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In the present paper, some experiments for press molding of lens and its numerical simulations

using finite element method were investigated. Thermo-viscoelastic property of the BK-7 glass

specimen was estimated using unidirectional compression creep test based on traditional

thermo-viscoelastic theory. The adaptive condition of molding temperature which given

appropriate transcription profile of the glass was investigated by the experimental tests.

Moreover, numerical simulation for press molding of the glass was carried out by finite

element method using universal FEM code (ANSYS ver.11.0). As a result of comparing

experimental results with numerical ones, it was confirmed that the surface profile of the lens

estimated by FEM approximately agreed with experimental value.
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Table 1 Specifications of glass specimen.

Glass type BK-7
Glass transition temperature [°C] 576
Deformation point [°C] 625
Instantaneous elastic modulus [GPa] 80
Instantaneous Poisson’s ratio 0.205
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Fig.1 Shear relaxation modulus of BK-7.
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Fig.2 Shift factor of BK-7 approximated by
Narayanaswamy's equation.
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Fig.3 Maxwell model for relaxation modulus.

Table 2 Coefficients of Maxwell model for BK-7.

Coefficient [GPa] Relaxation time [s]
G 16.356 A 37.0
G, 16.356 A 38.0
Gs 0.328 A3 43.0

G () 0.201 [MPa]




Table 3 Coefficients of thermal expansion of BK-7.

Glass type BK-7

o [K'] 6.00x10°
a1 [K7] 2.25%10®
s [K7] 5.34x10"
a3 [K*] -3.68x10™"
a4 [K?] 5.85x107

Fig.4 Equipment of hot embossing system.

Table 4 Test conditions of glass press molding.

Lens type Plano-concave Spherical

Temperature [C] 630, 640, 650, 660 680, 690

Pressure [MPa] 0.79 1.57,3.14
Press time [s] 600 600
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Fig.6 Illustration of FEM model for spherical lens
and transcription heights (4, and 5,).
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Fig.7 Temperature and pressure conditions for finite
element method analyses.

Table 5 Thermal properties of die and glass materials.

Material SUS304 BK-7

Density [kg/m’] 8030 2510
Specific heat [J/(kg*K)] 502 858
Thermal conductivity [W/(m*K)] 16.3 1.11
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Fig.11 Comparison of cross-section profiles obtained
by press molding and numerical simulation for
spherical lens pressed at 680°C. (u=0, 0.2)
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Fig.12 Comparison of cross-section profiles obtained
by press molding and numerical simulation for
spherical lens pressed at 690°C. (u=0, 0.2)
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Table 6 Residual stresses (o) of spherical lens after press
molding obtained by numerical simulations.

Condition 690°C, 1.57MPa | 680°C, 3.14MPa
O max [MPa] 442 772
O min [MPa] 0.28 0.15
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