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Derivation of predicting regression equations of bonding thickness
and deflection of glass edge considering the interaction effects
between the parameters
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Abstract  The thickness and deflection of melting parts of the glass edge reach the biggest effect on the
intensity and thermal insulation performance. During the sealing process using a hydrogen mixed gas torch, the
thickness and the deflection effect of the edge part are affected by process parameters. In order to analyze the
correlative relationship of the thickness prediction and the deflection of the edge part according to the process
parameters, data was obtained by conducting sealing experiments. The main effects and interaction effects of
process parameters for the thickness and the shape of the glass edge parts were analyzed through the design of
experiment. A mathematical experiment equation that can predict the thickness and deflection of the edge part
according to the process parameters was developed by conducting multiple regression equations.

Key Words : Vacuum glazing, Prediction of the Shape, Edge sealing, Regression Analysis, Interaction effects

1 M2 gars] A Folth. [14)
Q3 feiAee) Agol % TS Rakt 1FH
Jele 7)Ee tAZdo) J_HL‘]__J E/\ﬂﬂ] ;(—1?])‘:]—_‘?'_‘: Heat bridge

ic)

% o fol mAelE Yot 7ee g2 s Em,
9 A%, A 5 A chet okl BT 9l AT R Al wet hde) /A W 4w ol v
o, Hgrof Sz A2 WY J1eel tar a7k & G v Hekis-)

B AT R aiel sEeTARe] A sl AT A A AAe] AglakeiA &g e B S o
T2ty

*Corresponding Author : Euysik Jeon (Kongju National University)
Tel: +82-41-521-9284 email: osjun@kongju.ac.kr
Received January 22, 2013 Revised February 4, 2013 Accepted February 6, 2013

511



garakely|&eteli= A 414 A28, 2013

AEIIAEAS 0|45

gy

L AN

2 =woAes a4 o
RS &8 A3 st spoitt. mAyE] g
9 ‘rﬂ] L t%] AL mAEE 8§ 7‘4“{]’ A 34

[e]

[e)
=
1H
L=

_r;
DI
o
>
) E_
o
2
3
g =
of & o

rE
iy
o ) b

%2
lo
&
—1n
=

_c|>£
£
X
o
32
£

N
b‘l
o B o

)

P

e flo
1
R

>
9
=)
ﬁ
rr
_?L

P

Lo
H
T
o
1o 32 [o A

=3
b
:

ot
i
1o
30
2 0
£l
El
1
Jo

[

ooy M
o
to
by
oF
[e]

wx
M
ot

[T
iy
2hs
2
to |
>

ol
o
£

21 Xl-il__rLA‘l

GelmAe) gak Al Bl ofgh ki W W
slstel A712 Uio) Belvlew A4 T mAYR
AT Fig. 18 H7)20} SATFAEAS

webd Zoleh[7]

A

=
=

=2
=

[Fig. 1] Equipment setting of furnace and hydrogen mixed
gas torch
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[Table 1] Variable conditions for glass edge sealing

Process parameters Level 1 | Level 2
Flow rate of gas(#/min) 10 12
Moving speed of torch (mm/sec) 3 4
Distance between torch and glass(mm) 3 4
Angle of torch nozzle(®) 10 20
Temperature profile of furnace(C) 570
Glass thickness(mm) 3
Gap size of glass(mm) 0.2

V : Moving speed of torch

[ mmm

) D— |_ i
c |
. m .
L ] :
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. torch nozzle | | *
o 42"“‘ D : Distance between .
- torch and glass
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Q : Flow rate of gas I%

[Fig. 2] Process variables of glass edge sealing
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[Fig. 3] Shapes of cross-section
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[Fig. 4] Cross-sectional surface with specific parameters
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[Fig. 5] Experimental result of glass edge sealing

[Table 3] Conditions of the experiment

NO Q( 4 /min) | V(mm/sec) D(mm) A()
1 10 4 4 10
2 10 4 4 20
3 10 4 3 10
4 10 4 3 20
5 10 3 4 10
6 10 3 4 20
7 10 3 3 10
8 10 3 3 20
9 12 4 4 10
10 12 4 4 20
11 12 4 3 10
12 12 4 3 20
13 12 3 4 10
14 12 3 4 20
15 12 3 3 10
16 12 3 3 20
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[Fig. 6] Measurements of variables of glass edge sealing
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[Table 4] Results of the experiment

Results of experiments
T(mm) 6(mm)

2.04 - - - 0.01 - - -
2.11 - 0.27 | 0.15 | 0.04 -
2.32 0.08 | 0.31 | 0.33
2.46 0.12 1 0.27 | 0.33
0.05 | 0.07
0.52 | 0.73
0.17 | 0.15
0.19 | 0.09
0.31 | 0.36
0.44 | 0.51
0.59 | 0.59
025 | 04
042 | 05
0.59 | 0.67
0.84 | 0.89

Z
o

2.26
2.13
2.56
2.03
2.66

2.02
1.91
247
1.98
2.77
2.66
2.18
2.32
2.39
2.32
2.72
2.61
2.85
2.66

2.52 0.09

0.82 | 0.70
0.23 -
0.22

2.67 | 2.73
2.28 -

O (00 ||\ | |h W[N] —

0.33
0.59
0.65
0.48
0.53

241
243
2.39
2.86
2.87
2.94
2.73
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[Fig. 7] Main effects plots for deflection
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[Fig. 8] Interaction plots for deflection
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[Table 5] Coefficients of regression equation 1 5 1 2 x 4
- 26
Predictor | of | se Coef. T P v —
constant - . \
Constant |  3.643 0.736 4.94 0.000 4
23
Q -0.0882 0.0329 -1.41 0.165 i ) i
3 4 10 20
\' -0.2780 0.0408 -6.82 0.000 .
[Fig. 10] Main effects plots for thickness
D -0.3740 0.0410 9.13 0.000
A -0.2144 0.0466 -4.60 0.000
k] 4 3 4 0 n
QA 0.0193 0.0041 4.67 0.000 = Q
- - ~ w0
q - 24 |—W 1
\ T ‘\ 22
Table 6] Analysis of variance test for mathematical models
[ ] 4 — \ < +§
Source DF SS MS F P v 24 | B 4
Regression 5 | 36637 | 07327 | 36.60 | 0.000 o T =
o
Residual Error 45 0.9008 0.0200 a3
d \ 24 | B 4
Toral 50 | 4.5645 .
A
4.2 ZXHA| 02 MstEpel =S o [Fig. 11] Interaction plots for thickness
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