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A Study on the Thermal Stresses of the Glass Lens Mold
Using in Progressive GMP Process

S. H. Chang, Y. M. Lee, G H. Shin, G. S. Yoon, W. C. Jung, T. S. Jung, Y. M. Heo

Abstract
To prevent the damage of glass lens molds and deterioration of glass lenses using in progressive GMP process, a

thermal stress and a deformation of the glass lens molds at forming temperature should be considered in the design step.

In this study, as a fundamental study to develop a multi cavity mold used in an aspheric glass lens molding, a heat

transfer and a thermal stress analysis were carried out for

the case of one cavity glass lens mold used in progressive GMP

process. Finally, using analysis results, we estimated the thermal stress in a glass lens mold and predicted a modified

height of guide ring that determines the forming height of

a glass lens.

Key Words : Thermal Stress Analysis (258 341), Heat Transfer Analysis (229 314), Aspheric Glass Lens Mold
(frel A= F3), Progressive Glass Molding Press (&52F0] % GMP)
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Fig. 1 The configuration of a glass lens mold

Fig. 2 FEM model for heat transfer analysis
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Table 1 Progressive GMP process (Cycle time : 60s)

Environment | Plate temp. | Contact

temp. ('C) (T time (s)
Pre heat] 420 450 32
Pre heat2 490 520 32
Pre heat3 550 577 32
Main press 550 577 40
Coolingl 470 504 32
Cooling2 400 430 32

Table 2 Properties of an analysis model
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U/L | Guide | Guide
Property . Lens
core | bush ring
Elastic modulus (GPa) | 560 620 210 79.9
Shear modulus (GPa) | 224 | 2562 80.8 32.5
Poisson’s ratio 025} 021 03 0.229
Density
p , 14 | 149 | 0785 | 0239
(107)(kg/mm’)
Thermal expansion
6 5 12 0.073
(10%(1/C)
Thermal conductivity
70 89 60.5 2.74
(W/mK)
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Table 3 Heat transfer analysis results at main press

Gap Temp. Temp.
conductance | of mold(C) of lens(C)
(10°W/m’K) | Max. | Min. | Max. | Min. | Side

4.0 5664 | 555.0 | 561.1 | 559.5 | 559.7

45 5692 | 5603 | 564.9 | 563.5 | 563.8

4.7 570.1 | 561.9 | 566.1 | 564.8 | 565.0

50 571.1 | 564.1 | 567.6 | 566.5 | 566.6

52 571.7 | 5653 | 568.5 | 5674 | 567.6

55 5725 | 566.8 | 569.6 | 568.6 | 568.7
6.0 5735 | 5688 | 571.0 | 5702 | 5703
7.0 5747 | 571.5 | 5729y 5723 | 5724
8.0 5755 | 5731 1 5741 | 573.6 | 5737
9.0 5759 1 574.1 | 5749 | 5745 | 5745
10 5762 | 5748 | 5754 | 575.0 | 575.0
10° 5770 | 5769 : 5769 | 5769 | 5769

Max. temp = $70.1°C
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Fig. 3 Temperature distributions of a mold and a
glass lens model : main press
(Gap conductance = 4.7(10%) W/m?K)
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Table 4 Applied pressures on an upper plate

Pre heatl Pre heat2 | Pre heat3

Pressure(MPa) 1,533 1,533 10,731
Main press Coolingl Cooling2

Pressure(MPa) 121,563 44 688 12,563

Table 5 Thermal stress analysis results

Max. disp. | Max. disp.
Max. Max. . .
stress | temp. of z-a>'us‘ of z-axis
. for guide for upper
(MPa) | (C) .
ring (/) core ((an)
Pre heatl 557 | 3589 56.1 254
Pre heat2 283 | 475.6 84.7 359
Pre heat3 166 | 5509 102.5 42.6
Mainpress | 58 | 570.1 1088 | 446
Coolingl 5.6 526.4 100.1 43.7
Cooling2 115 | 469.7 88.0 42.5
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Table 6 Tensile strength of a mold

U/L core | Guide bush | Guide ring
Material AE60 D10 SUS316
T.S(MPa) 2,800 1,500 560

(a) Stress (55.7 MPa)
[Pre heatl]

(b) Temp. (570.17C)
[Main press]

Fig. 4 Thermal stress analysis results
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