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Tensile and Shear Properties Classification of Titanium Steel Explosive Composite

Bar Based on Probabilistic Neural Network

LIU Yunxuan, WU Wei, CHEN Xi, LIAO Xiang
(Key Laboratory of Non-destructive Testing Technology, Nanchang Hangkong University, Nanchang, 330063, China)

Abstract: The application of machine learning method based on ultrasonic signals in tensile and shear per-
formance evaluation of titanium steel explosive composite bars is studied. This paper proposes a probabilis-
tic neural network (PNN) evaluation and classification method based on the eigenvalues of ultrasound sig-
nals. Firstly, 120 samples of workpiece are taken as the object to obtain the full sequence A-scan signals of
water immersion ultrasonic testing. The signals are analyzed in time domain and improved covariance pow -
er spectral density estimation. Six characteristic values are used as PNN input: depth of the composite lay-
er, reflection frequency of the upper composite layer, spectral energy, reflection frequency of the lower
composite layer, spectral energy, and attenuation of the secondary reflected wave on the lower surface.
Then, a tensile test is performed on the workpiece sample to obtain the tensile and shear strength values as
the PNN output. Finally, a classification training model is established based on 96 sample characteristic sig-
nals and tensile and shear strength values. The remaining 24 samples are used as the test set, and the ten-
sile and shear strength values of these samples are classified and predicted. Experimental results show that

the accuracy rate of 24 consecutive predictions is 94.35%. This article finds new ideas for the fast and full
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coverage evaluation of the tensile and shear properties of titanium steel explosive composite bars.
Key words: explosive composite bar; water immersion ultrasound; probabilistic neural network; tensile

strength
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Table 1 Characteristic value of tensile shear in sample training set
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Table 2 Characteristic value of ultrasonic signal in training set of some samples

o s s JIE THT — RIS
FEAS R iin;if/ J;:ﬁ?g/ ;itﬁj/ PEER IS =R LR/ X
& /mm Tk fE i/ dB W/ MPa Eyil
Hz dB Hz
(dBemm ")

1 2.94 7.62 11.21 7.03 5.35 0.014 0 261 2
2 2.94 7.62 11.21 7.03 5.26 0.0130 261 2
3 2.58 7.42 12.54 7.23 5.81 0.0150 263 2
4 2.58 7.42 12.52 7.23 5.89 0.016 0 263 2
5 2.58 7.42 12.57 7.03 5.88 0.0190 263 2
6 3.00 7.23 11.21 7.03 3.87 0.020 0 282 2
7 3.00 7.23 11.22 7.03 4.02 0.020 0 282 2
8 3.00 7.23 11.20 7.03 3.89 0.022 5 282 2
9 2.52 7.23 11.20 7.03 2.97 0.012 4 285 2
10 2.52 7.23 11.20 7.03 3.00 0.038 5 285 2
11 3.00 7.23 10.03 6.84 0.90 0.030 2 322 1
12 3.00 7.23 10.05 6.84 0.87 0.030 2 322 1
13 3.00 7.23 10.01 6.84 0.83 0.030 2 340 1
14 3.06 7.23 10.01 6.84 0.61 0.038 6 340 1
15 3.06 7.23 10.09 6.84 0.71 0.049 9 340 1
16 3.06 7.03 7,91 6.64 —3.43 0.062 5 340 3
17 3.06 7.03 7.87 6.64 —3.41 0.065 3 342 3
18 3.06 7.03 8.06 6.64 —3.07 0.060 4 340 3
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Fig.8 Error analysis of training results
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Table 3 Some sample classification prediction results

BEAS JRUE SO SRR S R WIINAER SR R EIRER B2 AR IE R
1 2 1.86E—13 0.999 999 999 1.23E—09 2 E A
2 2 7.98E—13 0.999 999 994 5.67E—09 2 E
3 2 2.90E—10 1.70E—05 1.00E+-00 3 FiR
4 2 8.74E—10 5.76E—05 1.00E+00 3 iR
5 2 1.35E—09 8.98E—05 1.00E+00 3 F R
6 2 1.34E—05 0.999 986 606 2.57TE—16 2 EHf
7 2 8.02E—06 0.999 991 976 1.61E—15 2 1E T
8 2 2.09E—07 0.999 999 791 2.41E—15 2 1E T
9 2 5.95E—07 0.999 999 324 8.09E—08 2 E A
10 2 6.33E—07 0.999 999 244 1.23E—07 2 E
11 1 0.999 622 512 3.77E—04 1.05E—17 1 1EHf
12 1 0.999 971 047 2.90E—05 4.61E—18 1 1E
13 1 0.999 970 909 2.91E—05 4.35E—18 1 1E
14 1 0.999 985 543 1.45E—05 1.01E—18 1 EHf
15 1 0.999 974 332 2.57TE—05 6.54E—19 1 1E T
16 3 2.88E—14 8.80E—11 1 3 1EH
17 3 1.08E—12 5.09E—09 0.999 999 995 3 EH
18 3 2.80E—13 1.25E—09 0.999 999 999 3 IEH
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