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Abstract

Heating the glass wafer until the moulding tempeis the first important step in
the glass moulding process and any reduction ie tifnthis heating stage increases
the production efficiency, considerably. Dependorgthe requirements for heating
time and temperature uniformity in the glass waferating can be performed by
either conduction or radiation. The numerical simioh of these two heating
mechanisms in the wafer based glass moulding psoisethe topic of the present
paper. First, the transient heating of the glademia simulated by the FEM software
ABAQUS. Temperature dependent material data ofglass wafer are taken into
account in the simulation to have a more realistmdel of the material. Heating
curves depicting temperature as a function of fils&e the glass wafer are predicted
for both radiation and conduction heating and basethat the heating time and the
temperature uniformity in the glass wafer are eatd for both heating mechanisms.
Subsequently, the approximate radiation heat lass the glass wafer during cooling
is calculated using both numerical and analyticethods and the temperature change
in the glass wafer versus time is obtained for tégye. The achieved results make
way for an increased understanding of the heatimcgss in precision glass

moulding and hence a possible improvement of tlagimg system.

1 Introduction

The demand for lower cost glass lenses along wghen image quality has led the
glass lens manufacturers to employ a new technafogyving wafer based precision
glass moulding. However, the high required accuasywell as the complexity of
this technology calls for a high level of processderstanding and numerical
simulation is a very important part of achievingstigoal. The effect of the glass

temperature distribution on the quality of the nfaotured product in terms of final
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properties and induced residual stresses and dafiams necessitate a proper
modeling of the heat transfer in the process. Téatihg stage in precision glass
moulding can be performed either by infrared radmtor conduction heating.

Several contributions have been given in literatarsimulate the conduction heating
for prediction of the glass temperature in the glawoulding process [1-3]. It is

normal procedure for such type of calculations déglect the interface radiation and
the temperature dependence of the thermal condlyciivd heat capacity in the glass
wafer, however [4] is the first work in literaturehich takes these phenomena into
account in a detailed way. Moreover, no work hagas®een made with the purpose
of comparing and evaluating the two different hegtmechanisms of radiation and
conduction in precision glass moulding with resgecheating time and temperature
uniformity. The present work which is based on thewly developed model

presented in [4] is addressing this topic for aistéxg conduction heating system in

industry.

2 Numerical simulation

Considering only the heating stage of the mouldiracess, when there is no material
deformation, the temperatures can be found fromstileing the heat conduction
equation (1) along with proper conduction and réalieboundary conditions.
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wherek, Cp and Q, are thermal conductivity, specific heat capacity 8ody heat

generation, respectively. A combination of bothiaidn and conduction heat
transfer is considered in the surface interfaces.dach surface pair with radiation
interaction in the ABAQUS model, the interface hteatsfer is given by:

c
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gslave € master

where “o " is the Stefan-Boltzmann constant (5.67€1/m%K?%). “ and

"
‘dave

“ emaster  represent the slave and master surface emigsviiti the contact pair.
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21 Conduction and radiation heating systems
The heating process of an LBAL-42 glass wafer (daBf, t=1.5mm) is simulated in
a conduction (power = 2000 W) and a radiation hngasiystem (power = 400 W),
respectively, see Figures (1) and (2). The temperaturves in the middle and the
side points of the glass wafer for 500 secondseatihg are shown in Figure (3). As
seen, the temperature difference between the sidetle middle point for the
infrared heating system is considerably higher ttteat of the conduction heating

system. The corresponding temperature differeneed & and 57 G respectively.
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Figure 1: FE model of the conduction heating systé2000 W heat power
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Figure 2: FE model of the radiation heating systé@00 W heat power
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Figure 3. Temperature curves of the side and migdiets in the glass wafer (a)
conduction heating system (vacuum after 400 segdqbdisadiation heating system

It is obvious that the temperature uniformity i turrent conduction heating system
is significantly higher than that of the radiatione. On the other hand, compared to
the radiation heating, the required power of thedction heating system (2000 W)

to increase the glass temperature to a certaithieeensiderably higher.

22 Glassradiation to the ambient during cooling

Figure (4) shows both numerical and analytical ltssfor the temperature as a
function of time during cooling of the glass wafierough radiation to the ambient of
27 C. The analytical temperature results are obtaineth fa simple lumped analysis
via MATLAB programming [5]. The higher cooling olnad from this analysis

comes from the simplification made in the calcwlatof the equivalent radiation heat
transfer coefficient.
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Figure 4: Temperature drop in the glass wafer duadiation to the ambient



Proceedings of the 12" euspen International Conference — Stockholm — June 2012

3 Conclusion

The two major parameters of heating time and teatpeg uniformity in the heating
stage of precision glass moulding were investigatéti numerical simulation for
both conduction and radiation heating systems.ds found that compared to the
infrared radiation system, the temperature unifoynfor the current conduction
heating system is higher, however on the cost ioigusiore power. Furthermore, the
temperature drop in the glass wafer during coothrgugh radiation to the ambient
was examined by both analytical and numerical nighd@he presented analysis
could be used as the basis for an optimizationgutoe and hence make way for a
new and efficient design of the radiation heatipgtem.
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