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NUMERICAL SIMULATION OF PRESS MOLDING FOR GLASS ASPHERICAL LENS
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In the present study, numerical simulations of press molding for a glass aspherical lens using
finite element analysis were carried out. Thermo-viscoelastic properties of the glass were
estimated by unidirectional compression creep tests based on traditional thermo-viscoelastic
theory. Numerical simulations were performed using general purpose finite element code
(ANSYS). In order to predict the adaptive molding conditions for complete transcription,
relation between molding temperature and pressure was investigated. The effect of molding
condition for residual stress and shape error was investigated by the present numerical
simulation. Moreover, the die shape was corrected in consideration of the lens shape error
estimated by numerical simulations. It was confirmed that the lens shape error against the
designed profile was reduced to 1 pm or less.
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Table 1 Characteristics of BK-7 glass specimen.

Glass transition temperature [°C] 576
Deformation point [°C] 625
Instantaneous Young’s modulus [GPa] 80
Instantaneous Poisson’s ratio 0.205
Thermal conductivity [W/m*K] 1.11
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Fig. 1 Master curve of shear relaxation modulus of BK-7 glass.

Table 2 Coefficients of generalized Maxwell model for BK-7.

Coefficient [GPa] Relaxation time [s]
G 16.356 A1 37.0
G2 16.356 As 38.0
Gs 0.328 A3 43.0
Go 33.04 G () 0.201 [MPa]
. N\
2 mr surface) \@l <
z Effective di =10
Ls

[mm]

Fig. 2 Cross-sectional profile of designed aspherical lens.

Table 3 Coefficients of aspheric surfaces.

Upper surface (ASP 1) Lower surface (ASP 2)
o4 8.209 X 107 3.40013 X 10*
06 -1.561 <10 -8.00120 X 10°¢
os 4.362x10°8 -5.16303 <10
1/16.0 1/13.8
k -1.1 0.1

(a) Stopper model

Upper die

(b) Non-stopper model

Fig. 3 FEM models for the aspherical lens.
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Fig. 4 Temperature and pressure conditions for press molding.
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Fig. 5 Relationship between molding temperature and molding
pressure for complete transcription.

Table 4 Internal stresses (Mises stresses) just after the press
process end in each molding condition.

T
em;:erature 630 640 650 660 670 680
[°C]
P
ressure 73.49 | 30.65 | 13.36 | 5.59 | 2.75 | 1.57
[MPa]
I 1
nternal stress 236 112 44 1.56 | 1.07 | 0.91
[MPa]
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Fig. 6 Time histories of the maximum internal stresses in the press
process at 660, 670 and 680°C.
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Fig. 7 Definition of lens shape error.
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Fig. 8 Lens shape errors against the designed profile estimated by
FEM simulations.
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Fig. 9 Time histories of the maximum internal stresses.
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Fig. 10 Contour charts of residual stress after cooling.
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Table 5 Coefficients of approximated function for stopper model.

Upper surface (ASP 1) Lower surface (ASP 2)
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Fig. 11 Lens shape errors against the designed profile estimated by
FEM simulations (using corrected die shape).
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