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Steady State Crack Propagation Behavior
in a Piezoelectric Strip Bonded to Elastic Materials

Soon Man Kwon, Hyo Seung Choi and Kang Yong Lee

Key Words: Piezoelectric Material(3t7% A] &), Crack Propagation(¥* € H#), Integral Transform(%<
W 3h), Intensity Factor(4]7] Al<*), Dynamic Energy Release Rate(Z3 3 oA L&)

Abstract

In this paper, we consider the dynamic electromechanical behavior of an eccentric Yoffe permeable
crack in a piezoelectric ceramic strip sandwiched between two elastic orthotropic materials under the
combined anti-plane mechanical shear and in-plane electrical loadings. Fourier transforms are used to
reduce the problem to the solution of two pairs of dual integral equations, which are then expressed to
a Fredholm integral equation of the second kind. The initial crack propagation orientation for PZT-5H

piezoceramics is predicted by maximum energy release rate criterion.
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Table 1 Material properties of PZT-5H piezoelectric

ceramic and elastic materials

0 dy Cya
. e
Compound | (10’ | (10"°x ] (10" x 152
ke/m’ 2 (C/m’)
gm) | ¢/Vm) | N/m)
PZT-5H 7.6 151 3.53 17.0
Ni 8.9 - 8.01 -
Al 2.8 - 2.65 -
30 T T T T T T
a/h=1.0. a/h‘:':o.S, e/h=0.0 f
25— AVPZT-SHINi /_
— — AUPZT-5H/A)
————— Ni/PZT-SHINi / 4

------------ NiPZT-SH/AI

Fig. 2 & M for wvarious material

combinations

versus

AAH ALH24 PZT-SH €3 Agd 2 A
Ni @428 nzsigleon, oo digd E4x&
Table 13} 2t}

Fig. 2& 98 AF 7% W& Mach &+ ¥3}
o o Fxrd3 @ AAHEE ¢ E vhER
T Ak AN G =G(v)/Gulv=0)°1T} #
dAREEQ Machs7F 743 wel 4% 4
A= BFHAsA % 7189, Ni/PZT-5H/Ni
HES¥e A0t Mg ?e ¢ #E FL UE
s ¢+ Aok
¥, Fig. 39) Ni/PZT-5HNi T-ZA A&
Y4 Nige FAV) FUHLEFE, F o/n0°
AAdFE W& AUAHYE G @S T 3
S B 5 Ut gdeew 7Y HAF oo U
3 FFE Loty Y, pPoood o HAF
e/hol W2 AYUAHLE G 9 WIE Fig 49
Ak

HES - o) BE

W——T—T———

B NifPZT-SHINi: ath=1.0, ¢/h=0.0 7

alh'

0.0 0.2 0.4 0.6 0.8

Fig. 3 & M with the variations of

a/h{® for a Ni/PZT-5H/Ni structure

versus

20 ———— ]

M=05, a/h'" ]

0.0
e/h

Fig. 4 G" versus e/h

ZG AAF o/nl HE XA TE
AR A3 L AHEH ARl F5HUL @
om, ofh7t AREZ G Hopde @
fou, wEA 398 Re ohin A=
gol o 1 Age W@ 4+ AL shind
Lee®®7k AHel BAle] sl olm] AFE bt
1},

E AFAE 27 Z2AVARFE 5]
Astel Hoj AIANYE WHUMERROS 2
BRI, (5,09 FHEANN DERRE THe
3 gol EAE 4+ 3tk

Q

2
o v

ol

G(v, 8) = G(v)F(8) (46)



g dgE 4d 2290049 &4 A% AF 289

5 T T T T T T T

I PZT-5H (M= 0.36) R
------------ M=07
4= = = M=06 ] N —
— - - M=05
Fr----- M=04 E
— e M=02 Y
M=0.0/ -~

F(e)

180

0, {deg.)

Fig. 5 F(8) versus 4 in a PZT-5H ceramic

o 7]

2
F(6)= L |uae?(0) - 5 coszg] (472)

69) = ly [z#a R(6) cosﬁcos%

o O ek 0
+ # R(8) sinfsin 5 T 4y %79
(47b)
_ 4‘/_lir_iaﬁ
RO =T Ztan’s (47¢)
6, = tan ~'(atan @) (47d)

A (46)~@1dNAN ¢ = %ol F(o)E ¢4
o] @ 7158t o= FH3} Mach Foll
oEFe & £ Q.

MERR &3 4el| o) gd 2710 ALES
Z317] 98 PZT-SH 4d AgtEe F(g)
Fig. 59 g°l we} =AJsldt)

F(8)9 =R Z(extreme value)d Ao =2,
AA Mach &+ M. 78 F gloH, of 3¢
M=036°1th. =, M<M. ¥ A%, 6=0" oA
MERR #& 7IXBZ 27] d9A5 &S A
7S wgt 1dE Aolgta 458 F A
o &, M>M.Y BdE Fig 594 & 4 3
%0], 7z} Mach 4¢] @2} DERR G(v, )& Hd
7} A s zhzle] #7])Z(branch angle), 4,7}
EAsta o] 717 B‘f‘owi Tgo] AHd A
ozt o&E& + ok &, H7]A Mach F7}

2y
o £

F(e)

08

N\
PZT-SH (8,,=0) N \
- 15= b
............ M=0.7 \
— - — M=06 |
04 — - - meos T
----- M=0.4 "
L — —w=02 A
S

M=0.0

00 1 | 1

Fig. 6 F(8) versus § in a PZT-5H ceramic in

case of ez =10

Z748bE  g,% F7F8kal, Mach F7F 0.6 ©]’do]
=HH ﬁ"‘«l A"gko] 90° Hel & 100° A
A ENFEE & Utk FEY WA
90° E‘:} AAA @oidte A4 FEANe] T
o]7|Rt}= o™ Mach & olddlA= 714 8t
Fo| 93 79 AA TE 23 Ao LAY
+5 9&e ¥ oz FHsiL v A9
F Utk A7A dFe] A% HEE LotrY)
Al ex=09Y ¥ F(9)#E Fig. 69 =A
git}h. Fig. 62 McClintock¥} Sukhatme">9] €42
e} Aol dAEH, o] AP M, =058t
Figs. 59 614 & & Axeol #A7NA sFL &
de7] 4 #94%E FANLE ¢ + Adth
%, Mach 7} 069 A%, A714 35 A3}
B71Zte 930, F(6,)= 222 ¢ W WA 3
Z wiAste B7)1ZL 670, F(6,)=1.03 o[t}

L

1]

5.8 &

5 4@ oy B Aol BEE A2 5
vhAl (transversely isotropic) A Aty ~E#hj
9 Griffith AT Gl 7IAH W HdstFzH
Wy A71H s e HPHeR wE u FHo
2 AF3E Yoffed EAIE AEWE WEE §
sto] SAEignh. 71A - A21Y g a7
g 49s] A9, 1= H3ed Fuse A
¥ #gsiglon, 1 ARESE F4 AVAF



290 Agot.

Eo & mdsiach AN dEdAY 53 A
AA¢ 2 5 QAP ESE FEdHTGEE
o &y, Hu AUANLE BA A o3t
4EAA E71z4+E AAET PZT-5H ¢4A Al
gule] A9 A 59 o 036 Y FAEE
7b EA3, o] dAER oo E wdo] Aw
A%, 48 A27F FoAXAY ErHE A
Holx g, JASE olgtolAe] 27| #
Avs E99eEe g AR, &, 749 &
Zto] 90° & HolME FEHASENNE F
23 o] dojgd F= UL & F U

£ o tlo it

(1) Yoffe, E. H., 1951, "The Moving Griffith
Crack," Philosophical Magazine, Vol. 42, pp. 739~
750.

(2) Chen, Z. T. and Yu, S. W, 1997, "Antiplane
Yoffe Crack Problem in Piezoelectric Materials,"
International Journal of Fracture, Vol. 84, pp.
L41~145.

(3) Chen, Z. T., Karihaloo, B. L. and Yu, S. W,
1998, "A Griffith Crack Moving Along the
Interface of Two  Dissimilar  Piezoelectric
Materials," International Journal of Fracture, Vol.
91, pp. 197~203.

(4) Tobin, A. G. and Pak, Y. E., 1993, "Effect of
Electric Field on Fracture Behavior of PZT
Ceramics," Proceedings of SPIE, Smart Structures
and Materials 1916, pp. 78~86.

(5) Park, S. B. and Sun, C. T, 1995, "Effect of
Electric Field on Fracture of Piezoelectric

Ceramics," International Journal of Fracture, Vol.

70, pp. 203 ~216.

0|38

(6) Park, S. B. and Sun, C. T., 1995, "Fracture
Criteria for Piezoelectric Ceramics," Journal of the
American Ceramic Society, Vol. 78, pp. 1475~
1480.

(7) Jackson, J. D., 1976, Classical Electrodynamics,
John Wiley & Sons : New York.

(8) Kwon, J. H, Lee, K. Y. and Kwon, S. M,,
2000, "Moving Crack in a Piezoeleciric Ceramic
Strip under Anti-plane Shear Loading," Mechanics
Research Communications, Vol. 27, pp. 327~332.

(9) Bleustein, J. L., 1968, "A New Surface Wave
in Piezoelectric Materials," Applied Physics Letters,
Vol. 13, pp. 412~413.

(10) Shin, J. W. and Lee, K. Y., 2000, "Eccentric
Crack in a Piezoelectric Strip Bonded to Half
Planes," European Journal of Mechanics A/Solids,
Vol. 19, pp. 989~997.

(11) Narita, F.,, Shindo, Y. and Watanabe, K,
1999, "Anti-plane Shear Crack in a Piezoelectric
Layer Bonded to Dissimilar Half Spaces," JSME
International Journal Series A, Vol. 42, pp. 66~
72.

(12) Sih, G. and Chen, E. P., 1981, Mechanics of
Fracture 6 - Cracks in Composite Materials,
Martinus Nijhoff Publishers : The Hague.

(13) Kwon, S. M. and Lee, K. Y., 2000, "Analysis
of Stress and Electric Fields in a Rectangular
Piezoelectric Body with a Center Crack under
Anti-plane Shear Loading," International Journal
of Solids and Structures, Vol. 37. pp. 4859~4869.

(14) Freund. L. B., 1990, Dynamic Fracture
Mechanics, Cambridge Press : Cambridge.

(15) McClintock, F. A. and Sukhatme, S. P., 1960,
"Travelling Cracks in Elastic Materials under
Longitudinal Shear," Journal of the Mechanics and
Physics of Solids, Vol. 8, pp. 187~193.



