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The Glass Molding Process (GMP) produces large quantities of glass optical parts and provides the advantages of high
molding accuracy, short production cycle, low cost, and little pollution. Developments in different sectors, such as cameras
and telescopes, are prompting studies on the design of aspherical optical components. Modeling heat transfer and
deformation at high temperatures are crucial aspects of studying glass because its properties are significantly influenced by
temperature-induced phase changes. In this study, temperature changes and geometric deviations of lenses were studied
with respect to heating, pressing, and cooling times and the heat capacity of the heater used. A 3D model was designed
for the heating, pressing, and cooling steps, and heat transfer was subjected to numerical analysis considering the specific
heat of glass and the temperature dependence of thermal conductivity. Lens molding temperature conditions were then
analyzed with the heat capacity of the lens molding heating system. Lens molding conditions were derived by analyzing
lens temperatures with respect to heating and cooling capacities at each process step.

Manuscript received: November 2, 2024 / Revised: December 21, 2023 / Accepted: December 27, 2023

1. NE GMP)O2 Gpab e feolxm glout, Al AAfelAs g
59 YA A S QlolA FAB 714 L Aol
T AzE BN, Ao, dolA ALE, ook, W3 Baskei12),
%, AL 5 94 dlole B2 91h theRe Aol AHgE GMP 3742 xjolsaat dmalel Walo £ /b 34
T RE F745t Qleh. 7o) w8 WO AR A A of AUtk 2Xeldd WAL 1Y, U, W2 UAS skt E
22 91814 chopat vk ARE T Glek. AAE ek AW ool Cavih 9 390l fEl 248 Wold 1Y, @,
3 3 Bl ole] YO YA T 4 Uk AR T W2k AR EAAOR 2 WAUR olFEUA AT
v ul e Aok Qi) ul P Al el el Y Aolch. 2} o] fEAoR AYPoR Hmak 2o s
Ht TE $A] BAE AHA AAR gol AGET Uk o] nEA AZES 92 5 A, 2 A] Fu] WHo) 4
[ 3§ 2] 5 dnie B2 @A 500 71 718 R whe ol ek S 2t ol $X0 ol
O ATt A SASHAN BOR Sl R SHEE A SE7L AThAoE e, 2XH0R o)Fo] ¥
o] e BAHo] gt oS Heke 3] 9ol 230 FY  wsb] o] AEap} ofele wol irk.
off 3.2, 19 244 fel 4% 3% (Glass Molding Process, QA WA B B el A EE Ak B

Copyright © The Korean Society for Precision Engineering
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


https://crossmark.crossref.org/dialog/?doi=10.7736/JKSPE.023.136&domain=http://jkspe.kspe.or.kr/&uri_scheme=http:&cm_version=v1.5

208 / March 2024

| Load the lens | | Pre heating / Heating | |

Press

|

2 Step of cooling

®
e

L,

(a) Progressive method of the Glass Molding Process

N2 or Vacuum

-3
o> “~e
o e

(b) Batch method of the Glass Molding Process
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Fig. 1 Schematic of glass molding process and temperature of lens at each step (heating, pressing, cooling)
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Table 1 Thermal expansion characteristics of glass L-BAL 35

Characteristic point in the

Temperature [°C
volume-temperature curve P ['C]

Strain point (StP) 489
Annealing point (AP) 520
Transition temperature (Tg) 527
Yielding temperature (At) 567
Softening point (SP) 619

Table 2 Properties of materials

. . Thermal
Materials ][?;/n:l?]/ SPBjLﬁ?I;]f at conductivity

8 [W/m-K]
Lens L-BAL-35 2,820 1,100 1.13
Heater Quartz 2,660 749 2.5
Liner/Holder/ o hiee 1770 710 90

Press bar

Mold Molybdenum 10,200 255 147

Conduction

Under mold
‘Cooling poini : 4

70 mm

90 mm

(a) Heat transfer model

@ 4 =

(b) Heating

A

(c) Pressing (d) Annealing/Cooling

Fig. 2 Numerical simulation 3-D model and heat transfer model

7lHko &2 3t BAlE mdo|w, o] mEll Blel 7|51ekE] Lz
U oheket Babg 24 7P Ala"oll A E Aeket Hatd g
Aol 7ls3to] 285t 12].

Fig. 32 A 4ol A AR} AA9F AR} f2of whE oA 2
ko] A2 gashy] flsl AAk ekl s Aks vt
Wtk AA= Fluent Meshingo| 4] Poly Hexa-core® ZAE A
Astgon, A 42 280,000742} 3,700,00070] 9] Yol Al
Ssto] Azo] 2wS vlwsrh 23} fof ke W= &
L= W3} Apol= o 2.5°CE Uehgth do] &= =dsh=
oA ¢l A= 2% W3k= 1,070,0007§2} 3,700,0007]2] 2=}
oAl Yegon, =134 A7 &4 ¢85 1,070,000742]
AAE ARgSEAT



210/ March 2024

(a) Mesh structure
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Fig. 3 Mesh structure and grid independence
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Fig. 4 Comparison of the temperature change on lens at each heater
system power in Step 1, 2
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Fig. 5 Comparison of the temperature distribution and deviation on
the lens in step 2
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Fig. 7 Comparison of the lens temperature change according to
heater power in the pressing process of steps 3, 4
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