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ELECTROMECHANICAL ANALYSIS OF PIEZOELECTRIC STACK ACTUATOR
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ABSTRACT

The piezoelectric materials convert from mechanical energy to electrical energy. The piezoelectric
materials are used in various engineering applications such as piezoelectric ultrasonic actuators. Since the
piezoelectric coupling characteristics of the actuator systems should be considered at the initial design stage,
it is essential to analyze the piezoelectric coupling characteristics of the ultrasonic actuators. In this study,
we analyzed the electromechanical characteristics of piezoelectric stacked actuator using the equivalent
circuit model with modal mass stiffness parameters. It was compared the admittance of piezoelectric stack
actuators with the analytical circuit model and the finite element model. Also, the coupling coefficient of
piezoelectric stack actuator was discussed according to the number of stacks of actuators.

1. B

AAAEL A7]-71 A A wd 5EA wio]
B2 S&FooA ALEHT MM el AFdolEHE
B2 oA £ 7o FHgHo] gidk At
7b = a ik dFoo]E Al ~El9] x7]-7]4
A ERL AA9 27| @A EEolof &7
ufitel, 250k Aol o] 94 EA4S B
AL WS- T8tk 53] & =EeA AR S
slolo] Byl g 20 EWAFAY ¢k olFoo]
HE A714 B4 dvdar) v Fa3 A7)
rfeltt, b AFoolE= FHH A dud
27F FEFE 250 AE oyA e Agdoe] A
Atk A NFojolE o} ERAFA Y FE A
g AT A8 @ ok YA b e A
712 B4 wslo] gig A s e o
ATk TRk b B4 Abel= ®igkE Fa e

* Al Al HUEtL 7| AR Z8) gk
T AR A8, AeAHUshL 7| R Es
E-mail : leesoil@uos.ac.kr
Tel : 02-6490-2393 , Fax : 02-6490-2384

2 AT A, £ PFOE o FHEA, 7187
b wgtsh=Ael da A AR,

B mRdAE aReolgs] /A4 540l 17
4 Eqol WA GRS AP e wY A%
s 4Ae) Ade B9stel SNS Fas. o
24 34, F3eh 2, 1R mdg oj=y
B0 el dhal masln g Ame 4%
Al w4714 E4S TR,

2. & 2&9 HI-J|1AH S

2.1 XU YHAZ of=
SH 24l 9] 38
Holq 23 @ao

Aol
e, ol = o4

7FetAl =, =4

_E
o
z K

o)
1‘_—E

T

=

fu

1o,

H QM
ofglo] ol&H=tl, 54 Fyo wF st
A7kste] HgovAs A A Asd 44
Aol Aol dyy WS Webavt dojyirta 7
A, AFololee] 17]-jst o1 WA

&3 2.

14
2,
ol
)
N
N
o2
2
2 1S
iR
oo g o & xS dr xS

-374-



(Ms? + K)x = Knd,,V
jO[CA—K?)WV +nd K] =1

9l Aol M, K, n3 d,,
A A
Q4 AFE eI, 9 AL olgd ¢ A
AZololEle] 714 549 ol=rEAE 73

Ak

rlo
f
)
1%
o
-3
) o 1o O,

O

2 2
Y=ij(1—k2)[‘Ma’M+f’+(1K_k )} ©)
—Viw

2.2 9624 M
Mol AlgEl 54 lead zirconate titanate
(PZT-8) ot} o] PZTE $tolo] 2d& EdAwy
Mol AbgEW, A8 Rkog Zx Zo], T
7} ZF7F 6.45 mm 445 mm, 283 1.055 mm
olt}y, AHF AFoolE ] Hfom FUd H7]9]
PZTE Ad= dZslo] |43}

PZT A9 =g Ay A4S A7) 94, #3
24 4 2ZEZel COMSOL Multlphy51cs<5>
H“Ol 8= Ak COMSOL

5 s B =%
a gHd A% olFololE] wile) FWE reol )
sl 2 A UHEPJ/\Q]. 3 mEgEAE 2=
atal, MATLABS o83 Rg Zeka) 4AS At
ok o A3 o] nfuEst 2R vEY
2o 47 ANg B3 2 AR A4S g
& sleh
[F1IMIIg1=M, .
[¢1[KIlg]=K,
agla A 2 2 deHEs e

2ZH, T3¢ TRl A O%Eul‘zdie 45 F
ot tSo=2, COMSOL Piezoelectric Devices
E fAS EeiA f3tes B o]unEAS

291,

2.3 571312 &4
A 2ol Wd SpsE Bl WA 54
A7 vl 5 9l el SV R [EEER

| Cp ’
Lo T

Lm Cm

AC Voltage Source

I
’—=
Impedance Measurement
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Table 1 Parameters to be analyzed

Four stacks with
Symbol One stack Three stacks
no electrode

o 9.5876e-8 3.0380e-9 4.7391e-10
k2 0.1628 0.0055 0.0014
& 1000 1000 1000
A | 87 mm? | 27 mm® | %7 mm?

| 055 MM 3.165 MM 4.22mm
Cp 2.4077e-10 7.2232¢-10 9.6310e-10
L, 0.0034 0.0487 0.1775
C, | 4.68%e1l | 3.9919e-12 1.3220e-12
M, | 3.039%e-17 4.4927e-19 3.9865¢-20
K 1.9629¢-4 2.3120e-6 1.6989e-7
Kioe | 231474 2.3248¢-6 1.7012¢-7
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Figure 2 Admittance of one piezo-stack compared with
analytic, finite element model, and equivalent circuit
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Figure 3 Admittance of three piezo-stack compared with
analytic, finite element model, and equivalent circuit
models
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Figure 4 PZT layer of ultrasonic transducer
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Figure 5 Admittance of four piezo-stack compared with
analytic, finite element model, and equivalent circuit
models
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