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Evaluation of Mechanical Properties of Structural Ceramics
(ALO,) Using the High Frequency Ultrasonic C - Scan

Y. K. Chang

Abstract Computer-aided high frequency ultrasonic is applied to aluminum oxide(85w%, 94w%, 96w
and 99w%) MOR(modulus of rupture) samples to evaluate mechanical properties such as density varia-
tion, pore content, elastic modulus, shear modulus, and poisson’s ratio. Ultrasonic wave velocity and
attenuation measurement techniques were used as an evaluator of such properties. Pulse-echo C-Scan
images with different gate setting method using 50MHz center frequency 1 inch focal length transducer
allows evaluation of density variation and pore content. Elastic modulus calculated with the relation
of density and ultrasonic velocity. It shows good reliability as compared with resonance method. Sintered
dehsity variation of 0.025g/cm’, that is 0.6% of theoretical density in ALOs; samples can be observed
by ultrasonic velocity measurement. "Attenuation measurement method qualitatively agree with 4-point

fracture testing result concerning of porosity content.
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Fig. 1 Gate Setting Method.
(a) Gate set on back reflection echo

(b) Gate set between front and back reflection
echo
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Fig. 2 Schematic diagram of high frequency ultrasonic

c-scan system.
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Fig. 4 Relationship between sintered density and lo-

ngitudinal velocity.
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Table 1. The data from density and ultrasonic velocity-

of the sample

+1.17 -

[Samp JPurifDens. | Long Bhear. [Poissors]G-modul,]E-modu. [Measured
No |-ty lg/fem3lvelo. w/shelo. w/gl Ratio Gpa Gpa E
A-2 3.91 | 10453 6260 0.22 150.0 366.4 365.3
A-6 199W%} 3.86 9853 5903 0,22 131.9 322.3 | 326.3
A-7 3.78 9275 5550 0,21 115.7 280.0 | 284.%
B-1 3.68 9778 5868 0,21 124.3 303.4 | 300.0
B-6 (96WZ[3.64 9669 5799 0.21 120.3 293.0 | 298.2
-9 3.62 9518 5712 0.21 116.5 282.6 283.0
C-2 3.65 9493 5697 0,21 116.4 282.2 284.0
C-4 [96W%]3.60 9400 5645 0.22 112.8 273.7 270.5
Cc-7 3.55 9197 5520 0,21 107.4 260.9 259.9
D-3 3.42 8808 5320 0.22 92.6 226.6 | 226.0
D-6 [85W7[3.41 8745 5239 0,22 91.3 223.7 | 222.7
D-7 3.40 8730 5225 0.22 90.5 221.0 222.0
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Fig. 5 Relationship between longitudinal velocity and

calculated elastic-modulus.
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Fig. 6 Ultrasonic c-scan image and histogram{gate se-

tting on back surface echo).

Fig. 7 Ultrasonic c-scan image and histogram(gate se-
tting between front and back surface echo).
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Fig. 9 Relationship between longitudinal velocity and

fracture strength.
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Fig. 10 Relationship between pore content(%) and

fracture strength.
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