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Laser milling quality prediction model of BP neural network by
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Abstract: In order to effectively control the quality of laser milling layer, BP neural network model was
established between the laser milling quality of layer (the milling layer width, milling depth) and the
milling layer parameters (laser power, scanning speed and defocus amount). Using particle swarm
optimization (PSO)BP neural network weights and thresholds, quality prediction model based on particle
swarm neural network was built. The proposed PSO-BP algorithm solve the problem that the general BP
algorithm iteration speed was slow, and prone to local optimum . AlLQO; ceramics laser milling quality
prediction model was taben to realize the algorithm.The simulation results show that the number of
iterations of proposed PSO-BP algorithm, and the prediction error are greatly reduced. The built quality
prediction model has high prediction accuracy and practical value.
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Tab.1 Sample data of the laser milling experiments
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Tab.2 Contrast of the PSO-BP network output
results with the experimental data

No. X4 X, X3 Yy Y2
1 95 500 0 0.21 0.68
2 65 400 2 0.16 0.46
3 85 500 2 0.14 0.65
4 75 200 0 0.25 0.72
5 95 400 2 0.21 0.62
6 85 400 4 0.22 0.81
7 75 400 2 0.19 0.58
8 95 300 2 0.24 0.86
9 85 300 0 0.21 0.78
10 75 300 4 0.16 0.69
11 65 300 4 0.18 0.52
12 95 200 4 0.29 0.81
13 85 200 2 0.23 0.83
14 75 200 2 0.24 0.79
15 65 200 2 0.18 0.61
16 85 400 0 0.18 0.69
17 75 400 2 0.14 0.52
18 65 200 4 0.23 0.71
19 85 500 4 0.16 0.56
20 85 400 2 0.25 0.86

No. X; X; X& Y/ Y, A Y,' Y, A

1 95 500 0 0.2081 0.21 0.90% 0.6733 0.68 0.99%

2 65 400 2 0.158 0.16 1.25% 0.4629 0.46 -0.63%

3 8 500 2 0.1386 0.14 1.00% 0.6402 0.65 1.51%

4 75 200 0 0.2521 0.25 -0.84% 0.7131 0.72 0.96%

5 95 400 2 0.2118 0.21 -0.86% 0.6261 0.62 -0.98%

6 85 400 4 0.2228 0.22 -1.27% 0.8193 0.81 -1.15%

7 75 400 2 0.1924 0.19 -1.26% 0.5703 0.58 1.68%

8 95 300 2 0.2371 0.24 1.21% 0.8504 0.86 1.12%

9 8 300 0 0.2067 0.21 1.57% 0.7926 0.78 -1.62%

10 75 300 4 0.1582 0.16 1.13% 0.6856 0.69 0.64%

11 65 300 4 0.1821 0.18 -1.17% 0.5238 0.52 -0.73%

12 95 200 4 0.2876 0.29 0.83% 0.8068 0.81 0.40%

13 85 200 2 0.2312 0.23 -0.52% 0.8234 0.83 0.80%

14 75 200 2 0.2427 0.24 -1.13% 0.7845 0.79 0.70%

15 65 200 2 0.1792 0.18 0.44% 0.6162 0.61 -1.02%
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Tab.3 Contrast of the network output result with the
experimental data of prediction sample

No X; X2 X3 Y/ Y, A Y, Y, A
1 75 500 O 0.1878 0.19 1.16% 0.5543 0.55 -0.78%
2 65 500 2 0.1388 0.14 0.86% 0.4531 0.46 1.50%
3 9 600 2 0.1642 0.16 -2.63% 0.5681 0.56 -1.45%
4 8 600 2 0.1539 0.15 -2.60% 0.5151 0.53 2.81%
5 75 600 2 0.1088 0.11 1.09% 0.4237 0.43 1.47%
3 & it

WOLBLHI R AR N R 2 i H e Z ) X
FEAESE BAE T ARME 2 7 T 20 S OM B ) o i 2 [ )
BRI i 22 0 45 BLAT B 1) o ) Rz A BE T, S0k
ST LS T BT A BN kLT
SR BAT AR R BE ST, LAl 1 22 9 25 O AL AN
WL, S5 A 05 ELAS SRR W] %A A AUAT DL il R
2R BP fZ2 R0 45 2 [ A SR ik /IMELSE IR RS, i L
FRNRS B vy, iR AT DL T T2 S8k, fg ik
— e R BEHIE B B —E B SN E

SE

[1]  Campanelli S L, Ludovico A D, Bonserion C. Experimental
analysis of the laser milling process parameters [J]. Journal
of Materials Processing Technology, 2007, 191: 220-223.

[2] Huang Shu, Zhou Jianzhong, Sheng Jie, et al. Numerical

simulation and experiment on laser milling of Al,O; ceramic

[3]

[4]

[5]

(6]

[7]

(8]

[9]

[J]. Transactions of the Chinese Society for Agricultural

Machinery, 2011, 42(7): 259-265. (in Chinese)

HAT, AR, BN, . ALO, M O B B AU AL

6 [3]. Al WA 2E4H, 2011, 42(7): 259-265.

Kenned J, Ebemart R C. Partical swarm optimization [C]//

IEEE International Conference on Neural Networks, 1995:

192-194.

Zhang Jixian, Mi Xia. BP Neural Networks and its Use in

the Engineering [M]. Beijing: China Machinery Industry

Press, 1996: 68-71. (in Chinese)

TKBRYE, BREE. P Mg K KA TR AN [M]. dE st

HLAR Tooll W kE:, 1996: 68-71.

Li Jingxian, Yan Cheng, Wu Jigiu. Prospect of ANN in

materials science and engineering [J]. China Ceramic

Industry, 2003, 10(4): 36-38. (in Chinese)

23, WRAR, RIEEK. BOREL 5 TR N ANN Y i

F[J]. HhEFg% T Z, 2003, 10(4): 36-38.

Liu Tao, Li Yongfeng, Huang Wei. Application of BP neural

network to quantitative identification in thermal wave NDT

[J]. Infrared and Laser Engineering, 2012, 41(9): 2304-2306.

(in Chinese)

XN, ZEok W, B, BP B 2R M 4% A8 21 A0 B JC A6

FERIR AR A [I]. 404506 TR, 2012, 41(9):

2304-2306.

Wang Xiaoping, Wang Dacheng. Optimizing control of laser

suftace strengthening parameters for processing 20CrMo steel

based on BP neural network [J]. Infrared and Laser

Engineering, 2004, 33(3): 270-273. (in Chinese)

FENF, ERIR. FET BP A& M4 19 20CrMo B4 0 i A

TS8R ] 2040 5806 TR, 2004, 33(3):

270-273.

Campanelli S L, Casalino G, Ludovico A D, et al. An artificial

neural network approach for the control of the laser milling
process[J]. Int J Adv Manuf Technol, 2012(9): 341-346.

Chinmay K Desai Abdulhafiz Shaikh. Prediction of depth of

cut for single-pass laser micro-milling process using semi-

analytical, ANN and GP approaches [J]. Int J Adv Manuf
Technol, 2011 (10): 865-883.



