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Abstract

Rapidly developing IT technologies in recent years have raised the demands for high-precision optical lenses used for
sensors, digital cameras, cell phones and optical storage media. Many techniques are required to manufacturing high-
precision optical lenses, including multi-beam sensing lenses investigated in the current study. In the case of injection
molding for thick lenses, a shrinkage phenomenon often occurs during the process. This shrinkage is known to be the
main reason for the lower optical quality of the lenses. In the present work, a CAE analysis was conducted simultaneously
with experiments to understand and minimize this phenomenon. In particular, the sectional area of a gate was varied in
order to understand the effects of packing and cooling processes on the final shrinkage pattern. As a result of this study;, it
was demonstrated that a dramatic reduction of the shrinkage could be obtained by increasing the width of the gate.
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Fig. 1 An operational mechanism of lens using multi-
beam sensor
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Fig. 2 A geometry of thick-wall lens
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Table 1 Value of lens design

Item Quantity | value Unit

Radius of lens front surface R, 20.0 mm
Radius of lens back surface R, 112.0 mm

Refractive index of n 1.49 }
plastic lens
Thickness of lens center d 13.91 | mm

(b)
Fig. 3 3-D model of lens geometry (a) and the pictures
of optically polished core (b)
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Fig. 4 A shape of simulation model
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Table 2 Properties of PMMA (TF8 grade)

Item Value Unit
Specific gravity 119 g/em®
Refractive index 1.49 -

Light transmittance 93 %
Mold shrinkage 0.2-0.6 %

Fig. 5 Injection molding machine(model : LGE 110D)

Table 3 Process conditions for injection molding

Factor Condition Unit
Melt temp. 260 (o
Mold temp. 70 T

Injection speed 6.9 mm/s
Injection time 6.0 sec
Cooling time 300 sec

Packing pressure 1,150 kgf/cm?
Packing time 5, 10, 15, 20, 25 sec
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Fig. 6 A sink mark phenomenon shown on the upper
surface of injection molded lens
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Fig. 7 Geometric comparison of mold core and product
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Fig. 9 The comparison of simulation results for gate
sealing time; (a) original model (b) modified
model
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Table 4 Process conditions for injection molding

Factor Condition Unit
Melt temp. 260 T
Mold temp. 70 T

Injection speed 6.9 mm/s
Injection time 6.0 sec
Cooling time 300 sec

Packing pressure 1150 kfnféc
Packing time 20 sec

Fig.10 Injection molded lens by modified gate design
(gate width was changed; 5 mm—10 mm)
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Fig.11 Comparisons of cross-sectional profiles of the
center region
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