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Springback Prediction and Compensation of Multi—camber Aluminum Alloy
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Abstract: In free—form aluminum alloy single—layer latticed shells, the members rely on the gusset joints to
connect. To meet these assembly requirement of the gusset joint, the joint plates need to be stamped into complex
shapes with multiple cambers. However, the springback phenomenon reduces the forming accuracy and may cause

difficulty in joint assembly. To improve the forming accuracy of the joint plates, it is crucial to predict and
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compensate for the springback. Firstly, forming experiments were conducted on 6 joint plate specimens, the residual
cambers were scanned with a 3D scanner, and the springback values were calculated. Secondly, a mixed algorithm
of explicit dynamic and implicit static algorithm was used for the simulation of the springback process on the joint
plates. Compared with the experiment springback values, the simulated values only had a mean relative error of
4.31%. Subsequently, response surface models for springback prediction were constructed based on 1 500 numerical
simulation results, and the coefficient of determination of the model was 0.988, indicating a high accuracy. Finally,
based on the springback prediction response surface model, a springback compensation method for multi—camber
aluminum alloy gusset joint plates was proposed and validated with 20 numerical examples. The method was used to

design 20 groups of joint plates with different geometric parameters and camber combinations. The results show that

the method can effectively compensate the springback of the plates.
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Fig.1 Schematic diagram of joint plate camber

F1 HELAR

Tab.1 Dimensions of the specimens mm

W ! d, Cy C, Gy €y Cy C

S6

P-1 230 16 10.5 20.82 27.32 27.32 20.82 27.32 27.32
P-2 240 16 105 17.97 17.97 1438 17.97 1797 14.38
P-3 240 16 105 17.97 23.92 17.97 17.97 2392 17.97
P-4 255 16 10.5 20.28 32.34 20.28 20.28 32.34 20.28
P-5 255 16 10.5 20.28 20.28 32.34 20.28 20.28 32.34
P-6 267 16 10.5 23.70 23.70 19.77 23.70 23.70 19.77
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Fig.2 Dimensions of the tensile test specimens (unit: mm)
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Fig.3 The forming equipment of the joint plates
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Fig.4 Stamping forming process schematic diagram
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Fig.7 Contour of the residual cambers
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Tab.2 Experiment results
FanGE i Cg/mm Cp/mm S /mm ik i Cg/mm Cp/mm S,/mm
1 20.82 10.27 10.55 1 20.28 7.95 12.33
2 27.32 14.35 12.97 2 32.34 14.51 17.83
b 3 27.32 14.73 12.59 pa 3 20.28 7.25 13.02
4 20.82 10.43 10.39 4 20.28 7.89 12.39
5 27.32 14.12 13.20 5 32.34 14.43 17.91
6 27.32 14.79 12.53 6 20.28 8.26 12.02
1 17.97 4.23 13.74 1 20.28 7.90 12.37
2 17.97 3.91 14.06 2 20.28 7.64 12.64
oo 3 14.38 3.60 10.78 s 3 32.34 14.98 17.36
4 17.97 4.43 13.53 4 20.28 7.38 12.90
5 17.97 3.98 13.98 5 20.28 8.06 12.22
6 14.38 3.37 11.01 6 32.34 14.17 18.17
1 17.97 6.26 11.70 1 23.70 6.98 16.72
2 23.92 9.28 14.64 2 23.70 6.99 16.71
3 17.97 6.33 11.63 3 19.77 5.84 13.93
P-3 P-6
4 17.97 5.95 12.02 4 23.70 7.25 16.45
5 23.92 8.82 15.10 5 23.70 6.93 16.77
6 17.97 6.34 11.62 6 19.77 6.01 13.76
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Fig.9 Mesh generation of the finite element model
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Tab.3 Comparison of finite element analysis and experiment results
jEis i S /mm Spp/mm AS/mm /% [Evis i Sy /mm S /mm AS/mm e %
1 10.55 10.47 -0.08 -0.74 1 12.33 13.42 1.09 8.87
2 12.97 14.10 1.13 8.69 2 17.83 19.13 1.30 7.29
- 3 12.59 13.01 0.42 3.34 - 3 13.02 12.55 -0.47 -3.60
4 10.39 11.24 0.85 8.18 4 12.39 12.26 -0.13 -1.03
5 13.20 14.57 1.37 10.34 5 17.91 18.10 0.19 1.09
6 12.53 12.97 0.44 3.50 6 12.02 12.68 0.66 5.47
1 13.74 13.26 -0.48 -3.49 1 12.37 12.60 0.23 1.88
2 14.06 13.75 -0.31 -2.20 2 12.64 12.83 0.19 1.53
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Tab.4 The result of Latin hypercube sampling
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Tab.5 Fitting values of the response surface model

at control point 1 x107
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Tab.6 Evaluation indicators of the response surface models
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(training set)
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