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57 ABSTRACT

A glass panel 3 for a glass tube for a cathode ray tube has
a flat panel face portion 7 and a reduced thickness while
maintaining a sufficient strength without increasing a dif-
ference of brightness, and with less shrinking deformation
due to the cooling and solidification of the glass panel.

Compressive stress layers 20, 21 having a thickness of t_/10
or more are formed 1n outer and inner surfaces of the face
portion 7 of the glass panel 3 respectively. The relation to the
wall thickness t, of the central portion of the face portion to
the wall thickness t_ of a portion near an edge portion on a
diagonal limne 1s 1.0=t,/t =1.2. Compressive stress layers
22, 23 are formed i1n outer and inner surfaces of a skirt
portion 6 wherein the compressive stress value of the face
portion 7 1s larger than the compressive stress value of the
skirt portion, and the compressive stress value of the outer
surface 20 of the face portion 1s larger than that of the inner
surface 21.

24 Claims, 2 Drawing Sheets
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GLASS BULB FOR A CATHODE RAY AND A
METHOD OF PRODUCING THE SAME

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION

The present invention relates to a glass bulb for a cathode
ray tube (a Braun tube) used for TVs and a method of
producing the same. More particularly, the present invention
concerns the structure of a glass panel constituting the
display surface of the glass bulb and method of producing
the glass panel.

DISCUSSION OF BACKGROUND

FIG. 3 shows the construction of a cathode ray tube used
for a TV or the like. The cathode ray tube 1 comprises a glass
bulb 2 which 1s basically constituted by a glass panel portion
3 constituting a picture displaying surface, a funnel portion
4 1n a funnel-like form which 1s airtightly joined to the glass
panel portion 3 and a neck portion 5 in which an electron gun
17 1s installed. The glass panel 3 comprises a substantially
rectangular face portion 7 for constituting a picture display-
ing surface and a skirt portion 6 extending from the circum-
ferential portion of the face portion 7 in substantially per-
pendicular to the face portion 7.

An 1mplosion-prootf reinforcing band 8 1s wound around
outer periphery of the skirt portion 6 1n order to maintain the
strength of the glass panel 3 and prevent glass pieces from
scattering when glass panel 1s broken. Inside the face portion
7, a fluorescent film 12 for emitting fluorescence when
electron beams from the electron gun 17 are bombarded and
an aluminum film 13 for reflecting light emitted from the
fluorescent film 12 toward the front of the cathode ray tube
are laminated. Further, a shadow mask 14 for defining the
position of 1rradiation of the electron beams 1s provided on
the inner surface of the laminate. The shadow mask 14 is
fixed to the 1mnner surface of the skirt portion 6 by means of
a stud pin 15.

The glass panel 3 1s airtightly joined to the funnel portion
4 with aid of a sealing agent such as solder glass applied to
a sealing portion 10. Inside the funnel portion 4, an i1nner
coating 16 1s applied so as to prevent the shadow mask 14
from being charged with electric charges by the electron
beams and to provide an earthing means.

Since the glass bulb for a cathode ray tube having the
construction described above 1s used as a vacuum container,
an atmospheric pressure acts on the outer surface of the glass
bulb to produce a stress. Since the glass bulb has an
asymmetric structure different from a spherical shape, there
1s a region of tensile stress 1n a relatively large areas as well
as a region of compressive stress. Accordingly, 1f a mechani-
cal shock 1s applied to the glass bulb and a crack or breakage
1s resulted 1in a local portion, the local crack or the local
breakage 1s 1nstantancously developed to release a stored
strain energy; thus, implosion 1s resulted.

In order to prevent such danger of implosion, there has
been proposed to attach a metallic reinforcing band 8 to the
skirt portion 6 of the glass panel 3, or to form the glass bulb
to have a structure similar to a spherical shape to thereby
reduce the radius of curvature of the glass panel (for

mstance, 1t has about 1R where 1R 15 42.5xV/25.4+45.0 and
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V represents the length of a diagonal line of effective
displaying surface in a unit of mm). Thus, the strength of the
olass panel 3 to a shock was assured. Further, there has been
practiced a method of mcreasing the strength by increasing
the wall thickness of the face portion of the glass panel.

Further, 1n order to increase the mechanical strength of the
glass bulb for a cathode ray tube to a shock or the like, there
has been used a physically strengthening method that after
the glass panel has been shaped, it 1s cooled to cause
shrinkage whereby a compressive stress layer 1s formed 1n
the front surface.

In the physically strengthening method, when a glass bulb
1s rapidly cooled from a temperature region near the glass
softening point, the surface of glass 1s rapidly shrinked and
solidified. However, the inside of the glass 1s 1n a state
having a sufficient fluidity and expansion, and a temporal
distortion 1s 1nstantancously released by the fluidity. When
the glass bulb 1s further cooled, the 1nside of the glass tends
to shrink. However, the movement of shrinkage 1s limited by
the solidified surface layer. As a result, when the temperature
of the glass decreases to the room temperature to reach a
sufficient equilibrium state, a layer having a large compres-
sive stress 1s formed 1n surface portions of the glass and a
layer having a large tensile stress 1s formed 1nside the glass
as residual stresses. In this case, the magnitude of the
stresses produced 1n the glass depends on a time required
when the temperature at the surface of the glass decreases
from a slow cooling point to the distortion point. As the
cooling time 1s short, a large difference of shrinkage between
the surface portion and the inside of the glass 1s obtained,
and a large compressive stress 1s produced in the surface
portion after the cooling. Accordingly, 1in case of strength-
ening a substantially rectangular glass panel having a face
portion and a skirt portion, a desired distribution of stresses
can be obtained by adjusting the cooling rate for each
section.

A glass panel for a color picture tube 1s prepared as
follows. A molten glass mass heated to about 1000°
C.—1100° C. 1s put in a mold, a press die is operated to
press-shape the mass, and a stud pin 1s attached to an inner
wall portion of the skirt portion. At the later stage, the glass
panel reaches near the annealing point. Then, the before-
mentioned physically strengthening can be obtained by
suitably conducting cooling operations until the temperature
reaches the distortion point. In the conventional technique,
when the glass panel 1s cooled, the skiart portion 1s cooled and
solidified faster than the face portion. Accordingly, the value
of compressive stress formed 1n the skart portion 1s about 1.5
to 3 times as large as the value of compressive stress of the

face portion as disclosed 1n U.S. Pat. No. 4,566,893, for
mstance.

In the conventional glass bulb for a cathode ray tube,
when the radius of curvature of the glass panel 1s made small
in order to increase the strength of the panel to a shock,
visibility becomes poor and pictures are unclear. For this
purpose, there 1s a requirement of making the face portion
flat. For mnstance, the face portion should have the radius of
curvature of about 1.5 R—2R so as to form the picture surface
to be flat for easy watching. However, there arises a problem
that when the face portion 1s made {flat, 1t becomes weak to
a mechanical shock.

Further, when the reinforcing band 1s attached to the glass
panel, an uneven fastening force 1s applied to the skirt
portion which 1s joined to the peripheral edge of the face
portion, and stable and highly reliable 1mplosion-proof
properties can not be obtained with the result that the
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purpose of reinforcing of the face portion can not be
sufficiently achieved.

On the other hand, when the entirety of the face portion
1s made thick to obtain sufficient reinforcement, the weight
of the face portion 1s increased, and handling properties
becomes worse. In order to improve this point, there 1s used
such a structure that the outer surface of the face portion is
made flat; the radius of curvature of the 1nner surface 1s
made small, and the wall thickness at peripheral portions of
the face portion, 1n particular, four corner portions 1is
increased. Although such structure reduces the weight of the
olass panel, there arises a problem that the light transmut-
tance at the central portion of the face portion differs from
that at a peripheral portion of the face portion due to the
difference of thickness, and difference in brightness in
picture 1mage becomes large to thereby decrease the quality
of display.

Brightness B 1s expressed by B=meTpVﬂIb/S where p 1s
luminous efficacy of a fluorescent material, T, 1is the trans-
mittance of a mask, Tp 1s the transmittance of the glass
panel, V 1s an anode voltage, I 1s a beam current, S 1s the
surface area of a screen and characters a and b are constants.

Further, the transmittance T of the glass panel 1s expressed
by T=(1-R)*-exp(-k-t) where R is the reflectance of glass
(4-4.5%), k 1s an absorptivity coefficient and t is the wall
thickness of glass.

The transmittance and the absorptivity coetlicient of two
kinds of glass panel material manufactured by Asahi Glass
Company Ltd. are shown 1n table 1.

TABLE 1
Transmittance Absorpitivity
Panel glass (10.16 mm) coefficient (mm™)
5001 57.0% 0.046263
5001D 46.0% 0.067366

Table 2 shows the wall thickness at the central portion and
a peripheral portion of the face portion, and the ratio thereof
and, the flatness, the transmittance and the ratio of
transmittance, of glass panels of various sizes, which are
formed with the same glass material.

TABLE 2

Glass wall

thickness

(mm) Transmittance (%)

Size Flatness  t, ty t4/t, To Td Td/To
36(16:9) 1.8R 17.0 20.6 1.21 413 35.2 54.77
32(16:9) 1.9R 14.8 18.3 1.24 46.0 39.1 85.1
29B 1.3R 12.5 15.6 1.25 51.1 44.3 86.6
291, 2.0R 13.7 16.1 1.18 48.4 43.3 89.5
28(16:9) 2.0R 14.5 17.4 1.20 46.6 40.8 87.4
26 1.3R 12.5 14.6 1.17 51.2 46.4 90.7
24(16:9) 1.9R 12.5 15.2 1.25 51.2 45.1 88.3
21] 1.6R 12.5 13.8 1.10 51.2 48.2 041
21M 1.0R 12.5 14.4 1.15 51.2 46.8 91.6
15A 1.7R 10.0 12.7 1.27 574 50.7 883.2
15T 1.9R 10.0 13.9 1.39 574 47.9 83.4

Numerals 1n brackets 1 the column of the size in Table 2
indicate the aspect ratio of picture screens and 1tems without
bracket indicate that the aspect ratio of the picture screen 1s
4:3. As understood from Table 2, when the flatness is
changed depending on the size, the wall thickness of the
olass panel at its peripheral portion i1s changed, and
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accordingly, the transmittance i1s changed. Accordingly, 1f
the difference of transmittance between the central portion
and an edge portion of the face portion 1s reduced, the ratio
of transmittance approaches 100%, and the distribution of
brightness can be uniform.

However, when the wall thickness 1s made uniform while
the face portion 1s formed to be flat, the implosion-proot
properties are decreased, and the glass panel portion 1s apt
to be broken by a slight impact. When the wall thickness is
increased to increase the strength, the weight 1s increased

and handling properties are decreased. In order to reduce the
welght, when the radius of curvature of the front surface of
the face portion 1s reduced so that the central portion of the
face portion 1s formed to be thin while the end portions are
formed to be thick, there arises problems that there 1s a large
difference of brightness between the central portion and the
end portions of the face portion and visibility decreases.

In the physically strengthening method with use of the
conventional cooling method wherein the skirt portion 1is
cooled faster than the face portion, the face portion having
a temperature region where a viscous flow 1s apt to occur,
sulfers a large deformation according to the movement of the
shrinking skirt portion when the glass panel 1s cooled and
solidified. This reduces the accuracy of the radius of curva-
ture in the 1nner wall of the face portion, and the face portion
becomes unstable. When a color TV with such glass panel
1s used, there may cause a fault in electron beam landing
characteristics and a stable colored picture can not be
obtained.

SUMMARY OF THE INVENTION

It 1s an object of the present 1nvention to provide a glass
bulb of a cathode ray tube and a method of producing the
same wherein the outer surface of the face portion 1s flat; the
wall thickness of the entire portion of the glass panel 1s
reduced and the strength to a mechanical shock 1s improved
without causing a large difference of brightness between the
central portion and a peripheral portion of the face portion.

It 1s another object of the present mnvention to provide a
olass bulb for a cathode ray tube and a method of producing
the same wherein a deformation of the face portion due to
shrinkage as a result of cooling and solidification of the skart
portion of the glass panel, 1s mmimized.

In accordance with the present invention, there 1s pro-
vided a glass bulb for a cathode ray tube which comprises:

a glass panel portion having a substantially rectangular
face portion constituting a picture displaying surface
and a skirt portion contiguous to the circumiferential
portion of the face portion and extending therefrom in
substantially perpendicular to the face portion,

a funnel portion 1s a funnel-like form which 1s airtightly
connected to the glass panel portion, and

a neck portion disposed at the root of the funnel portion
and containing therein an electron gun, wherein com-
pressive stress layers each having a thickness of t /10
or more are formed in the outer surface and the 1nner
surface of the face portion where t_ 1s the wall thickness
at the central portion of the effective picture surface
portion of the face portion of the glass panel portion.

In the above-mentioned invention, it 1s preferable that the
glass wall thickness t, near an edge portion of the face
portion and on a diagonal line of the face portion 1s 1n a
relation of 1.0=t/t =1.2.

Further 1n a region including the diagonal line of effective
picture surface portion of the face portion, there should be
60 kg/cm”<|p | where p_ is the stress value of the compress
stress layers.
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The glass wall thickness t, near an edge portion of the
face portion means the wall thickness of an end portion of
the effective picture surface of the face portion. The edge
portion of the effective picture surface of the face portion 1s
the contacting portion between the curved inner surface of
the panel face and the blend R (a circle formed by contact
between the curved inner surface and the skirt portion).

It 1s preferable that a radius of curvature R, of the outer
surface of the face portion 1s 1.5R or more where R=42.5x
V/25.4+45.0 (mm) and V is the length of a diagonal line of
effective displaying surface. The radius of curvature R of
1.5R or more renders the picture surface to be flat and
provides easy watching.

It 1s desirable that the compressive stress layers 1n the
outer and mner surfaces of the face portion are substantially
uniformly formed in the entire of the face portion. The
uniformly formed compressive stress layers uniformly
strengthen the panel face portion and prevent the surface
accuracy of the face portion from deterioration.

It 1s preferable that the compressive stress layers are
extended to the skirt portion of the glass panel portion in
order to strengthen the entirety of the glass panel portion. In
this case, the stress value (absolute value) of the compres-
sive stress layers of the face portion should be larger than the
stress value (absolute value) of the compressive stress layers
of the skirt portion since deformation or twisting of the panel
face portion can be minimized. Further, in order to prevent
the deformation of the panel face portion, the stress value of
the compressive stress layer in the outer surface of the face
portion should be equal to or larger than the stress value of
that in the 1nner surface.

In the above-mentioned invention, the compressive stress
layers are formed by a cooling treatment after the glass panel
has been press-shaped.

As the second invention, there 1s provided a method of
producing a glass bulb for a cathode ray tube which com-
PI1SEs:

press-shaping a glass panel portion of a glass bulb for a

cathode ray tube,

holding the press-shaped glass panel portion directing the
outer surface of the face portion downwardly in an
annealing device, and

supplying a cooling air to the glass panel portion from its

lower side.

In the second 1invention, 1t 1s preferable that the cooling air
is supplied to the glass panel portion at a cooling rate of 15°
C./min.—200° C./min. for the glass panel portion from a
temperature region where the glass viscosity is 10™ poises
or lower (i.e. about 470° C.-500° C.) to a temperature region
where the glass viscosity is 10" poises or higher (i.e. about
400° C.—430° C.).

In determination of the temperature of the glass panel
portion in the annealing device, the temperature range where
the glass viscosity is 10'* poises or lower should be the
highest. When the temperature of the glass panel portion 1s
lower than the temperature range where the glass viscosity
is 10™* poises or lower, the formation of compressive stress
layer 1n the glass surface 1s mnsuificient. Namely, 1n a case
that the glass panel portion 1s heated again 1n the annealing
device to bring the temperature to the temperature range
where the glass viscosity 10'* poises or lower, a residual
stress produced during the previous strep once disappears.
Therefore, a suflicient compressive stress can be formed 1n
a cooling step which 1s then conducted. On the other hand,
in the temperature range where the glass viscosity is 10™°
poises or higher, the solidification of glass substantially
completes. Accordingly, 1t 1s unnecessary to forcibly cool
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6

the glass by supplying the cooling air. When the cooling rate
to the glass panel portion with the cooling air 1s smaller than
15° C./min, the formation of compressive stress is insuffi-
cient. On the other hand, when it is higher than 200° C./min,
a large tensile stress 1s resulted 1n the surface portion in the
cooling step, and the glass 1s apt to break.

Accordingly, 1t 1s preferable that the temperature of cool-
ing air 1s in a range of 100° C.—400° C. When the tempera-
ture 1s less than 100° C., the glass is excessively cooled, so
that it 1s easily broken. When the temperature 1s higher than
400° C., the glass can not sufficiently be cooled, so that the
formation of compressive stress 1s 1nsuificient.

As the alternative of the second invention, the tempera-
ture of the glass panel portion may be brought to the
temperature range where the glass viscosity is 107 poises or
lower when it 1s put 1nto the annealing device; then, the glass
panel portion 1s cooled by supplying cooling air to bring the
temperature to the temperature region where the glass vis-
cosity is 10"° poises or higher in the annealing device, and
thereafter, it 1s left for cooling to the room temperature at a
cooling rate of about 10° C./min or lower. In this case, it is
unnecessary to heat again the glass panel portion in the
annealing device. Since it 1s possible to continuously cool
the glass panel portion after the press-shaping, there are
advantages of shortening a manufacturing time and minia-
turization of the annealing device.

As the third invention, there 1s provided a method of
producing a glass bulb for a cathode ray tube which com-
PrisSes:

press-shaping a glass panel portion of a glass bulb for a

cathode ray tube,

cooling a face portion of the glass panel portion at a
cooling rate of 50° C./min or higher from the glass
softening point to a temperature region where the glass
viscosity is 10" poises or higher (i.e. less than 400°
C),

putting the glass panel portion in an annealing device to
raise temperature to the extent that the glass viscosity
is in a range of 10'°°-10" poises (i.e. about 450°
C.-500° C.), and

cooling the glass panel portion to the room temperature.

In the third mvention, when the glass panel portion 1s

cooled from the temperature range where the glass viscosity
is in a range of 10'>°—10"> poises to the room temperature,
it should be cooled at a cooling rate of 10° C./min or lower.
When the cooling rate is higher than 10° C./min, an unde-
sirable compression stress 1s formed 1n the glass surface.

It 1s preferable that the temperature of the skirt portion of

the glass panel portion 1s maintained to be higher than the
temperature of the face portion until the temperature is
raised to a temperature range where the glass viscosity of the
face portion is 10°°-10" poises after the glass panel
portion has been put in the annealing device. By maintaining
the temperature of the skirt portion to be higher than the
temperature of the face portion, a compressive stress having
a larger absolute value 1s formed due to the face portion. In
this case, when the temperature of the side walls of the
annealing device 1s brought to a temperature higher than the
atmospheric temperature, the skirt portion 1s heated by
radiant heat, whereby the skirt portion 1s maintained to be a
higher temperature than the face portion. In more detail, this
can be achieved by heating the side walls of the annealing
device by a gas burner at the inside of 1t or from the outside,
or by disposing a heater such as a heating wire at the outside
of a side wall or side walls of the annealing device.

In the third invention, the glass panel portion is rapidly

cooled at a cooling rate of 50° C./min or higher until the
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temperature range where the glass viscosity is 10"’ poises or
higher, whereby a compression stress of 60 kg/cm® in
absolute value or higher 1s formed 1n the glass surface. Then,
the glass panel portion 1s put 1n the annealing device in
which the temperature is raised to the temperature range
where the glass viscosity is 102°—~10'> poises whereby the
residual stress 1n the glass 1s stabilized. In this case, if the
temperature 1s raised to a higher temperature than the

temperature range where the glass viscosity 1s 1n a range of
101°-10" poises, the residual stress in the glass is reduced

or disappears.

The third invention 1s featurized by stabilizing the
residual stress formed before the glass panel portion 1s put
into the annealing device, 1n which the glass panel portion
1s forcibly cooled with the cooling air.

For the annealing device used for the present invention, a
furnace of several 10 meters long, called an annealing
furnace, 1s preferably used. However, another suitable
device may be used as long as 1t achieves the same function.
Atmosphere inside the annealing furnace 1s temperature-
adjusted with a gas burner or the like. The temperature of the
annealing furnace at a portion through which glass panels

are put 1s in a range of about 500° C.-540° C. and the
temperature at the outlet 1s near the room temperature.

According to the glass panel portion of the present
mvention, the difference of thickness between the central
portion and the peripheral portion of the face portion 1s
small; the face portion has a uniform wall thickness; the
oglass 1s strengthened by the compressive stress layers
formed 1nner and outer surfaces of the face portion, and the
face portion has a flat surface while the wall thickness is
thin. Namely, at least the face portion of the glass panel
portion has the compressive layers each having a stress
value and a thickness sufficient to preventing or delaying the
development of a crack, wherein the compressive layers are
formed by physically strengthening method.

With use of the glass panel, there i1s obtainable a glass
bulb for a cathode ray tube which has a light weight,
minimizes the difference of brightness between the central
portion and an edge portion of the face portion and has a
suflicient strength durable to a shock while assuring flatness
in a range of 1.5R-2.0R.

In the present invention, the compressive stress layers are
formed by cooling the face portion faster than the skart
portion of the glass panel portion. Accordingly, deformation
in the face portion due to the shrinkage and solidification of
the skirt portion can be minimized. Accordingly, improve-
ment 1n accuracy of radius of the inner surface of the face
portion 1s more than double 1n comparison with that of the
conventional face portion. Further, the compressive stress
layers are so formed that the stress value of the compressive
layer 1n the outer surface of the face portion 1s equal to or
larger than that of the inner surface. Accordingly, the etfect
of preventing the deformation of the face portion i1s further
increased.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the invention and many
of the attendant advantages thercof will be readily obtained
as the same becomes better understood by reference to the
following detailed description when considered in connec-
fion with the accompanying drawings, wherein:

FIG. 1 1s a cross-sectional view of an embodiment of the
glass panel according to the present 1invention;

FIG. 2 1s a plane view of the glass panel shown 1n FIG.
1,

FIG. 3 1s a side view partly cross-sectional to a cathode
ray tube to which the present invention is applied; and
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FIG. 4 1s a cross-sectional view of an other embodiment
of the glass panel according to the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Preferred embodiments of the present mmvention will be
described 1n more detail with reference to the drawings.

FIG. 1 15 a cross-sectional view of an embodiment of the
olass panel 3 for a glass bulb for a cathode ray tube. The
glass panel 1s formed so astobe 1.0=t /t_=1.2 where t1s the
wall thickness of the central portion of a face portion 7 and
t, 1s the wall thickness of a peripheral portion of the face
portion 7. Namely, the glass panel has a uniform wall
thickness by determining the ratio of the thicknesses of the
central portion to the thickness of the peripheral portion of
the face portion to be 1 or a new value. Thus, the light
fransmittance and the absorptivity coeflicient of glass are
substantially uniform in the entirety of the face portion, and
the difference of brightness between the central portion and
the peripheral portion 1s small, whereby the picture surface
can be easily watched.

FIG. 2 1s a plane view of the face portion 7 of the glass
panel 3 wherein X and Y indicate respectively central axes
in the lateral direction and the longitudinal direction. Dotted
lines divide the picture surface of the face portion 7 into 16
sections. Since the radius of curvature of the iner surface of
the face portion 7 1s smaller than the radius of curvature of
the outer surface, the wall thickness of the face portion
becomes thicker as the distance from the center of the face
portion 1s larger. Accordingly, the wall thickness at four
corner portions of A, B, C and D of the face portion 7 is
largest. In the glass panel of the present ivention, 1t 1s
desirable to satisly the above-mentioned formula 1.0=t,/

t_ =1.2 on diagonal lines including the four corners A, B, C
and D.

In this embodiment, compressive stress layers 20, 21 are
formed 1n the outer surface and the inner surface of the
cfiective picture surface portion of the face portion 7 as
indicated by dotted lines in FIG. 1. The thickness of the
compress stress layers 20, 21 1s defined to be t_/10 or more.
Further, it is desirable that the stress value |o.| (absolute
value) of the compressive stress layers 20, 21 is 60
kg/em”=|o .

The compressive stress layers 20, 21 are formed 1n the
outer and 1nner surfaces respectively by physically strength-
ening the glass panel after i1t has been shaped by press-
shaping a molten glass. The physically strengthening is
conducted by cooling the glass panel 1n the annealing
furnace. When the temperature of the glass panel 1s reduced
to the room temperature and it reaches a sufficient equilib-
rium state, the compressive stress layers are formed in the
olass surfaces and a tensile stress layer 1s formed 1nside the
olass, which remain as residual stresses.

The magnitude of the stresses produced 1n the glass panel
depends on a time required when the glass surfaces are
reduced from the annealing temperature to the distortion
point. As the cooling rate 1s higher, the difference of shrink-
age between the glass surfaces and the inside of 1t become
larger. After the glass panel has been cooled, a large com-
pressive stress |0 | is produced in each of the glass surfaces.
At the same time, however, a large tensile stress of —o_/
2=0,=0 /4 naturally results 1inside the glass panel to cancel
the compressive stresses. The signs of the compressive stress
layers o and the tensile stress o, are opposite each other. In
the present imvention, the compress stress layers o are
determined to have a negative sign and the tensile stress o,
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1s to have a positive sign. Although the presence of the
compressive stress layers 1n the glass surfaces improves the
strength, an excessively large tensile strength produced in
the central portion of the 1nside of the glass panel may cause
self-explosion because of a defect in material which has not
been molten in or near the central portion of the 1nside of the
olass panel, which tends to release energy by the tensile
stress accumulated at the inside.

In consideration of thermal impulse and so on during

assembling steps for the ordinary cathode ray tubes, 1t has
been found from thermal impulse tests for glass bulbs that it
1s necessary to control the tensile stress at the central portion
of the i1nside of the glass panel so as not to exceed 100
kg/cm” in order to prevent the self-explosion. Accordingly,
it 1s necessary to determine the compressive stress 1in a range
of less than 400 kg/cm” in absolute value from the relation
of -0 /2=0,=-0_/4.

The formation of the compressive stress layers by the
physically strengthening method makes the glass panel flat,
thin and uniform 1n thickness, improves visibility, increases
the transmittance and provides uniform brightness in the
face portion.

FIG. 3 shows data of 6 kinds of glass panel samples which
were prepared by changing conditions of radius of curvature,
wall thickness, transmittance and so on of the face portion.
The compressive stress values in Table 3 are shown in
absolute values.

TABLE 3
Sample Sample Sample Sample
No. 1 No. 2 No. 3 No. 4

Radius of curvature of outer surface 640 1200 1200 1200
(mm)
Radius of curvature of inner surface 600 1115 1115 1115
(mm)
Wall thickness of central portion, t, 10.5 10.0 10.0 10.0
(mm)
Wall thickness of edge portion of 12.2 11.0 11.0 11.0
display, ty (mm)
ta/ts 1.16 1.10 1.10 1.10
Transmittance of central portion, T, 56.1 57.4 57.4 57.4
()
Transmittance of edge portion of 51.9 54.8 54.8 54.8
display, T4 (%)
Transmittance ratio, T /T, (%) 92.4 95.4 95.4 95.4
Weight (kg) 3.9 3.7 3.7 3.7
Compressive stress of central portion — — 43 65
(kg/cm?)
Compressive stress of edge portion of — — 40 63
display (kg/cm?)
Fail (Failure) 0/20 9/20 2/20 0/20

TABLE 4

Panel Funnel

glass glass Neck glass
Title (Tradename) 5008 0138 0150
Density (g/cm®) 2.79 3.00 3.29
Young’s modulus 7.5 x 10° 6.9 x 10° 6.2 x 10°
(kg/em”)
Poisson’s ratio 0.21 0.21 0.23
Softening point (© C.) 703 663 643
Annealing point (* C.) 521 491 466
Distortion point 477 453 428
(" C)

Title (T'radename)

S10,
SrO

BaO
PbO

10

TABLE 5

Panel

glass

5008
60.5
8.0
9.0

Funnel

glass

0138
52.0

22.0

Neck glass

0150
47.5
2.0

32.5

10
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Sample
No. 5

1200

ALO, 3.0 5.0 3.5
CaO 3.0 5.0 —

Na,O 8.0 8.0 4.5
K,O 8.5 8.0 10.0

Each of sample Nos. 1-6 are glass bulbs used for cathode
ray tubes for color TV, which have characteristics shown 1n
Table 4, and are prepared with use of glass material having
compositions described 1n Table 5. The aspect ratio of the
face portion of the glass bulbs 1s 4:3 and these are used for
15 inch -type televisions each of which has an effective
picture surface having a diagonal length of 36 cm. These
glass bulbs are assembled 1n cathode ray tubes 1n accordance

with ordinary manufacturing steps.

In Table 3, the data showing percentages of failure in
implosion-proof tests were obtained by the method
described 1n the UL safety standards of U.S.A. Namely, the
face portion of each of the glass panels 1s hit with a steel ball
at an energy of 7J, and judgment of safety 1s made depending,

Sample
No. ©

1200

1115 900

/20

55

60

65

10.0 10.0

21.0 14.2

1.10
57.4

1.42
57.4
54.8 47.3

95.4 82.3
3.7 4.2

1877 —

183 —

0/20

on an amount of pieces of glass scattering from the face
portion. The position of impact 1s determined to be 31.25
mm on a diagonal line from an end of effective picture
surface, which 1s apt to subject the influence of the wall
thickness distribution of the face portion with respect to the
implosion-proof characteristics.

SAMPLE 1

No compressive stress layer 1s formed. The radius of
curvatures of the outer surface and the inner surface are
small, and 1t 1s near a spherical shape 1n comparison with
other samples. Accordingly, 1t was strong to the impact, and
there was no failure 1n the implosion-proof tests. The wall
thickness at the diagonal line and near the edge portion of
the display surface could be relatively thin as 12.5 mm.
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Further, the light transmittance ratio between the central
portion and an edge portion at the diagonal line of the face
portion was excellent as 93%. Since the radius of curvature
of the outer surface was small as 640 mm, and the visibility
was poor and there was difficulty in watching the picture
surface.

SAMPLE 2

No compressive stress layer 1s formed. The radius of
curvature of the outer surface was increased to 1200 mm to
improve the visibility. The ratio of wall thickness of the
central portion of the face portion to the wall thickness of an
edge portion of the effective picture surface 1s 1.10, and the
face portion provides excellent uniformity of wall thickness.
Further, the wall thickness of the edge portion of the display
surface was made thin as 11.0 mm to increase the light
transmittance to 95.4%. However, since the wall thickness
of the edge portion of the effective picture surface was thin,
the strength was poor and failure 1n the implosion-proof tests
was extremely high as about 50% (a failure of %%0).

SAMPLE 3

The shape of the panels 1s the same as that of sample 2.
The compressive stress layers were formed 1n the surfaces of
the panels by physically strengthening method to thereby
improve implosion-proof properties. The glass panels were
formed by cooling the face portion of the each of the glass
panel portions from the glass softening point to a tempera-
ture (380° C.) where the glass viscosity is 10" poises or
higher at a cooling rate of 100° C./min.; then, putting the
olass panel portions 1n the annealing furnace in which the
temperature of the glass panel portions were brought to a
temperature (485° C.) where the glass viscosity is 10**>
poises; and then, cooling them to the room temperature at a
cooling rate of 10° C./min. The compressive stress value
was 43 kg/cm” at the central portion of the face portion and
40 kg/cm” at the edge portion of the face portion. The
compressive stress value 1s substantially uniformly distrib-
uted 1n the effective display surface of the face portion. The
thickness of the compressive stress layers was 1n a range of
1.5 mm to 1.8 mm, and was more than Y10 as thick as that
of the central portion of the face portion. The compressive
stress layers 1ncreased the strength to impact and provided
ogood result 1n the 1implosion-proof tests in comparison with
the sample 2 having the same shape. However, the percent-
age of the failure was 10%.

SAMPLE 4

The shape of panels 1s the same as that of Sample 2. The
compressive stress value was increased to more than that of
Sample 3. The panels were formed by cooling the face
portion of each of the glass panel portions 1n the annealing,
furnace from a temperature (500° C.) where the glass
viscosity was 10'* poises to a temperature (400° C.) where
the glass viscosity was 10'° poises; and cooling them by
supplying a cooling air of about 200° C. at a cooling rate of
40° C./min. The stress value of the compressive stress layers
was 1ncreased to about 1.5 times as that of Sample 3 so as
to be 65 kg/cm? at the central portion of the face portion and
63 keg/cm” at the edge portion of the face portion, so that the
implosion-proof properties were increased. As a result, the
percentage of success 1n the implosion-proof tests was
100%, and no failure took place.

SAMPLE 5

The shape of panels 1s the same as that of Sample 2. The
compressive stress value was increased to be more than that
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of Sample 3. The panels were formed by cooling the face
portion of each of the glass panel portions from the glass
softening point to a temperature (380° C.) where the glass
viscosity was 10"’ poises or higher at a cooling rate of 100°
C./min; putting the glass panel portions 1n the annealing
furnace 1n which the temperature of the glass panel portions
was brought to a temperature (440° C.) where the glass
viscosity was 10>~ poises; and cooling them to the room
temperature at a cooling rate of 10° C./min. The stress value
of the compressive stress layers was further increased than
that of Sample 4 so as to be 187 kg/cm? at the central portion
of the face portion and 183 kg/cm* at the edge portion of the
face portion. As a result, the percentage of success 1n the
implosion-proof tests was 100% and no failure took place.

SAMPLE 6

The strength of the face portions was increased without
forming the compressive stress layers, and the percentage of
success of the implosion-proof tests was 100%. However,
this sample has a small radius of curvature of the inner
surface whereby the wall thickness of edge portions of the
face portion 1s increased and the weight 1s also increased
(4.2 kg). Accordingly, handling of the products is inconve-
nient. Further, the difference of wall thickness between the
central portion and edge portions 1s large, whereby ditfer-
ence 1n transmittance at these portions 1s large and the
visibility 1s poor.

In the present invention, the glass panel constituting a
cathode ray tube 1s press-shaped with a pressing mold and 1s
cooled while 1t 1s passed through an annealing furnace. In
the cooling step, the glass panel 1s solidified and compres-
sive stress layers are formed in the surfaces of the glass
panel. For 1stance, by applying a cooling air mainly from
the outer side of the front of the face portion whereby the
face portion 1s cooled faster than the skirt portion. Thus, the
magnitude of the compressive stress 1n the face portion 1s
larger than that of the skirt portion, and at the same time, the
magnitude of the compressive stress 1n the outer surface of
the face portion 1s larger than that of the 1nner surface.

FIG. 4 1s a cross-sectional view of another embodiment of
the glass panel 3 for a cathode ray tube according to the
present invention. Dotted lines 20, 21 respectively show
compressive stress layers formed 1n outer and inner surfaces
of the face portion 7. Also, compressive stress layers 22, 23
are formed 1n outer and 1nner surfaces of the skirt portion 6.
Among these compressive stress layers 20-23, at least the
compressive stress layers 20, 21 of the face portion 7 has
more than %10 times as large as the thickness of the central
portion of the face portion, and the stress values of the
compressive stress layers 20, 21 of the face portion 7 are

larger than the stress values of the compressive stress layers
22, 23 of the skart portion 6.

With respect to the compressive stress layers 20, 21 of the
face portion 7, 1t 1s desirable that the stress value of the outer
stress layer 20 1s larger than the stress value of the inner
stress layer 21. In order that the stress value of the face
portion 1s made larger than the stress value of the skirt
portion and the stress value of the outer stress layer of the
face portion 1s larger than that of the inner stress layer, the
annealing furnace used after the press-shaping of the glass
panel should be so constructed that a cooling air be supplied
from the lower side of the transferring passage, and the glass
panel 1s put on the transferring passage with the face portion
directing downwardly while the glass panel 1s passed
through the annealing furnace. Then, cooling function 1is
most effective to the outer surface of the face portion, and
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next, the inner surface of the face portion, and next, the skart
portion. Thus, by physically strengthening the glass panel
with a difference of cooling rate to portions of the glass
panel, effect of preventing the deformation after the cooling
and solidifying of the glass panel 1s remarkably improved as
shown by the sample described thereafter.

Table 6 shows concrete examples of glass panels having,
the construction describe above. In Table 6, there are shown
the compressive stress values (absolute value) at portions in
the outer and 1nner surfaces of the face portion and the skirt
portion of the glass panel with respect to four kinds of
sample (having an aspect ratio of 4:3).

TABLE 6

Compressive stress formed in panel surface (kg/cm?)

Sample Sample Sample Sample
No.7 No.8 No.9 No. 10

Outer Central portion of 121 115 39 123
surface face portion

FEdge postion of dis- 123 102 82 107

play surfure of face

portion (long axis)

Edge portion of dis- 126 101 84 112

play surface of face

portion (short axis)

Skirt portion (long 241 64 52 72

axis)

Skirt portion (short 228 71 54 81

axis)
[nner Central portion of 117 136 96 101
surface face portion

FEdge portion of dis- 118 117 89 93

play surface of face

portion (long axis)

FEdge portion of dis- 120 113 87 95

play surface of face

portion (short axis)

Skirt portion (long 238 73 56 62

axis)

Skirt portion (short 215 77 59 61

axis)

Sample 7 was subjected to a physically strengthening
method wherein the glass panel was put on the transferring
passage with 1its skirt portion directing downwardly 1n the
annealing furnace in which the cooling air 1s supplied from
the lower side of the transferring passage in the same manner
as before-mentioned examples and the cooling rate to the
skirt portion was increased. Samples 8 through 10 were
subjected to a physically strengthening method wherein
glass panels were put on the transferring passage with their
face portions directing downwardly and the cooling rate to
the face portion was increased.

Samples 8 and 9 were formed 1n the same manner as
Sample 5. Sample 8 was heated to a temperature of 450° C.
and Sample 9 was heated to a temperature of 470° C. Then,
both Samples 8 and 9 were cooled to the room temperature
at a cooling rate of 10° C./min. When they are heated to the
temperature described above 1n the annealing furnace, the
temperature of each of the skirt portions was maintained to
be 5° C.—20° C. higher than the temperature of each of the
face portions. In this case, gas burners are provided at inner
side walls of the annealing furnace to heat the skirt portions.

Sample 10 was formed 1n the same manner as Sample 4
wherein 1t was cooled with a cooling air of 150° C. at a
cooling rate of 60° C./min.

As clear from Table 6, Sample 7 shows that the stress
value of the skirt portion 1s larger than the stress value of the
face portion 1n either the outer surface or the inner surface.
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On the other hand, Samples 8 through 10 show that the stress
value of the face portion 1s larger than the stress value of the
skirt portion 1n either the outer surface or the inner surface.
With respect to the Samples 8 through 10, the stress value of
the 1nner surface of the face portion 1s larger than the stress
value of the outer surface 1n Samples 8 and 9. In the other
than, 1n Sample 10, the stress value of the outer surface is
larger than the stress value of the inner surface.

Table 7 shows the result of tests concerning the twisting,
deformation after the cooling and solidification of each of
the samples 1n Table 6, which have been subjected to
physically strengthening.

TABLE 7

Component of twisting in curvature inner surface (um)

Sample Sample Sample Sample

No. 7 No. 8 No. 9 No. 10
Number of sampling 100 100 100 100
Avenge value 105 -25 -22 -13
Standard deviation 81 35 41 26

fests

The data of Table 7 were obtained by measuring the
average values and standard deviations of twisting by sam-
pling each 100 of Samples 7 through 10. The measurement
of twisting was conducted by measuring the difference in
height from the face surface at the central portion of the
panel with respect to two diagonal lines connecting four
edge portions of the skirt portion of the glass panel. Signs
indicate the directions of twisting. The magnitude of the
twisting 1s shown 1n absolute value. As the absolute value 1s
larger, the degree of the twisting deformation 1s large.

As understood from Table 7, the degree of twisting of

™

Sample 7 1s largest, and the scattering 1n distribution of
twisting 1s also large. As understood from the comparison of
Sample 8 with Sample 9, when the compressive stress value
of the mnner surface of the face portion 1s higher than the
compressive stress value of the outer surface, one having a
higher compressive stress shows a smaller scattering,
however, the degree of twisting becomes larger. On the other
hand, when the physically strengthening 1s so conducted as
in Sample 10 that the stress value of the face portion 1s larger
than the stress value of the skirt portion and the stress value
of the outer surface of the face portion 1s larger than the
stress value of the inner surface, the degree of twisting
deformation 1s smallest and also scattering 1s small.

Accordingly, a stable result 1s obtainable.

As described above, 1n the glass bulb for a cathode ray
tube according to the present invention, compressive Stress
layers having a predetermined thickness and a predeter-
mined strength are formed in the surfaces of the glass panel
face portion by physically strengthening. Accordingly, the
strength of the panel face portion 1s 1increased, development
of crack due to a shock i1s prevented or delayed, and
occurrence of 1mplosion 1s controlled.

Further, a sufficient strength can be maintained; the flat-
ness of the face portion 1s improved to thereby suppress
difference 1n brightness 1n the display surface. Further,
visibility can be improved and the wall thickness of the glass
portion can be reduced with the result of reducing the
welght.

In the present invention, the compressive stress of the face
portion of the glass panel 1s larger than the compressive
stress of the skirt portion, and the compressive stress value
of the outer surface of the face portion is larger than (or
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equal to) the compressive stress value of the inner surface of
the face portion. Accordingly, the deformation of glass such
as twisting can be surely prevented. Accordingly, when the
olass bulb of the present invention 1s used for a Braun tube
for color TV, scanning of electron beams can be achieved
with high accuracy, and the quality of picture 1mage can be
improved.

Obviously, numerous modifications and variations of the
present invention are possible in light of the above teach-
ings. It 1s therefore to be understood that within the scope of
the appended claims, the invention may be practiced other-
wise than as specifically described herein.

What 1s claimed 1s:

1. A glass bulb for a cathode ray tube which comprises:

a glass panel portion having a substantially rectangular
flat face portion constituting a picture displaying sur-
face and a skiart portion contiguous to the circumieren-
t1al portion of the face portion and extending therefrom
in substantially perpendicular to the face portion,

a Tunnel portion 1n a funnel-like form which 1s airtightly
connected to the glass panel portion, and

a neck portion disposed at the root of the funnel portion
and containing therein an electron gun, wherein com-
pressive stress layers each having a thickness of t /10
or more are formed 1n the outer surface and the inner
surface of the face portion where t_ 1s the wall thickness
at the central portion of the effective picture surface
portion of the face portion of the glass panel portion,
the radius of curvature of the inner portion of the face
portion ts smaller than the radius of the curvature of
the outer surface.

2. The glass bulb for a cathode ray tube according to claim

1, wherein the glass wall thickness t, near an edge portion
of the face portion and on a diagonal line of the face portion
is 1n a relation of 1.0=t,/t =1.2.

3. The glass bulb for a cathode ray tube according to claim

1, wherein 60 kg/cm” =|o_| where o _ is the stress value of the
compressive stress layers 1n a region including the diagonal
line of the effective picture surface portion of the face
portion.

4. The glass bulb for a cathode ray tube according to claim

2, wherein the radius of curvature R of the outer surface of
the face portion s 1.5 R or more when R =42.5xV/25.4+45.0
(mm) and V is the length of a diagonal line of the effective
displaying surface.

5. The glass bulb for a cathode ray tube according to claim

2, whereimn the compressive stress layers 1n the outer and
inner surfaces of the face portion are substantially uniformly
formed 1n the enfire of the face portion.

6. The glass bulb for a cathode ray tube according to claim

1, wherein the compressive stress layers are extended to the
skirt portion of the glass panel portion.

7. The glass bulb for a cathode ray tube according to claim

6, wherein the stress value of the compressive stress layers
of the face portion 1s larger than that of the skirt portion.

8. The glass bulb for a cathode ray tube according to claim

7, wherein the stress value of the compressive stress layer in
the outer surface of the face portion 1s equal to or larger than
that of the inner surface.

9. A glass bulb for a cathode ray tube which comprises:

a glass panel portion having a substantially rectangular,
flat face portion constituting a picture displaying sur-
face and a skirt portion contiguous to the circumjfer-
ential portion of the face portion and extending there-
from substaniially perpendicular to the face portion,

a funnel portion in a funnel-like form which is airtightly
connected to the glass panel portion, and
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a neck portion disposed at the roort of the funnel portion
and containing therein an electron gun, wherein com-
pressive stress layers each having a thickness of t /10
or more are substantially uniformly formed in the outer
surface and the inner surface of the entire face portion
where t_ is the wall thickness at the central portion of
the effective picture surface portion of the face portion
of the glass portion, the radius of curvature of the inner
portion of the face portion is smaller than the radius of
curvature of the outer surface.

10. A glass bulb for a cathode ray tube which comprises:

a glass panel portion having a substantially rectangular,
flat face portion constituting a picture displaying sur-
face wherein the radius of curvature of the inner
portion of the face portion is smaller than the radius of
curvature of the outer surface and a skirt portion
contiguous to the circumjferential portion of the face
portion and extending therefrom substantially perpen-
dicular to the face portion,

a funnel portion in a funnel-like form which is airtightly
connected to the glass panel portion, and

a neck portion disposed at the root of the funnel portion
and containing therein an electron gun, wherein com-
pressive stress layers each having a thickness of t_/10
or more are formed in the outer surface and the inner
surface of the face portion where t_ is the wall thickness
at the central portion of the effective picture surface
portion of the face portion of the glass panel portion
and wherein the compressive stress layers extend to the
skirt portion of the glass panel portion.

11. A glass bulb for a cathode ray tube which comprises:

a glass panel portion having a substantially rectangular,
flat face portion constituting a picture displaying sur-
face and a skirt portion configuous to the circumfer-
ential portion of the face portion and extending there-
from substantially perpendicular to the face portion,

a funnel portion in a funnel-like form which is airtightly
connected to the glass panel portion, and

a neck portion disposed at the roor of the funnel portion
and containing therein an electron gun, wherein com-
pressive stress layers each having a thickness of t_/10
or more are substantially uniformly formed in the outer
surface and the inner surface of the entire face portion
where t_ is the wall thickness at the central portion of
the effective picture surface portion of the face portion
of the glass panel portion.

12. A glass bulb for a cathode ray tube which comprises:

a glass panel portion having a substantially rectangular,
flat face portion constituting a picture displaying sur-
face wherein the radius of curvature of the inner
portion of the face portion is smaller than the radius of
curvature of the outer surface and a skirt portion
contiguous to the circumjferential portion of the face
portion and extending therefrom substantially perpen-
dicular to the face portion,

a funnel portion in a funnel-like form which is airtightly
connected to the glass panel portion, and

a neck portion disposed at the root of the funnel portion
and containing therein an electron gun, wherein com-
pressive stress layers each having a thickness of t /10
or more are formed in the outer surface and the inner
surface of the face portion where t_ is the wall thickness
at the central portion of the effective picture surface
portion of the face portion of the glass panel portion
and wherein the compressive stress layers extend to the
skirt portion of the glass panel portion.
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13. A glass bulb for a cathode ray tube which comprises:

a glass panel portion having a substaniially rectangular,
flat face portion constituting a picture displaying sur-
face and a skirt portion contiguous to the circumjfer-
ential portion of the face portion and extending there-
from substantially perpendicular to the face portion,

a funnel portion in a funnel-like form which is airtightly
connected to the glass panel portion, and

a neck portion disposed at the root of the funnel portion
and containming therein an electron gun, wherein coms-
presstve layers each having a thickness of t /10 or more
are formed in the outer surface and the inner surface of
the face portion where t_ is the wall thickness at the
central portion of the effective picture surface portion
of the face portion of the glass panel portion, the radius
of curvature of the inner portion of the face portion is
smaller than the radius of curvature of the outer
surface and wherein the glass wall thickness t , near an
edge portion of the face portion and on a diagonal line
of the face portion is in a relation of 1.0=t /t [ =1.2.

14. A glass bulb for a cathode ray tube which comprises:

a glass panel portion having a substantially rectangular,
face portion constituting a picture displaying surface
and a skirt portion contiguous to the circumferential
portion of the face portion and extending therefrom
substantially perpendicular to the face portion,

a funnel portion in a funnel-like form which is airtightly
connected to the glass panel portion, and

a neck portion disposed at the root of the funnel portion
and containing therein an electron gun, wherein com-
pressive stress layers each having a thickness of 1 /10
or more are formed in the outer surface and the inner
surface of the face portion where t_ is the wall thickness
at the central portion of the effective picture surface
portion of the face portion of the glass panel portion,
wherein the radius of curvature R of the outer surface
of the face portion is 1.5 R or more where R=42.5xV/
25.4+40.5 (mm and V is the length of a diagonal line of
the effective displaying surface.

15. A glass bulb for a cathode ray tube which comprises:

a glass panel portion having a substaniially rectangular,
face portion constituting a picture displaying surface
and a skirt portion contiguous to the circumferential

portion of the face portion and extending therefrom
substantially perpendicular to the face portion,

a funnel portion in a funnel-like form which is airtightly
connected to the glass panel portion, and

a neck portion disposed at the root of the funnel portion
and containing therein an electron gun, wherein com-
pressive stress layers each having a thickness of t /10
or more are formed in the outer surface and the inner
surface of the face portion where t_ is the wall thickness
at the central portion of the effective picture surface
portion of the face portion of the glass panel portion
and wherein the compressive stress layers extend to the
skirt portion of the glass panel portion and the stress
values of the compressive stress layers of the face
portion s larger than that of the skirt portion.

16. The glass bulb for a cathode ray tube according to
claim 15, wherein the radius of curvature of the inner
portion of the face portion is smaller than the radius of
curvature of the outer surface.
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17. The glass bulb for a cathode ray tube according to
claim 16, wherein the glass wall thickness t , near and edge
portion of the face portion and on a diagonal line of the face
portion is n a relation to 1.0=t,/t =1.2.

18. The glass bulb for a cathode ray tube according to
claim 15, wherein 60 kg/cm”=/c_/ where o is the stress
value of the compressive stress layers in a region including
the diagonal line of the effective picture surface portion of
the face portion.

19. The glass bulb for a cathode ray tube according to
claim 15, wherein the radius of curvature R of the outer
surface of the face portion is 1.5 R or more where R=42.5x%
Vi25.4+445.0 (mm) and V is the length of a diagonal line of
the effective displaying surface.

20. The glass bulb for a cathode ray tube according to
claim 15, wherein the compressive stress layers in the outer
and inner surfaces of the face portion are substantially
uniformly formed in the entire of the face portion.

21. The glass bulb for a cathode ray tube according to
claim 15, wherein the stress value of the compressive stress
laver in the outer face of the face portion is equal to or
larger than that of the inner surface.

22. A glass bulb for a cathode ray tube which comprises:

a glass panel portion having a substantially rectangular,
flat face portion constituting a picture displaying sur-
face and a skirt portion configuous to the circunifer-
ential portion of the face portion and extending there-
from in substantially perpendicular to the face portion,

a funnel portion in a funnel-like form which is airtightly
connected to the glass panel portion, and

a neck portion disposed at the root of the funnel portion
and containing therein an electron gun, wherein com-
pressive stress layers each having a thickness of t_/10
or more are formed in the outer surface and the inner
surface of the face portion where t_ is the wall thickness
at the central portion of the effective picture surface
porftion of the face portion of the glass panel portion,
where (1) the stress, o, is 60 kglem”=/c/ in the
compressive stress layers n a region including the
diagonal line of the effective picture surface portion of
the face portion, (2) the compressive stress layers
extend to the skirt portion of the glass panel portion (3)
the radius of the curvature of the inner portion of the
face portion is smaller than the radius of the curvature

of the outer surface, (4) the radius of curvature R; of
the outer surface of the face portion is 1.5 R or more
where R=42.5xV[25.4+45.0 (mm) and V is the length of
a diagonal line of the effective displaying surface and
(5) the glass wall thickness t; near an edge portion of
the face portion and on a diagonal line of the face
portion is in a relation of 1.0=t,/t =1.2.

23. The glass bulb for a cathode ray tube according to
claim 22, wherein the compressive stress layers in the outer
and inner surfaces of the face portion are substantially
uniformly formed in the entire of the face portion.

24. The glass bulb for a cathode ray tube according to
claim 22, wherein the stress value of the compressive stress
laver in the outer surface of the face portion is equal to or
larger than that of the inner surface of the face portion.
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