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Optimization of warpage deformation of thin-walled injection molded parts

based on GA-BP-PSO algorithm
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Abstract : Taking the plastic bottle preform made of polyethylene terephthalate (PET) as an example, the gating system and
cooling system were designed by Moldflow software and finite element analysis was carried out to optimize the warping deforma-
tion of the workpiece. Five factors including melt temperature , mold temperature, holding pressure, holding time and injection time
that influenced the warping deformation were identified, the orthogonal experiment table of L,, (4°) was designed, and the data were
analyzed by range, so as to obtain the degree of influence of various factors on the amount of warpage and to obtain better process
parameters. The process parameters were further optimized through the GA-BP-PSO algorithm, and the best process parameters are
obtained: the melt temperature is 265°C, the mold temperature is 60°C, the holding pressure is 125 MPa, the holding time is 12.867 1
s, the injection time is 0.340 5 s. The warping deformation of the workpiece corresponding to the above process parameters is
0.137 3 mm. Finally, the numerical simulation was carried out by Moldflow software, and the warpage deformation is 0.139 5 mm,
which is 22.33% lower than the warpage deformation before optimization of 0.179 6 mm. The difference between the software simu-
lation value and the predicted value obtained by the GA-BP-PSO algorithm is only 1.60%, and the optimized process parameter
combination is applied to actual production. The obtained products meet the production requirements, verify the accuracy and feasi-
bility of the GA-BP-PSO algorithm.
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Tab. 1 Five factors and four levels value table

Factors
Levels
A/°C B/°C C/MPa D/s Els
1 265 60 110 10 0.3
2 275 70 115 12 0.4
3 285 80 120 14 0.5
4 295 90 125 40 0.6

18 1o Moldflow Bx 4%} & 1 W £ S8t 7
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Tab. 2 Lm(45) results of orthogonal test

Factors

Test numbers Y/mm
A B C D E
1 1 1 1 1 1 0.156 6
2 1 2 2 2 2 0.163 3
3 1 3 3 3 3 0.170 8
4 1 4 4 4 4 0.179 4
5 2 1 2 3 4 0.169 1
6 2 2 1 4 3 0.179 1
7 2 3 4 1 2 0.167 2
8 2 4 3 2 1 0.1750
9 3 1 3 4 2 0.1619
10 3 2 4 3 1 0.157 6
11 3 3 1 2 4 0.193 5
12 3 4 2 1 3 0.2049
13 4 1 4 2 3 0.164 9
14 4 2 3 1 4 0.179 5
15 4 3 2 4 1 0.1799
16 4 4 1 3 2 0.1992
x3 WMESW
Tab.3 Range analysis
Levels Factors
A B C D E

K, 0.670 1 0.728 4 0.728 4 0.708 2 0.669 1

K, 0.690 4 0.679 5 0.717 2 0.696 7 0.691 6

K, 0.7179 0.711 4 0.687 2 0.696 7 0.719 7

K, 0.723 5 0.758 5 0.669 1 0.700 3 0.7215

R 0.053 4 0.079 0.059 3 0.0115 0.052 4

Note:K|.K,,K,.K, is represents the sum of warping deformation corre-

sponding to different levels of a certain factor;R is the range.
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