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A Study on Optimization of Vacuum Glazing
Encapsulating Process using Frit inside a Vacuum Chamber

Sang Jun Park' and Young Lim Lee”
1Department of Mecharnical Engineering, Kongju National University

’Department of Mecharnical and Automotive Engineering, Kongju National University

2 o e Agsks ol S g Fo B olReln sler ol W) S
B3Re EL UTRA/L ASER Yk ¥ EROAE WTRE ALBY HEBHA B
ATF7F SAEdEE] 71E A gRel obd AFAM W HEel vtk BNl 5EY
Sfa AFAA el SlE L] 2 Lol ggen W HANNS AL FgYoR A §
sheg WAl SIs) §2 AALES Ak ol AnE wEoR BFHoR WKL A2
St 24E QUFEE OF STW'KE A3 WRUHE oF 107 o pyE gl

—

o

£
es}

O

of
J

)l

x& OH

Abstract In houses that use heating and cooling system, most of heat loss occurs through the windows, so
that low-E glass, double-layered glass, and vacuum glazing are used to minimize the heat loss. In this paper, an
encapsulating process that is a final process in manufacturing the vacuum glazing has been studied, and bonding
in a vacuum chamber rather than atmospheric bonding was considered. For the efficiency of the encapsulating
process, frit-melting temperature and bonding time were optimized with heater temperature, and the glass
preheating temperature was optimized to prevent glass breakage due to thermal stress. Thus the vacuum glass
was successfully manufactured based on these results and heat transmission coefficient measured was about
5.7W/m’K which indicates that the internal pressure of the vacuum glazing is 107 torr
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[Fig. 1] Schematic of an encapsulating process of vacuum
glazing
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[Table 1] Sizes and material properties for a numerical

model
Thermal
Part Size(mm) Material conductivity
(Wm’K)
Glass 6060 <5 Glass 1
Heater @16 <280 STS 15.1
Cap 24.5x0.2 Ceramic 7.7
Frit @4.5<0.5 Frit 5

Heater

Glass

[Fig. 2] Schematic of a numerical model for boding time
of an encapsulating process
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[Fig. 31 Schematic of a numerical model for thermal stress
with preheating
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[Fig. 4] Schematic of an encapsulating equipment using frit
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[Fig. 5] Schematic of an apparatus measuring heat
transmission coefficient
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[Fig. 6] Variation of frit melting temperature with heater
temperature and bonding time
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[Fig. 7] Temperature distribution of frit with heater
temperature
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[Fig. 8] Variation of bonding time with heater temperature
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[Fig. 9] Variation of glass stress with glass preheating
temperature
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[Fig. 10] Vacuum glazing manufactured in a vacuum
chamber with frit
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[Table 2] Heat transmission coefficient of the vacuum
glazing manufactured

Items Value
QW) 0.096
Hot water temperature (C) 30.2
Cold water temperature (C) 6.4
Heat transmission coefficient (W/m’K) 5.7
0.05 100
£
10E
g
=)
0.02 i 1
0.0001 0.01 1 100 10000
Pressure(torr)

[Fig. 11] Variations of heat transfer rate and heat transmission
coefficient with internal pressure[12]
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