to set up the experimental parameters matrix. Pulse frequency, pulse width, focal distance, defocus distance,
moving speed of welded plates, shielded gas, workpiece temperature fluctuation and laser power fluctuation are used
as input variables of these models to increase the prediction accuracy. Six different types of RBFN models have been
developed to predict the distortion of welded plates. The best one is selected from them and resulted in better output
prediction.
Key words
distortion prediction
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Prediction of Pulsed Laser Welding of Thin Plate Based on
Radial Basis Function Neural Network

Zhang Jian Yang Rui

(Tianjin University of Technology and Education , Tianjin 300222, China)

Abstract A set of mild steel thin plate specimens used for automotive industry are used as laboratory samples.
Different types of distortions are analyzed. Radial basis function neural network (RBFN) models have been developed

to predict transverse shrinkage and longitudinal bending distortion of welded plates. Response surface method is used
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Table 1 Chemical composition
Composition C N Si Mn S P Al Nb Ti Fe
mass fraction /%  0.0035 0.0031 0.02 0.14 0.0084 0. 009 0. 045 0.01 0. 054 99.707
# 2 Jiethae

Table 2 Mechanical properties

Yield strength /MPa Tensile strength /MPa

Strain hardening index

Plastic strain ratio Extensibility /%

130 0.0035

0.0296 2.6 55.9
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Fig. 1 Different types of distortions
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Fig. 2 Transverse bending distortion
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Table 3 RBF network structure

RBF network structure

No- (Activation function+ Training method)
1 Linear—+k-means clustering
2 Pseudo linear+ k-means clustering
3 Sigmoid+k-means clustering
4 Linear +BST
5 Pseudo linear +BST
6 Sigmoid +BST
3.4 ZWSHRIT
M) V7 TR 925 2 368 A2 X M 7 TAIT 25 {1 2 4 23 A 55K B

MLEZERMZ I8 K EH T BRI AN RS
Wi 17 L =2 8] R RO 28 B8 — PP 3t D7 vk o W B 1T 325
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Table 4 Experimental parameters matrix with response surface method

No PP TR quration /ms length fmm _ amount /min (mmgs) M/ CAP/W 0/ g /m
1 Ar 10.0 3.0 50 7 3.5 13.0 2.55 1.289210 1.
2 Ar 10.0 3.0 60 9 3.0 11. 4 2.74 1. 457710 1.
3 Ar 10.0 3.5 70 11 2.5 12.6 2.68 0.775737 1.
4 Ar 10.0 3.5 50 11 2.5 12.6 2.68 0.775737 1.
5 Ar 10.0 4.0 60 9 3.0 11.7 2.36 1.352307 1.
6 Ar 12.5 3.0 70 7 3.5 11.5 2.05 1.026849 1.
7 Ar 12.5 3.0 50 7 3.5 11. 4 2.67 1.857914 1.
8 Ar 12.5 3.5 60 9 3.0 10.5 2.34 0.767717 2.
9 Ar 12.5 3.5 70 11 2.5 11.9 2.13 1.284363 1.
10 Ar 12.5 4.0 50 11 2.5 11.9 2.64 1.242282 1.
11 Ar 15.0 3.0 60 9 3.0 11.6 2.08 1. 359946 1.
12 Ar 15.0 3.0 70 7 3.5 11.9 2.01 1.551894 1.
13 Ar 15.0 3.5 50 7 3.5 11. 8 2.68 0.956478 1.
14 Ar 15.0 3.5 60 9 3.0 11.9 2.22 1.119417 1.
15 Ar 15.0 4.0 70 11 2.5 11.9 2.28 1.127763 2.
16 He 10.0 3.0 50 11 2.5 11.9 2.29 1.219345 1.
17 He 10.0 3.0 60 9 3.0 12.1 2.31 1.093071 1.
18 He 10.0 3.5 70 7 3.5 15.6 1. 55 0.643405 0.
19 He 10.0 3.5 50 7 3.5 12.5 2. 14 1.307208 1.
20 He 10.0 4.0 60 9 2.5 10.0 2.08 1.377016 2.
21 He 12.5 3.0 70 11 2.0 11.0 2.61 1.012311 1.
22 He 12.5 3.0 50 11 2.0 14.3 1.68 0.452054 0.
23 He 12.5 3.5 60 9 3.0 11.9 2.10 0. 85479 0.
24 He 12.5 3.5 70 7 3.5 7.4 2.36 0.809535 0.
25 He 12.5 4.0 50 7 3.5 14.9 2.21 1.022621 0.
26 He 15.0 3.0 60 9 3.0 11.6 2.46 1.817031 1.
27 He .0 3.0 70 11 2.5 09.7 2.19 1.167035 1.
28 He 15.0 3.5 50 11 2.5 12.1 2.31 1.093071 1.
29 He 15.0 3.5 60 9 3.0 13.7 3. 14 0.964197 2.
30 He 15.0 4.0 70 7 3.5 12.9 3.15 0.591844 1.
31 N, 10.0 3.0 50 7 3.5 9.9 2.23 1.019757 0.
32 N, 10.0 3.0 60 9 2.5 10. 1 2.43 0.354238 2.
33 N 10.0 3.5 70 11 2.0 12. 4 3.28 1. 386287 3.
34 N, 10.0 3.5 50 11 3.5 14.6 1.72 1.706364 0
35 N, 10.0 4.0 60 9 3.0 13.6 3.28 1.350119 2.
36 N, 12.5 3.0 70 7 2.5 9.7 2.25 0.353819 1.
37 N, 12.5 3.0 50 7 2.5 13.8 2.35 0.557470 1.
38 N, 12.5 3.5 60 9 3.0 13.2 2.07 1. 814523 1.
39 N, 12.5 3.5 70 11 3.5 11.0 2.27 1. 420071 1.
40 N; 12.5 4.0 50 11 3.5 11.7 2. 65 1. 02033 1.
41 N; 15.0 3.0 60 9 3.0 12.8 2.17 0.541838 1.
42 N, 15.0 3.0 70 7 2.5 13. 8 1. 96 1.435368 0.
43 N, 15.0 3.5 50 7 2.5 10.0 2.03 0.516794 1.
44 N, 15.0 3.5 60 9 3.0 10.1 2.32 0.861091 0.
45 N, 15.0 4.0 70 11 3.5 12.7 3.26 0.874839 0.
46 Ar 10.0 3.0 50 7 3.0 12.1 2.13 1.429202 1.
47 Ar 12.5 3.5 60 9 3.0 11. 4 2.50 1.315397 1.
48 Ar 15.0 4.0 70 11 3.5 13.0 2.48 1.329024 1.
49 He 10.0 3.0 50 11 3.0 13.2 2.32 0.694964 1.
50 He 12.5 3.5 60 9 2.5 9.9 2.53 0.721889 1.
51 He 15.0 4.0 70 7 2.5 14.0 2.36 0.908062 1.
52 N, 10.0 3.0 50 7 3.5 15.4 2.92 1. 328410 1.
53 N, 12.5 3.5 60 9 2.5 12.7 3.12 0.927538 1.
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Table 5 Comparison of different network performances

Best architecture MSE of MSE of

No- (Input X Hidden X Output) training testing
1 8§X19X2 0.02775347 0.01469700
2 8X16X2 0.00138553 0.00621200
3 8X20X2 0.01322712 0.00962100
4 8§X18X2 0.00546450 0.00623150
5 8§X17X2 0.00241560 0.00848368
6 8X16X2 0. 00050538 0.00208832

4.2 TEMMER
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Table 6 Predictive value percentage error of p and 4

Percentage error in Percentage error in

No.
prediction of p /% prediction of § /%
46 3.49 3.19
47 3.88 —9.45
48 —8.76 —3.96
49 5.41 4.47
50 —2.83 5. 44
51 5.67 —1.98
52 8. 11 2.42
53 6.37 3.13
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