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Prediction of the Edge Sealing Shape on the Vacuum Glazing Using
the Nonlinear Regression Analysis
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Abstract While using the hydrogen mixture gas torch, the glass edge sealing and the shape of the edge
sealing parts is affected by many parameters such as flow rate of gas, traveling speed of torch, distance
between glass and torch. As the glass edge sealing shape have effects on the insulation and airtightness and
strength of the glass panel; the sealing shapes are predicted according to the process parameters. The paper
highlight the nonlinear regression equations of the cross-sectional shape of the sealing shape according to the
parameters, that is experimentally predicted later compared and verified the equation with the experimental
result.

Key Words : Vacuum glazing, Prediction of the Shape, Edge sealing, Nonlinear regression analysis, Piecewise
cubic hermite interpolation polynomial
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[Fig. 1] Equipment setting of furnace and hydrogen mixed
gas torch
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Q : Flow quantity of gas Torch

N : Moving speed of torch

D: Distance between
Glass torch and glass

[Fig. 2] Process variables of glass edge sealing
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[Table 1] Parameters condition of glass edge sealing

Precess parameters Levell | Level2 | Level3
Flow rate of gas( ¢ /min) 10 11 12
Moving speed of torch (mmysec) 3 4 5
Distance between torch and glass(mm) 3 4 5
Temperature profile of furnace(C) 570
Glass thickness(mm) 3
Gap size of glass(mm) 0.2
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[Fig. 3] Process Varlables of glass edge seahng
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[Fig. 4] cross-sectional surface profile with specific
parameters
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[Table 2] The L9(3*) orthogonal array for taguchi

method
No Q(¢ /min) V(mm/sec) D(mm)
1 10 3 3
2 10 4 4
3 10 5 5
4 11 3 4
5 11 4 5
6 11 5 3
7 12 3 5
8 12 4 3
9 12 5 4
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[Fig. 5] Result of glass edge sealing
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[Fig. 6] Glass edge shape
(a) Original image (b) Binary gradient mask of
glass edge shape

[Table 3] The measurement data of the edge

The measurement data

NO PO P1 P2 P3 P4 P5 P6

1 153.0 | 159.1 | 160.5 | 151.3 | 1259 | 96.6 | 94.0

2 165.0 | 167.4 | 160.5 | 131.5 | 106.0 | 96.3 | 94.0

3 122.0 | 170.5 | 173.2 | 130.1 | 106.0 | 96.6 | 93.0

4 150.0 | 159.1 | 160.5 | 151.3 | 124.0 | 100.4 | 96.0

5 155.0 | 160.2 | 154.7 | 134.4 | 108.0 | 96.6 | 95.0

6 167.0 | 170.5 | 162.8 | 135.8 | 110.0 | 100.4 | 96.0

7 148.0 | 155.0 | 159.3 | 155.6 | 140.0 | 115.9 | 100.0

8 165.0 | 175.7 | 172.0 | 149.9 | 110.0 | 96.6 | 95.0

9 170.0 | 171.5 | 163.9 | 142.8 | 110.0 | 100.4 | 96.0
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[Table 4] Analysis of variance test for mathematical

models
NO. PO | PL | P2 | P3| P4 P5| P6
Standard error of 1 10910 010(0.007|0.009|0.027 0.024| 0.006
estimate
Coefficient of
multiple 0.946|0.915|0.889(0.967/0.870|0.735 | 0.804
correlation
Coefficient of | 501 084 | 079 | 0.94 | 0.76 | 0.54 | 0.65
determination
Adjusted coefficient| o, 121 | 063 | 088 | 0.58 | 0.19 | 0.38
of determination
P-value 0.01 | 004 | 007007 01 | 03 | 02
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[Table 5] Result of predicted data using regress model

Input value Prediction data

No.| Q| V | D |PO|PL|P2|P3|P4|P5]|P6
1 10| 3 5 | 149|153 | 153 {140 | 121 | 100 | 95
2 (11| 4 4 |160| 165|161 | 140 | 113|100 | 96
3 12| 5 3 | 171|177 169 | 144 | 108 | 99 | 96

[Table 6] Result from experiments

Input value Experimental data
No.| Q| V |D |PO|PlL |P2|P3|P4|P5]|P6
10 | 3 5 | 149 | 156|162 |152|126| 96 | 93
2 11| 4 4 | 160|146 | 158|140 | 112 | 100 | 94
3 | 12| 5 | 3 |171|183|185|168 | 125|100 | 96
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[Fig. 7] Comparison of experiment with piecewise cubic
hermite interpolation with use experiment date
(10l/min, 3mm/min, Smm)

[Fig. 8] Comparison of experiment with piecewise cubic
hermite interpolation with use experiment date
(11 1/min, 4mm/min, 4mm)

[Fig. 9] Comparison of experiment with piecewise cubic
hermite interpolation with use experiment date
(12 1/min, Smm/min, 3mm)
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