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ABSTRACT OF THE DISCLOSURE

A thermally compensated color television picture tube
has its mask-supporting frame connected to its leaf type
mounting springs by bimetallic thermal expansion brack-
ets. Captivators are mounted on the frame in accurate
spaced relation to each spring for confining movements
thereof within their elastic limits, yet allowing full ex-
pansion bracket deflection during high temperature proc-
essing without spring-captivator interference.

——— N —————

This invention relates to color television picture tubes
of the type having an aperture mask through which beams
of electrons pass before striking the phosphor screen on
the inner surface of a glass panel, and bimetallic expan-
sion brackets which maintain alignment between the mask
and the panel over the operating temperature range of the
picture tube. In particular, this invention provides cap-
tivating means for constraining a plurality of leaf springs,
secured between the expansion brackets and the glass
panel, within their elastic limits in the event the picture
tube is subjected to mechanical shock.

In picture tubes of the type described, three mounting
studs are triangularly disposed about the perimeter of
the glass panel. A metal frame supporting a multi-aper-
tured shadow mask is releasably secured to the panel by
three apertured leaf springs which cooperate with the ap-
propriate mounting studs. A mosaic of red, blue and
green color phosphors is deposited on the interior of the
glass panel in accordance with conventional “lighthouse”
techniques, using the detachable mask for exposing ap-
propriate portions of the panel to sensitizing light rays.

A tri-gun electron source is mounted in a delta configu-
ration in the neck of a tapered glass envelope which is frit
sealed to the glass panel. The electron guns are mechan-
ically prealigned with respect to the shadow mask such
that electrons passing through the apertures impinge only
corresponding color phosphors. For example, electrons
emanating from the first gun strike only the red phosphors,
electrons from the second gun strike only the blue phos-
phors, etc.

As is well-known, most of the electrons in the electron
beam are intercepted by the shadow mask and fail ito
reach the phosphor screen. Since the kinetic energy of
these electrons is transformed into heat, the shadow mask
undergoes considerable thermal expansion. Upon expan-
sion, alignment between the electron beams and the cor-
responding color phosphors is upset and, as a resulf,
electrons emanating from the first gun may, for example,
partially excite the blue or the green phosphors causing
substantial color impurities.

Numerous methods have been suggested for compensat-
ing for the thermal expansion of the shadow mask. One
structure incorporates three substantially L shaped bi-
metallic expansion brackets which are secured between
the frame and corresponding leaf springs. As the temper-
ature of the mask-frame assembly increases due to elec-
tron bombardment, the expansion brackets undergo cor-
rective flexures moving the mask-frame assembly closer
to the glass panel. Such movement maintains registration
between the electrons passing through the shadow mask
and the corresponding color phosphors, thereby helping
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to assure chromatic purity over the operating temperature
range of the picture tube. For a complete description of
a system of this type, see the copending application of
Cowles et al., Ser. No. 742,651, filed July 5, 1968.

During shipping and handling, both before and after
installation in a receiver, picture tubes are often sub-
jected to severe mechanical shock causing the spring-
mounted frame assembly to move with respect to the
glass panel. With the implementation of the relatively flex-
ible expansion brackets described above, this movement
tends to be exaggerated. The frame, being relatively heavy,
exerts large forces on the springs, often inducing perma-
nent deformations therein. These deformations may pre-
vent the frame assembly from returning to its original po-
sition, thereby upsetting mask-panel alignment and caus-
ing substantial color impurities.

This invention provides captivating means which con-
strane the leaf springs within their elastic limits, while
permitting unimpeded movement of the mask-frame as-
sembly over the entire range of temperatures encountered
during picture tube operation and fabrication. For ex-
ample, during manufacture, when the glass envelope is frit
sealed to the glass panel, temperatures approach 450° C.,
and for reasons previously discussed, the bimetallic ex-
pansion brackets flex considerably and move the mask-
frame assembly substantially. The captivators do not in-
terfere with this “normal” movement, thus precluding the
possibility of inducing stresses in the frame, springs or
bimetallic brackets during processing.

Further, the captivators are accurately positioned on
the frame with respect to the corresponding leaf springs,
such that, as explained later, proper separation between
the spring and the captivator is assured, notwithstanding
dimensional variations in the springs. Accordingly, three
captivators, each comprising a base plate having a pair
of tabs extending perpendicularly therefrom, are located
on the mask-supporting frame of the picture tube such
that the corresponding leaf springs are properly con-
strained between the captivator tabs. This arrangement al-
lows great flexibility in placement of the captivators and
facilitates the practice of the spring location techniques
set out in the above mentioned copending application.

Thus, the primary object of this invention is to provide
an improved color television picture tube.

Another object of this invention is to provide improved
means for constaining the leaf springs in a color televi-
sion picture tube within their elastic limits, in the event
the tube is subjected to mechanical shock.

A further object of this invention is to provide, in a
color tube with a thermally compensated mask-frame as-
sembly, captivating means permitting free movement
thereof during tube operation and fabrication, while con-
straining the leaf springs within their elastic limits in the
event of mechanical shock.

A feature of this invention resides in means for ac-
curately locating and securing the captivator to the mask-
supporting frame of a color television picture tube with
respect to the position of the corresponding leaf springs,
notwithstanding dimensional variations in the springs.

Other objects, features and advantages of this invention
will be seen upon reading the following specification in
conjunction with the drawings in which:

FIG. 1 is a sectional view of a color television picture
tube incorporating the invention;

FIG. 2 is a sectional view taken along line 2—2 of the
color television picture tube shown in FIG. 1;

FIG. 3 is an enlarged view of the upper portion of
the color television picture tube of FIG. 2 showing the
elements of the invention;

FIG. 4 is a view of the structures of FIG. 2 taken along
the line 4—4 showing the relative location of the ele-
ments of the invention; and
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F1G. 5 is a perspective view of mounting and welding
apparatus for accurately locating and securing the capti-
vator to the mask-supporting frame of the color television
picture tube in accordance with the invention.

Referring now to FIG. 1, a color television picture tube
10 includes a glass panel 11 having a spherical contour
on which a mosaic 12 of red, blue and green color phos-
phors is deposited. Three mounting studs 13 (best seen in
FIG. 2) are accurately embedded or otherwise per-
manently secured to the inside perimeter of glass panel
11. A shadow mask 14, secured to a relatively heavy
frame 15, has a spherical contour similar in shape to glass
panel 11, Frame 15 has an L shaped cross section and,
as explained in the description of FIG. 2, is releasably
secured to the glass panel at mounting studs 13.

A glass funnel 16, including a neck portion having three
electron guns 17 mounted therein, is secured to glass
panel 11 by a conventional circumferential glass to glass
frit seal 18. Electron guns 17 are mechanically prealigned
such that electrons emanating therefrom strike corre-
sponding ones of the different color phosphors forming
mosaic 12. Color selection is performed by the well-
known masking effect of shadow mask 14.

In FIG. 2, three mounting assemblies 20, each com-
prising a leaf spring 21 fastened at one end to an L
shaped thermal expansion bracket 25 are shown. These
assemblies are preferably fabricated and located in ac-
cordance with the teachings of the above mentioned co-
pending application. Three captivators 30 each comprise
a base plate 31 having a pair of tabs 32 and 33 (best
seen in FIG. 3) extending perpendicularly therefrom. As
explained below, captivators 30 are accurately secured
to frame 15 such that spring 21 properly extends between
tabs 32 and 33. .

In FIG. 3, leaf spring 21 includes a front edge 24, a
rear edge 23 and a stud engaging aperture 22, Captivator
30 is secured to frame 15 such that tabs 32 and 33 straddle
edges 23 and 24 of the spring. The various elements are
secured to each other by welding. For example, bimetallic
expansion bracket 25 is secured to frame 15 by spot
welding, as is spring 21 and bimetallic bracket 25. For
details regarding the arrangement and order of assembly
of these parts, reference is again made to the above men-
tioned copending application of Cowles et al.

In FIG. 4, the location of the various parts with refer-
ence to mounting stud 13 (shown in section) is clearly
depicted. The distance D is that between the center of
mounting stud 13 (also aperture 22 of the leaf spring)
and the tab edge of captivator 30. This distance is critical

since, during movement of frame 15 and its attached |,

parts (bracket 25 and captivator 30), spring 21 pivots
about mounting stud 13. The actual distance any point on
the spring moves is a function of its distance from the
pivot point, namely the center of stud 13.

The distance F is that between front edge 24 of spring :

21 and tab 33. The distance R is that between rear edge
23 of spring 21 and tab 32. These distances must be se-
lected precisely and must be greater than the normal
movement attributable to the deflection of expansion
bracket 25 during tube processing, and less than that
which will produce injurious torsional forces on the
bracket and spring in the event of mechanical shock. In
practice, the distance F is much greater than R since tube
processing and operating temperature changes cause
frame movement toward the phosphor screen (to the
left in FIG. 4). Thus distances F and R are selected to
allow complete freedom of movement of the mounting
springs under all operating and processing temperatures
to preclude the development of injurious stresses which
would adversely affect mask-screen registration. Ideally,
in normal usage, captivator tabs 32 and 33 should never
contact spring edges 23 and 24. The captivator’s sole pur-
pose is to prevent damage in the event of abnormal con-
ditions occurring, such as dropping or violent jarring of
the tube or complete television receiver.
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In FIG. 5, there is shown a mounting apparatus 40,
comprising an adjustable locating assembly 41, resiliently
secured by a pair of spring loaded studs 48, to a rigid arm
50, for accurately and automatically positioning and
mounting the captivator. Arm 50 is pivotably mounted to
a pin 51, and spring loaded studs 48 allow only vertical
movement of assembly 41 with respect to arm 50. Ad-
justable locating assembly 41 includes a guide piece 42
having a pair of ram surfaces 43 terminating in a seating
surface 44, and a pair of abutting surfaces 45. Locating
assembly 41 further includes locating means 46 having
two perpendicular spaced tab engaging surfaces 47, the
distance between surfaces 47 being very slightly smaller
than the distance between tabs 32 and 33 of capitvator
30, .

The above structure is mounted on a welding fixture
(not.shown) having three locating pins 61 (only one of
which is shown), accurately positioned with respect to
pivot pin 51. The three locating pins 61 extend through
corresponding locating holes in frame 15 and expansion
brackets 25 as fully explained in the above mentioned
copending application of Cowles et al. In accordance
with said application, a fixed coordinate distance is main-
tained between each spring aperture 22 and correspond-
ing locating pin 61 once brackets 25 are secured to
frame 15.

In operation, mounting apparatus 40 swivels about pin
51 until leaf spring 21 cooperates with one of the ramp
surfaces 43. Locating assembly 41 vertically adjusts as
the engaged ramp surface 43 is guided by the engaged
edge of leaf spring 21, assuring mating engagement be-
tween seating surface 44 and the flat surface of the leaf
spring regardless of variations in the positioning of the
leaf spring. During this operation, surface 44 depresses
the leaf spring somewhat.

Captivator 30 is then positioned between the side of
frame 15 and the undersurface of spring 21 with tabs
32 and 33 straddling tab engaging surfaces 47 and moved
until the tabs engage abutting surfaces 45. The captivator
may be temporarily held in this position by any of a
number of well-known means, for example, by tiny mag-
nets embedded in surfaces 45. The attainment of distances
F and R between the captivator tabs 33 and 32 and the
respective edges 24 and 23 of leaf spring 21 may be
automatically assured by fabricating locating assembly
41 with the proper vertical displacement between the
edges of seating surface 44 and tab engaging surfaces 47.

Welding electrodes 53 are then moved, by means not
shown, into engagement with the captivator to secure it
to the frame. As should be obvious, the distance D may
be predetermined by the placement of abutting surfaces
45, once the relative positioning between locating pin 61
and pivot 51 is fixed.

In the event the completed picture tube is subjected
to severe mechanical shock, the mask-frame assembly
tends to move along the transverse axis of the tube. Be-
fore excessive deformation of the springs or bimetallic
brackets occur, however, the springs engage the captivator
tabs, thus restraining further movement. When the mask-
frame assembly undergoes movement in response to the
thermal expansion of the bimetallic brackets, whether in
actual operation or in processing of the tube, the mask-
frame assembly is not restrained since the distances F
and R provide sufficient clearance between the captivator
tabs and corresponding leaf springs. As a result, free
movement of the mask-frame assembly is assured over
the operating and processing temperatures experienced
by the picture tube while protection from mechanical
shock is provided.

The embodiments of the invention in which an exclu-
sive property or privilege is claimed are defined as follows:

1. A color television picture tube comprising: a glass
panel; a plurality of mounting studs disposed about the
interior of said panel; a heavy, rigid frame; a plurality
of thermal expansion members secured to said frame;
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a corresponding plurality of leaf springs secured to said
expansion members and cooperating with said mounting
studs for releasably maintaining said frame a fixed dis-
tance from said panel; and a plurality of captivating
members, accurately positioned on said frame with re-
spect to said leaf springs, confining said leaf springs to
flexures within their elastic limits in the event said pic-
ture tube is subjected to mechanical shock.

2. A color television picture tube comprising: a glass
panel; a plurality of mounting studs disposed about the
interior of said panel; a heavy, rigid frame; a plurality
of thermal expansion brackets, undergoing flexures in
response to variations in temperature, secured to said
frame; a corresponding plurality of leaf springs, each
having a first end fastened to respective onmes of said
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expansion brackets, and a second end, including an aper- .

ture, cooperating with respective ones of said mounting
studs; said studs, springs and brackets maintaining said
frame is registration with said glass panel;-and captivating
members secured to said frame and accurately spaced

20

with respect to said leaf springs to allow free movement

between said frame and said studs over the normal range
of temperatures encountered, but restraining said leaf
springs to movements within their elastic limits in the
event of mechanical shock.

3. A color television picture tube as set forth in claim
2, wherein each captivating member comprises a base
plate including a first tab and a second tab extending
substantially perpendicular to one end thereof; said capti-
vating members being positioned on said frame such that
said tabs straddle corresponding ones of said leaf springs.

4. A color television picture tube as set forth in claim
3, wherein, during tube processing, said thermal expan-
sion brackets are subjected to a maximum temperature
and experience maximum flexures, moving said frame
a corresponding maximum distance with respect to said
glass panel; and wherein said leaf springs each include
a first edge; said first tabs of corresponding ones of said
captivating members being spaced from said first edges
a first distance great enough to allow said frame to freely
move said maximum distance, but small enough to engage
and restrain said first edges in the event of excessive me-
chanical shock.

5. A color television picture tube as set forth in claim
4, wherein each of said leaf springs includes a second
edge; said second tabs of corresponding ones of said
captivating members being spaced from said second edges
by an amount less than said first distance.

6. A color television picture tube as set forth in claim
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4, wherein the spacing between any selected one of said
mounting studs and an imaginary line joining the tabs of
its corresponding captivating member defines a second
distance; and wherein the spacing between said one
mounting stud and the point of attachment of its corre-
sponding leaf spring and expansion bracket defines a
third distance; the ratio of said first distance to said sec-
ond distance being slightly greater than the ratio of said
maximum distance to said third distance. '

7. In combination: a glass panel; a plurality of mount-
ing studs disposed about the interior of said panel; a
heavy, rigid frame; a plurality of thermal expansion
brackets, undergoing flexures in response to température
variations, secured to said frame; a corresponding plu-
rality of flat leaf springs each having a first end fastened
to said expansion brackets, and a second end forming
an aperture for releasable engagement with respective
ones of said mounting studs; said mounting studs, flat
leaf springs and expansion brackets cooperating to main-
tain said frame in registration with said glass panel; said
expansion brackets, being subjected to high temperatures
during tube fabrication and moving said frame a maxi-
mum distance toward said glass panel; and a plurality
of captivating members, each comprising a flat plate hav-

5 ing a pair of tabs extending substantially perpendicular

to said plate; said captivating members being secured to
said frame with said tabs straddling respective ones of
said flat leaf springs; first ones of said tabs being spaced
from first respective edges of said springs a first distance
great enough to allow uninhibited movement of said
frame toward said glass panel over said maximum dis-
tance; second ones of said tabs being spaced from second
respective edges of said springs a second distance which
is less than said first distance; said first and said second
distances defining the maximum movement of said springs
under mechanical shock conditions to prevent deforma-
tion thereof.
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