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Stamping and optimization on 6016 aluminum alloy radiator shell based on
Dynaform and response surface method

You Jin', Gong Hongying', Liu Shangbao', Jia Xingpeng', Xu Peiquan', Liao Zehuan®
(1. School of Materials Engineering, Shanghai University of Engineering Science, Shanghai 201620, China;
2. Shanghai Dongfu Cold Forging Manufacturing Co. , Ltd. , Shanghai 201100, China)

Abstract: For 6016 aluminum alloy radiator shell, by analyzing the forming process of part, the finite element simulation of the deep
drawing process for part was conducted by using software Dynaform, and the maximum thinning rate of part was used as the index to evalu-
ate its forming quality. Then, based on the orthogonal test design, the influence laws of blank holder force, friction coefficient, stamping
speed and die clearance on the forming quality of part were studied, and based on grey system (GS) theory, the process parameters with
high correlation with the maximum thinning rate of part were analyzed, and the central composite design (CCD) was conducted by the re-
sponse surface method ( RAM). Furthermore, the optimal process parameter combination was obtained with the blank holder force of
20. 1 kN, the friction coefficient of 0. 16, the stamping speed of 1500 mm - s™', the die clearance of 1.05 mm, and the maximum
thinning rate of part was 23. 029%. The comparison and analysis between the solid parts made by this scheme and the numerical simulation re-
sults show that the numerical simulation analysis results are reliable, which could provide some guidance for the forming of radiator parts.
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Fig. 1 Part drawing of radiator shell
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Table 1 Element compositions of 6016 aluminum alloy

( %, mass fraction)

Si Fe Cu Mn Mg Cr Ti Zn Al

1.06 0.31 0.1 0.14 0.40 0.04 0.02 0.01 A
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Fig. 2 Finite element model of square box part
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Table 5 Design of central composite test

WS ERAER HERLRIBR/mm AR %
1 0.15 1.25 25.107
2 0.20 1.15 50. 334
3 0.17 1.15 26.611
4 0.14 1.15 23.088
5 0.17 1.01 23.495
6 0.17 1.29 30.318
7 0.17 1.15 26. 485
8 0.17 115 26. 604
9 0.15 1.05 22.295
10 0.17 1.15 26.514
11 0.19 1.05 30. 181
12 0.19 1.25 43.842
13 0.17 1.15 26. 566
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Fig. 3  Analysis results of response surface method

(a) Contour map  (b) 3D response surface map

W%

542

7945
28.595 i

WER/%

Fig. 4 Nephogram of thinning rate
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Fig. 5 Forming limit diagrams

(a) Before optimization ~ (b) After optimization
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Fig. 6 Physical map after optimization
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