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Thermal stress analysis for an aspheric glass lens mold
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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
processes were developed with an eye to mass production of precision optical glass parts by
molding press. Generally, because the forming stage in a GMP process is operated at high
femperature above 570 °C, thermal stresses and deformations are generated in the aspheric glass
lens mold that is used in GMP process. Thermal stresses and deformations have negative
influences on the quality of a glass lens and mold, especially the height of the deformed glass
lens will be different from the height of designed glass lens. To prevent the problems of a glass
lens mold and the glass lens, it is very important that the thermal stresses and deformations of a
glass lens mold at high forming temperature are considered at the glass molds design step. In
this study, as a fundamental study to develop the molds used in an aspheric glass lens
fabrication, 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, it was
predicted the height of thermally deformed guide ring and calculated the height of the guide ring
to be modified, 64.5 um. This result was referred to design the glass lens molds for GMP process
in production field.
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Fig. 1 Progressive GMP process

Fig. 2 The configuration of a glass lens mold
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313 mm

Guide ring

(b) After forming
Fig. 3 The configuration of a mold and a glass lens
before and after forming
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(b) FEM model of a glass lens mold
Fig. 4 3-D and FEM model for heat transfer analysis

Table 1 Progressive GMP process

(s) (C) time (s)
Pre-heatl 450 32
Pre-heat2 520 32
Pre-heat3 577 32
Main-press 60 577 40
Coolingl 504 32
Cooling2 430 32

Convection coefficient

Temperature of of section ; 0 W/m2K

upper/lower plate
1 577°C

Convection coefficient
of surfaces : 5 W/mK

<Temperature of mold except upper/lower plate : 30C>
Fig. 5 Initial temperature and convection conditions
of analysis model

* Element type: DC3D8

(ABAQUS solid element)
» The number of elements: 29,848
» The number of nodes: 35,443
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Table 2 Mechanical and thermal properties of an analysis

model
U/L | Guide | Guide | Glass
core bush ring lens
Elastic
modulus 560 620 210 79.9
(GPa)
Shear modulus
(GPa) 224 256.2 80.8 32.5
Poisson’s ratio 0.25 0.21 0.3 0.229
(1 O_E;Elfzzm3) 14 | 149 | 0.785 | 0239
Thermal
expansion 6 5 12 0.073
10%)(1/C)
Thermal
conductivity 70 89 60.5 2.74
(W/mK)

Table 3 Gap conductance conditions

Type 1 2 |3 4 5 6
Gap
- 60 70 90
conduc 10 | 102 | 107 ; g )
tance (103 | (10% | (10%
(W/mK)
Type 7 8 | 9 10 11 12
Gap
conduc- |y 50 | 465 | 106 | 107 | 108 | 10°
tance
(W/m’K)

Table 4 Heat transfer analysis results

Type Temp. of mold(C) Temp. of lens(C)
Maximum | Min. Max. Min.

1 74.5 41.7 434 41.7

2 144.0 68.1 98.8 96.1

3 449.1 365.8 422.0 416.7

4 571.7 564.6 568.0 566.7

5 573.8 569.1 571.7 570.6

6 575.1 571.9 573.3 572.5

7 575.6 573.0 574.0 573.4

8 577.0 576.8 576.9 576.8

9 577.0 576.8 576.9 576.8

10 577.0 576.8 576.9 576.8

11 577.0 576.8 576.9 576.8

12 577.0 576.8 576.9 576.8
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Fig. 6 Temperature distributions of lens mold and lens
(Gap conductance = 60(10)W/m’K, Type 4)
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Table 5 Environment temperatures around the glass lens
mold at each stage and applied pressures on an

upper plate
Temperature(‘C) | Pressure(Pa)

Pre heatl 420 1,533

Pre heat2 490 1,533

Pre heat3 550 10,731
Main press 550 121,563

Coolingl 470 44,688

Cooling2 400 12,563
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+» Element type: C3D8T (ABAQUS solid element)

» The number of element: 29,848

* The number of nodes: 35,443

¥al
=R,

32 27| 25, REA=AH ¥ st

458 o] L dFAA
Az FIsith Y TEEY A 2 &
I ol9 HESY 2V|EEE 30CE FY&A A&
dglon 71EdZYolEy &£ % /A EH | EY
Fole] HE AZHE Table 1 F Zo] GMP +H <
process & AL3gion Fgol & HAR o|F
HE A 7k8sec) FekdlE 3 o] oudt 2%k
W3l wAstA geEga 7HAEIRG £33 EF
g Mz o] 7] REE HEEZYolEY L%
2ot ¢ 30C AL woin 7S T, Table 5
T gAE g7 2x9 AR g EHelEY A&
HE o=HS veldgls HE 4Ee tdEd o
E9 tﬂ&}ﬂr zeAdzRy =44 8FL o] &3}
of As STt

5
S
zA

olE

i rlo 1t

0{

33 JIA%/EH &d
2838 M HE&dE 7AHEH E =]
qe A %"‘6}‘4 7\‘3%“57& Ao A=
&

shai.

34 €33 oM df

Table 6 e €89 M4 274E Fsiit
Pre heatl GAlNAE A2 T3 ZHo] 57.1MPa
A F7 el em olF, HA F AT main
press SAIIAE 42MPa o $8& YeEhAH. o
F coolingl ¥ cooling2 & ©AI7} A FEHHA ThA]
Sl Friste AgE vEhAT dAA A¥
FAA HAF Hd $HL o= HolA
57.1MPa 2 VEFt 2™ o] Table 7 ol 71 A= 3
= 7lols 3 AA AFAEZ(560MPa)S] o 10%e]
Pt @goz W8 Ay 9 & 9% F
ol £42 98 Aolgl wdErl Main press T
AA AR FHojolA 573.7C9 Hxm =7 Y
Eton Jloj= RAS AHg, AdFoE
2EEXE HYY Jloj= ¥ HIEL pre
heatl Ao A main press SAI7ZFA] ZAAHHA 7}
dEdolEe 9% sldezrl F7Mgdd weEk &
A} & (z-axis) WHFo] F7FIR 2™ main press
dAE 110 me] FARE HPFS BT o

ll‘



rol

FEEUESs|x K 25 1235 pp. 125-131

December 2008 / 130

F WAHAe AAWA sol=
A s

Je) WyFe 4

=]

Table 6 Thermal stress analysis results

. Max.
Max. disp. )
Max. | Max. . disp. of
of z-axis X
stress | temp. ) z-axis for
. for guide
(MPa) | (C) . upper
ring (1)
core (¢m)
Pre heatl 57.1 | 378.9 61.0 27.0
Pre heat2 | 24.3 | 490.8 89.2 373
Pre heat3 134 | 561.0 105.6 43.5
Mai
M40 |37 1100 45.0
press
Coolingl 6.1 523.7 99.7 44.1
Cooling2 113 | 462.2 86.7 42.7
Table 7 Tensile strength of molds
U/Lcore | Guide bush | Guide ring
Material AE60 D10 SUS316
Tensile
strength 2,800 1,500 560
(MPa)
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displacement



= USEE A N 25 F 1235 pp. 125-131

December 2008 / 131

Displacement of z-direction for
node 12283 : 20.6 ia

Displacement of z-direction for
node 31629 : 20.1 s

X
Fig. 8 Displacement of node 12283 and 31269
(z-direction)
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