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Abstract. Withitslow production cost and environment compatibility, precision compression molding
of glass lenses technology has developed rapidly. In this research, a numerical optimization design for
a compact and efficient precision glass molding prototype is raised, which combine both thermal and
deformation analysis. Asaresult, the operation temperature and the deformation of sensitive parts can
be controlled well. The temperature of the glass sample can reach up to over 600°C within 20 minutes
and keep stability for along time, meanwhile the temperature on the outside wall of furnace can be kept
in a safe degree for operators. Furthermore, an effective proposal comes up to decrease the thermal
deformation of the pressing rods and molds to control the manufacturing accuracy of the products.

Introduction

In recent years, with the rapid growth of market for electronic imaging products and the demand for
compact high precision glass, optical components has led to increasing need for precision glass lenses.
Different from conventional material removal processes including grinding, polishing and lapping,
precision glass molding technology can not only avoid involving the pollutant of grinding/polishing
liquids or glass debris during the manufacturing procedures, but also get rid of the follow-up finishing
operations[1].

China is a manufacturing powerhouse, but related to manufacturers, these optical elements are
mainly produced by imported foreign equipment, such as Moore Nanotechnology System LLC,
Toshiba Machine CO, etc. Considering the new glass materials and the diversity of product demands
being constantly emerging, a compact experimental glass compression molding device with flexibility
in structure is self-developed.

The main objectives of this research are asfollows: 1) To choose suitable heating elements for the
heating source to guarantee enough power for heating glass to reach over glass transition temperature
and keeping high heating efficiency. 2) To determine heat protection measures to keep stability and
uniformity of thetemperature at the central areaand guarantee the safety of operators. 3) To design the
structure to control the manufacturing accuracy of the molded glass lenses.

Basic Structure Design and Material Choices

Concept Design of the Prototype. Fig. 1 shows the concept design scheme of the precision glass
molding machine which is mainly composed of a heating furnace, supports, a unit of electric actuator
and a vacuum molding chamber for preventing the glass from being oxidized.
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Fig. 1. Schematic illustration of the precision molding furnace

In order to smplify the vacuum system maintenance and the structure immersed in vacuum

atmosphere, a quartz glass chamber is specially employed to accommodate the work pieces while heat
emitters and thermal shielding structure are fixed outside the vacuum chamber.
Heat Source. In industry furnace, commonly used heating modes include resistance heating,
electromagnetic induction heating and infrared (IR) heating. Resistance heating is easy to achieve, but
the heat source must contact the heated body. In contrast, induction heating and IR heating are
non-contact heating. Induction heating can cause rapid surface heating rate on metal, which will lead to
serious non-uniformity of temperature in the heated body. In comparison, IR heating can achieve
higher heating rate and better temperature homogeneity in relatively impact structure [2].

There arethree kinds of IR heating: far infrared (FIR) heating, mid infrared (MIR) heating and near

infrared (NIR) heating. Finally NIR hesating is chosen based on these reasons: 1) the furnace chamber is
made of metal, which usually has arelatively high surface absorption in NIR region; 2) NIR heating can
apply and maintain higher heating rate [3].
Thermal Shielding Layers and Heat Insulation Materials. In order to enhance the heating
efficiency and safety of operation, temperature in the center areaof the furniture must berisen up to the
glass transition temperature rapidly, which is usually demanded for over 600°C, while temperature of
the outer wall must be restricted under 60°C [4].

In IR heating furnace, thermal shielding layers with low emissivity between heat source and outer
wall could not only prevent heat from losing through outer wall, but also effectively reflect heat back to
the center. Preliminary investigation has been carried out to select a compact and effective thermal
shielding and adiabatic structure. The researches show that the first thermal shielding layer is the most
efficient, which brings a 150°C temperature enhancement in central glass area while the second layer
only increases about 40°C. Moreover, the first layer also contributes to the temperature reduction on
the outer surface of furnace more effectively than the rest ones. Therefore, one thermal shielding layer
combining with some insulation material can meet the constraint of compact size [5].

Severa kinds of common materials such as calcium silicate product and aluminum silicate fiber are
considered for the thermal insulation material. Finally the flexible silica aerogel is chosen because of its
excellent performance of low thermal conductivity, low density, non-toxicity and environment friendly.
Its heat conductivity is under 0.05 w/(m-K) even when the temperature is over 800°C [6]. Therefore,
filling it in the narrow space between the outer wall and inner wall of the furnace can maintain the large
temperature gradient between them.

Optimization Design of the Structure based on Temperature Field
A 2-demension (2-D) model is built in software ANSY S Fluent to gain afundamental understanding of

the temperature distribution during heating process. Fig. 2 shows the basic smulation model of the
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furnace structure and Fig. 3 shows the temperature distribution of the furnace after heating for 20
minutes at 3kW.
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Fig. 3. Temperature distribution of the furnace after heating for 20 minutes at 3kW
In the furnace, two pressing rods are the main heat transfer medium. Table 2 shows the temperature
in the central glass sample after heating for 20 minutes for different wall thickness of pressing rods. It
can be seen that with the wall thickness increasing, temperature of the glass sample decreased
significantly.

Wall thickness [mm] 5 10 15
Temperature [°C] 652 583 536
Table 1. Central temperature for different wall thickness of pressing rods

Optimization Design of the Structure based on Thermal Deformation

As above shown that simulations of temperature distribution of furnace can only help us optimize the
structure to meet the temperature requirements. However for the precision hot-pressing furnace,
deformation of different components also affects the accuracy of the molded glass sample significantly
and must be considered.

Asthe materia of mold and die is tungsten carbide (WC), the matching material of pressing rod are
selected as stainless stedl, silicon carbide (SIC), WC and silicon nitride (SisN,) to compare their
comprehensive influence. Table 3 lists the thermal physical properties of these materias|[7, 8].

M aterials _ Cl:oeIficients _ _
Thermal conductivity [W-m™K™"] | Expansion coefficient [10°-K™]
SizN,4 16.7 2.75
Stainless steel 20 17
SiC 64 5
WC 84 4

Table 2. Thermal physical properties of different materials
Simulations for different pressing rod materials are done under same conditions. heating for 20
minutes at 3kW power. The thermal deformation of the down mold is shown in Fig.4. The calculation
showsthat Si3N4 isthe most suitable material for pressing rod for its smallest thermal deformation of
the down mold surface.
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Fig. 4. Thermal deformation of the down mold surface

Conclusions

After numerical analysis combined thermal and deformation for the hot-pressing furnace, several
conclusions are obtained:

1) NIR emitter is the best heat source for its high efficiency and absorption coefficient in metal.

2) One stainless steel shielding layer combining with flexible silica aerogel thermal insulation
meaterial is the more effective thermal protection measure.

3) With the wall thickness of pressing rod increasing, temperature of the glass sample decreased
significantly.

4) SisN, isarelatively better material for the pressing rods.
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