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The The ““intelligenceintelligence”” of a material of a material is a characteristic difficult to quantify because it depends on is a characteristic difficult to quantify because it depends on the the 
material and the systemmaterial and the system

which integrates it and finally it depends on the person which wwhich integrates it and finally it depends on the person which will evaluate it.ill evaluate it.
The intelligence of a material can be seen under three aspects.The intelligence of a material can be seen under three aspects.
1. The base intelligence of the materials which resides in:1. The base intelligence of the materials which resides in:

-- the sensor function;the sensor function;
-- the actuator function;the actuator function;
-- the processing function (that also includes the memorizing functhe processing function (that also includes the memorizing function);tion);

In order to obtain such materials, we need other three reduced fIn order to obtain such materials, we need other three reduced functions:unctions:
-- energy conserving function;energy conserving function;
-- systematic and continuous transfer function of the information;systematic and continuous transfer function of the information;
-- fundamental functions and structures from physics and chemistryfundamental functions and structures from physics and chemistry that are associated to that are associated to 

the elementary   the elementary   
phenomenon.phenomenon.

2. Inherent intelligence which includes: auto diagnosis, auto mu2. Inherent intelligence which includes: auto diagnosis, auto multiplication, auto degrading, self ltiplication, auto degrading, self 
learning, redundancy andlearning, redundancy and

the capacity of anticipation/prediction.the capacity of anticipation/prediction.
3. Intelligence from the side of human necessities (social utili3. Intelligence from the side of human necessities (social utility) ty) –– this includes economical aspects, this includes economical aspects, 

resources economy,resources economy,
the intensity of data flow, friendly interface, reliability,the intensity of data flow, friendly interface, reliability, environment harmony and optimum environment harmony and optimum 

lifetime.lifetime.
-- in order to obtain intelligent we need to make some optimal comin order to obtain intelligent we need to make some optimal combinations and to produce binations and to produce 

materials with  materials with  
properties that are controllable.properties that are controllable.

-- such materials can be used as generating sensors if the commandsuch materials can be used as generating sensors if the command signal comes from an signal comes from an 
environment or they can  environment or they can  

be used as modulators with command signal.be used as modulators with command signal.
-- materials with such optical properties (color, optical transmismaterials with such optical properties (color, optical transmissibility, shine) that vary if a sibility, shine) that vary if a 

mechanical, electrical,  mechanical, electrical,  
thermal, etc command signal is applied. thermal, etc command signal is applied. 

-- materials of which structure/composition, mechanical or electrimaterials of which structure/composition, mechanical or electrical properties vary with cal properties vary with 

What are intelligent materials?What are intelligent materials?



Piezoelectricity

• Piezoelectricity is a crystalline materials property of developing an electrical charge that is 
proportional with a mechanical charge which is applied to the material.

• It is also known that is an electrical field is applied on a crystalline material, it suffers a 
geometrical deforming or a mechanical distortion, that is usually called electrostriction. This 
phenomenon is known as the inverse effect of piezoelectricity.

• As a consequence, piezoelectricity can be seen as the interaction between electrical and 
mechanical systems. 



Piezoelectric material characteristics

Mechanical characteristics

The applied stress on the three
orthogonal directions

Elastic constants “sij” also called elastic compliances; 
they describe the dependency between relative 
deforming SI and the mechanical stress Tj.

- s1, s2 s3,T1, T2 and T3 are the deformations and parallel 
stress with respect to the axes 1, 2 and 3; 

- s4, s5, s6, T4, T5 and T6 are the stress and the sttifnees
shearing stress round about the axes 1, 2 and 3 and 
they are equivalent to the couplings from the 2-3, 3-1, 
and 1-2 planes.
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Relative permittivity has a matrix character and it establishes a connection between the 
electrical induction and the intensity of the applied electrical field:

I and j take values between 1 and 3.

∑=
j

jiji ED ε

The maximum of the dielectrical permittivity  strongly depends on the temperature. It rises 
with the temperature in the ferroelectricity domain, reaches a maximum at the Currie 
temperature, and then it decreases until the ceramics is no longer ferroelectric.

The maximum of the dielectrical permittivity  strongly depends on the temperature. It rises 
with the temperature in the ferroelectricity domain, reaches a maximum at the Currie 
temperature, and then it decreases until the ceramics is no longer ferroelectric.

Dielectric Characteristics Dielectric Characteristics 



dij is called the strain piezoelectric 

gij is known as the piezoelectric stress
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E -signifies a constant field
D - is a constant induction
T - is a constant effort;
S - signifies constant deformation
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can say that the four matrixes: [d], [g], [e] or [h]
have the same form

Electromechanical Characteristics



energy electrical input
energymechanicaloutput2k =

-The planar electromechanical coupling factor, kp, corresponds to the radial vibration of a piezoelectric disc that is 
polished around its axe and excited on the same direction for which the ratio between its diameter and its thickness is of 
minimum 10;

-the electromechanical coupling factor, kt, characterizes the vibrating mode along a piezoelectric disc’s width. The 
disc is polished along its axe and it is excited on the same direction for which the ratio between diameter and thickness is 
of minimum 10.

-the transversal electromechanical coupling factor, k31, includes the transversal vibration of a rectangular 
piezoelectric plate which is polished along its thickness and excited in the same direction for which the ratio between 
length and width, length- thickness (length-diameter) is of minimum 10;

-the longitudinal electromechanical coupling factor, k33, is characteristic to the longitudinal vibration of a thin 
piezoelectric bar (thin cylinder), polished and excited on the predominant dimension, for which the length-width, length-
thickness (length-diameter) ratio is of minimum 2.5;

- the electromechanical coupling factor, k15, characterizes the shearing deformations that appear between the plates 
in the rectangular or squared sections. These sections are polished along the predominant dimensions and excited on 
the orthogonal direction, for which the length-width and length-thickness ratio is of minimum 2. 

The electromechanical coupling factor  k



The vibration mode of a piezoelectric component classified on the shape and 
polarized direction



The eprouvete’s form    Polling sense    The vibrating direction   Coupling coefficient
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Types of intelligent ceramic materials

• ceramic materials based of PZT modified and 
• recently the piezoelectric composite materials.
A piezoelectric composite material seems to be a solid piezoelectric object 
periodically and infinitely distributed as a piezoelectric non-homogeneity into a 
material that is considered the matrix. These non-homogeneities can be fibers, 
laminates, particles, cracks etc. Their distribution is done in such a manner that 
the composite can be seen as a sum of unitary cells that repeat themselves in all 
directions. These non-homogeneities can be particles of different sizes, fibers or 
even lamellas. Depending on the connectivity mode, on the three directions they 
can be of type: 0 – 0; 1 – 0; 2 - 0; 3 - 0; 1 – 1; 2 - 1; 3 - 1; 2 – 2; 3 – 2;  3 – 3 etc:

Piezoelectric composite material made of periodically distributed inclusions into an unitary cell



Different types of obtained composites

Different types of piezocomposites



• Composites with 0-3 connectivity have 
small isolated piezoelectrical particles that 
are dispersed into an elstomer matrix.Composites with1-3 connectivity are the most used and 

studied from the 2 phased ones. This composite has 
individual PZT bars or aligned fibers in the direction that 
is  parallel with the polarising direction and which is 
surrounded by a polymer matrix.

Composites with 2-2 connectivity has 
PZT lamellas which are glued 
together with polymer.



Technology for obtaining composite materials

The most popular technique during this moment is the so called the « Dice and Fill » technique
It consists in isolating the PZT bars through different transversal cuts that are made into a 
massive ceramic without detaching itself of the remained base ceramic. The entire ensemble is 
introduced into the polymer and then it is cut up in the desired shape. 
For high frequency applications, the bar dimension obtained with this technology is not convenient 
and that is why other obtaining techniques have been studied. These techniques consist of direct 
sinterizing of PZT in the desired shape.



The characteristics of the material

5

4
3

2

1

No

Electrical rezistivity  ρv

Electromechanical coupling 
Factor, kp

Dielectric constant

Loss tangent  tg δ

Density aparents ρa

Properties

Ω.cm

-
-

-

Kg/m3

UM

108

0,41
1160

0,016

7400

Ceramic PZT

1013 - 10-14

-
4,5

0,02

2500

Epoxy

The piezoelectric composites greatly improved this situation. Piezocomposites have large coupling 
coefficients as well as low acoustic impedance, making them ideal transducer materials. The biphasic 
nature and the large difference in the elastic stiffness between the polymer and the ceramic often 
determine a non-uniform surface displacement  But it is very difficult to predict with great precision the 
resonance frequency of the composite transducers, and that is why simplified models are used. 



Obtaining of the composites type 1-3

PZT/polymer structured in the 1-3 composite geometry.

The composite consists of individual PZT rods or fibers aligned in a direction parallel to the 
polling direction and surrounded by a polymer matrix. The rod diameter, rod spacing, composite 
thickness, volume percent of rods and polymer compliance all influence the composite 
performance.  



Methods of obtaining the composite type 1-3

Method “Dice and fill”. 

Another method is based on lamination. This method eliminates the casting of the passive 
polymer phase. A block of material is first formed by laminating a piezoelectric and a 
passive material in alternating layers; that block is then cut into plates which are 
laminated with alternating layers of passive material to form the final composite structure. 
This approach allows the incorporation of passive materials that are not readily cast and 
yields composites with long, thin rods.

An array of square pillars is formed by 
cutting deep grooves into a solid block of 
PZT using a diamond saw. Square rods 
are achievable with aspect ratios 
approaching.
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Aplications of the piezocomposite
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Thank you for your attention !Thank you for your attention !


