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Optimization and verification on warping deformation of automeotive front-end frame

based on GA-BP algorithm
LIN Huangxu',KONG Xuan’, LU Jiangnan®, ZHOU Huajiang’, ZHU Guochang®, ZHU Haowei’
(1. The Faculty of Mechanical and Energy Engineering, Ningbo Tech University ,Ningbo 315100,China; 2. Ningbo Huaxiang Group Co.,Ltd.,
Ningbo 315700,China; 3. Ningbo Huazhong Plastic Products Co.,Ltd.,Ningbo 315700, China)

Abstract : Aiming at vehicle issue of poor assembly accuracy caused by large warping deformation of the front-end frame, the
finite element model of front-end frame was established by Moldflow software to analyze the initial warping deformation of the part
and its influencing parameters. Mould temperature , melt temperature , holding pressure, holding time and cooling time were selected
as design factors, the mapping relationship between process parameters and warping deformation was obtained by orthogonal test
table and the single-objective nonlinear optimization model was established. BP neural network improved by GA genetic algorithm
was utilized to further describe the nonlinear functional relationship of the optimization model. The iterative convergent fitness curve
indicates that the optimal BP network model prediction process parameters are obtained as follows: the mould temperature is 60 °C,
the melt temperature is 265 °C, the holding pressure is 55 MPa, the holding time is 4 s, the cooling time is 35 s and the warping
deformation is 1.191 mm. Finally, the optimal process parameters were imported into Moldflow and the simulation warpage defor-
mation value was 1.33 mm, which was 45.1% lower than the initial warpage deformation before optimization of 2.423 mm. The
process parameters optimized by GA-BP algorithm were applied to the manufacturing process. The deviation measurement results
illustrate that the actual measured values fit well with the optimized Moldflow simulation value and the average deviation is 0.28 mm,
which meets the requirements of vehicle assembly. The feasibility of GA-BP neural network prediction model for optimizing the
warping deformation of front-end frame is verified.

Keywords : automobile front-end frame ; warpage deformation ; Moldflow ; orthogonal experiment ; GA genetic algo-
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Tab.1 Process parameters and levels under orthogonal test

Factor
Level

A/°C B/°C C/MPa D/s E/s
1 40 230 20 1 20
2 45 240 30 2 25
3 50 250 40 3 30
4 55 260 50 4 35
5 60 270 60 5 40
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Tab.2 Process parameter and warping result of orthogonal test

Number Al°C B/°C  C/MPa  Dis Els Y/mm
1 40 230 20 1 20 1.969
2 40 240 30 2 25 2.056
3 40 250 40 3 30 1.840
4 40 260 50 4 35 1.682
5 40 270 60 5 40 1.767
6 45 230 30 3 35 1.742
7 45 240 40 4 40 1.841
8 45 250 50 5 20 1.912
9 45 260 60 1 25 1.741
10 45 270 20 2 30 1.965
11 50 230 40 5 25 1.823
12 50 240 50 1 30 1.705
13 50 250 60 2 35 1.536
14 50 260 20 3 40 1.656
15 50 270 30 4 20 1.584
16 55 230 50 2 40 1.520
17 55 240 60 3 20 1.503
18 55 250 20 4 25 1.758
19 55 260 30 5 30 1.548

20 55 270 40 1 35 1.527
21 60 230 60 4 30 1.575
22 60 240 20 5 35 1.836
23 60 250 30 1 40 1.869
24 60 260 40 2 20 1.645
25 60 270 50 3 25 1.552
R3 WMESWER
Tab.3 Result analysis of range
Level Factor
A B C D E
1 1.863 1.726 1.837 1.762 1.723
2 1.840 1.788 1.760 1.744 1.786
3 1.661 1.783 1.735 1.659 1.727
4 1.571 1.654 1.674 1.688 1.665
5 1.695 1.679 1.624 1.777 1.731
R 0.292 0.134 0.212 0.119 0.121
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