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The advent of smart materials

Electromechanical (EM) method

» Interaction relation between smart material
transducer and host structure

» |Impedance analyzer



W\WmEs Harvard

W W S of Engineering
€ Y and Applied Sciences

4

Lead Zirconate Titanate
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Piezoelectricity

Direct Piezoelectric Effect

Stress field ===> Electric charges ==> Sensors

Converse Piezoelectric Effect

Electric Field ===> Strain field ===> Actuators
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Piezoelectric constitutive relations (IEEE standard, 1987)
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Modeling of PZT Transducers

»2-D generic model

Modeling Of Host Structure

» Cylindrical shell
» Classical theory of thin shell
»P-Ritz Method
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Motion equation
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Cylindrical shell with a pair of PZT patches

PZT patches
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Classical Theory of Thin Shell
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Displacement relations for cylindrical shell
under pure bending
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tl
Hamilton’s principle 5_[ (T-U+W_)dt=0
Lo
Kinetic energy of cylindrical shell
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The strain energy of cylindrical shell
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2 X 20

> non-dimensionalization ¢ = T_l n = T 1
N g

> displacement W = Y > c_ 4,
g=0 i=0

¢m satisfies the following conditions

e [inearly independent

« Form a complete system of functions
» Satisfy the geometrical boundary
conditions

» The polynomial shape functions
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Theoretical Analysis

» Modeling of PZT transducers
(2-D generic impedance
model)

» Modeling of host structure

(Ritz method, polynomial shape
functions, Hamilton Principle)
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Assumptions

e Homogeneous and isotropic material
e Thin shell model
e The center plane is stress free

 The in-plane displacements of the center
plane are neglected

 The line perpendicular to the center plane
remains perpendicular to the center plane
after deformation.
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Stiffness and mass matrices for undamaged shell
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Stiffness and mass matrices for damaged shell

(10°%,0%, u 04,0 . u 34,04
3 4 2 2 T 2 _212 2 2 + 2 212 2 2
_EhaﬂerLag 082 a2r’2 8&% ot ainlLl® on of
"3ty L1 4.0 3 b g 1 2H) o’ 0°¢,
| a'z" on® on® 4ha’ T atr’L odon odon
(15,09, u 44 u P 04
3 4 2 2 + 2 212 2 2 + 2 212 2 2
CAME-EN| L aF o8 ainPlP ogt oif  atn’LR o9&
W) |, 1 T4, 0 3 21-p) 3¢, 4,

+ +
a‘r o o 4nta’ (s 00N 050 |e=z
=Ty

d&dn

+ph¢m¢n}a%dé‘df7

ot og, 06, ph° 04, 04,
o e 3L 0& o0& 3a‘zm® on On



momeEy Harvard
W ool of Engineering
€ Y and Applied Sciences

N h+h, L = 8¢
Ler (1 0M P = mi
- jo jo _(a 5(92 jcbkadédx B a, az ;[kaj‘l L on |,




momeEy Harvard

W ool of Engineering
€ Y and Applied Sciences

h+h, aw(x,o,t)

u (x,0,t) =—
h 2h %

I _
(0.0 =— 1 WHOD

2a 06
Force-velocity response relation
(| —u =
] X s, Lt
av,[, , —avg\ezgz F,




mEEES Harvard

'l' it .-I'Jl' Rl Ay i

School of Engineering
€ Y and Applied Sciences

Admittance of host structure
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