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Abstract: Based on the finite element analysis of hot pressing process, a new non-—isothermal molding

method was proposed for improving hot pressing quality of small-diameter aspherical chalcogenide glass
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lenses and avoiding pressing defects. A heating gap was set between the upper mold core and heating
plate, and the upper and lower heating plate were heated by using different temperatures to realize non—
isothermal heating of the glass preform. Firstly, based on the high temperature viscoelastic constitutive and
heat transfer model of chalcogenide glass, the finite element model of glass lens on hot pressing process
was established by using the relevant parameters. Then, according to above FEA model, the influence of
non —isothermal temperature difference on the temperature, maximum residual stress distribution and
contour offset was analyzed, and the optimal temperature difference was also determined. Finally, the
experiments of non—isothermal hot pressing were carried out, and the results of simulation and experiment
were also compared to verify the validity of the simulation model and results. Both simulation and
experimental results show that the optimal non —isothermal temperature difference is 10 C. Under this
condition, the internal temperature difference of the glass preform obtained by simulation is only 2.6 C,
the maximum residual stress of the pressed lens can be reduced to 3.375 MPa, and the maximum contour
offsets of the formed lenses ASP1 and ASP2 are 0.562 pm and 0.615 pm, respectively. The actual PV
values of the pressed lenses ASP1 and ASP2 are 118.2 nm and 194.0 nm, Ra values are 17.0 nm and
37.8 nm, and maximum values of contour offset are 0.583 pm and 0.644 pm, respectively, which meet
the accuracy requirements. The simulation results show good agreement with experimental results. By
using the reasonable temperature difference, the new method of non —isothermal hot pressing can

effectively reduce the internal temperature difference of the glass preform and maximum residual stress of

548 %

the pressed lens, avoid the defects such as adhesion and bubbles, and improve the lens precision.

Key words: small-diameter;  chalcogenide glass;

0 3| 5

UTAFER, AR/ AR AR BRI 61 A B3 86 7 A
LLANE I R SRR E A AR RE L R, DA K
JEAS AR S5 L, R AR AR VR B T SRR T
A R H TN R B A i R B A
o 3 T R B A B B R, A B R B B
TR BT R A R (9] 0 5800 0 55 P 1 e R A
HN A B BE T % BUE A2 A7 A8 I, LS B
X R B I ) S, PR AR ok R B B, B A A
PRI R AR e B MUBRCIE M 2 A LE L iZ R
HA TR AR S 8O0 5 R 58 4 i, w]
— UKE R AT R B AR 3% RS SR A R
Fir, IG5 8 R B O

SR, A6 /1N 1142 AR BR 1WA AR 358 B8 1 19 34 T i
B 5k A v A A — S R L A, A i U R AL
T, BUES WUE PR A I A 32 2E i OB R SRR L
TR T A i A B, DL AR P SR S O (R

aspheric;

hot pressing;  non-—isothermal

Z 8] 1 XoF 3 4 AR AT L B 3 R TR A 2 A R R
J1 5% AL T 3 A B AN 2 55 i Bty AR B A TR
FEALIR) L AN, T AR B RS AR B T,
PR BE 5 ) AN i M 2 AN 2 B i R B B OB AR S
BEAT (8] YRG5 , DL S B R 3 AU Y ™ A 5 HUORE X
8 ' B M2 IR S O G T B 1, B R
p B S | 2% T o U o w1 %
JE 1 5 S 8 3 WOY AR B B et R, £ Xk
R E L, T F Zhou™ K J Zhu™ H B Zhang™ &
TR AR TR AR TR RIORE B B 0P R 5 R 4
TFhn A, 24 B 5 TR 1 I #4282 0 B il B2 =22 B IR
AR BT DLk B 52 85 R ) o3 A 5T, e
BUR R B o (HR, bk 5 2 2R i 4K
HOBERONESR, LR 2, AE TR r & Hl
i

BT UL B A, SO AR T —FOR 0 R A IR A
JSN 5 i LR | <ol o | ) 1 2% Tl |1 e A
R I AR TR B, PR A 9 5 22 ) A9 Al ks kB TR AR

0814006-2



bk T2

% 8 www.irla.cn % 48 %
M i AN R AR B LIRSS A A IR oo o B, 15 J'CEP-Tﬂji%?ﬁﬁ?-n Sk AE X N B RS BE (B ;A LB LT,

5 2 2 18] B LR R R 22, DASDY A ke BUE 1 52 8 5 B8
Fr BRAR L1 o3 AT AN ¥ 3% T By i, LA BORG % RO AE
BB BRIE oSG, SO AR B AR AR B R RS SRR R
ey R 0BG 3 R S5 A MR S MO L T b I AR
A5 B B R B8 B R A G R A BR T R Y
&, R T AL BB S T 1A TR Y I BRE 2 X B
B YU A 3L BE 7 A B 85 I e R AR ARV ) ﬁj\iﬁ&
e O B B IR, LURR R d IR 2R (E s fee e,

17 7B B0 AR A5 IR BT R S5, R 0 A S
SR BEAT T X BT ST, DL GIE £ FORE R R 45 2R 1 A
ROME o SCH T S SR 0 T R 6 T i ke BB B
B R o A P U PR R RE R B e 1 0 A e L
R IR R R T AR AT R L S R R R
BERE R IR B A AR S B B A R B AR AR
BEAS BB R B R B R i B — e TR

1 EipiEa

1.1 e E
TEIR RIS BOHE 2 AT ARG SR ALY o SRS AE
”QTVJJ‘FF@%H#I‘ETJEWbuﬁﬁiﬁﬂﬂ’ﬂﬂ“”’“ﬂi@ %

" T TE [ 7 0 A8 T HORE S 5 R 1 i fin 1y g 1
{JjC/TEXjﬂ QAR /N S I 1/ B4 fh‘fi,jUF'?k
FT 3 Maxwell #5578k 9F 17 % A — W) b
F& T AE AN A A X E’J?ﬁ%%ﬂﬁﬂh‘é%&mﬁ%ﬁfﬁ
B, HE AR A RN ] 1 iR .

< < < =
G§§ G§§ G§§ G §§

P17 S B A R

Fig.1 Generalized Maxwell constitutive model
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Fig.2 Schematic diagram of glass preform heating in

a continuous hot pressing machine
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Tab.1 Aspheric coefficients

R/mm k A, A, Ag
ASP1  -3.205 0.7047 -0.043 2 -0.021 1 -0.013 42
ASP2  -2.407 0.1634 0.001 51 -=0.000 957 0.000 037 8

# 1 1 ASP1 ASP2 73 Jil {5 1 i B M E BR
TR AR ERTE s O TS A b R TE 3 B B R
o, RS ERERAREWHTEIA, HERN
4.16 mm Syl B IR B R TE & v T 3 00 R
S5 SR AN IR R S B A B9 8 A AR BR T ASPT AN
ASP2 {8 B 6 /£ : PV <0.2 pm,Ra<0.03 um, H
BB AR B BN T 1 um
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Fig.4 Molds and glass preforms
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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 k&/W-m™-C™! 0.25 29
Specific heat C,/J-g™'-C™ 0.33 314
Young's modulus E/GPa 21.9 560
Thermal expansion /T 14x10™°  5.7x10™°
Transition temperature 7,/C 285 -
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Tab.3 Stress relaxation parameters of
glass (T,4=310 °C)

TS w;
125.302 0.134 03
26.615 0.824 62
536.811 0.032 116
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Tab.4 Fitted parameters of structural relaxation
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t/s g Tab.6 Non-isothermal differences and
0.321 96 0.404 83 corresponding heat transfer
0.545 41 0.585 28 coefficients M
0.043 58 0.002 46
AH/RIC 32 654.2 E;’f‘;r‘e‘;g;hzr;;i‘c B Wom=2C y/Wem Sy Wem -
T,/ C 340
x 0.325 0 380
a/T 9.297x107 2 450
a/C 2.297x107° 1 180
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Tab.5 Heating conditions and pressing loads
Station 1 Station 2 Station 3 Station 4 Station 5 Station 6 Station 7
Condition Unit
Heating Heating Heating Pressing Annealing Cooling Cooling
Ty T 285 320 345 345 285 240
Tyo T 287 322 347 347 287 242
T [ 289 324 349 349 289 244,
Tt T 301 326 351 351 301 246
T T 303 328 353 353 303 248 25
Tos [ 305 330 355 355 305 250
T T 307 332 357 357 307 252
Ty [ 309 334 359 359 309 254,
Tioser T 285 320 345 345 285 240
Pressing load MPa 0 0 0 0.05 0.02 0 0
Beat time S 75 75 75 75 75 75 75
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Fig.11 Profile deviation simulation results of pressed lenses
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Fig.13 Shape accuracy measurement results of pressed lenses
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