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Abstract: In order to realize high —precision mass production of small diameter dual aspherical
chalcogenide glass lenses, cooling gap in cooling stage was studied to reveal its influence on lens

molding quality through simulation and experiments. Firstly, high temperature viscoelastic mechanical,
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structural relaxation and interface heat transfer model of the chalcogenide glass molding was analyzed
and applied to simulation study. Secondly, molding simulation of target lens was carried out, and
influence of cooling gap conditions on internal temperature, stress distribution, and profile deviation of
the lenses were discussed. Finally, the molding experiments corresponding to simulation were conducted.
The influence of cooling gap conditions on the surface form accuracy PV, surface roughness Ra and
profile deviation of the molded lenses were analyzed, and simulation and experimental results were also
compared to verify the validity of simulation model and its results. Simulation results show that the
stress was the smallest when cooling gap is 0.1 mm, which is 3.897 MPa. The profile deviations of
molded lens ASP1 and ASP2 were 1.054 pm and 0.858 pm, respectively. The experimental results
show that surface quality of molded lens with cooling gap of 0.1 mm was the best. The PV values of
ASP1 and ASP2 are 170.8 nm and 223.6 nm respectively, Ra values are 22.7 nm and 24.9 nm
respectively, and maximum profile deviations are 0.896 pm and 0.738 pm respectively. Therefore,
minimum cooling gap is 0.1 mm. The simulation results showed good agreement with experimental
results. The cooling gap has some influence on molding quality of small diameter dual aspherical

chalcogenide glass lenses. The determination of minimum cooling gap can effectively improve surface
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quality of molded lenses.
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Fig.1 Designed dual aspherical lens
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Tab.1 Lens parameters

R/mm k A, As Ay

ASP1 -3.2 0.705 -0.0429 -0.0209 -0.01346

ASP2 -2.4 0.163 0.0016  =0.00095 0.000 038
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Tab.2 Thermo-mechanical properties of

IRG205 and AF312

Property IRG205 AF312
Density p/g-cm™ 4.68 14.3
Thermal conductivity </W -m~'- ™' 0.25 29
Specific heat C,/J - g™+ C! 0.33 314
Young's modulus E/GPa 21.9 560
Thermal expansion a/C™! 14x107° 5.7x107°
Transition temperature 7,/ C 285 -
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Tab.3 Stress relaxation parameters of glass

(Tref=310 OC)

Ti w;
125.302 0.134 03
26.615 0.824 62
536.811 0.0321 16
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Tab.4 Structural relaxation parameters of glass

7 (s) 8i
0.321 96 0.404 83
0.545 41 0.585 28
0.043 58 0.002 46
AH/R/C 32 654.2
Tw C 340
x 0.325
/T 9.297x107°
a,/C™! 2.297x107°

by B RNV RS Dy 0.2 mm Y B
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Tab.5 Cooling gaps and corresponding heat

transfer coefficients!*!!

Cooling gap h, He Hy hy
conditions /W-m=2-C"'/W-m2-C"'/W-m2-C"'/W-m2- T

Maintain
2800 - - -

pressure
0 mm 2 800 - - -
0.1 mm 2800 133 147 -
0.2 mm 2 800 133 147 -
0.5 mm - - - 20
10 mm - - - 20

23 IBRMUHBREREN

JBY S AE HOAS AR 2 ) AR 1) GMP=310V
R 2 BT R MUK B 2B AT (] 2) o ZHLR BB S
AR E AR A B b, PRSP R R

AL TR bR B R A LR R A
SUR/EE: S Y OTUN 7S B L SO TR OO B I Y T o

[ 2 R %5 455 B BL R GMP-311V
Fig.2 Ultra—precision glass molding machine GMP-311V
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Fig.5 Schematic diagram of cooling gap

4 FR5E

4.1 FEERSW

B 6 S AH [ ¥ HVE ] AS [ ¥ &0 8] Bt 4% 148 T 3L
AR BRI IR A = B N R LR A
(@QFD) T, B R %1 250 s BHFEHT X EE;
MM T 8 AR 2 =R (A A —E R
BEREEE ;A5 )FO T, B BRI B E %
U, ELURLRE B B A o A R O R R AE T
ZAF @) (b) T, 5 ASP1 Fil ASP2 55 #5% Ji A ks 1%
fik g ) B S /N, B 0 AR i R AR A S Ao 42 il 4
PAL GRS . &) 2= T, B ) ASP1 5 |E
FEE f] BR A M 0.1 mm 34K %] 10 mm, 4% H ASP1
F T 37 42 ik A5 PR PR i A% 30 2 b RS A Sy R I 45 AR
b 4 B Ao MIBE A, B h ASPL 4 #u 2 B A

(c) 0.1 mm
Y

2.503e+001
2.503e+001 j—VX
2.503e+001
2.502e+001
2.502e+001
2.502e+001
2.501e+001
2.501e+001
2.501e+001
2.500e+001
2.500e+001

P

lcase 1 lcase 1
Temperature

1142001-6



LGk TR

% 11 www.irla.cn AT A
(d) 0.2 mm (e) 0.5 mm (f) 10 mm
Y Y Y
[‘ 2.508e+001 2.538¢+001 D2_556e+001
L 2.507e+001 z[“"X' 2.535e+001 z[“"*' | 2.552¢+001 (g ;[___.X
2.507e+001 2.532e+001 2.548e+001 [
2.506e+001 2.529¢+001 2.544e+001 iii:
2.505e+001 2.527e+001 2.540e+001
2.504¢+001 2.524e+001 2.536e+001
2.503e+001 2.521e+001 2.532¢+001 [t
2.503e+001 2.519¢+001 2.528e+001 ﬁ*i
2.502e+001 2.516e+001 2.524e+001 &
2.501¢+001 2.513¢+001 : 2.52004001 s
2.500e+001 2.510e+001 Eﬁg HEd 2.516e+001 isssits:
Icase 1 lcase | Icase 1
Temperature Temperature Temperature

P 6 AN Tl ¥ & 0 B 4% 1F T B2 A A0 il B 3 A

Fig.6 Lens temperature distribution under different cooling gap conditions
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