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A Study on the Manufacturing Technology of the
Aspheric Lens using Injection Molding

H. Z. Choi’, S. W. Lee" and E. G. Kang’

Abstract

The injection molding of the plastic optics is basically same as the conventional molding except it
requires very intricate control of all the molding processing parameters. In the plastic optics, the problem
of injection molding is the shrinkage. The shrinkage must be removed and predicted. This shrinkage is
becoming more important than any other problems in precision molding because it can affect the focal
length of a lens or the total performance of the optical system.

This study focused on avoiding the shrinkage that the mold design allows for the optics. In making
mold, the surface accuracy(P-V) of the upper and lower mold are 0.201ym and 0.434im respectively. A
surface roughness(Ra) is below 002:m due to selecting the appropriate tools and using the injection
molding machine in high degree. In injection molding of the plastic lens, mold temperature, resine
temperature and injecting pressure are important process parameters. Injection molding process is carried
out according to varying mold temperature and injecting pressure. As a result, P-V(peak to valley) of
spheric lens is 3.478um and that of aspheric lens is 1.786um.
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Fig. 1 D.T.M.(Diamond Turning Machine)

Table 1 Specifications of D.T.M.

List Specifications
1 Company Rank Pneumo (USA)
2 Minimum step 0.01zm
3 | Travel axis(X, Z) |Hydrostatic Oil Bearing
X-axis stroke 254mm
Z-axis stroke 152mm
Feedrate 0.25 ~ 760mm/mm
4 [Workpiece rot. axis Air Bearing
Rot. speed 100 ~ 2400rpm
Max. load 45kg
5 Workpice size
Diameter 304mm
Length 152mm
6 Machine size 183 x 274cm
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Fig. 2(b) Photograph of diamond holders
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Table 2 Material properties of resin and mold

PMMA | S55C|STAVAX

Thermal conductivity
(W/m?)

0.2093 | 142 46.52

Specific heat

(J/kgC)

1465.38 480.0 446

Density (kg/m’)

1180 | 7978 7816

Coef. of lin. expansion
10°%(/°C)

90 15.0 12.6

(GPa)

Young's modulus

3.5 200 210

Poisson ratio

0.35 0.3 0.28

Table 3 Conditions of FEM analysis

Injetion
Mold
pressure Note
Temp.(C)
(kgecr)
Ax 92 1,380 Normal
Ay 92 1,518 Pressure +10%
Az| 92 1,242 Pressure -10%
Bx 97 1,380 Pressure +5C
By 97 1,518 |Temp. +5C, Press. +10%
Bz| 97 1,242 | Temp. +5C, Press.-10%
Cx 87 1,380 Temperature -5C
Cy 87 1,518 |Temp. -5C, Press. +10%
Cz 87 1,242 | Temp. -5C, Press. -10%
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Table 4 Comparison of thickness of lens at

1z
LU

center for analysis and measurement

Sim. | Meas. | Err.

(mm) | (mm) | (%) Note

Normal
Pressure +10%

Ax | 4.524 | 4.536 | 0.3
Ay | 4552 | 456 | 0.2
Az | 4535|4503 ] 0.7 Pressure -10%

Bx | 4.523 | 4538 | 0.3 Pressure +5C

By | 4551 | 458 | 0.6 | Temp. +5TC, Press. +10%
Bz | 4534} 453 | 0.1 | Temp. +57C, Press.-10%
Cx | 4525 | 45251 0.0 Temperature -5°C

Cy | 4553 | 4499 | 1.2 | Temp. -5°C, Press. +10%
Cz | 4535 ) 4493 | 0.9 | Temp. -5°C, Press. -10%
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TableS Specification of injection molding machine
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List Specification
1 Company B T2 (k)
2 Mold mounting force 25ton
3 Screw diameter 20mm
4 Max. injecting amount 23cm
5 Max. injecting .pressure 2170kg/cnt
6 Rot. speed of screw 100RPM
7 Max. injecting speed 100mm/sec
8 Mold mounting type Double joint
9 Mold mounting stroke 130 ~ 210mm
10 Mold thickness 140 ~ 300mm
11 Tie bar interval(H/V) 260 x 260mn
12 Ejecting force 1.2ton
13 Ejecting stroke 0 ~ 50mm
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Fig. 3 Plastic lens produced when molding

temperature is 92°C
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Table 6 Measurement result of the plastic lens according to the molding process parameters

Upper part Lower part
R value |P.V Value Rvalue P. V value T Note
Dimension 20016 <3um 48.6404£15 <3um 4.504+0.05 C=0.020559
Ax 206.535 3.478 49.03 1.786 4.536 Normal
Ay 208,575 4,031 49.20 2.646 4.56 Pressure +10%
Az 205.018 2.978 4892 1.753 4503 Pressure -10%
Bx 205.538 3.267 48.97 1.712 4538 Temp. +5C
Temp. +5C
By 204.304 2.930 49.10 2.252 458
Pressure +10%
Temp. +5C
B 202.511 2.824 4899 1.598 453
z Pressure -10%
Cx 206.253 4.733 49.23 1.936 4.525 Temp. -5C
T . 5T
Cy 207.843 4810 4932 2,095 4499 emp
Pressure +10%
Cz 204.716 3.874 49.14 1558 4.493 Temp. -5T
Pressure -10%
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