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ABSTRACT The experiment of a coupling effect on propagation of unloaded indentation cracks
in a PZT-5H ceramic shows that residual stress itself is too small to induce delayed propagation of
the indentation crack in silicon oil. If applied constant electric field is larger than 0.2 kV/cm, the
coupling of electric field, residual stress and silicon oil can cause delayed propagation of the crack
after incubation time, but the crack will arrest after propagating for 10—30 um because of decrease
of the stress intensity factor with increasing the crack length. The threshold electric field of delayed
propagation of the crack in silicon oil is Epp=0.2 kV/cm. If the field is larger than the critical field of
5.25 kV /cm, coupling of the electric field and residual stress is enough to cause instant propagation of
the crack and propagates continuously, then arrests if under the constant electric field. If the applied
field is larger than 12.6 kV/cm, even if no residual stress, the electric field itself can make many cracks
initiate, grow and connect in a smooth specimen, resulting in delayed failure. The threshold electric
field of delayed failure of a smooth specimen in silicon oil is Epr=12.6 kV/cm and the critical electric
field for instant failure is Ep=19.1 kV/cm.
KEY WORDS PZT-5H ferroelectric ceramic, 1ndentat10n crack, coupling effect, delayed propa-
gation, delayed fracture
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Fig.1 Applied electric field E vs incubation time tp to
delayed propagation in silicon oil for the indenta-

tion crack perpendicular to the electric field
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Fig.2 Variations of propagation amount of the cracks
perpendicular to the electric field under various

sustained electric fields with time
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Fig.3 Delayed propagation of an indentation crack per-
pendicular to the electric field under a sustained

clectric field of 1.5 kV /em
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Fig.4 Increments of instant propagation for indentation
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Fig.6 Initiating, propagating and connecting of many
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cracks under a large sustained electric field of 14

kV/cm
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Fig.7 Applied electric field vs time to delayed fracture
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Fig.8 Average crack propagation rate under sustained
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