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ABSTRACT: The work aims to optimize the forming process parameters of a large curvature thin-walled part by combining
numerical simulation with response surface method according to the shape requirement with the maximum thinning rate as the
optimization objective, so as to obtain qualified parts. Firstly, the effect of single-factor parameters such as edge pressing force,

rib resistance, friction coefficient and stamping speed on the maximum thinning rate was studied. According to the change law,
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the parameter range of the orthogonal experiment was determined and the range analysis was carried out to the orthogonal ex-
periment results. Then, the sequence of the effect of the process parameters on the maximum thinning rate in the finite element
analysis of sheet metal stamping was determined as follows: friction coefficient>pressing force>percentage of rib resistance>
stamping speed. According to the results of range analysis, the stamping speed with little effect on the maximum thinning rate
was selected as 3 000 mm/s, and the other three process parameters were selected as variables for re-optimization. Next, the fric-
tion coefficient, edge pressing force and rib resistance were used as the optimization object to establish the response surface. Af-
ter predicted by the response surface, the minimum value of the maximum thinning rate was 7.926% when the friction coeffi-
cient was 0.09, the edge pressing force was 409.730 kN, and the rib resistance was 32.384%. After simulated by this set of proc-
ess parameters, the maximum thinning rate was 9.40%, which was only 1.474% different from the predicted value of the re-
sponse surface, and the relative error rate was 15.68%. After experimental verification, the experimental results are in good
agreement with the optimized numerical analysis results, and the maximum thinning rate is only 0.60%, which proves the feasi-
bility of the proposed method.

KEY WORDS: large curvature thin-walled part; stamping speed; friction coefficient; orthogonal experiment; response surface
test
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Fig.1 3D model of large curvature thin-walled
part (unit: mm)
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Fig.4 Forming limit and thickness of sheet under different edge pressing force
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Tab.1 Change of sheet thickness under different edge
pressing force
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Tab.2 Simulation scheme for parameter setting
of friction coefficient

Edge pressing Minimum thick- Maximum down-
force/kN ness/mm gauging rate/%
350 13.2 0.868
370 14.6 0.854
410 18.7 0.813
430 96.3 0.037
4 350 kN
370 410 kN
430 kN
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Fig.5 Forming limit and thickness change of sheet under different friction coefficients
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Tab.4 Simulation scheme for parameter setting of 7
rib resistance 7 1 000 mm/s
Pullmg Friction Edge press- Stamping 2000 mm/s 0.4%
bead resis- . . speed/
coefficient  ing force/kN . 3 000 mm/s
tance/% (mm's ™)
o
27 0.14 390 3 000 0.5% 7
31 0.14 390 3000
35 0.14 390 3000
39 0.14 390 3 000 *k6 MEERESHIEEERUATER
’ Tab.6 Simulation scheme for parameter setting
42 0.14 390 3000 of stamping speed
®5 REEREN FRREEOEL speed(mm's ) coeffcient ing foreo kN resistance’%
Tab.5 Change of sheet thickness under different
rib resistance 1000 0.14 390 35
Pulling bead Minimum thick- Maximum down- 2000 0.14 390 35
resistance/% ness/mm gauging rate/% 3 000 0.14 390 35
27 0.867 133 4000 0.14 390 35
31 0.853 14.7 5000 0.14 390 35
35 0.838 16.2
39 0.823 17.7 R7 TEMPEERETHEHMNEETH
42 0.491 50.9 Tab.7 Change of sheet thickness under different
stamping speed
5 Stamping Minimum Maximum down-
speed/(mm-s™") thickness/mm gauging rate/%
42% 1 000 0.847 15.3
0.491 mm 6 2 000 0.843 15.7
27% 3000 0.838 16.2
4 000 0.843 15.7
31% 5000 0.845 15.5

Fig.6 Forming limit and thickness change of sheet under different rib resistance
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Tab.8 Orthogonal experiment
Serial number Edge pressing force/kN  Friction coefficient ~ Pulling bead resistance/%  Stamping speed/(mm-s )
1 350 0.09 27 2 000
2 373 0.09 31 3 000
3 396 0.09 36 4000
4 413 0.09 40 5000
5 373 0.108 27 4000
6 350 0.108 31 5000
7 413 0.108 36 2 000
8 396 0.108 40 3 000
9 396 0.126 27 5000
10 413 0.126 31 4000
11 350 0.126 36 3 000
12 373 0.126 40 2 000
13 413 0.144 27 3000
14 396 0.144 31 2 000
15 373 0.144 36 5000

—
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Tab.9 Data consolidation of orthogonal experiment
Serial Edge pressing Friction Pulling bead Stamping Minimum Maximum down-
number force/kN coefficient resistance/% speed/(mm-s ') thickness/mm gauging rate/%
1 350 0.09 27 2 000 0.929 7.1
2 373 0.09 31 3 000 0.919 8.1
3 396 0.09 36 4000 0.909 9.1
4 413 0.09 40 5000 0.898 10.2
5 373 0.108 27 4000 0.908 9.2
6 350 0.108 31 5000 0.91 9
7 413 0.108 36 2 000 0.887 11.3
8 396 0.108 40 3 000 0.886 11.4
9 396 0.126 27 5000 0.879 12.1
10 413 0.126 31 4000 0.866 13.4
11 350 0.126 36 3000 0.884 11.6
12 373 0.126 40 2 000 0.877 12.3
13 413 0.144 27 3000 0.835 16.5
14 396 0.144 31 2 000 0.841 15.9
15 373 0.144 36 5000 0.845 15.5
16 350 0.144 40 4000 0.848 15.7
x 10 SWREBIESIT
Tab.10 Statistics of analysisrange data
Factor Maximum downgauging rate%
level Friction coefficient Pulling bead resistance Edge pressing force Stamping speed
ki 8.625 11.225 10.85 11.65
P} 10.225 11.6 11.275 11.9
ki3 12.35 11.875 12.125 11.85
Kia 15.9 12.4 12.85 11.7
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Fig.8 Relationship between maximum thinning rate and test factors
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Tab.11 BBD design

Serial Friction coeffi- Edge pressing Pulling bead Minimum thick- Maximum downgauging
number cient force/kN resistance/% ness/mm rate/%

1 0.117 381.5 33.5 0.887 11.3
2 0.09 413 33.5 0.912 8.8

3 0.144 381.5 27 0.860 14

4 0.117 381.5 33.5 0.887 11.3
5 0.09 350 33.5 0.919 8.1

6 0.117 413 40 0.862 13.8
7 0.144 350 33.5 0.862 13.8
8 0.117 350 27 0.908 9.2
9 0.117 381.5 335 0.887 11.3
10 0.09 381.5 27 0.919 8.1

11 0.09 381.5 40 0.906 9.4
12 0.144 381.5 40 0.791 20.9
13 0.117 381.5 33.5 0.887 11.3
14 0.117 381.5 33.5 0.887 11.3
15 0.144 413 33.5 0.452 54.8
16 0.117 413 27 0.882 11.8
17 0.117 350 40 0.880 12
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Fig.9 Contour map Fig.10 Three dimensional response surface diagram
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Fig.11 Cloud diagram of optimized thinning rate
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