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Study on the Design Optimization to Improve Injection Molding
Performance of Plastic Regulator Rail
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Abstract Injection molding product is commonly used for reducing the weight of automotive vehicle, and door
regulator guide rail with plastic material is also made by injection molding process. In order to improve the
injection molding performance of plastic regulator guide rail, optimal molding condition is suggested by
numerical simulation and DOE after obtaining the sensitivity of parameters for regulator rail manufacturing on
warpage and fill time. Furthermore, multi direct gate method and optimal cooling circuit are introduced to get
the uniform temperature distribution and better cooling efficiency in molding product. The effect of the proposed
design on the injection molding performance is verified by the test of prototype of plastic regulator guide rail.
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[Table 1] Properties of Plastic Material

Factors Properties

Tensile Strength 1150 kg/cm2

Flexural Strength 1600 kg/cm2

Flexural Modulus 67000 kg/cm2

Mold Temperature 40~70 °C
Melt Temperature 210~220 °C
Drying Time 2hrs
Drying Temperature 90 °C

Shrinkage 0.4%

[Table 2] Parameters for Optimization of Injection
Molding Process

Parameters Initial Values
A Mold Temperature (°C) 50
B Melt Temperature (°C) 220
C Injection Pressure (MPa) 120
D Packing Pressure (MPa) 150
E Packing Time (sec) 5
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[Table 3] Levels of Design Parameters

Parameters -1 0 1
A Mold Temperature (°C) 45 | 50 | 55
B Melt Temperature (°C) 210 | 220 | 230
C Injection Pressure (MPa) 110 | 120 | 130
D Packing Pressure (MPa) 140 | 150 | 160
E Packing time (sec) 4 5 6
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[Table 4] Design Table for DOE

- Outl : Overall Warpage
- Out2 : Volume Shrinkage
- Out3 : Fill Time
Run| C B A E D [Outl|Out2|Out3
1 140 | 210 | 45 3 110 | 2.7 | 422 | 494
2 | 140 | 210 | 50 5 | 120 | 2.2 |3.54|5.05
3 | 140 | 210 | 55 7 | 130 | 1.86 | 3.11 | 4.26
4 | 140 | 210 | 45 5 | 120 | 2.15 | 4.21 | 4.61
5 140 | 220 | 50 7 130 | 1.79 | 3.04 | 4.49
6 | 140 | 220 | 55 3 | 110 | 2.89 [ 4.67 | 4.49
7 | 140 | 230 | 45 7 | 130 | 1.75|3.38 | 3.93
8 | 140 | 230 | 50 3 | 110 [2.94 533 | 4.15
9 150 | 230 | 55 5 120 [2.32 | 4.24 | 4.26
10 | 150 | 210 | 45 5 | 130 | 1.96 | 3.54 | 4.96
11 | 150 | 210 | 50 7 | 110 | 2.2 |3.54 | 5.05
12 | 150 | 210 | 55 3 | 120 |2.61 398 |5.15
13 | 150 | 220 | 45 7 110 | 2.22 | 3.87 | 4.38
14 | 150 | 220 | 50 3 120 | 2.7 | 442|449
15 | 150 | 220 | 55 5 | 130 | 2.1 [3.51 549
16 | 150 | 230 | 45 3 | 120 [2.82| 4.8 [3.93
17 | 150 | 230 | 50 5 130 [ 2.15|3.87 | 3.93
18 | 160 | 230 | 55 7 | 110 |2.21 | 4.08 | 5.04
19 | 160 | 210 | 45 7 | 120 |2.05|3.33 | 4.94
20 | 160 | 210 | 50 3 | 130 |2.43 |3.75|5.05
21 | 160 | 210 | 55 5 110 | 2.46 | 3.89 | 5.15
22 | 160 | 220 | 45 3 | 130 [2.53 | 4.16 | 4.60
23 | 160 | 220 | 50 5 | 110 | 2.38 | 4.23 [ 4.71
24 | 160 | 220 | 55 7 | 120 [2.02 | 3.52 | 4.81

minimize fill time

minimize

Fad el ]

|

il g

ﬁll time + warpage + shrinkage

[Fig. 2] Optimization Process by iSIGHT

[Table 5] Optimal Combination of Design Parameters

Parameters 27 b
A Mold Temperature (°C) 50 48
B Melt Temperature (°C) 220 222
C Injection Pressure (MPa) 120 120
D Packing Pressure (MPa) 150 145
E Packing time (sec) 5 5.6

[Table 6] Simulation Results of Molding Process

Optimization
Initial Optimal | Reduc-
Outputs Results Results tion

Warpage
: all effects (mm) 1.20 0.97 192%
Volume
shrinkage (%) 5.0 4.26 14.8%
Fill Time (sec) 5.0 4.6 8.0%
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