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Abstract
Recently reported soft conductive-polymer-based capacitor fibers are used to 
build a fully woven 2D touchpad sensor and a 1D slide sensor. An individual 
capacitor fiber features a swiss-roll like structure having two dielectric and 
two conductive polymer films rolled together in a classic multilayer capacitor 
configuration. The soft fibers of sub-1 mm outer diameter are fabricated using 
a fiber drawing procedure from a macroscopic polymeric preform. An individual 
capacitor fiber is then demonstrated to act as a distributed sensor that allows 
the touch position to be determined by measuring the fiber’s AC response. In 
other words, a single fiber acts as a 1D slide sensor. Furthermore, we develop 
an electrical ladder network model to predict the distributed sensor properties 
of an individual fiber and show that this model describes the experimental 
measurements very well. Finally, a two-dimensional touchpad sensor is 
presented. The sensor is built by weaving a one-dimensional array of capacitor 
fibers in parallel to each other. The performance of the touchpad sensor is then 
characterized.
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The pizzicato knee-joint energy harvester: 
characterization with biomechanical data 
and the effect of backpack load 

Michele Pozzi1, Min S H Aung2, Meiling Zhu1, Richard K Jones3  
and John Y Goulermas2 
 
1  Manufacturing and Materials Department, School of Applied Sciences, 

Cranfield University, UK 
2  Department of Electrical Engineering and Electronics, School of Electrical 

Engineering and Computer Science, The University of Liverpool, UK 
3  Centre for Health, Sport and Rehabilitation Sciences, School of Health 

Sciences, University of Salford, UK
 
Abstract
The reduced power requirements of miniaturized electronics offer the 
opportunity to create devices which rely on energy harvesters for their 
power supply. In the case of wearable devices, human-based piezoelectric 
energy harvesting is particularly difficult due to the mismatch between the 
low frequency of human activities and the high-frequency requirements of 
piezoelectric transducers. We propose a piezoelectric energy harvester, to 
be worn on the knee-joint, that relies on the plucking technique to achieve 
frequency up-conversion. During a plucking action, a piezoelectric bimorph is 
deflected by a plectrum; when released due to loss of contact, the bimorph is 
free to vibrate at its resonant frequency, generating electrical energy with the 
highest efficiency. A prototype, featuring four PZT-5H bimorphs, was built and is 
here studied in a knee simulator which reproduces the gait of a human subject. 
Biomechanical data were collected with a marker-based motion capture 
system while the subject was carrying a selection of backpack loads. The paper 
focuses on the energy generation of the harvester and how this is affected by 
the backpack load. By altering the gait, the backpack load has a measurable 
effect on performance: at the highest load of 24 kg, a minor reduction in energy 
generation (7%) was observed and the output power is reduced by 10%. Both 
are so moderate to be practically unimportant. The average power output of 
the prototype is 2.06 ± 0.3 mW, which can increase significantly with further 
optimization. 

2012 Smart Mater. Struct. 21 075023

Ferroelectric nanogenerators coupled to an 
electric circuit for energy harvesting

Ingo Münch, Matthias Krauß, Werner Wagner and Marc Kamlah 
 

Karlsruhe Institute of Technology (KIT), Germany
 
Abstract
The direct transformation of ambient mechanical energy into electricity using 
ferroelectric nanogenerators is discussed within the context of usability for 
self-sustaining microelectronics. Thus, it is essential to store the generated 
electric energy within an accumulator or capacitor. However, the contact 
and charge status of the electric storage medium strongly influences the 
performance of the generator. This necessitates coupling of the generator 
and the electric circuit to determine working points. Therefore, a phase field 
model for the ferroelectric generator is coupled with the response of a standard 
full-wave rectifier and a capacitor. Nonlinear diode characteristics as well as 
energy losses are under consideration. The amount and the type of connections 
for the nanogenerators in the harvesting field are discussed to bridge from the 
nanoscale to electrical quantities for microelectronics. 

2012 Smart Mater. Struct. 21 115026

Hair flow sensors: from bio-inspiration to  
bio-mimicking—a review

Junliang Tao and Xiong (Bill) Yu
 

Department of Civil Engineering, Case Western Reserve University, Cleveland, 
USA 
 
Abstract
A great many living beings, such as aquatics and arthropods, are equipped with 
highly sensitive flow sensors to help them survive in challenging environments. 
These sensors are excellent sources of inspiration for developing application-
driven artificial flow sensors with high sensitivity and performance. This paper 
reviews the bio-inspirations on flow sensing in nature and the bio-mimicking 
efforts to emulate such sensing mechanisms in recent years. The natural 
flow sensing systems in aquatics and arthropods are reviewed to highlight 
inspirations at multiple levels such as morphology, sensing mechanism and 
information processing. Biomimetic hair flow sensors based on different 
sensing mechanisms and fabrication technologies are also reviewed to capture 
the recent accomplishments and to point out areas where further progress is 
necessary. Biomimetic flow sensors are still in their early stages. Further efforts 
are required to unveil the sensing mechanisms in the natural biological systems 
and to achieve multi-level bio-mimicking of the natural system to develop their 
artificial counterparts. 

2012 Smart Mater. Struct. 21 113001
Knee-joint piezoelectric harvester worn on the external side of the knee and fixed by braces. Inside, a 
hub carries a number of bimorphs, which are plucked by the ring-mounted plectra as the joint rotates 
during walking.

Schematic illustration of the modeling of a single 
filiform or trichobothria.



iopscience.org/sms   Smart Materials and Structures: Highlights 2012   3

Hydrogen-fuel-powered bell segments of 
biomimetic jellyfish 

Yonas Tadesse1,2,3, Alex Villanueva1, Carter Haines2, David Novitski2,  
Ray Baughman2 and Shashank Priya1 
 
1  Center for Energy Harvesting Materials and Systems (CEHMS), Bio-Inspired 

Materials and Devices Laboratory (BMDL), Virginia Tech, USA 
2 The Alan G MacDiarmid NanoTech Institute, University of Texas at Dallas, USA 
3 Mechanical Engineering Department, University of Texas at Dallas, USA
 
Abstract
Artificial muscles powered by a renewable energy source are desired for joint 
articulation in bio-inspired autonomous systems. In this study, a robotic 
underwater vehicle, inspired by jellyfish, was designed to be actuated by 
a chemical fuel source. The fuel-powered muscles presented in this work 
comprise nano-platinum catalyst-coated multi-wall carbon nanotube (MWCNT) 
sheets, wrapped on the surface of nickel–titanium (NiTi) shape memory alloy 
(SMA). As a mixture of oxygen and hydrogen gases makes contact with the 
platinum, the resulting exothermic reaction activates the nickel–titanium 
(NiTi)-based SMA. The MWCNT sheets serve as a support for the platinum 
particles and enhance the heat transfer due to the high thermal conductivity 
between the composite and the SMA. A hydrogen and oxygen fuel source 
could potentially provide higher power density than electrical sources. Several 
vehicle designs were considered and a peripheral SMA configuration under 
the robotic bell was chosen as the best arrangement. Constitutive equations 
combined with thermodynamic modeling were developed to understand the 
influence of system parameters that affect the overall actuation behavior of 
the fuel-powered SMA. The model is based on the changes in entropy of the 
hydrogen and oxygen fuel on the composite actuator within a channel. The 
specific heat capacity is the dominant factor controlling the width of the strain 
for various pulse widths of fuel delivery. Both theoretical and experimental 
strains for different diameter (100 and 150 µm) SMA/MWCNT/Pt fuel-powered 
muscles with dead weight attached at the end exhibited the highest magnitude 
under 450 ms of fuel delivery within 1.6 mm diameter conduit size. Fuel-
powered bell deformation of 13.5% was found to be comparable to that of 
electrically powered (29%) and natural jellyfish (42%).

2012 Smart Mater. Struct. 21 045013

A review of stimuli-responsive polymers for 
smart textile applications  

Jinlian Hu1, Harper Meng2,3, Guoqiang Li2,3 and Samuel I Ibekwe2

 
1  Institute of Textiles and Clothing, The Hong Kong Polytechnic University, 

Hong Kong 
2  Department of Mechanical Engineering, Southern University, Baton Rouge, 

USA 
3  Department of Mechanical Engineering, Louisiana State University, 

Baton Rouge, USA
 
Abstract
Stimuli-responsive polymers (SRPs) are smart materials which can show 
noticeable changes in their properties with environmental stimulus variations. 
Novel functionalities can be delivered to textiles by integrating smart SRPs into 
them. SRPs inclusive of thermal-responsive polymers, moisture-responsive 
polymers, thermal-responsive hydrogels, pH-responsive hydrogels, and light-
responsive polymers have been applied in textiles to improve or achieve textile 
smart functionalities. The functionalities include aesthetic appeal, comfort, 
textile soft display, smart controlled drug release, fantasy design with color 
changing, wound monitoring, smart wetting properties and protection against 
extreme variations in environmental conditions. In this review, the applications 
of SRPs in the textile and clothing sector are elucidated; the associated 
constraints in fabrication processes for textiles and their potential applications 
in the near future are discussed.

2012 Smart Mater. Struct. 21 053001

Hydrogen-fuel-powered Robojelly shown out of water. The pins with reflective discs used for 
deformation tracking can be seen on the bell.

SEM images of untreated and treated fabrics. After the treatment, SMPU covers the wool fiber scales 
and may bridge the fibers.

Front cover image:
Inspired by figures in the article “Circular 
loadings on the surface of an anisotropic  
and magnetoelectroelastic half-space”  
H M Wang, E Pan, A Sangghaleh, R Wang 
and X Han 2012 Smart Mater. Struct.  
21 075003.
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Methodology for optimal configuration in 
structural health monitoring of composite 
bonded joints 

N Quaegebeur1, P Micheau1, P Masson1 and M Castaings2 
 
1  GAUS, Department of Mechanical Engineering, Université de Sherbrooke, 

Canada 
2 Laboratoire de Mécanique Physique, Université Bordeaux 1, Talence, France 
 
Abstract
In this study, a structural health monitoring (SHM) strategy is proposed in 
order to detect disbonds in a composite lap-joint. The structure under study is 
composed of a carbon fiber reinforced polymer (CFRP) bonded to a titanium 
plate and artificial disbonds are simulated by inserting Teflon tapes of various 
dimensions within the joint. In situ inspection is ensured by piezoceramics 
bonded to the structure to generate and measure guided waves. Theoretical 
propagation and through-thickness stress distribution are first studied in order 
to determine damage sensitivity with respect to the mode and frequency of the 
generated guided wave. The optimal configuration of the system in terms of 
piezoceramic size, shape and inter-unit spacing is then validated using finite 
element modeling (FEM) in 3D. Experimental assessment of propagation 
characteristics is conducted using laser Doppler vibrometer (LDV) in order to 
justify theoretical and numerical assumptions and pitch–catch measurements 
are then performed to validate the efficient detection of the damage and 
accurate estimation of its size. 

2012 Smart Mater. Struct. 21 105001

A finite element approach for modelling 
multilayer unimorph dielectric elastomer 
actuators with inhomogeneous layer 
geometry 

Oluwaseun A Araromi and Stuart C Burgess
 

Department of Mechanical Engineering, University of Bristol, UK
 
Abstract
In this paper we present a finite element (FE) approach for modelling the 
performance of multilayer unimorph dielectric elastomer actuators (MUDEAs) 
with inhomogeneous layer geometry. MUDEAs are made up of a dielectric 
elastomer actuator (DEA) stack bonded to a flexible substrate and are capable 
of large out-of-plane displacements and resonant operation. MUDEAs are 
useful for many applications such as steerable endoscopes for minimally 
invasive surgery procedures, where high manoeuvrability and mechanical 
flexibility are required. Models of MUDEAs are useful for feasibility assessment 
and actuator design optimisation. The current analytical models of unimorph 
DEAs are inadequate for more unconventional unimorph configurations with 
multiple layers. The FE approach presented is capable of efficiently modelling 
MUDEAs with non-uniform geometries and multiple layers. The Maxwell stress 
equation for MUDEAs was also derived and was found to be the same as for 
the unconstrained DEA case. The static deflection against input voltage for 
two, three and four layer MUDEAs was simulated using the developed FEA 
approach and validated against experiments. The experimental MUDEAs had 
an inhomogeneous Gaussian layer geometry resulting from the fabrication 
process used. The model showed good agreement with the experimental data. 
The validated finite element model was used to investigate the effects of layer 

Effect of electrode surface roughness on the 
electrical impedance of ionic polymer–metal 
composites 

Matteo Aureli and Maurizio Porfiri
 

Department of Mechanical and Aerospace Engineering, Polytechnic Institute of 
New York University, USA
 
Abstract
In this paper, we study the effect of electrode surface roughness on the 
electrochemical response of ionic polymer–metal composites (IPMCs) 
subjected to a time-varying voltage input. We use the linearized Poisson–
Nernst–Planck model to describe the dynamics of the electric potential and 
mobile counterions’ concentration within the polymer. We derive a closed form 
solution of the three-dimensional boundary value problem by employing the 
method of matched asymptotic expansions. Specifically, the polymer region is 
decomposed into a bulk region, where mainly diffusive phenomena take place, 
and boundary layers in proximity of the polymer–electrode interfaces, where 
charge storage develops as a function of the electrode surface roughness. 
Leading order solutions are derived and matched on account of electric 
potential, counterions’ concentration, and counterions’ flux continuity. We 
find that IPMC charge storage is greatly enhanced by the increase in effective 
electrode surface area. On the other hand, bulk diffusion phenomena remain 
largely independent of the microscopic topography of the electrode. Thus, the 
hypothesis of rough electrodes is found to be very well suited in interpreting 
the anomalous values of IPMC capacitance which scales linearly with the 
electrode’s actual surface area. 

2012 Smart Mater. Struct. 21 105030

number on unimorph tip deflection for several layer thicknesses. The results 
show that there is an optimum number of layers for which tip deflection is a 
maximum and that when large deflections are expected it is more efficient to 
use thinner layers, rather than thicker layers, for a given overall stack thickness. 

2012 Smart Mater. Struct. 21 032001

Example actuator application: steerable endoscope using multilayered bimorph DEAs.
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Visible microactuation of a ferromagnetic 
shape memory alloy by focused laser beam

Zhibin Hu1, B Rajini Kanth2, Rajesh Tamang1, Binni Varghese1,  
Chorng-Haur Sow1 and P K Mukhopadhyay2 
 
1 Department of Physics, National University of Singapore, Singapore 
2 LCMP, S N Bose National Center for Basic Sciences, Salt Lake, India
 
Abstract
We used a focused laser beam to achieve large amplitude and localized 
controlled actuation in a microstructure made of a ferromagnetic shape 
memory alloy. Significant deformation (18 µm) was achieved at low laser 
power (20 mW) and the amplitude of actuation could be linearly controlled 
with the laser power. The rapid mechanical actuation shows no apparent sign 
of fatigue even after a million continuous oscillatory cycles. As a possible 
mechanism, we propose that the deformation of structure was induced by a 
combination of the thermal effect and the magnetic field of the incident laser 
light. This is possibly the first such reported visual evidence of microactuation 
of materials due to the optomagnetic field.

2012 Smart Mater. Struct. 21 032003

Core-free rolled actuators for Braille displays 
using P(VDF–TrFE–CFE) 

Thomas Levard1, Paul J Diglio1, Sheng-Guo Lu2, Christopher D Rahn1  
and Q M Zhang2,3

 
1 Department of Mechanical Engineering, Penn State University, PA, USA
2 Materials Research Institute, Penn State University, PA, USA
3 Department of Electrical Engineering, Penn State University, PA, USA
 
Abstract
Refreshable Braille displays require many small diameter actuators to move 
the pins. The electrostrictive P(VDF–TrFE–CFE) terpolymer can provide the high 
strain and actuation force under modest electric fields that are required for this 
application. In this paper, we develop core-free tubular actuators and integrate 
them into a 3 × 2 Braille cell. The terpolymer films are solution cast, stretched 
to 6 µm thick, electroded, laminated into a bilayer, rolled into a 2 mm diameter 
tube, bonded, and provided with top and bottom contacts. Experimental testing 
of 17 actuators demonstrates significant strains (up to 4%) and blocking forces 
(1 N) at moderate electric fields (100 MV m−1). A novel Braille cell is designed 
and fabricated using six of these actuators. 

2012 Smart Mater. Struct. 21 012001

Array of piezoelectric energy harvesting by 
the equivalent impedance approach 

I C Lien and Y C Shu
 

Institute of Applied Mechanics, National Taiwan University, People’s Republic 
of China
 
Abstract
This article proposes to use the idea of equivalent impedance to investigate the 
electrical response of an array of piezoelectric oscillators endowed with distinct 
energy harvesting circuits. Three interface electronics systems are considered 
including standard AC/DC and parallel/series-SSHI (synchronized switch 
harvesting on inductor) circuits. Various forms of equivalent load impedance 
are analytically obtained for different interfaces. The steady-state response 
of an array system is then shown to be determined by the matrix formulation 
of generalized Ohm’s law whose impedance matrix is explicitly expressed in 
terms of the load impedance. A model problem is proposed for evaluating 
the ability of power harvesting under various conditions. It is shown first that 
harvested power is increased dramatically for the case of small deviation in 

Light-induced bending of the material: (a) defocused image when not illuminated, and (b) sharp 
image when it moved up due to laser irradiation. The insets illustrate the side view of the structure of 
the microactuator without and with laser irradiation.

An example core-free rolled P(VDF–CFE–TrFE) actuator.

the system parameters. On the other hand, if the deviation in mass is relatively 
large, the result is changed from the power-boosting mode to wideband mode. 
In particular, the parallel-SSHI array system exhibits much more significant 
bandwidth improvement than the other two cases. Surprisingly, the series-
SSHI array system shows the worst electrical response. Such an observation 
is opposed to our previous finding that an SSHI technique avails against the 
standard technique in the case based on a single piezoelectric energy harvester 
and the explanation is under investigation.

2012 Smart Mater. Struct. 21 082001
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Damage healing ability of a shape-memory-
polymer-based particulate composite with 
small thermoplastic contents

Jones Nji1 and Guoqiang Li1,2 
 
1  Department of Mechanical Engineering, Louisiana State University, 

Baton Rouge, USA 
2  Department of Mechanical Engineering, Southern University, Baton Rouge, 

USA
 
Abstract
The purpose of this study is to investigate the potential of a shape-memory-
polymer (SMP)-based particulate composite to heal structural-length scale 
damage with small thermoplastic additive contents through a close-then-heal 
(CTH) self-healing scheme that was introduced in a previous study (Li and Uppu 
2010 Comput. Sci. Technol. 70 1419–27). The idea is to achieve reasonable 
healing efficiencies with minimal sacrifice in structural load capacity. By 
first closing cracks, the gap between two crack surfaces is narrowed and a 
lesser amount of thermoplastic particles is required to achieve healing. The 
particulate composite was fabricated by dispersing copolyester thermoplastic 
particles in a shape memory polymer matrix. It is found that, for small 
thermoplastic contents of less than 10%, the CTH scheme followed in this study 
heals structural-length scale damage in the SMP particulate composite to a 
meaningful extent and with less sacrifice of structural capacity. 

2012 Smart Mater. Struct. 21 025011

Periodic materials-based vibration 
attenuation in layered foundations: 
experimental validation 

H J Xiang1, Z F Shi1, S J Wang2 and Y L Mo3 
 
1  School of Civil Engineering, Beijing Jiaotong University, People’s Republic of 

China 
2 National Center for Research on Earthquake Engineering, Taipei 106, Taiwan 
3  Department of Civil and Environmental Engineering, University of Houston, 

USA
 
Abstract
Guided by the recent advances in solid-state research in periodic materials, 
a new type of layered periodic foundation consisting of concrete and rubber 
layers is experimentally investigated in this paper. The distinct feature of this 

X-ray micro-tomographic characterization 
of field-structured magnetorheological 
elastomers 

D Günther, D Yu Borin, S Günther and S Odenbach 
 

Technische Universität Dresden, Institute of Fluid Mechanics, Germany 
 
Abstract
Anisotropic magnetorheological elastomers (MREs) with four different mass 
percentages of iron powder were prepared in an external magnetic field. 
The inner structure of the samples was characterized by using computed 
tomography. It has been shown that this kind of non-destructive analysis of 
MRE samples can be efficiently used for a detailed structural investigation. 
It was found that even small changes in the mass content of the magnetic 
filler led to the formation of completely different morphologies, which were 
reproducible for all samples. There were the familiar column formations in 
patterns with a mass content of ~ 5% iron powder. Increasing the mass fraction 
to ~ 14% resulted in the formation of tubular structures. Samples with ~ 23 
and ~ 33 wt% had a densely packed structure, where the particle formations 
broke up: meanders without particles penetrate the samples over the entire 
height like canyons.  

2012 Smart Mater. Struct. 21 015005

Electric field dependence of the 
Curie temperature of ferroelectric 
poly(vinylidenefluoride-trifluoroethylene) 
co-polymers for pyroelectric energy 
harvesting  

Gilhwan Cha and Y Sungtaek Ju 
 

Department of Mechanical and Aerospace Engineering, University of California, 
Los Angeles, USA 
 
Abstract
We experimentally study pyroelectric energy harvesting in a ferroelectric 
co-polymer thin film, with a particular focus on the electric field dependence 
of its Curie temperature. Liquid-based switchable thermal interfaces are 
employed to achieve fast thermal cycling and reduce potential measurement 
errors resulting from leakage currents. Our work confirms that pyroelectric 
energy harvesting is most effective around the Curie temperature and that 
the Curie temperature does not depend strongly on electric fields, at least 
up to 500 kV cm−1. These results are consistent with a recent study of the 
electrocaloric effect in co-polymer films of a similar composition.

2012 Smart Mater. Struct. 21 022001

Image of sample MRE1 (left) and declaration of the directions for the description in the text for a 
sample with ~15 wt% (right).
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A review on structural enhancement and 
repair using piezoelectric materials and 
shape memory alloys  

Quan Wang and Nan Wu
 

Department of Mechanical and Manufacturing Engineering, University of 
Manitoba, Canada
 
Abstract
In the past two decades, the active and controllable mechanical properties of 
piezoelectric materials and shape memory alloys have been widely employed 
in structural enhancement and repair with remarkable and interesting 
research findings. This article is designed to introduce and review these 
research findings. The active electromechanical property of piezoelectric 
materials is presented first. The research findings on both structural stability 
enhancement of engineering structures and repair of cracked/notched and 
delaminated structures under static and dynamic loadings via the piezoelectric 
materials follow. The active thermo-mechanical property of shape memory 
alloys and their applications in structural enhancement and repair are also 
briefly presented. Limitations of the current studies and recommended 
future endeavors are summarized as well. This review sums up different 
methodologies and designs in structural enhancement and repair using 
piezoelectric materials and shape memory alloys to promote new applications 
in the area. 

2012 Smart Mater. Struct. 21 013001

A self-sensing magnetorheological damper 
with power generation  

Chao Chen and Wei-Hsin Liao 
 

Smart Materials and Structures Laboratory, Department of Mechanical and 
Automation Engineering, The Chinese University of Hong Kong, People’s 
Republic of China 
 
Abstract
Magnetorheological (MR) dampers are promising for semi-active vibration 
control of various dynamic systems. In the current MR damper systems, a 
separate power supply and dynamic sensor are required. To enable the MR 
damper to be self-powered and self-sensing in the future, in this paper we 
propose and investigate a self-sensing MR damper with power generation, 
which integrates energy harvesting, dynamic sensing and MR damping 
technologies into one device. This MR damper has self-contained power 
generation and velocity sensing capabilities, and is applicable to various 
dynamic systems. It combines the advantages of energy harvesting—reusing 
wasted energy, MR damping—controllable damping force, and sensing—
providing dynamic information for controlling system dynamics. This 
multifunctional integration would bring great benefits such as energy saving, 
size and weight reduction, lower cost, high reliability, and less maintenance 
for the MR damper systems. In this paper, a prototype of the self-sensing 
MR damper with power generation was designed, fabricated, and tested. 
Theoretical analyses and experimental studies on power generation were 
performed. A velocity-sensing method was proposed and experimentally 
validated. The magnetic-field interference among three functions was 
prevented by a combined magnetic-field isolation method. Modeling, analysis, 
and experimental results on damping forces are also presented.

2012 Smart Mater. Struct. 21 025014
Wave propagation in periodic and non-periodic structures.

Sectional view of a self-sensing MR damper with power generation.

new foundation is its frequency band gaps. When the frequency contents of 
a wave fall within the range of the frequency band gaps, the wave, and hence 
its energy, will be weakened or cannot propagate through the foundation, 
so the foundation itself can serve as a vibration isolator. Using the theory of 
elastodynamics and the Bloch–Floquet theorem, the mechanism of band 
gaps in periodic composites is presented, and a finite element model is built 
to show the isolation characteristic of a finite dimensional periodic foundation. 
Based on these analytical results, moreover, a scaled model frame and a 
periodic foundation were fabricated and shake table tests of the frame on the 
periodic foundation were performed. Ambient, strong and harmonic vibration 
attenuations are found when the exciting frequencies fall into the band gaps. 

2012 Smart Mater. Struct. 21 112003
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Dynamic electromagneto-mechanical 
behavior of clamped-free giant 
magnetostrictive/piezoelectric laminates 
under AC electric fields

Kotaro Mori, Yasuhide Shindo and Fumio Narita 
 

Department of Materials Processing, Graduate School of Engineering, 
Tohoku University, Japan
 
Abstract
This work deals with the dynamic electromagneto-mechanical behavior of 
clamped-free giant magnetostrictive/piezoelectric laminates under AC electric 
fields both numerically and experimentally. The laminate is fabricated using 
thin magnetostrictive Terfenol-d and piezoelectric PZT layers. The magnetic 
field-dependent magnetoelastic constant and domain wall motion effect were 
incorporated to describe the nonlinear behavior of Terfenol-d and PZT layers, 
respectively, and three-dimensional finite element analysis was employed to 
calculate the displacement, stress and induced magnetic field. Experiments 
were also conducted to measure the displacement and induced magnetic 
field for the magnetostrictive/piezoelectric laminates under AC electric fields. 
Comparison was then made between simulation and experiment.
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Abstract
As a typical ferromagnetic shape memory alloy (FSMA), NiMnGa alloy at room 
temperature is a heterogeneous material with martensitic variants and a high 
magnetic anisotropy property to produce a giant magnetic-induced strain and 
high frequency response. A theoretical model based on micromechanical 
and thermodynamic theory is proposed to describe the magneto-mechanical 
behavior of single-crystal FSMAs during the reorientation process of martensitic 
variants. It follows the well-established Eshelby equivalent inclusion method 
and the Mori–Tanaka scheme, and incorporates the influence of the material 
anisotropy and the variant inclusion morphology on the reorientation of the 
martensite variants. The modified micromechanical model is further applied 
to characterize the stress–strain behavior and magnetic-field-induced strain 
during the martensite variant rearrangement process in a single-crystal NiMnGa 
rod under applied magnetic field and/or mechanical loading. The simulation 
results show good agreement with the experimental data. The effects of 
the material anisotropy and inclusion morphology on the magnetoelastic 
constitutive behavior of FSMAs are discussed.
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Abstract
A stretchable patch antenna (SPA) whose frequency is tuned by a planar 
dielectric elastomer actuator (DEA) is presented in this paper. This 
mechanically reconfigurable antenna system has a configuration resembling 
a pre-stretched silicone belt. Part of the belt is embedded with a layer 
of conductive liquid metal to form the patch antenna. Part of the belt is 
sandwiched between conductive electrodes to form the DEA. Electrical 
activation of the DEA results in a contraction of the patch antenna, and as a 
result, in a variation of its resonance frequency. Design and fabrication steps 
of this system are presented. Measurement results for deformation, resonance 
frequency variation and efficiency of the patch antenna are also presented.
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Abstract
The shape memory properties of hydrated Nafion ionic polymer–metal 
composite (IPMC) actuators under combined thermal cycling and electrical 
shape fixing are presented and experimentally demonstrated. By exploiting 
these new properties the utility of such ionic actuators can be greatly enhanced 
to include bistability, multi-modal operation and increased actuation range. 
Shape memory effects were shown when the IPMC was deformed during 
programming by either an external force or by voltage-induced actuation. 
Comparison is made to the shape memory effects in hydrated raw Nafion 
membrane. It was observed that shape memory effects undergo slow decay, 
with different programming methods and subsequent electrical excitation 
exhibiting different decay profiles.
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IPMC undergoing thermo-mechanically induced 
shape memory cycle: (top) original shape; (middle) 
programmed shape; (bottom) recovered shape. 3D radiation pattern of the slot aperture-coupled 

antenna (antenna gain at f = 1.9 GHz).


