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Keywords: ESPI, partially-electrode, piezoceramic plate, resonant frequency,
mode shape.

The experimental measurement of resonant frequencies for the
piezoceramic plate is generally performed by the impedance analysis. In
this
project we employ an optical interferometry method called the
amplitude-fluctuation electronic speckle pattern interferometry (AF-ESPI) to
investigate the vibration characteristics of partially-electrode piezoceramic
plates. As compared with the film recording and optical reconstruction
procedures used for holographic interferometry, the interferometric fringes of
AF-ESPI are produced instantly by a video recording system. Based on the
face that clear fringe patterns measured by the AF-ESPI method will be
shown only at resonant frequencies, both the resonant frequencies and
corresponding mode shapes are obtained experimentally at the same time.
The out-of-plane and in-plane vibration modes of piezoceramic plates will be
discussed in this project. The numerical finite element calculations are aso
performed, and the results will be compared with the experimental
measurements. This is a two-year project, the first year is focused on square

plates and the second year investigates circular plates.
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He-Ne Laser |_|
Y 1 A
Y
QWP(45) ‘:'v Corner
Cube Lens 1<¢—
Photodiode@ I NPBS
PD1, PD3 )
Polarizer 1 s Polarizer 2 PBS 2
A
o
Photodiode \
PD2, PD4 m=== Specime

LECHAE S S R
(3) LDV-DSA £ | % # P

d3 R ? R h M BRE RPN E - ER GRS
# 17 & (dynamic signal analyzer > DSA) - ¥ # § & 3% * ¥

FE RSP ERS NS B REGRAN RSP N R E

i

tafpE - FRFESAER®ERZE A RE A Y BN
LDV-DSA % & % & % £ B 2 A 7 & LDV # p 22 e fi

Boo ki & ¢ 7z - =z A A4+ (waveform generator

card) % o Labview™ g g #f 3z B b fi 2 BL A 45 dc A8 0 A
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2 h 453 & 1 2 A d LDV-DSA p 2 2 4 4 + ik g ¥
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( Daniel Royer, 2000)
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% % ( static capacitance) -

M E o w=27 o

OO E 1R R (2] sm o

|~

4z, =0F s bR UL R S R T

Tmd A o QL FT ARG L DA

THEER > Vs BT

dpod (20) #Fg N ed RA-B 6 F

(20)

S
[

Jt
"
a\



AFPFREE T HFqE B U HE - R IR E R VA H

z‘_;\’
A
!
F_&
1
=3

3
T+

TR ERR G o F P A FIERRY oy EEmEE - A

=

POECPLEE o SRR R 2R S VARG S BRE B E RS

*xf o
- anti—resonance

f f

resonance anti —resonance

Frequency ——»
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B % 1 (piezoelectricity) £ 45 & it 2 # # &t I # R
oo @ F% e 4 A4 T e BT oot & (direct piezoelectric
effect) & * 4 ¢ ¥ ¥ %R BB % o % B % »t & (converse
piezoelectriceffect) e R 2 H A ch B HEF 7 > a5 p % B * & A
R T M %L Pb(Zr,TI)O3 A3 7 (@ % fi 48 5 PZT) £ B » =
2 8 % (6mm) gk ¥ o
(1) + 4 > 42 ;% (constitutive equation)

AW ES T NP T & H & % (electric enthalpy)

ETTRS

H=U-ED, (21)
IR I SRR S S B S <

du =dQ+dw (22)
dU = &z + EdD, +0,dS, (23)
H ¢ U5 PN it ® & (internal energy density) 5 dQ 3 % %t 4z
s dW S T iF s 5 g5 & 4 (stress) s § & & % (strain)
E = % ¥ (electric field) ; D 5 & = # (electric displacement) ;

> = 3 (entropy) ; 6% & K& (temperature) -

hg 2 BR T

F&za}jﬁ?_Dié (24)
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oH oH
M= g+ & (25)
7SS
F]
g =M p=-H (26)
ZS) o,
BRI LM HT Y 2ot 3 A d e T
_1 E 1 S 27
H _EcljkISde _%Eij_EgijEiEj ( )
00, .
2 Gl :a_g: D F 2T B T © B % #ic(stiffness constants)
{
& =‘3_2k: R % % 4 ¥ # (piezoelectric stress constant
]
s)
gf:%: A ¥ T 2 % ¥ #ik(dielectric constants)

4R (26)2 K (27) AP T @I BT H A A S 4T

{UU = Cjo Sy ~ 64 E (28)

D =eyS + gijSEj
APt 2 EREPREL S v 16 2 KT &7

MRS RS e* 1~3 2 #F &7 0 B(28)F @i

{Tp =CLS, - 6,E, (29)

Di = Qqsq + gliEk
H ¢ i,j,k,l =1,2,3 m p,q = 1~6 o

D R S RN S B



Pa"q

S, = sp T, +d,.E
(30)
D, =d,T, +&E,

0S . :
2 55q=a—T" DR BT 2 4 R ¥ #(compliance constants)
q
dip=? DR R R % ¥ #c(piezoelectric strain constants)
q
q}:% D HE KA T 2 i % #(dielectric constants)
i

F(29)7 R ¥ #kCL,F 21 B ¥ Bk BT ¥ #ite 7 18
B AT Ve 6B FrLrmp BRI HPELHPES
FREZASBH Y B R AFERT L RO
e a @ @ k¥ kiR o AFELY HRYZRIHAE
it (polarization)® = 2 & B > » » ¥ P& 2 3 5 & (6mm)

Ao B A AU AR EKRAS T N EE S LG

& | |sy &2 ss 0 0 0 0 0 dyo,
€| |2 S S5 0 0 0 0 0 dy|0y
e,| |5 5 5 0 0 0 0 0 dy|o,
€, 0O 0 0 s; 0 0 O dg 0 |oa,
g,/=|0 0 O O s, 0 dy O O0]|oa,
€ 0 0 0 0 O s 0O 0 0o,
D, 0O 0 0 0 dy 0 g 0 OJE
Dy 0O 0 0 dg 0O 0 O &g O]|E
D, | _d31 dy dz 0 0 0 0 O 5;3__ E, (3 _’]_)

ssssK,ss % A B ¥ # (compliance constants) ;

v

de.d,d, = B % ¥ # (piezoelectric constants) ;
.6, = N m % # (dielectric constants) ;

v

D,,D,,D, & @ = 4 (electrical displacement components) ;



E.E,,E, % % ¥ (electrical fields) -

(2) # & > 42 ;% (equation of motion)
g, = P& (32)

2Apa AR U EH

RN

(3) J& % - # M 4 ;% (strain-displacement relations)
1
S =§(Ui,j+uj,i) (33)
(4) # % > # ;% (charge equation of electrostatics)
B BT HAPRRF R R R L RT
oD, 10D, 1 oD
+= +

=p, +Z2 =0. (34)
o rdf@ r 0z

(5) % ¥ -7 = & M % ;% (electric field-electric potential
relations)

E -9 E __19¢ E -9 (35)

"o " rae’ Tt oz
# 7 pi 7 = i (electrical potential) -
d (B~ (B5) e EREE LT N g S U

Di~ Ex~ 9% & % L H & o
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Ce 2.224x10"
€, (N/'Vm) —-9.52
€y 15.14
€ 11.97
0 (Kg/m?) 7800
e, g, 1111
£, /¢, 925

£ 8.85x1072
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Resonant Frequency (Hz) (Casel)

AF-ESPI FEM Difference(%) Mode Shape
3230 3194 -1.1
6450 6993 8.4
7570 7506 -0.8
...... 13264
14320 15104 5.5
...... 20437
...... 25189

26308 27951 6.2 .
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