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COLOR CATHODE~RAY TUBE AND METHOD OF MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION

Field of the Invention:

The present invention relates to improvement of "an
aperture grill stretched across a frame and particularly to a
color cathode-ray tube (hereinafter referred to as a color CRT)
which prevents the aperture grill from being_twisted.
Description of the Related Art: |

A color CRT having_one-gun three-beam structure, a
stripe fluorescent plane and an aperture grill (hereinafter
referred to as AG) has hitherto been well known. The AG used in
such color CRT is arranged such that a stripe grill is formed of
a thin soft steel plate by a chemical etching method and fixed
by welding oi the like on a frame formed of a steel frame with a
predetermined tension being applied to the frame. |

FIGS. 1 and 2 are perspective views respectively
showing the frame of the above color CRT and the AG thereof
fixed on the frame. In FIG. 1, a frame 1 has upper and lower
members (hereinafter referred to as A members) 2A and 2B which
are formed of upper and lower steel products having L-shaped
cross sections and which are manufactured by pressing, die
pulling method or the like. Each of left and right members
(hereinafter referred to B members) 3L and 3R thereof.is-
manufactured by bending a steel square bar df the like of steel
products so that the steel square bar should be lateral-U-shaped

and furthpr bendlng both bondlnq pnds thereof inward and
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A’col of CRT having a one-gun three-beam structure, a stripe fluorescent

pl ane and an perture grill, hereinafter referred to as AG has hitherto
been wel | known. The AG used in such col or CRT is arranged such that a
stripe grill is formed of a thin soft sZeel pl ate by a chem cal etching

met hod and fixed by welding or the like on a frame forned.of a steel frane
with a predetermned tension being applied to the frame. FIGS. 1 and 2 are
perspective views respectively
perpendicularly. The ‘ends of bent portions thereof are welded
to rear sides of the A members 2A and 2B to form the frame 1.
An AG 4 is made by forming stripe grills (apertures)
5 through a rectangular thin soft steel plate by photographic
chemical etcning method as shown in FIG. 2. The AG 4 has a
thickness of about 0.1 mm. The number of grilles 5 thereof is
selected within the range from 300 to 1200 lines, and a pitch
between the respective apertﬁre grills 5 is selected
substahtially within the range from 0.5 to 0.8 mm. Electrode
elements 7 are formed betweeh grills 5, 5.
When the AG 4 is welded to such frame 1 as shown in
FIG. 2, the A members 2A, 2B are surface-finished and welding
portions 6 of the AG are welded thereto. The AG 4 is applied
with tension in the upper and lower direction shown by an arrow
A~-A in FIG. 2, and further the frame 1 is applied with a
compressive forcé in the upper and lower direction shown by an
arrow B-B in FIG. 1, thereby both of them being welded to each
other.
The AG 4 welded to the frame 1 is cut away with the
grills 5 and the electrode elements 7 being left. As shown in
FIG. 3, spring holders 8 are welded to the A and B members ZB/
3L and 3R. A leaf spring 9 having an engagement aperture to be
engaged w1th a pin provided on a 51de surface of a face panel
(not shown) is welded to each of the spring holders 8. Thus, a
color selection electrode 10 is formed.
After the AG 4 is completely welded to the frame l,.

the color selection electrode ]0 used in the rolor CRT 19
. . - . /
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showi ng the franme of the above col or CRT and the AG thereof fixed on the
frame. In FIG 1 a frane 1 has upper and | ower nenbers, hereinafter
referred to as A menbers 2A and 2B which are fornmed of upper and | ower

steel products having L-shaped cross sgctions and which are ranufactured by
such net hods as pressing or die pulling. Each of left and right nenbers,
hereinafter referred to B nmenbers 3L and 3R thereof is manufactured by
bendi ng a steel square bar of steel products so that the steel square bar

shoqld b&ubjected to a heat treatment for removing a treatment strain in
a process previously carried out before the spring'holder 8 and
the spring 9 are welded to the frame 1.
This heat treatment is generally called a black
treatment, wherein steel product surfaces of the frame 1 and the

AG 4 are'uniformly covered with black Fe;04 (triiroﬁ

tetraoxide), passed through a hot-gas furnace as shown in FIG.

4, and heated to about 460°C for preventing generation of Fe,03

(diiron trioxide, brown rust), thereby reflection of light
resulting frém emission of a fluorescent plane 6n an AG surface
being prevented. |

Such heat treatment causes a dimensional change of
the color selection electrode 10, particularly the electrode
element 7. This will be described in detail. When the color
selection electrode 10 in which the spring 9 and the spriﬁg
holder 8 are not welded to the frame 1 is passed through the
hot-gas furnace shown in FIG. 4, the color selection electrode
10 brought from a furnace inlet 11 is gradually increased in
temperature in accordance with a temperature increase
inclination 13 and its temperature reaches a maximum temperature
of 460 °C. When the color selection electrode 10 is cooled
thereafter, a temperature decrease inclination of the frame 1
having a large heat capacity and a temperature decrease
inclination of the AG 4 having a small heat capacity,
particularly that of the electrode element 7 thereof are
:differént f;om_éach othef. .Since thé electrode éléﬁent_7'having.

the .small heat capacity is rapidly'cooled and- the frame 1 is .
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|-at er al - U-shaped and further bending both bending ends thereof inward and
perpendi cul arly. The ends of bent portions thereof ~are welded to rear sides
of the A menbers 2A and 2B to formthe frame 1. An AG 4 is made by form ng
stripe grills or apertures 5 through a 4ectangular thin soft steel -2

gradually cooled, a tension corresponding to a temperature
difference therebetwegn is applied to the electrode element 7 in
addition to a tension previously applied thereto, which
elongates the electrode element 7. If the elongation thereof at
this time exceeds a plasticity limit of the steel product of the
electrode element 7 of the AG 4, then the électrode element 7
cannot be returned to its original length, and is kept in its
elongated state, which encourages the twist of the electrode
element.

Subsequently, after the color selection_electrode 10
heated to 460° is cooled in accordahce with a temperature
lowering inclination 14 and ejected from a furnace outlet 12 of
the hot-gas furnace, it is exposed to the air at room
temperature. Therefore, since the electrode element 7 is
rapidly cooled and the frame 1 is gradually cooled because of
difference between the heat capacities of the frame 1 and the
electrode element 7 of the AG 4, the electrode element 7 is
first shrank, which leads to the twist thereof.

As described above, there is then the problem that
since the twist of the elecﬁrode element 7 of the AG 4 changes a
width of the grill 5 and the consequent ununiform width of the
grill 5 masks a color fluoresqent stripe to be coated on an
inner surface of the face panel, an ununiform fluorescent stripe
is formed, which deteriorates'é resolution of the color CRT and
causes a color unevenness on a ‘picture.

SUMMARY OF'_THE INVENTION -

The_presént invention is made to provide a color
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pl at e*by phot ographi ¢ chem cal etching nmethod as showmn in FIG 2. The AG 4
has a thichness of about 0.1 mm The nunber of grills 5 thereof is selected
within the range from 300 to 1200 lines, and a pitch between the respective
aperture grills 5 is selected substantisally within the range fromO0.5 to
0.8 mm El ectrode elenents 7 are formed between grills 5, 5. Wen the AG
4 is welded to such to such frame 1 as shown in FIG 2, the A nenbers 2A,

2B are surface- finished and wel ding portions 6 of the AG are Meldﬁg
cathode-ray tube which solvés the above problems, and its object

is to obtain a color cathode-ray tube which can suppress
deterioration of the resolution and reduce a color unevenness by
preventing the electrode element from being twisted after the
black treatment of the color selection electrode and a method of
manufacturing such color cathode-ray tube.

In order to solve the above problem, according to the
present invention, when an aperture grill is stretched at a
frame, tension of an electrode element is set within the range
from 30% ﬁo 85% of a tensile strength thereof at a position
where the electrode element of an aperture grill is applied with
maximum tension.

According to such arrangement, it is possible to
obtain a color cathode-ray tube which can suppress deterioration
of the resolution and reduce a color unevenness by preventing
the electrode element from being twisted entirely.

BRIEF bESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view showing a frame of a.
conventional color selection electrode;

. FIG. 2 is a perspective view showing an assembled
state of the frame and the aperture grill of the color selection

electrode;

FIG. 3 is a perspective view showing the color
selection electrode;

FIG. 4 is a graph used to explain a black processing
~éarried out after the assembly of the.color selection electréde;

FIGS. 5A ahd 5B are_explanatbry diagrams each showing
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t Rer et 0.

The AG 4 is applfed with tension in the upper and | ower

direction shown by an arrow A-Ain FIG 2. Further, the frame 1 is
applied with a conpressive force in the upper and | ower direction shown by
an arrow B-B in FIG 1, thereby both of6 t hem being wel ded to each ot her.
The AG 4 welded to the franme 1 is cut away with the grills 5 and the

el ectrode el ements 7 being left. As shown in FIG "3, spring holders 8 are
wel ded to the A and B nmenbers 2B, 3L and 3R A leaf spring.9 havin

a stress distribution of a color selection electrdde used f% a
color cathode-ray tube according to the present invention; and

FIG. 6 is a load deformation graph used to explain é
stress change of an apefture grill of the color selection
electrode of the color cathode-ray tube aécording to the present
invention. '

DESCRIPTION OF THE PREFERRED EMBODIMENT

A color selection electrode according tg the present
invention will hereinafter be described with reference to FIGS.
5aA, 5B and 6. A frame having a shape shown in FIG. 5A or 5B
described with reference to FIG. 1 is widely applied to a ﬁrame
of the color selection electrode. A color selection electrode
10 shown in FIG. 5B is arranged by welding an AG 4 to a frame 1
in which U-shaped B members 3L, 3R are welded to both side ends
between upper and lower A members 2A, 2B.

As shown by curves 16, 17 in FIGS. 5A, 5B, respective
stress distfibutions of the above color selection electrodes of
two kinds show that thé tensions are maximum at positions-lS
where the B members 3L, 3R are welded to the A members 23, 2B.

FIG. 6 is a load deformation graph showing a
relationship between a stress and a strain with an ordinate
thereof indicating a load obtained when the electrode element 7
of the AG 4 generally formed of a soft steel or the like is
loaded on a tension tester or the like and pulled while the load

is being increased, and an abscissa thereof indicating an

~elongation of the electrode element 7 resulting therefrom. The

relation ship therebetween is recorded as shown by'a'gu;ve 19_of
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an’ engagenent aperture to be engaged with a pin provided on a side surface
of a face panel (not shown) is welded to each of the spring hol ders 8.
Thus, a color selection electrode 10 is formed. After the AG4 is
conpletely welded to the frane 1, the cdlor selection electrode 10 used in
the color 1 CRT is subjected to a heat treatnent for renoving a treatnent

strain in a process previously carried out before the spring holder 8 and
t he springlg are welded to the frane 1.

The load deformation graph of FIG. 6 may be
considered as a nominal stress-strain graph in which the
ordinate indicate a stress as a value obtained by dividing the
load by én original cross-section area of a test piece and the
elongation of the test piece is indicated as a.strain
represented by a value obtained by dividing the elongation by an
original length of the test piece.

A point A in the curve 19 of the nominal stress-
strain éraph is a limit of proportional increase of the load and
the elongation. A point B therein is a limit of elasticity
which allows the test piece to be elongated by application of
the load and, after removal of the load, to be stopped in
elongation and retﬁrned to its original state. At an upper
yield point of a point C,'slip is started in the less-resistance
direction inside the test piece and the test piece is elongated
without the applied load and reached to a point D which is a-
lower yield point. At a poiﬁt E, the applied 1oad becomes
maximum. At a point F, the test piece is cut.

Specifically, since the electrode element 7 elongated
so as to be broughf in its plasticity région exceeding the
elasticity limit of the point B cannot be restored to its
original 1ength,'é plurality of electrode elements of the AG 4
are twisted at their random positions when they are cooled.

In this embodiment, a tensile strength of a value of

stress obtained by dividing a load Pp.x.(kg). at the maximum load .

point E of the above curve 19 by -an original cross—section area .
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This héat treatnment is generally called a black treatnent, wherein stee
product -surfaces of the frame 1 and the AG 4 are uniformly covered with
bl:ack Fe[err]Jerr], triirontetraoxide, passed through a hot-gas furnace as
shown in FIG 4, and heated to about 468[err]C for preventing generation of
Fe[err](Jerr] diiron trioxide, brown rust. Thereby reflection of |ight
resulting fromemssion.of a fluorescent plane on an AG surface may

Ay (mm2) of the electrode element 7 which is the test piece, is

defined as a tensile strength 8B. Specifically, the tensile

strength 8B is expressed by;

6B — Pmax
A0

In order to prevent the electrode element 7 from
being twisted, it is sufficient to avoid'such a process that an
excess tension is applied to the electrode element 7 during the
cooling process of the black treatment of the color selection
electrodes shown in FIGS. 5A and 5B in which the AG 4 is welded
to the frame 1 and the electrode element is broughtlinto a
plasticity deformation region permitting the elongation and the.
twist. For this end, in this embodiment, experiments were made
in which, by employing as a test piece the soft steel plate as
the electrode element 7 having a thickness thereof set within

the range from 0.1 mm for a small-size tube to 0.13 mm for a

large-size tube and a width thereof set within the range from

0.5 mm to 0.8 mm, the tensile strength 8B was measured at a

maximum tension point of the color selection electrode shown in

FIGS. 5A and 5B. In the above experiments, a value Of Pp,y was
60 kg.

When the tensile strengths 3B of -these test pieces

were set to 90% of the tensile strength thereof obtained after
the black treatment, the electrode elements 7 were twistgd.
When' th_ey'were'set to 85% 'or_ less, thé_n,"the 'electrodg.' elément's 7
were prevented from being twisted. | _5_____;__&_*__;__;~_h
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3 be prevented. Such heat treatnent causes a di nensional—change—of—the—
col or selection electrode 10, particularly the electr de eI

wi ||

which the spring 9 and the spring hol der 8 are not me

passed t hrough the hot-gas furnace shown in FIG 4,
el ectrode

Further, when the tension of the electrode eleﬁent 7
was set to 30% or¥1ess, even if the AG 4 was welded to the frame
1 with being applied with a predetermined tension to form the
color selection electrode 10 for the color CRT and the

respectlve electrode elements 7 were pressed by stretchlng two

th1n wires each having a diameter of -about 25 um as vibration

dampers with a proper tension perpendicularly thereto, the
electrode elements 7 themselves which were loosely stretched
were inevitably vibrated in accordance with a vibration
externally applied, which extremely deteriorated an image.’

Accordingly, in this embodiment, when the tensile

strength 8B of the electrode element 7 was selected within the

range from 30% or greater to 85% or smaller, it was possible to
obtain the color CRT which can suppress the deterioration of the
resolution and reduce unevenness in color of an image.
ACcerding to the color CRT of the present invention,
since the tension of the electrode element 7 at the portion
where the tension of the electrode element 7 stretched across
the frame 1 is maximum is selected within the range of 85% to
30% of the tensile strength thereof, it is possible to prevent
or ieduce the twist of the electrode element 7 of the AG 4 of
the color selection eleetrode 10, and it is possible to suppress
the deterioration of the resolution of the color CRT and reduce

the unevenness in the color of the image, which can extremely

.enhance the performance of the color CRT.

Having descrlbed a preferred embodiment of the

‘present invehtionewith referenee'to-the accompanying drawings,

ThIS

be described in detail. When t he col or sel ecti R
n fe 1lis
: on



10 brought froma furnace inlet 11 is gradually increased in tenperature in
accordance with a tenperature i ncrease i nclination 13 and its
tenperdture reaches a maxi numtenperature of 460[err]C. Wen the col or
selection electrode 10 is cool ed thereaﬂﬁer, a tenperature decrease
inclination 14 of the franme 1, having a large heat capacity, and a
tenparature decrease inclination of the AG 4, having a snmall heat capacity,

particul ari'é"iq'q{[o %fe 1'Lm‘:c‘lers*l:ood that the present invention is not limited
to the above-mentioned embodiment and that various éhanges and
modifications can be effected therein by one skilled in the art
without departing from the spirit or scope of the present

invention as defined in the appended claims.
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el'ectrode el ement 7 thereof are different fromeach other. Since the

el ectrode el enent 7 e smal | heat capacity is rapidly cooled and
the frame 1 i graduall ‘a tension correspondi ng nper at ur e
di fference ther i\g\“ L ed to tha el ectrode el eme i HAdsiEd Replaced
to a tension pr led thereto, which elongates t
element 7. If the ‘el ongat lon thereof at this tinme exceeds \mﬂ“\w\“\
limt of the steel product of t@qeh el ect rolde elc?men.t 7 of th

at is claimed 1is:

1. A color cathode-ray tube comprising:

a frame; and

an aperture grill stretched across and fixed on said
frame and having an electrode element, wherein said aperture
grill is stretched across and fixed on said frame in a sﬁate
that said frame is applied with a compressive force and said
aperture grill is applied with a tension, and wherein in a
process of stretching and fixing said aperture grill across and
on said frame, of said tension applied to said aperture grill, a
maximum tension applied to said electrode element is set within
the range from 30% to 85% of a tensile strength of said

electrode element.

2. A method of manufacturing a color cathode-ray tube
comprising the steps ofi

applying a compressive force to a frame formed of an
upper member, a lower member, a left member and a right member
in a direction in which said upper member and said lower member
are brought closer to each other;

: applying a predetermined tension to said aperture
grill which is a plate member and made as a color selection
electrode having electrodé elements arranged at an interval in a
stripe fashion, in a 1ongitudina; direction of said.stripe

. electrode elements;

stretching,and fixing said_aperture grill applied



I —
t he el’éctrode el ement 7 cannot be returned to its original |ength, and |s

kept in its elongated state,—whieh-encourages the twiigdShedt i

ebenent 7. Subsequently, after col or sel ection eI ed to
460[err] is cool 6‘3““1 l@!ﬂ“ﬂu h&i ‘th d2 enperature d ﬂ Eim tion 14
and ejected fro 12 of the hot-gas furnace t he eIectrode
10 i s excposed to thé air roomtenperature. Therefore, since the

el ectrode el eneng
with said tension across and on said frame applied with said

compressive force;

subjecting said frame and said aperture grill
stretched and fixed to heat treatment; and

cooling saidlframe and said aperture grill after said
heat treatment, wherein said predetermined tension is set within
the range from 30% to 85% of a temsile strength of said
electrode element of said aperture grili which have already been

cooled.



47 is rapidly cooled and the franme 1 is gradually cool ed because of

di fference between the hear capacities of the frane 1 and the el ectrode
element 7 of the AG 4, the electrode elenment 7 shrinks first, which | eads
to the twist thereof. As described aboyg, theré is then a probl emthat
since the twist of the electr.ode elenent 7 of the AG

COLOR CATHODE-RAY TUBE AND METHOD OF MANUFACTURING THE SAME

ABSTRACT OF THE DISCLOSURE

According to a color cathode-ray tube of the present
invention, deterioration thereof can be supbressed and
unevenness in color of a picture can be reduced by preventing an
electrode element theréof from being twisted. The color
cathode-ray tube includes a frame and an aperture grill
stretched across and fixed on the frame and having an electrode
element. The aperture grill is stretched across and fixed on
the frame in a state that the frame is applied with a
compressive force and the apérture grill is applied with a
tension. In a process of stretching and fixing the aperture
grill across ahd on the frame, of the tension applied to the
aperture grill, a maximum tension applied to the electrode

~element is set within the range from 30% to 85% of a tensile

strength of the electrode element.

FIGURE 3
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4-changes a wwdth of the grill 5 and the consequent non-uniformw dth of
the grill 5 masks a color fluorescent stripe to be coated on an inner
surfagce of the face panel, non-uniformfluorescent stripe is formed, which
deteriorates a resolution of the color CRT and causes col or unevenness on a
pi cture. SUMVARY OF THE | NVENTI ON The present invention is nmade to provide
a col or cathode-ray tube which solves the above problens, and its object is
to obtain a col or cathode-ray tube which

1/5
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can suppress deterioration of the resolution and reduce a col or unevenness
by preventing the electrode elenent frombeing twisted after the bl ack
treatgent of the color selection electrode and a nethod of nmanufacturing
such col or cathode-ray tube. In order .to solve the above problem according
to the present .invention, when an aperture grill is stretched at a
frame, tension of an electrdde elenent is set wwthin the range from 30%to
85% of a tensile strength thereof at &@/%osition where the el ectrode

FIG. 2




el'emefit of an aperture grill is applied with maxi mumtension. According to
such arrangenent, it is possible to obtain a color cathode-ray tube which
care suppress deterioration of the resolution and reduce a col or unevenness
by preventing the electrode elenent frombeing twisted entirely. BRIEF
DESCRI PTI ON OF THE DRAWNGS FIG 1 is a perspective view showing a frame of
a conventional color selection el ectrode;

3/5
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FIG Z'is a perspective view showi ng an assenbl ed 5 state of the frane
and the aperture grill of the color selection electrode; FIG 3 is a

per spective view showi ng the color selection electrode; FIG 4 is a graph
used to explain a black

4/5
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processing carried out after the assenbly of the color selection electrode;
FIGS. 5A and 5B are explanatory diagranms each showi ng a stress distribution
of “4 tolor selection electrode used in a color cathode-ray tube according
to the present invention; and FIG 6 is a |oad deformation graph used to
explain a stress change of an aperture grill of the color selection

el ectrode of the col or cathode-ray tuggsaccording to the present invention.

FIG. 6
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Field of the Invention:

The present invention relates to improvement of
an aperture grill stretched across a frame and
particularly to a color cathode-ray tube, hereinafter
referred to as a color CRT, which prevents the
aperture grill from being twisted.

Description of the Related Art:

A color CRT having a one-gun three-beam
structure, a stripe fluorescent plane and an perture
grill, hereinafter referred to as AG, has hitherto
been well known. The AG used in such color CRT is
arranged such that a stripe grill is formed of a thin
soft steel plate by a chemical etching method and
fixed by welding or the like on a frame formed of a

steel frame with a predetermined tension being applied
to the frame.

FIGS. 1 and 2 are perspective views respectlvely
showing the frame of the above color CRT and the AG
thereof fixed on the frame. 1In FIG. 1 a frame 1 has
upper and lower members, hereinafter referred to as A
members- 2A and 2B which are formed of upper and lower
steel products having L-shaped cross sections and
which are manufactured by such methods as pressing or
die pulling. Each of 1left and right members,
hereinafter referred to B members 3L and 3R thereof is
manufactured by bending a steel square bar of steel
products so that the steel square bar sghould be

| lateral-U-shaped and further bending both bending ends
thereof inward and perpendicularly. The ends of bent
portions thereof are welded to rear sides of the A
members 2A and 2B to form the frame 1.

An AG 4. is made by forming stripe grills or
apertures 5 through a rectangular thin soft steel

.
]
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2A, .2B. As shown by curves 16, 17 in FIGS. 5A, 5B, respective stress

di stributions of the above col or selection electrodes

of two kinds show

that, the tensions are nmaxi mum at -positions 18 where the B nenbers 3L, 3R
are welded tp the A nenbers 2A, 2B. FIG 6 is a |oad deformation graph

showi ng a rel ationship between a stress and a strain

An ordi nate thereof

I ndi cates a |
generally for
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in FIG. 2. The AG 4 has a thichness of about 0.1 mm.
The number of grills 5 thereof is selected within the
range from 300 to 1200 lines, and a pitch between the
respective aperture grills 5 is selected substantially
within the range from 0.5 to 0.8 mm.  Electrode
elements 7 are formed between grills 5, 5.

When the AG 4 is welded to such to such frame 1
as shown in FIG. 2, the A members 2A, 2B are surface-
finished and welding portions 6 of the AG are welded
thereto. The AG 4 is applied with tension in the
upper and lower direction shown by an arrow A-A in
FIG. 2. Furthery the frame 1 1is applied with a
compressive force in the upper and lower direction
shown by an arrow B-B in FIG. 1, thereby both of them
being welded to each other.

The AG 4 welded to the frame 1 is cut away with
the grills 5 and the electrode elements 7 being left.
As shown in FIG. 3, spring holders 8 are welded to the
A and B members 2B, 3L and 3R. A leaf spring 9 having
an engagement aperture to be engaged with a pin
provided on a side surface of a face panel (not shown)
is welded to each of the spring holders 8. Thus, a
color selection electrode 10 is formed.

After the AG 4 is completely welded to the frame
1, the color selection electrode 10 used in the color
CRT is subjected to a heat treatment for removing a
treatment strain in a process previously carried out
before the spring holder 8 and the spring 9 are welded
to the frame 1.

This heat treatment is generally called a black
treatment, wherein steel product surfaces of the frame
1 and the AG 4 are uniformly covered with black Fe,O,,
triirontetraoxide, passed through a hot-gas furnace as
shown in FIG. 4, and heated to about 460°C for
preventing generation of Fe, 0, diiron trioxide, brown
rust. Thereby reflection of 1light resulting from
emission of a fluorescent plane on an AG surface may



soft steel simlar material is | oaded on a tension tester MAGEWWH

the |l oad is being increased. 6 An abscissa thereof ingi dates—an
el ongation of the electrode elenment 7 resulting. therefron% The
rel ati onship therebetween is recorded as shown by a curvg 19 5&5%192‘7

' 3

be prevented.

Such heat treatment causes a dimensional change
of the color selection electrode 10, particularly the
electrode element 7. This will be described in
detail. When the color selection electrode 10 in
which the spring 9 and the spring holder 8 are not
welded to the frame 1 is passed through the hot-gas
furnace shown in FIG. 4, the color selection electrode
10 brought from a furnace inlet 11 1is gradually
increased in temperature in accordance with a
temperature increase inclination 13 and its
temperature reaches a maximum temperature of 460°C.
When the c¢olor selection electrode 10 is cooled
thereafter, a temperature decrease inclination 14 of
the frame 1, having a large heat
capacity, and a temparature decrease inclination of
the AG 4, _
having a small heat capacity, particularly that of the
electrode element 7 thereof, are different from each
other. Since the electrode element 7 having the small
heat capacity is rapidly cooled and the frame 1 is
gradually cooled, a tension corresponding to a
temperature difference therebetween is applied to the
electrode element 7 in addition to a tension
previously applied thereto, which elongates the
electrode element 7. If the elongation thereof at
this time exceeds a plasticity limit of the steel
product of the electrode element 7 of the AG 4, then
the electrode element 7 cannot be returned to its
original length, and is kept in its elongated state,
which encourages the twist of the electrode element 7.

Subsequently, after the color selection electrode
10 heated to 460° is cooled in accordance with a
temperature decrease inclination 14 and ejected from
a furnace outlet 12 of the hot-gas furnace, the
electrode 10 is excposed to the air at room
temperature. Therefore, since the electrode element



The | oad deformati on graph of FIG 6 may be considered as a nom nal
stress-strain graph in which the ordinate indicates a stress as a val ue
obtained by dividing the |oad by an original cross-section area of a test
pi ece and the elongation of the test piece is indicated as strain
represented by a val ue obtained by dividéng the el ongation by an original
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cooled because of difference between the hear
capacities of the frame 1 and the electrode element 7
of the AG 4, the electrode element 7 shrinks first,
which leads to the twist thereof.

As described above, there is then a problem that
since the twist of the electrode element 7 of the AG
4 changes a width of the grill 5 and the consequent
non-uniform width of the grill 5 masks a color
fluorescent stripe to be coated on an inner surface of
the face panel, non-uniform fluorescent stripe is
formed, which deteriorates a resolution of the color
CRT and causes color unevenness on a picture.

SUMMARY OF THE INVENTION

The present invention is made to provide a color
cathodefray'tube which solves the above problems, and
its object is to obtain a color cathode-ray tube which
can suppress deterioration of the resolution and
reduce a color unevenness by preventing the electrode
element from being twisted after the black treatment

! of the color selection electrode and a method of
manufacturing such color cathode-ray tube.

In order to solve the above problem, according to
the present invention, when an aperture grill is

stretched at a frame; tension of an electrode element
is set within the range from 30% to 85% of a tensile
strength thereof at a position where the electrode
element of an aperture grill is applied with maximum
tension.
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According to such arrangement, it is possible to
obtain a color cathode-ray tube which can suppress
deterioration of the resolution and reduce a color
unevenness by preventing the electrode element from
being twisted entirely. _

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view showing a frame of

a conventional color selection electrode;

FIG. 2 is a perspective view showing an assembled



the_.load and the el ongation. A point Bthereinis alimt of elasticity

which allows the test piece to be elongated by application of the | oad and,
after renoval of the load , to be stopped in elongation and returned to its
original state. At an upper yield point of a point C, slipis started in
the less- resistance direction inside th® test piece and the test piece is

el ongated Wit hotleL Nor ARl | BAOARARGS 8RRREArLOGR1RYI BF Chahibfuis @
| ower yield pornt. At a point E_ the appi | oad Decones naxli mum At a
selection electrode;

FIG. 3 is a perspective view showing the color
selection electrode;

FIG. 4 1is a graph used to explain a black
processing carried out after the assembly of the color
selection electrode;

FIGS. 5A and 5B are explanatory diagrams each
showing a stress distribution of a color selection
electrode used in a color cathode-ray tube accoxrding
to the present invention; and

FIG. 6 is a load deformation graph used to
explain a stress change of an aperture grill of the
color selection electrode of the color cathode-ray
tube according to the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

A color selection electrode according to the
present invention will hereinafter be described with
reference to FIGS. 5A, 5B and 6. A frame 1 having a
shape shown in FIGS. 5A or 5B described with reference
to FIG. 1 is widely applied to a frame of the color
‘selection electrode. A color selection electrode 10
shown in FIG. 5B is arranged by welding an AG 4 to a
frame 1 in which U-shaped B members 3L, 3R are welded
to both side ends between upper and lower A members
2A, 2B.

As shown by curves 16, 17 in FIGS. B5A, 5B,
respective stress distributions of the above color

PN

selection electrodes of two kinds show that the

tensions are maximum at positions 18 where the B

members 3L, 3R are welded tp the A members 2A, 2B.
FIG. 6 is a load deformation graph showing a

REPLACEMENT SHEET
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relationship between a stress and a strain. An

ordinate thereof indicates a load obtained when the
electrode element 7 of the AG 4 generally formed of a
soft steel similar material is loaded on a tension
tester and pulled while the load is being increased.



point F, the test piece is cut. Specifically, since the electrode elenment 7
| ongated so as to be brought in its plasticity region xceeding the
elasticity imt of the point B cannot be restored to its original |ength,
a plurality of electrode elenents 7 of tge AG 4 are tmﬁsted at their andom

posi ti ons when_they are cool ed t,hi s enbodi ment nsile strength of a
val ue f stressPBbERSESR Hb@?ﬁ?ﬁg indigafes 77 eEL%Lga °Phe°$ra§?‘ﬁum | oad
poi nt E of theedebreoder velkhdit an7 resulting therefrom. The

relationship therebetween is recorded as shown by a
curve 19 of FIG. 6.

The load deformation graph of FIG. 6 may be
considered as a nominal stress-strain graph in which
the ordinate indicates a stress as a value obtained by
dividing the load by an original cross-section area of
a test piece and tlie elongation of the test piece is
indicated as strain represented by a value obtained by
dividing the elongation by an original length of the
test piece. .

A point A in the curve 19 of the nominal stress-
strain graph is a limit of proportional increase of
the load and the elongation. A point B therein is a
limit of elasticity which allows the test piece to be
elongated by application of the load and, after
removal of the load , to be stopped in elongation and
returned to its original state. At an upper yield
point of a point C, slip is started in the less-
registance direction inside the test piece and the
test piece is elongated without the applied load and
reached to a point D which is a lower yield point. At
a point E, the appied load becomes maximum. At a

point F, the test piece is cut.
Specifically, since the electrode element 7

longated so as to be brought in its plasticity region
*—j;ceeding the elasticity limit of the point B cannot
?e restored to its original length, a plurality of
¢1ectrode elements 7 of the AG 4 are twisted at their
random positions when they are cooled.
In this embodiment, a tensile strength of a value
of stress obtained by dividing a load P,y (kg) at the
aximum load point E of the acbve curve 19 by an
original cross-section area A, (mm?) of the electrode
element 7 which is the test piece, is defined as ‘a
tensile strength o6B. Specifically, the tensile

2 3 DEC 1997
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strength OB is expressed by;

max

SBP
OB = A,



ori gi nal

cross-section area Alerr]

which is the test piece, is defined as a tensile strength [err]B.

Speci fically,

the tensile strength [err]B is expressed by; [err]

order to prevent the electrode elenent 7 from
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7
In order to prevent the electrode element 7 from
being twisted, it 1is sufficient to avoid such a
process that an excess tension is applied to the
electrode element 7 during the cooling
process of the black treatment of the color selection
electrodes shown in FIGS. 5A and 5B in which the AG 4
ig welded to the frame 1 and the electrode element 7
is brought into a plasticity deformation region
permitting the elongation and the twist. For this
end, in this embodiment, experiments were made in
which, by employing as a test piece the soft steel
plate as the electrode element 7 having a thickness
thereof set within the range from 0.1 mm for a small-
gize tube to 0.13 mm for a large-size tube and a width
thereof set within the range from 0.5 mm to 0.8 mm,
the tensile streﬁgth 0B was measured at a maximum
tension point of the color selection electrode shown
in FIGS. 5A and 5B. In the above experiments, a value
of P, was 60 kg.

When the tensile strength 0B of these test pieces
were set to 90% of the tensile strength thereof
.obtained after the black treatment, the electrode
elements 7 were twisted. '

When they were set to 85% or less, the electrode
elements 7 were prevented from being twisted.

Further, when the tension of the electrode
element 7 was set to 30 % or less, even if the AG 4
was welded to the frame 1 with a predetermined tension
to form the color selection electrode 10 for the color
CRT and the respective electrode elements 7 were
pressed by stretching two thin each having a diameter
of about 25 um as vibration dampers with a proper
tension perpendicularly thereto, the electrode
elements 7 themselves which were loosely stretched
were 1inevitably vibrated in accordance with a
vibration externally applied, which extremely

deteriorated an image.

Accordingly, in this embodiment, when the tensile

(mjerr]) of the electrode elenent 7

7

In



being twisted, it is sufficient to avoid such a process that an excess
tension is applied to the electrode el enment 7 during the cooling process of
t he bl ack treatnent of the col or selection electrodes shown in FIGS. 5A and
5B in which the AG4 is welded to the frame 1 and the el ectrode el enent 7
i's brought into a plasticity deformation8region permtting the elongation

A e ot strERbehbS 880unbhelBLe 8RROUITREh: PRAK! BERLECMY © MRde In
ich, by enployrng~as a I'ece the sof
within the range from 30% or greater to 85% or

smaller, it was possible to obtain the color CRT which
can suppress the deterioration of the resolution and
reduce unevenness in color of an image.

According to the color CRT of the present
invention, since the tension of the electrode element
7 at the portion where the tension of the electrode
element 7 stretched across the frame 1 is a maximum is
gselected within the range of 85% to 30% of the tensile
strength thereof, it is possible to prevent or reduce
the twist of the electrode element 7 of the AG 4 of
the color selection electrode 10. It is also possible
to suppress the deterioration fo the resolution of the
color CRT and reduce the unevennness in the color of
the image, which can extremely
enhance the performance of the color CRT.

Having described a preferred embodiment of the
present invention with reference to the accompanying
drawings, it is to be understood that. the present
invention is not limited to the above-mentioned
embodiment and that various changes and modifications
can be effected therein by one skilled in the art
without departing from the spirit or scope of the
present invention as defined in the appended claims.




pl ate as the el ecttode efenment 7 having a thickness ther—Erc:f——sve‘c—vvrt-h1—rr—t~l're~

range fromO0.1 nmf tube to 0.13 mmfor u
and a wi dth thereofﬂmm Hllﬂr“qm ange from0.5 nmmto arh  Shar ﬁm B rte lb"ef‘
freas

strength [err] B was ureduat sa traxi num t ensi on poi nt of
sel ection el ectrode shown in FIGS. 5A angl 5B. I n the abovel!

val ue of P[err S. en_the tensile strength [err]B of these test
pi eces were sé% %9 b%@g ?iT%g ?en5|le strengt h t-her eof

1. A frame assembly for use with a color
cathode-ray tube comprising:

a frame; and

an aperture grill stretched across and fixed on
said frame and comprising an electrode element,
wherein said aperture grill is stretched across and
fixed on said frame in a state that said frame is
applied with a compressive force and said aperture
grill is applied with a tension;

wherein in a process of stretching and fixing
said aperture grill across and on said frame, of said
tension applied to said aperture grill, a maximum
tension applied to said electrode element is set
within the range from 30% to 95% of a tensile strength
of said electrode element.

2. A method manufacturing a frame assembly for
use with a color cathode-ray tube, comprising the
steps of:

applying a compressive force to a frame comprised
of an upper member, a lower member, a left member and
a right member in a direction in which said upper
member and said lower member are brought closer to
each other;

applying a predetermined tension to said aperture
grill, which is a plate member and made as a color
selection electrode having electrode elements arranged
at an interval is a stripe fashion, in a longitudinal
direction of said electrode elements;

——_—

stretching and fixing said aperture grill applied
with said tension across and on said frame applied
with said compressive force;
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subjecting said frame and said aperture grill
stretched and fixed to heat treatment; and

cooling said frame and said aperture grill after
said heat treatment;

wherein said predetermined tension is set within
a range from 30% to 85% of a tensile strength of said



obtai ned after_the black treatment, the el ectrode el enents h re tg\n S
Wien they were set to 85%or |ess;, the el ectrode el enents b Y

t
from bei ng twi sﬂmnmmnaummﬁn the tension of the elect r(* ﬂmﬁﬂﬂ
was set to 30 ¢ the AG 4 was wel ded to the
pr edet er m ned t ensi on, 50 formthe col origel ection el ectrode 10 for the
SERCISGRIRTE Leat STt Srp s g R
already been cooled.

3. ' The frame assembly cathode ray tube as set
forth in claim 1, wherein the frame comprises an upper
frame member, a lower frame member, a left frame
member and a right frame member.

4. The frame assembly cathode ray tube as set
forth in claim 3, wherein the aperture grill is fixed
to the upper frame member and the lower frame member.

5. The frame assembly cathode ray tube as set
forth in claim 3, wherein the upper and lower frame
members receive the compressive force which is
directed toward each other.

6. The frame assembly cathode ray tube as set
forth in claim 4, wherein the aperture grill receives
the tension which is directed form a center of the
aperture grill toward the wupper and lower frame
members.

7. The frame assembly cathode ray tube as set
forth in claim 1, wherein the frame has a difference
heat capacity as the aperture grill.

8. The method of manufacturing the frame
assembly cathode ray tube as set forth in claim 2,
wherein the step of strectching and fixing comprises
a step of securing the aperture grill to the upper and
lower member of the frame.

9. The method of manufacturing the frame
assembly cathode ray tube as set forth in claim 8,
wherein the step of securing comprises a step of

welding the aperture grill to the upper and Ilower
members of the frame.

H 10. The method of manufacturing the frame
assembly cathode ray tube as set forth in claim 2,
wherein the step of subjecting the frame and aperture

grill to heat treatment comprises the steps of placing
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the frame and aperture grill within a furnace,

increasing a temperature of the furnace to a maximum
temperature, and maintaining the temperature of the



of about 25 [err]mas vibration danpers with a proper_tension
perpendi cularly thereto, the electrode elenents 7 thensel ves which were

| oosely stretched were inevitably vibrated in accordammlmn “““H”‘l‘l on
externally appl i ed, whi ch extrenely deteriorate e
Accordingly, in this enbodi ment, when the tensile = ¢t '
furnace at the maximum temperature.
11. The "method of manufacturing the frame

assembly cathode ray tube as set forth in claim 2,
wherein the step of cooling the frame and aperture
grill comprises a step of a reducing a temperature of

a furnace.

‘This Sheet Has Been Rep
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8 strength [err]B of the electrode elenent 7 was selected within the range
from30%or greater to 85%or snaller, it was possible to obtain the color -
CRT-whi ch can suppress the deterioration of the resolution and reduce
unevenness in color of an inmage. According to the color CRT of the present
I nvention, since the tension of the elet2rode elenent 7 at the portion

rgegenggﬁn;;nfbsaoaf chiEoPECRAYO4oEE AN METEDD B MRSRACITRINGE frame 1
THE SAME
ABSTRACT OF THE DISCLOSURE

According to A color cathode-ray tube can
suppress, deterioration and reduce unevenness in color
of a picture by preventing an electrode element
thereof from being twisted. The color cathode-ray
tube includes a frame and an aperture grill stretched
across and fixed on the frame and having an electrode
element. The aperture grill is stretched across and
fixed on the frame in a state that the frame is
applied with a compressive force and the aperture
grill is applied with a tension. In a process of
stretching and fixing the aperture grill across and on
the frame, of the tension applied to the aperture
grill, a maximum tension applied to the electrode
element is set within the range from 30% to 85% of a
tengile strength of the electrode element.

Figure 3

This Sheet Has Been Replac
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sel ect‘éd Wi thin the.range of 85%¢to 30% of the tepsili:®st ézng
[ ﬁ pﬁSSI ble to preventimn rsglycenthe tw st of there{r ectrotesel emant AAofage
the AG4 of the icol or rge| on ellectrode 10. It is¥a

suppress the det ieri-or-ati-on-t-e—t-he-r esol ytion of t he; :col..
t he unevennness in the color of the inmage, which Caa extr.ef
per f or manc€L3IMBhe col or CRT. Having described a preferre

the present inventioR wohbx eheheRetrhy ﬁ:ﬁ%eac%%%jéhﬁ%
_ a frame including a plurality of fraﬁe members whereln_
at least one of said frame members is lateral-U-shaped, each
of gaid lateral-U-shaped members further including end
portions on each corresponding leg that are bent
perpendicular to said legs, wherein at least one of said
frame members is fixedly attached to said end portions; and
an aperture grill including a plurality of electrode
elements stretched across and fixedly attached to said frame
such that a maximum tensile force within the range from 30%
to 85% of tensile strength of said electrode elements is
placed on each of said electrode elements.
2. A method of manufacturing a color cathode-ray tube
having a frame assembly therein, the steps comprising:
applying a compressive force to a frame comprised of an
upper member, a lower member, a left member, and a right
member in a direction in which said upper member and said
lower member are brought closer to each other;

{ y eeléamce % _er -
enbocil ment of

[ .

applying a predetermined tension to said aperture
grill, which is a plate member and made as a color selection
electrode having electrode elements arranged at an interval
in a stripe fashion, in a longitudinal direction of said
electrode elements;

stretching and fixing said aperture grill applied with
said tension across and on said frame applied with said
compressive force;

subjecting said frame and said aperture grill stretched
and fixed thereto to heat treatment; and

cooling said frame and said aperture grill after said
heat treatment;

wherein said predetermined tension is set within a
range from 30% to 85% of a tensile strength of said
electrode elements of said aperture grill which have already

*een cooled.
3. The frame assembly as set forth in claim 1,
ﬁhereln the frame comprises an upper frame member, a lower

firame member,.a left frame member and a right frame member.

o
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. . / T e, . . .
drawings, it I1s to be understood ‘that the presEn‘ myg pR--sanot imted
to.'t he above- ‘“ﬂmmﬂ (u t and that various (;}ja bgﬁk“
nmodi ficati onsrﬁm erein by one 6k4~llﬂd.,_ Dhe art w thout

-“-.....,‘._ ——

departing fromthe csp_l ri ! or scope of the present invention as defined in
t he appended cl ai ns. 9 10
4, The frame assembly as set further in claim 3,

wherein the aperture grill is fixed to the upper frame
member and the lower frame member.

5. The framé assembly tube as set forth in claim 3,
wherein the upper and lower frame members receive the
compressive force which is directed toward each other.

6. The frame assembly as set forth in claim 4,
wherein the aperture grill receives the tension which is
directed form a center of the aperture grill toward
the upper and lower frame members.

7. The frame assembly as set forth in claim 1,
wherein the frame has a different heat capacity as the
aperture grill. _

8. The method of manufaéturing the frame assembly as
set forth in claim 2, wherein the step of stretching and
fixing comprises a step of securing the aperture grill to
the upper and lower member of the frame.

9. The method of manufacturing the frame assembly as
set forth in claim 8, wherein the step of securing comprises
a step of welding the aperture grill to the upper and lower
members of the frame. '

10. The method of manufacturing the frame assembly as
set forth in claim 2, wherein the step of subjecting the
frame and aperture grill to heat treatment comprises the
steps of placing the frame and aperture grill within a
furnace, increasing a temperéture of the furnace to a
maximum temperature, and maintaining the temperature of the
furnace at the maximum temperature.

11. The method of manufacturing the frame assembly as
set forth in claim 2, wherein the step of cooling the frame
and aperture grill comprises a step of reducing a

temperature of a furnace.
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1. . A col or cat hode- ray tube, conprising: a frran-'e«rﬁf;_;u "an;?’r urality of
f ranke nmenbers, wherein at |east one of said franbiibewbers g PR

| at er al -U-shaped, each of said |ateral - U-shaped menb&EBLAGY her iincl udi ng
end portions on each correspondi ng | eg that arebent pérpendi cular to said
| egs, wherein at |east one of said frame nenbers is fixedl%sattached to

said end port GHFOR SATHQPEGRAY FUBE, AND MERHQR| OF MARVERGFYRINGf el ectrode

el enents stretched across and fi xedrgraghmehed to said frane such that a
maxi mumtensile force wthi ns&.Rgcrange frorﬂ‘I%%LOSURE

According to A color cathode-ray tube can
suppreés, deterioration and reduce unevenness in color
of a picture by preventing an electrode element
thereof from being twisted. The color cathode-ray
tube includes a frame and an aperture grill stretched
across and fixed on the frame and having an electrode
element. The aperture grill is stretched across and
fixed on the frame in a state that the frame is
applied with a compressive force and the aperture
grill is applied with a tension. In a process of
stretching and fixing the aperture grill across and on
the frame, of the tension applied to the aperture
grill, a maximum tension applied to the electrode
element is set within the range from 30% to 85% of a
tensile strength of the electrode element.

Figure 3
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3085%oft
sai d el ectrod
t ube havi ng
conpressive f
a left nenber;
and said | .ower
pr edet er

enent s

ﬂﬂmmem

and a rf'ght ember in agdiréc
menber are brought closer to each other;
®nsion to said aperture grill,

‘herein, the $Teps 1pT.
onpri sed of an’ préf - heibebt

Lompr s

h of  said el ectrode elenents is placed on e

apbu-af
A method of nanufacturing a col or cathodess ay

wapplylng a

cti onREHARRD ch sa

ai | ower
d upper

made as a col ar. selectobor cathode-ray tube, cowprising:

app

ying a

a frame including a plurality'of frame members, wherein
at least one of said frame wmembers is lateral-U-shaped, each
of said lateral-U-shaped mewbers further including end

.portions on corresponding that
perpendicular to said legs, wherein at least one of said
frame members is fixedly attached to said end portions; and

an aperture grill including a plurality of electrode
elements stretched across and fixedly attached to said frame
such that a maximum tensile force within the range from 30%
to 85% of tensile strength of said electrode elements is
placed on each of said electrode elements.

2. A wmethod of manufacturing a color cathode-ray tube
having a frame assembly therein, the steps comprising:

applying a compressive force to a frame comprised of an
upper member, a lower member, a left member, and a right
member in a direction in which said upper member and said
lower member are brought closer to each other;

each leg are

applying a predetermined tension to said aperture
grill, which is a plate member and made as a color selection
electrode having electrode elements arranged at an interval
in a stripe fashion, in a longitudinal direction of said
electrode elements;

stretching and fixing said aperture grill applied with
said tension across and on said frame applied with said
compressive force;

subjecting said frame and said aperture grill stretched
and fixed thereto to heat treatment; and

cooling said frame and said aperture grill after said
heat treatment;

wherein said predetermined tension is set within a
range from 30% to 85% of a tensile strength of said
electrode elements of Sald aperture grill which have already
been cooled

bent

nmenber,

nmenber

which is a plate nenber and
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~el ectrode havi HQ‘EWS arranged at an interval in a stripe
fashion, in a | tudinal dire on of said el e¢traode -et-erent-s;—siretchi ng
and fixing said ﬁ}, plied with said|tE&nsroat Tad¥8sBERNY on sai d
frame applied w y ve forgg subjetting &akdf‘fma hd said

aperture grill stretched and fi*xed theréto to heat treatent ~cool i ng
said frane and said aperture grill after said heat t.reatment
3. A color cathode-ray tube, comprising:

a frame including a pluraliﬁy of frame wmembers, wherein
at least one of said frame members is lateral-U-shaped, each
of said lateral-U-shaped mewbers further including end
portions on each corresponding leg that are bent
perpendicular to said legs, wherein at least one of sgaid
frame members is fixedly attached to said end portions; and

an aperture grill including a plurality of electrode
elements stretched across and fixedly attached to said frame
such that a maximum tensile force within the range from 30%
to 85% of tensile strength of said electrode elements is
placed on each of said electrode elements; and

the frame comprises an upper frame member, a  lower

frame member, a left frame member and a right frame member.

4. The frame assembly as set further in claim 3,
wherein the aperture grill is fixed to the upper £frame
member and the lower frame member.

5. The frame assembly tube as set forth in claim 3,
wherein the wupper and lower frawe members receive the
compressive force which is directed toward each other.

6. The frame assembly as set forth in claim 4,
wherein the aperture grill receives the tension which is
directed form a center of the aperture grill toward
the upper and lower frame members.

7. The frame assembly as set forth in claim 3,
wherein the frame has a different heat capacity as the
aperture grill.

8- A wmethod of manufacturing a color cathode-ray tube
having a frame assembly therein, the steps comprising:

applying a compressive force to a frame comprised of an
upper member, a lower member, a left member, and a right
member in a direction in which said upper mewber and said
lower member are brought closer to each other;
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“wherein said predELELﬂlﬂﬁg_LensLen—+s set wi.thin a range from 30%to 85% of
“atensile strengti of said electroﬂﬁ el enent s of qaid aoerture griII whi ch
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applying a predetermined tension to said aperture
grill, which is a plate member and made as a color selection
electrode having electrode elements arranged at an interval
in a stripe fashion, in a longitudinal direction of said
electrode elements;

stretching and fixing said aperture grill applied with
said tension across and on said frame applied with said
compressive force;

subjecting said frame and said aperture grill stretched
and fixed thereto to heat treatment; and

cooling said frame and said aperture érill after said
heat treatment;

wherein said predetermined tension is set within a

range from 30% to 85% of a tensile strength of said

electrode elements of said aperture grill which have already
been cooled, and

the step of stretching and fixing comprises a step of
securing the aperture grill to the upper and lower member of

of the frame.

9. The method of manufacturing the frame assembly as
set forth in claim 8, wherein the step of securing comprises
a step of welding the aperture grill to the upper and lower
members of the frame.

10. The method of manufacturing the frame assembly as
set forth in claim 8§, wherein the step of subjecting the
frame and aperture grill to heat treatment comprises the
steps of placing the frame and .aperture grill within a
furnace, increasing a tewmperature of the furnace to a
maximum temperature, and maintaining the temperature of the
furnace at the maximum temperature.

11. The method of manufacturing the frame assembly as
set forth in claim &, wherein the step of cooling the frame
and aperture grill comprises a step of reducing a
temperature of a furnace. |
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1. A color cathode-ray tube, comprising:

CLAIMS :

a frame including a plurality of frame.members, whexein
at least one of said frame members is lateral-U-shaped, each
of said lateral-U-shaped wewmbers further including end

.poxtions on each corresponding leg that are bent

perpendicular to said legs, wherein at least one of said
frame members is fixedly attached to said end portions; and

an aperture grill including a plurality of electrode
elements stretched across and fixedly attached to said frame
such that a maximum tensile force within the range from 30%
to 85% of tensile strength of said electrode elements is
placed on each of said electrode elements.

2. A method of manufacturing a color: cathode-ray tube
having a frame assembly therein, the steps compr:.s:.ng_:

applying a compressive force to a frame comprised of an
upper wembexr, a lower member, a left member, and a right
membexr in a direction in which said upper’ member and said
lower member are brought closer to each other;

applying a predetermined tension to said aperture
grill ,_' which is a plate member and wmade as a color selection
electrode having electrode elements arranged at an interxval
in a stripe fashion, in a longitudinal direction of said
electrode elements; .

stretcﬁing and fixing said aperture grill applied with
said tension across and on said frame applied with said
compi:essive force;

subjecting said frame and said aperture grili stretched
and fixed thereto to heat treatment; and

cooling said frame and said aperture grill after said

" heat treatment;

wherein said predetermined tension is set within a

range from 30% to 85% of a tensile strength of said

electrode elements of said aperture grill which have already
been cooled.
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COLOR CATHODE-RAY TUBE AND METHOD OF MANUFACTURING.
' THE SAME
ABSTRACT OF THE DISCLOSURE

Accoxrding to A color cathode-ray tube can
suppress, deterioration and reduce unevenness in color
of a .picture by preventing an electrode element
thereof from being twisted. The color cathode-ray
tube includes a frame and an aperture grill stretched
across and fixed on the frame and having an electrode
element. - The aperture- grill is stretched across and
fixed on the frame in a state that the frame is
applied with a compressive force and the aperture
grill is applied with a tension. In a process of
stretching and fixing the aperture grill across and on
the frame, of the tension applied to the aperture
grill, a maximum tension applied to the electrode
element is set within the range from 30% to 85% of a
tensile strength of the electrode element.

Figure 3
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