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A Study on Flow Characteristics of PBK40 for Glass Lens Forming Process
Simulation Using a Plate Heating Type

Sung Ho Chang’, Young Moo Heo", Gil Sang Yoon™", Gwang Ho Shin"", Young Min Lee™,
Woo Chul Jung™", Jeong Jin Kang", Tae Sung Jung”™ and Dong Sik Kim"™

ABSTRACT

Recently, remarkable progress has been made in both technology and production of optical elements including
aspheric lens. Especially, requirements for machining glass materials have been increasing in terms of limitation on
using environment, flexibility of material selection and surface accuracy. 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. In such a background, the high-precision optical GMP
process was developed with an eye to mass production of precision optical glass parts by molding press. This GMP
process can produce with precision and good repeatability special form lenses such as camera, video camera, aspheric
lens for laser pickup, f-0 lens for laser printer and prism, and fine glass parts including diffraction grating and V-grooved
base. GMP process consist a succession of heating, forming, and cooling stage. In this study, as a fundamental study to
develop molds for GMP used in fabrication of glass lens, we conducted a glass lens forming simulation. In prior to, to
determine flow characteristics and coefficient of friction, a compression test and a compression forming simulation for
PBK40, which is a material of glass lens, were conducted. Finally, using flow stress functions and coefficient of friction,
a glass lens forming simulation was conducted.
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Table 1 Specifications of a micro compress tester

Table 2 Thermal and mechanical properties of K-PBK40

Fig. 2 Micro compress tester

Ceramic Mold
Heater

Ceramic Band Heater

Fig. 3 Schematic diagram of a heating system using a
ceramic band and mold heater
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Load capacity 2200 N Max Glass specification Value
Load accuracy +0.5 % of indicated load Transformation .
. T, (C) 501
Stroke 10 mm point
Thermal — - -
Test speed 1 mm/sec Max . Yielding point A (C) 549
properties
Test temperature 700°C ) 100 ~ 300
Thermal expansion o 7.3
Compression (107/7)
Test mode Compression creep Knoop hardness Hk (Class) | 615(6)
Forming ) Vickers hardness Hv 606
" Mechanical
Position accuracy 1.1 m i Young’s modulus E (GPa) 79.9
properties -
Control Load & Position P Modulus of rigidity G (GPa) 32.5
Poisson ratic - 0229
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Fig. 4 Test specimen (K-PBK40: @7 X H7)
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Table 3 Test conditions for compression test

Ty, Ta(C) £ (1/sec)
570 0.005 | 0.01 0.03 0.05
580 0.005 | 0.01 0.03 0.05
590 0.005 | 0.01 0.03 0.05

Fig. 5 Deformation of a specimen (before and after
compression test)
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1400
Strain rate : 0.05
—o—PBK40-New590-0.005-Master 3
1200 —0—PBK40-New580-0,01-Master
—&—-PBK40-New590-0.03-Master
1000 —v—PBK40-New590-0.05-Master

Load, N

Displacement, mm

Fig. 6 Load - displacement curve (temperature = 590 T,
strain rate = 0.005, 0.01, 0.03, 0.05)

—o—PBK40-New570-0.005-Master
—u—PBK40-New580-0.005-Master
—&—PBK40-New590-0,005-Master

Temperature : 570T

Load, N

Temperature : §80T

‘emperature : 590

Displacement, mm

Fig. 7 Load - displacement curve (temperature = 570, 580,
590°C, strain rate = 0.005)
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(temperature = 570, 580, 590°C)
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Table 4 Strength coefficient and strain rate sensitivity for Table 5 Simulation conditions
PBK40 at 570, 580, 590°C Temperature i Coefficient
Temperature Strength Strain rate / Strain rate i of friction
(C) coefficient (k) | sensitivity (m) 570(C)
405.2 0.842 0.1~1.0
570 405.2 0.842 /0.01(1/s)
580 213.2 0.893
590 111.1 0.927 Table 6 Simulation results

Fig. 12 Compression forming simulation model
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Fig. 13 Displacement — time curve for a upper jig
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Coefficient Load Radius
of friction [N] [mm)
0.1 908 5.66
0.2 920 5.69
0.3 975 5.71
0.4 1019 5.73
. . 0.5 1060 5.74
Simulation
0.6 1131 5.75
0.7 1162 5.76
0.8 1243 5.77
0.9 1329 5.78
1.0 1542 5.79
Test - 1596 5.75

Coefficient of friction = 0.2

Coefficient of friction = 0.4

Coefficient of friction = 0.6

Coefficient of friction = 0.8

Coefficient of friction = 1.0

Test specimen

Fig. 14 Simulation results(Barreling shapes)
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Fig. 16 Glass lens forming simulation model

Fig. 17 Forming shape of glass gob
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Fig. 18 Load - time curve for a upper core
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