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Optimization on parameter of mask tooth mold by BP neural network

Wang Jun, Li Wei, Xu Jing, Wang Zhoumei, Wang Taiheng
(School of Machinery and Transportation, Southwest Forestry University, Kunming 650224, China)

Abstract; The problems of blanking or deep drawing unsmoothly caused by the complex structure and insufficient cutting edge optimization
of tooth mold during spinning were studied, and through the ultrasonic shear finite element analysis of multiple sets of normal distribution
parameters on the cutting edge of tooth mold, the cutting displacement and shear strength changes under different cutting edge parameters
were simulated. Then, the homogeneity test and range analysis on the results were carried out to ensure the reliability of the data, and the
influence degree of each data on the results was analyzed. Furthermore, through Matlab software, the BP neural network was constructed
for the relationship between different cutting edge parameters and shear strengths, cutting displacements, and the fitting training was car-
ried out. Through neural network reverse simulation, the optimal cutting edge parameters were deduced, and the obtained parameter val-
ues were applied to the actual cutting experiment. The experimental results were used to verify the correctness and reliability of the predic-
ted optimal parameters for the cutting edge of tooth mold. Thus, the study result provides an optimization scheme for the design of such
new molds, and provides optimal processing data for the production of anti-epidemic materials.
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Fig. 1 Tooth mold shape and its application
(a) Characteristic diagram of tooth mold structure
(b) Entity diagram of tooth mold structure ~ (c¢) Working scene
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Fig.2 Schematic diagrams for cutting edge of tooth mold (a) and dimensions of its mask cutting plane (b)
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Fig. 3 Structure parameters diagram for cutting edge of tooth mold
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Fig. 4 Structure diagram of non-woven meltblown cloth
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Table 1 Physical and chemical parameters of non-woven

meltblown cloth

28 Hife
BPERTE/ (X108 N - m™2) 0. 896
TN 0.4103
Hioikis/ (x10° Pa) 3.16
W/ (kg - m™) 890
kIR (N - m™?) 27600000
MER/(W- (m-K)™) 0. 147
/(- (kg K)TH) 1881
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Fig. 5 Schematic diagram of mask pressing and molding
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Fig. 6 Schematic diagram of microscope for non-woven meltblown cloth
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Table 2 Chemical compositions of 3Cr2W8YV alloy tool

steel ( %, mass fraction)

C Si Mn Cr w v S P

0.3~0.4 <0.4 =0.4 2.2~2.7 7.5~9.0 0.2~0.5 =<0.03 =<0.03
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Table 3 Main physical properties of 3Cr2W8YV alloy tool steel

g/ Lt/ YA/ P,/ LIk =50 PR R/ —_— HLBH R/
Z HR

(geem™)  (J-(kg-C)™) (N - mm™) (W-(m-C)™") (x107°K™) MPa (Q+m)
BE  8.35 0. 465x10° 8600 20. 09 12 22600 0.13 0.5x1076
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Fig. 7 Finite element model diagram
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Fig. 8 Finite element model of simplified cutting edge
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Table 4 Summary of sample data of BP neural network

L b 4w 1 L/ DIWihike, By OIsRIE/
s mm mm (°) mm mm mm MPa
1 1.50 0.40 120.00 0.51 1.10 1.02 2.02
2 1.45 0.38 115.26 0.61 1.09 0.95 2.20
3 1.39 0.37 110.53 0.70 1.08 0.94 3.47
4 1.34 0.35 105.79 1.03 1.07 0.90 3.30
5 1.29 0.34 101.05 0.76 1.06 0.87 4.95
6 1.24 0.32 96.32 0.59 1.05 0.86 5.90
7 1.18 0.31 91.58 0.48 1.04 0.86 6.42
8 1.13 0.29 86.84 0.39 1.03 0.80 7.50
9 1.08 0.27 82.11 0.33 1.02 0.75 7.89
10 1.03 0.26 77.37 0.28 1.01 0.75 8.63
11 0.97 0.24 72.63 0.23 0.99 0.74 9.20
12 0.92 0.23 67.89 0.19 0.98 0.70 10. 80
13 0.87 0.21 63.16 0.16 0.97 0.67 10. 90
14 0.82 0.19 58.42 0.46 0.96 0.66 12. 00
15 0.76 0.18 53.68 0.39 0.95 0.62 12.30
16 0.71 0.16 48.95 0.32 0.94 0.60 12. 60
17 0.66 0.15 44.21 0.25 0.93 0.53 14. 00
18 0.61 0.13 39.47 0.21 0.92 0.53 14.30
19 0.55 0.12 34.74 0.57 0.91 0.52 15.30
20 0.50 0.10 30.00 0.93 0.90 0.50 16. 11
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Fig. 9  Part results of finite element model
(a) Displacement and shear nephograms of group 1 ~ (b) Displacement and shear nephograms of group 10
(¢) Displacement and shear nephograms of group 20
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Table 5 Range results of each factor on cutting displacement and shear strength
LR D758 L
45 K
D a 1 L D d a 1 L
1 1.55 .08 6. 40 5.27 7.95 45.71 59.71 28.26 88.32 43.65
2 6.02 .49 4.41 2.94 3.52 98.32 84.32 54.92 38.22 51.53
K18 3 3.39 .39 1.88 3.35 1.75 24.77 24.77 36.90 25.42 38.90
4 1.84 .79 1. 06 1.81 1.05 6.77 8.97 28.30 8.42 29. 60
5 1.97 .02 1.02 1.40 0.50 4.22 2.02 31.41 19. 41 16. 11
1 0.52 .52 0.91 0. 66 0.88 15.24 14.93 4.04 11.04 4.85
2 0.67 . 69 0.73 0.74 0.70 10.92 10. 54 9.15 9.55 10. 31
K =1 3 0.85 .85 0.63 0.84 0.58 6.19 6.19 12.30 6.36 12.97
4 0.92 .93 0.53 0.91 0.53 3.38 2.99 14.15 4.21 14. 80
5 0.98 .02 0.51 0.70 0.50 2.11 2.02 15.71 9.71 16. 11
ALK 5 1 4 1 1 1 5 1 5
R1E 0.47 . 50 0.40 0.25 0.38 13.13 12.91 11. 67 6.83 11.26
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Table 6 Factors and levels

K- D/mm d/mm a/(°) I/mm L/mm
1 0.55 0.12 105.79 0.23 0.92
2 0.87 0.19 72.63 0.39 0.98
3 1.18 0. 31 53. 68 3.00 1. 06
4 1.34 0.37 44.21 0.76 1.08
5 1.45 0.40 34.74 0.90 1.10
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Fig. 10  Curves of mean value under different factors and levels

(a) Cutting displacement ~ (b) Shear strength
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Fig. 11 Principle diagram of BP neural network
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