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Application of Piezoelectric Composite-Bar Method to Elastic Modulus

Measurement of Ceramics (Part 1)

——Simplification and Error Minimization——

Seishi KUDO and Masakuni OZAWA

(Toyota Central Research and Development Laboratories, Inc., Nagakute, Aichi-gun, Aichi

480*]1)

The piezoelectric composite-bar method was applied to elastic modulus measurement of ceramics (zirconia, alumina, silicon
nitride and silicon carbide). The procedure of measurement was simplified by using quartz vibrators with various resonant
Sfrequencies and grease as the adhesive. The resonant frequency fg of the specimen was observed to depend on the resonant
Sfrequency f, of the vibrator. The value of f, was maximum at fo= f,. The most probable value of f, ( f,) is obtained at
fs=fa, and was determined by plotting fs against f,. The experimental error in f; was evaluated by the plot of f, vs. f,
(fs/ fso 0. [fof fso) and was smaller than 0.19% , when the difference between f, and fs, was 10% . The value of Q'

was observed to be minimum at f,/ fs,=1.
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Fig.1. (a) A composite bar composed of a quarz
vibrator (A) and a test specimen (B). (b), (c)
Amplitude distribution at the resonance with the same
resonant frequency (b) and different resonant frequen-
cies (c) for A and B.
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Fig.3. Resonant curve of a composite-bar. Y, Ya, fu
and f;, denote current amplitudes and frequencies at the
maximum and minimum, respectively,
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Table 1. Properties of ceramics used in this work,
material density Young’s modulus internal grain phase additives
(g/cm?) (GPa) friction size (um)

Al,0, 3.83, 368.3%0.7 5X107* 20 a (100%) Si0, (tr.)

Zr0, 6.04, 211.6+0.5 5X107* 1-0.2 tetragonal (90% ) Y,0; (2 mol%)
cubic (5%) Si0, (tr.)
monoclinic (5% )

SiC 2.99; 347.81+0.9 1x107* 5 SiC (mainly g8), S Si (12 wt%)

Si,N, 2. 24, 282.6+0.5 2x107* 5 @ (2%), B (98%) MgO-ALO; (5wt%)
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Fig.5. Relation between f,/ fi, and fi/ feo, where fi,

is the resonant frequency of the test specimen at f,= f,.
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Fig.6. Internal friction Q' as a function of Jol feo.
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Fig.7. Standard deviation (o) of f; as a function of
Ja/ fo.
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