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Breakdown Analysis of Piezoelectric Ceramics Using J Integral
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Dielectric breakdown in piezoelectric ceramics is analyzed by using the three dimensional J
integral. The J integral is shown to be a path-independent surface integral for a conductive
tubufar channel in a piezoelectric material. J integrals are also numerically calculated for
conductive defects and tubular channels in piezoelectric ceramics through finite element analysis.
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Fig. 2 Conductive defects
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Fig. 3 FE models for conductive defects
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Table 1 Material properties of PZT807
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Fig. 4 Normalized .J integral as a function of #/a
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Fig. 5 Conductive channels in a piezoelectric material

E AAME dAdA Wre 3 37
AEA A LA AdAxa g uwdrh o
A FE 371y AxAe tAAGg Y ut
I vz AL A Ao AL 5
. e A=A E Fig 5@t (byRe] AeAw
o] Ege] 9%8 = wFFow Hol givm
@Y. A=A BE L goln, dol= p o]t}
A=ALY 94T Dol ¢ ¢} dojth Adrgo)
A AdY doje Hbp BES ¥Eg Zo)
olty, dHrt dojuid AxA Ao zRE
Aol gt o] o, Wojuyrts A=A
o] Aee AEA9 Ay Feet TUsicta 7}

=

r

S

2o N o

o

(b) Hemispherical tubular channel

Fig. 6 FE models for conductive channels

H7o] AASES J AR e 27}

Aok EF ARAY WAl W &

AEAge] wAo Y &) B

ol AEAS WHol F5E AEA AW

o @) FE BASRA FAST] Bl
=

M

BT R

3H Fig. ()9 b)E v|2d BEH T3 =
AeA w7d A=Al Ok AR o] ¥ ¥
d o Bt A9 3 wiFE ¢ Ate AMES ¢
T Atk ole J ARl AEA HAd Wl Ao
A AEFE 9§t

ol

25 Ay F33 AEAdN FA

p



S YZsta|x M 26 H 135 pp. 105-111

January 2009 / 110

HE AxAfde] oig 1 JES AN gAA
Zel2 pZT807 ol EFWEE x1 wWake|t) A
S44E Table. 1 I 20 FHRA4N L v EF
A e Aot T4 =Y, AAZzA ¥
A78F shollA FAE. FAHE 9sle] A
A8 TR FE a9 c 9 W3t ule) Fig. 8(a)
ol YERi AT

AxAde wAo] 44 w A=A W7o
ARDFE J HE $2 Zadd AxA 9 wAo]
AR o A=A WA AAFE J HE #
< F7Met =g A=AV w2 S U
W J AR e A=A wAd AA 2&E8A
FET o HAEAY WAl IW AxA A
2o A A=t dAsA gashy]) Wi

ol

6.0
—i—¢=20um
ast —o—c=40um
{Eo L —&— ¢=60um
Ny N —0— ¢=80um
8 \ —0— ¢=100pm
E’ 30 N\ ~—t— ¢=120pm

Lﬁi §\§§§§§,

a (mm)

(a) Cylindrical channel
20

—0— ¢=20pum
—0— ¢=40um
1 —2&— ¢=60um
—0— ¢=80um
—o— ¢=100pm
10k —— ¢=120pm

Jre azEz)

7
/

0
0.3 0.4 0.5 0.6 0.7
a (mm)
(b) Hemispherical tubular channel
Fig. 7 Normalized J integral for conductive channels in

the unpoled piezoelectric material
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