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Numerical analysis of injection molding of aspheric lenses
for a mobile phone camera module
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Abstract : In order to produce high-quality optical components, aspheric lenses have been widely applied in recent years.
An aspheric lens consists of aspheric surfaces instead of spherical ones, which causes difficulty in the design process as
well as the manufacturing procedure. Although injection molding is widely used to fabricate optical lenses owing to its
high productivity, there remains lots of difficulty to determine appropriate mold design factors and injection molding
parameters. In the injection molding fields, computer simulation has been effectively applied to analyze processes based
on the shell analysis so far. Considering the geometry of optical lenses, a full-3d simulation based on solid elements has
been reported as a reliable approach. The present work covers three-dimensional injection molding simulation and relevant
deformation analysis of an injection molded plastic lens based on 3d solid elements. Numerical analyses have been
applied to the injection molding processes of three aspheric lenses for an image sensing module of a mobile phone. The
reliability of the proposed approach has been verified in comparison with the experimental results.
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Fig. 1. Schematic description of an image sensing module
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Table 1. Basic specifications of three aspheric lenses (mm)

Lens type Lens (1) Lens (2) Lens (3)
Outer diameter 4.5 4.5 4.6
Lens thickness 0.86 0.93 0.72

Radius (surface 1) 1.48 1.08 6.77
Radius (Surface 2) 6.45 0.82 1.72

0.89 Ax

Fig. 2. Configuration of three aspheric lenses with ray tracing”
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{a) mesh structure for the lens (1)

{b) mesh structure for the lens )

(¢) mesh structure for the lens (3)

Fig. 3. Three-dmensional mesh structure for three lenses

Table 2. Injection molding conditions for three lenses

Lens type Lens (1) | Lens {2) | Lens (3)
Nozzle temperature (C) 270 270 270
 Mold temperature (C) 120 120 120
Injection time (second) 20 2.0 2.0
Holding time {second) 6.5 6.5 6.0
Cooling time (second) 35 35 35
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Fig. 4. Amount of deformation along the z-direction
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{b) Measured profile

Fig. 5. Comparison of deformation profiles for the surface(1) of
the lens(1)
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(b Measured profile

Fig. 6. Comparison of deformation profiles for the surface(2) of
the lens(1)

{b} Measured profile

Fig. 8. Comparison of deformation profiles for the surface(2) of
the lens(2)
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Fig. 7. Comparison ¢f deformation profiles for the surface(1) of
the lens2)

(b) Measured profile

Fig. 9. Comparison of deformation profiles for the surface(1) of
the lens(3)

- 147 —



@

s 4 ’?‘_ ®
2 # #
5 " #
£ N .
3 . % #*
3 “Bsa g e

-4 B G T W T T B iy 5

-8

-2 -15 -1 -05 0 05 1 13 2
radius {mm)

{(a) CAE analysis result

Modified Profile 52 #2 - Aspheric/3.625mm/Aspheric 2005-12-27 00 01:52:48
75E P3(Sih) - 4. 5mm/BA/QA 2005-12-27 00 01:50:57
254 /é bis
203 z 0
1530 % ; 15
Z :
¢ 10 i : ; £10
£ /
£ 05 s ) Vi tes
£ ] o
LA ER I N = ""‘b"--»«.»—/'/ koo E
054 Fos
104 Fas
154 - f15
S04 SIE 548 S50 532 4 556 88 B0 W2 B4 85 B8 FO F2 ¢ 576 78 80 67 &4
mlimetses

{b) Measured profile

Fig. 10. Comparison of deformation profiles for the surface(2)
of the lens(3)
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