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A Study on the effect of mold shape
in thermal molding process of curved glass using self-weight
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Abstract: In-car monitors in automobiles are increasingly being applied in the form of curved displays that combine the
traditional instrument panel and center display. When molding the curved glass for these curved displays, it is necessary
to achieve the desired curvature to improve the quality and aesthetics, while forming a clean surface. However, when
applying a bending method that applies direct pressure to such glass, indentations are generated due to compressive stress,
and a curved glass molding method that generates curvature by deflection due to self-gravity without direct pressure is
being researched. In this thermoforming process of curved glass using self-weight, the heat source that heats the glass is
an important factor. In this process, the heat source can be considered as a lamp that provides direct heat and the
temperature of the mold that supports the glass. In this study, finite element analysis was performed using finite element
analysis software (Ansys) to determine the effect of mold geometry during the forming process to obtain the desired
curvature of glass by thermal and gravitational deflection without direct pressure. Experiments were also performed to
compare the results with the actual glass gravitational deflection behavior using the mold geometry optimized through finite
element analysis (FEA). This showed the effect of the mold shape on the shape of the heated curved glass when the
thermoforming process is performed using self-weight without applying direct pressure.

Key Words: CAE, Finite element analysis, Glass molding process, Heat deflection, Heat transfer analysis, Thermal image
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Table 1 Material properties of 304 stainless steel

Category Properties Unit Value
Thermal o
conductivity W/mC 162
Thermal Thenqal 10:6/C 172
expansion
Specific heat JkgC 500
Young's Modulus Mpa 193,000
Mechanical
Poisson’s Ratio - 0.29
other Density kg/m3 7930

Table 2 Material properties of soda-lime glass

Category Properties Unit Value
Thermal o
conductivity W/mC 098
Thermal Thermal 10-6/C 8.36
expansion
Specific heat JkgC 1140
Young's Modulus Mpa 68,500
Mechanical
Poisson’s Ratio - 0.22
other Density kg/m3 2483
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Fig. 1 3-D Model of thermoforming system

Table 3 Oufput of NIR lamp over time

Time(min) Volt(V)

0~5 80

5~10 100

10~15 120

15~20 140

20~25 160

25~35 240
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Fig. 2 Default shape of the heating section
mold

(d) Triangle + Tilt angle 6°
Fig. 3 Shape of heating section mold type
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Table 4 Maox. temperature and Max.-Min.
temperature difference due to mold shape

Mold Max Temperature
Temperature(°C) difference(°C)
(a) Default 391.34 34.47
(b) Rectangle 412.68 35.23
(c) Triangle 389.78 27.44
(d) 6° tilted
Triangle 391.99 21.66
! Max Temperature(391§.34°C)
width| | i

Side Temperature(357.57°C)
Default

(a) Mold type :

| Max Temperature(41 Z‘j.68°C)
width| i ‘

Side Temperature(377.45°C)

(b) Mold type : Rectangle

! Max Temperature(38§.78°C)
width| |

N
Side Temperature(362.34°C)
(c) Mold type : Triangle

! Max Temperature(391§.99°C)
width | | :

N
Side Temperature(370.33°C)

(d) Mold type : Triangle + Tilt angle 6°

Fig. 4 Temperature distribution of glass
heating section mold type
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Fig. 5 Temperature distribution of width direction
of glass by heating section mold type
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Fig. 6 Curved gloss thermal malding system using
self-weight

L1, (Center line)

L2 (Base lifie)
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Table 5 Temperature in center and side of
glass in experiment

Voltage Center Side

(time) Temperature(°C) Temperature(°C)
80(5min) 122 136
100(5min) 134 150
120(5min) 167 192
140(5min) 187 214
160(5min) 1945 213
240(5min) 235 261
240(5min) 290 312

Temp. of glass,’C
2
2
T+

—+—Experiment

20 25 30

Time(min)

35

Fig. 9 Comparison of temperature of glass at

measurement point No. 2 obtained from

experiment with FEA
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