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INTRODUCTION 

Smart structures are a rapidly advancing field with the 

range of support and enabling technologies having 

significant advances, notable optics and electronics. The 

definition of smart structure was a topic of controversy 

from the late 1970 to 1980. In order to define this a 

special workshop was organized by the US army 

research office in 1988 in which Sensors, Actuators, 

Control mechanism and Timely response were 

recognized as the four qualifying features of any smart 

system or structures. In this workshop Smart structure is 

defined as “A system or material which has built in 

intrinsic Sensor, actuator and control mechanism 

whereby it is capable of sensing a stimulus, responding 

to it in a predetermined manner and extent, in a short 

time and reverting to its original state as soon as the 

stimulus is removed.” According to Spilman a smart 

structure is defined as “a physical structure having a 

definite purpose, means of imperactive to achieve that 

purpose and the pattern of functioning of a computer. 

“Smart structure contains a host structure, a sensor to 

gauge its internal state, an actuator to affect its internal 

state and, a controller whose purpose is to process the 

sensors and appropriately send signals to actuators. 

 

Vibration control is an important area of interest in 

several industrial applications. Unwanted vibration can 

have a detrimental and sometimes catastrophic effect on 

the serviceability or structural integrity of mechanical 

systems. To control the vibrations in a system, different 

techniques have been developed. Some of these 

techniques and methods use piezoelectric materials as 

sensors or actuators. A vibration isolation system is 

called active if it uses external power to perform its 

function. It consists a servomechanism with a sensor, 

actuator, and signal processor. Active control systems are 

required in applications where passive vibration control 

is not possible because of material constraints or simply 

not sufficient for the level of control required. Active 

control is a favourable method of control because it 

works in a wide frequency range, reducing resonant 

vibrations within that range and because it is adaptive to 

changes in the nature of the disturbance. Active smart 

materials are those materials which possess the capacity 

to modify their geometric or material properties under 

the application of electric, thermal or magnetic field, 

thereby acquiring an inherent capacity to transducer 

energy. The active smart materials are piezoelectric 

material, Shape memory alloys, Electro-rheological 

fluids and Magneto-structive materials. Being active they 

can be used as force transducers and actuators. The 

materials which are not active under the application of 

electric, thermal or magnetic field are called Passive 

smart materials. Fibre optic material is good example of 

passive smart material. Such materials can act as sensors 

but not as actuators and transducers. 

 

Piezoelectric Material: 

Piezoelectricity is the ability of a material to develop an 

electric charge when subjected to a mechanical strain, 

this effect is called Direct Piezoelectric Effect (DPE) and 

Conversely material develop mechanical strain in 

response to an applied electric field, this effect is called 

Converse Piezoelectric Effect (CPE). Due to this coupled 

mechanical and electrical properties, piezoelectric 

materials make them well suited for use as sensors and 

actuators. Sensors use Direct Piezoelectric Effect (DPE) 

and actuators use Converse Piezoelectric Effect (CPE). 
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As a sensors, deformations cause by the dynamic host 

structure produce an electric change resulting in an 

electric current in the sensing circuit. While as an 

actuators, a high voltage signal is applied to piezoelectric 

device which deforms the actuator and transmit 

mechanical energy to the host structure. Piezoelectric 

materials basically divided into two group Piezo-

ceramics and piezo-polymers. 

 

Piezo-Ceramics: 

The most common commercial piezo-polymer is Barium 

Titanate (BaTiO3), Lead Titanate (PbTiO3), Lead 

Zirconate ((PbZrO3) Lead metaniobate (PbNb2O6) and 

Lead (plumbum) Zirconate Titanate (PZT) [Pb(ZrTi)O3].  

 

Among these materials last Lead (plumbum) Zirconate 

Titanate (PZT) became the dominant piezo-electric 

ceramic material for transducer due to its high coupling 

coefficient (0.65). When this PZT plate subjected to 

static or dynamic loads, it can generate voltages as high 

as 20,000 volts. 

 

Examples: Microphones, headphones, loudspeakers, 

buzzers, wrist watches, clocks, calculators, hydrophones 

and projectors. 

 

Research Objectives: 

There are three main objectives of this research: 

1) Obtaining an accurate analysis of a repaired notched 

cantilever beam by piezoelectric material; 

2) Establish an effective control in the repair of damaged 

cantilever beam and 

3) Comparing the damaged, healthy repaired cantilever 

beam frequencies. 

4) Establish an effective control on natural frequency 

reduction. 

 

THEORETICAL FORMULATION 

The constitutive equations of a linear piezoelectric 

material read (IEEE std, 1988). 

 

 
 

The dynamic equations of a piezoelectric continuum can 

be derived from the Hamilton principle, in which the 

Lagrangian and the virtual work are properly adapted to 

include the electrical contributions as well as the 

mechanical ones. The potential energy density of a 

piezoelectric material includes contributions from the 

strain energy and from the electrostatic energy (Tiersten, 

1967). 

(3) 

Similarly, the virtual work density reads 

(4) 

Where {F } is the external force and σ is the electric 

charge. From Equ.(3) and (4), the analogy between 

electrical and mechanical variables can be deduced 

(Table 1). 

 
Table 3.1: Electro mechanical analogy 

 

The vibrational principle governing the piezoelectric 

materials follows from the substitution of H and δW into 

the Hamilton principle (Allik and Hughes, 1970). 

 



 

 Page 863 

 

 

 

 
 

 

Each element k of the mesh is connected to its 

neighbouring elements at the global nodes and the 

displacement is continuous from one element to the next. 

 

Based on that formulation, piezoelectric finite elements 

of type multi-layered Mindlin shell (Piefort and 

Preumont, 2000) and volume have been derived. For 

shell elements, it is assumed that the electric field and 

displacement are uniform across the thickness and 

aligned on the normal to the mid-plane. The electrical 

degrees of freedom are the voltages φk across the 

piezoelectric layers; it is assumed that the voltage is 

constant over each element (this implies that the finite 

element mesh follows the shape of the electrodes). One 

electrical degree of freedom of type voltage per 

piezoelectric layer is defined. The assembly takes into 

account the equipotentiality condition of the electrodes; 

this reduces the number of electric variables to the 

number of electrodes. 

 

State space model: 

The idea behind modelling structures embedding 

piezoelectric actuators and sensors using finite elements 

is indeed to gather the necessary information’s to design 

a good control strategy. It is therefore necessary to 

interface the structural analysis software (finite element 

package) with control design software. 

 

The assembled system of equations can be 

complemented with a damping term [C ]{U˙ } to obtain 

the full equation of dynamics and the sensor equation: 

(20

) 

(21) 
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The dynamic equations of the system in the state space 

representation finally read 

 

 

(29) 

Where dlm is the charge appearing on the l
th
 sensor when 

a unit voltage is applied on the m
th
 actuator and is 

obtained from a static finite element analysis. 

 

Such a state space representation is easily implemented 

in control oriented software allowing the designer to 

extract the various transfer functions and use the control 

design tools. 

FINITE ELEMENT ANALYSIS 

Problem of steel beam: 

Cantilever beam model was created in software for finite 

element analysis ANSYS 14.5as shown in figures [4.1.1-

4.1.3]. The beam model is based from laboratory set-up 

experiment for cantilever aluminium beam with 

following dimensional properties in the table: 

 

Table4.1.1 Properties of Steel Beam 

 
 

Table4.1.2: Anisotropic Properties 

 
 

Table4.1.3: Electromagnetic Properties. 
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Table4.1.4: Piezoelectric Properties. 

 
 

 

 
Figure4.1.1 Cantilever steel beam without PZT patch 

 
Figure 4.1.2 Cantilever steel beam with PZT patch at 

l1=0.2m 

 
Figure 4.1.3 Cantilever steel beam with PZT patch at 

l2=0.8m 

 
Figure 4.1.4 Cantilever steel beam with PZT patch at 

l3=1.5m 

 

 
Figure 4.1.5 Cantilever steel beam with PZT patch’s at 

l1=0.2m&l3=1.5m 

 

 
Figure 4.1.6 Cantilever steel beam with PZT patch at 

l2=0.8m&l3=1.5m 

 

 
Figure 4.1.7 Cantilever steel beam with PZT patch at 

l1=0.2m, l2=0.8m&l3=1.5m 
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Figure 4.1.7 Cantilever steel beam with PZT patch’s at 

l1=0.3m, l2=0.9m, l3=1.2m, l4=1.6m& l5=1.9m 

 

NUMERICAL RESULTS 

Results of steel beam: 

Vibration behaviour of the beam simulated in FEA 

software ANSYS .The natural frequencies are reduced 

when the PZT patch is placed on the beam at different 

scenarios compared to the natural frequencies of the 

beam without PZT patches. The natural Frequencies at 

all ten modes have effectively dropped when the patch is 

introduced at three locations when compared to the 

natural frequencies of the beam without Pzt patches as 

shown in table 5.1.1 

 

Table 5.1.1 Natural frequencies at different scenarios 

of Pzt patches 

 

 

CONCLUSIONS 

In this a comprehensive study of smart materials and 

smart structures is done, for the effect of the 

piezoelectric actuator placement on controlling the 

structural vibrations. Cantilever beam with piezo-electric 

patches at different locations is used for this study, a 

cantilever steel beam with PZT actuator at different 

positions. The systems are modelled in ANSYS. The 

cantilever structure shows that the actuator locations 

influence the change in the first three natural frequencies. 

 

In future, the application of PZT actuators for the 

Composite smart structures can be carried out. 
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