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The Deformation Properties of TVG under Temperature Difference at Low
Temperature in Various Size Ratios
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Abstract In low-temperature environments, the temperature difference between the two sides of tempered
vacuum glass can cause bending, deformation, and even failure. Based on this problem, this study uses a
combination of experimental research and numerical analysis to establish a thermo-mechanical model of the
tempered vacuum glass in a low-temperature environment, which reveals the mechanism of cooperative deformation
process of tempered vacuum glass under temperature variations between the two sides. The results of the numerical
simulations are compared with the results of the low-temperature deformation test to verify the credibility of the
thermo-mechanical model of the tempered vacuum glass. Simultaneously, this study conducts simulations and
analyses on the deformation of tempered vacuum glass of varying sizes under different low-temperature temperature
difference situations. The objective is to examine the influence of size and temperature differences on the
characteristics of deformation of tempered vacuum glass. The results show that the relative error between the low-
temperature deformation test and the numerical simulation results is within 2%, and the thermomechanical model
used for the tempered vacuum glass is considered credible. The deformation of tempered vacuum glass at low
temperatures is proportional to the temperature difference. The deformation increases with the size ratio at the same
temperature difference; it has some theoretical significance and practical value for the promotion and
industrialization of toughened vacuum glass in extremely cold regions.
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Fig. 2 Low temperature control test system
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Fig.3 Deformation diagram of TVG at low temperature. (a) Deformation diagram of TVG, (b) deformation of TVG under low-tem-

perature temperature difference test
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Tab.1 Test results of TVG deformation under low tempera-

ture at low temperature

) Low temperature /°C
Deformation/mmSample 20 2 30 35
1 1.736 2.053 2.487 2.833
2 1.629 1.965 2.237 2.702
3 1.812 2.401 2.805 3.304
Average 1.726 2.140 2.510 2.946
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Fig. 4 Deformation analysis of TVG under low temperature

difference

1.3 EESEMEGRIG

I T 2 AR A BEES 2 /. Q235B
AEENAE ZHEY) . Sn-Ag-Cu &4 TR, H
TR B 7T 2518 00 & ULE v A 1, AR R ST R
6 BT A B — 2, iR 5 R . BARBR 2 5
T B Ak B R | BRI ST 600 mmx800 mm,
SR TEE L JREE 400 0.7 mm 0.5 mm, S
YiRER I HAA . JBEY 0.5 mm, HEAGEIFE R 50 mmx
50 mm IE T TEHEA o AERIIEAM RS H N 2 Fiin .

1.
I tempered glass support Sea]l;ng tempered glass
solder

K5 SR B RUR R K
Fig. 5 Schematic diagram of TVG model
XA S B IR Ty e A AL IE 5, A
LPRFOUIEH 3 RS
(RS8BT F =Rl bR AR 2 i 22 24 s, £

B2 R ARG 2 AT

x2 EEERIMHSH

Tab.2 Basic parameters of model

Parameter
Composition Density/ Elasticity Poisson
(kg'm™)  modulus/GPa ratio
Monolithic tempered glass 2500 72 0.2
Sn-Ag-Cu Sealing solder 7350 27.83 0.25
Support 7900 210 0.3
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Fig. 6 Displacement nephogram of 600 mmx800 mm TVG. (a) 20°C temperature difference, (b) 25°C temperature difference,

(c) 30°C temperature difference, (d) 35°C temperature difference
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Tab.3 Comparison of experiment and simulation results of

TVG deformation under temperature differences

Temperature /’CSample 20 25 30 35
1.736  2.053 2487 2.833

1 Numerical simulation /mm 1.696 2.121 2.547 2.972
Relative error/% 230% 331% 241% 491%
Test /mm 1.629 1.965 2.237 2.702

Test /mm

2 Numerical simulation /mm 1.696 2.121 2.547 2.972
Relative error/% 411% 7.94% 13.86% 9.99%

Test /mm 1.812 2401 2.805 3.304

3 Numerical simulation /mm 1.696 2.121  2.547 2.972
Relative error/% 6.40% 11.66% 9.20% 10.05%

Test /mm 1726 2.14 251  2.946

Average Numerical simulation /mm 1.696 2.121 2.547 2.972

Relative error/% 1.74% 0.89% 1.47% 0.88%
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Fig. 7 Displacement nephogram of 500 mmx2500 mm TVG in numerical simulation. (a) 30°C temperature difference, (b) 40°C tem-
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Fig. 9 Displacement curve of the median path along the long side direction of the cryosurface of TVG. (a) 500 mm»2500 mm,
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