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Abstract: To meet quirements for workpiece processing quality in fields such as aerospace, electronic

packaging, and optical instruments, this paper aims to improve the intelligent online monitoring accuracy of
acoustic emission for ng surface roughness of aluminum matrix silicon carbide particles (SiCp/Al) composites
with medium to high volume fractions. Wavelet packet technology is used to decompose the milling acoustic emission
signals, and a correlation analysis is conducted between the decomposed feature values and the surface roughness. The
most relevant frequency band is determined to be 375~406.25 kHz. The relevant feature matrix is screened out and
trained by using the GA-BP (Genetic Algorithm-Back Propagation) neural network. The research results show that this
method can achieve a small prediction error for the surface roughness of 45% SiCp/Al miling. Through the successfully
constructed acoustic emission prediction model, the average prediction error is controlled at approximately 0.050 4.
Compared to the BP neural network model without feature extraction, the average prediction error of the proposed
method is reduced by 0.072 8, providing a feasible and effective method for engineering practice.

Key words: SiCp/Al; milling acoustic emission; wavelet packet decomposition; correlation analysis; GA-BP neu-
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Tab.2 Orthogonal test parameter settings for 45% SiCp/Al milling

Rt EL DIl PRI/ ¢/
/(r/min) /(mm/min) /mm /IR
8 000 250 0.1 4
9 000 300 0.1 4
10 000 350 0.1 4
8 000 300 0.2 4
9 000 350 0.2 4
10 000 250 0.2 4
8 000 350 0.3 4
9 000 250 0.3 4
10 000 300 0.3 {

|3 45%SiCp/ Al HEHIR EAAKE ENE
Tab.3 Measurement of surface roughness for 45% SiCp, illing

5 Ra/pm| J¥5 Ra/pm| J¥'5 Ra/| %  Ra/pm
1 0451 10 0.275 28 0.225
2 0351 11 0.271 29 0.186
3 0.342| 12 0.349 ) 30 0,252
4 0321 13 0.312Y 0.: 31 0.203
5 0.400 | 14  0.328 0. 32 0,252
6 0.347 | 15 0.402| 24  0.328| 33  0.316
7 0.398| 16 0.257| 25 0.268| 314  0.155
8 0.258| 17 0.421| 26  0.234| 35  0.144
9  0.341| 18 0.255| 27 0.146| 36  0.154

3 R 5471 (Results and discussion)
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Tab.4 Time domain characteristics such as maximum and

minimum values

PR JReRf hoME VM WRg(l  daxbPIOfE  ARBHET

r 0.509 —0.466 0.508 0.495 0. 794 —0. 737

&S FHIRBE. 5 EFMTHRFE
Tab.5 Time domain characteristics such as root square

amplitude and variance

FEE JTHUEE i RiflE ARdE WE (]

r 0.789 0. 791 0. 794 0.794 —0.111 —0.170

F6 EHETF EEEFEEHBFE
Tab.6 Time domain characteristics such as waveform

factor and peak factor

FRAIEAE WERTY  VEEEE bR #ERT
r 0. 246 —0.374 —0. 350 —0. 328
R7T BB IIIBHIE
Tab.7 Partial frequency domain features
FHAE(E RELES Ehy B PR BT
r 0.325 —0.161 —0.110
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Fig. 8 RMSE plots for the test set and training set
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Tab.8 Comparison of the prediction error results of different

network models

5% wheml iy

. 1 2 19 20 CPHRZE
PR BB Hk
; MAE 0.0798 0.0929 -~  0,1572 0.0544 0,100 6

AE RMSE 0.0971 0.1198  ~ 0.1818 0.0623 0.123 2
i MAE 0.0967 0.2025 ==  0.1009 0.2073 0.095 2
phgm GABP

RMSE 0.1207 0.2314 -+ 0.1214 0.2320 0.1159

MAE 0,067 4 0.0448 =~  0.0482 0,042 6 0,055 7
@i pp
AE RMSE 0,090 4 00625 =+  0.0590 00517 0,068 5
i MAE 0.0475 0.0462 =  0.6924 0.5193 0,041 0
b3 GA-BP

RMSE 0.0650 0.0576  ~  0.0340 0.0439 0,050 4

4 %512 (Conclusion)
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