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A Study on Temperature and Stress Distribution in a Lens under Multi-Stage
Cooling Conditions in Progressive Glass Molding Processes
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Heat transfer distribution

Glass Molding Process (GMP) is an effective method for producing precise optical elements such as lenses. This
simulation study aimed to predict the distribution of temperature and stress within a lens during a multi-stage cooling
process of GMP. To develop an accurate simulation model including molds and lens, thermal contact conductance and
boundary conditions were determined by analyzing experimental and simulation results. The developed model was used to
investigate changes in temperature and maximum principal stress within the lens, considering variations in cooling time,
speed, and method at each cooling stage. Simulation results indicated that trends of maximum temperature difference and
maximum principal stress within the lens were consistent over time. Results also showed that the maximum principal stress
inside the lens increased significantly with additional cooling after uneven temperature distribution caused by a relatively
short cooling time. Compared to simulation results of the cooling process involving contact only with bottom surface of the
mold, contact cooling with both top and bottom surfaces showed decreased residual stress at the end of cooling and
maximum temperature difference within the lens. However, the maximum principal stress could be higher during the cooling
process involving both surfaces.
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Upper core (C)

Lens

Sleeve (B)

Lower core (A)

(b
Fig. 1 Photograph and sectional view of the molds: (a) Photograph

of molds and (b) Sectional view of molds
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Fig. 2 Photograph and schematic of experiment facility: (a) Photograph
of the inside of experiment facility, (b) Photograph of the
outside of experiment facility, and (c) Schematic of
experiment facility

Table 1 Measurement device accuracy

Device Range [°C] Accuracy [°C]
Thermocouple (K type) -200~1,000 +1.1
Thermocouple (T type) -250~350 +0.2

Aol YU, Al GMP FHe] A%, folg el
o] 2 ooz 7HARt & Y ©AlA 7t Ysh=
YA YT olF Ao] drE §UT WA Y2t
AA 34E SR 2 AFolA= 7 AR DAl 53
We] gz wgo] ehrwar offt WE o] f5/dS UEh
A oFe sk 1A Abeel al A=7} kg W2k AR A
2 ol%H oo W} HPOR TSI, AN ALE
o e A= DZLaF52LA°lUfl S Aol fre do] 2=
£ 546°Colek ofeldt W7k WS AR 9fs, WAl 2u]
A

ASlA §e] Ho] LEwTE e 500°CE
o ofs) W=g E3Her BFo] YRT LER A IS
59 ent g Agld Ky Qo] ofs) 24w w
ol §AFHEE 57} AojHet. olF Wrhe gia) o] A
dlol] B ol&uthe] o3| o]%5aA| Hch. ofu) Zejolx] B
o] JlgBE SEE 460°CE fAH YA FET W §
FAZE T BAY W2k 9l ZhaRE 2Esb 2000CE
A 2Ejolx] €& olbHo] Z7bael o] W),

7t A PelA 3 e AR stdE s WEshA o
oF 1 e

=

1

FASE T1us

k. ol=

al - i 5
5 ERT HEOR ola wAlsks Fol 3] Wbl



160/ February 2025

TILSSIEX| H42H M2F

ro

d=0] whig WAH] ffgdelH, ol 1t e fAl= A
GMP g7l A= 2853l it

oA Arget A3 IolA Fig. 1(b)9] (LOC), (SL), (UC)
Ao T 2=k ARdE K @AdHel ofs S5 A,
w30l e & HE AYdAE AEdold Anete] 4
==oke] HIE Fof Foldinh Aol AHE K3 3 TH
dide] 574 W92k 2Ak= Table 10] AJA| =1t

2023 R2E 283t v A" 2og S= Q) SIS
Qe A8 AHae AW 2] HuE 9l FUt Aw=
AHE AT ZF FEo] A FAESN S8 H= SS 304, A
Hol 31E.F o= Brass (UNS C36000), A== D-ZLaF52LA0]
ot ZF A 2] 100°Col| A =734k Table 20 AA| =} oH, 2
ol whE =] HkE a4 Aol are = )lrH21-23].

A fr2] A 3NN frele freEldo] &% oo s 7b
FH 5 PZE o] oA fe Hzes o5 WS AL
o A 27t odSskE] A iR S W EeA] S4Jo] Bigt
sttt 7129 78] AY 34 FEM 34 =552 78 538 &
A& Rhgsto] A¥ 38e 24k

QE%‘%%‘Z‘;H Olﬂﬁfﬂ% = o o=
TH4,5,9,18,19]. Z1euh, & AFtollA= {2l Zo] & olsld
A W7 3PgE RSt Liv B Ao mEw f2l7o|
S RN AW R IE 5

SkehA R, FEjde] &% ofsto A= o)
st JES vtsHAl WskRih24]. wheba] 2 AtolA=

o] &8 &5} malS wbshA] ¢hal, Y Ag= 4t
7}43}E] Young’s Modulus7} 2% H9] 75-574°Col|A 7
-114.76 GPa)sh= EAS ukaato] 3|15t

3ol digt ekt A sS4 fleliAe 5 U
W Ea} AL 7}

=

ol

~
—
(=)
(=)
[98)
— B

o%
N

i)
_ll'N' o
N o -
Jn}
i)

[>

off
1o
o,
b

N

[y

tlo
-
__}4_1
o
o
i

:1>~

o
o
)

k1

v
:?l:
e

(

f
Kl

40 gy ¢
ot
S
O:
1&
K
(L
2
>
d
>~
>

= 1R
£
et
S
i
s
et
o
Ho
o
2
Y
e
lo

(]
:
o
1%
i
32,
o
H
B
~
all
ot
ner
‘o,
by !
g
=2
X

<IN

ok
>l g

o,

b

BN

)

Mo

N

e

)

Ju

)02 AU F Yeskgicas)

)

o> g -
)
)
du
ng
2

4> ¢
oE
4o
rr

=

boet

N
I
=
BI\J

=
8
o
=
N
T

THBIONA AAIEE 3.72-12.3 WK o]

AA% i EAE AleE skl JleS 2RIk

30 o pt lo du o e

o L] U“
=
-9,
Y
=2
o
Rl

< e
2
X
%

Nu = {0.825 +

9/16,8/27

0.387Ra)’® }2
[1+(0.492/Pr)”" "]

Table 2 Physical properties of the molds and blocks

Material a [107%/C] k [W/mK] E [GPa] v
Brass 2 115 97 0.31
SUS304 1.74 15.1 193 0.3
D-ZLaF52La 83 0.831 115 0.29
wcC 1.2 108.7 703.1 0.23
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Temperature
(400°C, 200°C)

Radiation (€ : 0.45)
(T, : 400°C, 200°C)

Natural convection
(h : 8~10 W/m2-K)

Fig. 3 Boundary conditions for thermal FE analysis

Table 3 Mold internal thermal contact conductance

Thermal contact conductance

Material [W/m>K]
Lower core - Sleeve
Upper core - Sleeve 500
Lens - Sleeve
Lower core - Lens
450
Upper core - Lens
Lower core - Heating block
375

Sleeve - Heating block
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Fig. 4 Experimental and numerical temperature comparison (a)
Lower core temperature comparison, (b) Sleeve temperature
comparison, and (c) Upper core temperature comparison
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Table 4 Process variables and process variable values

Process variables Process variable value

Initial temperature 520°C

400 s

Process time 700 s

1,000 s

2 steps
(520 - 200 - 50°C)

3 steps

Process steps
p (520 - 460 — 20C - 50°C)

4 steps
(520 - 400 — 280 — 150 — 50°C)

Upper heating block No contact

contact condition Contact
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