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Optimization of Processing Conditions in Injection Molding
Using Genetic Algorithm

Won-Jun Choi, Hyo-Chol Sin and Sin-Woong Kwak
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Abstract

Precision injection molding is an important technology for improving productivity and lowering costs
in the fields of medical components, lenses and electrical connectors. The quality of injection molded
parts is affected by various processing conditions such as filling time and packing pressure profile. It is
difficult to consider all the variables at the same time for prediction of the quality. In this study, the
genetic algorithm was used to obtain the optimal processing conditions for minimizing the volumetric
shrinkage of molded parts. For a higher convergence rate, the method of design of experiments was
used to analyze the relationship between processing conditions and volumetric shrinkage of molded
parts, which served as analysis tool for the capability of searching optimal processing conditions but
also greatly reduces the calculation time by utilizing the information of searching area. As a practical
example, compact disks that require micron-level precision were chosen for the study.
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Table 1 Comparison of processing conditions

Process Process Optimal
A B Condition
Polymer
Temperature 205 205 205
Mold
Temperature 32 32 32
Filling Time 0.238 1.204 0.744
Ist Packing '
Pressure 186 150 160
Ist Packing
Time 0.100 0.225 0.820
2nd Packing
Pressure 161.2 120 102.6
2nd Packing
Time 0.580 0.320 0.700
3rd Packing
Pressure 109.6 90 73.87
3re Packing
Time 0.880 0.545 1.000
Unit : temperature('C), pressure(MPa), time(s)
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Table 2 Comparison of results
Process Process Optimal
A Condition
Mean
Temperature | 205-11 204.55 204.81
Temperature
De\elatnon 0.12697 0.18988 0.09530
Mean
Dencry | 097367 | 1.00802 | 1.02615
Density
Deviation 0.04340 0.00302 0.00247
Mean
Shrinkage | 007334 | 0.04052 | 0.02319
Shrinkage
Deviation 0.07083 0.05964 0.06072
Total
Shrinkage | 190701 | 105362 | 6.0315
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Table 3 Searching area

; Gene
Min. Max. Size
Filling Time 0.100 3.000 64
Ist Packing
Pressure 50 243 32
Ist Packing
Time 0.100 1.000 16
2nd-to-1st Packing
Pressure Ratio 0.4 0.9 16
2nd Packing
Time 0.100 1.000 16
3rd-to-2nd Packing
Pressure Ratio 0.6 0.9 16
3rd Packing
Time 0.100 1.000 16
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Fig. 3 Compact disk finite element model
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Table 4 Comparison of processing conditions

Process | Sesrch | Alsoriin

Tepmollo{;;fgre 290 295 290

Temhggrlgture 85 85 85

Filling Time | 0.390 0.274 0.422
st Packing | 24360 | 23538 | 186.00
Ist Packing | 4 199 0.210 0.150
2nd Packing | gg 56 123.76 136

2nd Packing | 350 0.330 0.280
3rd Packing | 6325 | 9548
3rd Packing - 3.350 4.460

Unit : temperature(C), pressure(MPa), time(s)

Table 5 Comparison of results

Real Gradient Genetic
Process Search Algorithm
Mean 292.55 | 29340 | 29232

Temperature

Temperature
Deviation 0.98212 1.26725 0.81036

Mean
Density 1.18143 1.19916 1.19377

Density
Deviation 0.00260 0.00391 0.00107

Mean
Shrinkage 0.01164 0.00601 0.00172

Shrinkage
Deviatign 0.03445 0.03464 0.03472

Total
Shrinkage 9.64492 5.05076 1.42282
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Table 6 Searching area

. Gene
Min. Max. Size

Filling Time 0.100 3.000 64

1st Packing
Pressure 180 300 2

1st Packing
T 0.100 0.500 16
2nd-to-1st Packing 0.4 0.9 16

Pressure Ratio

2nd_Packing 0.100 | 0.500 16

Time
3rd-to-2nd Packing
Pressure Ratio 0.4 0. 16
3rd Packing
Time 1.000 5.000 16
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Fig. 4 Convergence in filling process
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Table 7 Factors and levels

2549

Level | Level | Level | Level | Level
1 2 3 4 5
1st Packing
Pressure 180 | 210 | 240 | 270 | 300
2nd Packing
Pressure 90 110 + 130 | 150 | 170
3rd Packing
Pressure 50 60 70 80 90
1st Packing
Time 0.1 0.2 0.3 0.4 0.5
2nd Packing
Time 0.1 0.2 0.3 0.4 0.5
3rd Packing
Time 1 2 3 4 5
~+ 1st packing pressure
" - 2rd packing pressure
~ ¥dpading pressure
12 ~ 1t packing time
*“ \ ~ 2nd packing time
1ot \_\ -+ 9rd packing time o
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Table 8 Modified searching area

Case A Case B

Gene
Size

. Gene| 4-
Min |Max Size Min [Max

Ist Packing

Pressure 180

3001 32 (1801240} 32

1st Packing

Time 0.10

0.50) 16 [0.10/0.50| 16

2nd-to-1st Packing

Pressure Ratio 0.4

091 16 (04 0.9

2nd_Packing

Time 0.10

0.50{ 16 |0.10(0.50

3rd-to-2nd Packing

Pressure Ratio 0.4

09|16 |06]09]| 16

3rd Packing
Time 1.00|5.00| 16 {3.00;5.00| 16

A : Case without sensitivity analysis
B : Case with sensitivity analysis
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Table 9 Comparison of results
CI())rl?gi?isgn' Case A Case B
Tel;gll)}{errt:tzare 290C 290C
Temhgg:gture 85C 85C
Filling Time 0.4225 0.422s
Ist Packing 186MPa 189.6MPa
tst Packing 0.155 0.28s
2nd Packing 136MPa 116.5MPa
2nd Packing 0.28s 0.21s
3rd Packing 9548MPa | 100.2MPa
3rd Packing 4465 3s
Process Time 5.312s 3.912s
Mean Density 1.19377 1.19396
Total Shrinkage 1.42282 1.31075

A : Case without sensitivity analysis
B : Case with sensitivity analysis
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