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Effect of Domain Switching on Cracking in Ferroelectric Ceramic Actuators

Kyoung Moon Jeong*, Jae Yun Kim* and Hyeon Gyu Beom*

ABSTRACT

A crack emanating from an internal electrode or a conducting damage path in ferroelectric ceramic actuators is
analyzed. The boundary of the domain switching zone near the edge of the internal electrode in a ceramic multilayer
actuator is determined based on the nonlinear electric theory. The stress intensity factor induced by a ferroelectric

domain switching under small scale conditions is numerically obtained for flaws of various sizes near the electrode edge.

It is found that stress intensity factor near the crack tip depends on the material property of the electrical nonlinearity.
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Fig. 1 A schematic picture of ceramic multilayer actuator

E = K&

Y2

E(6)

Fig. 2 A half-plane conductor in an infinite dielectric
2. X2 =45

21 &2 2o

tE Ay dAFdolHe & weRA
)& AEy Alolo] oy Foz Hopy HAE
39 Fig. 1 o O35 Aty HFoolge] g =
& Yt o] F2e Zzte Ui Ao o
ulol29] UlRoA Edr F, Aol AAH
(insulator) & 33} o]H L FE7AQ Ad
Mg o)g3e AL AFo2A Axv &S FHa
Ay, =3 Zzke] Mgty F FAE Zaddo
TE A (driving voltage) S ZAA7lE RS 7t
AeE Aol ok Y, UF AF EFdelA
dutH o g Fgo] FAsE @Ho] Yok

Agte] AZoolE] ule] UFEHAF FddA
W etE dde BAEDL Fig 29 YERASIT
A71Ze] 248 o FH7FS WEHI 3
o2 AZFe A7t R BFHHA Ay
AzoolE o] WRAF BdolA A7l FFH
H RAY WY Eo] LA FHE don



YRR Eodd 24T 93

kil
el Ad(flaw)d A& Z-gste] FEo] 2AFH.

Wed3 Bodd PAse e a4
(traction)¥} A&} (charge)s §13, AZ Ed 99

A4 HAY 995 2HHA g9 ofF

o
}zAoz Mgt WRAT B

718 vdg4e sE vy fsko
E g2 FAEA RO 5 Edstz, d¥e
(-R,,0) ol At 44714 AF e JE & 23

a3, R E o3 2o’

2
R():L[KE]
2z \ E

0

0]

A71H Kk E A71% gdAFelw, £ £ 2
A7) Folty. WA B Wy R B RE

A9 YFARE 4¥ KA (linear dielectric)©]
32 Wi = 943 ¥ 3(saturation) AEQ A F )
), &5 ZZ(small scale condition)dloll YAz
A7174& A Al (asymptotic problem)ol Al A3
As e Fge g ddFdes FojAct o
A, FEdoA A71ge g el dErd
T At

K: ~
E = E_E(8 2
= (6) o))
A71A E & A/ HEolx, E(@) = HE =

o] A7) EXFFoln)

YRS ZdeA @739 sl Beom' 9
A= E(conducting crack)ell Wit & o] &3}
A713 wAdE 499 JF (R<R) & &%
(R>R) S A7 = th&7} 2.

- Inside the electrical nonlinear zone (R < R,)
E =0
2E,R,
= r
E, = 2E,R

(-)—"Lcos4,
,

cosd, -;i<9<ﬂ

—7r<0<—f-
2

- Outside the electrical nonlinear zone (R > R)

FolA r3t 69 4% ARAE o] &}

115

K 1
E,=—f—-cos—0
"ok 2
Ke sm1® 3)

e 2 Age e Fd A7 (positive
electric field)o] 283 o A7 GdAF K; =
F+9 e zm, EIuee wg wBekel L9
7 7] ZH(negative electric field)ol A& &) & 2
<o

22 2EM xHY

A A A73E g 5
(polarization)®] ®3&- 90° EE 180° & I M I}

rir

AeAAY £93Ae A7 Fwns 43
g oo 24 & wESE FAGHG S

EAP, 22FE, @
A71A AP & A (spontaneous polarization),
P o ®¥3ztE vehda, E & dA7|Felh A7)
A 3F stellA A )E HEY o FFHA
293l AT ZHAHA BIL #Y%
E5& Zta 3£ (mono-domain)S ZtETha
Aztstat, 90° T 180° B3| ol 93 AEE
=9 "H3lE x Fo R v 7] E39H,

& o1gste] thg 2ol ehd 5 Yt

cos(¢ + 3 n)
AP =\2P ;‘ for 90° switching
sin| g+ =
1n[¢ 2 ﬂj
cos¢ e
AP, =-2P1 | for 180° switching (%)
sin ¢

AZA 4374 & 3wa e B3] A WA
st AJAl EE] 900 B)Ao] Wigk ot

23 SHEHA S

WEAS EdoA 93148 2534 Ay
£ #99) 3WFA) g YR FLHO she]
BAS HYES doylm, o] A HIHE 9

8 WA BUNA 3ol BT FEL 2
BAAY. £427 APEo) AP FING 5



BEE- AAQ W ASPLTEIAA A2 A2 %

goiAsE 458 sl g Eshelby 71 =
T Duhamel FAMO] d@ oz 73 F 3l
. A F3N(finite) Tl WIS SN AF
oS3 2

it el

K =2uf UgAy,dA (6)

g7 e EE 13 11 & Yepdn, pv AGD
AFoli, AE £934d 499 dHolh U &
715 gh4~(weight function) 2 Uh-2-3} Zt}.

@ v 1
Uy =i +E(hau +hyy)

1-2v &

714 v & Poisson Hlo] I, §, = Kronecker UE}

oltt. h, v 3 &t
z+a
zZ—a

1
B ik, =——— | 14K+
ne 2(K+l)\/m{ [

z+a

a(z-z)
(Z+a)l/2(z_a)3/2

1 z+a
h,, —ih, = —————==| (-3 —1 8
9 Ty, 2+ 1) ,——l:( ){ +K+[ z—a) t))

z+a
z—a

AN z=x+ix, , k=3-4v O]t}. 2 (6)h A
Ay, & A AYEo W2 A o3 Zo] 90°
E& 180° SAe) wrek verd § giok”

—cos2¢ —sin2¢
A}’ld = },J -

—sin2¢ cos2¢
Ay,, =0 for 180° switching

zZ—a

-K

a(z -z)
(z+a)l/2(z__a)3/2

:l for 90° switching

®

Aq71A y, = AL WY Eo|th 90° AW MY E
< dos|AT 180° FALE Q% WIEL glot
Z, 180° 3)He B vy A @k whehA,

180° £93d 49 e SHFUWATE
AxstA] gotx: dot. £H93d F90] 2AHA

116

Al ool ule WEAF TN B4
6

e 7de EEUAFE A )22 EH AL
g ¢ ok
. a0 W EE

3.1 28N gy

A714 &5E e FHAA Azgy de Wi
Ao Hag 30 F (4=0° o A5l ety
A, 2934 e A7) Wik 5
wWako]l e AR Ar1Zhe whil A(F
9 AJFHE JdyoM A A 3)3 (5
A @ dgad 2SdE e ge BFe #e
%9 AZ1F (K7 >0) ol dg 90° ¥ M o
=3 Zo] A= ojzlch

flo

Lo hE

cos 0sin(|0| - 1/2') ,
R, E, 4

—341<|€|<7z for R<R,

:—cos2(l|@|—%zr), §<|®|<7r for R> R,

10
A7 R W& 2o

Rc=_l_[ﬁj
2r\ E,
o AN (k; <0 ol A EHGIA 92 4
10y} vl oz FaoR

(1n

- Inside the electrical nonlinear zone (R < R;)
' =J22<cos 6’sin(|¢9| +—j—7r] ,

R
%< IHI <z for 90° switching

Ec
ED

r __E
R

c

=sin2l6|, Z<|6|< for 180° switching
E, 2
- Outside the electrical nonlinear zone (R > R,)

&~ +sinfel), [o]<x for 90° switching



ARAE AAA- AT FFLFEsA A2n2d A28
0.6 .
Insulating crack growth E/E,
Ky >0 "
04 —— EJ/E,=0
----- E/E, =03 0
02 R
o L
00 Pk
® N e
T 0.3
024 0 T
vvvvv EJE =1
044 smemene |nternal Electrode
0.4
0.6 T T T T T T
-1.2 -1.0 -0.8 -0.6 -0.4 0.2 0.0 0.2
x, /R,
(a) Positive electric field )
1.0
Ky <0
—— E/E,~0
054 (a) Positive electric field
o’ .
;... 0.0 Insulating crack growth EJE,
0.5 0
B/ =1
mmsee |pternal Electrode
1.0 T T T
-1.5 1.0 -0.5 0.0 0.5
X, / R,
(b) Negative electric field 0.3
Fig. 3 90° domain switching zones near the edge of
internal electrode in a ferroelectric material
0.4

R£=%(1+cos|®|), |8 < 7 for 180° switching (12)
EINEH e WS Ae F ANFANE
180° 93 de 2R Fevh 4 (105} (12)
g ol8std A7) W weA HEAS £
ol EAsh= £93d 99L Fig 3 o Heh
Aot WiF A9 K3t oA 90° £ 3
AFqe AATEL wAA B 90° AS
2ot a3y 5 A BEe 29ide 532
< WYEES 2] WEd 2= 1 d Wd ¥
& Y&Ar, K7 e ok AV &L
of mEt ZHAA Aty Aoy e HF
Wl 2= 293Id Fqst ddAIdE

(insulating crack)S Fig. 4 o} 171337} &5 A7)

Aol vlel m dehf WA 2oy
23 0go) Ad 2UWe FAY u Fdo] B

WeEA dehte Az 2esn 99e ginh

117

(b) Negative electric field
Fig. 4 90° domain switching zones for insulating crack

growth
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