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Fig. 1. Grain size distributions with a constant mean

=25 um and varying scale parameter o.
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Fig. 2. Attenuation spectrums of longitudinal wave using different grain size distributions: (a) Attenuation-frequency

graph; (b) normalized attenuation-normalized frequency graph (log-log plot).
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Fig. 3. Phase velocity spectrums of longitudinal wave using different grain size distributions: (a) Phase velocity-

frequency graph; (b) relative phase velocity-normalized frequency graph (log-log plot).
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Fig. 4. Attenuation spectrums of transverse wave using different grain size distributions: (a) Attenuation-frequency

graph; (b) normalized attenuation-normalized frequency graph (log-log plot).
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Fig. 5. Phase velocity spectrums of transverse wave using different grain size distributions: (a) Phase velocity-

frequency graph; (b) relative phase velocity-normalized frequency graph (log-log plot).
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Fig. 7. The EBSD measurement results of the 304 stainless steel specimen: (a) The orientation imaging of the

samples after denoising; (b) the grain size distribution.
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Table 1. The measures of dissimilarities between experimental data and theoretical model.

e YRR YNIBAR
BRI ormom/Npm—! B /Npm—l  BGE/%  ASHE/ms—! EEHE/ms"l ALE/%
%k 154.5 390.1 —60.39 84.54 395.1 —78.60
e 21.85 55.14 —60.37 11.98 51.15 —76.57
/S lER 9.780 4.971 —49.17 2.664 7.495 —64.45
P 823 A
BRI rmom/Npm—! fSEUE/Npm~l BGE/%  ASHE/ms—! EEHE/ms"l BE/%
—JEH 178.3 295.5 —39.65 14.51 16.66 —12.93
/R 31.22 46.73 —33.19 4.183 5.416 —17.266
SV EIR 7.948 9.078 —12.45 1.195 1.287 —4.677

e —TECRR ZASHE Z M, FME A PR 2, ORI F iR, FoF 7 B R )5 2, 055 T3
FE KR ZEE I AERE; 1 Np = 8.68 dB.
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Abstract

The existing unified theory of ultrasonic scattering can model the attenuation and phase velocity in the frequency
domain by using the microstructure and mechanical properties of polycrystalline materials. However, this theory does not
consider the influence of grain size distribution, thus degrading the calculation accuracy in the forward modeling. A new
unified theory, which is mainly corrected by considering the grain size distribution, is developed. First, the second-order
Keller approximation and the full-field Green’s function are used to calculate the wave equation of inhomogeneous medium
and derive the average wave in the medium, respectively. Second, the method of the truncated lognormal distribution
is used to describe the grain size distribution and construct the weighted spatial correlation function. Finally, the new
unified theory of ultrasonic scattering is established to reveal the influence of grain distribution on ultrasonic scattering.

Using the new unified model, the effects of the grain distribution widening on the ultrasonic scattering while the
average grain size is unchanged, are analyzed for the longitudinal wave and the shear wave. The attenuation increases
in the Rayleigh scattering region and the geometric scattering region, while there is less attenuation variation in the
stochastic scattering region and two adjacent transition regions. The phase velocity varies strongly in the stochastic-
geometric transition region, while the variation is relatively small in other scattering zones. Experiments are conducted
by using a 304 stainless steel specimen. The results show that when the grain distribution characteristics are considered,
the discrepancy between the longitudinal wave attenuation spectrum and experimental results, and that between the
phase velocity spectrum and experimental results are reduced by 49% and 64%, respectively; for the shear wave, these
discrepancies are reduced by 12% and 4%, respectively.

From all above aspects, the accuracy of the new model is higher than that of the traditional model. The new unified
theory proposed in this paper can effectively correct the discrepancy of the attenuation spectrum and phase velocity
spectrum caused by the grain size distribution and provide a theoretical basis for inverse problem of grain distribution.

Also, the theory can be extended to materials containing elongated grains, macroscopic texture or multiple phases.

Keywords: ultrasonic scattering, unified theory, grain size, truncated log-normal distribution
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