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Finite Element Analysis of A Piezoelectric Actuator

Heungshik Lee , Chongdu Cho

QA4 A=)

7= d

=

Poll

olo
L)
=

Bl [N/m?]
Hel wE  [C/m?]

Rl

Y

R
! ot
oo m

ot

>
=)
N,
ol
i
)
inss
2
oz
&

- O
~~
=z

(
A

e
oft
il

oy
~N

o= o
=)
e
s
X,
ox
¥
Lo

—
w
O
e
S
o,
off

A 9lol A €]
A (compliance) R

ORI

oy M
e

3’\3
~
e

Piezoelectric actuator($H 4 %]

>

5 7]), Finite Element(-3F 2.4

Abstract

Qstdistar 71 At oishe)
E-mail : js-heung@hanmail.net
TEL : (032)860-7321 FAX: (032)868-1716

Qatesta /) Ag s

1401

), ANSYS(J& 3t

Mechanical behavior of a piezoelectric actuator is studied as a preceding research for the manufacturing of three -
dimensional micro-structures. It is needed to examine the simulation of a piezoelectric actuator according to applied
direction of voltage, by researching displacement characterization of piezoelectric material through piezoelectric theory.
To this end, finite element modeling is employed to study the response of a piezoelectric material under the various
input voltages. Where the actuator is simulated by use of ANSYS. To avoid direct contact piezoelectric material with
working fluid, silicon, polymer, etc., the actuator is modeled with nickel fixed diaphragm.
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< MEMSel tigk #4]o] FolxHA 3 k4
nfol AR &L AAe AL s AEHH
o=z ATy v FA/AA A ZH(wet/dry
etching) , Z&=v} 2 Zt(plasma etching)t, A}
7h&7) X-AE o] &e LIGA TAP5e] o]w]
ke o] o] ¥l o} o]eh e AF A
£ #"l 7] (patterning technique)S 71 %= 3§}
7] el 3 A FEES Ak oA
F2 ofyggol Atk olHd EAHE FEL
2} sheet laminating method , laser sintering method ,
B %3 (SLA, Stereolitho-graphy) o] /I¥ &
Ao}, ofAH 2 G FEA 0 HolA B
SHAlE 7HA AL .
oA 3 Ak vlola R FxE AE
gt o= obd Al s AlAEGlT.
S+ AAF(piezoelectric material)e] A
 N3E FH5(EE vTH)S TASE
o7 JaA Zdy = 5 A gt
a27ke]l W9E A ] A e H AR
AR ASEAR, rAagddA =84
olafel A7|-71A HFAAH HAR I}
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zation)S gl olFA E59 ¢ A=
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ol A= kel weEe] e A
B, el Aol ASEoglew
wbdiE b Aol 7]
7behe A, As deel AFERETh
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b 2kl Azlel AA o Aol
wahsl Ho, olsh el ghd Amel &ol
A Hat7h HAsH He A4 9 =&
(direct piezoelectric effect) & 3}, ©
Wl o] el Wl wAEE Ag
otd a3 (converse piezoelectric effect)@}
Ak AAHe Sgol tig A mvE
Bl gl AR AV]-71A A4 A
(electromechanical coupling coefficient) Kk
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» _ Mechanical energy stored
" Electrical energy applied
_ Electrical energy stored
~ Mechanical energy applied
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A Ame] A7A, AAH WAL e 2

o] P
D=dT +¢'E (2-2)
S=s"T+dE (2-3)
A Asme E8E(poling direction)S 3 O &2
e kel ARl 7 kS 12 & sk A

(transversely isotropic)’d S 7AW, B4 A4 a4

s & theat 2ol tehjeizith

Sll 512 Sl3 0 0 0
S, Sy S 00 0
[s]= S5 S S5 0 0 0 (2-4)
0 0 0 s, O 0
0 0 0 0's, O
0 0 0 0 0 2(s,-5,)
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e+ AF<(piezoelectric constant) & d =

0 0 0 0 d O
[d]=f0 O O ds 0 O (2-5)
dy d;; d; 0 O O
2 A, &1 (permittivity) = thS- 7}
7},
&g 0 0
[e]=| 0 g, O (2-6)
0 0 g4
A TR (2-2)9 (2-3) oA HA xElAd
AFA A& o] &3 A28l &5 Anjrg 2
& FEu o gkl
[M,, Ki}+[K,, Hu}+[K,, HP} 27
=HR+K+F
[T HU3+ [K o U [K o 1P} 28)
:QS+QP
o714,
M, 1= [[[NIN,av LAYy
[K.]=[[[B]c*B,dv e
[K,o]l=[[[B]d'B,dV Lk Agay
[Kool=[[[Bl&°BydV  : Am4 e
F . 214 2 (body force)
Fs . 3 # (surface force)
Fo . %3} (point force)
Qs +Qp D A7 EE

23 YT =l HE

Am
0z

4 A
A (HAs
sl A ()43 }
3tk 4714 }e

o] EF(polarization)2 (-)7 &}l
ow Aol Ha, A7 (h)Ad
For AgH7] wiel 2= W
Fol oA A HH M= uE =

(b) © (d)

Fig. 1 Translation of Piezoelectric material

dol ZE& Aol UAl Hol A= Qo] 2§}
A %ﬂr. TA P AERE FFHoRE Folud
= AsS BolA Huh o|AS Figl (a) o ek
WA, 7‘471%01 Hhgpeko 2 vzl A5 (b)
of YeEpATh T3 59 Wy W7o W
o] Mz 42 uo= Ad WP AFS o
S 7A HH, o]Z& (c) ¢ (d)ll HERHATE Fig
1 9 A= dFd ZA"E B ()= &
(polarization)s WER ™, sHAFEAl= 71slz] ><47]
o] Weks oju gty

4 s 7IE AREE o
Table 1,3} 2t} o)A

A= PZT-4 o] 2%k
1S ANSYSE o] &3] 34

Table 1. Property of PZT-4

¢, =13.9x10%
C, = 7.78x10%
C, = 7.43x10"
Cyy =11.5%10"
C,y = 2.56x10"

4 e
(Elastic stiffness)[N / m?]

HA A €y =52
(Piezoelectric constants) €y = 15.1
[C/m’] e, =127

SA A &, =6.46x10"

(Permittivity constants)[F /m] | o —562x10°°

D% (Density)[kg / m®] 7700
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Ni PZT-4

© PZT-4:288x57x2, Ni:374x170x2 unit: um

Fig. 2 Model of PiezoelectricActuator

Fig. 3 Finite Element Model of Piezo-Actuator
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8490 [kg /m3] )32, €A 71 4=(Young’s
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NODAL SOLUTION ANSYS 7.0
3TEP=1
SUB =5
TIME=. 400E-0&
Usm [AVG] v
R&8V3=0 I
IMY =.472E-
SMY =, 472E-0
T T —
0 LLOSE-0F LLL0E-0E 2LSE-06 LSEVE-0F
se5E-07 fre sse-6 srm-is saeEon
NODAL SOLUTION ANFYS 7.0
STEP=1
2UB =5
TIME=, 400E-0&
UM (1Y) v
RS§¥5=0 e
DMY =.472E-06 _——-'——Aw""—"——-.. M

SN =, 472E-06

Fig. 5 Translation analysis of Piezo- Actuator (40V)
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NODAL SOLUTION ANSYS 7.0
HSTEP=1
SIE =5
TIME=.400E-06
TSUH &
RE¥E=0
DMK =.472E-0
S =. 472E-0€°
E) i LOSE-06 LELIE-0 JETENTE " 4E0E-1E
LSESE-07 LLS7E-05 L6EE-DE 26TE-0E 4TEE-0E
NODAL SOLUTION ANSTS 7.0
5TEP=1
SUB =5
TIME=.400E-D& ¥
TS (AVG)
REYS=0 z m
DI =.472E-06 . —

MY =, 472E-06

i LLOSE-0E LELIE-0F 21SE-06 42 1E- 06
SESE-07 157E-05 6EE-1E 6TE-1E 4TEE-0E

Fig. 6 Translation analysis of Piezo- Actuator (-40V)

A3zkS 38l 77 (general-post process)= E 3
dol d = glon, B =FoAs AL oigt
AsS A8 Bokth (Fig. 4 FX) Fig. 4 & A%

4579 FA H42 Fal A

Aol AU B AL wolF, 29 ¥
(0-2% 9)e 9% S, 3 We o, 4 1
o AueA ® WaFe] Waboln,

= 40Volt ¢ - 40Volt ol A9 WY S veH
W Folth, W E¥A w=gAZFo] WLyt
sl
2]

$oli, shEA%e] WT} we Pt

o B

=T

A eAS Bl 2 Aol JEE 257
o o W 2|(displacement) #tS T = Utk

Table 2. Max. displacement values under each Volts.

A Zs7le] RdY Y Fa4 S Fot
of 20V oA 60V 7HA] ZHzhel Hke] halA
o] WMaekS YR} (Table 2 =) &8 HsH
o W= 7] wakn Adagle]l wYg WY
e UER AL, ThellE dSte] Eotbdas W
= Adgdoez A4 vebgth

o] AREL WAIEE Ni o] old & A=
E ARREE ol sfAe] ThsdEs yERAH,
U2 PZT AIEE AFEE dio = Q17ke ZStel
& HA%E dSste S84 ¥ 7 s

A AT Agkel e Asd WP &
& BRI F 8k A4S B ol
SHd 271 Wel HolElE A5 Witel AH
o WHE ANE + Atk ¥ AT ANE
$899 3 A9 oA TEE A4S AT 4
F A BARe Adom ARY 4 AL A
ol ek,

F& ATRA B AT g 2E

A% AFFA AYEAE N AeA
3 AH wstsh A4 s o
FHow Fshe

X

o] =RL 2003 WUE Fuda 21 Aol

Input Maximum Input Maximum
\oltage | Displacement | \oltage | Displacement

V] [um] V] [um]

20 0.17 -20 -0.17
30 0.35 -30 -0.35
40 0.47 -40 -0.47
50 0.59 -50 -0.59
60 0.71 -60 -0.71
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