PROCEEDINGS OF SPIE

Aclive and Passive

Smart Structures and

Integrated Systems 2007

Yuji Matsuzaki
Mehdi Ahmadian
Donald J. Leo
Editors

19-22 March 2007
San Diego, California, USA

Sponsored and Published by
SPIE—The International Society of Optical Engineering

Cosponsored by
American Society of Mechanical Engineers (USA)

Cooperating Organizations
Intelligent Materials Forum (Japan)
Jet Propulsion Laboratory (USA)
National Science Foundation (USA)

@

Proceedings of SPIE—The International Society for Optical Engineering, 9780819466464, v. 6525

Volume 6525

The International Society
for Optical Engineering

SPIE is an international technical society dedicated to advancing engineering and scientific
applications of optical, photonic, imaging, electronic, and optoelectronic technologies.



The papersincluded 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. The papers
published in these proceedings 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 this book:

Author(s), "Title of Paper," in Active and Passive Smart Structures and Integrated Systems 2007,
edited by Yuji Matsuzaki, Mehdi Ahmadian, Donald J. Leo, Proceedings of SPIE Vol. 6525 (SPIE,
Bellingham, WA, 2007) Article CID Number.

ISSN 0277-786X
ISBN 9780819466464

Published by

SPIE—The International Society for Optical Engineering

P.O. Box 10, Bellingham, Washington 98227-0010 USA
Telephone 1 360/676-3290 (Pacific Time) - Fax 1 360/647-1445
http://www.spie.org

Copyright © 2007, The 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 http://www.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/07/$18.00.

Printed in the United States of America.



Contents

Xi Conference Committee
XV Symposium Committee
XVii Infroduction
SESSION 1 ENERGY HARVESTING |

652502 Harvesting of electrical energy from a backpack using piezoelectric shoulder straps
[6525-01]
H. A. Sodano, J. Granstrom, J. Feenstra, Michigan Technological Univ. (USA); K. Farinholt,
NanoSonic, Inc. (USA)

652503 Energy harvesting using optimized piezoelectric microcantilevers [6525-02]
M. J. Parsons, A. Elalfy, A. Lumsdaine, The Univ. of Tennessee (USA)

652504 Design method for piezoelectric bending generators in energy harvesting systems
[6525-03]
B. Richter, J. Twiefel, T. Sattel, J. Wallaschek, Heinz Nixdorf Institute (Germany)

SESSION 2 ENERGY HARVESTING I

652507 Analysis of PMN-PT and PZT circular diaphragm energy harvesters for use in implantable
medical devices [6525-06]
C. Mo, SangJu National Univ. (South Korea); L. J. Radziemski, Piezo Energy Technologies,
LLC (USA); W. W. Clark, Univ. of Pittsburgh (USA)

652508 Adaptive vibration energy harvesting [6525-07]
S. Behrens, J. Ward, CSIRO Energy Technology (Australia); J. Davidson, James Cook Univ.
(Australia)

652509 A comparison between the standard and SSHI interfaces used in piezoelectric power

harvesting [6525-08]
Y. C. Shu, I. C. Lien, National Taiwan Univ. (Taiwan)

Pagination: Proceedings of SPIE follow an e-First publication model, with papers published first online and then in print and on
CD-ROM. Papers are published as they are submitted and meet publication criteria. A unique, consistent, permanent citation
identifier (CID) number is assigned fo each article at the time of the first publication. Utilization of CIDs allows articles to be fully
citable as soon they are published online, and connects the same identifier to all online, print, and electronic versions of the

publication.

SPIE uses a six-digit CID article numbering system in which:
* The first four 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, 0B ... 0Z, followed by 10-1Z, 20-2Z, etc.

The CID number appears on each page of the manuscript. The complete citation is used on the first page, and an
abbreviated version on subsequent pages.



SESSION 3

MAGNETO-RHEOLOGICAL SYSTEMS

65250A Agglomeration of magnetorheological fluid mass to an immersed vibrating eleciromagnet
[6525-09]
A. N. Vavreck, J. E. Black, The Pennsylvania State Univ. (USA)
65250B Alternative power source for magneto-rheological dampers [6525-10]
J.-H. Koo, E. Ritchie, Miami Univ. (USA); S.-W. Cho, Univ. of Western Ontario (Canada)
65250C Study of a magneto-rheological grease (MRG) clutch [6525-11]
F. Gordaninejad, B. M. Kavlicoglu, X. Wang, Univ. of Nevada, Reno (USA)
65250D Rheological behavior of magneto-rheological grease (MRG) [6525-12]
H. Sahin, F. Gordaninejad, X. Wang, A. Fuchs, Univ. of Nevada, Reno (USA)
65250F Structural optimization of clutch activated by magnetorheological fluid [6525-15]
Y. Liu, W. Meng, Z. Huang, Y. Sun, Harbin Institute of Technology (China)
65250G Study of a magneto-rheological grease (MRG) damper [6525-87]
F. Gordaninejad, M. Miller, X. Wang, H. Sahin, A. Fuchs, Univ. of Nevada, Reno (USA)
SESSION 4 SMART AEROSPACE SYSTEMS
65250H Symbiotic structures to significantly enhance space missions [6525-16]
A. D. Williams, Air Force Research Lab. (USA); M. Diaz-Aguado, Univ. of Texas, Austin (USA);
B. J. Arritt, Air Force Research Lab. (USA)
652501 Hybrid acoustically layered foam (HALF) foam for improved low-frequency acoustic
mitigation for launch fairings [6525-17]
A. D. Williams, Air Force Research Lab. (USA); D. J. Domme, Virginia Tech (USA);
E. V. Ardelean, Science Applications International Corp. (USA); B. K. Henderson, Air Force
Research Lab. (USA)
65250J Development of a SMA hybrid composite jet engine chevron concept [6525-18]
T. L. Turner, R. H. Cabell, R. J. Cano, R. J. Silcox, NASA Langley Research Cir. (USA)
SESSION 5 BIOLOGY-INSPIRED AND RELATED SYSTEMS |
65250K Ornithopter flight stabilization [6525-19]
J. M. Dietl, E. Garcia, Cornell Univ. (USA)
65250L Evolutionary flight and enabling smart actuator devices [6525-20]
J. Manzo, E. Garcia, Cornell Univ. (USA)
65250M Post-buckled precompressed (PBP) subsonic micro flight control actuators and surfaces
[6525-21]
R. Barrett, R. Vos, The Univ. of Kansas (USA); R. De Breuker, Technical Univ. of Delft
(Netherlands)
65250N Insect cyborgs: a new frontier in flight control systems [6525-22]

T. Reissman, J. H. Crawford, E. Garcia, Cornell Univ. (USA)



652500

Perching aerodynamics and trajectory optimization [6525-23]
A. Wickenheiser, E. Garcia, Cornell Univ. (USA)

SESSION 6 BIOLOGY-INSPIRED AND RELATED SYSTEMS I
65250P Chemoelectrical energy conversion of adenosine friphosphate [6525-24)]
V. B. Sundaresan, S. A. Sarles, D. J. Leo, Virginia Tech (USA)
65250Q Force control of ER fluid based haptic device in virtual environment [6525-25]
Y.-M. Han, P.-S. Kang, M.-S. Seong, S.-B. Choi, Inha Univ. (South Korea)
65250R Experimental parametric study of a biomimetic fish robot actuated by piezoelectric
actuators [6525-26]
T. Wiguna, H. C. Park, S. Heo, N. S. Goo, Konkuk Univ. (South Korea)
65250T A small and fast piezo-actuated legged robot [6525-28]
A. A. Yumaryanto, J. An, S. Lee, Konkuk Univ. (South Korea)
SESSION 7 SHAPE MEMORY MATERIALS AND APPLICATIONS
65250U Effects of density and cell morphologies on the shape memory effect of a porous shape
memory polymer [6525-29]
S. Simkevitz, H. Naguib, Univ. of Toronto (Canada)
65250V Microscale damping using thin film active materials [6525-30]
C. A. Kerrigan, Univ. of California Los Angeles (USA); K. K. Ho, Fortis Technologies, Inc. (USA);
K. P. Mohanchandra, G. P. Carman, Univ. of California Los Angeles (USA)
65250W Design optimization of shape memory alloy active structures using the R-phase
transformation [6525-31]
M. Langelaar, F. van Keulen, Delft Univ. of Technology (Netherlands)
SESSION 8 DAMPING AND ISOLATION I
65250Y Nonlinear dynamics and chaos in a shape memory alloy pseudoelastic oscillator [6525-34]
L. G. Machado, D. C. Lagoudas, Texas A&M Univ. (USA); M. A. Savi, Univ. Federal do Rio de
Janeiro (Brazil)
652507 On semi-active enhancement of the dissipation provided by piezoelectric films [6525-35]
U. A. Korde, M. A. Wickersham, T. J. Zelfer, L. Kjerengtroen, South Dakota School of Mines
and Technology (USA); C. H. M. Jenkins, Montana State Univ. (USA)
652510 Generation of quasi-resonance by variable damping [6525-36]
D. Iba, A. Masuda, A. Sone, Kyoto Institute of Technology (Japan)
SESSION 9 DAMPING AND ISOLATION II
652511 On the effect of electrical uncertainties on resonant piezoelectric shunting [6525-37]

M. Porfiri, Polytechnic Univ. (USA); U. Andreaus, Univ. degli studi di Roma La Sapienza (Italy)



652512

652513

652514

652515

SESSION 10

Optimal piezoelectric switching technique for vibration damping [6525-38]
M. Neubauer, Institute of Dynamics and Vibrations (Germany); R. Oleskiewicz, Koszalin Univ.
of Technology (Poland)

Shear thickening fluids as a tunable damping element: experimental results and modeling
[6525-39]

C. Fischer, Ecole Polytechnique Fédérale de Lausanne (Switzerland); A. Bennani, Univ. de
Claude Bernard Lyon I/INRETS (France); C. J. G. Plummer, V. Michaud, P.-E. Bourban, Ecole
Polytechnique Fédérale de Lausanne (Switzerland); E. Jacquelin, Univ. de Claude Bernard
Lyon I/INRETS (France); J.-A. E. M&nson, Ecole Polytechnique Fédérale de Lausanne
(Switzerland)

A simple model for the prediction of the discrete stiffness states of a homogeneous
electrostatically tunable multi-layer beam [6525-40]

A. Bergamini, R. Christen, M. Motavalli, Empa Swiss Federal Labs. for Materials Testing and
Research (Switzerland)

Passive vibration damping with magnetostrictive composite material [6525-41]

J. R. Maly, CSA Engineering, Inc. (USA); G. P. Carmen, Univ. of California Los Angeles (USA);
J. C. Goodding, CSA Engineering, Inc. (USA); C. A. Kerrigan, Univ. of California Los Angeles
(USA); K. K. Ho, Fortis Technologies, Inc. (USA)

AUTONOMOUS MATERIALS |

652517

652518

SESSION 11

Fluidic flexible matrix composites for autonomous structural tailoring [6525-43]
Y. Shan, A. Lotfi, Pennsylvania State Univ. (USA); M. Philen, Virginia Polytechnic Institute and
State Univ. (USA); S. Li, C. E. Bakis, C. D. Rahn, K. W. Wang, Pennsylvania State Univ. (USA)

Microfluidic systems for reconfigurable RF surfaces and systems [6525-44]
T. Larry, M. L. VanBlaricum, Toyon Research Corp. (USA)

AUTONOMOUS MATERIALS II

vi

652519

65251A

65251C

Controlling nanoparticle aggregation in colloidal microwave absorbers via interface
chemistry [6525-45]

B. A. Larsen, M. A. Haag, M. H. B. Stowell, Univ. of Colorado, Boulder (USA); D. C. Walther,
A. P. Pisano, Univ. of California, Berkeley (USA); C. R. Stoldt, Univ. of Colorado, Boulder (USA)

Circulatory system for unmanned air vehicles [6525-46]
A. Nagar, SRl International (USA); E. Anderson, CSA Engineering Inc. (USA); P. Rao,
S. Narang, Shakti Technologies, Inc. (USA)

Full-scale flight tests of aircraft morphing structures using SMA actuators [6525-48]
J. H. Mabe, Boeing Phantom Works Seattle (USA); F. T. Calkins, Boeing Commercial Airplane
Co. (USA); R. T. Ruggeri, Boeing Phantom Works Seattle (USA)



SESSION 12

CONTROLLED SYSTEMS |

65251E

65251F

65251G

65251H

652511

SESSION 13

Piezoelectric-hydraulic pump based band brake actuation system for automotive
transmission control [6525-50]
G.-W. Kim, K. W. Wang, The Pennsylvania State Univ. (USA)

Effectiveness enhancement of a cycloidal wind turbine by individual active control of
blade motion [6525-51]
I.S. Hwang, Y. H. Lee, S. J. Kim, Seoul National Univ. (South Korea)

Analysis of the vibration localization phenomenon in rotationally periodic structures using a
homogenized model [6525-52]
P. Bisegna, Univ. of Rome Tor Vergata (Italy); G. Caruso, ITC-CNR (Italy)

Work of PZT ceramics sounder for sound source artificial larynx [6525-54]
Y. Sugio, R. Kanetake, A. Tanaka, K. Ooe, Ritsumeikan Univ. (Japan)

Beams with controllable flexural stiffness [6525-55]

F. Gandhi, The Pennsylvania State Univ. (USA); S.-G. Kang, Korea Advanced Institute of
Science and Technology (South Korea)

CONTROLLED SYSTEMS I

65251

65251K

65251L

6525TM

65251Q

SESSION 14

Modal analysis of stepped piezoelectric beams [6525-56]
M. Porfiri, Polytechnic Univ. (USA); C. Maurini, J. Pouget, Institut Jean Le Rond d'Alembert,
CNRS, Univ. Pierre et Marie Curie (France)

System integration of the Utah electrode array using a biocompatible flip chip under bump
metallization scheme [6525-59]

R. Bhandari, S. Negi, L. Rieth, Univ. of Utah (USA); M. Toepper, Fraunhofer Institute for
Reliability and Micro Integration IZM (Germany); S. Kim, Univ. of Utah (USA); M. Klein,

H. Oppermann, Fraunhofer Institute for Reliability and Micro Integration IZM (Germany);

R. A. Normann, F. Solzbacher, Univ. of Utah (USA)

Smart vortex generator transformed by change in ambient temperature and aerodynamic
force [6525-60]
T. lkeda, S. Masuda, T. Ueda, Nagoya Univ. (Japan)

Design and numerical evaluation of an innovative multi-directional shape memory alloy
damper [6525-61]

W. Ren, Dalian Univ. of Technology (China) and Hebei Univ. of Technology (China); H. Li,
Dalian Univ. of Technology (China); G. Song, Univ. of Houston (USA)

Optimal excitation of a cylindrical shell by piezoelectric actuators [6525-84]
L. Zhang, Y. Yang, Nanyang Technological Univ. (Singapore)

SMART DEVICES AND SYSTEMS

65251R

Adaptive and controllable compliant systems with embedded actuators and sensors
[6525-62]
B. Trease, S. Kota, The Univ. of Michigan (USA)

vii



652513

652517

65251U

SESSION 15

Metal Rubber sheet and fabric materials and devices [6525-63]
J. H. Lalli, A. Hill, N. Demirci, M. Homer, R. O. Claus, NanoSonic, Inc. (USA)

Test/analysis comparison of piezoeleciric patch local behavior for vibroacoustic active
control application [6525-64]

C. Florens, ONERA (France) and Ecole Centrale Paris (France); E. Balmes, Ecole Centrale
Paris (France); F. Clero, ONERA (France)

A new designing concept for multifunctional structural material systems [6525-86]
H. Asanuma, T. Nakata, T. Chiba, Chiba Univ. (Japan)

SENSORS, ACTUATORS, AND DEVICES

65251W

65251X

65251Y

652511

SESSION 16

Zero-power shock sensors using bistable compliant mechanisms [6525-65]
B. J. Hansen, C. J. Carron, A. R. Hawkins, S. M. Schuliz, Brigham Young Univ. (USA)

Electric field sensor based on core-replaced optical D-fiber [6525-66]
E. K. Johnson, J. M. Kvavle, R. H. Selfridge, S. M. Schuliz, Brigham Young Univ. (USA);
R. Forber, W. Wang, D. Zang, IPITEK (USA)

Analysis, construction, and testing of a large displacement bistable piezoelectric actuator
[6525-67]

J. Monreal, Royal Military Academy (Belgium); G. Giannopoulos, J. Vantomme, Royal
Military Academy (Belgium) and Vrije Univ. Brussel (Belgium)

Active mounts for marine application: the BMBF research project "Active aggregate
mounts to reduce structure vibrations and structure-borne sound transmission"” [6525-68]
M. Matthias, A. Friedmann, T. Koch, T. Drégemduller, Fraunhofer Institute for Structural
Durability and System Reliability LBF (Germany)

ACTIVE CONTROL |

652520

652521

652522

652523

viii

Studies on small circular membrane mirrors with electrostatic actuation and closed loop
control [6525-70]

U. A. Korde, M. A. Wickersham, J. J. Farke, M. E. Hofacker, South Dakota School of Mines
and Technology (USA)

Integral control of collocated smart structures [6525-71]
S.S. Aphale, A. J. Fleming, S. O. Reza Moheimani, Univ. of Newcastle (Australia)

Performance evaluation of a new type of jetting dispenser using piezoelectic actuator
[6525-73]
M.-K. Choi, B.-Y. Yun, Q.-H. Nguyen, S.-B. Choi, S.-M. Hong, Inha Univ. (South Korea)

Autonomous-decentralized smart structural control scheme: variable slip-force level
damper control with microprocessor [6525-74]

A. Nishitani, Waseda Univ. (Japan); Y. Nitta, Ashikaga Institute of Technology (Japan);
N. Miyoshi, Obayashi Corp. (Japan)



SESSION 17

ACTIVE CONTROL II

652525

652526

652527

652528

652529

65252A

652528

65252C

Adaptive positive position feedback for energy absorption in acoustic cavities [6525-75]
M. A. Creasy, D. J. Leo, Virginia Tech (USA); K. M. Farinholf, NanoSonic, Inc. (USA)

Broadband noise and vibration reduction for lightweight chassis design using smart
structure technologies [6525-76]

L. Messner, M. Gusenbauer, T. Rittenschober, PROFACTOR Production Research GmbH
(Austria)

Vibration suppression of hull structure using macro fiber composite actuators and sensors
[6525-77]
J. W.Sohn, H. S. Kim, C.-J. Kim, S. H. Ha, S.-B. Choi, Inha Univ. (South Koreq)

Nonlinear modeling of piezoelectric layered beams [6525-78]
M. Saghafi, Sharif Univ. of Technology (Iran); N. Jalili, Clemson Univ. (USA); A. Meghdari,
Sharif Univ. of Technology (Iran)

Modeling of piezo-flexural nanopositioning systems subjected to rate-varying inputs
[6525-79]
S. Bashash, N. Jalili, Clemson Univ. (USA)

Negative capacitance shunts for vibration control and suppression of reactive input power
on rectangular panels [6525-80]
K. A. Cunefare, The Georgia Institute of Technology (USA)

Fuzzy control for nonlinear structure with semi-active friction damper [6525-81]
D.-H. Zhao, H.-N. Li, Dalian Univ. of Technology (China)

In-plane vibration of membrane strips and sheets with piezoelectric actuation and sensing
[6525-82]

U. A. Korde, South Dakota School of Mines and Technology (USA); E. A. Petersen, Univ. of
Nebraska (USA); D. Daugaard, Dell Rapids Public High School (USA)

Revolutionary transitions of GE technology in NDE prognostics and health monitoring

(Plenary Presentation)
E. Hindle, T. Patton, GE Aviation (USA); T. Batzinger, GE Global Research Cir. (USA)

Author Index






Conference Committee

Conference Chair

Yuji Matsuzaki, Nagoya University (Japan)

Conference Cochairs

Mehdi Ahmadian, Virginia Polytechnic Institute and State University (USA)
Donald J. Leo, Defense Advanced Research Projects Agency—DARPA
(USA) and Virginia Polytechnic Institute and State University (USA)

Program Committee

Gregory S. Agnes, Jet Propulsion Laboratory (USA)

Eric H. Anderson, CSA Engineering, Inc. (USA)

Hiroshi Asanuma, Chiba University (Japan)

Amr M. Baz, University of Maryland, College Park (USA)

Diann E. Brei, University of Michigan (USA)

Gregory P. Carman, University of California, Los Angeles (USA)

Aditi Chattopadhyay, Arizona State University (USA)

Seung-Bok Choi, Inha University (South Korea)

William W. Clark, University of Pittsburgh (USA)

Mohammad H. Elahinia, University of Toledo (USA)

Alison B. Flatau, University of Maryland, College Park (USA)

Ephrahim Garcia, Cornell University (USA)

Victor Giurgiutiu, University of South Carolina (USA)

Fernando D. Goncalves, Lord Corporation (USA)

Faramarz Gordaninejad, University of Nevada, Reno (USA)

Nakhiah C. S. Goulbourne, Virginia Polytechnic Institute and State
University (USA)

T. Tupper Hyde, NASA Goddard Space Flight Center (USA)

Daniel J. Inman, Virginia Polytechnic Institute and State University (USA)

Conor D. Johnson, CSA Engineering, Inc. (USA)

Seung Jo Kim, Seoul Natfional University (South Korea)

Jeong-Hoi Koo, Miami University (USA)

George A. Lesieutre, The Pennsylvania State University (USA)

Wei-Hsin Liao, The Chinese University of Hong Kong (Hong Kong China)

Arnold Lumsdaine, The University of Tennessee (USA)

John A. Main, Defense Advanced Research Projects Agency (DARPA)
(USA)

Samir A. Nayfeh, Massachusetts Institute of Technology (USA)

Roger Ohayon, Conservatoire National des Arts et Métiers (France)

Dale Ruebsamen, Honeywell, Inc. (USA)

Steve C. Southward, Virginia Polytechnic Institute and State University
(USA)

Xi



Roger Stanway, The University of Sheffield (United Kingdom)
Friedrich K. Straub, The Boeing Company (USA)

Jian Q. Sun, University of Delaware (USA)

Nader Vahdati, Nanyang Technological University (Singapore)
Kon-Well Wang, The Pennsylvania State University (USA)
Norman M. Wereley, University of Maryland, College Park (USA)

Session Chairs

Xii

Energy Harvesting |
William W. Clark, University of Pittsburgh (USA)
Yi-Chung Shu, National Taiwan University (Taiwan)

Energy Harvesting I
Roger Ohayon, Conservatoire National des Arts et Métiers (France)
Jeong-Hoi Koo, Miami University (USA)

Magneto-Rheological Systems
Faramarz Gordaninejad, University of Nevada, Reno (USA)
Andrew N. Vavreck, The Pennsylvania State University (USA)

Smart Aerospace Systems
Friedrich K. Straub, The Boeing Company (USA)
Ephrahim Garcia, Cornell University (USA)

Biology-Inspired and Related Systems |
Daniel J. Inman, Virginia Polytechnic Institute and State University (USA)
Ronald M. Barrett, The University of Kansas (USA)

Biology-Inspired and Related Systems I
Alison B. Flatau, University of Maryland, College Park (USA)
Hoon Cheol Park, Konkuk University (South Korea)

Shape Memory Materials and Applications
Farhan Gandhi, The Pennsylvania State University (USA)
Fred van Keulen, Technische Universiteit Delft (Netherlands)

Damping and Isolation |
Wei-Hsin Liao, The Chinese University of Hong Kong (Hong Kong China)
Dimitris C. Lagoudas, Texas A&M University (USA)

Damping and Isolation I
Tadashige lkeda, Nagoya University (Japan)

Autonomous Materials |
Donald J. Leo, Defense Advanced Research Projects Agency—DARPA
(USA) and Virginia Polytechnic Institute and State University (USA)



11

12

13

14

15

16

17

Autonomous Materials Il
Donald J. Leo, Defense Advanced Research Projects Agency—DARPA
(USA) and Virginia Polytechnic Institute and State University (USA)

Controlled Systems |
Kon-Well Wang, The Pennsylvania State University (USA)
Norman M. Wereley, University of Maryland, College Park (USA)

Controlled Systems |l
Seung Jo Kim, Seoul Nafional University (South Korea)

Smart Devices and Systems

Richard O. Claus, Virginia Polytechnic Institute and State University (USA)
and NanoSonic Inc. (USA)

C. K. Lee, National Taiwan University (Taiwan)

Sensors, Actuators, and Devices
Stephen M. Schultz, Brigham Young University (USA)
C. K. Lee, National Taiwan University (Taiwan)

Active Conftrol |
Umesh A. Korde, South Dakota School of Mines and Technology (USA)
Seung Jo Kim, Seoul National University (South Korea)

Active Conftrol |l
Tadashige lkeda, Nagoya University (Japan)
Heung Soo Kim, Inha University (South Koreq)

xiii






Symposium Commitiee

Symposium Chairs

Yoseph Bar-Cohen, Jet Propulsion Laboratory (USA)
Alison B. Flatau, University of Maryland, College Park (USA)
Norbert G. Meyendorf, University of Dayton (USA)

George Y. Baaklini, NASA Glenn Research Center (USA)

Executive Committee

Yoseph Bar-Cohen, Jet Propulsion Laboratory (USA)

Alison B. Flatau, University of Maryland, College Park (USA)

Norbert G. Meyendorf, University of Dayton (USA)

George Y. Baaklini, NASA Glenn Research Center (USA)

Mehdi Ahmadian, Virginia Polytechnic Institute and State University (USA)

Marcelo J. Dapino, The Ohio State University (USA)

L. Porter Davis, Honeywell, Inc. (USA)

Michael A. Demetriou, Worcester Polytechnic Institute (USA)

Aaron A. Diaz, Pacific Northwest National Laboratory (USA)

Victor Giurgiutiu, University of South Carolina (USA)

B. Kyle Henderson, Air Force Research Laboratory (USA)

Kumar Jata, Air Force Research Laboratory (USA)

Gabor M., Kovacs, EMPA (Switzerland)

Tribikram Kundu, The University of Arizona (USA)

Donald J. Leo, Defense Advanced Research Projects Agency — DARPA
(USA)

Douglas K. Lindner, Virginia Polytechnic Institute and State University (USA)

Ajit K. Mal, University of California, Los Angeles (USA)

Yuji Matsuzaki, Nagoya University (Japan)

M. Brett McMickell, Honeywell, Inc. (USA)

Zoubeida Ounaies, Texas A&M University (USA)

Kara J. Peters, North Carolina State University (USA)

Peter J. Shull, The Pennsylvania State University (USA)

Masayoshi Tomizuka, University of California, Berkeley (USA)

Eric Udd, Columbia Gorge Research (USA)

Vijay K. Varadan, University of Arkansas (USA)

Dietmar W. Vogel, Fraunhofer-Institut fUr Zuverlassigkeit und
Mikrointegration (Germany)

H. Felix Wu, National Institute of Standards and Technology (USA)

Chung-Bang Yun, Korea Advanced Institute of Science and Technology
(South Koreaq)

XV






Infroduction

New conference 6525, Active and Passive Smart Structures and Integrated
Systems, was merged from two previous conferences, Damping and Isolation,
and Smart Structures and Integrated Systems, at the conclusion of the last
symposium. The lafter conference started in 1993 with the fitle Smart Structures
and Intelligent Systems, as one of five sub-conferences of the North American
Conference (NAC) on SSM, sponsored by SPIE. The former joined NAC as the sub-
conference on Passive Damping in 1994. Because of their long history, the major
focus of the two conferences was mostly on the aerospace, mechanical, and
transportation systems and structures. The majority of the topics in the call for
papers for the new conference have, therefore, been related to macro-structures
and the fraditional and conventional areas of active and passive systems.
Although it is important that the macro-structures research — associated strongly
with the basic infrastructures of our society — remains strong, it is even more
critical to infroduce new topics into this conference by proactively including the
emerging areas related fo active and passive systems, such as micro- and nano-
systems. We support the strong promotion and inclusion of fopics associated with
these areas, and other emerging fechnologies, in future conferences.

Another important focus area is the nature- and biology-inspired integrated
systems, such as bionics (or biomimicry). Emerging in 1950s, this discipline is
currently highly researched, with the primary aim of applying solutions, methods,
and systems found in nature to the study and design of engineering systems. The
nature and biological systems are smart and integrated, and ecologically sound
in sustaining lives and preserving natural resources. Today, one of our main
concerns is to prevent environmental destruction. To preserve the environment,
we need fo look more info nature and biology. Nature has evolved for more
than 300 milion years, while our modern science and technology have
developed for less than 300 years. The more humble we are, the more we may
learn from the nature and biology.

To reduce the redundancy between SSM and NDE, which had independently
developed until last March, we decided to unify the two and reduce fourteen
conferences info ten. We are now working on promoting the integration of
sessions and topics that are synergistically associated, across various
conferences at the symposium. We believe that ultimately this will benefit the
aftendees of the symposium by providing them with a more holistic exposure to
the fopics of interest to them. Along this line, Dr. Donald Leo, conference
cochair, and Dr. Les Lee of the Air Force Office of Scientific Research, organized
the sessions on Autonomous Materials | and I Wednesday morning in this
conference 6525 and the sessions on Autonomous Materials Workshops | and I
Wednesday afternoon in conference 6526 on Behavior and Mechanics of
Multifunctional and Composite Materials. This was a new attempt to work
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together beyond the domain of each conference. This symposium is a showcase
for multidisciplinary and newly emerging research and technologies. It is
necessary to contfinue to work together foward this direction for the benefit of
the symposium. We encourage further collaboration and discussion among the
chairs and cochairs of the symposium conferences, in order fo move us further
tfoward a well-integrated and unified symposium.

Yuji Matsuzaki
Mehdi Ahmadian
Donald J. Leo



