












While the prime purpose of this paper was to demonstrate the effectiveness of impedance 
measurements for detecting macrostructural flaws in piezoelectrics, it is of interest to comment 
on the changes to the pre-existing cracks that generated the observed changes in the resonance 
spectra in Figures 2, 3 and 4. Two types of cracks are known to emanate from the comers of a 
Vickers diamond indent in a brittle material. At relatively low applied loads, separate shallow 
elliptical cracks emanate from diagonally opposite comers of the indent. Since these surface 
cracks do not penetrate to the depth of the indent, they are not joined together by passing 
underneath the indent. They were first identified by Palmquist [6], and are usually referred to 
by his name. At higher applied loads, the so-called radial cracks that emanate from opposite 
comers of an indent are joined at a depth below the indent, and thus form a single semicircular 
crack that extends along the surface and into the body of the specimen. These radial cracks are 
used as a basis for determining the fracture toughness of brittle materials [7]. The hair line 
cracks generated in the present specimens, by a Vickers indent at the relatively light load of 20 
N, are considered to be of the Palmquist type. This is consistent with observations of 
indentation cracks that only emanate from one set of diagonally opposite comers, when using 
the same applied load to generate Vickers indents in hard piezoelectrics [1]. Since the separate 
fine Palmquist cracks do not penetrate far below the surface, they have to be widened to a 
relatively large subtended angle, before easy extension can occur. The first action of the initial 
low amplitude fields will thus be to deepen the cracks so that, while no increase in length is 
observed at the surface, changes are nevertheless observed in the resonance spectra, as in 
Figures 2A, 3A and 4A. On increasing the amplitude of the applied field to well above the 
threshold limit, the cracks are deepened to a depth at which they can join below the indent, to 
form a radial crack with a significantly lower subtended angle at the surface, and thus be much 
easier to propagate in length and enlarge in width. The extension of these radial cracks causes a 
different type of change in the amplitude and frequency of the resonance peaks, and the 
magnitude of these changes can be correlated to the extension of the crack, as observed in 
Figures 2 B&C, 3 B&C and 4 B&C. 

SUMMARY AND CONCLUSIONS 

The overall observations and conclusions of the present experiments are: 

1. Cracks in a specimen exposed to 1,000 cycles of a field of 1.02 MV 1m, at a frequency of 5 
Hz, are qualitatively different from those in specimens similarly exposed to cyclic fields of 
1.97 and 3.07 MV/m. 

2. No change in surface crack length was observed after exposure to a 1,000 cycles in a field 
of 1.02 MV 1m, but progressively increasing crack extensions, and crack widths, were 
observed after similar exposure to low cycle cyclic fields of 1.97 and 3.07 MV/m. 

3. Changes in the magnitude and frequency of resonance peaks of a specimen exposed to a 
cyclic field of 1.02 MV 1m differ significantly from those observed in specimens exposed to 
cyclic fields of 1.97 and 3.07 MV/m. 

4. Similar types of change in the magnitude and frequency of resonance peaks were observed 
to increase progressively, after exposure to cyclic fields of 1.97 and 3.07 MV/m. 
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5. On the basis of these results, it is concluded that changes in resonance spectra can be used 
as a non-destructive test to determine different types and amounts of macrostructural 
defects in piezoelectric ceramics. 

6. It is considered that the initial cracks generated by Vickers indentation in the present 
specimens of BM527, and subsequently exposed to low cycle fields of the order of twice 
the coercive field, are on the surface Palmquist type, while the wider and more extensive 
cracks observed after exposure to cyclic fields 3-6 times the coercive field are of the deep 
radial type, that are joined beneath the point of the indentation. 
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