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Stress Properties in Multilayer Piezoelectric Ceramic Actuators
using Finite Element Analysis
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Abstract

The stress distribution in multilayer piezoelectric ceramic actuators was investigated by Finite element
analysis. The y direction stress was concentrated at electrode tip. The y direction maximum stress was
decreased to 49 x 10° N/m' with internal electrode gap(a) until 0.4 mm and was not much difference
with external electrode thickness(c). The stress distribution with internal layers was almost same and
the stress distribution of load condition was higher than that of no load condition.

The y direction maximum stress increased with the number of layer and saturated at 260 layers. In
the case of defective actuator, the stress distribution was disconnected around the defect and larger than

that of normal actuator.

Key Words(Z82 &0]) : Stress(83), Multlayer Piezoelectric Actuators(8%& & Alaiy)
Finite Element Analysis(5

1M B

HE Fagdo] deFel webs HARES A
F 4¥ssEa gen dHolAu sed o #E
1718 REstA Aolstn wWrh J3 F2 BHEH
A Azsted oA mA ¥ Ao e
& F7ista gl
A AFololH e W 01 mm FE|H o]
Weo HYUEE 001 m FEOR $HEEE 01
msoltk. EF A TF HFololEd HFHA 4H|
Y, 2E€FH 280 Ha At FAoke FAo|
gej Fast Tojue FAeltt. ¢A At o
Fololelol & utolBZ Y AHFYel gled FTHH
o2 A2y §4o| $5a0”,

43 dFololel WAE 24 3] AA 1
¥ 2424 Bowen §° #H3¥ IZMNMLC,

N

o b~

* 1 FALUE A7

(49A =37 BAHF 423, Fax @ 0342-720-2060
E-mail : jihong@haksan.dsc.ac kr)

19983 7€ 19 A4, 19989 9¢ 189 HASIR

2 Foll ol &),

st 4 & 4), PZT-5H

MultiLayer Capacitor)®] A= R ¢E A Fof o] Elej
Heoz HgHow? Az Wi wetd Ha
t) & F (stacked-disk) ¥ ¥ FF L E(co-fired)¥ o]
A A& txayge utwe vy Azmdns ¢
717 old 1 g2 7F Wshe] HasEg 493
o} i AAsled REgs oled dHdE #HE
g ol Holz AxwYEYSE o] 48 FF 27Yo
o},
Az dFdolee] HAI AU W HF9
E FHd ¢8| AFHY AFE 8L AT )
AAQY ZY(crack)E TANID, 39 JAFe
Z2A717] 48 WP gapolr} slitE W AM2E
HZ dFoolE UAde U dFrp s

A o] HA sHFo] Hl@ HololA olz=E
MLCY¥ 5 TZ7F Bz og Wo| &ol1 Jle
AHog®,

2 dToNE MLCY AF 7z A% 43 A
3e) szololgo A AYHA EHo| BrsE
2 89 P¥E 4924 S T=aded ANSYS

Argstel ody bR el webd A EH ol s

3 ojg 24

963



2. ot Maeol a4

FA ARe AHE AANE e Be
& Abgsted Be 4 99 347 | dlok

SR

(o=l @l -®) o

(T) & 28 986 x 1)

(D} = A7 ¥ 9613 x 1)
{S) = 938 956 x 1)

{E} & A4 9@ x 1)

[c] © €4 #=44 dE(6 x 6)
e] & ¢4 A4 PG x 3)
el 4 44 #38QB x 3)

A 71A,

o ZFe YoM HF 8AE FEFH
(discretization)3}7] $1:|HE Fo|& ZAEAIE
84 B9 ds F Zo] AFed 84 BY U5 E
AAggtozn S4A)

W (N7 ¥4 5 g5 #$FelEd 84
{und o 0"l Heol ¥ HEE 3 ¥d9 9¢

Waez ged o 2Asg 5 o
{uy) =[N"1"{(u} @)
APE Aol¥ XY ¥F (N)E AHd & Aok
Va={N}T(V) @)

AN, Vae 2zelFold),

29 (S)e AA (B} 242 e o] Foln
o.

{S)=[B,K{u) @)
{E}=—-[B,{V} 5)
.

0 aiy 0

8

0 0 &
[BI=| 2 2 o|NT ®)

0 -0 2

dy 0z

ox 0z

$904 442 o142 43 4 43T dololgs— A9

_9

.

[B,]= 3@; (N}T @
2
?

258 gF ARd 2% $RAe e Hez
dehd 4+ gl

[M] [01{ (@),qtd fone ),

(01 [o] {\'7} (o] [0l (V)
[ [K%] {u}}={ {f}}
xn el v 1=l

4714, [ M]= [ ol N'IIN*]"dv ©

t 2% ¥

[a] & F%3 damping dBo|h.(HeFFH
[K]= [ [BJ clB,Jdv (10)
£ WY EL5 Yol
[K*]=~ [[B,]"I[B,ldv )
£ fA44 9ot
[K* ]=fe[Bu]T[e][Bv]dv (12)

© dZAF FFo|th
agte {fle Fd, 298, 4AE ey {Q}
A7bE A As Wy ot}
ANSYS ZEage o]E i WAL F437

F oden W At F AR A&
‘?‘;%’49} Ags g9 vEY S AA E #
FEX ¢ & Aok B2 4A AR
Ak,

il

2 ¥
At
‘:}\—E_—

)

FE e v [o

g AL oY WY E 5

3. AlZdol

29 18 B d7oA ASE 105 Asud AF
AolE e 2249 ot}

29 1@t A4 Rde BHoZ u RPew
Y Rol®, o] mdo] 48 tF Fxoln FAI
zolA o] ol BANEZE 1Y 1b),(E
o Rgeln A& Ader] gatd A 2dF
A $2 Agel 1/4 Be Yehd ¥4 24 2
3 mdojth. AY mde x WFoz P y
oz getde £9 ndsqth AR Ase

964



20t

=

(@) AFololee A=

Yy
RN ER NN

............ YOO A

Ux =0 |

Layer 3

Layer 2 4
Layer 1 7

{1
200V

(b) A4=d

y

1o 4 4 4 4 4 444

. —

7 » X
S |
fH]} <
200V defect
() A%=d
[ poteapzr - Unpoled PZT
Tin Electrode
¢ Poling direction
Z»  Poling direction
b=8.8, t=0.1, h=0.5mm, ac &= JIH
(@ H&

a8 1. HE gFdojE e 23d =4
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Fig. 3. Y direction maximum stress with internal
electrode gap(a) and external electrode
thickness(c)

W2 AF A@dd we y 4% Ad $8& 19
3¢) YEIATE o] $8e a 277} 04 mm B o
742 113 x 10" N/m ol A28 49 x 10" N/m74A| a
Ao wet FA8 FAHT I oFEE 2 W3
7} {1} ok

H& dFdqolEd i §¥E EolE AR F
28 dojAut H|EAY 99 a AVNE FHE Y
gtk g3 AFdolele ¥4 Hd9L HAR
1614 b BEojn o BES dAFdolge] A
el 71t A e HAHoz M 7o
A @7 d&Eo) a 2718 FEA FIHAIE A
& 24 g a8ez B A7 A4S 2de
Azo) BlFe] B of FZg R AF A a9 A7
£ 0.4 mmeo]t}.

oG 92 AZ FAE BE y 2 g &
ge 49 x 100 N/ A==2 & ¥zt ddoh o
A2 RE 9% AF FAE 94 9L FA
Fe AL T £ Yoz HrHQ HET A
A 7 & A 289 FAL s R wEF
stttz & 4 Qlth

Y 48 YR 24 we y 3¢ $¥eln 13
2ap)e) 28R EE axz Jehd Aotk

x% o] 44 mm R34 BE Fo] Hx $¥

21
=

T

a4

==

= =2

966



49 x 10" N/m)& Hel
AZH7 diojtt. FA &
o BYHAT ¢AT 259 $HL 157 359 &
gur 27 Atk 2% SIYd= .3
Y 2EE F39 49 $Es fAlstaEd oJRe
o] & AZF FHY EL AA(Y 2 kV/mm)E AT
Aoz BAY,

Y stress{10'N/m?)
b b o 4o w s oo

2 3 4 5
x % Zo|(mm)

o
-

O 4 YY Zo) we y 3 $H
Fig. 4. Y direction stress with internal layers

29 5= 239 ZUlA 1000 Pad) $8 Ei
R R EERA A e TR

Y stress(10'N/m?)
bhlo=ampmewsoo

x& Hol(rm)

agy 5 2o} TR wde y E &3
Fig. 5. Y direction stress of load and no load
model

mRge 249 2de $3e 24 x 100 N/mE
BaloAe g¥HT Atk ol2RE R AHA
9o AFoolEol 2HE FrHA 7 HFelolE 2]
2o 229 g4%E A& & 5 ANt

ag 6& 5o wE y ¥ H Y £XE
tebd ol

967

A7MAAN L83 = 82 Vol1l, Noll, November 1998,

o]AL S 2499 BASE HAFT Yuh y

& =40 wEkA 202 8H Frhstd
o 623 x 10’ N/mE T sbo] o]28A o

A Z7eA gt ol E ABE & F9 2
A

¥ 2744 A2sE Aol 9L A

S 9E A% T 5 A= B ABS 2 Aol

6.5

55

Yimax stress(10 'N/m?)

A5

a8 6. 24 wE y w3 Ad $9
Fig. 6. Y direction maximum stress with layers

a8 78 A% Rmde y wE §¥of AN 2
k=X

o} o) "M ok A
ARge A% FHAM =

r
Ay
rx
o
il
.-
ul
3L
£

=21

normal N

Y stress(10 'N/m 2)

-0 = N W s W
T

L
N

0 1 2 3 4 5
x& Zol(mm)
a8 7 A4 2 A 2dy y I $9
Fig. 7. Y direction stress of normal and defective
model

4.2 £E
2 a7ddE d2 b Aok AFeoly 23
9 Edold §@as 4 Z2adQd ANSYSE
olstel Yy £ $¥2 1AW AW e B



e ARE AU

Ly w8 Ad 289 A o8 iy A5 A
(@9 #Ae a7lx 04 mm(29e &8 49 x
10" N/melw 93 A FAC) dF I
719 glsiTh

2. 4% dFdoHY Wy Fo wE y ¥F ¥
& 2 Aol7h At

3. 23 AN y B $He FHe 248
Mo AET FH

4. %o e y wY Hd $¥L 260 AN T
7tat et
A2 kA Aty AFACIEE AHA R A

olg g AlEHoN ANRE ol 4¥Td 43I #F&

@ Furst B Reln A FHE ARG & US

A o},

ZArel 2

B ap= gZRstgde 96 % 39 post-doc.
Aol ose AFrFHYPenz old FHAE =HEY
}.

tuz§l

o

1. S. Yamashita, Jpn. J. Appl. Phys. Vol. 20,
suppl. 20-4, p.93, 1981

2. S. Takahash, "Multilayer Piezoelectroc Ceramic
Actuators and Their Applications”, Jpn. J. Appl
Phys. Vol. 24, suppl. 24-2, pp.41-45, 1985

$994 448 088 43 47 A dFdeHs— gAY

968

3. L. J. Bowen, T. Shrout, W. A. Schulze, and ].

V. Biggers, Ferroelectrics, Vol.27, pp.59-62, 1980

. S. Takahashi, A. Ochi, M. Yonezawa, T. Yano,

T. Hamatsuki and I Fukui, "Interal Electrode
Piezoelectric Ceramic Actuator,”
Vol 50, p.181-190, 1983

Ferroelectrics,

. A. Furuta and K. Uchino, "Dynamic observation

of Crack propagation in Piezoelectric Multilayer
Actuators,” J. Am. Ceram. Soc., Vol. 76, No. 6,
pp.1615-1617, 1993.

S. Yoshigawa and T. Shrout, "Multilayer
Piezoelectric Actuators-Structures and
Reliability”, AIAA/ASME Structures, Structural
Dynamics and Materials Conference 34th, pt.6,
pp.3581-3586, Apr.19-22, 1993

. H. Aburatani, S. Harada, K. Uchino, A. Furuta

and Y. Fuda, “Destruction Mechanism in
Ceramic Multilayer Actuators,” Jpn. J. Appl

Phys,, Vol. 33, Part 1, No.5B, pp.3091-3094, 1994

. W. B. Carlson, RE. Newnham, L. E. Cross,

"Numerical Simulation of Mechanical Strain in
Ceramic BT and PMN-PT Multilayers via
Boundary-Value Analysis”, Ferroelctrics, Vol.88,
pp.17-25, 1988

. S. W. Freiman, R. C. Pohanka, "Review of

Mechanically Related Failures of Ceramic
Capacitors and Capacitor Materials”, J. Am.
Ceram. Soc., Vol.72, No.12, pp.2258-2263, 1989



