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Birefringent Analysis of Plastic Lens Injection Molding for
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Abstract
Optical properties in injection molded plastic lenses for mobile phone camera have been simulated using commercial

program, 3D TIMON. Four plastic lenses are being used in mobile phone camera. The quality of photographs taken by

mobile phone camera is strongly depends upon optical characteristics of lenses. The variety of optical properties has been

investigated according to the injection conditions through the computer simulation. Consequently optimal injection

conditions for four lenses have been determined and simulation results of birefringence have been compared with

experiments.
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Fig. 1 Photographs of four lenses
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Fig. 2 Cross sections of four lenses

Table 1 Injection molding conditions of lens

Lens1 | Lens2 | Lens3 | Lens 4

Fill time(sec) 1.42 1.33 1.36 1.25

Packing time(sec) 2.0 3.0 3.0 3.0
Packing Pressure
50 50 50 50
(MPa)
Cooling time(sec) 15 15 15 15
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(a) Lens 1
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(c) Lens 3
Fig. 5 Predicted birefringences of four lenses

(b) Lens 2

(d) Lens 4
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Fig. 6 Residual stress in lens 1 for each phase
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Table 2 Composition of residual stresses in lens 1

Max. Residual Effectiveness
Stress (MPa)

Fill time(sec) 0.0555 74%
Packing 0.0148 20%
Cooling 0.0047 63

Total 100%
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Table 3 Residual stress in lens 1 according to various
injection molding conditions
(a) Filling
Filling

L Shear | Residual
Fill time| Pressure
Case stress stress

(sec) (MPa) (MPa) (MPa)
Case.1l 0.1 28.87 0.558 0.0264
Case.2 0.5 15.54 0.388 0.0156
Case.3 1.0 11.33 0.353 0.0135
Case.4 2.0 12.04 0.714 0.0141
Case.5 3.0 13.61 1.262 0.0162
Case.6 4.0 16.86 2.121 0.0313

(b) Packing
Packing
. Residual | Packing Residual
Packing time
stress Pressure stress
(sec) (MPa) (MPa) (MPa)
1.0 0.0167 10 0.0162
2.0 0.0167 20 0.0168
3.0 0.0148 30 0.0158
4.0 0.0190 40 0.0157
5.0 0.0149 50 0.0150
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Table 4 Gate sizes for computer simulation

Case Thickness Length
1 0.3mm 1.31mm
2 0.35mm 1.40mm
3 0.39mm 1.50mm
4 0.41mm 1.60mm
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. 7 Birefringences according to gate sizes
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Fig. 8 Results of simulation for four cases
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Table 5 Injection molding conditions of lenses

Lens1 | Lens2 | Lens3 | Lens 4
Fill time(sec) 1.0 1.0 1.0 1.0
Packing time(sec) 2.0 3.0 4.0 1.0
Packing Pressure
(MPa) 50 50 50 50
Cooling time(sec) 15 15 15 15
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(a) Lens 1

(c) Lens 3
Fig.10 Comparison of simulation(left) and experiment (right) with birefringences
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(b) Lens 2
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