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Abstract: Recently, plastic screws have replaced metal screws because of the former’s light weight, thermal and
electrical insulating properties, and anticorrosion characteristics. Plastic screws are usually produced by injection
molding, which involves material shrinkage during the solidification of the polymer. This shrinkage results in the
degeneration of the dimensional accuracy. In the present study, the effect of injection-molding conditions on the
dimensional accuracy of plastic screws was investigated through a numerical simulation of injection molding; on the
basis of this simulation, we could determine the mold-design parameters. The design of experiment was applied in
accordance with the numerical analysis in order to optimize the injection-molding conditions with a view to improving
the dimensional accuracy of the precision plastic screw.
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Table 1 Mechanical properties of Solutia Vudyne 21SPA

Material Properties Value
Elastic modulus (GPa) 2.96
Tensile strength (MPa) 82.7

Density (g/cm3) 1.14

Hardness (Shore D) 60

Mold shrinkage (%) 2.0
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Fig. 1 Dimensional specifications of an M3 screw
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Fig. 2 Configuration of an injection mold for a screw
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Fig. 3 Configuration of two types of gate designs
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Table 2 Injection molding conditions for a micro screw

Molding conditions Value
Melt temperature (°C) 290
Mold temperature (°C) 80

Injection time (s) 0.5
Packing time (s) 1.0
Cooling time (s) 5.0

I 0.5124

0.5070
0.5017

0.4963

I 0.4909

Fig. 4 Distribution of filling time (unit: s)
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Fig. 5 Sectional temperature distributions (unit: °C)
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Fig. 7 Comparison of the gate temperature profiles
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Table 3 Injection molding conditions for the 1* DOE

Factor | Molding conditions Level 1 | Level 2
A Melt temperature (°C) 260 300
B Mold temperature (°C) 40 80
C Packing time (s) 0.5 1.5
D Cooling time (s) 5.0 9.0
[mm]
0.1007 l
0.0496
-0.0015
-0.0527

-0.1038 I

Fig. 8 Distribution of the radial deflection (unit: mm)
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