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B SAHF AR s LR AT R BB AT AR B £ R4 5 (Principal components analysis, PCA) B 4, 13
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Evaluation of Brazing Quality of Metal Honeycomb Components by Ultrasonic

Characteristic Signals

CHEN Sichen!, WU Wei!, ZHENG Xuepeng®’, ZHANG Quanhong!

(1. Key Laboratory of Non-destructive Testing Technology, Nanchang Hangkong University, Nanchang 330063, China;2. Shanghai
Spaceflight Precision Machinery Research Institute, Shanghai 201600, China)

Abstract: The brazing quality of metal honeycomb components is usually evaluated by the brazing rate
(the proportion of the welded area detected in the unit area) as an indicator. In actual production, the
GH4099 superalloy thin-walled narrow-ribbed honeycomb panel is used as the research object, ultrasonic
C-scan amplitude imaging is used for non-destructive testing, and an unsupervised machine learning
classification method based on the eigenvalue parameters of ultrasonic A-scan signal is proposed. Firstly,
eight eigenvalues are extracted in the time domain and power spectrum of the digital ultrasound signal,
respectively. Secondly, the data is standardized and reduced the dimensionality by using principal
components analysis (PCA) to obtain the top three groups with six principal component values, which
have respective contribution rates of more than 95% . Then these values are used as eigenvalues to perform
K-means clustering, Gaussian mixture model clustering, and fuzzy C-means clustering as the input.
Finally, the multi-classifier fusion algorithm is used to improve the accuracy of the model, and the

classification results are visualized and compared with the ultrasound C-scan amplitude imaging to verify the
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HER FRBHEGTIENEERE T MR RE 271

]

classification evaluation effect. Experimental results of twelve groups of data show that the imaging results
of the three clustering algorithms are consistent with those of the ultrasound C-scan amplitude imaging, in
which the fusion voting calculation is more accurate than the single classifier. The study provides new ideas
for an unsupervised machine learning method in ultrasound signal for evaluating the quality of honeycomb
component brazing.

Key words: honeycomb component; ultrasonic signal; clustering algorithm; machine learning; brazing
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Fig.1 Typical metal honeycomb brazing structure
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Fig.2 Sound field simulation of honeycomb panel at different positions
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Table 1 Characteristic parameters of power spectral density
Yule-Walker MCPSD Burg Welch
(VA — - — - — - — :
fWE/dB  HR/MHz  WR{E/dB  $%/MHz  WR{E/dB  #%/MHz 8 {5/dB  #%/MHz
5 24.79 32.12 25.23 32.64 25.43 28.59 26.7 26.63
AR )R 17.2 23.8 17.47 25.02 14.97 25.39 16.44 25.744
T MR 15.26 8.24 14.52 4.48 15.25 7.615 16.52 31.108
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Table 2 Time domain characteristic parameters
(A g W (. i ifE 2 Ui 32 POEH T WEEET WERT JkebET wERT
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AR Z 134.38 9.763 3 20.058 2.408 6 10.996 383 488 25.667 3 41.405 3
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Fig.4 PCA analysis of ultrasonic signal in time and frequency domains
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Fig.5 Clustering analysis and evaluation of ultrasonic characteristic signals
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