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Effect of the Molding Conditions on Formability
in Progressive Glass Molding Press
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Abstract

Remarkable progress had been made in both technology and production of optical elements including aspheric lens. In
the past, precision optical glass lenses were produced through multiple processes such as grinding and polishing, but mass
production of aspheric lenses requiring high accuracy and having complex profile was rather difficult. Against such a
background, the high-precision optical GMP process was developed with an eye on mass production of precision optical
glass pasts by molding press. This GMP process can produce with precision and good repeatability special form lenses
such as for cameras, video cameras, aspheric lenses for optical items. In this study, Design Of Experiment(Taguchi
method) was adopted to find a tendency of molding conditions that influence formability. Three main factors for molding
conditions were selected based on pressure at pressing stage and temperature, pressure at cooling stage. Also, the DOE
was carried out and the interference patterns were measured to evaluate the formability of GMP process. From the results,
it was found that the cooling pressure is the most sensitive parameter for progressive GMP process.
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(a) Schematic diagram of progressive GMP
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Fig. 2 Designed shape of glass lens
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(a) Schematic diagram
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of glass lens mold

(b) Photograph of glass lens mold
Fig. 3 3-cavity mold for glass lens

Table 1 Measured data of glass lens mold

Cavity # Pv [um] Rt [um] Ra [pum]
1 0.1263 0.0325 0.0039
2 0.0838 0.0353 0.0027
3 0.1577 0.0402 0.0049
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(@) (b)
Fig. 4 Irregular interference patterns by poor molding
conditions : (a) curved interference, (b) multi
curvature interference pattern pattern
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Table 2 Results of pre-experiment
(Cooling 1 Pressure : 0.2 MPa)
Result Coolingl Temp.[TC]
No. |485|490 | 495 | 500 | 505 | 510 | 515 | 520 | 530

NG4 2 2 2 1
NG5 | 2 3 1 5 8
OK 2 6 9 5 2

Sum | 10 | 10 | 10 | 10 | 10 | 10 | 10 | 10 | 10

(Cooling 1 Temperature : 515C)

Result Coolingl Pressure [MPa]

No. 0 005 | 01 | 015 | 0.2 | 0.25
NG1 2
NG2 1

NG3 3 4 3

NG4 2 1 1 2

NG5 8 9 5 2 2 1

OK 2 5 9 8

Sum | 10 10 10 10 10 10 10

NGI1- crack,

NG2- multi curvature interference pattern,
NG3- shrinkage on the boundary of lens,
NG4- shrinkage on the center of lens,
NGS5- curved interference pattern,
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Table 3 Molding conditions of experiments

. Pressure Time
Stage Temp. [C] [MPa] [sec]
Heating1 420 0
Heating1 530 0
Heating1 560 0 70
Main Press 560 D.O.E
Coolngl D.O.E D.O.E
Coolng2 400 0.1

Fig. 5 Measurements setup for characteristic value
inspection
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Table 4 Main factors and variables for spherical
interference patterns experiments

Main variables | Level 1 Level 2 Level 3
li(r)r?;m[gcl ] 508 525 545

prﬁiﬁeﬁ\iﬁa] 0.1 0.2 0.3
Cooling 1

Pres;):l)rcltn[i/[Pa] 0 0.1 0.2

Table 5 Orthogonal array for Taguchi DOE

Coolingl | Main Press Coolingl
Exp# Err.

Temp. Pressure Pressure

1 1 1 1 1

2 1 2 2 2

3 1 3 3 3

4 2 1 2 3

5 2 2 3 1

6 2 3 1 2

7 3 1 3 2

8 3 2 1 3

9 3 3 2 1
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Fig. 6 Interferences patterns of mold

Table 6 Experiment result for Taguchi DOE
Exp# Cavity 1 Cavity 2 Cavity 3
1 4 0.1 0.1
2 0.1 0.1 0.1
3 0.1 0.1 0.1
4 0.1 0.1 0.1
5 0.1 5 2
6 0.1 0.1 0.1
7 2 0.1 0.1
8 0.1 0.1 0.1
9 0.1 0.1 3
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Fig. 7 Comparisons of interferences patterns of glass
lens(Exp#-Cavity#)
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patterns



Table 7 ANOVA table for spherical interference

patterns

Factor DOF >x2 variance | F value
cooling 1 2 | 69.0634 | 34.5317 | 0.4898
temp.
MamPIress | 5\ 104438 | 52219 | 0.7407
pressure
cooling 1 2 | 1204327 | 602.1633 | 8.5408
pressure

err 2 | 141.0079 | 70.504

Total 8 | 1518.836
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