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optical elements

Wang Longfei'’, Hu Yuwang'?, Zhang Zeguang'”, Liu Yue'?, Xue Changxi"*"
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Abstract: In order to meet the market demand of the optical industry, the rapid manufacturing technology of
aspheric optical elements is one of the best solutions to realize low cost, mass production, and high precision
production. This paper mainly introduces the rapid manufacturing technology of aspheric optical elements, including
precision optical glass molding technology and precision optical plastic injection molding technology, and compares
the two technologies with the manufacturing technology of other aspheric optical elements. This paper also
expounds on the types of mold materials, mold processing methods, molding materials, molding process, etc.
Finally, the development status of rapid manufacturing technology of aspheric optical elements in recent years is
summarized, and future development has prospected.
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technology
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Fig. 1 Process chains for manufacturing aspheric optical elements

AR AT TR G) o R B B R AL B 1) 3R
TS ARG BEFIER AR ) 55 S Rz 8 2
R, G T 20, JeFaiasmiel . B R
AU TRE S, SRR BAEH], ERIPuE T2
JEAF TR b BT

i 2 B R AR A R — PP AR
PRSP RIE B N T Ik . I L AR KRR 1A
BB, ASEEL R ) R T TR A e S A B 2E T
PRFE, B RERA TR .

FEIE R B PIERE A B, I TS T2
SHEZ G, KPR RIS AT DA 2
AT RS BE R ITIE . AT TR S AT A4
70 s & 150 s, FAEEALAIHLESE —/ NN E] DL
LR 30~60 MGAETTIE, 18 H TR R AE o
B T A NI IR | RS R EE B R A
K B CHANE R 8 B B A B AR i TS LA 3222
Tk, TR B s TA R o (AEH T
TG PR, RS N TR A F 7 28 ik
SEER, PN T BEAR T 08 o LR A = R
IR EEaNZE 1 iR, [RIA RS S Bl B A R B AR Y
A ah e, s> 7T AR A R Y
ARG, AT A e B T A

R B R R AN TR 2, Hhf

FEARBKIE L . AN BB BE . AR RO L
A AEBRIAL MO8 R AR BR AL R 5. DM
JEEFB A RN TR ICO B, T oo,
TRAFSINTRE AR 2 iR o S B A R oA N
TR BB ITAF ) Z N T RSP . HOLEOR |
SR N PNy lE 3E a7 S A SN I R
DA B i RO A o ST R 7, B B T 2
AT REFT K o

2.1 BEEBEERBRIE

K % B B8 B R B 7Y (Precision glass molding,
PGM) AR S — Tl it o fff A 2 A LA il T X 338
TOIARSES T AR, DN IR 522 10 42 il A L T AU Ay
T 5% . PGM T2 W A& U ABree: fmi . fn
T IBKHRSED, sl 2 fis.

TR B . 7E PGM BIMER B Be, 1 Jefot a3
TSR AR RC BB, RS R I AR R e
XA TR SEA T InE . IEBY B FEFFIRB R,
IEE BN, T XA AR TR, DA
LA AR 0 R R B B, S kTR R R R
AR 7o SRIE XSRS O R A
MRl . BB B FHARREE R S, Tk
RUBEE ALV AN, I R I CRAR0 NI TR ) A R LR A
BRI o BHIBTEL: IR K SERUS, DATTPRATAS A

A1 EAERE AT A RE Bl AR

Table 1 Comparison of manufacturing techniques of aspherical optical elements
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Table 2 Precision glass molding technology processing components
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Fig. 2 PGM schematic diagram. (a) Heating stage; (b) Pressurizing stage; (c) Annealing stage; (d) Cooling stage
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Fig. 3 Optical glass materials". (a) Optical glass blanks; (b) HWS series sulfur-based infrared glass;
(c) Precision glass molded aspheric lenses

230171-5



FIp K, & G TR, 2024, 51(1): 230171

https://doi.org/10.12086/0ee.2024.230171

Al PR G 1E P B EL DRI EL i T 77 1 BB R HiT Y 8
BLIR.
2.3.1 AR

RS BB S R R e, BRI T 2k
PEIRI I, R HAATAE BT IR RAG A h e
e, B IR RTRE IR A M. B, X
YEARER D27 T A R B EL A R AR = K, 3l
W R LR A0 HHAb TR B R RO ]
TR RELE . BUEIRRECN . R W
P

FERS B B B R B R R rh, — R Ak 4
BE, 7Tl b 2 R B A 2E AR TR (chemical
vapor deposition, CVD) A= 7= i Al ik FlBa s i TR 45
FIBRACES (WC) Mk X FIREHEGE K2 Z IR AR ER,
I H B AN/ N e RS DA R P e 2 RS
HIRE ST o BRILZAL, TR 2800 5 B0 0y 5% A8 R B
BAK, V4@ At A RIS BT 2R B kG %
B LAY . W B EL MBI NiP. Si. SN, SiC.,
WC (4] 4(a)). WC-Co, WC-Ti. 548 (5 4(b)) %,

B4 BURHABAAH. (a) BACHHH;
(b) e A

Fig. 4 Mold materials for molding technology
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Fig. 5 Single point diamond turning process®”. (a) Single point diamond turning; (b) Moulding concave core; (c) Moulding convex surface
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Fig. 6 Glass molding simulation®. (a) Heating of glass preforms and molds to a molding temperature of 700°C;
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Fig. 8 Temperature distributions of glass preforms at different heating times®". (a) 120 s; (b) 180 s; (c) 220 s
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Fig. 11 Simulated stress results for molded lenses™. (a) Equivalent stress on the lens surface 1; (b) Shear stress o,, in the cross section
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g. 12 MATLAB plotted temperature clouds of the mold, core, and glass preforms
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Fig. 18 Physical picture of the molded lens. (a) D-K9 glass®" ; (b) Sulfur glass
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Table 3 Precision injection molding technology processing components
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Fig. 23 Principle of injection molding process. (a) Plasticizing stage; (b) Injection stage;
(c) Holding stage; (d) Cooling stage; (e) Mold opening and unmolding
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Fig. 24 Refractive index distribution of optical plastic materials
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Fig. 26 Precision optical plastic injection molding system. (a) A mold mounted on an injection molding machine;
(b) A three-dimensional model of the mold
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Fig. 32 Simulation model current limiter design and short-shot experiment "”. (a) Dimensional parameters of restrictor;

(b) Runner with restrictor for 4-cavity mold; (c) Velocity field plot for original runner; (d) Velocity field plot for runner with restrictor;
(e) Short-shot simulation; (f) Results of short-shot experiments
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Fig. 34 Details of the iteration loop for machining a high precision freeform surface on the mold"®. (a) Surface deviation before iteration loop,
3D view; (b) Surface deviation before iteration loop, top view; (c) Fitted Fourier function as error description of the surface deviation;

(d) Error between fitted deviation and found mathematical description; (e) Surface deviation after one iteration loop, 3D view;
(f) Surface deviation after one iteration loop, top view
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(b) Injection compression molding is a compression operation by adding a mold core
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Rapid manufacturing technology for aspheric
optical elements

Wang Longfei'’, Hu Yuwang'?, Zhang Zeguang'’, Liu Yue'?, Xue Changxi"*"

Aspheric optical elements.

Overview: Aspheric optical elements are widely used in various optical systems because they can eliminate spherical
aberration, coma, astigmatism, field distortion, and other unfavorable factors. This type of lens can also reduce the loss
of light energy and obtain high-quality images and optical properties. With the rapid development of the optical
industry, the demand for aspheric optical elements is also increasing. At the same time, the optical components in the
system need to ensure high surface accuracy and low optical birefringence to improve the user experience, which puts
forward higher requirements and challenges for the manufacturing method of optical components. The traditional
manufacturing methods of aspheric optical elements often have problems such as high manufacturing costs, long
processing cycles, and difficulty in ensuring manufacturing accuracy, which limits the wide application of aspheric
optical elements. In order to overcome these constraints, researchers have conducted in-depth research on the
manufacturing technology of aspheric optical components, aiming to achieve efficient, economical, and accurate
manufacturing methods. With the development and popularization of computers in recent years, advanced optical
manufacturing technology has gradually begun to be applied to the processing of optical components, and is gradually
replacing traditional processing techniques such as classical polishing that have been used for decades. It includes ultra-
precision cutting technology, ultra-precision grinding technology, ultra-precision polishing technology, precision glass
molding technology, and precision injection molding technology. This paper first introduces the advanced optical
manufacturing technology of various aspheric optical components and compares them horizontally. Among them, ultra-
precision cutting technology, ultra-precision grinding technology, and ultra-precision polishing technology have high
precision of machining components. However, due to the high precision of machining components, ultra-precision
machining technology usually requires a slower feed rate, so the machining speed is relatively slow, which leads to the
increased manufacturing cost of components. In order to meet the market demand, the rapid manufacturing technology
of aspheric optical components is one of the best solutions to achieve low-cost, high-volume, and high-precision
production. Then we introduce the precision glass molding technology and precision injection molding technology in
detail. The two technologies are compared with the manufacturing technology of other aspheric optical components,
and the types of mold materials, mold processing methods, molding materials, molding process and so on are described.
Finally, the development status of rapid manufacturing technology of aspheric optical elements in recent years is
summarized, and the future development is prospected.
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