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Introduction to the Focused Section on Smart
Materials and Structures

THE field of smart structures is an emerging engineering
field that has captured the attention of many engineering

professionals and academics in recent years.
A smart structure incorporates “smart material” sensors and

actuators, electronic signal processing, and advanced control
systems to produce appropriate actuator response for particular
sensor inputs. Smart materials are materials that possess adap-
tive capabilities to external stimuli. Electrostrictive polymers,
piezoelectric materials, electrorheological and magnetorheolog-
ical fluids, shape memory alloys, and magnetostrictive materials
fall within this category.

In preparing this focused section, two main goals were
adopted. The first was to introduce this interesting and im-
portant field of research to the mechatronics community. The
second goal was to ensure that the composition of the focused
section is such that the reader is presented with some of the
key research topics in this area. The field of smart structures
has experienced explosive growth over the past decade. It is
hoped that this focused section will encourage a more proactive
participation from the mechatronics community in this field.

All manuscripts submitted for possible publication in the fo-
cused section were rigorously reviewed according to the trans-
action’s guidelines. The focused section consists of eight pa-
pers which cover important research topics of current interest.
A brief overview of the focused section follows.

The paper by Holterman and de Vries is concerned with the
use of collocated sensors and actuators in vibration control sys-
tems. A popular approach to avoiding instabilities in vibration
control systems is to use collocated actuators and sensors along
with a passive controller. This ensures closed loop stability of
the system in presence of out-of-bandwidth dynamics, which
otherwise may destabilize the closed loop system. This paper
contains a practical implementation of integral force feedback
applied to an optical instrument. Using a piezoelectric actuator
and force feedback, the system under consideration is made col-
located and passive. Application of integral force feedback ren-
ders the closed-loop system passive, ensuring that the closed-
loop performance is immune to changes in resonance frequen-
cies and neglected dynamics. The authors extend the technique
to multicollocated systems by decoupling vibration modes of
the structure using a modal transformation technique that usu-
ally requires a comprehensive model of the physical system. De-
coupling allows for the application of independent SISO single-
mode controllers to each actuator.

The paper by den Hamer et al. proposes a new design frame-
work for positive position feedback (PPF) controllers used in
vibration control applications. The experimental setup used in
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this work is an aluminum plate mounted in a rigid box with
collocated piezoelectric actuators and sensors. The goal is to
achieve broadband vibration suppression using a collocated ac-
tuator/sensor pair. PPF is a popular control design tool for ap-
plications of this nature, and it has been applied extensively in
practice. Using the open-loop transfer function, the authors de-
rive a stability criterion for the static gain of the controller ac-
cording to the Nyquist criterion. The remaining parameters of
the PPF controller are set via a root-locus plot of the closed-loop
system such that maximum damping is achieved. They design
and implement a finely tuned fourth order PPF controller and
report vibration reduction of over 13 dB for some modes of the
structure.

Nakamura and Saga look at the problem of viscous control
of electrorheological (ER) fluids using variable structure con-
trol. ER fluids belong to a class of materials whose viscosity can
be changed by applying an electric field. Due to this property,
these materials are used in the construction of active dampers.
The viscous coefficient of these materials, however, can expe-
rience significant variations with changes in temperature, shear
rate and the gap between the electrodes. The authors design a
variable structure controller for an ER fluid clutch with a view
to cope with uncertainties in the fluid viscous coefficient. The
clutch is used to control vibration in a flexible robot joint.

The paper by Perez et al. introduces the modeling, design,
and fabrication of a flexible micromanipulator which is capable
of gripping and -axis positioning of micron-sized objects.
The actuation mechanism for the micromanipulator is made
from piezoelectric materials. The authors clearly demonstrate
the presence of hysteresis when the piezoelectric actuators
are driven by voltage amplifiers through experimental results.
They introduce a new type of charge amplifier that is not prone
to charge drift whilst the driving signal is constant and then
produce experimental results that show negligible hysteresis
when driven by charge.

The paper by Cavallo et al. considers a hysteretic system rep-
resented by a Preisach model coupled with a linear system with
zero dc gain. The authors propose a general procedure which en-
ables them to determine amplitude and frequency forcing values
that are responsible for the generation of cyclic behavior at the
output of the system. They derive the procedure theoretically,
then apply it analytically to a test case, and experimentally to a
magnetostrictive actuator.

Kermani et al. apply high control authority piezoelectric stack
actuators for active vibration control of large flexible structures.
Piezoelectric stack actuators are made of many layers of piezo-
electric material and electrodes assembled together, and they are
capable of exerting large forces. The authors design a mecha-
nism to connect the stack actuator to the manipulator, and deter-
mine an appropriate location to mount the actuator on the flex-
ible structure. They obtain a model of the composite system and
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use that to design an LQR controller taking into account the pos-
sibility for actuator saturation. They report experimental results
in support of their control design.

Dutta and Ghorbel develop a mathematical model of a shape
memory alloy (SMA) wire which is actuated by electric cur-
rent and a bias spring. They use several existing models of var-
ious components of shape memory alloy actuator behavior and
combine them together, and extend them to develop a complete
model of the system. An important component of the model is
a differential hysteresis model which can describe minor hys-
teresis loops of the actuator. The model is then used to develop
a position controller for the actuator, which is implemented on
the system. The authors report experimental data which is in
close agreement with simulations.

The paper by Song et al. presents the classical Preisach hys-
teresis modeling and tracking control of a curved prestressed

piezoelectric actuator. The actuator exhibits severe hysteresis
and includes lightly damped dynamics. The authors develop an
inverse classical Preisach model of the actuator and implement
that in real-time to compensate for the nonlinear characteris-
tics of the piezoelectric actuator. They report good improvement
in tracking control accuracy of the piezoelectric actuator when
hysteresis compensation is used along with feedback control.
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