LEONARDOLECCERND |
ANTONID CONCILIO

SHAPE MEMORY
ALLOY ENGINEERING

FOR REROSPACE. STRUCTURAL AND BIOMEDICAL APPLICATIONS

g pe Leonardo Lecce,
J | Antonio Concilio 4RZ

£k
T F N

ngineering:

lical Applications

5/ ENhR



. B—:ﬁ m *’4 E{] ; :FE] : - Ambmyﬁnucnm

__International Materials antier Senes 1

SHAPE MEMORY
ALLOY ENGINEERING

B AERUEMCE STRCTIRAL MG BWEDTAL ASPUCETIONS

Leonardo Lecce,
Antonio Concilio %%

ﬁ/%lﬂ"ZnAﬁ-_E—}"
MENA, SHEAEYEFNE

Shape Memory Alloy Engineering:
For Aerospace,
Structural and Biomedical Applications

S/ENRR




[&“~:18 —2017 - 169

Shape Memory Alloy Engineering: For Aerospace, Structural and Biomedical Applications

Leonardo Lecce, Antonio Concilio

ISBN; 9780080999203 (ISBN of original edition)

Copyright © 2015 by Elsevier Ltd. All rights reserved.

Authorized English language reprint edition published by the Proprietor.

Copyright (©) 2017 by Elsevier (Singapore) Pte Ltd. All rights reserved.

Elsevier ( Singapore) Pte Ltd.
3 Killiney Road
#08 - 01 Winsland House I
Singapore 239519
Tel: (65) 6349 —0200
Fax: (65) 6733 - 1817
First Published <2017 >
<2017 > FEWIhR

Printed in China by Central South University Press under special arrangement with
Elsevier ( Singapore) Pte Ltd. This edition is authorized for sale in China only,
excluding Hong Kong SAR, Macao SAR and Taiwan. Unauthorized export of this
edition is a violation of the Copyright Act. Violation of this Law is subject to Civil and
Criminal Penalties.

AL EI R Elsevier (Singapore) Pte Ltd. $AL g A2# H it 78 o [
BENIEKKAT o ARALFRAE T EEE N (NS BT R G B AR08
B REVFATZ A, MBI, 452 R IR F > .

ABERNEA Elsevier Bithhrss, Jobnss & A4



EHERSB (C1 P ) ¥R

FEARICAZ G4 TR MUK A ESE
M B3 /7 () 1BYNTE - 324 (Leonardo Lecce) ,
(B)ZHKBHE - FElrH ¥ ( Antonio Concilio) 3. ——

Kb kst 2017.10
ISBN 978 -7 - 5487 -3075 -0

1.0 01.0Of @% - . OBREILEE—HEXN.O
TG139

v [ A i CIP % %7 (2017 ) 55 280292 5

ERiZiZE&TES: MEMX. FUNENEFNA
XINGZHUANG JIVI HEJIN GONGCHENGXUE ; HANGKONGHANGTIAN,
JIEGOU HE SHENGWUYIXUE YINGYONG

Leonardo Lecce  Antonio Concilio %3

RIERmE AR
ORENH Har
OHRERT P d X it

Abht. KWL &% WR 4% 410083
AT+ 45 ;. 0731 — 88876770 # L. 0731 - 88710482
OEN 3 KW RAGPRA RS
OF & 720x1000 1/16 [JEN3K 28.5 [I=°% 723 T
ORR X%k 2007 410 A% 1 kR [J2017 4 10 A5 1 YCEDK
O 8 ISBN 978 -7 -5487 -3075 -0
OF  # 135.0070

P 5 B RE Ml R, 7 5 2 T A £



S

AR FENH TIARICILE S (SMA) F1h @A, TR
B A o AR LA S AR TR NI, #3517 SMA %
it BUE(FE ) FALFN AT AR ST 2t e, 183k 1 SMA KB 1)
REIWFFE . BN | SRS AR R . AR i T — R I0H
BRI G SRR RIE S R NES R, B BUE (FE) AR AR
SRR EI R, SCEE TR RICIZ & B KB R 2
PRt At . ZARE AT APRE . DU ZS LR A58 A B DA K
FETCARICAL G G DTN ST 23 FOH AN FH BT S A1



EZ® T

Leonardo Lecce A #hr 2% 4 B v — K2 £2. 2000—
2006 4 ATAL S TR F1E. ZWHERKE T K ZE RS EPTR
TR R K B KR A2 Al K F 5 0 (CIRA) B2 Z L &l .
2013 AEE B AFIfL A AL K b2 £F . F R R Sl 25 R4
Mg 55 R Bl A T A s ) L O & S BT A BB R R B G5 R &R
Y . LA R PRORG ) Rt SR WS T A B R AL AL B AN 4 R T R AR T
ke OB 250 5 .

Antonio Concilio 2 K FI i 23 il KW 97 0 4%, 1988 4F
ARAF B AHFIABAS 07 e 18 L og —tH R2E i as TR R E 2L, JF T
1995 4EARTG A TR R L2400, 1989 4F LIk, 1T & KR 2 i
K5 o0 (CIRA) B 51, FE B 78 Ul hy 42 49 Mg 75 A i s 4
il A RELE A R G LA B AL Al i i AR T



o2

AFhEREFREETAELE  BLEHAERAMLANE L
At, BEAFHENEN THEAN TR THRERILILEE
(SMA) #y = B 4F B A0 & F [l 4T o B2 L, AT 48 30 L SE B e
Jlo AP HEH ZEMSMA fTH, YR KL TRH HR4F
wiEE, 11 RRT SMAEMTF P, BEERBRIL
22 L 7 SMA B — i WAT A ARl iE#H, XA 2HMWN 7 & E
AFELMEHNERXB BRI FRM—R, ATHEL NP TE
W R, ABAELE KL MET SMAEALEYEFMEARTHE S
HyAE K B A 5 BT T SMA &t | FE R AE o 7 B AR 35 3 3 /&
RET SMA R BWEFHAE, Rp A, LA HEPERE, #
KT YAH SR A RIF AT

AFHBERT A G, §—FA4ASMAWE -
M, A—HBARB A ENEHRE ERAH#TRAE, AFHFFE 1 H4L
HES—ERERE, HeWabmwT.: 2 Ho0—H;
F3Hrp—nME;, F4HL—MEMXF; ESHL»—4
WEHERMIATENA, HBE-—FRHFATL2TLH, BB
EhAEERE, RAFEGKMENNHAR, EH24K3 F, 25
HAEXEMEALT 0, FREBAF, BKF, BHEER,
B HFEFHRN - BEREA, KPP B2 a54£HEH,

AFUXTSMAREABARENERTR(ELE), W
GEEHNSMA B RF, ARFAREWEE KT, KBH
WSMABEZN, NAGREFEREABFHATHA—F AL,
B A 4Rk 5b & 09 SR S xR ) A8 il A R B A AT — 8
SMA T#%,

AFE2HAHESMA M EREE SRAL, TEH




R(F2%F) REFTHR(F3F) MRBTEHB(F4E), £
ERTEM Bk A) ZNEKLED SMA, IER K F L
SMA M H e Bt R # Ko &G, Bk SMA 5k, B A fE
FHRWERTH

B3I MATH RS R A MA WM AMRE R H X
BlhE. MR A RERANER, ERIFNAEERR, 8%
(BS#E)M_gaMEEEuAR(F6 %), FAUERAAKE
FE RMEB F ik, ARAECH T EN AR EFLR B TR ER
RS, FTERT—BRABLKDF LA H o SMA
A,

AFRABAH A SMALEHAZRITENRANA. B%
ik SMA R & ey Hl i F R ERBITREN(ES F), REHE
—NEERAEE, Brtl&ffttT SMA SN PR, T AM
GFl EBERE(FE I E), BTR, MABAEMK KR G o b
FERERRTEARNFRER(FEI0F), RELHREME
MRFUR BB EMEABTHRE,

AAU Zordk SMAER A XRKAR, WEHEFF
TRTRHUMBEASE R mTXEMHNBEHENHEEY,
SMA R AWM ARA R R HIAAELWEFIK, A0 JEIEwRFE
EHEAHER(EILF), F12FLT R SMA REAC D
FARBPEANB K, XTRETRANRFMF LS X, &
JG BB SMA A& £ AR T4 o o £ 4 2 ] 52 4] : SMA 48 X & K A #
ARTHRAAEXRIMT, BHERERE  FHR AT £ RADRKR
P(F13%F),

AHERAEFREMY A WA AR, W E A B
FHREEKERY, RIT SMAX -3 ANBREHE., A
HSMA R M 2 A, NI EMERRET . MEF
Beth THE#UEBHIRFAL, FEMSAK SRR TERF
TEENHAHRR, AFREREFERFXPEATELER
FSMA X — " ZHHRENA LR P HFERR,

2



FHECRBMIARAEE, EXMNBRNES 5L I E
EMMEH, TEX 200 RTmE VERATHREELRS .
Tk EROM MR & B/R, A HEK# Stephen Merken o
Jeff Freeland, 135 2 =R 7 RERE, AL R T O H XEH &
RERAE

Leonardo Lecce

Antonio Concilio



ABOUT THE EDITORS-IN-CHIEF

Prof. Leonardo Lecce graduated in 1971 with
honors in Aeronautical Engineering at the University
of Naples Federico II and has spent his academic career
at the same University. Currently, he is Full Professor
of Aerospace Structures. From 2000 to 2006 he was
the Aeronautical Engineering Department Chair. He
has supervised more than 250 Graduation and 20
Doctoral (PhD) theses. He has been a member of the
EU Expert Commission for the evaluation of research
proposals many times. He has taken up appointment as
a member of the Scientific Committee at the Italian

Aerospace Research Centre (CIRA) many times,
too. He is a member of the Board of the Italian branch
of the Advisory Council for Aeronautics Research in Europe (ACARE), and since 2006,
he is a member of the Executive Committee of the European Association of Structural
Health Monitoring. Founder of the ex-Alumni Association of the Aerospace Engineers at
the University of Naples Federico II (AIAN), he was its President for many years. In
2013, he was named President of the Italian Association of Aeronautics and Astronautics,
after having directed the Naples Chapter since 2010.

Prof. Lecce’s main research interests are prediction and control of noise and
vibration in transportation systems; development of structures and systems integrating
innovative smart materials; damage detection and health monitoring of structures; and
morphing of aircraft wing and control surfaces. He was Scientific Responsible for the
Federico II University for several EU and nationally funded research contracts. He
was the European Scientific Coordinator of the MADAVIC (Magnetostrictive
Actuators for Damage Analysis and Vibration Control, 5th Framework Programme,
FP) and MESEMA (Magnetoelastic Energy Systems for Even More Electric Aircraft,
6th FP) projects. Within the 7th FP (2007—2013), he was the Coordinator of
Airgreen (a company association made of nine partners), Associate Member of the
Alenia-managed Green Regional Aircraft Consortium (GRA), a part of the EU Joint
Technology Initiative (JTI), Clean Sky—Integrated Technological Demonstrator
(ITD).

The results of his research activities are reported in more than 250 papers published in
national and international journals and conference proceedings.

XV



XVi

About the Editors-in-Chief

Dr Antonio Concilio was born in Salerno, Italy,
on December 23, 1964. In 1988 he took his degree
with honors in Aeronautical Engineering at the
University of Naples Federico II, Italy, where in
1995 he also achieved his PhD in Aerospace Engineer-
ing. In 2008, he attained the ECATA ABI Diploma
(European Consortium for Advanced Training in
Aerospace—Aerospace  Business Integration) on
Aerospace Environment, Integrated Product Develop-
ment, and International Project Management at the
University of Pisa, Italy. Since 1989, he is Researcher
at the Italian Aerospace Research Centre (CIRA).
Between 1995 and 2000, he was Head of the Area of
Methods in Vibroacoustics. In 2000, he was appointed Head of the newborn Smart
Structures Laboratory, later integrated with the Vibration and Acoustics Lab (2002).
Since 2012, he is National Relationship Manager at CIRA. He has represented the
company in a number of specific liaisons with external firms. Among the founders, he

is Secretary of the ex-Alumni Association of the Aerospace Engineers at the University
of Naples Federico II (AIAN) and member of the Italian Association for Aeronautics
and Astronautics (AIDAA).

Since 2005, Dr Concilio is Lecturer at the Doctorate School at “Federico II”
University (SCUDO) on “Smart Structures: Theory and Applications”. Since 2004,
he has held courses on the same subject for postgraduate students from national programs
funded by the Italian Ministry for Education and Research and Regione Campania. In
2007, he held a course on Smart Structures within a “Master in Systems Engineering”,
jointly organized by the University of Missouri-Rolla and the Federico II University.
His main research interests are vehicles’ noise and vibration control for increased comfort
and devices protection; smart structural systems design; and morphing of aircraft wing and
control surfaces. He was Scientific Responsible for CIRA of several EU and nationally
funded research contracts on smart structures and noise and vibration control. He was
the European Scientific Coordinator of the IDEA PACI project (Identification of an
Aircraft Passenger Comfort Index, 1998—2001) and the National Project Manager of
the PON SMART project (Design and Realization Methods of Intelligent Systems for
the Monitoring and Control of Aeronautic and Aerospace Structures, 2002—2006).
Since 2011, he has been leading an international team for developing an Adaptive
Trailing Edge (release expected by 2015) within the EU SARISTU project (Smart
Aircraft Intelligent Structures).

The results of his research activities are reported in over 140 papers, more than 20 of
which were published in national and international journals.



ABOUT THE CONTRIBUTORS

Salvatore Ameduri (Chapter 9)

In 1998, he took his master degree in Aeronautical Engineering at the University of
Naples Federico II, Italy, defending a thesis on heat transfer due to jets in cross-flow. In
2002, he defended his PhD thesis on morphing architectures for transonic performance
enhancement. Since 2002, he is researcher at the Italian Aerospace Research Centre
(CIRA), Italy, where he performs research activities in the Smart Structures & Vibroa-
coustics Laboratory, within National and European frames. He published more than
60 papers on international journals and symposia. Since 2009, he is a regular reviewer
of the Journal of Intelligent Material Systems and Structures. In 2012, he applied for an EU
patent concerning a droop nose architecture for aircraft wings (pending). In 2013, he
was awarded an EU/US patent on an aircraft Shape Memory Alloys (SMA) morphing
flap.

Vincenza Antonucci (Section 2 Editor; Chapters 2 and 3)

Since 2001, she is permanent researcher at Institute for Polymers, Composites and
Biomaterials (IPCB) of the National Research Council (CNR), Italy. In general, her
main research activities are relative to polymer-based composite materials and their
manufacturing technologies (autoclave, resin transfer molding—RTM, resin fiber infu-
sion—RFI, vacuum-assisted resin transfer molding—VARTM), to the study of polymer
matrix filled with flame retardants or carbon nanotubes and to the development of actu-
ation systems based on SMA to produce adaptive structures. Her scientific results are
summarized and diffused by the publications of 30 papers in international technical jour-
nals, about 60 papers in international conference proceedings, and three book chapters.

Edoardo Artioli (Chapter 6)

He is assistant professor of mechanics of solids at the Department of Civil Engineering
and Computer Science of the University of Rome — Tor Vergata, Italy. At the same
university, he is member of the scientific board of the PhD program in civil engineering.
His research interests are constitutive modeling of advanced materials, nonlinear finite
element methods, and homogenization methods for functionally graded composite
materials. He published 16 papers in international journals (h-index = 8 based on
SCOPUS).

Domenico Asprone (Chapter 13)

He is assistant professor of structural engineering at the University of Naples Federico
I1, Italy, since 2011. His research interests mainly focus on analysis and modeling of struc-
tures subjected to extreme dynamic events, city resilience against extreme events, sustain-
ability-oriented technologies for civil structures. He is member of Fédération



Xviii

About the Contributors

Internationale du Béton SAG8 group (sustainability initiative) and member of the CNR
(the Italian National Research Council) working group on the Technical Document
DT209 on high performance concrete. He is author of more than 100 papers, published
on international journals and conferences.

Ferdinando Auricchio (Section 5 Editor; Chapters 11, 12, and 13)

He is full professor of mechanics of solids at the Department of Civil Engineering and
Architecture of the University of Pavia, Italy (where he is also department chair), and
research associate at the Institute of Applied Mathematics and Informatic Technologies
(IMATI) of the National Research Council (CNR), Italy. He is main proponent of
the PhD Program in Civil Engineering and Architecture at University of Pavia, Italy.
He is vice-president of the European Community of Computational Methods in Applied
Sciences (ECCOMAS). Recipient in 2012 of the International Association for Compu-
tational Mechanics’ Fellow Award, he published more than 120 papers in international
journals (h-index = 29 based on ISI and = 31 on SCOPUS).

Silvestro Barbarino (Chapter 7)

He is senior engineer in rotor structures at Sikorsky Aircraft, USA. Previously, he was
research associate and adjunct faculty at Rensselaer Polytechnic Institute, USA, postdoc-
toral scholar at Penn State University, USA, and research officer at Swansea University,
UK. He received his PhD in aerospace engineering at the University of Naples Federico
II, Italy, with a thesis in smart materials and morphing structures for aeronautical
applications. He published several papers in international peer-reviewed journals and
has been awarded EU and US patents. He is member of American Institute of Aeronau-
tics and Astronautics, American Society of Mechanical Engineers, and American
Helicopter Society.

Elisa Boatti (Chapters 11 and 12)

She is currently a PhD student in computational mechanics and advanced materials
at University Institute for Higher Studies (IUSS) of Pavia, in collaboration with Uni-
versity of Pavia, Italy. In 2011, she obtained her Master degree with honors in Mechan-
ical Engineering at the Polytechnic University of Turin, with a dissertation in the
biomechanics field. After a work experience in the mechanical design sector, she was
awarded a PhD scholarship at IUSS, which she is currently ongoing. Her main research
topics are related to advanced materials constitutive modeling (with a special focus on
SMA), solid mechanics, numerical methods for finite element method simulations,
biomedical applications of SMA.

Antonio Concilio Extended biographical information of Antonio Concilio are
reported into the section “About the Editors-in-Chief” (Editor-in-Chief; Section 4
Editor; Chapter 1)

Michele Conti (Chapters 11 & 12)

He is currently researcher at the Department of Civil Engineering and Architecture of
the University of Pavia, Italy. In 2011, he took his PhD in bioengineering and



About the Contributors

bioinformatics within a joint initiative between the University of Pavia, Italy, and the
University of Ghent, Belgium. His PhD thesis was selected as the Italian candidate for
the 2010 ECCOMAS Award as the best PhD thesis. His main research interest is compu-
tational biomechanics with particular reference to the simulation of minimally invasive
cardiovascular surgery. Since September 2013, he is president of the Italian Chapter of
the European Society of Biomechanics. He is author of 20 papers in peer-reviewed in-
ternational journals.

Ignazio Dimino (Chapter 10)

Since 2004, he is researcher at the Vibroacioustics & Smart Structures Laboratory of
the Italian Aerospace Research Centre (CIRA), Italy. In 2004, he received his master de-
gree at the University of Palermo, Italy, and in 2012, he took his PhD in aeronautics at
the Imperial College of London, UK. His research interests include adaptive structures,
wing morphing, and smart materials for enhanced aircraft performance. He 1s author of
more than 30 papers, published on national and international journals and conference
proceedings. He is an independent reviewer for three international journals. In 2014,
he received the “Best Paper Award” at the “Greener Aviation: Clean Sky Breakthroughs
and Worldwide Status” Conference, Bruxelles, Belgium.

Gabriella Faiella (Chapter 3)

She 1s currently working at the Technological University of Hamburg (TUHH),
Germany, as a postdoc on novel polymers based on three dimensional carbon nanostruc-
tures. From 2003 to 2010, she worked at the Institute for Composite and Biomedical
Matenals (IMCB) of the National Research Council (CNR), Italy, on the design and
production of structural smart systems, on nanocomposite materials and on nanocompo-
sites production and characterization. She cooperated with Queen Mary University of
London, UK. She published about 10 papers in international journals and 30 papers in
international conference proceedings.

Leonardo Lecce Extended biographical information of Leonardo Lecce are reported
into the section “About the Editors-in-Chief” (Editor-in-Chief; Section 1 Editor;
Chapter 1)

Sonia Marfia (Chapter 5)

She is associate professor of mechanics of solids at the Department of Civil and
Mechanical Engineering of the University of Cassino and Southern Lazio, Italy. She
is member of the PhD committee in civil, mechanical and biomechanical engineering
of the same university. She is member of the committee that coordinates the Italian
Group of Computational Mechanics (GIMC). She is member of the Italian Group
of Fracture and member of the Italian Group of Material Mechanics (GMA). She
published more than 26 papers in international journals (h-index = 10 based on ISI
and = 9 on SCOPUS). She participated to more than 30 national and international
conferences.

Alfonso Martone (Chapter 2)

Xix



PREFACE

The book is addressed to PhD students, postdegree researchers, and professionals in
the industry who want to have a complete survey on the main characteristics of shape
memory alloys (SMA) and their different fields of uses in order to proceed with practical
implementations. The book provides the readers with details for a wide understanding of
the SMA behavior, their modeling, and their potentialities in engineering. Superelastic
and shape memory effects are considered, difterent evidences of a single microstructural
behavior. This comprehensive approach makes the book a unique element of its kind in
the current scenario of available publications. Aeronautics is specially addressed while, in
order to give a complete vision, a conclusive section is dedicated to relevant employ-
ments in biomedicals and civil engineering. The latest advances in design, FE
representations, and available materials are dealt with. Case studies, successful applica-
tions, and typical failures and limitations of SMA devices are reported, together with a
description of the current manufacturing technologies.

The book 1s arranged in monographic sections, each focusing on a particular topic
concerning SMA, from a general overview to the utilization into real structural projects.
Apart from a general introduction (Section 1—Historical survey and perspectives), the
work is structured as follows: Section 2—The material; Section 3—Modeling; Section
4—Aeronautics; Section 5—Biomedical and civil engineering. A complete survey is
performed at each step, forwarding to a wide bibliography for specific and deeper studies.
Sections are further organized into three chapters dealing with a specific argument of the
related topic. Propaedeutic matters are some basic concepts related to: thermodynamics,
crystallography, theory of elasticity, structural dynamics, and others, some of which
referred in bibliography.

The work starts with a general introduction about the evolution and the perspective
applications of the SMA (Chapter 1). It gives the reader a sort of time trip, illustrating the
origins of SMA, their status and, in perspective, the future use of these materials. How
they were discovered, how they are used, and how they could develop according to
further needs and specifications, may furnish the readers the necessary forma mentis to
face with the relatively new world of SMA engineering as part of the more general field
of the smart materials and structures.

The manuscript continues with the study of SMA as materials, moving from the
fundamentals, highlighting their experimental appearance and their main properties
(Chapter 2), illustrating the way and the strategy to characterize their behavior (Chapter
3), and discussing some operations connected to their manufacture, including material
design concepts (Chapter 4). NiTi compounds are mainly considered, currently the
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most diffused SMA. Hints about the recent development of new substances as porous
SMA are also given. Finally, an overview about SMA macroscopic behavior, connected
to corrosion, aging, and fatigue aspects is afforded.

The constitutive elastic models and the different philosophy they have been
constructed by many and many researchers are then reckoned with. Characteristics,
pro and contra of different formulations are outlined, together with critical discussions
about different approaches, including 1D (Chapter 5) and 3D linear and nonlinear
modeling (Chapter 6). How the nonlinear models are used to produce FE representations
is shown, providing the readers with the opportunity to develop their own simulation
codes, on the basis of the referred philosophy. A presentation of some available SMA
modelizations in commercial codes concludes the section (Chapter 7).

The book refers finally to the description and the application of SMA structural
systems design criteria. Before of all, how SMA devices are manufactured and what
are the basic design criteria, are discussed (Chapter 8). A logic flow diagram is then
formalized, schematizing the steps for outlining and optimizing SMA-based architectures.
Selection criteria are developed and formulated (Chapter 9). The book then illustrates
actual examples of integrated systems for aeronautics and the rise of new challenges
with respect to standard solutions (Chapter 10). A wide survey of conceived or already
operative devices in the aerospace field completes the section.

A wide overview of current applications in other relevant technological sectors
concludes the work, namely biomedical and civil engineering. The first is perhaps the
area where, thanks to the high biocompatibility level of these materials, the largest world-
wide SMA usage takes place, from orthodontics to general surgery and orthopedics
(Chapter 11). A single chapter i1s devoted to the more and more growing use of
SMA-based systems in the cardiovascular field, perhaps the top scientific and commercial
branch (Chapter 12). Other civil engineering examples are finally recalled: SMA-related
technology potentialities are in fact opening to a lot of relevant sectors, including the
seismic protection and the preservation of the archaeological patrimony and historical
buildings (Chapter 13).

The editors have discovered the fascinating field of the SMA during their long
activity, dealing with other form of smart materials, namely piezoelectrics and magneto-
strictives. They were simply fascinated when they discovered the great capabilities and
the wide field of use of SMA. The resulting work was incredibly stimulating and rich
of interesting results in the field of the aerospace structures morphing. This book is the
outcome of the editors’ fortunate chance to meet during this adventure many other
scientists and colleagues, carrying out very relevant activities in the same field of applica-
tion or in the general field of the SMA.

The editors want to thank warmly all the contributing authors who with their strong
engagement and professional dedication have made possible to collect in this book so
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many knowledge and professional experiences. Either, the editors want to thank the pub-

lisher, Elsevier, and in particular Stephen Merken and Jeff Freeland who guided them in

the difficult art of organizing, managing, and finalizing a work with so many relevant
contributors.

Leonardo Lecce

Antonio Concilio
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