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Abstract

Properties of polycrystalline materials are mainly evaluated by the linear and nonlinear ultrason-
ic methods in a nondestructive way. This paper reviews some typical research and application of
ultrasonic characterization on polycrystalline materials, such as the evaluation of elastic modulus,
average grain size, stress, and mechanical properties degradation. These parameters obtained by
ultrasonic technology were used to evaluate the safety of materials in service. Ultrasonic methods
applied to analyze flaws in the materials have obvious advantages compared to the traditional de-
tection methods. Meanwhile, the investigation of correlation between ultrasonic parameters and
polycrystalline microstructure was presented, especially for the characterization of the average
grain size of titanium alloy. At last, we showed potential research on ultrasonic nondestructive
characterization of polycrystalline materials in the future.
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Figure 1. Basic principle block diagram of ultrasonic testing
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Figure 2. Apparatus used for determining Young’s Modulus of Elasticity
for fibers and films by sound velocity measurements [5]. (A. audio oscil-
lator B. rochelle salt crystal C. steel resonating bar D. yarn clamp E. yarn
sample F. optical bench mounting G. crystal pick-up H. amplifier for
pick-up signal I. out-put meter J. filter to remove 60 cycle from | K. vol-
tage regulating transformer for power supply)
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Figure 3. Momentary-contact system [7]
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Figure 4. The substance diagram [12], (a) laser ultrasonic measurement system, (b) laser
ultrasonic receiving instrument
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Figure 5. The schematic diagram of the ultrasonic signal acquisition system [21]
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Figure 6. Non-linear ultrasonic testing system diagram for different grain size
specimens [22]
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Figure 7. Picture of the transducer assembly and the setup of
the instruments for velocity measurement on an aluminum disk
under diametric compression [28]
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Figure 8. Ultrasonic stress measurement system [32]
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Figure 9. Photograph of holographic laser head assembly [32]
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Figure 10. Schematic diagram of a probe device for
measuring LCR waves [33]
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Figure 11. Measurement system for the second-order harmonic frequency
component [44]
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Figure 12. (a) Ultrasonic signal distorts as it propagates through the material, (b) Fourier spectrum of the re-
ceived signal after transmission and relation to 4 [40]
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Figure 13. Schematic diagram of experimental system by laser ultrasonics [48]
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