United States)

Cooperating Organizations
Jet Propulsion Laboratory (United States)
Colorado Photonics Industry Association (United States)

Published by
SPIE

Volume 10966

Proceedings of SPIE 0277-786X, V. 10966

SPIE is an international society advancing an interdisciplinary approach to the science and application of light.



The papers in this volume were part of the technical conference cited on the cover and title page.
Papers were selected and subject to review by the editors and conference program committee.
Some conference presentations may not be available for publication. Additional papers and
presentation recordings may be available online in the SPIE Digital Library at SPIEDigitalLibrary.org.

The papers reflect the work and thoughts of the authors and are published herein as submitted. The
publisher is not responsible for the validity of the information or for any outcomes resulting from
reliance thereon.

Please use the following format to cite material from these proceedings:

Author(s), "Title of Paper," in Electroactive Polymer Actuators and Devices (EAPAD) XXI, edited by
Yoseph Bar-Cohen, lain A. Anderson, Nancy L. Johnson, Proceedings of SPIE Vol. 10966 (SPIE,
Bellingham, WA, 2019) Seven-digit Article CID Number.

ISSN: 0277-786X
ISSN: 1996-756X (electronic)

ISBN: 9781510625877
ISBN: 9781510625884 (electronic)

Published by

SPIE

P.O. Box 10, Bellingham, Washington 98227-0010 USA

Telephone +1 360 676 3290 (Pacific Time)- Fax +1 360 647 1445
SPIE.org

Copyright © 2019, Society of Photo-Optical Instrumentation Engineers.

Copying of material in this book for internal or personal use, or for the internal or personal use of
specific clients, beyond the fair use provisions granted by the U.S. Copyright Law is authorized by
SPIE subject to payment of copying fees. The Transactional Reporting Service base fee for this
volume is $18.00 per article (or portion thereof), which should be paid directly to the Copyright
Clearance Center (CCC), 222 Rosewood Drive, Danvers, MA 01923. Payment may also be made
electronically through CCC Online at copyright.com. Other copying for republication, resale,
advertising or promotion, or any form of systematic or multiple reproduction of any material in this
book is prohibited except with permission in writing from the publisher. The CCC fee code is 0277-
786X/19/$18.00.

Printed in the United States of America by Curran Associates, Inc., under license from SPIE.
Publication of record for individual papers is online in the SPIE Digital Library.

SPIEDigitalLibrary.org

Paper Numbering: Proceedings of SPIE follow an e-First publication model. A unique citation
identifier (CID) number is assigned to each article at the time of publication. Utilization of CIDs
allows articles to be fully citable as soon as they are published online, and connects the same
identifier to all online and print versions of the publication. SPIE uses a seven-digit CID article
numbering system structured as follows:
= The first five digits correspond to the SPIE volume number.
= The last two digits indicate publication order within the volume using a Base 36 numbering
system employing both numerals and letters. These two-number sets start with 00, 01, 02, 03, 04,
05, 06, 07, 08, 09, OA, OB ... 0Z, followed by 10-1Z, 20-2Z, etc. The CID Number appears on each
page of the manuscript.



Contents

vii Authors
ix Conference Committee
Xiii Infroduction
Xvii Appendix: The 2017 EAP-in-Action Program
KEYNOTE SESSION: EAP AS EMERGING ACTUATORS
10966 03 Inflatable technology: using flexible materials to make large structures (Keynote Paper)
[10966-2]
EAP MATERIALS AND DEVICES FABRICATION METHODS (E.G., 3D PRINTING): PROGRESS AND
CHALLENGES
10966 07 Investigation of stencil/ screen printing of silver (Ag) electrodes for ionic polymer metal
composites (IPMCs) [10966-6]
10966 08 Optimization and characterization of inkjet-printed ferroelectric capacitor for human body
detection [10966-7]
DESIGN METHODS OF PRODUCING EAP MECHANISMS
10966 OM Design of reliable silicone elastomers for dielectric elastomers and stretchable electronics
(Invited Paper) [10966-9]
10966 ON A novel design concept to boost the force output of dielectric elastomer membrane actuators
[10966-10]
10966 OP Contactless coupling of dielectric elastomer membranes with magnetic repulsion [10966-96]
TWISTED AND COILED POLYMER ACTUATORS
10966 OR Investigation of manufacturing parameters for copper-wound super-coiled polymer actuators

[10966-13]



10966 0S A modular twisted and coiled polymer actuator unit for robotic tentacles [10966-14]

10966 OU Experimental investigation of temperature-dependent hysteresis of fishing-line artificial muscle
(twisted and coiled polymer fiber) actuator [109664-16)]

MODELING
10966 OV Numerical studies on origami dielectric elastomer actuator using Kresling pattern [10966-17]
10966 OW Finite element simulation of plane strain dielectric elastomer membranes actuated by

discretized electrodes [10966-18]

10966 0X Effects of variation of permittivity and the actuating voltage on the dynamic response of
dielectric elastomer actuator [10966-19]

10966 OY Continuum electro-mechanical damage modelling for dielectric elastomer [10966-20]

10966 07 A dynamic model of helical dielectric elastomer actuator [10964-21]

10966 10 Electromechanical hysteresis model and identification for soft dielectric elastomer actuator
[10966-22]

TESTING AND CHARACTERIZATION OF EAP MATERIALS

10966 14 Taming the viscoelastic creep of dielectric elastomer actuators [10966-25]

10966 16 Fatigue life performances of silicone elastomer membranes for dielectric elastomer
transducers: preliminary results [10966-27]

10966 17 Characterization of dielectric elastomer actuators made of slide ring materials [10966-28]

MANUFACTURING, MECHANICAL PROPERTIES, AND PERFORMANCE OF EAP MATERIALS

10966 19 Mechanical properties of slide-ring materials for dielectric elastomer actuators [10966-30]

10966 1A Measurement of strain distribution of dielectric elastomer actuator with plural pairs of
electrodes via the image correlation method [10966-31]

IONIC EAP MATERIALS INCLUDING IPMC

10966 1C Modelling and control of self-sensing ionic electroactive polymer actuator [10966-33]



10966 1E lonic buoyancy engines: finite element modeling and experimental validation [10966-35]

10966 TH Finite difference method and finite element method for modeling IPMC sensor voltage
[10966-38]

APPLICATION OF EAP TO ROBOTICS

10966 1K Searching for clues about Maxwell stress in the back-relaxation of ionic polymer-metal
composites [10966-89]

APPLICATIONS OF EAP |

10966 10 Experimental determination of material parameters for an enhanced modeling of
polyelectrolyte gels [10966-81]

10966 1P Monolithic and active soft structures capable of self-actuation and self-adhesion [109664-45]
10966 1Q Soft gripper actuated by electro-hydraulic force [10966-46]

10966 1S Design of a dielectric elastomer actuator driven pneumatic pump [10966-48]

WEARABLE AND TACTILE APPLICATIONS

10966 1T Necessary dielectric elastomer parameters for wearable tremor suppression [10966-49]
10966 1V Low-cost and scalable fabrication of wearable soft sensor for neck mobility measurement
[10966-51]

10966 TW Large-areaq, flexible, integrable and transparent DEAs for haptics [10966-52]

APPLICATIONS OF EAP II

10966 1Y Dynamically reconfigurable DEAs incorporating shape memory polymer fibers [10966-54]
10966 17 High-voltage photonic switching of dielectric elastomers with amorphous silicon thin-films
[10966-55]
EAP ACTUATORS

10966 22 Simulation-driven design to reduce pull-in voltage of donut HASEL actuators [10966-58]



Vi

APPLICATIONS OF EAP llI

10966 25 Silicone elastomer map: design the ideal elastomer [10966-61]

10966 26 Synthetic Muscle Electroactive Polymer (EAP) based actuation and pressure sensing for
prosthetic and robotic gripper applications [10966-62]

10966 29 Bioinspired bistable soft actuators [10966-95]
EAP SENSORS AND ACTUATORS

10966 2D Electrostatic actuator for tactile display based on hydraulically coupled dielectric fluids and
soft structures [10966-68]
APPLICATIONS OF EAP IV

10966 2l Design, fabrication, and customized driving of dielectric loudspeaker arrays [10966-73]
POSTER SESSION

10966 2S Drop-on-demand lift-off patterning of compliant electrodes [10966-84]

10966 2T Abatement of high-voltage leakage current in electrostrictive fluorinated polymers through
electro-annealing [10966-85]

10966 2U Live-mirror shape correction technology operated through modified electroactive polymer
actuators [10966-87]

10966 2V Plane-strain deformations of ionic polymer-metal composites [10964-88]

10966 2X Force optimization and numerical validation of helical dielectric elastomer actuator [10966-92]



