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A study on the thermal deformation of 3 cavity GMP mold for glass lens
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Abstract :

Recently, the demands of digital camera and miniature camera module for mobile-phone is increased

significantly. Lenses which is the core component of optical products are made by the injection molding(plastic lens) or
GMP(glass lens). Plastic lens is not enough to improve the resolution and performance of optic parts. Therefore, the
requirement of glass lens is increased because it is possible to ensure the high performance and resolution. In this paper,
the thermal stress analysis of 3 cavity GMP mold for molding glass lens was performed for estimating the thermal stress
and amount of deformation. Finally, the modification plan based on the analysis results was deducted.
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Fig. 1 3D model for 3 cavity glass lens molds
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Fig. 2 A half model for the molds and FEM model
for the analysis
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B Element type C3DS8T(ABAQUS  solid
element for thermal stress analysis)

B The number of elements : 12,611

B The number of nodes : 17,69

Convection coefficient of
section = 0 W/m?K

Initial tempera
upper/lower he:

=470C

Initial temperature of glass lens mold
except upper/lower heat plate = 30°C

Fig. 3 Initial temperature and Convection
boundary conditions
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Table 1 Material properties for the molds
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Elastic . Densit | Thermal | Thermal
modulu Poisso expansio | conducti
Part | Material n's .
s ratio (10 kg n vity
(GPa) Jmm®) | (109°C) | (W/mK)
Upper/
Lower| “n 10 | 620 | 021 | 149 | s 89
heat
plate
Upper/
Lower | AE-60 560 0.25 1.4 6 70
core
Guide] nyo | 620 | o021 | 149 | s 89
bush
Guide | s.316| 210 | 03 |0785 | 12 60.5
ring
Spacer| D-10 620 0.21 1.49 5 89
Under! 1o | 620 | 021 | 149 | 5 89
base
Lens |CSK-120| 93 0.25 {0.299 | 0.095 1.86

Table 2 The progressive GMP process
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Table 3 Results of the thermal stress analysis

Pre Pre Pre | Main |Coolin | Coolin Max Von |Max temp. | Max. disp. | Max. disp.
heat 1 | heat 2 | heat 3 | press | g I g2 Mises / Min of z-axis | of z-axis
stress of temp. for guide | for upper
Cycle 70 mold(MPa) () ring(sm) | core(sm)
time(sec)
4237 /
Pressure | 0.0032 | 0.0032 | 0.0220 | 0.2981 | 0.1703 | 0.0790 Pre heat 1 65.9 915 82.1 46.5
(MPa) 70 70 73 15 13 25 :
Temperature Pre heat 2| 285 5266400/ 107.6 59.7
uppef/fower 470 | 525 | 570 | 570 | 560 | 400 504/
heat plate Pre heat 3 14.1 5393 122.5 67.6
Down . 5673 /
fime(sec) 18 18 18 15 18 18 Main press 12.3 5612 1257 69.3
Contact . 560.9 /
fime(sec) 44 44 44 47 44 44 Cooling 1 7.0 560.3 124.8 69.1
Moving . 458.9 /
time(sec) 8 Cooling 2 | 23.1 184 96.6 68.2
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CMP 38 & 3 cavity 7l ¢

Table 4 Material properties(tensile stress) for the
molds and analysis results of maximum
Von Mises stress

Upper/lo| Guide | Guide Under

. Spacer
wer core| ring bush base

Material | AE-60 |SUS-316| D-10 D-10 D-10

Tensile
strength 2,800 560 1,500 1,500 1,500
(MPa)

Max. Von
Mises 30.7 65.9 32.6 12.6 254
stress(MPa)
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(a) Max. Von Mises stress = 65.9 MPa
(Guide ring : Pre heat 1)

431612e 402

(b) Max. temperature = 567.3C
(Under base : Main press)

(c) Max. displacement = 2283 um
(Guide ring : Main press)

(d) Max. displacement(z axis) = 125.7 ym
(Guide ring : Main press)

B
: Glass lens Displacement of z-direction for
node 13373 : 35.7 n

0 e e e

Displacement of z-direction for
node 13375 : 27.6 im

Fig. 5 Thickness variation of glass lens model
by thermal deformation(z-direction)
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