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Fatigue Crack Propagation under Combined Cyclic Mechanical Loading
and Electric Field in Piezoelectric Ceramics
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Fatigue crack propagation tests of PZT specimens were performed under cyclic four-point
bending with and without superposition of electric fields. The specimens were poled in the longitudi-
nal direction (PL specimens) perpendicular to the crack plane. The crack propagation rate for the
case of open circuit was faster than that for the case of short circuit. The application of a negative
or positive electric field parallel to the poling direction accelerated the crack propagation rate, and
the amount of acceleration was larger for the case of the negative field. The change of the crack
propagation rate with crack extension can be divided into three regions. In the region I, the crack
propagation rate decreases with increasing crack length, and then turn to increase in the region III.
In the region II, the propagation rate is nearly constant. The mechanisms of fatigue crack propaga-
tion were correlated to domain switching near the crack tip. The grain boundary fracture was
predominant in the low-rate region, while transgranular fracture became abundant on the unstable
fracture surface.

Key Words: Piezoelectric Ceramics, Lead Zirconate Titanate, Domain Switching, Fatigue Crack
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Fig. 1. Micrograph of V-notch of bending fatigue
test specimens.
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Table 1. Conditions of cyclic fatigue test for
tetragonal PZT.

Case | Kpay MPavm  Ppyy, N Electric condition
A 0.4 21.5 Open
B 0.5 25.6 Open
C 0.5 26.4 Short
D 0.5 26.4 +0.2 kV/mm
E 0.5 26.6 -0.2 kV/mm
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Fig. 2. Relation between applied load and
compresstve strain.
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Fig. 3. Change of normalized crack length with
number of cycles.
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Fig. 5. Crack length by evaluated replica and
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Fig. 6. Change of crack propagation rate with crack extension from notch root for PL specimen.
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Fig. 7. Relation between crack propagation rate
and cycle ratio for PL specimen.
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Fig. 8. Change of normalized crack length with
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HREDNTI—EOEBEE CEHIEETIHI
TR THDZ R0 5.

33 EARAERTCOZHRER~ADOES

3-3-1 FREREN R LHFEC, BERE
REEE LU THMUAERMTIZBWTELN-ERE
& LHOE LEOBEEZX 8T, EBRAZERIUE
BT TH BIEE TR~/ BRATRRT OH DR A8
ERER, TP AR EROHER L, MR
IZ & BHERDINE URRIHZE > TV B 2 L Va5,
FER, AERL LIEROEE L B L THEMIE
iy, ABROFPEBRIVEHFGTH- 2.

Kpox= 0.5 MPaVm
< Short circuit
B Positive voltage field

0 Negative voltage field PL

: I—Z | .‘ | |

Crack propagation rate, da/dN m/cycle

10713
00 02 04 06 08 1.0

Crack extension from notch root, 4e¢ mm

Fig. 9. Change of crack propagation rate with crack
extension from notch root under direct
electric field.

— 108 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

FBELI I v 7 AXBU AR LAES L VEREREE T COEY S ZERES 919
0.02 —
Kpox= 0.5 MPavm
¢ Short circuit E notch root & i
@ Positive voltage = 0.00
{:} Negative voltage g
w— . - 5
g 0.02
g
2
g 0.04 -
!

Crack propagation rate, da/dN m/cycle

00 02 04 06 08 10
Cycle ratio, N/N;

Fig. 10. Relation between crack propagation rate and
normalized cycle under direct electric field.
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Fig. 12. Influence of negative electric field on domain
switching in notched specimen.
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107 Tetragonal, PL Table 2. Results of cyclic fatigue test for tetragonal PZT.
2 1 ¥ H ) H
& 10 |
g Case| Ny, cycles af, mm  Kpax fc, MPavm
. 107 1 Bl | 3.00x 105 1718 0.760
T 10¢L B2 | 1.22x10° 1919 0.794
g 4 C | 8.14x 10° 1.733 0.792
2 107
= D | 2.02x 105  2.036 0.992
Q -
g 100 E | 433x10° 1633 0.744
%: -11 3 Open circuit
2 1077 - & Short circuit
¥ 10 L 5 hosiive voltage HAIRRALECHS. Efe, § I I, AE
= egative voltage
© onl__ . ROBEZBRO MO R TR L Ky 1RLT

0.5 0.6 07 08 09 1.0
Maximum stress intensity factor, K oy MPam

Fig. 13. Relation between crack propagation rate
and maximum stress intensity factor for
PL specimen.
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Fig. 14. SEM photographs of fracture surface of PL specimen.
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