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Influence of Circular Void on a Crack in a Piezoelectric Material

JongKwon Lee(Graduate Student, Inha Univ.), Chongdu Cho(Inha Univ.)

ABSTRACT

In this paper, the influence of circular void on a crack in piezoelectric materials under mechanical and electric loads is

investigated by using finite element method code, ANSYS.

Both ceramics and piezoelectric materials are compared with stress intensity factor and crack extension force at crack tip

on arbitrary located circular void under Mode I loads.

It was found that piezoelectric materials’s crack extension force is lager than ceramics.
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Aseg FY(Crack)ol AA3HA dut

A5 YL F= AFgY FHA+= Fgol
9o  FF(Void), e (delamination), 71F
(porosities)5°] A7]-7] A3 &3} (electro-mechanical
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degradation)& Yo7 ZAS AFY uiyo] o]z
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Fig. 1 Microstructures of PZT ceramics observed by SEM.
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9} ¢ = 4F 29, A HY(electric displacement),
W8 E(strain), 'H9(displacement), M7} (electric
field)® A $i(electric potential)& HEHAT

A(3), ()= FA%A 2 (constitutive equation)E 1+
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A71H Cyu » enj» B & 47 BA7Hd(elastic
stiffness), $}74H4=(piezoelectric constants), # AT
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(dielectric permittivity constants)©] c}.
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Z 97 A 8(crack extension force), G & TGl
Agse Yoz nHET 4 AUtk o & FEo
AAgo] wet A(system)7t WESHE AUAY
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Fig. 2 Arbitrary located interacting crack and circular void
under both mechanical and electrical loadings.
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Table 1. Material properties of PZT-4 piezoelectric
ceramics.®
Cuy=14.02x10"
C1,=7.89x 10*°
C3=7.57% 10"
Ci3=11.58 < 10"
Cu=2.53<10'°
€5=5.27
e;=15.45
€)s=13.00
£ 11=6.37x10°

€ 33=5.52< 107

Elastic stiffness (N/m?)

Piezo constants (C/m?)

Permittivity (C/Vm)
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Fig. 3 Stress intensity factor at crack tip under mechanical
loads. (r/a=0.1, ceramics vs. PZT)
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Fig. 4 Crack extension force at crack tip under mechanical
loads. (r/a=0.1, ceramics vs. PZT)
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Fig. 5 Crack extension force at crack tip under mechanical
loads. (theta=30°, ceramics vs. PZT)
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Fig. 6 Crack extension force at crack tip under both loads.
(r/a=0.1, theta=30°)
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Fig. 7 Crack extension force at crack tip under both loads.
(r/a=0.1, theta=30°)

-542-

4. €8

oL e B3t S Py gAA
BolA ¥ A7)Fo] 7HEE Beol FIHEA
Fol Wt o3 Fe FEL dojuith

) 71AH §FL v duk Agus gAgd"
E uad 5 3¢ BF 9F A9 4285
wWal A 1/a=0.1, 8=30°°1 A H) ], r/a=1.5, 6=90°0] A]
H2AE JYelidern A ASE A9 A
(2223 e=14

AEAHE L tAARe] AL7t A Agun
o} k254 A el

(2) PZT-4 AAMEE 71AH-A714 315& FA
o 7t¢ Ax A7 FFe WIe o wizslA
-85t

#OEs

1. Park, S. B and Sun, C. T, “"Fracture Criteria for
Piezoelectric Ceramics", Journal of the American
Ceramic Society, Vol. 78, pp. 1475 - 1480, 1995.

2. McQuarie, M., "Time effects in the hystersis loop of
polycrystalline barium titanate”, Journal of Applied
Physics, Vol. 24, pp. 1334 - 1335, 1953,

3. Carl K., "Ferroelectric properties and fatiguing effects
of modified PbTiO; ceramics”, Ferroelectrics, Vol. 9,
pp- 23 - 32, 1975.

4. Jiang,Q. and Cross, L. E., "Effects of porosity on
electric fatigue behavior in PLZT and PZT
ferroelectric ceramics”, Journal of Material Science,
Vol. 28, pp. 4536 - 4543, 1993.

5. Wang, D., Carman, G P. and Fotinich, Y., "Influence
of temperature on the electro-mechanical and fatigue
behavior of piezoelectric ceramics”, Journal of
Applied Physics, Vol. 83, pp. 4536 - 4543, 1998.

6. Parton, V. Z and Kudryavisev, B. A,
"Electromagnetoelasticity”, Gordon and Breach
Science Publishers, New York, 1988

7. Pak, Y. E., "Crack extension force in a piezoelectric
material”, Journal of Applied Mechanics, Vol. 57, pp.
647 - 653, 1990.

8. Park, S. B. and Sun, C. T., "Effect of electric field on
fracture of piezoelectric ceramics”, International
Journal of Fracture, Vol. 70, pp. 203 - 216, 1995.

9. Jaffe, B. and Cook, W. "Piezoelectric ceramics",
Academic Press, 1971.



