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Some Observation on Non-Parabolic Stress Distribution in
Quench-Hardened Plate Glasses

By
Toru KISHI* and Haruo TAKASHIO**

(*Materials Laboratory and **Glass Division, Tokyo Shibaura Electric Co., Kawasaki,
Japan.)

Stress distribution in severely quenched thick plate glasses was examined. Three kinds
of glasses (thermal expansion coefficient : 37~94x107"/°C) were quenched by air blast from
softening ranges of temperature. Photoelastic observations indicated that : 1) Stress distri-
bution in the direction of thickness was not parabolic; stresses and stress gradients were
extremely high near the blasted surfaces, 2) Stress distribution was not simple; in some
blasting conditions tension at surface layers and saw-teeth-shaped stress distribution were
found ; 3) The glass with relatively low thermal expantion (60x10-"/°C) could be stressed
as effectively as a soft lead glass; glass transition temperature multiplied by expansion
coefficient seemed to be a measure of possible stressing.

Thus we have found non-parabolic stress distribution which had been forecast theore-
tically but not found experimentally. The results indicate that stress distribution depends
on both the degree of air quenching and the deformation of glass plate during blasting.
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Fig. 1. Cooling method of glass plate by air-blasting.
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Table 1. Properties of glasses used for this experiment.

Thermal expansion Transformation i i H i i
Glass coeffcient point Defor;az‘l:z; point Soft;r‘nzogcfomt T,y (1079 Ph(or:‘oe/lz:t;;:( ;o;st::;lt
a(1077/°C) (100°~300°C) T4 (°C) ¢ s e g/cm’

Lead glass .

PhO 30 wtse) 94 440 530 610 41 2.9
Non-alkali glass
(8i0,-A1,05-B.05- 60 640 750 840 3.8 2.7
alkali earth oxide)

Borosilicate glass

(Terex®) 37 500 650 770 1.9 3.4
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Table 2. Effects of quenching conditions on
stress (kg/mm?) at glass surface.
(a) Lead glass

Pressure of Temperature of glass before quenching (°C)
cooling air
(atm) 485 510 540 550 565 575 585 600
0 1 2 2 1
0.5 [
1 4 7 6 10 10
2 ) 5 6 8 9
(b) Non-alkali glass
Pressure of Temperature of glass before quenching (°C)
cooling air
(atm) 700 710 750 790 800 830
0 1 1 2
0.5 2 9
1 2 4 7 8 10
1.5 2
2 11
(c) Borosilicate glass
Pressure of Temperature of glass before quenching (°C)
cooling air
(atm) 550 600 650 700 750 800 850
0 0.5 1
0.5 0.7 2 4
1 0.6 1 0.7 3 4 2 2
1.5 0.7 3 4
2 0.6 5 3 6

}

YT ite

(a) Lead glass
Temperature of glass before
quenching; 575°C, Pressure of
cooling air; 1atm.

(b) Non-alkali glass
Temperature of glass before
quenching; 790°C, Pressure
of cooling air; 1atm.

(¢ ) Borosilicate glass

Temperature of glass before
quenching; 750°C, Pressure
of cooling air; 1 atm.

Fig. 2. Examples of severe stress and stress gradient near blasted surfaces (upper surfaces in the figure).
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Fig. 3. Sketches of stress distribution along the thickness of quenched glasses.
Upper surfaces were blasted while lower surfaces were not thermally insulated.
Deviations of black fringes to right and left referring to neutral lines indicate com-
pression and tension, respectively.
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Non-alkali glass
Temperature of glass before quenching;
900°C, Pressure of cooling air; 0.25 atm.

(b) Non-alkali glass

Temperature of glass before quenching ;
850°C, Pressure of cooling air;0.125 atm.

(c¢) Non-alkali glass

Temperature of glass before quenching ;
800°C, Pressure of cooling air; 0.125 atm.

(d) Borosilicate glass

Fig. 4.

Temperature of glass before quenching;
750°C, Pressure of cooling air; 0.5 atm.

Examples of peculiar stress distributions

in quencLecl glasses. Upper sur[aces
were blasted while lower surfaces were
not thermally insulated. Deviations of
black fringes to right and left referring
to neutral lines indicate compression
and tension, respectively.
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(b)
B B Oomplex stress distibdtisn near blaotod surfaces.

Upper surfaces were blasted while lower surfaces were
thermally insulated. Deviations of black flinges to right
and left referring to neutral lines indicate compression
and tension, respectively.
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(b) Semi-infinite solid glass quenched at surface.

Fig. 6. Temperature distributions in glasses with
quenched surfaces.
Initial temperature; 7.
Final temperature; Zero.
Thermal conductivity of glass; 0.003 cm?*/sec.
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Fig. 7. Schematic explanation of change in stress
distribution by cooling condition.

Upper surfaces were blasted while lower
surfaces were thermally insulated. Devia-
tions of black fringes to right and left refe-
rring to neutral lines indicate compression
and tension, respectively.
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Fig. 8. Shematic explanation of the forming process
of complex stress distribution.
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