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Elusidation of the mechanism of the "jumping and dropﬁing effect near _the
mechanical resonance of a piezoelectric element and the solutions to its

technical problems
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The peculiar events called the “ jumping and dropping” phenomena of
piezoelectric ceramic vibrators in high amplitude operation have widely been known. The phenomena,
which occur solely in the vicinity of the mechanical resonance frequencies of the vibrators, are the

emergence of hysteresis in frequency domain with abrupt increase and decrease of the vibratory
amplitude. It has long been believed that the third-order elastic nonlinearity of the piezoelectric
materials is the dominant cause of the unstable vibratory behaviors. Nevertheless, in this research,
it has been found that they can be attributed to the local piezoelectric polarization reversals due
to the electric field concentration caused by its conspicuous distortion inside the vibrators in
mechanical resonance. The validity of this hypothesis has been verified by numerical and
experimental investigations for hard-type piezoelectric ceramics, but regrettably it has not for
soft-type piezoelectric ceramics yet.
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Fig. 7(a).
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(b) Corresponding to the blue plotsin Fig.7(a)(b)
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(c) Corresponding to the orange plot in Fig. 7.
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