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Optimization design on shell deep drawing die based on response surface
methodology and grey wolf optimization algorithm
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Abstract ; In order to solve the practical problem of optimization design for deep drawing die for shell, a optimization method was proposed
to optimize the size parameters of die based on response surface methodology and grey wolf optimization algorithm. Then, taking die fillet
radius R, , diameter of intermediate zone D , angle a entering the die and width B with constant diameter as the design variables, the ex-
perimental arrangement was conducted by central composite design, and taking outer diameter, height, center bottom thickness and mouth
roughness of shell as the optimization indexes, the response surface models between design variables and optimization indexes was con-
structed by combining grey relational analysis method and entropy weight method. Furthermore, the prediction model was optimized by
gray wolf optimization algorithm, and the optimal combination of die size parameters were R, =12 mm, D, =®19.3 mm, a=20° and B=
1.4 mm. Finally, the optimal die size parameters were verified by numerical simulation and process test. The results show that all the size
indexes of shell meet the design requirements.
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Fig. 1 Part dimensions (a) and schematic diagram of die (b)
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Fig. 3 Numerical simulation results of deep drawing
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Table 1 Values of factors and levels

S
TKF
R,/mm D, /mm a/(°) B/mm
1 5 ®18.5 18 1.0
2 8 @19.0 19 1.3
3 10 ®19.5 20 1.5
4 12 @20.0 21 1.7
5 15 @20.5 22 2.0
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(e) Load-stroke curve
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Table 2 Part of test schemes and measurement results

sz RS W25 5/ mm

% R/ D/ & B/

B oo wm (%) mm D H Iy W
1 10 ®19.5 20 2.0  @17.0314.92 3.42  0.69
2 12 ®19.0 19 1.7 @17.0414.56 3.45 0.61
3 8 @19.0 19 1.3 @17.0214.84 3.40 0.49
4 10 ®19.5 20 1.5  @17.0214.84 3.42 0.77
5 12 @20.0 19 1.3 @17.0214.62 3.45 0.90
26 10 @20.5 20 1.5  @17.0314.69 3.46 0.92
27 10 @19.5 20 1.5 @17.0214.84 3.42  0.77
28 10 ®19.5 20 1.5  @17.0214.84 3.42 0.77
29 8 @19.0 19 1.7 @17.0214.84 3.40 0.49
30 10 @19.5 22 1.5  @17.0414.91 3.41 0.73
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Table 3 Weight values of each optimization target
calculated by EM (mm)

L Ats  H D ty W
H, 0.995 @0. 999 0. 987 0. 987
e 0. 005 @0. 001 0.013 0.013
o, 0.156 @0. 040 0. 409 0.395
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Table 4 Average GRD for each design variable of

different levels

¥ GRD
KF-

R,/mm D,/mm a/(°) B/mm
1 0. 466 @0. 695 0. 600 0.576
2 0. 570 ®0. 744 0. 668 0. 658
3 0. 583 ®0. 565 0.579 0. 580
4 0. 743 ®0. 569 0. 645 0. 655
5 0. 649 ®0. 656 0. 566 0. 585
Max-Min 0.277 ®0. 179 0.102 0. 082
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Table 5 Results of variance analysis

- HEE  FHEM HWEE SR P i
DF SS MS F1H

A 14 0.75820 0.0542  59.45 <0. 0001

w2 15 0.01370 0.0009 — —

At 29 0.07719 — — —

F6 HEMERKER
Table 6 Test results of fitting goodness
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Fig. 5 Comparison between simulation and actual results

(a) Simulation result
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