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Fig. 1. Model of ellipsoidal grain.
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Fig. 2. Microstructure models of the samples.
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®1BREH
Table 1.  Model parameters of the models.
A B C D E F G H I J
HEFIF: HSV VHS HSV HHH SSS HSV VSH HSV VHS \A'AY%
HSV VHS HSV HHH SSS HSV VSH HSV HSV \A'AY
[A]FE1 /pum 900 900 1300 900 900 900 900 600 900 900
(B2 /pm 800 800 500 800 800 800 800 500 800 800
Rey,/pm 10 10 10 10 10 10 10 10 10 10
Reg/pm 5 5 5 5 5 5 5 5 5 5
Ryp,/pm 300 300 300 300 300 200 300 300 300 300
Rps/pm 150 150 150 150 150 100 150 150 150 150
Rg/um 200 200 200 200 200 100 200 200 200 200
Ryp/um 300 300 300 300 300 200 300 300 300 300
Rys/pm 200 200 200 200 200 100 200 200 200 200

B 3 B A RORFERZI AR (a) 4.0x10 7 s; (b) 9.4x10°7s; (¢) 1.34x10 6 s; (d) 4.82x10 6 s
Fig. 3. Ultrasonic waves at different moments in model A: (a) 4.0x10 7 s; (b) 9.4x107 s; (¢) 1.34x10 % s; (d) 4.82x10°C s.
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Fig. 4. Time-domain signals of ultrasonic echos of each model.
# 2 BERUEFHEZ R
Table 2.  Feature differences of each model.
i A B C D E F G H I J
A 4.2043 0.2362 0.6463 1.3433 6.3421 2.3561 2.4869 2.7060 2.8057
B 4.2043 3.9681 3.5580 2.8610 2.1378 1.8482 1.7174 1.4983 1.3986
C 0.2362 3.9681 0.4100 1.1071 6.1059 2.1199 2.2507 2.4698 2.5695
D 0.6463 3.5580 0.4100 0.6971 5.6958 1.7098 1.8406 2.0598 2.1595
E 1.3433 2.8610 1.1071 0.6971 4.9988 1.0127 1.1436 1.3627 1.4624
F 6.3421 2.1378 6.1059 5.6958 4.9988 3.9860 3.8552 3.6360 3.5364
G 2.3561 1.8482 2.1199 1.7098 1.0127 3.9860 0.1308 0.3500 0.4497
H 2.4869 1.7174 2.2507 1.8406 1.1436 3.8552 0.1308 0.2191 0.3188
1 2.7060 1.4983 2.4698 2.0598 1.3627 3.6360 0.3500 0.2191 0.0997
J 2.8057 1.3986 2.5695 2.1595 1.4624 3.5364 0.4497 0.3188 0.0997
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Fig. 5. 2A12 aluminum alloy samples.
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Fig. 6. Experimental setup.
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Table 3.  Identification results of the ultrasonic fingerprints.

; ) 3 . 7 b R
Py, (1#) 1.1474 0.8247 0.7687 e 0.7652 1
Py (2#) 4.3000 4.3018 4.35569 e 4.4523 7
Py, (3#) 4.5489 4.5639 4.5547 e 4.6969 1062 7
Py, (43) 3.8497 3.4267 3.5947 e 3.7984 7
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Abstract

Ultrasonic identification has an important application value for national defense, military affairs, aerospace,
nuclear facilities and other high-tech fields. Ultrasonic waves can be used to identify any metal material. At
present, the researches focus on algorithms for identifying the difference in ultrasonic signal among materials,
but the study on the corresponding identification theory is lacking. In this work, 10 primary models of the
microstructure of 2A12 aluminum alloy are established as analogies to the complex microstructures of
polycrystalline metallic materials. The grains of these models are different from each other in size, separation
distance, shape, arrangement directions and orders. The time-domain ultrasonic echo signals of different
microstructures are calculated by making use of the finite element method. The grass-like signals between two
echoes are ultrasonic backscattering signals, which are sensitive to any change of microstructure. The
backscattering signals between the primary echo and the secondary echo in the ultrasonic echo time domain
signals are extracted as ultrasonic fingerprints. The feature difference @ is defined to quantify the difference in
ultrasonic fingerprint of each sample. The results show that the slight variation in microstructure will lead to
difference in ultrasonic signal, and the difference caused by the variation in grain size is more distinct. And
then, an ultrasonic identification algorithm is proposed, and the identification experiments are conducted on
four 2A12 aluminum alloy samples with the same shape. The identification results show that the target sample
can be accurately identified by using ultrasonic fingerprints and the ultrasonic fingerprints of the target sample
are distinctly different from those of the other samples. The microstructure morphologies of the samples are
examined by using scanning electron microscopy (SEM). The SEM results show that there are significant
differences in grain size, separation distance and densification between samples although they are the same
material. The features of the microstructure in the proposed ultrasonic scattering model in this work are
confirmed by the actual y micromorphologies observed in the SEM images. The identification experiments and
SEM results demonstrate that the established ultrasonic scattering model is effective. This work can provide a
reference for theoretically studying ultrasonic identification and present an idea for developing some new

identification algorithms in future.

Keywords: ultrasonic scattering, microstructure, polycrystalline materials, ultrasonic identification, finite

element methods
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