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' APPARATUS FOR MANUFACTURING CATHODE-RAY TUBES

The present invention relates to an apparatus for
manufacturing cathode-ray tubes, and more particularly to a
cathode-ray tube manufacturing apparatus capable of
automatically evacuating and sealing a cathode-ray tube bulb
after electron guns have been sealingly installed in the neck
of the cathode-ray tube bulb.

In the manufacture of cathode-ray tubes such as color
cathode-ray tubes, for example, as shown in FIG. 1 of the
accompanying drawings, electron guns 3 are inserted in a neck 2
of a cathode-ray tube bulb 1, and a glass stem 6 integral with
an evacuating pipe (tipoff pipe) 4 and from which step pins 5
are extended is sealingly mounted in the end of the neck 2.
Thereafter, the cathode-ray tube bulb 1 is delivered to an
evacuating and sealing process in which it is evacuated and the
evacuating pipe 4 is melted and sealed.

In the evacuating and sealing process, ‘the
cathode-ray tube bulb 1 which has been fed from the electron
gun sealing process by a bulb conveyor is transferred onto an
evacuating device, which will hereinafter be referred to as an
evacuéting cart, on evacuating furnace rails bylan automatic

transfer mechanism.
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autonatical ly evacuating and sealing a cathode-ray tube bulb after
el ectron guns have been sealingly installed in the neck of the cathode-ray
t ube bul b._ In the manufacture of cathode-ray tubes such as co
cat hode-ray tubes, for_exanple, as shown in FIG, 1 of the accompan i n

dravings, electron gun3P8 GYRCYFHsHIG Pt 38 fEEPPedoiifncaRhEYRS A Rabe
bulb 1, and a glass stem6 integral with an evacuatin i pe (tipoff pipe)
4 and from wRPEh £RBFYRIRCE NG TN% FVETHEE 1S RERE| ﬁg?% %%U?IY ﬂu‘?hll??le end

of the neck Z o 08821 &l1idd'S P ENIGA b BER et LR IELLY SIS AAS 2T

evacuating pipe 4 after the cathode-ray tube bulb 1 has been
evacuated.

The cathode-ray tube bulb 1 is set on the evacuat-
ing cart such that the evacuating pipe 4 is inserted through
the sealing jig into the evacuating port. The cathode-ray
tube bulb 1 is carried on the evacuating cart along the evac-
uating furnace rails into an evacuating furnace. 1In the

evacuating furnace, the cathode-ray tube bulb 1 is heated to

t
o2
[0}

a predetermined temperature and evacuated, and thereaifter
evacuating pipe 4 is sealed.

When the above process is finished, the evacuating
cart is delivered out of the evacuating furnace, and the
evacuating port and the sealing jig are removed from the
evacuating cart. The cathode-ray tube bulb 1 is dismounted
from the evacuating cart by the automatic transfer mechanisn,
and then conveyed to a next process. The evacuating ca;t is
circulated into the evacuating furnace with another cathodzs-
ray tube bulb mounted thereon.

In the art of manufacturing cathode-ray tubss, it
has been desired to fully automatically evacuating ani seal-
ing cathode-ray tube bulbs.

However, there are actually instances wherein cath-
ode-ray tube bulbs cannot be charged onto all evacuating

carts in the sequence described above. Since it is racesszr.
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evacuatﬁng and sealing process in which it is evacuated and the evacuating
pipg 4jis nelted and seal ed. In the evacuating and sealing
procesg, the cat hode-ray tube bulb 1 which has been fed fromthe el ectron
‘dug sedling process by a bulb conveyor is transferred onto an evacuati ng
devi ce] whi chovshbjéier e Xiaftther eyacuaténgedatbs also avecuwy s&diatd righ ¢dvet, on
‘evacugting furnace rails by an autonmatic transfer nechani sm

evacuating furnace, i.e., to keep the evacuating pump of each

b
-8

evacuating cart always in an operative condition even if no
cathode-ray tube bulb is charged onto the evacuating cart,
the worker inserts a dummy evacuating pipe into the evacuat-
ing port of any evacuating cart that is charged with no cath-
ode-ray tube bulb. Since the evacuating carts are stopped in
somewhat different positions, it is difficult to automati-

cally insert and remove dummy pipes, and hence the worker is

relied upon for inserting and removing dummy evacuating
pipes.

Fully automatic execution of the evacuating and
sealing process requires that dummy evacuating pipes be auto-

matically inserted into and removed from corresponding evacu-

ating ports.

After a cathode-ray tube bulb has been sealed, the
evacuating port and the sealing jig are removed by the
worker. If the evacuating pipe is broken and left in the
evaéuating port, it is the current practice for the worker to
remove the broken evacuating pipe. Consequently, in order
that the evacuating and sealing process can be fully auto-
mated, it is necessary to automatically detect whether the
evacuating pipe is broken or not after the cathode-ray tube
bulb has been evacuated and sealed.

In the evacuating and sealing process, the state of
an evacuating cart is varied several times in the evacuating

furnace by limit switches that are mounted on the evacuating

e
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- 2- The evacuating cart is equipped with an evacuating port f&r
connecting the evacuating pipe 4 to an evacuating punp and a sealing jig
for ‘melting with heat and sealing the evacuating pipe 4 after the
cathode-ray tube bulb 1 has been evacuated. The cat hode-ray
tub®: bulb 1 tartset werdtufoneacude- limit switches on the evacuating cac:
have been operated by rod-shaped switch changers. In the
event that a switch changer interferes with a rotating or ~
fixed portion of the limit switch, it has been customary fo-
the worker to take care of such an accident.
Fully automatic execution of the evacuating and
sealing process also requires that such an accident be de-

tected early.

Even if cathode-ray tube bulbs charged onto respsac-

tive evacuating carts are processed in the predetermined pro-
cessing sequence, not all the cathode-ray tube bulbs can rec-

essarily be discharged as good or acceptable products from

the evacuating and sealing process. One of the reasons for

the problem is a failure of the sealing jig.

One conventional device for detecting a sealing Zig
failure is incorporated in a sealing device, and capable oI
detecting both a wire break and a full short circuit.
Howsver, it has not been customary to detect a short circui:

across one turn or the like of the coil heater of the seaiing

z

1]

jig because any change in the coil resistance due to such =
short circuit is very small. Even when the coil heater oI 2
sealing jig suffers such a short circuit, therefore, it hes
been the practice to keep the cathode-ray tube bulb pro-
cessed. With such a coil heater short circuit, the evacua:--
ing pipe is sealed at a voltage different from a predeter-
mined voltage pattern owing to a resistance change caused zv

the short circuit, resulting in a poor sealing condition ¢

S
|
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such that the evacuating pipe 4 is inserted through the sealing
jig,into the evacuating port. The cathode-ray tube bulb 1 is carried on
the ‘evacuating cart along the evac- wuating furnace rails into an

_evacua ing furnace. In the evacuating furnace, the cathode-ray tube bulb 1

ed 10cpg QUEdelel iy Nothd MR AhY' €000k QYA Elsa APCednangal ter the

evacugting prpé sea ove process

finisfled, thgogyacugdi Pdsual 1§;tcﬂe°ckd%l b ehedvRttaPing heipyackmt iangdar-nace,
evacuating port and the sealing jig are renoved fromthe

ing failure.

If any coil heater short circuit occurs across only
one turn or the like, the sealed condition of the evacuating
pipe differs only slightly from the normally sealed condi-
tion. Consequently, since sealed cathode-ray tube bulbs are
checked by the worker, it has been difficult to uniquely de-
termine whether the cathode-ray tube bulbs have been sealed

properly or not.

When a possibility of failure of any of the sealing
jigs is recognized, it has been customary for the worker to
measure the resistance of the sealing jig with a resistance
measuring instrument or the like to determine whether it ac-

tually suffers a failure or not.

Other reguirements for complete automatization of
the evacuating and sealing process are early automatic detec-
tion of a sealing failure of evacuating pipes and a reduction
in the burden on the worker in confirming the sealed condi-
tion of evacuating pipes.

OBJECTS AND SUMMARY OF THE INVENTION

It is therefore an object of the present invention
to provide an apparatus for manufacturing cathode-ray tubes
which is capable of fully automatizing an evacuating and
sealing process.

According to the present invention, there is pro-

vided an apparatus for manufacturing a cathode-ray tube by
3
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evacuating cart. The cathode-ray tube bulb 1 is disnmounted fromthe
evacuating cart by the automatic transfer mechani sm and then conveyed tlo
a next process. The evacuating cart is circulated into the evacuating
furnace wi th anot her cathode- ray tube bul b nounted thereon.

In the art ofevemnatdatuei ngtbadéocky rtaypd Midd, anld sedasnbeen desitnetisg
fully automatically evacuating and seal - I ng cat hode-ray tube bul bs.
However , the@ep§refaChaabayh¢ﬁstamzésﬂmhéndmn canprisingdenr gayacudeinal bs

cannot be charged onto all evacuating
furnace, a plurality of evacuating units for carrying respec-~

tive cathode-ray tube bulbs thereon, and evacuating and seal-

ing the respective cathode-ray tube bulbs, means for feeding

the evacuating units circulatingly along a feed path into and
out of the evacuatiné furnace, and an evacuating pipe detect-
ing device disposed at a position along the feed path for de-
tecting whether the evacuating pipe of the cathode-ray tube

bulb carried on each of the evacuating units is damaged or

not.

The evacuating pipe detecting device may comprise

photoelectric sensor means having a light-emitting element
and a light-detecting element which are disposed in spaced
confronting relationship to each other, and control means Ior
reciprocally moving the photoelectric sensor means so as to
allow the evacuating pipe of the cathode-ray tube carried o=
each of the evacuating units to pass between the light-emiz-
ting element and the light-detecting element. The control
means comprises means for moving the photoelectric sensor
means toward the evacuating pipe at a speed higher than a
speed at which the photoelectric sensor means moves away frox
the evacuating pipe.

The apparatus for manufacturing a cathode-ray tube
may further comprise means for discharging, out of the feez
path, an evacuating unit on which the evacuating pipe is d=-

tected as being damaged by the evacuating pipe detecting cz=-
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carts i ph the sequence described above. Since it is necessary
to subjject all the evacuating carts to vacuumaging in the evacuating
furnacg, i.e., to keep the evacuating punp of each

-1"}-»
b
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vice and remains.

The apparatus for manufacturing a cathode-ray tube
may further comprise dummy evacuating pipe insert/removing
means for inserting a dummy evacuating pipe into and removing
a dummy evacuating pipe from an evacuating unit on which a

cathode~-ray tube bulb is not carried. Each of the evacuating

units may have an evacuating port for evacuating the cathode-
ray tube bulb carried thereon, the dummy evacuating pipe in-
sert/removing means may comprise a floating mechanism, a mov-

able base movable by the floating mechanism, a first chuck

assembly for holding and transferring a dummy evacuating pipe

onto the movable base, and a second chuck assembly for hold-

ing a reference member to assure a predetermined positional
relationship with respect to an evacuating port of each of
the evacuating units.

Each of the evacuating urits may have a sealing jig
for sealing the evacuating pipe of a cathode-ray tube bulb
carried thereon, and the apparatus may further comprise seal-
ing jig detecting means for detecting a failure of the seal-
ing jig of each of the evacuating units. The sealing jig de-
tecting means may comprise a terminal assembly for contacting
an external terminal of the sealing jig of each of the evacu-
ating units, a constant-voltage power supply for supplying a
constant voltage to the terminal assembly, and an ammeter
connected to a current path of the terminal assembly for de-
tecting a current change in the current path depending on &

failure of the sealing jig.
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evacuating cart always in an operative condition even if no cathode-ray
tube bulb is charged onto the evacuating cart, the worker inserts a du
evaclating pipe into the evacuat- ing port of any evacuating cart that
charged with no cath- _ode-ray tube bulb. Since the evacuating carts are
stopped in sonmewhat JdERFCEr 8ft tPBsPYREMATinG yndtg teiycdiavet @ &Wldchei and
cally insert and renove dummy pipes, and hence the worker is relLied upon
for insertingREn@PPBRBYIAGMAYININF I FofPFd Sepppa¥itch actuator EQF|3c-

automati ¢ executi.on of the,evacuati ng and ) .
%uaglng tLe switch o?’ea J} the evacuating units, the

switch actuator comprising an actuating member for actuating
the switch, an air cylinder having a piston rod, and a fixed
member, the actuating member having an end angularly movably
supported on the fixed member, the actuating member having a
side extension angularly movably supported on a distal end of
the rod, the arrangement being such that when at least a pre-
determined force is applied to the actuating member, the ac-
tuator member is moved retracting the rod.

The above and other objects, features, and advan-
tages of the present invention will become apparent from the
following description of an illustrative embodiment therec:
to be read in conjunction with the accompanying drawings, In
which like reference numerals represent the same or similzar
objects.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of a cathode-ray tubs
bulb;

FIG. 2 is a schematic plan view of an apparatus Ior
manufacturing cathode-ray tubes according to the present in-
vention;

FIG. 3 is an enlarged fragmentary plan view of :zhe
apparatus shown in FIG. 2;

FIG. 4 is an enlarged fragmentary plan view of the

apparatus shown in FIG. 2;
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seal i ng[process requires that dumry evacuating pipes be auto- matically
I nserte@ into and renoved from correspondi ng evacu- ating ports.

Af t er cat hode-ray tube bul b has been seal ed, the evacuati ng port and
Ihgwpe ling jig are renoved by the worker. | f the evacuating pipe is
broxenjand left in theFIGevacistamgerporiged tfragmeheacyr péah piest ofetkor
Ike wof ker to renove the broken evacuating pi pe. Consequently, in order
t hat tjhe evadpRBraguansheealimgI§.o@ess can be fully auto- mated, it is

ry to autonatlcally detect whether the
FIG. 6 is an enlarged fragmentary plan view of the

apparatus shown in FIG. 2;

FIG. 7 is a front elevational view of an evacuating

cart according to the present invention;

FIG. 8 is a side elevational view of the evacuating

cart according to the present invention;

FIG. 9 is a side elevational view of a centering

device for a cathode-ray tube bulb according to the present

invention;

FIG. 10 is a schematic fragmentary plan view of the

centering device;

FIG. 11 is an elevational view of a flozting mechza-
nism according to the present invention;

FIG. 12 is a plan view of the floating mechanism
shown in FIG. 11;

FIG. 13 is a view of a floating stop device accorc-
ing to the present invention;

FIG. 14 is an elevational view of a dummy evacuat-
ing pipe inserting/removing device according to the present

invention;

FIG. 15 is a plan view of the dummy evacuating pics
inserting/removing device shown in FIG. 14;

FIG. 16 is a view showing the manner in which the
dummy evacuating pipe inserting/removing device opsrates;

FIG. 17 is a view showing the manner in which ths

_
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evacuating pipe is broken or not after the cathode-ray tube bul b has
evacuat ed and seal ed. In the evacuating and seal i ng process
t he *st at e of an evacuating cart is varied several tinmes in the evacuatiing

furnace by ljmt swtches that ar he ev in
REF&_ACENEKrr%ilEE"revaC“a%ing ptipe geggyfécge ddegrrg.c;[e eop%r% ueast; 9 0

JAN 1997 FIG. 18 is a perspective view of an evacuating pipe

detecting device;

FIGS. 19A, 19B, and 19C are diagrams illustrative
of operation of the evacuating pipe detecting device shown in
FIG. 18;

FIGS. 20A and 20B are diagrams illustrative of op-
eration of the evacuating pipe detecting device shown in FIG.
18;

FIGS. 21A and 21B are views illustrative of the
manner in which an evacuating pipe is detected;

FIGS. 22A and 22B are views illustrative of the
manner in which an evacuating pipe is detected:

FIG. 23 is a view illustrative of the manner in
which an evacuating pipe is detected;

FIG. 24 is a fragmentary cross-sectional view of an
evacuating port according to the present invention;

FIG. 25 is a diagram showing the principles of
tightening and loosening the evacuating port;

FIGS. 26A and 26B are views showing the manner in
which the evacuating port is tightened;

FIGS. 27A and 27B are views showing the manner in
which the evacuating port is loosened;

FIG. 28 is a perspective view of a limit switch ac-
tuator according to the present invention;

FIG. 29 is a view showing the manner in which the

limit switch actuator operates;
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cart. retofore, the limt switches on the evacuating cart have been
opesrat efl by rod-shaped switch changers. In the event that a switch changer
interffefes with a rotating or fixed portion of the limt switch, it has

been cystomary for th%xéorEGrlsoaté%ga‘éi‘%f% %ﬁ%hrggagcgngglp between

a limit switch and the limit switch actuator;

FIG. 31 is a plan view of a sealing jig according

[{/]

to the present invention;

<

FIG. 32 is a cross-sectional view of the sealing

FIG. 33 is a schematic view of a coil heater of the
sealing jig;
FIG. 34 is a graph showing the average resistance

of sealing jigs:

FIG. 35 is a diagram showing the relationship be-
tween an evacuating cart and an automatic sealinc jig detect-
ing device according to the present invention;

FIG. 36 is a circuit diagram of the automatic seal-

ing jig detecting device; and

FIG. 37 is a graph illustrative of an operation of
the apparatus.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

FIG. 2 schematically shows an apparatus for manu-
facturing cathode-ray tubes according to the presant inven-
tion for use in an evacuating and sealing process. FIGS. 3
through 6 illustrate various portions of the apparatus at en-
larged scale.

In FIGS. 2 through 6, the apparatus includes a olu-

rality of evacuating carts 11 which are located in respective

successive positions [l] ~ (205]) on endlessly looped evacuz:z-
ing furnace reils 10 which partly extend into an svacuati ng
4
- 1 -
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Ful Iy automatic execution of the evacuating and sealing process also \
requi res that such an accident be de- tected early. Even if
cat Hode-ray tube bul bs charged onto respec- tive evacuating carts are

oce dinth t d -
E;moééera'y”ftuméo%? ife cahenerabheting [T 10 GcRarasaaIetased Yoror-

et S i AR A A1 1 p et

0 Searti ng i

Conventlonah> %%J hgegggkhgglﬁgsfﬁ4ﬂigéJféJlnto the evacuating fur-

nace 12 and back into the region 12, in an intermittent man-
ner such that each evacuating cart 11 moves cyclically for 15
seconds and then stops for 15 seconds.

Various automatic devices are arranged along the
evacuating furnace rails 10, i.e., the feed path for feeding
the evacuating carts 11 therealong. For example, an auto-
matic cathode-ray tube bulb charging device 14 is located at
the position (9] for automatically transferring a cathode-ray
tube bulb 1 (see FIG. 1) that has been conveyed from an elec-

tron-gun sealing process by a conveyor onto an evacuating

cart 11.

A cathode-ray tube bulb centering device 15 is lo-
cated aé the position [14]) for automatically positioning or
centering a cathode-ray tube bulb 1 that has roughly been
placed on the evacuating cart 11 by the automatic cathode-ray
tube bulb charging device 14 so that an evacuating pipe 4 of
the cathode-ray tube bulb 1 can be inserted into an evacuat-
ing port (described later on).

An evacuating port tightening device 16 is located
at the position [16] for automatically tightening the port
rubber member of an evacuating port to prevent vacuum leaxage
after the evacuating-pipe 4 of a cathode-ray tube bulb 1 has
been inserted into the evacuating port.

Sealiﬁg power feeding devices ES; ~ ESjyg are lo-

_—_—
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failurelfis incorporated in a sealing device, and capable of detecting both
a wefe Preak and a full short circuit. However, it has not been customary
to detegt .a short circuit across one turn or the |ike of the coil heater

3¥~the kealin |1 g because any change jn the cail resi nge e to such a
2t dircui € '§%ngyt§ﬁaFF§pE§EhV?Wé§F%qﬁ?q§oﬂ96ﬁéafeﬂ1§% alnsggFiﬁﬁaf?b

shoft
safferg such_a.short circui , fherefare, it ha been the, practice_to keep
Lhe caf hode- ra%lntguggrgﬁfzs 5[S?OESJ;’rcseu celfdf.lr\ﬁ’tahv 3‘5’5“35 &8 FCﬁggygrasﬁg?ﬁe-

CFTcuig - 1Ne (ReR0YA cehBE-BERE SatttAP L flsed 140! 3985 (LESEEThL" PR S
) on) on evacuating carts 11 for sealing the cathode-ray tube
bulbs 1 thereon.

Automatic sealing jig detecting devices 143, 144
for automatically detecting whether a sealing jig is good or
poor are positioned respectively at the positions [163],
{192] on the opposite ends of the array of the sealing power
feeding devices ES; ~ ES3g.

An evacuating port loosening device 17 is located
at the position {1]) just outside and downstream of the evacu-
ating furnace 12 for automatically loosening the port rubber
member of an evacuating port in preparation for automatic re-
moval of a cathode-ray tube bulb 1 after the evacuating pipe
4 thereof has been sealed.

An evacuating pipe detecting device 18 is located
at the position (3) for confirming whether the evacuating.
pipe 4 of a cathode-ray tube bulb 1 has been removed frqm the
evacuating port and the sealing jig without being broken.

An automatic cathode-ray tube bulb removing device
19 is located at the position [4]) for automatically transfer-
ring a cathode-ray tube bulb 1 which has been evacuated and
sealed to a conveyor in a next process.

Dummy evacuating pipe inserting/removing devices
22A, 22B are also located along the feed path for the evacu-

ating carts 11 for inserting and removing & dummy evacuating

- 13 -
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m ned voltage pattern owng to a resistance change caused by the short

circuit,
-5- %

&
<

resulting in a poor sealing condition of
the evacuating pipe. It has thus been necessary for the

pipe into and from an evacuating port of an evacuating cart
11 in order to be able to keep an evacuating pump operated at
all times, i.e., to perform so-called automatic vacuum aging,
even if no cathode-ray tube bulb has been transferred onto an
evacuating cart 11 at the position [9].

More specifically, the dummy evacuating pipe in-
serting device 22A is located at a position, e.g., the posi-
tion [12), downstream of the position [9] wherein a cathodef
ray tube bulb 1 is charged, for inserting a dummy evacuating
pipe into an evacuating port of an evacuating cart 11 onto
which no cathode-ray tube bulb has charged. The dummy evacu-
ating pipe removing device 22B is located at a position,
e.g., the position (2], close to the end of the processing
cycle, for removing a dummy evacuating pipe from an evacuat-
ing port of an evacuating cart 1ll.

As shown in FIGS. 7 and 8, each of the evacuating
carts 11 two evacuating ports 24A, 24B and two sealing jigs
26A, 26B having respective heater coils so that two cathode-
ray tube bulbs 1 can be charged simultaneously onto the'evac-
uating cart 11. Each of the evacuating ports 24A, 24B is
coupled to an oil dispersion pump and an oil rotation pump
(both not shown). The evacuating ports 24A, 24B and the
sealing jigs 26A, 26B are mounted on a mount base 28 coaxi-
ally with each other. Vertical support columns 31A, 31B and
32A, 32B are also mounted on the mount base 28 on opposite
sides of the set of evacuating port 24A and sealing jig 263

and the set of evacuating port 248 and sealing jig 268. Th2
34
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worker tfo visually check seal ed evacuating pipes for a seal- ing failure.
| f any ¢oil heater short circuit occurs across only one turn or the like,
the“*sealed condltlon of the evacuatlng pipe differs only slightly fromthe

Asemal 1}y se GQn |o qHﬁpt M, ShRCE akedraathedeafayxt ube
bulds gre %hg%f b?lF e mg% It aéibeen dlfﬁ?gult to unlqugly ﬁe-

“he&h%klkBﬁrQQEEEQﬁtrﬁ&sﬂl¢¥kéﬂﬂéﬁiéa%i@ebeaae&eaheﬂavmﬁgpeﬁIy or
When a possibility of failure of any of the sealing
openable/closable lid 33 hinged thereto. The explosion-re-
sistant mesh-like protective cover 34 can house two cathode-
ray tube bulbs 1 that are supported by holders 35.

The central axis of each of the support columns
31a, 31B is spaced from the central axis of the evacuating
port 24A accurately by a desired distance Li, and the central
axis of each of the support columns 32a, 32B is spaced from
the central axis of the evacuating port 24B accurately by the
same distance Lj.

The holders 35 with the cathode-ray tube bulbs 1

supported thereon can vertically be moved by a motor, for ex-

ample.

Two storage members 37hA, 37B are mounted on one end
of the ﬁount base 28 of each of the evacuating carts 1l in
alignment with the respective evacuating ports 24A, 24B.
Respective dummy evacuating pipes 36, each having the same
diameter as that of the evacuating pipe 4 (see FIG. 1) are
detachably inserted in the storage members 37A, 37B.

As shown in FIGS. 9 and 10, the cathode-ray tube
bulb centering device 15 includes a fixed base 41 and a mov-
able base 42 mounted on the fixed base 41 by a floating mech-
anism 46 for movement in mutually perpendicular X and Y di-
rections. On the movable base 42, there are supported two
pairs of first chucks 43A, 43B and 44A, 44B for holding the

support columns 31A, 31B and 32A, 32B, respectively, on oppo-

_15_
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jigs is recognized, it has been customary for the worker to neasure the
resfstance of the sealing jig with a resistance neasuring instrument or
the |4 ke t.o determ ne mhether it ac- tually suffers a failure or not

Q her reqU|rg nts, for Iete éy%kié’tlonggén aﬁgeogvgﬁgﬁtgngc

id aT -
sealfi-ng proces Sard Ear?y B oFE a®sedfing Tarture o

evacualing piags gnd flregusswrv ddedhe UGN 48, ! 182790k ROl Bing che

confirm ng the“sea ed con | on of evacuating
OBJECTS AND REMVARY,EFedEE éﬁ%ﬁ@ggi¥iy tube bulb 1, and a pair of thixrd

chucks 46A, 46B for holding the evacuating pipe 4 of each
cathode~ray tube bulb 1.

The first chucks 432, 43B and 44A, 44B can be nmoved
forward and backward, i.e., toward and away from the support
columns 31A, 31B and 32A, 32B, respectively, by respective
control actuators, e.g., respective air cylinders 47A, 4738
and 48A, 48B. The second and third chucks 45A, 46A are ver-
tically aligned with each other, and can be moved forward and
backward, i.e., toward and away from the neck 2 and the evac-

uating pipe 4, respectively, of one of the two cathode-ray

tube bulbs 1 by a common control actuator, e€.g., an air
cylinder 49A. Similarly, the other second and third chucks
45B, 46B are vertically aligned with each other, and can be
moved forward and backward, i.e., toward and away from the
neck 2 and the evacuating pipe 4, respectively, of the othasr
cathode~-ray tube bulb 1 by another common control actuator,
e.g., an air cylinder 49B. 1In FIG. 10, the third chucks 483,
46B are omittecd from illustration as they underlie the re-
spective second chucks 45A, 453.

The central axes of the first chucxs 43A, 43B are
spaced from the central axes of the second and third chucks
45A, 46A by a cdistance Ly which is accurately the same as the
distance L; between the central axis of each of the suppo::

columns 31A, 3i3 and the central axis of the evacuating ccs

ct
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It is tierefore an object of the present invention to provide an

s for manufacturing cathode-ray tubes. which is capable of fully
zi ng an evacuating and seal i ng process. According to
ent invention, there is pro- vi ded an apparatus_ for , manufacturing
a cat hdde-r a4AA ude Gy L2) . Likewise, the central axes of the first chucks
442, 44B are also spaced from the central axes of the second

and third chucks 45B, 46B by the distance Lz which is accu-
rately the same as the distance L; between the central axis

of each of the support columns 327, 32B and the central axis

of the evacuating port 24B.

As shown in FIGS. 9, 11, and 12, the floating mech-
anism 46 comprises a plurality of rests 51, i.e., four ax-
isymmetric rests 51 in the illustrated embodiment, mounted on
an upper surface of the fixed base 41, and a plurality of ro-

tatable balls 52 mounted on a lower surface of the movable

base 42 and held in rolling contact with the respective rests

51 for movement in the X and Y directions.

A plurality of springs 53, i.e., six axisymmetric
springs 53, are interposed and act between the fixed base 41
and the movable base 42 for normally urging the center of the
movable base 42 into alignment with the center of the fixed
base 41. The springs 53 are coupled at ends to spring re-
tainers 54 mounted on the fixed base 41 and at the other ends
to spring retainers 55 mounted on the movable base 42.

The movable base 42 has an overfloating prevention

mechanism 65 for limiting the floating movement thereof to a

(0

certain range. More specifically, as shown in FIG. 11, th
movable base 42 includes a boss 58 downwardly projecting cen-
trally from the lower surface thereof and inserted in an
opening 57 defined centrally in the upper surface of the

fixed base 41. The movable base 42 is horizontally movablz
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- 6- evacuating a cathode-ray tube bulb and sealing an evacuating pipe\of

t hes¢athode-ray tube bulb, conprising an evacuating furnace, a pluralit

of evacuating units for carrying respec- tive cathode-ray tube bul bs

t hereon, and evacuating and seal - ing the respective cat ode-r%y
PRGE U L

bul Bs, means™¥dt FSSRiGTy T ABCefi¥ad: AT RS foéror?éogl%fe-eed
AT, et o SISRIREEL BRI B B RS e
the outer circumferential surface of the boss 58.

The cathode-ray tube bulb centering devicé 15 also
includes a floating stop device 59 for securing the movable
base 42 against wobbling movement which would otherwise be
caused by the floating mechanism 46, while the first, second,
and third chucks 43a, 43B, 447, 44B, 452, 45B, 46A, 46B are
being moved by the air cylinders 47A, 47B ,48A, 48B, 493,
49B.

As shown in FIG. 13, the floating stop device 59
comprises a wedge-shaped body 61 mounted on the fixed base 41
and vertically movable by a control actuator such as an air
cylinder 50, for example, and a through hole 63 defined in a
lower panel of the movable base 42 and having a tapered sur-
face 63 for engaging the wedge-shaped body 61. Wwhen the
wedge-shaped body 61 is lifted to an upper position and dis-
engaged from the tapered surface 63 by the air cylinder 60,
the movable base 42 is in a floating state and hence moyable
with respect to the fixed base 41. When the wedge-shaped
body 61 is lowered into intimate contact with the tapered
surface 63 by the air cylinder 60, the movable base 42 is
fixed with respect to the fixed base 41, and no longer in the
floating state.

The floating mechanism 45 may comprise an electro-
magnetic mechanism which operates based on superconductivicy

to make the movable base 42 floatingly movable with respec:

!
(63}
|
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tecting et her the evacuating pipe of the cathode-ray tube bulb carried
on eachfof the evacuating units is damaged or not. The
evacuat fng pi pe detecting device may conprise photoelectric sensor nmeans
e ng light-emtting element and a |light-detecting el enent which are
di spos i N txpaded £ioeef baski Ag.rel ati onship to each other, and control
me@hs flor reciprocally noving the photoelectric sensor neans so as to
al |l ow fhe evacuati ng pitpen dfhe keracaghddg- cayts ubk awe maxdedrto each of the
ing units to pass between the light-emt-

stopped at the position [14] where the cathode-ray tube bulb

centering device 15 is positioned, the evacuating carts 11

tend to stop at slightly different positions.

To position each of the evacuating carts 11 accu-
rately at the position [14], the cathode-ray tube bulb cen-
tering device 15 operates as follows: With the movable base
42 fixed with respect to the fixed base 41 by the floating
stop device 59, the first chucks 43A, 43B, 44A, 44B as they
are open are moved forward by the respective air cylinders
47A, 47B, 48A, 48b to positions in which they can grip the
support columns 31A, 31B, 32A, 32B, respectively, of the
evacuating cart 11. Then, the floating stop device 59 is in-
activated to bring the movable base 42 into a floating state,
after which the first chucks 43a, 43B, 447, 44B grip the coz-
responding support columns 31A, 31B, 32A, 32B. Now, the mov-
able base 42 is moved so as to follow the evacuating cart 1%,
and positioned with respect to the evacuating cart 11l.

Then, the second and third chucks 45A, 46A and 453,
46B as they are open are moved simultaneously forward by the
respective air cylinders 49A, 493, and the second chucks 453,
458 grip the respective necks 2 of the corresponding cathode-
ray tube bulbs 1, and then the third chucks 46A, 46B grip ths
respective evacuating pipes 4 thereof. In this manner, the

cathode-ray tube bulbs 1 are brought into respective proper:

positions with respect to the evacuating cart 11, i.e., cen-
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ting elenent and the light-detecting el enent. The control neans conprisgs
means for noving the photoelectric sensor neans toward the evacuating pilpe

at a speed higher than a speed at which the photoel ectric sensor means

noves away from the evacuating pipe. The apparatus for 1

manuf act uri nge fegalNOferd e dtule thBY elHELLEInG OE@¥H SEL /BaAIth fdte evacu-
di scharging, out of the fees path, an evacuating unit on which the

S\e/?gg?it inngdgétaﬁné spiises 4 ei=ad ianeldeapgveathgesviyud thingasttad i %R PidsS -
° - The second chucks 45A, 45B grip the respective
necks 2 of the corresponding cathode-ray tube bulbs 1 out of
physical interference with the glass stems 6 thereof as the
glass stems 6 should be free of any scratches, cracks, or
damage which would be responsible for possible vacuum leak-
age.

After the cathode-ray tube bulbs 1 have been cen-

tered on the evacuating cart 11, the first, second, and third

chucks 43a, 43B, 44A, 44B, 457, 45B, 46A, 46B are opened, and
then retracted, i.e., moved backward, by the air cylinders

47a, 47B, 48A, 48B, 497, 49B. Subsequently, the cathode-ray

tube bulbs 1 are lowered with the holders 35, so that the
evacuating pipes 4 are inserted into the respective evacuat-
ing ports 24A, 24B through the respective sealing jigs 464,
46B.

The dummy evacuating pipe inserting/removing de-
vices 22A, 22B are identical in structure to each other.
though they operate in different sequences.

Each of the dummy evacuating pipe inserting/
removing devices 22A, 22B is substantially identical in
structure to the cathode-ray tube bulb centering device 15.
Specifically, as shown in FIGS. 14 and 15, each of the dummy
evacuating pipe inserting/removing devices 22A, 22B comprises
a fixed base 71.and a movable bass 72 mounted on the fixed

base 71 by a floating mechanism 73 for movement in mutually
0

-
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NT SHEET -7- vi ce and
The apparatus for manufacturing a cathode-ray tube

perpendicular X and Y directions. On the movable base 72,
there are supported a pair of first chucks 74A, 74B for hold-
ing the outermost support columns 31A, 32B, respectively, of
each evacuating cart 11, a pair of second chucks 76A, 76B for
holding dummy evacuating pipes 36 and inserting or removing
them into or from the evacuating ports 24A, 24B of the evacu-
ating cart 11-

The first chucks 7427, 74B can be moved forward and
backward, i.e., toward and away from the support columns 31A,
32B, respectively, by respective control actuators, e.g., re-
spective air cylinders 77A, 77B. The second chucks 76A, 76B
can be moved forward and backward, i.e., toward and away from

the evacuating ports 24A, 24B, respectively, by respective

control actuators, e.g., respective air cylinders 78A, 78B.
The secqnd chucks 76A, 76B can also be moved vertically by
respective pairs of control actuators, e.g., air cylinders
79, 80.

The central axis of the first chuck 74A is spaced
from the central axis of the second chuck 76A by a distance
L3 which is accurately the same as the distance L; between the
central axis of each of the support columns 313, 31B and the
central axis of the evacuating port 24A (L = L3). Likewise,
the central axis of the first chuck 74B is spaced from the
central axis of the second chuck 76B by the distance L3 which
is accurately the same as the distance L; between the central
axis of each of the support columns 32A, 32B and the central
axis of the evacuating port 24B.

- 21 \
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may further conprise dummy evacuating pipe insert/renoving neans for

I nserting a dummy evacuating pipe into and renoving a dunmy evacuati ng
pi pe.from.an evacuating unit on which a cathode-ray tube bulb is not
carried. Each of the evacuating units nmay have an evacuating port for
evatuating the cathodezacH ay teilee dhuhl) €38EL86: 4065 E00. 1 4 der gy
evacuating pipe in- sert/renpoving neans may conprise a floating nechanis
a nov- abl ecdirSA NP GRIieeBy 22he PPPasl g W hand 198t idvd infethatiisek 73,
assenbly for holding and transferring a dummy evacuating pipe onto the
novabl e basegn awkrfloacond phevknhssenéghdrorsmd@dld- and a floating stop

device (not shown) which are identical in structure to the
floating mechanism 46, an overfloating prevention mechanism
65, and the floating stop device 59 shown in FIGS. 11 throuc:
13. Therefore, the floating mechanism 73, the overfloating
prevention mechanism 81, and the floating stop device will
not be described in detail below.

When the evacuating carts 11 are moved to and
stopped at the position (11} where the dummy evacuating pipe
inserting device 22A is positioned and the position [2] where
the dummy evacuating pipe removing device 22B is positioned,
the evacuating carts 11 tend to stop at slightly different
positions.

In the dummy evacuating pipe inserting device 222,
the movable base 72 is fixed with respect to the fixed base
71 by the floating stop device, and the first chucks 74A, 7:3
as they are open are moved forward by the respective air
cylinders 777, 77B to positions in which they can grip the
support columns 31A, 32B, respectively, of the evacuating
cart 11. Then, the floating stop device is inactivated to
bring the movable base 72 into a floating state, after which
the first chucks 74A, 74B grip the corresponding support
columns 31A, 32B. Now, the movable base 72 is moved so as t2
follow th¢ evacugting cart 11, and positioned with respect ::

the evacuating cart 11.

- 22 - This Sheet Has Been Re[ilaced
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ing a r¢ference nenber to assure a predeterm ned positional relationship
W t.h reppect to an evacuating port of each of the evacuating units.

Each, of [t he evacuating units may have a sealing jig for sealing the
evacuatfing pi pe of a cathode-ray tube bulb carried thereon, and_the
appar atjus may further T@Gﬂpr%esg@‘ﬂ-ln EX¥y j46y &&ecSerREInERHSREor 02
gletectiing a failure_of the seal- I ng jigﬁ%f each of, the .evacuati Irag units.

The segl i ng7j6Bgade- loveges #f MRAHLRY LoMisshe A YA S EEBY £ or
grap Sihennalateimnal gl e 23kL"Sn) LHe OEr8RENRE ShG RYacy-
evacuating cart 11, and then are elevated as indicated at @
by the air cylinders 80, 79. Thereafter, the second chucks
76A, 76B are moved forward as indicated at @ by the respec-
tive air cylinders 78A, 78B, until they are positioned over
the respective evacuating ports 24A, 24B. Then, the second
chucks 76A, 76B are lowered as indicated at @ by the air
cylinders 79, thereby inserting the dummy evacuating pips 3%
through the respective sealing jigs 26A, 26B into the evacu-
ating ports 24A, 24B. After the dummy evacuating pips 36 are
inserted in the evacuating ports 24A, 24B, the second chucks
76A, 76B are opened and retracted to their original positions

by the air cylinders 78A, 78B.

In the dummy evacuating pipe inserting device 223,

the first chucks 742, 748 grip the support columns 31A, 323,
respectively, of the evacuating cart 11, thus positioning the
movable base 72 with respect to the evacuating cart 11.
Thereafter, as shown in FIG. 17, the second chucks 76A, 7563
are moved forwazd as indicated at O by the air cylinders 733,
78B, grip dummy evacuating pips 36 inserted in the evacuating
ports 24A, 24B, and then are elevated as indicated at @ by
the air cylinders 79. Thereafter, the second chucks 76A, 753
are moved backwzrd as indicated at @ by the respective ai:
cylinders 76A, 76B, and then lowered as indicated at @ by the
air cylinders 7§; 80, thereby storing the dummy evacuating
ﬂ——f___"f’f____ﬂ__
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ating units, a constant-voltage power supply for supplying a constant
volstage to the term nal assenbly, and an ammeter connected to a current

pat h. of the term nal assenbly for de- tecting a current change in the o
current path depending on a failure of the sealing +ig.

o pips 36 in the respective storage members 37A, 37B. .

Subsequently, the second chucks 767, 76B are opened, and ele- 5

vated as indicated by ® by the air cylinders 80 and placed irn
a standby mode their original positions.

The evacuating pipe detecting device 18 will be de-
scribed below. Normally, a cathode-ray tube bulb 1 which has
emerged out of the evacuating furnace 13 is moved such that
its evacuating pipe 4 inserted through any of the sealing
jigs 26A, 26B (indicated by 26) in the corresponding evacuat-

ing port 24A, 24B (indicated by 24) as shown in FIG. 21A is

released from the sealing jig 26 and the evacuating port 24
as shown in FIG. 21B in preparation for processing by the au-
tomatic cathode-ray tube bulb removing device 19. If, how-
ever, the sealed evacuating pipe 4 is broken for some reason

as shown in FIG. 22A and remains in the evacuating ports 24

as shown in FIG. 22B, then when another cathode-ray tube bulb
1 will subsequently be transferred to the evacuating cart 11,
the remaining evacuating pipe 4 will interfere with the evac-
vating pipe 4 of the newly transferred cathode-ray tube bulb
1. Therefore, it is necessary to detect an evacuating pipe
with the evacuating pipe detecting device 18.

A sensor which utilizes light usually suffers dif-
ficulty in detecting colorless transparent glass. In view oI
the fact that an evacuating pipe 4 has a diameter of several
millimeters, however, if a light beam used to detect the
evacuating pipe 4 is narrower than the evacuating pipe 4,

then, as shown in FIG. 23, wher light L is applied to the
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Each of jthe evacuating units may have a switch, and the apparatus may

furt-her{conprise a switch actuator for ac- tuating the switch of each of

t he-evaguating units, the swtch actuator conprising an actuating nenber

for actuating the switch, an air cylinder having a piston rod, and a fixed

neridber, |t he astacabitdggnpiper4havieglightend isngelfaekcyedorabl pcattppedt éd on

the fixed nenber, the actuating nenber having a side extension angularly

dravabl y supp@WKEmm@ﬁxapdtsean encchy surface of the evacuating pipe 4.

iced in # Accordingly, a photoelectric sensor (see FIG. 18) composed of
a light-emitting element 101 and a light-detecting element

be de- 102 is effective to detect whether there is an evacuating

ch has pipe 4 between the light-emitting element 101 and the light-

that detecting element 102.

ng As shown in FIG. 18, the evacuating pipe detecting

acuat- device 18 comprises a photoelectric sensor unit 103 including

A is a substantially U-shaped support plate 100 having two spaced

£ 24 confronting arms 1007, 100B on which the light-emitting ele-

ne au- i; ment 101 and the licht-detecting element 102 are supported,

1ow- _ respectively, and a control actuator such as an air cylinder

sason ;? 104 for moving the photoelectric sensor unit 103 forward and

s 24 ; backward. The air cvlinder 104 is associated with sensors

> buld § 105, 106 for detecting forward and backward movement thereof.

When no object exists between the light-emitting

element 101 and the light-detecting element 102 and hence

light traveling thersbetween is not blocked, the photoelec-

tric sensor uni:t 103 is turned off. When there is an object
T 'between the light-emitting element 101 and the light-detec
ing element 102 and hence light traveling therebetween is
blOCked, the photoelectric sensor unit 103 is turned on.
After a cathode-ray tube bulb 1 that has been evac-
8ted and sealed is lifted with the holders to remove the
Vacuating pipe 4 from the sealing jig 26 and the evacuating

o : L. . ; . .
Tt 24 iq the position {[3], the photoelectric sensor unit
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the rod, the arrangenent being such that when at |east a pre- determ ne
foree is applied to the actuating nenber, the ac- tuator nenber is nove
retracting the rod. The above and ot her objects, features, an
advan- tageg.qf .the present invention w,ll| becope apparent.fromthe,

fol Few ng de§8 ibFiBﬂBS ’aﬁdﬂ?‘tfgt#%ft"i e ‘efoodPA8RE Bﬁ&&%?let‘ag]b’ee?’e%‘d i
conjunction with, the acc yi aw.ngs, ,i.n, whi i ke reference
nuner al s repfé’ggﬁf‘n?h’é‘g‘ég‘%‘?’g? %grﬁ' Kl otc):]yééflg.‘a’r 5‘89' BRI EF
DESCRI PTI ON OF THE DRA%ENgﬁe evacuating pipe 4 is not broken, then, as

shown in FIG. 20A, since the evacuating pipe 4 is present be-
tween the light-emitting element 101 and the light-detecting
element 102, and light emitted from the light-emitting ele-
ment 101 is blocked by the evacuating pipe 4, the photoelec-
tric sensor unit 103 is turned on. Therefore, it can be con-
firmed that the evacuating pipe 4 is not broken.

I1f no evacuating pipe 4 is present between the
light-emitting element 101 and the light-detecting element
102, then, as shown in FIG. 20B, the photoelectric sensor
unit 103 is turned off, making it possible to confirm that
the evacuating pipe 4 is broken and remains in the evacuating
port 24 of the evacuating cart 11.

The photoelectric sensor unit 103 is moved forward
and backward at different speeds as shown in FIGS. 198B. Mor=
specifically, after the cathode-ray tube bulb 1 has been elas-
vated as indicated by the curve P in FIG. 19A, the photoelec-
tric sensor unit 103 is moved forward at a lower speed in or-
der to pick up a detected signal S reliably from the photo-
electric sensor, and moved backward at a higher speed as in-
dicted by the curve V in FIG. 198. The higher speed of bacx-
ward movement of the photoelectric sensor unit 103 is
achieved by controlling the rate of flow of air suvoplied to
operate the air cylinder 104 which controls the movement of

the photoelectric sensor unit 103.
3
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FIG 1

a schematic view of a cathode-ray tube bulb; FIG 2

is.,a scijematic plan view of an apparatus for nmanufacturing cathode-ray
Lubes agcording to the present in- vention; FIG 3 is an

e R s i ng BERE T e SRR sit
the backward movement of the photoelectric sensor unit 103 is
completed, the cathode-ray tube bulb 1 is regarded as being
good.

When the light L from the light-emitting element
101 is not blocked until the backward movement of the photo-
electric sensor unit 103 is completed, the photoelectric sen-
sor unit 103 transmits a signal to an external controller of
the apparatus, indicating that the evacuating pipe 4 is bro-
ken.

The evacuating cart 11 on which the broken evacuat-
ing pipe 4 is left is removed out of the apparatus at the po-
sition [6), thus avoiding any secondary hazard or accident
which would otherwise tend to happen if another cathode-ray
tube bulb 1 were charged onto the evacuating cart 11 with the
remainiﬂg evacuating pipe 4.

After the evacuating cart 11 on which the broken
evacuating pipe 4 is left is discharged, a replacement evacu-
ating cart 11 is charged into the apparatus at the posi;ion
(71.

As shown in FIG. 24, the evacuating port 24 has a
port rubber seal ring 112 disposed between an evacuating pips
insertion member 110 and a cap 111 placed on the end of the
evacuating pipe insertion member 110. As schematically show:
in FIG. 25, the cap 111 is connected to an intermediate por-
tion of a lever 113 that is angularly movable about an end

thereof as a fulcrum 0. The lever 113 is normally urged by 2

- 27 -
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FIG 5 is an enlarged fragnentary plan view of the g

apparatus showmn in FIG 2; FIG 6 is an enl arged fragnentaf
ﬁlan view of the apparatus shown in FIG 2;

spring 114 to turn in a direction to loose the cap 111, i.e,,
bias the cap 111 away from the end of the evacuating pipe in.
sertion member 110. When the opposite end 113A of the lever
113 is moved, the cap 111 is moved away from and toward the
end of the evacuating pipe insertion member 110, elastically
releasing and deforming the port rubber seal ring 112 therebdy
to remove and provide a seal between the evacuating port 24
and the evacuating port 4.

As shown in FIG. 7, the evacuating cart 11 has two
engaging hooks 115 for engaging respective ends 113A of
levers 113 which project outwardly.

As shown in FIGS. 26A and 263, each of the engacg:l

\.()

hooks 115 has one end pivotally mounted on a panel of the
evacuating cart 11 by a pivot pin 116, and is normally urgs
by a spring 117 to turn counterclockwise about the pivot pin
116.

The evacuating port tightening device 16 is primar-
ily composed of the port rﬁbber seal ring 112, the lever 113,
and the engaging hook 115. The evacuating port tightening
device 16 also has a actuating rod 118 for lowering the lever
end 113A as shown in FIG. 26A.

When an evacuating cart 11 with the evacuating pipe

4 of a cathode-ray tube bulb 1 b2ing inserted in an evacua:-

ing port 24 is fed to the position (16} shown in FIG. 3, the

3
}
%

lever end 113A which is in a released position in FIG. 2%
lowered against the bias of the spring 14 by the actuating

rod 118 of the evacuating port tightening device 16. Ths
3

-_—

1
N
[§3)

1
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FIG 7 ips a front elevational view of an evacuating cart according to the
present fi nventi on; FIG 8 is a side elevational view of the
evacuat fng cart according to the present invention; FIG 9is a
side el gvational view of a centering device for a cathode-ray tube bulb

oo Sy e DS e MBILLO0na 113 mrs, 1dHGagkl Isvch Bakaml
el evatifonal oty Ofardi fh@ahicd® MBSh&s turned clockwise as indicated by

. the arrow a about the pivot pin 116 under the bias of the
spring 117 as shown in FIG. 26B. The hook 115 now locks the
lever end 113A of the lever 113 that is lowered. Since the
lever 113 is lowered, the cap 111 coupled to the lever 113 is
lowered, thus pressing and elastically deforming the port
rubber seal ring 112 to tighten the evacuating port 24 to
prevent vacuum leakage from between the eyacuating port 24

and the evacuating pipe 4.

As shown in FIGS. 27A and 27B, the evacuating port

tightening device 16 also includes a first operating rod 119

for slightly lowering the lever end 113A to a position in

which the hook 115 can easily be disengaged from the lever

end 113A, and a second operating rod 120 for turning the hoox
115 clockwise as indicated by the arrow b about the pivot pin
116 against the bias of the spring 117.

j When an evacuating cart 11 is discharged from the
evacuating furnace 13 to the position [1}) shown in FIG. 3 af-
ter a sealing process, the lever end 113A locked as shown in
FIG. 27A is slightly depressed by the first operating rod 119
until the hook 115 is disengaged from the lever end 113A
against the spring 114. At the same time, the second operat-
ing rod 120 turns the hook 115 clockwise as indicated by the
arrow b about the pivot pin 116. Now, as shown in FIG> 273,
the lever end 113A moves upwardly out of engagement with the

hook 115 under the bias of the spring 114. Upon upward move-
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ni sm according to the present invention; FIG 12 is a plan}view

of the floating mechanism shown in FIG 11; FIG 13 is al\view
of a floating stop device accord- ing to the present invention

FIG 14'is an elevational view of a dumry evacuat - i ng pipe

i nserting/renmvi vice_ac ding to.the present I nventi Qn; - xC
FFG 15 is™p é’n@g&ggwi%?’ °t hgi)%u‘f‘r?]‘ge%\?gb%iﬁaﬁg %nﬁéle SPTSES ﬁﬁfd/’réﬁﬁvi n

devi ce ShOW%ﬂ Qlﬁlgbtﬁéhs upwardly to its original position, allowing
the port rubber seal ring 112 to restore its original shapse,
thus loosening the evacuating port 24.

As shown in FIG. 7, the evacuating cart 11 has five
limit switches 122 ~ 126, i.e., a limit switch 112 for turn-—
ing on and off an oil rotation pump, a limit switch 123 for
turning on and off an oil dispersion pump, a limit switch 124
for opening and closing an air opening to return the pressure

in the two pumps slowly to the atmospheric pressure after a

sealing process, and a pair of limit switches 125 for turning
on and off the right- and left-hand sealing jigs to sepa-
rately heat the two evacuating pipes 4 on the evacuating cart
11.

As shown in FIGS. 28 and 30, each of the limit

switches 122 ~ 126 has a pair of actuator arms 128, 129 ince-

gral with a rotatable shaft 127 which are angularly spaced
90° from each other and angularly movable in a plane norma.
to the rotatable shaft 127. As the evacuating cart 11 mofes,
the actuator arm 128 or 129 is turned 90° by a switch actuzz-
ing bar 131 (described later on), thus actuating the limit
switch.

A limit switch actuator 130 for actuating each c?Z
the limit switches 122 ~ 126 is located at each of the posi-

tions [18}), [179), ([199]), and [(l}, for example.

ator 130 has a switch actuating bar 131 with an end therec?

- 3C - -
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FI G L6 Is a view showi ng the manner in which the dummy evacuati ng pi pe

I nser§ing/ renovi ng devi ce oper at es; FIG 17 is a view show ng
t he mpnner in which the
REPLACEMENT SHEET 07
3A5F1)97. rotatably attached by a shaft 134 to a fixed member 133 which
g is fixed to a support 132. The switch actuating bar 131 has
S an integral arm 135 integrally extending from a side thereoi

and having a free end rotatably connected by a shaft 138 to a
ive distal end of a rod 137 of a control actuator such as an air

cylinder 136. Sensors 139, 140 are mounted on front and rear

= | side surfaces of the air cylinder 136.

124 | For actuating each of the limit switches 122 ~ 126,

ure the rod 137 of the air cylinder 136 is projected to the

& : solid-line position shown in FIGS. 28 and 29. When the evac-

ng ] uating cart 11 moves under this condition, the arm 128 or 123
4 of.the limit switch is pressed by the switch actuating bar

fu
2!
ct

131 for angular movement through 90° into a horizontal posi-
tion about the rotatable shaft 127.

If the switch actuating bar 131 is engaged by the
== rotatable shaft 127 of each of the limit switches 122 ~ 126

for some reason, then, as shown in the two-dot-and-dash lines

- in FIG. 29, the switch actuating bar 131 is turned 9C° about

]

the shafts 134, 138. The rod 137 of the air cylinder 136 is
=T : retracted, and the sensor 139 switches from the on-state to
the off-state, whereupon such an abnormal condition can be
detected.

If it is assumed that the force regquired fer the
Switch actuating bar 131 to actuate any of the limit switches
122 ~ 126 under normal condition is represented by F;, the
force applied to the switch actuating bar 131 under zbnormal

‘Condition by Fz, ard the pneumatic pressure of the air cylin-
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dummy evacuating pi pe renoving device operates; FIG 18 is a%

perspective view of an evacuating pipe detecting device; FI
19A;, 19B,. and 19C are diagranms illustrative of operation of the evacuat g
pi pe detecting device shown in FIG 18; FI GS. 20A and 20B are
di agrans ill

devi ce shown

&éstt rléts' %S 25, OPhen SRl O et cdd1anAY BRUALLRE BirRE sdebeteklndo
meet the relationship: F3 > F3 > Fj.

In the position (18], the switch actuating bars 131

of the limit switch actuators 130 for turning on the oil ro-

tation pump and the oil dispersion pump and closing the air

opening for these pumps are positioned in the solid-line po-
sition shown in FIG. 30 when the limit switch actuators 130
operate (see FIGS. 2 and 3).

| In the position [179], the switch actuating bar 131
of the limit switch actuator 130 for turning off the oil dis-
persion pump is positioned in the broken-line position shown
in FIG. 30 when the limit switch actuator 130 operates (see
FIGS. 2 and 5).

In the position [199], the switch actuating bars

131 of the limit switch actuators 130 for turning off the oil
rotation pump and opening thé air opening for both the pumps
are positioned in the broken-line position shown in FIG. 30
when the limit switch actuators 130 operate (see FIGS. 2 and
4).

In the position {1}, the switch actuating bar 131

of the limit switch actuator 130 for closing the air opening
for both the pumps is positioned in the broken-line position
shown in FIG. 30 when thellimit switch actuator 130 operates
(see FIGS. 2 and 3).

The sealing power feeding devices ES; ~ ESzg each
for supplying a voltage to the sealing jigs 26 on a evacuat-

ing cart 11 for sealing cathode-ray tube bulbs 1 thereon ar

—_—
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18; i FIGS. 21A and 21B are views illustrative of the manner in
which fn evacuating pipe is detected,; FI GS. 22A and 22B are
views Jllustrative of the manner in which an evacuating pipe is detected;
IG 283 is aviewillustrative of the nmanner in which an evacuating pipe
$gdetfect ed; ) gcated in thd f@spébtiFedpbs BOIBHY af Ve 4 OSS[13AGL ii@N@hevi ew of -
an ‘eyacuating port according'to the present invention; FIG.

25 isfa di a%@é@ﬁ&*’ﬂd‘&dﬂiﬁd&r iBci(gkesrofs. 3, 5, and 6).
31 The automatic sealing jig detecting devices 143,
144 (see FIGS. 6 and 4) for detecting a sealing jig failure
are located at the position [163] immediately preceding the
sealing process and the position [192] immediately following
the sealing process.

A vacuum measuring device 145 for determining
Qhether a predetermined correct vacuum has been achieved in a
cathode-ray tube bulb 1 evacuated in the evacuating furnace
13 ié positioned upstream of the automatic sealing jig de-
tectiné device 143. If a predetermined correct vacuum has
been achieved as detected by the vacuum measuring device 145,
then the evacuating pipe 4 of the cathode-ray tube bulb 1 is
subsequently sealed. If a predetermined correct vacuum has
not been achieved as detected by the vacuum measuring device
145, then the evacuating pipe 4 of the cathode-ray tube bulb
1 is not subsequently sealed.

As shown in FIG. 8, various spring-like terminals
146 connected to the sealing power feeding devices ES; ~ ESpg
and the automatic sealing jig detecting devices 143, 144 are
mounted on a rear panel of each of the evacuating carts 11.
These terminals 146 are brought into resilient contact with
terminal rails on devices while the evacuating cart 11 is
moving. |

The terminals 146 include terminals C, G, K{(CF),

F1, F» for measuring a vacuum, an alarm terminal ALM (ground)
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ti gh't ening and | ooseni ng the evacuating port; FI GS. 26A a"
are.views show ng the manner in which the evacuating port is tightene§
FIGS 27A and 27B are views showi ng the manner in whi ch the evacuati ré

port is | oosened; FIG 28 is a perspective viewof alimt 2 A
swiit ch ac- ah&aéﬁraﬁﬁﬁﬂrﬁﬁfMiﬂal A Poesdntiitayengi &nmalfunction of RiHe |29
is a view showi ng the nmanner in which the limt switch actuator operata4s; ©

evacuating cart 11, and terminals EScom, ESL, ESR for applyiqqﬁ
a given voltage to the sealing jigs 26A, 26B on the evacuat-
ing cart 11.

As shown in FIGS. 31 and 32, each of the sealing
jigs 26A, 26B (indicaﬁed by 26) has a stem pin insertion mem-
ber 151 and a sealing coil heater 152 positioned next to the
stem pin insertion member 151 in coaxial alignment therewith
for receiving an evacuating pipe 4 inserted therein. When a
current is supplied to the coil heater 152, the coil heater
152 is heated to melt and seal the evacuating pip 4 inserted
therein. As shown in FIG. 33, the coil heater 152 has seven
coil turns, for example.

As shown in FIG. 34, the sealing jig 26 has an av-
erage resistance of 0.478 ({) which is an arithmetic mean
value calculated from 25 sample sealing jigs. In order to
minimize resistance variations of the coil heaters 152, each
of the sealing jigs has a variable resistor 153 (see FIG. 35)
for adjusting the coil heater resistance.

The sealing jigs 262, 26B on the evacuating carts
11 are supplied with a predetermined amount of electric power
from a constant-voltage power supply through the sealing
power feeding devices (sealing units) ES; ~ ESzg . The evacﬁ—
ating pipes 4 are heated to temperatures having predeterminec
temperature distributions depending on the positions (164) -~
{191]. The sealing jigs 26A, 26B on the evacuating carts 11

are supplied with voltages depeanding on the temperature dis-
3
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FI G S@ﬁ s a view show ng the relationship between a limt switch and the
limt svwtch actuator; FIG 31 is a plan viewof a sealing jig
acCerdifg to the present invention; FIG 32 is a

gross s¢ctional view of the sealing

}hs tributions through the sealing power feeding devices ES; ~

plying ES2g.

As shown in FIG. 35, in each of the evacuating
carts 11, the coil heaters of the sealing jigs 26A, 26B are
connected to the terminals EScom, ESL, ESR through a voltage
converter having a voltage conversion ratio of 208 : 20, for
example.

As shown in FIG. 35, each of the automatic sealing
iig detecting devices 143, 144 comprises a power feeding de-
vice connected to a constant-voltage power supply 154 and
having an automatic sealing jig detectihg function.

FIG. 36 shows a circuit érrangement of each of the
automatic sealing jig detecting devices. The automatic seal-
ing jig detecting device has voltage converters, i.e., sli-
dacs, 161A, 161B connected parallel to each other, in associ-
ation with the respective sealing jigs 26A, 26B. The voltage
converters 161A, 161B have respective primary windings con-
nected to a connector CN; connected to the constant-voltage
power supply 154, and respective éecondary windings connec:e:d
to a connector CN3 connected to the sealing Jjigs 26A, 26B.

The secondary windings of the voltage converters
161A, 161B are connected at one terminal thereof to respec-
tive ammeters 1624, 1628,.called linear sensor digital pane:
heaters, which have a display function.

The circuit arrangement also has AC terminals AL
for supplying AC power to operate the ammeters 162A, 162B,

common terminals Dg, and terminals LR, LL, PASR, PASL, HR,
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jig,. FIG 33 is a schematic view of a coil heater of the
seallng jig; FIG 34 is a graph showi ng the average resista
of “sealing jigs; FIG 35 is a diagramshowi ng the rel ation
be- tween an evacuating cart and an automatic sealing jig detect- in
deyi ce accomli.ng A euiriengr eagdneé invertess,of a lower linfittGof3@ pseaeti
di agram of the automatic seal- 1ing jig detecting device; and
range is detected at the terminals LR, LL. A current value
falling in the preset range is detected at the terminals
PASR, PASL. A current value in excess of an upper limit of
the preset range is detected at the terminals HR, HL. These
terminals are connected tc¢ the external controller of the ap-
paratus.

The circuit arrangement further has a breaker 163,
indicator lamps 164, 165A, 165B, relays 166A, 166B, and a
connector CNj.

When the coil heaters 152 suffer a short circuit or
wire breakage, the currents flowing through the secondary
windings of the voltage converters or slidacs 161A, 161B
change. Therefore, when such current changes are detected by
the ammeters 162A, 162B, a failure of the sealing jigs 263,
26B and hence the evacuating cart 11, and also an abnormal
condition of the cathode-ray tube bulbs sealed on the evacu-
ating art 11 can be detected. Each of the automatic sealing
jig detecting devices 143, 144 can also detect a short cix-
cuit across one turn of the coil heater 152. Such failure or
abnormal-condition information is written in a data carrie:
168 (see FIG. 7) which is provided on each of the evacuating
carts 11 for reading and writing information. Based on the
information stored in the data carrier 168, a malfunctioning
evacuating cart 11_can be replaced with a normal one.

If the coil heater 152 of each sealing jig 26 has

seven coil turns, a minimum change occurs in the coil resis-

3
|
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FI G 37 Is a graph illustrative of an operation of the apparatus.

DETAl LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT FIG 2

schemath cal |y shows an apparatus for manu- facturing cat hode-ray tubes

agcordi ng to the present inven- tion for use in an evacuating and sealing

prOaces Fl G3ande dudirtough sﬁxdrltl circate zarossisoporturmms Off tite igpper-at us
en- | ar ged scal e. In FIGS. 2 through 6, the apparatus

i ncl udps a psemed that ttyla)fse@\lactsatJREQZ6ac©mpnilswm|a:wlmr@lrf@(¥@tsé§ﬁwe

respe ve body, the minimum resistance change Apin is expressed by:

Anin = 0.478 (Q)/8

= 0.05975 (Q).

The reasons why the minimum resistance change Apin
can be detected by the automatic sealing jig detecting de-
vices 143, 144 will be described below.

A resistance Bpin, of the sealing jig when it suf-
fers a minimum resistance change, a resistance Bpax thereoif
when it is fully short-circuited, and a resistance Bgpn
thereof when it suffers a wire break are given as folldws:

Buin = 0.478 (Q) - 0.05975 ()

= 0.41825 (),

Bpax = 0 (), and

Bopn = = (Q).

It is now assumed that a normal sealinc jig is iIn-
dicated by Gokx, a sealing jig suffering a short circuit across
one coil turn by Gpj, a fully short-circuited sealing jig by
Gmax, and a sealing jig suffering a wire break by Gopn-

The secondary winding resistances Cokr Cmins Cmaxs
Copn: as viewed from each of voltage converters 1£3A, 16938
(indicated by 169), of the sealing jigs Goxs Gmins Gmaxr Gopn
are given as follows:

Cok = 0.5 (),

Cmin = 0.5 () - 0.05975 (Q)

= 0.44025 (Q),
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successive positions [1] - (206) on endlessly | ooped evacuat - I ng ful,
raids 10 which partly extend into an evacuati ng '
-12-", furnace 12. The evacuating carts 11 are circulatingly nov-

Cmax = 0 ~ 0.15 (), and
Copn = %= ().
The variable resistor 153 can be adjusted in a
range of from 0 to 0.15 (Q), so that the sum of the resis-

tances of the sealing jig 26 and the variable resist.or 153

can be adjusted to 0.5 (Q).

The impedances Dok, Dmins Dmax: Dopns as viewed from
the automatic sealing jig detecting devices 143, 144 through
the voltage converter 169 having a wvoltage conversion ratio
of 208 : 20, of the sealing jigs Goks Gmins Gmaxr Gopn are
given as follows:

Dok = 0.5 (Q) x (208/20)2

[

54.08 (Q),
Dmin = 0.44025 (Q) X (208/20)2
= 47.62 (Q),
Dmax = 0 ~ 0.15 () x (208/20)2
=0 ~ 16.22 (Q), and
Dopn = = {Q).
Each of the ammeters 162A, 1€23 has the £following

primary specifications:

Power supply voltage: AC 100 ~ 240 Vv

Input type: AC

Input range: 00.20 ~ 10.00 (&)
Accuracy: * 0.1 %

Others: Comparison with a current

setzing may be made, and

the result may be trans-

- 38 - —_—

This Sheet Has Been

T



abl e

evacuat
regron
nmoves
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10, 1.

| ocat i

ﬁj

af

1)

ng the evacuating furnace rails 10 froma region 12 outside of the
ng furnace 12 into the evacuating fur- nace 12 and back into the
12, in an intermttent man- ner such that each evacuating cart 11
yclically for 15 seconds and then stops for 15 seconds.

automati c devices are arranged al ong t hdttedacuapmagifaddxncasrails

p., the feed path for feeding the evacuating carts 11 thereal ong.

at the position [9] for automatically transferring a cathode-ray
external source.

For eEEnple, an auto- matic cathode-ray tube hullragisdsgongouspigetesans

Currents are detected using the ammeters 162A,

162B. Currents Iok, Imins Imaxs Iopn flowing into the ammeters

162A, 162B connected to the sealing jigs Gokr Gmins CGmaxs Gopn
are as follows:
Iok = 6 (V)/(54.08 () + 1 (Q))
= 0.109 (Aa),
Imin = 6 (V)/(46.62 () + 1 (Q))
= 0.123 (A),
Imax = 6 (V)/(0 ~ 16.22 (Q) + 1 (Q))
= 6 ~ 0.348 (A), and
Iopn = 6 (V) /e (Qy = 0 (7).
A minimum current change AI produced by the sealing
jigs 26A, 26B is:
AI = Ipin - Iok = 0.014 (A).
Considering the accuracy of the ammeters 1623,
1628, i.e.,
10.00 ¢(A) X £ 0.1 %
=1 0.01 (&),
and also FIG. 37, it is possible to automatically detect a
sealing jig failure due to a short circuit across one turn of
the coil heater 152, with a probability considerably higher
than 80 %, and also to automatically detect reliably a seail-
ing jig failure due to a wire break of the coil heater 152 or

a short circuit across two or more turas of the coil heater

- 3 9 -
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tube bulb 1 (see FIG 1) that has been conveyed froman elec- tron-g@
seal.ing process by a conveyor onto an evacuating cart 11.

cat hode-ray tube bulb centering device 15 is 1lo- cated at the posit
[14] for automatically positioning or centering a cathode-ray tube B
that has royg@l y been pl aced on the evacuating cart 11 by the autonag

%

cat Hode-r ay fube bul b charging device 14 so that an evacuating pipe 2

the cathode-ray tube Rulf,leg@NoPes i f5erd18% s BHR o2RaBKABEALhe aifgt POS :.;
(described later on). -

1623, 162B connected to a fully short-circuited sealing jig.

Since this current value falls within the input range of the
ammeters, no damage is caused to the ammeters when such a
current flows in, and hence no problem arises with respect to
the circuit protection of the automatic sealing Jjig detecting
devices 143, 144,
| FIG. 37 will be described below. If a comparison

setting for the ammeters is 0.119 (A), then, prvided varia-
tions are uniform, the probability that a sealing jig with a
short circuit across one turn of the coil heater 152 is erro-
neously determined as a good sealing jig is,

(0.119 - 0.113)/(0.133 - 0.113) = 30 %.

If a comparison setting for the ammeters is 0.116
(A), then, provided variations are uniform, the probability
that a sealing jig with a short circuit across one turn of
the coil heater 152 is erroneously determined as a good seal-
ing jig and the probability that a good sealing jig is erro-
neously determined as a poor sealing jig is,

(0.116 - 0.113)/(0.133 - 0.113) = 15 &,

(0.119 - 0.116)/(0.119 - 0.099)

15 %,

15 % + 15 % = 30 %.

If a comparison setting for the ammeters is 0.113
(A), then, provided variations are uniform, the probability
that a good sealing jig is erroneously determined as a poor

sealing jig is,
4

e —
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An evacéuhting port tightening device 16 is | ocated at the position [16]
fotr-autdmatical ly tightening the port rubber nenber of an evacuating port
to prevgnt vacuum | eakage after the evacuating pipe 4 of a cathode-ray
tube bufb 1 has been inserted into the evacuating port.

power feeding(gdeviges ES©yA(o. 1880 er bl 036§ Lozo .

Since the variations are approximated by a norma:
distribution, as shown in FIG. 37, if 0.116 is used as a conm-
parison setting when an overlapping area is minimum, then it
is possible to determine a sealing jig failure with a proba-
bility of at least:

100 - 30 = 70 %.

Operation of the apparatus for manufacturing cath-
ode—ray tubes according to the present invention will be de-
scribed below.

In the position [8], the lid 33 of the protective
cover 34 of an evacuating cart 11 is opened. Then, the evzc-
uvating cart 11 is moved to the position [9] in which cathozZa-
ray tube bulbs 1 are automatically transferred onto the evzz-
uating cart 11 by the automatic cathode-ray tube bulb charcg-
ing device 14.

Then, in the position [14], the cathode-ray tubs

bulb centering device 15 is operated to cause the chucks 443,

44B, 45A, 45B, 46A, 46B to pbsition the evacuating pipes-4 of
the cathode-ray tube bulbs 1 into alignment with the evacuz:z-
ing ports 24A, 24B. The cathode-ray tube bulbs 1 are lowersd
together with the holders 35 to insert the evacua:ing pipes 4
through the sealing jigs 26A, 26B into the respeczive evac:-
ating ports 24A, 24B.

Then, in the position (16], the 1lid 33 is automz-i-
cally closed, and the port rubber seal rings 112 cf the evz:z-

uating ports 24A, 248 are automatically tightened by the
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- 13- cated in the respective positions [164] - [191] in the evacu-
furmace 13 for supplying a voltage to achieve a prede- term ned 3
tenperature pattern to sealing jigs (described later on) on evacuatlng
carts 11 for seallng the cathode-ray tube bulbs 1 thereon. 5

Aubomali ¢ SAAl gt d ) HELCRLGRYAIKLCaSV IS 1 ¢ Mo [He ALl PIRd Filld Shg
detecting aling Jig is good or poor are positioned
reSpeCtiVe'@héﬁuﬁ*ﬁ%é%&ﬁé'ﬂH%%ub%Gghe evacuating ports 24A, 24B.

Thereafter, the evacuating cart 11 is delivered
into the evacuating furnace 13. In the position {18], the
limit switches 122, 123, 125, 126 are actuated by the limit
switch actuator 130 for thereby turning on the oil rotation
pump and the oil dispersion pump and also turning on the
sealing jigs 26A, 26B. Subsequently, the evacuating cart 11
i§ conveyed in the evacuating furnace 13 in which the cath-
ode-ray tube bulbs 1 are evacuated. In the position [161]},
the vacuum in the cathode-ray tube bulbs 1 is measured by the
vacuum measuring device 145.

If a predetermined vacuum is not achieved in the
cathode-ray tube bulbs 1, then the sealing jigs are turned
off in a subsequent sealing process based on the information
from the vacuum measuring device 145, and the cathode-ray
tube bulbs 1 will not be sealed.

If a predetermined vacuum is achieved in the cath-
ode-ray tube bulbs 1, then the cathode-ray tube bulbs 1 will
be sealed in the sealing process.

In the position [163] preceding the sealing pro-
cess, the coil heaters 152 of the sealing jigs 26A, 26B are
checked by thg automatic sealing jig detecting devices 143,
144. The information representing the checked status of the
coil heaters 152 is recorded in the data carrier 168 of the
evacuating cart 11.

Then, while the evacuating cart 11 is moving
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[ 192] ohf he opposite ends of the array of the sealing power feeding
deykce S[err] - ES[err]. An evacuating port | oosening device
17 is l'ogated at the position [1] just outside and downstream of the
evacurw iting furnace 12 for automatically | oosening the port rubber

of an evacuating port in preparation for automatic re- noval of a
cat hdde-f ay thasuddulthel pesisionpe (204t uat [H Jpi pde £vacREdNINRIPBECA

seal ed. An evacuatlngﬁplpe detecting device 18 |% Iocated at
_zt_gde posutuorﬁ‘[%]sqao‘redcmnrﬁlllﬁg et RBPE I HI TS/ ribptions based o

the electric power supplied by the sealing power feeding de-
the
vices ES; ~ ES2g. In the position [178], the limit switch 123

ims
élt is actuated by the limit switch actuator 130 to turn off the
o 0il dispersion pump.

In the position [192) following the sealing pro-
cess, the coil heaters 152 of the sealing jigs 26A, 26B are
checked again by the automatic sealing jig detecting devices
143, 144. The information representing the checked status of
the coil heaters 152 is recorded in the data carrier 168 of
the evacuating cart 11.

In the position [199], the limit switches 122, 124
are actuated by the limit switch actuator 130 thereby to turn
off the oil rotation pump and open the air opening for both
the pumps, so that the pressure in the oil rotation pump and
the oil dispersion pump will gradually return to the atmo-
spheric pressure.

When the evacuating cart 11 leaves the evacuating
furnace 13, the limit switch 124 is actuated by the limit
switch actuator 130 to close the air opening. In the posi-
tion [1) outside of the evacuating furnace 13, the port rub-
ber seal rings 112 of the evacuating ports 24A, 24B are loos-
ened by the evacuating port. loosening device 17.

In the position (2], the 1lid 33 of the protective

. cover 34 is opened. The sealed cathode-ray tube bulbs 1 are

lifted with the holders 35.
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pi pe 4 of a cathode-ray tube bulb 1 has been renoved fromthe evac I ng

por.t .and the sealing jig w thout being broken. An aut one
cathode-ray tube bul b renoving device 19 is located at the positi 4]

for ‘automatically transfer- ring a cathode-ray tube bulb 1 which h"_ been 17

evacuated and  seal 2 LANEYQT éb!’]‘ atﬂgxégg&?%gﬁ% pipe det ect it egd

evacuatlng pi pe inser |ng nDV|ng ocat

£ al
along the fged pahly far obegaexa% coRELER Sdie !k HPle RNt paRd >
renmovi ng a dummy evacuat i ng
4 are damaged or not. If not damaged, then the sealed cath
, er
ode-ray tube bulbs 1 are automatically removed from the evac- o
. ol

uating cart 11 by the automatic cathode-ray tube bulb remov

ing device 19 in the position [4], and transferred to a next
process. If the evacuating pipes 4 are damaged and remain in;
the evacuating ports 24A, 24B, then the evacuating cart 11 is
diécharged from the apparatus at the position [6], and a re-
placement evacuating cart 11 is charged into the apparatus at
the position (7].

If no cathode-ray tube bulbs are supplied to an
evacuating cart 11 at the first position [9], then dummy
evacuating pipes on the evacuating cart 11 are inserted into
the evacuating ports 24A; 24B by the dummy evacuating pipe
inserting device 22A., In the position [16]), the port rubber
seal rings 112 of the evacuating ports 24A, 24B are tightened
by the evacuating port tightening device 16.

The evacuating cart 11 then travels through the
evacuating furnace 13. In the position [1] outside of the
evacuating furnace 13, the port rubber seal rings 112 of the
evacuating ports 24A, 24B are loosened. Thereafter, when the
evacuating cart 11 is moved to the position (2], the dummy
evacuating pipes 36 are removed from the evacuating ports 24

by the dummy evacuating pipe removing device 22B, and stored

on the storage members 37A, 378 on the evacuating cart 11.

Since the apparatus has the automatic devices 15,

I

139
o£a

1
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-14- b'pe into and from an evacuating port of an evacuating cart 11 in

orgder tofbe able to keep an evacuating punp operated at all times, i.e.,

to perfofm so-called automati c vacuum agi ng, even if no cathode-ray tube

bul b hasf been transferred onto an

tegrin ¢ ’ i
Gt“ngﬂ i6, 17, 18, ‘19, 141, 142, it can automatically evacuate anc

1 . ’ )
g plpe§_ seal cathode-ray tube bulbs with increased reliability.

catp. . )
th G In particular, the cathode-ray tube bulb centering

3 evacj”' device 15 can automatical}y position accurately a cathode-ray
tube bulb 1 which has roughly been placed on an evacuating
cart 11 by the automatic cathode-ray tube bulb charging de-
vice 14. Therefore, the evacuating pipe 4 of the positioned
cathode-ray tube bulb 1 can easily and reliably be inserted
into a corresponding evacuating port.

Each of the dummy evacuating pipe inserting/
removing devices 22A, 22B can automatically insert a dummy
evacuating pipe 36 into an evacuating port on an evacuating
cart 11 onto which a cathode-ray tube bulb 1 has not been
charged. Because of the dummy eQacuating pipe 36, the evacu-
ating cart 11 can be subjected to vacuum aging. Therefore,
the evacuating cart 11 is prevented from malfunctioning due
to a reverse flow of o0il from a vacuum pump which would oth-
erwise be caused by an oversight on the part of the worker o
insert a dummy evacuating pipe 36.

Subsequently, the inserted dummy evacuating pipe 36
can automatically be removed from the evacuating cart 11.
Accordingly, a secondary accident which would otherwise be
caused by charging a cathode-ray tube bulb 1 onto the evacu-
ating cart 11 with the dummy evacuating pipe 36 left therecn
is prevented from occurring.

The evacuating pipe detecting device 18 can auto-

matically detect even a short circuit across one turn of th2
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H

evacuating cart 11 at the position [9]. More specifically, |the
~dupny evacuating pipe in- serting device 22Ais |located at a positio
*e¥g., the posi- tion [12], downstream of the position [9] wherein a _
cathode-' ray tube bulb 1 is charged, for inserting a dunmy evacuating ode T

PL=pe 1 ”toc%qle\é@suakgng PRétefbré BYAHIPdsRADIAr koliuebhativhllpy de~ ‘
cat-hode-ray tube bul b has charged. The dunmy evacu- ating pipe renoving ot
devi ce 22Beict,| aeahadeatlg pimefidntaikig whikd mayi happep2ihesi the to k he

end of the processing cycle, for renoving a dummy evacuati ng pi pe frofg an cu¥!
evacuat - evacuating pipe 4 of a cathode-ray tube bulb 1 is sealed, and

to automatically determine the prevention of such a failure ]
v

from happening again.

Since a failure of the sealing jigs 26A, 26B can be
detected with higher accuracy than heretofore, the production
of cathode-ray tubes based on less accurate worker judgment
can be avoided.

If the switch actuating bar 131 of the limit switch
actuator 30 is engaged by the rotatable shaft 127 of each of
the limit switches 122 ~ 126 for some reason, theﬁ the switch
actuating bar 131 is turned 90° about the shafts 134, 138 by
the rotatable shaft 127, thus retracting the rod 137 oI the
air cylinder 136. The sensor 139 can detect such an abnormal
condition. Accordingly, such an accident can be detected
early, and the apparatus may automatically be brought into an
optimum condition based on the detected information. It is
thus possible to avoid inaccurate worker judgment and cpera-
tions with low reliability.

The evacuating pipe detecting device 18 can detect
whether the evacuating pipe 4 of a sealed cathodeftay tube
bulb 1 is damaged or not. If the evacuating pipe 4 is bro-
ken, then the evacuating_cart 11 carrying such a sealec cath-
ode-ray tube bulb 1 is discharged, and a new evacuating cart
11 is charged into the apparatus. Consequently, a seccndary

accident which would otherwise be caused by charging a cath-
3
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' an evacuating cart 11. As shown in FIGS. 7 and 8,

each of #'#e evacuating carts 11 two evacuating ports 24A, 24B and two

'gs 26A, 26B having respective heater coils so that two cat hode-

pul bs 1 can be charged sinultaneously onto the evac- wuating cart

pf  ble-rcawmctrsde rtgﬂ;inrlt oMpAthelBvhcuating| @aictt ollanwiid tdiesper si on

an oil rotation punp (both not shown). The evacuating ports 24A,
e demmyi evR¢uasls RipEsS talefipthesermni s PRRVRNtRE of 280 cmax| -

each ot her. Vertical support colums 31A, 31B and
curring.

Having described a preferred embodiment of the in-
vention with reference to the accompanying drawings, it is to

be understood that the invention is not limited to that pre- - .

cise embodiment and that various changes and modlflcatlons'
could be effected by one skilled in the art without depa
from the spirit or scope of the invention as defined in th

appended c¢laims.
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32A, 32B are al so nounted on the nount base 28 on opposite sides of%
set -of evacuating port 24A and sealing jig 26A and the set of evacu
port, 24B and sealing jig 26B. The - 48 -

11:, 5 support colums 31A, 31B. and 32A, ciil%ﬂzupport”“ﬂn"m]“"ﬂ ||m|||

1. An apparatus for manufacturing a cathode-ray

tube by evacuating a cathode-ray tube bulb and sealing an
5 evacuating pipe of the cathode-ray tube bulb, comprising:
an evacuating furnace;

a plurality of evacuating units for carrying re-
spective cathode-ray tube bulbs thereon, and evacuating and
sealing the respective cathode-ray tube bulbs;

10 means for feeding said evacuating units circulat-
ingly along a feed path into and out of said evacuating fur-

nace; and

an evacuating pipe detecting device disposed at a
position along said feed path for detecting whether the
15 evacuating pipe of the cathode-ray tube bulb carried on each

of said evacuating units is damaged or not.

2. An apparatus according to claim 1, wherein said
evacuating pipe detecting device comprises:

20 photoelectric sensor means having a light-emitting
element and a light-detecting element which are disposed in
spaced confronting relationship to each other; and

control means for reciprocally moving said photo-
electric sensor means so as to allow the evacuating pipe of

25 the cathode-ray tube carried on each of said evacuating
units to pass between said light-emitting element and said

light-detecting element.

3. An apparatus according to claim 2, wherein said

This Sheet Has Been Refilaced
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pl osi on-;
openabl

Pesistant mesh-1ike protective cover 34 haX“““\m\\\“L\\‘\‘\ “\

closable lid 33 hinged thereto. The explo

mesh-| i Kk protective cover 34 can house ta80-cat hode-" ray t ube bulbs 1 that
are sup Tt ed by hol ders 35. The central axis of each of the
support coéumﬂﬁolSﬂéangleomprspaseﬁeénsnfbhemoenngataédiphotoemecevicuating
port” 244 accurately by a desired di stance L[err], and the central axis of
each of thsensppomeanslhawarGZﬁheSQEacuatpagenlpeont ahspeedt highegxi s of

uating port 24B accurately by the sane distance L[err].
than a speed at which said photoelectric sensor means moves

away from the evacuating pipe.

4. An apparatus according to claim 1, 2 or 3, further
comprising:

means for discharging, out of said feed path, an

evécuating unit on which the evacuating pipe is detected as
being damaged by said evacuating pipe detecting device and

remains.

5. An apparatus according to claim 1, 2, 3 or 4,
further comprising:

dummy evacuating pipe insert/removing means for
inserting a dummy evacuating pipe into and removing a dummy
evacuating pipe from an evacuating unit on which a cathode-

ray tube bulb is not carried.

6. An apparatus according to claim 5, wherein each
of said evacuating units has an evacuating port for evacuat-
ing the cathode-ray tube bulb carried thereon, said dummy
evacuating pipe insert/removing means compriéing:

a floating mechanism;

a movable base movable by said floating mechanism;

a first chuck assembly for holding and
transferring a duﬁmy evacuating ﬁipe onto said movable base;
and

a second chuck assembly for holding a reference
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The hol ders 35 with the cathode-ray tube bulbs 1 supported thered
vertically be noved by a notor, for ex- anple. Two st
newbers 37A, 37B are nounted on one eRdspof the nount base 28 of e
t he evacuatlng carts 11 in alignment with the respective evacuati
24A, 24BmemBexpardt iassuhemy paeatatatrmigheel mi&ﬁ,orﬂcrrémmsmﬁep sa
di afreter as that of the evacuating pipe 4 (see FIG 1) are de
i nsert edwith hespemtadge mrm&c@lﬁ,nqsmrt of each of /@uhown n FI GS 9

and 10, the cathode-ray tube Ths Shect Has 5
HlllllHllllHMlllHill
5 7. An apparatus according to any one of claims 1 to ‘

6, wherein each of said evacuating units has a sealing jig for
sealing the evacuating pipe of a cathode-ray tube bulb carried:
thereon, further comprising:

sealing jig detecting means for detecting a

10 failure of the sealing jig of each of said evacuating units.

8. An apparatus according to claim 7, wherein said

sealing jig detecting means comprises:
a terminal assembly for contacting an external
15 terminal of the sealing jig of each of said evacuating
units;
a constant-voltage power supply for supplying a
constant voltage to said terminal assembly; and
an ammeter conneéted to a current path of said .
20 terminal assembly for detecting a current change in said

current path depending on a failure of the sealing jig.

5; An apparatus according to any one of the preceding
claims, wherein each of said evacuating units has a switch,
25 further comprising:
a switch actuator for actuating the switch of each
of said evécuating‘units;
said switch actuator comprising an actuating

member for actuating said switch, an air cylinder having a

A




;lng device 15 includes a fixed base 4 e base 42
‘the fixed base 41 by a floati ng mech Iﬂm”mm "llrlr“Tm)vement I n

per pendi cular X and Y di - rectg I"eés base 42,

f supported two pairs of first chucks 43A 43B and 44A, 44B for

SistUHPRYd, GHIMEREA nekberd s3dd abtfaatiierpeninbet \havingppo-
an end angularly movably supported on said fixed member,

said actuating member having a side extension angularly

movably supported on a distal end of said rod, the

arrangement being such that when at least a predetermined

force is applied to said actuating member, said actuator

member is moved retracting said rod.

10. An apparatus for manufacturing a cathode ray tube
constructed and arranged to operate substantially as

hereinbefore described with reference to Figures 2 to 37.

11. A method of manufacturing a cathode ray tube
including the steps of providing an apparatus according to any
15 one of the precgding claims; and
operating the apparatus to manufacture a cathode ray

tube.

e
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-16- site sides of the evacuating port'“%ﬂﬁ“‘248 f7'éach BUACHAT
cart 11, a pair of second chucks 45A, 45B|f Ol RBM Ny Gvemetk S°6fF
cathode-ray tube bulb 1, and a pair of thfrd chucks 46A, 46B for hol
t he evacuating pipe 4 of each. cathode-b@
fifst chucks 43A, 43B and 44A, 44B can be noved orward and backward,
i.e’, toward and ‘away fromthe suppor ABSEBAGENs 31A 31B and 32A, 32B,

respectively, by re%§e0t|v
PARATUS FOR MANUFACTURING CATHODE-RAY TUBES

A plurality of successive evacuating carts for
5 carrying respective cathode-ray tube bulbs thereon are
circulatingly fed along a looped feed patﬁ into and out of
an evacuating furnace. While in the evacuating furnace, the
cathode-ray tube bulb carried on each of the evacuating

carts is evacuated, and the evacuating pipe thereof is

10 sealed. An evacuating pipe detecting device is disposed at
a position along the feed path for detecting whether the
evacuating pipe of the cathode-ray tube bulb carried on each
of the evacuating units is damaged or not. If the
evacuating pipe of any cathode-ray tube bulb is detected as

15 being damaged and remains on the evacuating cart, the
evacuating cart is discharged out of the feed path, and a

replacement evacuating cart is charged into the feed path.

Fig. 2

20

is Sheet Has Been Replaced

i

T




e.g., respective air cylinders 47A, 47B and 48A 488
thlrd chucks 45A, 46A are ver- tlcally aligned with each
'_be moved forward and back x@g .e., toward and away from
gt the evac- uating pipe 4, spectlvely of one of the two
if ube bul bs 1 by a common control actuator, e.g., an air
Simlarly, the other second and third chucks 45B, 46B are
gned with each other, and can be noved forward and backward,
and away fromthe neck 2 and the evacuating pipe 4,
of the ot her

FIG. 1
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cat hodeZ#§¥ tube bulb 1 by another common control actuator, e.g., an air
' 4oB. In FIG 10, the third chucks 46A, 46B are omtted from

il tustr on as they underlie the re- spective second chucks 45A, 45B.
The centjihl axes of the first chucks 43R/343B are spaced fromthe central
axes of? e second and third chucks 45A, 46A by a distance L2 which is
.oy the sane as the di stance L[err] between the central axis of
each of‘@® he support colums 31A, 31B and the central axis of the
evacuat:#fng port
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(L[ err]
F 44B are al so spaced fromthe centra
s 45B, 46B by the distance L2 which is accu-

Llerr]).

Li kew se,

the central
axes of the second and
rately the sane as

axes of the first

e L[err] between the central 342fs
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of each
evacuat i bort 24B.
f1 oat i ngsaEch-

directi 4.

FIG. 4

"a | ower

ani sm 46 conprises a plu
Ffrests 51 in the illustrated e
*the fixed base 41, and a plurality of
surface of the novable
th the respective rests

[ty of
i ment,

novement

,:he support colums 32A, 32B and the central axis of the
As shown in FIGS. 9, 11, and 12, the

rests 51, i.e., four ax-

ro-

nounted on an upper
tatable balls 52
base 42 and held in rolling
in the X and Y

A plurality of springs 53, i.e., six axisymmetric
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spri i are i nterposed and act between the fixed base 41 and the

npval e 42 for normally urging the center of the novable base 42 into

Al i with the center of the fixed b%ge 41. The springs 53 are coupl ed
spring re- tainers 54 mount 8433n the fixed base 41 and at the
to spring retainers 55 nounted on the novabl e base 42.

pl e base 42 has an overfloating prevention mechani sm 65 for

Fthe floating novenent thereof to a certain range. Mre

TIIy, as shown in FIG 11, the novable base 42 includes a boss 58
Ly projecting cen-
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the | ower surface thereof and inserted in an openi ng 57

itrally in the upper surface of the fi xed base 41. The novabl e
¢ hori zontal ly novabl e 6/35 - 18-

23 : . / -
gct to the fixed base 41 in an Interval correspond-
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f stance DL between the edge of the opening 57 and the outer

Ing to )

ci rcu i al surface of the boss 58. The cat hode-ray tube
but b cei Fng device 15 also includes E ? soating stop device 59 for
securi = novabl e base 42 against wo 6 I ng novenent whi ch woul d

ot’her ¥e caused by the floating nechanism 46, while the first, second, .
' Ehucks 43a, 43B, 44A, 44B, 45A, 45B, 46A, 46B are being noved by

i nders 47A, 47B ,48A, 48B, 49A, 49B. As shown in

the floating stop device 59

FIG.7
ﬁ 5%

35 3) 35 ]
b & s &

MSEERLA

268

ﬁF’\ . t-328B
1248l

P L 28

| 5 N

HIIIE N
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conpri ses i wedge- shaped body 61 nmounted on the fixed base 41 and
vertical | ygnovabl e by a control actuator such as an air cylinder 50, for
exanpl e, #Ad a through hole 63 defined igys | ower panel of the novable
basé 42 afH having a tapered sur- face 63 for engagi ng the wedge-shaped
body 61. hen the wedge-shaped body 61 is lifted to an upper position and
di's- enf ged fromthe tapered surface 63 by the air cylinder 60, the
nmovabl e ;Jkse 42 is in a floating state and hence novable wth respect to
the fixdQ base 4.1. Wien the wedge-shaped body 61 is lowered into intinmate

cont ac ith the tapered
FIG. 8
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surf acef by the air cylinder 60, the novable base 42 is fixed with
respect go the fixed base 41, and no longer in the floating state.
The fl o3 ng nechani sm 46 may conprise an, el ectro- magnetic mechani sm
whi ch ofiér at es based on super conducti vi t%/35to make the novabl e base 42
fléoati Ny novable with respect

448

A
i

45 B

A2

49B
\
III
46
ok
)
51
7 7 /7 7/

- 41

i

488

I

65

52

//?l/_/ v

FIG. 9

This Sheet Has Been Replaced .

| LT




-19- tp the fixed base 41. When the evacuating carts 11 are

noved to gand stopped at the position [14] where the cathode-ray tube bulb
centering device 15 is positioned, the 1Qj//agcsuati ng carts 11 tend to stop at
slightly; "di fferent positions. To position each of the evacuating
carts 11 accu- rately at the position [14], the cathode-ray tube bulb cen-

48A
498

478

iy
ol
|
|
T

L

FIG. 10

24A

L1

1A
D
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tering device 15 operates as follows: Wth the novable base 42 fixed with
respect gt o the fixed base 41 by the floating stop device 59, the first
chicks 43A, 43B, 44A, 44B as they are an are noved forward by the
respectyve air cylinders 47A, 47B, 481 BY to positions in which they can
grip the support columms 31A, 31B, 32A, 32B, respectively, of the

evacuatf ng cart 11. Then, the floating stop device 59 is in- activated to
bring ghe novabl e base 42. into a floating state, after which the first
chucks 43A, 43B, 44A, 44B grip the cor- responding support colums 31A,
Now, the nov-
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able basg 42 is noved so as to follow the evacuating cart 11, and y .
positiorned with respect to the evacuating cart 11. Then, the
seeond gpd third chucks 45A, 46A and 45B, 46B as they are open are noved
si mul t ageously forward by the respectid@ ¥ r cylinders 49A, 49B, and the
second ¢hucks 45A, 45B grip the respective necks 2 of the correspondi ng
cat hode- ray tube bulbs 1, and then the third chucks 46A, 46B grip the
respective evacuating pipes 4 thereof. In this manner, the cat hode-ray
tube byl bs 1 are brought into respective proper positions with respect to
t he evgcuating cart 11, i.e., cen-

| FIG. 12

4 FC
()
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- 20- t!red Wi th respect to the evacuating cart 11, with the evacu-
ati-ng pi pgs 4 positioned above the evacuating ports- 24A 24B.

The .second chucks 45A, 45B grip the respective necks 2 of the
correspondlng cat hode-ray tube bul bs 1 é@l3éf

Sy e
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phy5|caI4|nterference with the glass stens 6 thereof as the glass stens 6
shoul d be free of any scratches, cracks, or danmage which woul d be
responsijhl e for possible vacuum | eak- Q?35 - After the

cat hode-ray tube bul bs 1 have been cen- ered on the evacuating cart 11,

t he f|r$t second, and third chucks 43a, 43B, 44A, 44B, 45A, 45B, 46A, 46B
are opej ed and then retracted, i.e., noved backward, by the air cylinders
47A, AT7B 48A, 48B, 49A, 49B. Subsequently, the cathode-ray tube bulbs 1

are | ogered vvithFh7[r]old7&35, so that the

22[22A,228]
788 76 B
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U
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evacuatifng pipes 4 are inserted into the respective evacuat- ing ports
24A, 24F through the respective sealing jigs 46A, 46B. The
dunny e;acuatlng pi pe inserting/renovin vi ces 22A, 22B are identical
in strugture to each other though theygUBE¥5te in different sequences.

Each of jt he dumry evacuating pipe inserting/ renovi ng devices 22A, 22B is
substanjially identical in .structure to the cathode-ray tube bulb
centerifhg device 15. Specifically, as shown in FIGS. 14 and 15, each of

t he durg

7
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evacuatlgg pi pe inserting/renoving devices 22A, 22B conpri ses a fixed

base 71 &and a novabl e base 72 nounted on the fixed base 71 by a floating
nechanis 73 for movenent in nutually 3g/35

- 21- E
- B ' !

FIG.T6

78A

(78B) @ - ©®
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per pendz%ul ar X_and Y directions. On the novabl e base 72, there are

support a pair of first chucks 74A, 74B for hold- ing the outernopst
support gcol unms 31A, 32B, respectively, each evacuating cart 11, a pair
of secof dd chucks 76A, 76B for holding &U%ﬁy evacuati ng pi pes 36 and
imsertifg or removing theminto or fromthe evacuating ports 24A, 24B of

t he evqpu- ating cart 11. The first chucks 74A, 74B can be
noved fgorward and backward, i.e., toward and away fromthe support colums
31A, §2B, respectively, by respective control actuators, e.g., re-

FIG.T7

@ 36
@ _ 26A
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spective - air cylinders 77A, 77B. The second chucks 76A, 76B can be noved
forward and backward, i.e., toward and away from the evacuating ports 24A,
24B,- respectively, by respective contralgasguators, e.g., respective air
cylinders 78A, 78B. The second chucks 76A, 76B can al so be noved
vertically by respective pairs of control actuators, e.g., air cylinders
79, 80. The central axis of the first chuck 74A is spaced
fromthe central axis of the second chuck 76A by a distance L3 which is
accuragely the sane as the distance L[err] between the

S
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central gxis of each of the support columms 31A, 31B and the centréf*%kis
of the gvacuating port 24A (L[err] = L[err]). Likew se, the central axis
of *t:he fi.rst chuck 74B is spaced fromthe central axis of the second
chuck 76B by the distance L[err] which 19/85accurately the sane as the

dl’stane L[err] between the central axi s of each of the support col umms
324, 3_-B and the central axi s of the evacuating port 24B.

ELEYATED {

FIG. 194

CATHOOE-RAY ,p420ED
TUBE BULYV

FORWARD

FIG. 198

PHOTOELFCTRIC BACK-
SEA/SoR UnIT LYARD

FIG. 19C

DETEECTED Sr&MAL
FRCM SENSOR
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-

-22- ; Each of the dunny evacuating pipe inserting/ renoving
devi ces 22A 22B al so has a floating nmechanism 73, an overfloating
preventi@n mechani sm 81, and a floating sto devi ce (not shown) which are
identicalf in structure to the floating? ﬁéé%anlsn146 an overfloating
preventlan mechani sm 65, and the floating stop device 59 shown in FIGS. 11
through 13. Therefore, the floating nmechanism 73, t.he overfloating

FIG. 20A FlG. 208

NORMAL BROKEN
~ T
| 1.2

Il
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_ S C2s1 A
preventiqﬁ mechani sm 81, and the floating stop device will not be
describeq in detail bel ow When the evacuating carts 11 are

nbved tojand stopped at the position [11] where the dunmy evacuating pipe

insertinf device 22A is positioned and t23d3Sosition [2] where the dummy

eyacuat ijng pi pe renoving device 22B is positioned, the evacuating carts 11
t end tojstop at slightly different positions. In the dunmy
evacuat fng pipe inserting device 22A, t he novabl e base 72 is fixed with

respectjto the fixed base

FIG.21B
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71 by thé floating stop device, and the first chucks 74A, 74B
open areinoved forward by the respective air
p05|t|ons in which they can grip the gpggrt colums 31A, 32B,
respectively, of the evacuating cart hen,

i inactivated to
which the first chucks 74A, 74B grip the correspondi ng support

31A, 328 Now, the novabl e base 72 is noved so as to foll ow t he

bring the novable base 72 into a floating state,
col ums

as they are
cylinders 77A, 77B to

the floating stop device

after

evacuati ng cart 11, and positioned with respect to t he evacuating cart
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1'M § - 23- Then, as shown
in:FIG 16,7 the second chucks 76A, 76B are |lowered as indicated at [err]

by -t:he ai.r .cyllnders 80,
i 23/35

I'd

FIG.23
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¥/ evacuating pips 36 stored on the front end of the evacuating
and then are elevated as indicated at [err] by the air cylinders
O ahereafter, the second chucks 4§pss76B are noved forward as

i ndi ca at [err] by the respec- tive air cylinders 78A, 78B, until they
€ #tioned over the respective evacuating ports 24A, 24B. Then, the
second. f§ chucks 76A, 76B are | owered as indicated at [err] by the air
cylindefs 79, thereby inserting the dunmy evacuating pips 36 through the
respectl ve sealing jjgs, 26A, 26B into the evacu- ating ports 24A, 24B.

After 8 tl@-.p? 36 are

j_j

I
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M N the evacuating ports 24A, 24B, the second chucks 76A, 76B are
opene d retracted to their original positions by the air cylinders 78A,
78B.. In the dumry evacuati n@sgi3ge i nserting device 2.23, the
first clucks 74A, 74B grip the support columms 31A, 32B, respectively, of
the evafuating cart 11, thus positioning the novable base 72 with respect
vacuating cart 11. Thereafter, as shown in FIG 17, the second
¥6A, 76B are noved forward as indicated at [err] by the air
cyIind%rs 78A, 78B, grip dunmmy evacuating pips 36 inserted in the
evacuati ng

CLOCKED)

FIG.26B

( RELEASED)
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FIG.26A
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ports 24
cyl4 nde
i ndi.cat
Iomered'
t he du

, 24B, and then are el evated as indicated at [err]. by fhe'alr
79. Thereafter the second chucks 76A, 76B are noved backward as
at [err] by t he respective aize/3ylinders 76A, 76B, and then

s indicated at [err] by the air cylinders 79, 80, thereby storing.
evacuati ng - 24-

FIG.27A F1G. 278

116
( LUCELED) (RELEASED)
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pips 36 in the respective storage nenbers 37A, 37B. Subsequently, the
second chucks 76A, 76B are opened, and ele- vated as indicated by [err] by
the air ‘cylinders 80 and placed in a seag@dby node their original

posi tions. The evacuating pipe detecting device 18 wll be de-
sc¢tibed below. Normally, a cathode-ray tube bulb 1 which has energed out
of ‘the evacuating furnace 13-is noved such that its evacuating pipe 4
inserted through any of the sealing jigs 26A, 26B (indicated by 26) in the
corresqondlng evacuat -

i
L\\‘*~

FIG.28

This Sheet Has Been Re; laced

(AR




ing port 24A, 24B (indicated by 24) as shown in FIG 21Ais released from
the sealing jig 26 and the evacuating port 24 as shown in FIG 21B in
p;eparat|on for processing by the au- tggg?gc cat hode-ray tube bulb
renovi ng ‘device 19. If, how ever, the sealed evacuating pipe 4 is broken
for sone reason as shomn in FIG 22A and remains in the evacuating ports
24 : as shown in FIG 22B, then when another cathode-ray tube bulb 1 wll
subsequently be transferred to the evacuating cart 11, the remaining

evacuating pipe 4 will interfere with the evac- wuating pipe 4 of the newy
transferred cathode-ray tube bulb

FIG. 29
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1. Therefore, it is necessary to detect an evacuating pipe wth the

evacuating pi pe detecting device 18. A sensor which utilizes
Itght usual Iy suffers dif- ficulty in dgtggting colorless transparent
glass. I'n view of the fact that an evaclafing pipe 4 has a di ameter of

several mllineters, however, if a light beamused to detect the
evacuatlng pipe 4 is narrower than the evacuating pipe 4, then, as shown
in FIG 23, when light L is applied to the

o
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evacuating pipe 4, the light L is reflected and scattered in a
( attern by the surface of the evacuating pipe 4. Accordingly, a
phot oel Ftric sensor (see FIG 18) conpessesbof a light-emtting el enent

101 ‘and i ght-detecting elenment 102 is effective to detect whether there
i s: an eyacuating

5 FIG. 31
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pi pe 4 between the light-emtting element 101 and the light- detecting

el enent 102. As shown in FIG 18, the evacuating pipe detecting
devi ce 18 conprises a photoelectric sengor_unit 103 including a
substantial ly U shaped support plate 1061ﬁ%§ing two spaced confronting
arsts 100A, 100B on which the light-emtting ele- nent 101 and the

| Tght-detecting el enent 102 are supported, respectively, and a control
actuator such as an air cylinder 104 for noving the photoelectric sensor

unit 103 forward and backward. The air cylinder 104 is associated with
sensors

-
.
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105, 106 for detecting forward and backward novenent thereof.

When no object exists between the light-emtting el enrent 101 and the
ILght detecting el ement 102. and hence light traveling therebetween is
not ‘bl otked, the photoel ec- tric sensb?/3IMit 103 is turned off. Wen
there is an object between the light-emtting elenent 101 and the

| Fght - det ect - ing element 102 and hence light traveling therebetween is

bl ocked, the photoelectric sensor unit 103 is turned on. After
a cathode-ray tube bulb 1 that has been evac- vat ed and sealed is lifted
with the holders to renove the
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evacuating pipe 4 fromthe sealing jig 26 and the evacuating port 24 in
the position [3], the photoelectric sensor

-26-_ 103 is noved back and forth, ? 3gakes one cycl e of reC|p-
rocati ng novenent, by the air cyllnder BA
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I f the evacuating pipe 4 is not broken, then, as shown in FIG 20A, since
the evacuating pipe 4 is present be- .tween the light-emtting elenent 101
and the |ight-detecting elenent 102, qu | ght emtted fromthe
light-elmtting ele- nment 101 is bl ocke % t he evacuating pipe 4, the
phot oel ec- tric sensor unit 103 is turned on. Therefore, it can be con-
fi'rmed that the evacuating pipe,4.ds t, br oken. If no
evacuating pipe 4 is presentfggéQE;néEg light-emtting elenment 101 and
the light-detecting el ement ‘102, thAem, —as shown in FIG 20B, the
phot oel ectri c sensor
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unit 103 is turned off, making it possible to confirmthat the evacuating
pipe 4 is broken and remains in the evacuating port 24 of the evacuating
cart. 1k . The photoel ectric s s unit 103 is noved forward and
.backward at different speeds as shown in FI GS. 19B. More specifically,
after the cathode-ray tube bulb 1 has been eLe- vated as indicated by the
curve Pin FIG 19A the photoelec- tric sensor unit 103 is noved forward
at a lower speed in or- der to pick up a detected signal S reliably from
the photo- electric sensor, and noved backward at a higher speed as in-
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dicted by the curve Vin FIG 19B. The higher speed of back-

wa Hetioxro wene nt

of the photoelectric sensor unit 103 is achieved by controlling the rate
of - fI_ow of air supplied to operate the air cylinder 104 which controls the

novenent of
» o

t he photoel ectric sensor unit 103.

-1 -

APPARATUS FOR MANUFACTURING CATHODE-RAY TUBES

The present invention relates to an apparatus for
manufacturing cathode-ray tubes, and more particularly to a
cathode-ray tube manufacturing apparatus capable pf
automatically evacuating and sealing a cathode-ray tube bulb
after electron guns have been sealingly inétalled in the neck
of the cathode-ray tube bulb.

In the manufacture of cathode-ray tubes such as color
cathode-ray tubes, for exanple, as'shown in FIG. 1 of the
accompanying drawings, electron guns 3 are inserted in a neck 2
of a cathode—ray.tube bulb 1, and a glass stem 6 integral with
an evacuating pipe (tipoff pipe) 4 and from which séép pins 5
are extended is sealingly mounted in the end of the neck 23
Thereafter, the catﬁode~ray tube bulb 1 is delivered to an
evacuating and sealing pfocess in which it is evacuated and the
evacuating pipe 4 is melted and sealed.

In the evacuating and sealing process, the

cathode-ray tube bulb 1 which has been fed from the electron

'gun sealing process by a bulb conveyor is transferred onto an

evacuating device, which will hereinafter be referred to as an

evacuating cart, on evacuating furnace rails by an automatic

transfer mechanisn.
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-27-

backward Rovenent of the photoel ectric sensor unit 103 is
cat hode-ray tube bulb 1 is regarded as being good.

light L.fromthe light-emtting elenent 101
backwar d novenent of the photo-
phot oel ectric sen- sor

control | er

of

When the evacuating pipe 4 can be detected until the

i's not blocked until the
el ectric sensor unit 103 is conpl eted,
unit 103 transmts a signal to an external

conpl eted, the
When t he

t he

t he apparatus, indicating that the evacuating pipe 4 is bro-

The evacuating cart is equipped with an evacuating
'port for connecting the evacuating pipe 4 to an evacuating
pump and a sealing jig for me;ting with heat and sealing the
evacuating pipe 4 after the cathode-ray tube bulb 1 has been
evacuated.

The cathode-ray tube bulb 1 is set on the evacuat-
ing cart such that the evacuating pipe 4 is inserted through
the sealing jig into the evacuating port. The cathode-ray
tube bulb 1 is carried on the evacuating cart along the evac-
vating furnace rails into an evacuating furnace. 1In the
evacuating furnace, the cathode-ray tube bulb 1 is heated to
a predetermined temperature and evaguated, and thereafter the
evacuating pipe 4 is sealed.

When the above process is finished, the evacuating
cart is delivered out of the evacuating furnace, and the
evacuating port'ahd the sealing jig are removed from the
evacuating cart. The cathode-ray tube bulb 1 is dismounted
from the evacuating cart by'the automatic transfer mechaniswm,
and then conveyed to a next process. The evacuating cart is
circulated into. the evacuating furnace with another caphodeﬁ
ray tube bulb mounted thereon.

In the art of manufacturing cathode-ray tubes, it
has been desired to fully automatically evacuating and.seal—
ing cathode-ray tube bulbs. '

.However, there are actusally instances wherein cath-
ode—réy tube bulbs cannot be charged onto all évacuating

carts in the sequence described above. Since it is necessary
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ken. The evacuating cart 11 on which the broken evacuat- ing
pipe 4 isdeft is renoved out of the apparatus at the po- sition [6], thus
avoi di ng any secondary hazard or accident which would otherwise tend to
happen Lf anot her cathode-ray tube bulb 1 were charged onto the evacuating
cart 11*with the renunining evacuating pipe 4. After the
evacuating cart 11 on which the broken evacuating pipe 4 is left is

di scharged, a replacenent evacu- ating cart 11 is charged into the
apparatus at the position _3-

to subject all the evacuating carts to vacuum aging in the

evacuvating furnace, i.e., to keep the evacuating pump of each

evacuating cart always in an operative condition even if no

| cathode-ray tube bulb is charged onto the ewvacuating cart,
the worker inserts a dummy evacuating pipe into the evacuat-
ing port of any evacuating cart that is charged with no cath-
ode-ray tube bulb. Since the evacuating carts are stopped in
somewhat differént positions, it is difficult to automati-
cally insert and remove dummy pipes, and hence the worker is
relied upon for inserting and removing dummy evacuating
pipes.

| Fully automgtic execution of the evacuating and

sealing process requires that dummy evacuating pipes be auto-
matically inserted into and removed from corresponding evacu-
ating ports.

After a cathode-ray tube bulb has been seaied, ;he
evacuating_port and the sealing jig are removed by the
worker. If the evacuating pipe is broken and left in the
evacuating port, it is the current practice for.the worker to
remove the broken evacuating pipe. Consequently, in ordex

that the evacuating and sealing process can be fully auto-
mated, it is necessary to automatically detect whether the
evacuating pipe is broken or not after the cathode-ray tubs
bulb has been evacuated and sealed.

In the évacuating and sealing prdéess, the state of

an evacuating cart is varied several times in the evacuating

furnace by limit switches that are mounted on the evacuating
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[7]. As shown in FIG 24, the evacuating port 24 has a port
rubber seal ring 112 di sposed between an evacuating pipe insertion nmenber
110 and a cap 111 placed on the end of the evacuating pipe insertion
menber 110. As schematically shown in FIG 25, the cap 111 is connected to
an intefnediate por- tion of a lever 113 that is angularly novabl e about
an end thereof as a fulcrumO. The !gxgr 113 is normal ly urged by a

cart. Heretofore, the limit switches on the evacuating cart
have been operated by rod—sﬁaped switch changers. In the
event that a switch changer interferes with a rotating or
fixed portion of the limit switch, it has been customary for
the worker to take -care of such an accident.

Fully automatic execution of the evacuating and
sealing process also requires that such an accident be de-
tected early.

Even if cathode-ray tube bulbs charged onto respec-
tive evacuating carts are processed in the predetermined pro-
cessing sequence, not all the cathode-ray tube bulbs can nec-
essarily be discharged as good or acceptable products from
the evacuating and sealing process. One of the reasons for
the problem is a failure of the sealing jig.

One conventional device for detecting a sealing jig
failure is incorporated in a sealing deviée, and capable of
detecﬁing both a wire break and a full short circuit.
However, it has not been customary to dstect a short circuit
across one turn or the like of the coil heater of the sealing
jig because any change in the coil resistance due to such a
short circuit is very small. Even when the coil heater of a
sealing jig suffers such a short circuit, therefore, it has
been the practice to keep the cathode-ray tube bulb pro-
cessed. Witﬁ such a coil heater short circuit, the eﬁachat-
ing pipe is sealed at a voltage different from a predeter-
mined voltage pattern owing to a resistance change caused by

the short circuit, resulting in'a poor sealing condition of
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- 28- spring 114 to turn in a direction to | oose the cap 111, i.e. bias
the cap 111 away fromthe end of the evacuating pipe-in- sertion nenber
110.. When the opposite end 113A of the lever 113 is noved, the cap 111 is

noved ayay fromand toward the end of the evacuating pipe insertion nenber
110, elastically '

-5~

the evacuating pipe. It has thus been necessary for the
worker to visually check sealed evacuating pipes for a seal-
ing failure.

If any coil heater short circuit occurs across only.
one turn or the like, the sealed condition of the evacuating °°
pipe differs only slightly from.the normally sealed condi-
tion. Consequently, since sealed cathode-~ray tube bulbs are
checked by the worker, it has been difflcult to unlquely de—_.

'termxne whether the cathode ray tube bulbs have been sealed
properly or not.

When a possibiiity of failure .of: any ofﬁthe_sealing
jigs is recognized, it has been customary forztﬁé worker to
measure the resistance of the sealing.jig wrth a resistance
measuring instrument or the like to determine whether it ac-
tually suffers a failure or not.

Other requirements for complete automatization of
the evacuating and seaiing process are early automatic“gecec-
tion of a sealiqg failure of evacuating pipes and a redﬁctiod
in the burden on the worker in confirming the sealed condi-
tion of evacuatlng pipes. - |

. OBJECTS AND SUMMARY OF THE INVENTION

It is therefore an object of the present.inventioh
to provide an apparatus for manufacturing cathode-ray tubes
which is capab}e;of'fulky avtomatizing an evacuating'and
sealing process. |

According to the preésent invention, there is pro-

vxded an apparatus for manufacturing a cathode-ray tube by
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rel easing and deform ng the port rubber seal ring 112 thereby to renove
and provi deé a seal between the evacuating port 24 and the evacuating port

4. As shown in FIG 7, the evacuating cart 11 has two engagi ng
hooks 115 for engaging respective ends 113A of |evers 113 which project
outmard]y As shown in FIGS. 26A and 26B, each of the engaging

hooks 115 has one end pivotally nounted on a panel of the evacuating cart

11 by a pivot pin 116, and is normally -6~ged by a spring 117 to turn
count ercl ockwi se about the pivot pin

evacuating a cathode-ray tube bulb and sealing an evacuating
pipe of the cathode-ray tube bulb, comprising an evacuating
furnace, a plurality of evacuating units for carrying respec-
tive cathode-ray tube bulbs thereon, and evacuating and seal-
ing the respective cathode-ray tube bulbs, means for feeding
the.evacuating units circulatingly along a feed path into and
‘out of the evacuatiné furnace, and an evacuating pipe detect-
ing device disposed at a position along the feed path for de-
tecting whether the evacuating pipe of the cathode-ray tube
bulb carried on each of the evacuating units is damaged or
not.

The evacuatiné pipe detectin§ device may comprise
photoelectric sensor'means having a light-emitting element
and a light-detecting element which are disposed in spaced
confronting relationéhip to each other, and control means for
recipfocally moving the photoelectric sensor means so as to
allow the evacuating pipe of the qathode—ray tube carried en
each of the evacuating units to pass between the light-emit-
ting element and the light-detecting element. The control
means comprises means for moving the photoelectric sensof
means toward the evacﬁating pipe at a speed higher than a
speed at which the photoelectric sensor means moves away from
the.evacuating pipe.

The apparatus for manufacturing a cathode-yay tube
may further comprise means for discharging, out of the fees
path, an eQacuating unit on which the evacuating pipe is de;

tected as being damaged by the evacuating pipe detecting de-
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116. _ The'evacuating port tightening device 16 is primar- ily
conposed ®&f the port rubber seal ring 112, the lever 113, and the engagi ng
hook 115.

The evacuating port tightening device 16 also has a actuating
rod 118_for lowering the lever end 113A as shown in FIG 26A

Wien an“evacuating cart 11.with the evacuating pipe 4 of a cathode-ray
tube bulb 1 being inserted in an evacgat - ing port 24 is fed to the

position [16) shown in FIG 3, ‘the | ever end 113A which is in a rel eased
position in FIG 26A is

vice and remains.

The apparatus for manufacturing a cathode-ray tube

~=

may further comprise dummy evacuating pipe insert/removing
means for inserting a dummy evacuating pipe into and removing
a dummy evacuating pipe from an evacuating unit on which a
cathode-ray tube bulb is not carried. Each of the evacuating
units may have an evacuating ﬁort for evacuating the cathode-
ray tube bulb carried thereon, the dummy evacuating pipe in-
sert/removing means may comprise a floating mechanism, a mov-
able base movable by the floating mechanism, a first chuck
assembly for holding and transferring a dummy evacuating pipe
onto the movable ﬁase, and a secoﬁd chuck assembly for hold-
ing a reference member to assure a predetermined positional
relationship with respect to an evacuating port of each of
the evacuating units.
Each of the evacuating units may have a sealing jig
-fér sealing the evacuating pipe of a cathode-ray tube bulb
carried thereon, and the apparatus may further comprise seal-
-ing jig detecting means for detecting a failure of the seal-
ing jig of each of the eQacuating uhits. The sealing jig de-
tecting means may comprise a terminal assembly for contacting
an external terminal of the sealing jig of each of the evacu-
ating units, a constant-voltage power supply for supplying 2
constant voltage to the terminal assembly, and an ammeter
connected to a current path of the terminal aséembly.for.de—

tecting a2 curreant change in the current path depending oan 2

failure of the sealing jig.
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| ower ed agai nst the bias of the spring 14 by the actuating rod 118 of the
evacuati ng® port |ightening device 16. The :

- 29- hook 115 and the | ever end 113A are di sengaged from each ot her,
and the :hook 115 is turned clockw se as indicated by

-8-

Each of the evacuating units may have a switch, and
the apparatus may further comprise a switch actuator for ac-
tuating the switch of each of the evacuating units, the
switch actuator comprising an actuating member for actuating
the switcﬁ,'an air cylindef having a piston rod, and a figed
member, the actuating member having an end angularly movably
supported on the fixed member, the actuating member having a
side extension angularly movably supported on a distal end of
the rod, the arrangement being such that when at least a pre-
determined force is applied to the actuating member, the ac-
tvator member is moved retracting the rod.

The above and other objects, features, and advan-
tages of the present invention will become apparent from the
following descfiption of an illustrative embodiment thereof
to be read in conjunction with the accompanying drawings, in’
which like reference numerals represent the same or simila;
objects.

BRIEF_DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of a cathode-ray tube
bulb;

FIG. 2 is a schematic plan view of an apparatus for
manufacturing catchode-ray tubes according to the present if-
vention;

FIG. 3 is an enlarged fragmentary plan view of the
apparatus shown in FIG. 2;

FIG. 4 is an enlarged fragmentary plan view of the

apparatus shown in FIiG. 2;
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the arrow a about the pivot pin 116 under the bias of the spring 117 as
shown ingFIG 26B. The hook 115 now | ocks the |ever end 113A of the |ever
113 that is lowered. Since the lever 113 is |lowered, the cap 111 coupl ed
to the lever 113 is Ilowered, thus pressing and elastically deformng the
port Trubber seal ring 112 to tighten the evacuating port 24 to prevent
vacuum | eakage from between the eva%nating port 24 and the evacuating pipe

4. As shown in FIGS. 27A and 27B, the evacuating port
tlghtenlng device 16 also includes a first operating rod 119

FIG. 5 is an enlarged fragmentary plan view of the

apparatus shown in FIG. 2;

FIG. 6 is an enlarged fragmentary plan view of the
apparatus shown in FIG. 2;

FIG. 7 is a front elevational view of an evacuating
cart Fcéording to the present invention;

| FIG. 8 is a side elevational view of the evacuating

cart according to the present invention:; |

FIG. 9 is a side elevational view of a centering
device for a cathode-ray tube bulb according to the present
invention;

FIG. 10 is a schematic fragmentary plan view of the
centering device;

FIG. 11 is an glevational view of a floating mecha-
nism according to the present invention;

FIG. 12'is a plan view of the floating mechanism

shown in FIG. 11;
| FIG. 13 is a view of a floating stop device accord-

ing to the present invention; |

FIG. 14 is an elevational view of a dummy evacuatl-
ing pipe inserting/removing desvice according to the present
invention;

FIG. 15 is a plan view of the dummy evacuating pipe
inserting/removing device shown in FIG. 14;

FIG. 16 is a view showing the manner in which the
dummy evacuating pipe inserting/removing device operates;

FIG. 17 is a view showing the manner in which the
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for slightly lowering the lever end 113A. to a position in which the hook
115 can easily be disengaged fromthe I ever end 113A, and a second
operating rod 120 for turning the hook 115 clockw se as indicated by the
arrow h about the pivot pin 116 against the bias of the spring 117.

When an evacuating cart 11 is discharged fromthe evacuating furnace 13 to
the position [1] shown in FIG 3 af- -10er a sealing process, the |ever end
113A |l ocked as shown in FIG 27A is slightly depressed by the first

operating rod 119 wuntil the hook 115 is ‘disengaged fromthe | ever- end 113A

durmmy evacuating pipe removing device operates:

FIG. 18 is a perspective view of an evacuating pipe
detecting device;

FIGS. 19A, 19B, and 19C are diagrams illustrative
of operation of the evacuating pipe detecting device shown in
FIG. 18;

. FIGS. 20A and 20B are diagrams illustrative of op-
eration of the evacuating pipe detecting device shown in FIG.
18;

FIGS. 21A and 21B are views illustrative of the
manner in which an evacuating pipe is detected;

FIGS. 22A and 22B are views illustrative of the
manner in which ah evacuating pipe is detected;

FIC. 23 is a view illustrative of the manner in
which an evacuating pipe is detected;

FIG. 24 is a fragmentary cross-sectional view of an
evacuating port according to the present ‘invention;

FIG. 25 is a diagram sﬁowing the principles oif
tightening and loosening the evacuating port;

FIGS. 26A and 26B are views showing the manner in
which the evacuvating port is tightened:; |

FfIGS. 27A and 27B are views showing the manner in
which the evacuating port is loosened:

FIGL 28 is a perspéctive view of a limit switch ac-
tuator according to the present invention;

FIG. 29 is a view showing the manner in which the

limit- switch actuator operates:
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against the spring 114. At the sane tinme, the second operat- ing rod 120
turns the hook 115 cl ockwi se as indicated by the arrow b about the pivot
pin 116. Now, as shown in FIG 273, the lever end 113A noves upwardly out

of engagenent with the hook 115 under the bias of the spring 114. Upon
upwar d ‘nove- -11-

FIG. 30 is a view shovwing the relationship between

a limit switch and the limit switch actuator;

FIG. 31 is a plan view of a sealing jig according
to the present invention; |

FIG. 32 is a cross-sectional view of the sealing
Jig;

FIG. 33 is a schematic view of a coil heater of the
sealing jig;

FIG. 34 is a graph showing the average rxesistance
of sealing jigs;

FIG. 35 is a diagram showing the relationship be-
tween an evacuating cart and an automatic sealinc jig detect-
ing device according to tﬁe presént invention;

| FIG. 36 is a circuit diagram of the aﬁtOmatic seal-
ing jig detecting device; and

FIG. 37 is a graph illustrative of an operation of
the apparatus.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

FIG. 2 §chematically shows én apparatu§ for manuy-
facturing cathode-ray tubes according to-the preseﬁt inven-
tion for use in an evacuating and sealing process. FIGS. 3
through 6 illustrate various portions of the apparatus at en-
larged scale. |

In FIGS. 2 through 6, the apparatus includes a glv-
rality of evacuating carts 11 which are located in respective
successive positions [l1] ~ (206) on endlessly looped evacuvat-

ing_furnace rails 10 which partly extend into an evacﬁaning
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- 30- ment of the lever 113 under the bias of the spring 114, the cap
111 returns upwardly to its original position, allowng the port rubber
seal ring 112 to restore its original shape, thus |oosening the evacuating
port 24, - As shown in FIG 7, the evacuating cart 11 has five
limt switches 122 - 126, i.e., a limt switch 112 for turn- ing on and
off an oil rotation punp, a limt S“iifb 123 for turning on and off an oi

di spersion punp, a limt swtch 124
furnace 12. The evacuating carts 11 are circulatingly mov-
able along the evacuating furnace rails 10 from a region 12
outsidé of the evacuating furnace 12 into the evacuating fur-
nace 12 and back into the region 12, in an intermittent man-
ner such that each evacuating cart 11 moves cyclically for 15
seconds and then stops for 15 seconds.

Various automatic devices are arranged along the
evacuating furnace rails 10, i.e., the feed path for feeding
the evacuating carts 11 therealong. For example, an auto-
matic cathode-ray tube bulb charging device 14 is located-at
the position (9] for automatically transferring a cathode-ray
tube bulb 1 (see FIG. 1) that has been conveyed from an elec-
tron-gun sealing process by a conveyor onto an evacuating
cart 11.

A cathode-ray tube bulb centering device 15 is lo-
cated aé'the position [14) for automatically positioning or
centering a cathode-ray tube bulb 1 that has roughly been
placed on the evacuating cart 11 by the automatic cathode-ray
tube bulb charging device 14 so that an evacuvating pipe 4 of
the cathode-ray tube bulb 1 can be inserted into an evacuat -
ing port (described later on).

An evacuating port tightening device 16 is located
at the position {16) for automaticaily tightening thé port
rubber member of an evacuating port to prevent vacuum leakagé
after the evacuating-éipe 4 of a2 cathode-ray tube bulb 1 has

been inserted into the evacuating port.

Sealing power feeding devices ES; ~ ESzg are lo-




for opening and closing an air opening to return the pressure in the two
punps slawy to the atnospheric pressure after a sealing process, and a
pair of limt switches 125 for turning on and off the right- and |eft-hand
sealing jigs to sepa- rately heat the two evacuating pipes 4 on the
evacuating cart 11. As shown in FIGS. 28 and 30, each of the
limt swtches 122 - 126 has a pair,of actuator arnms 128, 129 inte- gral
with a rotatable shaft 127 which are angularly spaced 90[err] from each

ot her. and angul arly novable in a plane normalL

cated in the respective positions (164) ~ [(191] in the evacu-
ating furnace 13 for supplying a voltage to achieve a prede-
termined temperature pattern to sealing jigs (described later
on) on evacuating carts 11 for sealing the cathode-ray tube
bulbs 1 thereon.

Automatic sealing jig detecting devices 143, 144
for automatically detecting whether a sealing jig is good or
poor are positioned respectively at the positions {163],
{192] on the opposite ends of the array of the sealing power
feeding devices ES; ~ ESzg.

An evacuating port loosening device 17 is located
at the position [1] just outside and downstream of the evacu-
ating furnace 12 for automatically loosening the port rubber
member of an evacuating port in preparation fof automatic re-
moval of a cathode-ray tube bulb 1 after the evacuating pipe
4 thereof has been sealed.

An evacuating pipe detecting device 18 is located
at the position (3] for coﬂfirming whether the evacuating
pipe 4 of a cathode-ray tube bulb 1 has been removed from the
evacuating port and the sea;ing jig without being broken.

An automatic cathode-ray tube bulb removing device
19 15 located at the position [4] for automatically transfer-
ring a cathode~-ray tube bulb 1 which has been evacuated and
sealed to a conveyor in a next process.

Dummy evacu;ting pipe inserting/rgmoving devices
ZZA, 22B are aLso located along the féed path for the-evacu-

ating carts 11 for inserting and removing a dummy evacuating
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to the rotatable shaft 127. As the evacuating cart 11 noves, the actuator

arm 128 of 129 is turned 90[err] by a switch actuat- ing bar 131
(described later on), thus actuating the limt swtch. Alimt
sw tch .actuator 130 for actuating each of the limt switches 122 - 126 is
| ocated at each of the posi- tions [18], [179], [199], and [1], for
exanpl e. As shown in FIGS. 8and 30, thellmt svmtch actu-

ator 130 has a switch actuating bar 13¥8%i th an end ther eof

pipe into and from an evacuating port of an evacuating cart
11 in order to be able to keep an evacuating pump operated a:
all times, i.e., fo perform so-called automatic vacuum aging,

. even if no cathode-ray tube bulb has been transferred onto an
evacuating cart 11 at the position [9].

More specifically, the dumﬁy_evacuating pripe in-
serting device 22A is located at a position, e.g., the posi-
tion (12}, dbwnstream of the position [9] wherein a cathode-
ray tube bulb 1 is charged, for inserting a dummy evacuating
éipe into an evacuating port of an evacuating cart 11 onto
which no cathode-ray tube bulb has charged. The dummy evacu-
ating pipe removing device 22B is located at a position,
e.g., the position [2}, close to the end of the processing
cycle, for removing a dummy evacuating pipe from an evacuat-
ing port of an evacuating cart 11.

As shown in FIGS. 7 and B, each of the evacuétinq
carts 11 two evacuating ports 24A, 24B and two sealing jigs
26A, 268 having respective heater coils so that two cathode-
ray tube bulbs 1 can be charged simultaneously onto the evac-
uvating cart 11. Each of the evacuvating ports 24A, 24B is
coupled to an oil dispersiqn pump and an oil rotation pump
(both not shown). The evacuating ports 24A, 24B and the
sealing jigs 25A, 26B are mounﬁed on a mount base 28 coéxi-
ally with each other. Vertical support columns 31, 31B and
32A, 32B are also mounted on the mbunt base 28 on opposite
sides.of the set of evacuating port 24A and sealing jig 26A

and the set of evacuating port 24B and sealing jig 26B. The
J
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- 31- rotatably attached by a shaft 134 to a fixed nmenber 133 which is
fixed to a support 132. The swi.tch actuating bar 131 has an integral arm
135 integrally extending froma side thereof and having a free end

rotatably connected by a shaft 138 to a distal end of a rod 137 of a
control "actuator such as an air

~15- .
support columns 31A, 31B and 32A, 32B suppor:t thereon an ex-

plosion-resistant mesh-like protective cover 34 having an
openable/closable lid 33 hinged thereto. The explosion-re-
sistant mesh-like protective cover 34 can house two cathode-
ray tube bulbs 1 that are supported by holders 35.

The central axis of each of the support columns
31A, 31B is spaced from the central axis of the evacuating
port 24A accurately by a desired distance L;, and the central
axis of each of the support columns 32A, 32B is spaced from
the central axis of the evacuating port 24B accurately by the
same distance 1;.

\ The holders 35 with the cathode-ray tube bulbs 1
. supported thereon can vertically be moved by a motor, for ex-
ample.

Two storage membe:s.37A, 37B are mounted on one end
of the ﬁount base 28 of each 6f the evacuating carts 11 in-
alignment with the respective evacuating ports 24A, 24B.
Respective dummy evacuating pipes 36, each having the same
diameter as that of the evacuating pipe 4 (see FIG. 1) are
detachably inserted in the storage members 37A, 37B.

' As shown in FIGS. 9 and 10, the cathode-ray tube
bulb centering device 15 includes a fixed base 41 and a mov-
able base 42 mounted on the fixed base 41 b; a floating mech-
anism 46 for movement in mutually perpendicuiar X and Y di-
rections. On the movable b;se 42, there are supported two
pairs of first chucks 43A, 43B and 44A, 44B for holding the

support columns 31A, 31B and 32A, 32B, respectively, on oppo-
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cylinder 136. Sensors 139, 140 are nounted on front and rear side surfaces
of the airf cylinder 136. : For actuating each of the limt
switches 122 - 126, the rod 137 of the air cylinder 136 is projected to
the sokid-line position shown in FIGS. 28 and 29. Wen the evac- .uating
cart 11 noves under this condition, tdme-arm 128 or 129 of the limt switch
Is pressed by the switch actuating bar 131 for angul ar novenent through
90[err] into a horizontal posi- tion about the rotatable shaft 127.

If the swtch actuating bar 131 is engaged by the

site sides of the evacuating ports 242, 24B of each evacuat-
ing cart 11, a pair of second chucks 45A, 458 for holding the
neck 2 of each cathode-ray tube bulb 1, and a pair of third
chucks 46A, 46B for holding the evacﬁating pipe 4 of each.
cathode-ray tube bulb 1.

| The first chucks 43A, 43B and 44A, 44B can be moved
forward and backward, i.e., toward and away from the support
column; 31a, 318 and 32A, 32B, respectively, by respective
control actuators, e,g.,_respective air cylindexrs 47A, 47B
and 4BA, 48B. The second and third chucks_45A, 46A are ver-
tically aligned with each other, and can be moved forward and
backward, i.e.,.toward and away from the neck 2 and the evac-
uating pipe 4, respectively, of one of the two cathode-ray
tube bulbs 1 by a common control actuator, e.g., an air
cylinder 49A. Similarly, the other second and third chucks
45B, 46B are ve:ticaily aiigned with each other, and can be
moved'forward and backward, i.e., toward and awav from the
neck 2 and the evacuating pipe 4, respectively, of the other
cathodé-ray tube bulb 1 by another éommon control actuator,
e.g., an air cylinder 498. 1In FIG. 10, the third chucks 46§A,
46B are omittec from illustration as they underlie the re-
spective second chucks 453, 453,

. The central axes of the first chucxs 43A, 43B are
spaced from the central axe§ of the second and ﬁhird chucks
45A, 46A by a distance L; which is accurately the same as the
distance L; between the central axis of each of the supporl

columns 31A, 318 and the central axi$ of the evacuating port
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rotatabl e shaft 127 of each of the limt switches 122 - 126 for sone
reason, then, as shown in the two-dot-and-dash lines in FIG 29, the
switch actuating bar 131 is turned 90[err] about the shafts 134, 138. The
rod 137 of the air cylinder 136 is retracted, and the sensor 139 sw tches
fromthe on-state to the off-state, whereupon such an abnornmal condition
can be detected. I f it-17% assunmed that the force required for
t he switch actuating bar 131 to actuate any of the limt sw tches 122 -
126 under nornmal condition is represented by Flerr], the

24A (Ly = Lz). Likewise, the central axes of the first chucks
44A, 44B are also spaced from the central axes of the second
and third chucks 45B, 46B by the distance Lz which is accu-
rately the same as the distance L; between the central axis
of each of the support columns 32A, 32B and the central axis
of the evacuating port 24B,

As shown in FIGS. 9, 11, and 12, the.floating mech-
anism 46 comprises a plurality of résts 51, i;e.. four ax- .
isymmetric rests 51 in the illustrated embodiment, mounted on
an upper surface of the fixed base 41, and a plurality of ro-
tatable balls 52 mounted on 5 lower surface of ﬁhe movable
base 42 and held in rolling contact with the respective rests
51 for movement in the X and Y directions.

' A plurality of springs 53, i.e., six axisymmetric

springs 53, are interposed and act between the fixed base 41
and the movable base 42 for normally urging the ceﬁter of the
movab;e base 42 into alignment with the center of the fixed
base 41. The springs 53 are coupled at ends to spring re-
tainers 54 mounted on the fixed base.Qi and at the other ends
to spring retainers 55 ﬁounted on thé movable base 42.

The movable base 42 has an overfloating prevention
mechanism 65 for limiting the floating movement thereof to a
certain range. More specifically, as shown in FIC. 11, the
movable base 42 includes a boss 58 downwardly projecting c2a-
trally from the lower surface thereof and inserted in an
opening 57 defined centrally in the upper surface of the

fixed base 41. The movable base 42 is horizontally movable
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force applied to the switch actuating bar 131 under abnormalL condition by
Flerr], and the pneumatic pressure of the air cylin- )
- 32- der 136 by F3, then these forces and pressure are selected to

-18-

with respect to the fixed base 41 in an interval correspond-
ing to the distance D; between the edge of the opening 57 and
the outer circumferential surface of the boss 58.

The cathode—ray tube bulb centefing aevice 15 also
includes a floating stop device 59 for securing the movable
base 42 against wobbling movement which would otherwise be
caused by the floating mechanism 46, while the first, second,
and third chucks 43a, 43B, 44A, 443, 45A, 45B, 467, 46B are
being moved by the air cylinders 47A, 47B ,48A, 48B, 49a,
49B, '

As shown in FIG. 13, the floating stop device 59
comprises a wedge-shaped body 61 mounted on the fixed'ba;e q1
and verticall§ movable by a control actuator such as an air
cylinder 50, for example, and a through hole_63 defined in a
lower panel of the moQable bése 42 and having a tapered sur-
face 63 for engaging the wedge-shaped body 61. When the
wedge-shaped body 61 is lifted to an'upper'position and dis-
engaged from the tapered surface 63 by the air cylinder 60,
the movable base 42 is in a floating state and hence movable
with respect to the fixed base 41. when the wedge-shaped
body 61 is lowered into in&imate contact with the tapered
surface 63 by the air cylihder 60, the movable base 42 is
fixed with respect to the fixed base 41, and no longer in the
floating state:.

The floating ﬁechanism 46 may comprise an electro-
magnetic mechanism which operates based on superconduétivity

to make the movable base 42 floatingly movable with respect
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nmeet the relationship: Flerr] > Flerr] > Flerr]. I'n the posi tion
[18], the switch actuating bars 131 of the limt switch actuators 130 for

turning on the oil ro- tation punp and the oil dispersion punp and cl osing
the air opening for these punps are positioned in the solid-1ine po-
sition"shown in FIG 30 when the limt switch actuators 130 operate (see
FIGS. 2 and 3). In theypgasition [179], the switch actuating bar

131 of the limt switch actuator 130 for turning off the oil dis- persion
punp is positioned in the broken-line position shomn
to the fixed base 41.

- When Ehe evacuating carts 11 are moved to and
stopped at the position {14]) where the cathode-ray tube bulb
centering device 15 is positioned, the evacuating carts 11
tend to stop at slightly different positions.

To position each of the evacuating carts 11 accu-
rately at the position [14], tﬁe cathode-ray tube bu;b cen-
tering device 15 operates as follows: With the ﬁovable base
42 fixed with respect to the fixed base 41 by the floating |
stop device 59, the first chucks 43A, 43B, 44A, 44B as they
are open are moved forward by.the respective air cylinders
47A, 47B, 48A, 48b to positions in which they can grip the
support columns 31A, 318, 32A, 32B, respectively, of ﬁhe
evacuating cart 11. Then, the floating stop dévice 59.is in-
activated to bring the movable base 42 into a floating state,
after which the first chucks 43A, 43B, 44A, 44B grip the corx-
responding support columns 31A, 31B, 32A, 32B. Now, the mov-
able base 42 is moved so as to follow‘the evacuating cart 11,
and positioned with respect to the evacuating cart 11.

| | Then, the second and third chucks ASA, 46A and 45B,
46B a$ they are open are moved simultaneously forward by the
respective air cylinders 49A, 49B, and the second chucks 45A,
458 grip the respective necks 2 of the corresponding cathode-
ray tube bulbs 1, and then the third chucks 46A, 46B grip the
respective evacuating pipes 4 thereof. In this m;nnef, the
cathode-ray tube bulbs 1 are brought into respective proper
positions with respect to the evacuating cart 11, i.e., cen-

H
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in FIG 30 mhén the limt switch actuator 130 operates (see FIGS. 2 and
5). : In the position [199], the swtch actuating bars 131 of

the limt switch actuators 130 for turning off the oil rotation punp and
opening the air opening for both the punps are positioned in the
broken:line position shown in FIG 30 when the limt switch actuators 130
operate (see FIGS. 2 and 4). -20- In the position [11, the switch
actuating bar 131 of the limt switch actuator 130 for closing the air
openi ng
tered with respect to the evacuating cart 11, with the evacu-
ating pipes 4 positioned above the evacuating ports 243, 24B.
The second chucks 45A, 45B grip the respective
necks 2 of the corresponding cathode-ray tube bulbs 1 out of
physical interference with the glass stems 6 thereof as the
glass stems 6 should be frée of any scratches, cracks, or
damage thch would be responsible for possible vacuum leak-
age. |
After the cathode-ray tube bulbs 1 have been cen-
tered on the evacuating cart 11, the first, second, and third
chucks 43a, 43B, 44A, 44B, 45A, 45B, 46A, 46B are opened, apd
then retracted, i.e., moved backward, by the air cylinders
47n, 47B, 48A, 48B, 49A, 493. Subsequently, the cathode-ray
tube bulbs 1 are lowered with the holders 35, so that the
evacuating pipes 4 are inserted into the respective evacuat-
ing ports 24A, 24B through the respective sealing. jigs 46A,
46B.
The dummy evacuating pipe inserting/removing de-
vices 22A, 22B are identical in structure to each other
though they operate in different sequences.
Each of the dummy evacuating pipe inserting/
removing devices 22A, 22B is substantially identical in
structure to the cathode-ray tube bulb centering device 15. _
Specificallf, as shown in FIGS. 14 and 15, each of the dummy
evacuating pi#e'insertiné/rémovinq devices 22A, 228 Comprises
a fixed base 71 and a movable base 72 mounted on the fixed

base 71 by a floating mechanism 73 for movement in mutually
J




for both the punps is positioned in the broken-line position shown in
FIG 30 when the limt switch actuator 130 operates (see FIGS. 2 and 3).
The sealing power feeding devices ES[err] - ES[err] each for supplying a

voltage to the sealing jigs 26 on a evacuat. - ing cart 11 for sealing
cat hode-ray tube bulbs 1 thereon are_o3.

perpendicular X and Y directions. On the'movable base 72,
there are supported a pair of first chucks 74A, 74B for hold-

I ing the outermost support columns 31A, 32B, respectively, of
each evacuating cart 11, a pair of se;ond chucks 76A, 76B for
holding dummy evacuating pipes 36 and inserting or removing
them into or from the evacuatidg ports 2437, 24B of the evacu-
ating cart il.

"The first chucks 74A, 74B can be moved forward and
backward, i.e., toward and away fiom the support columns 31A,
32B, respectively, by fespective control actuators, e.g., re-
spective air cylinders 77a, 77B. The second chucks 76A, 76B
can be moved forward and backward, i.e., toward and away from
the evacuating ports 24A, 24B, respectively, by respective

) control actuators, e.g., respective air cylinders 78A, 78B.
The secgnd chucks 76A, 76B can also be moved vertically by
respective pairs of control actuators, e.g., air cylinders
79, 80.

The céntral axis of the first chuck 74A is spaced
from the centfal axis of the second chuck 76A by a distance'
L3 which is accurately the same as the distance Lj; between the
central axis of each of the support columns 31A, 31B and the
central axis of the evacuating port 24A (L; = L3). Likewise,
the central axis of the first chuck 74B is spaced from the
central axis of the second chuck 76B by the distance L3 which

.is accurately the safe as the distance L; between the central

axis of each of the support columng 325, 32B and the central

axis of the evacuating port 248.




- 33- located in the respective positions [164] - [191] in the _
evacuating furnace 13 (see FIGS. 3,. 5 and 6). The autonmatic

sealing jig detecting devices 143, 144 (see FIGS. 6 and:4) for detecting a
sealing_jig failure are located at' the position [163] inmediately

preceding the sealing process and the position [192] inmediatel’y follow ng
the sealing process. 22

Each of the dummy evacuating pipe inserting/
removing devices 22A, 22B also has a floating mechanism 73,
an overfloating pgevention mechanism 81, and a floating stop
device (not shown) which are identical in structure to the
floating mechanism 46, an overfloating prévéntion mechanism :
65, and the floating stop device 59 shown in FIGS. 11 through
13. Therefore, the floating mechanism 73, the 6verfloating
prevention mechanism 81, and the floating stop device will
not be described in detail below.

When the evacuating carts 11 are moved to and
stopped at the position [11) where the dummy evacuating pipe
inserting device 22A is positioned and the position (2] wherxe
the dummy evacuating pipe removing device 22B is positioned,
the evacuating carts 11 tend to stop at slightly different
positions.

In the dummy evacuating pipe inserting device 22a,
the movable base 72 is fixed with respect to the fixed base
71 by the floating stop déviée, and the first chucks 74A, 748
és they are open are moved forward by the respective air
cylinders 77A, 77B to positions in which they.can grip the
support columns 31A, 32B, respectively, of the evacuating
cart 11.. Then, the floating stop device is inactivated to
bring the movable base 72 into a floating state, after which
the first chucks 74A, 74B grip the corresponding support
columns 31A, 32B. Now, the movable base 72 'is moved so as &

follow the evacuating cart 11, and positioned with respect LD

the evacuating cart 11.
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A vacuum neasuring device 145 for determ ning whether a predeterm ned
correct vacuum has been achieved in a cathode-ray tube bulb 1 evacuated in
the evacuating furnace 13 is positioned upstream of the automatic sealing
jig de- . tecting device 143. If a predeterm ned correct vacuum has been
achi eved as detected by the vacuum nmeasuring device 145, then the
evacuating pipe 4 of the cathode-ray tjjpe bulb 1 is subsequently seal ed.

If a predeterm ned correct vacuum has not been achieved as detected by the

vacuum neasuring device 145, then the evacuating pipe 4 of the cathode-ray
tube bul b Then, as shown in FIG. 16, the second chucks 76A,

76B are lowered as indicated at ® by the air cylinders 80,
grip dummy evacuating pips 36 stored on the front end of the
evacuating cart 11, and then are elevated as indicated at @
by the air cylinders 80, 79. Thereafter, the second chucks
76A, 76B are moved forward as indicated at @ by the respec-
tive air cylinders 782, 78B, until they are positioned over
the respective evacuating ports 24A, 24B. -Then, the second.
‘chucks 76A, 76B are lowered as indicated at ® by the air
cy;indefs 79, thereby inserting the dummy evacuating pips 35
through the respective sealing jigs 26A,.268'ihto the evacu-
, ating ports 24A, 24B. After thé dummy evacuating pips 36 are
inserted in the evacuating ports 24A, 24B, the second chucks
76A, 76B are opened and retracted to their original positions
by the air cylinders 78A, 78B.
In the dummy evacuating pipe inserting device 223,
the first chucks 742, 743 grip the support columns 31A; 323,
respectively, ol the evacuating cart 11, thus positioning the
movable base 72 with respect to the evacuating cart 11.
Thereafter, as shown in FiIG. 17, the secqnd chucks 76A, 76$
are moved forwacd as ir_\d_icated at (D by the air cylinders 1§b,
78B, grip dummy evacuating pips 36 inserﬁed in the evacuating
ports 24A, 24B, and then aré elevated as indicatéd at @ by
' the air chindefs 79. Thereafter, the second chubks 76A, 168
are moved backward as indicated at @ by the_iesbective éir |
cylinders 76A, 768, and then lowered as indicated at Cﬁby the
air cylinders 79, 80, thereby storing the dummy evacuating




1 is not subsequently seal ed. As shown in FIG 8, various _
spring-like termnals 146 connected to the sealing power feeding devices
ES[err] - ES[err] and the automatic sealing jig detecting devices 143,
144 are. nounted on a rear panel of each of the evacuating carts 11.
These ' term nals 146 are brought into resilient contact with term nal

rails on devices while the evacuati+42g-cart 11 is novi ng. The
termnals 146 include termnals C, G K(CF), F1, F2 for neasuring a
vacuum an alarmterm nal ALM (ground)

pips 36 in the respective storage members 37A, 37B.
Subsequently, the second chucks 76A, 76B are opened, and ele-
vated as indicated by ® by the air cylinders 80 and placed ip
a standby mode their original positions.

The evacuating pipg detecting device 18 will be de-
scribed below. Normally, a cathode-ray tube bulb 1 which has
emerged out of the evacuating furnace 13 is moved such that
its evacuating pipe 4 inserted through any of the sealing
jigs 26A, 26B (indicated by 26) in the corresponding evacuat-
ing port 24A, 24B (indicated by 24) as shown in FIG. 21A is
reléased from thé sealing jig 26 and the evacuating port 24
aS shown in FIG. 21B in preparation for processing by the au-
tomatic cathode-ray tube bulb removing device 19. if, how-
ever, the sealed evacuating pipe 4 is broken for some feason
as shown in FIG. 22A and remains in the evacuating ports 24
as shown in FIG. 22B, then when another cathode-ray tube bulb
1 will subsequently be transferred to the evacuating cart 11,
the remaining evacuating pipe 4 will interfere with the evac-
vating pipe 4 of the néwly transferred cathode-ray tube bulb
1. Therefore, it is necessary to deﬁect an evacuating.piée
with the evacuating pipe detecting device 18.

A sensor which utilizes. light usuvally suffers dif-
ficulty in detectidg colorless transparent glass. In view of
the fact that an evacuating pipe 4 has a diameter of séveral

_millimetérs, however, if a light beam used to detect the
evacuating pipe 4 is narrower Lhan the evacuating pipe.i,

then, as shown in FIG. 23, when light L is applied to the




- 34- and an alarmtermnal ALMfor indicating a malfunction of the

evacuating cart 11, and termnals ESCOM ESL, ESR for applying a given
voltage to the sealing jigs 26A, 26B on the evacuat- ing cart 11

-25-

evacuating pipe 4, the light L is reflected and scattered in
a complex pattern by thq'surface of the evacuating pipe 4.
Accordingly, a photoelectric sensor (see FIG. 18) composed of
a light-emitting element 101 and a light-~detecting element
102 is effective to detect whether there is.an evacuating
pipe 4 between the light-emitting eléﬁent 101 and the light-
detecting element 102.

As shown in FIG. 18, thé evacuating pipe detecting
device 18 comprises a photoelectric sensor unit 103 including
a substantially U-shaped suppoit plate 100 having two spaced
confroﬁting arms IOOA; 1008 on which the light-emitting ele-
ment 101 and the light-detecting element 102 are supported,
respectively, and a control actuator such as an air cylindex
104 ﬁo# moving the photoelectric sensor unit i03 forward and
backward. The gir cylinder 104 is associated with sensors
105, 106 for detecting forward and backward movement thereof.

When no object exists between the light-emitting
element 101 and the light-detecting element 102 and hence
light traveling thersbetween is not blocked, the photoelec-

tric sensor unit 103 is turhed off. When there is an objecu

between the light—émitting element 101 and the light-detec:t-~
ing element 162 and hence light traveling therebetween is
blocked, the photoelectric sensor unit 103 is turned on.

| Aftey a cathode-ray tube bulb 1 that has been evac-
?‘ted and sealed is Lifted with the holders.to remove the
@Vacuating pipe 4 from the sealing jig 26 and the evacuating

Pptt 24 in the position (3], the photoelectric sensor. {

1



As shown in FIGS. 31 and 32, each of the sealing jigs 26A, 26B (indicated
by 26) has a stempin insertion nem ber 151 and a sealing coil heater 152
positioned next to the stempin insertion nmenber 151 in coaxial alignment
therewith for receiving an evacuating pipe 4 inserted therein. Wen a
current is supplied to the coil heater 152, the coil heater 152 is heated
to melt and seal the evacuating pip26=-inserted therein. As shown in FIG
33, the coil heater 152 has seven coil turns, for exanple. As
shown in FIG 34, the sealing jig 26 has an av-

103 is moved back and forth, i.e., makes one cycle of recip-
rocating movement, by the air cylinder 104.

If the evacuating pipe 4 is not broken, then, as
shown in FIé. 20A, since the evacuating pipe 4 is present be-
tween the light-emitting element 101 and the ligﬁt-detec;ing
element 102, and light emitted from the light-emitting ele-
ment 101 is blocked by the evacuating pire 4, the photoelec-
tric sensor unit 103 is turned on. Therefore, it can be con-
firmed that the evacuating pipe 4 is not broken.

If no evacuating pipe 4 is present between the
light-emitting element 101 and the light-detecting element
102, -then, as shown in FIG. 20B, the photoelectric sensor
unit 103 is turned off; making it possible to confirm that
the evacuating pipe 4 is broken and remains in the evacuating
port 24 of the evacuating cart 11. | |

The photoelectric sensor unit 103 is moved forward
and backward at different speeds as shown in FIGS. 198. More
specifiéally, after the cathode-ray tube bulb 1 has been ele-
vated as indicated by the curve P in FIG. 19A, the photoelec-
tric sensor unit 103 is moved forward at a lower speed in or-
de{ to piék up a'detectedléignal S reliably from the photo-
electric sensor, and moved backward at a higher.speed as in-
dicted by the curve V in FIG. 198. The higher speed of back- -
ward movement of the photoelectric sensor unit 103 is
achieved by controlling the rate of flow of air suppliéd te
operate the air cylinder 104 which &on::ols the movement of

the photoelectric sensor unit 103.
. .




erage resistance of 0.478 ([err]) which is an arithmetic nean val ue

cal culated from 25 sanple sealing jigs. In order to mnimnze resistance
variations of the coil heaters 152, each of the sealing jigs has a

vari abl ¢ resistor 153 (see FIG 35) for adjusting the coil heater

resi st ance. The sealing jigs 26A, 26B on the evacuating carts
11 are supplied with a predeterm ned2anount of electric power froma
const ant -vol t age power supply through the sealing power feeding devices
(sealing units) ES1 - ES[err] . The evacu- ating pipes 4 are heated to
tenperatures havi ng pwadat ehélid\@uating pipe 4 can be detected until

the backward movement of the photoelectric sénsor unit 103 is
completed, the cathode-ray tube bulb 1 is regarded as being
good. |

When the light L from the lightéemitting element
101 is not blocked until the backward movement of the photo-
electric sensor unit 103 is completed, the photoelectric sen-
sor unit 103 transmits a sigﬁal to an external controller of
the apparatus, indicating that the evaéuating pipe 4 is bro-
ken.

The evacuating cart 11 on which the broken evacuat-
ing pipe 4 is left is'removed out of tﬁe appafatus at the po-
sition [6], thué avéiding any secondary hazard or accident
which would otherwise tend to happen if another cathode-ray
tube bulb 1 were charged onto the evacuating_cart 11 with the
remainiAg evacuating pipe 4.

After the evacuating cart 11 on which the broken
evacuating pipe 4 is left is discharged, a replacement evacu-
ating cart 11 is charged into the apparatus'at the position
(7). | |

As shown in FIG. 24, the evacuating port 24 has a
port rubber seal ring 112.disposed between an evacuating pipe
insertion member 110 and a cap 111 placed on the end of the
evacuating pipe insertion member 110. As.schemaﬁically shown
in FIG. 25, the cap 111 is connected to an ;ntermediéte por-
tion of a lever 113 that is angularly movable about an end

thereof as a fulcrum 0. The lever 113 is normally urged by &




tenperature distributions depending on the positions [1641]- [191]. The
sealing jigs 26A, 26B on the evacuating carts 11 are supplied with
vol t ages dependi ng on the tenperature dis-

-35- _tributions through the sealing power feeding devices ES1 -

-28-

spring 114 to turn in a direction to loose the cap 111, i.e,
bias the cap 111 aﬁay from the end of the evacuating pipe in-
sertion member 110. When the opposite end 113A of the lever
113 is moved, the cap 111_15 mdvgd away-from and toward the

end of the evacuating pipe insertion member 110, elastically
releasing and deforming the port rubber seal ring 112 thereb}
to remove and provide a seal between the evacuating port 24

~ and the evacuating port 4.

As shown in FIG. 7, the evacuating cart 11 has two -
;ngaging_hooks 115 for engaging respective ends 113A of
levers 113 which project outwardly.

As shown in FIGS. 26A and 263, each of.the engaging .
hooks 115 has one end pivotally mounted on a panel of the
evacuating cart 11 by a pivot pin'llﬁ; and is normally uréed
by a spring 117 to turn counterclockwise about the pivot pin
116.

The evacuating porxt tightening_device 16 is primar-
ily composed of the port rubber seal ring 112, the lever 113,
and the engaging hook 115. The evacuating port tightening
device 16 also has a'actuating rod 118 for lowering the lever
end 113A as shown in FIG. 26A.

When an evacuating cart 11 with the evacua:ing pire
4 of a cathode-ray tube bulb 1 being inserted in an evacuatg-
ing port 24 is fed to the position (16} shown in FIG. 3, the
lever end 113A which is in a released position in FIG. 264 is
lowered against the bias of the spring 14 by the actuating

rod 118 of the evacuating port rightening device 16. The
4




ES[err] As shown in FIG 35, in each of the evacuating carts
11, the coil heaters of the sealing jigs 26A, 26B are connected to the
termnals ES[err], ESL, ESR through a voltage converter having a voltage
conversion ratio of 208 : 20, for exanple. As shown in FIG 35,
each of the automatic sealing jig detecting devices 143, 144 conprises a
power - feedi ng de- vice connected £294a constant-voltage power supply 154
and having an automatic sealing jig detecting function.

hook 115 and the lever end 113A are disengaged from each
other, and the hook 115 is turned clockwise as indicated by
the arrow a about the pivot pin 116 under the bias of the
spring 117 as shown in FIG. 26B. The hook 115 now locks the
lever end 113A of the lever 113 that is lowered. Since the
lever 113 is lowered, the cap 111 coupled to the lever 113 is
lowered, thus pressing and elastically deforming the port
rubber seal ring 112 to tighten the evacuating port 24 to
prevent vacuum léakage from between the evacuating port 24
and the evacuating pipe 4.

As shown in FIGS. 27A and 27B,.the evacuating port
tightening device 16 also includes a first operating rod 119
for slightly lowering the lever end 113A to a position in
which the hook 115 can easily be disengaged from the lever
end 113A, and a second operating rod 120 for turning the hook
115 clockwise as indicated by the arrow b about the pivot pin
116 against the bias of the sp:ing.117.

When an evacuating cart 11 is discharged from the
evacuating furnace i3 to the position [l] shown in FIG. 3 af-
ter a sealing process, the lever end 1132 locked as shown in
FIG. 27A is slightly depressed by the first operating rod 119
until the hook 115 is disengaged from the lever end 113A
against the spring 114. At the same time{ the second operat-
ing rod 120 turns the hook 115 clockwise as indicated by the
arrow b about the pivot pin 116. Now, as shown in FIG> 273,

the lever end 113A moves upwardly out of engagement with the

hook 115 under the bias of the spring 114. Upon upward move-




FIG 36 shows a circuit arrangenent of each of the automatic sealing jig

detecting devices. The automatic seal- 1ing jig detecting device has
vol tage converters, i.e., sli- dacs, 161A, 161B connected parallel to each
other, in associ- ation with the respective sealing jigs 26A, 26B. The -

voltage converters 161A, 161B have respective primary w ndings con-
nect'ed to a connector CN[err] conumeted to the constant-voltage power
supply 154, and respective secondary w ndings connected to a connector
CNerr] connected to the sealing jigs 26A, 26B. The secondary
wi ndi ngs of the voltage converters '

ment of the lever 113 under the bias of the spring 114, the
cap 111 returns upwardly to its original position, allowing
the port rubber seal ring 112 to restore its original shape,
thus loosening the evacuating port 24.

As shown in FIG. 7, the evacuating cart 11 has five
limit switches 122 ~ 126, i.e., a limit switch 112 for turn-
ing on and off an oil rotation pump, a limit switch 123 for
turning on and off an oil dispersion pump, a limit switch 124
for opening and closing an air opening to return the pressure
in the'two pumps slowly to the atmospheric pressure after a
sealing process, and a pair of limit switches 125 for turning
on and off the right- and left-hand séaling jigs to sepa-
rately heat the two evacuating pipeé 4 on the evacuating cart
11.

As shown in FIGS. 28 and 30, each of the limit
switches 122 ~ 126 has a pair of actuator arms 128, 129 inte-
gral with a rotatable shaft 127 which are angularly spaced
90° from each other and angularly movable in a plane normal
to the rotatable shaft.127. As the evacuating cart 11 movas,
the aétuator arm 128 or 129 is turned 90° by a switch actuat-
iné bar 131 (described later on), thus actuating the limit
switch.

A limit switch actuvator 130 for actuating each of
the limit switches 122 ~ 126 is located at each of the posi-
tions (18}, [179], (199}, and {1}, for example.

As shown in FIGS. 28 and 30, the limit switch actu-

ator 130 has a switch actuating bar 131 with an end _thereof




161A, 161B are connected at one term nal thereof to respec-
162A, 162B, called linear sensor digital panel

di splay function. The circuit arrangenent al so has AC termnal s
AC  far supplying AC power to operate the ammeters 162A, 162B, common
termnals DO, and termnals LR, LL, PASR PASL, HR,

-31-

tive ammeters
heat ers, which have a

rotatably attached by a shaft 134 to a fixed member 133 which

is fixed to a support 132. The switch actuating bar 131 has

an integral arm 135 integrally extending from a side thereof
and having a free end rotatably connected by a shaft 138 to a

distal end of a rod 137 of a control actuator such as an air

cylinder 136. Sensors 139, 140 are mounted on front and rear

side surfaces of the air cylinder 136.
For actuating each of the limit switches 122 ~ 126,
the rod 137 of the air cylinder 136 is projected to the

solid-line position showh in TIGS. 28 and 29. When the evac-

vating cart 11 moves under this condition, the arm 123 or 123
of the limit switch is pressed by the switch actuating bar
131 for angular movement through 90° into a horizontal posi-

tion about the rotatable shaft 127.

If the switch actuating bar 131 is engaged by the
rotatable shaft 127 of each of the limit switches 122 ~ 126
for some reason, then, as shown in the two-dot~and-dash lines
in FIG. 29, the switch actﬁating bar 131 is tﬁrned 90° about
the shafts 134, 138. The rod 137 of the air cylinder 136 is
retracted, and thé sensor 139 switches ffom the on-state to
the off-state, whereupon such an abnormal condition can be
detected.

If it is assumed that the force reduired for the
Switch actuating bar 131 to actuate any of the limit switches
122 ~ 126 under normal condition is represented by F), the

force appliéd to the switch agtuating bar 131 under abnormal

Condition by F3,” and the pneumetic pressure of the air cytia-




- 36- HL. A current value in excess of a lower linit of a preset range
Is detected at the termnals LR LL. A current -value falling in the preset
range is detected at the termnals PASR, PASL.” A current value in excess

of an upper limt of the preset range is detected at the termnals HR HL.

These "termnals are connected to the external controller of the ap-
par at us. -32-

der 136 by F3, then these forces and pressure are selected to
meet the relationship: Fy > F3 > Fy.

In the position [18), the switch actuating bars 131
of the limit switch actuators 130 for turning on the oil ro- -
tation pump and the oil dispérsion pump and closing the air
opening for these pumps are positioned in the solid-line po-
sition shown in FIG. 30 when the limit switch actuators 130
operate (see FIGS. 2 and 3H. _

In the position {179}, the switch actuating bar 131
of the limit switch actuator 130 for turning off the oil dis-
persion pump is positioned in the broken-line position shown
in FIG. 30 when the limit switch actuator 130 operates (see
FIGS. 2 and 5).

In the position [199), the switch actuating bars
131 of the limit switch actuators 136 for turning off the oil
rotation pump and opening the air opening for both the pumps
are positioned in the broken—liné position shown in FIG. 30
when the limit switch actuvators 130 operate isee FIGS. 2 and
4).

In the position (1}, the switch actuating bar 131
of the limit switch actuator 130 for clésing the air opening
for both the pumps is positioned in the broken-line position
shown in FIG. 30 when the limit switch actuator 130 operates
{see FIGS. 2 and 3).

The sealing power fgeding devices 'ES; ~ ESzg each
for supplying a voltage to the sealing jigs 26 on a evacuatl-

ing cart 11 for sezling cathode-ray tube bulbs 1 thereon are




The circuit arrangenent further has a breaker 163, indicator |anps 164,
165A, 165B, relays 166A, 166B, and a connector CNerr]. Waen
the coil heaters 152 suffer a short circuit or wre breakage, the currents
flowi ng through the secondary wi ndings of the voltage converters or
slidacs 161A, 161B change. Therefore, when such current changes are
detected by the ameters 162A, 162B3-a failure of the sealing jigs 26A,
26B and hence the evacuating cart '11, and al so an abnormal condition of

t he cat hode-ray tube bul bs seal ed on the evacu-

located in the respective positions (164) ~ [lél] in the
evacuating furnace 13 (see FIGS. 3, 5, and 6).

The automatic sealing jig-detecting devices 143,
144 (see FIGS. 6 and 4) for detecting a sealing jig failure
are located at the position (163) immediately preceding the
sealing process and the position [192) immediately following
the sealing process.

A vacuum measuring device 145 for determining
whether a predetermined correct vacuum has been achieved in a
cathode-ray tube bulb 1 evacuated in the evacuating furnace
13 is positiéned upstream of the automatic sealing jig de-
tecting device 143. If a predetermined correct vacuum has
been achieved as detected by the vacuum measuring device 145,
then the evacuatinc pipe 4 of the cathode-ray tube bulb 1 is
subsequently sealed. If'a predetermined correct vacuum has
not been achieved as detected by the vacuum measuring device
145, then thée evacuwating pipe 4 of the cathode-ray tube bulb
1 is not subsequently sealed. |

As shown in F;G. 8, various spring-like terminals
146 connected to the sealing power feeding devices ES; ~ ESzg
and the automatic sealing jig detecting dewvices 143, 144 are |
mounted on a rear panel of each of the evacuating carts 11.
These terminals 14¢& are brought into resilient contact with
terminal rails on devices while the evacuating cart 11 is
moving.

The terminals 146 include terminals C, G, K(CF),

Fy, F; for measuring a vacuum, an alarm terminal ALM (ground)




ating art 11 can be detected. Each of the automatic sealing jig detecting
devi ces 143, 144 can also detect a short cir- cuit across one turn of the

coil heater

152. Such failure or abnornal-condition infornation is witten

in a data carrier 168 (see FIG 7) which is provided on each of the

evacuat i ng
i nformation
cart 11 can
152 of " each
in the coil

carts 11 for reading and witing information. Based on the
stored in the data carri-gs-168, a mal functioning evacuating

be replaced with a normal one. If the coil heater
sealing jig 26 has seven coil turns, a mninum change occurs’

@HdSan alarm terminal ALM for indicating a malfunction of the
evacuating cart 11, and terminals EScoyq, ESL, ESR for applying
a given voltage to the sealiné jigs 26A, 26B on the evacuat-
ing cart 11. '

As shown in FIGS. 31 and 32, each of the sealing
jigs 26A, 26B (indicated by 26) has a stem pin insertion mem-
ber 151 and a sealing coil heater 152 positioned next to the
stem pin insertion member 151 in coaxial alignment therewith
for receiving an evacuating pipe 4 inserted therein. When a
current is supplied to the coil heater 152,'the coil heater
152 is heated to melt and seal the evacuating pip 4 inserted
therein. As shown in FIG. 33, the coil heater 152 has seven
coil turns, for example.

. As shown in FIG. 34, the sealing jig 26 has an av-
erage resistance of 0.478 (Q) which is an arithmetic mean
value calculated from 25 sample sealing jigs. 1In order to
minimize resistance vériations of the.coil heaters 152, each
of the sealing jigs has a variable resistor 153 (see FIG. 35)
for adjusting the coil heater resistance.

The sealing jigs 26A, 26B on the evacuating carts
11 are supplied with a predetermined amount of electric powef
from a constant-voltage power supply through the sealing
power feeding devices (sealing units) ES; ~ ESzg . The evacu-
ating pipes 4 are heated to temperatures having predetermined
temperature distributions depending on the positions [164]. ~
{191). The sealing jigs 26A, 263 on the evacuating carts 11

are supplied with voltages depending on the temperature dis-
4




-37- tance due to a short circuit across one turn. If it is as-

suned that the sealing jig 26 conprises a uniformresistive body, the
m ni mum r esi st ance change Amn is expressed by: [err]m n=
0.478 ([err[)/8

-35-~

tributions through the sealing power feeding devices ES; ~
ES3zg.

As shown in FIG; 35, in each of the evacuating
carts 11, the coil heaters of the sealing jigs 26A, 26B are
connected to the terminals EScoy, ESL, ESR tﬁrough a voltage
converter having a voltage conversion -ratio of 208 : 20, for
example.

As shown in ?IG.'3$, each of the automatic seali@g
iig.detecting devices 143, 144 compri#es a povwer feeding de-
vice connected to a constant-voltage power supply 154 and
having an automatic sealing jig detecting function.

FIG. 36 shows a circuit arrangement of each of the
automatic sealing jig detecting Qevices. The automatic seal-
ing jig detecting device has voltage converters, i.e., sli-
dacs, 161A, 161B connectéd pérallel to each other, in associ-
ation with the respective sealing jigs 26A, 26B. The voltage
converters 161A, 161B have réspective primary windings con-
nected to a connector CNz connected to the constant-voltage
power supply 154, and respective secondary windings connected
to a connector CN3 connected to the sealing jigs 26A, 26B.

The secondaiy windings of the voltage converters
161A, 161B are connected at one terminal thereof to respec-
tive ammeters 162A, 162B, called linear sensor digitai panel
heaters, which have a display function.

| The circuit arrahgemént also has AC terminals AC
for supplying AC power to operate the ammeters 162A, 162B,

common terminals Dg, and terminals LR, LL, PASR, PASL, Hﬁ.
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= 0.05975 ([err]) - | The reasons why the m ni mumresistance
change Alerr] can be detected by the automatic sealing jig detecting de-
vices 143, 144 will be described bel ow A resistance B[err] of

the sealing jig when it suf- fers a mninumresistance change, a
resi stance B[err] thereof when it is fully short-circuited, and a
resi stance B[err] t hereof when it36suffers a wire break are given as
fol lows: . Blerr] = 0.478 ([err]) - 0.05975 ([err])

= 0.41825 ({err]), .

' BRL. A current.value in excess of a lower limit of a preset
range is detected at the terminals LR, LL. A current value
falling in the preset range is detected at the terminals
PASR, PASL. A current value in excess of an upper limit of
the preset range is detected at the terminals HR, HL. These
terminals are connected tc the external controller of the ap-
paratus.

" The circuit arrangement further has a breaker 163,
indicator lamps 164, 165A, 165B, relays 166A, 166B, and a
connector CNj.

When the coil heateis 152 suffer a short circuit or
wi;e breakage, the currents flowing through the secondary
windings of the voltage converters or slidac§ 161A, 161B
change. Therefore, when.such current changes are detected by
the ammeters 162A, 162B, a failure of the sealing jigé 26,
26B and hence the evacuating cart 11, and also an abnormal
condition of the cathode-ray tube bulbs sealed on the evacu-
ating art 11 can be detected. EZach of the automatic sealing
jig detecting devices 143,'144 can also detect a short cir-
cuit across one turn of the coil heater 152. Such failure or
abnormal-condition information is written in a data carrier
168 (see FIG. 7) which is provided on each of the evacuating
carts 11 for reading and writing information. Based on the
information stored in the data carrier 168, a malfdnctioning
evacuating cart 11 can be replaced with a normal one.

If the coil heater 152 of each sealing jig 26 has

seven coil turns, a minimum change occurs in the coil resis-




Blerr]=0 ([err]), and Blerr] = [erer] ([err]).

It is nowsassuned that a normal sealing jig is in- dicated by Jerr], a
sealing jig suffering a short circuit across one coil turn by Jerr], a
fully short-circuited sealing jig by Gerr], and a sealing jig suffering

awire break by Jerr]. FRd-secondary wi ndi ng resi stances
Cerr], Cerr], Cerr], Cerr], as viewed from each of voltage
converters 169A, 169B (indicated by 169), of the sealing jigs Jerr],

Gerr], err] Jerre] are given as foll ows:

tance due to a short circuit across one turn. If it is as-
sumed that the sealing jig 26 comprises a uniform resistive
body, ‘the minimum resistance change Agin is expressed by:

Bgin = 0.478 (Q)/8

= 0.05975 (Q).

The reasons why the minimum resistance change .A,,._in
can be detected by the automatic sealing jig detecting de-
vices 143, 144 will be described below.

A resistance Bypjn of the sealing jig when it suf-
‘fers a minimum resistance change, a resistance Bmax thereof
when it is fully short-circuited, and a. resistance Bopn
thereof when it suffers a wire break are given as follows:

Biin = 0..478 (Q) - 0.05975 ()

= 0.41825 (Q),

Bpax = 0 (Q), and

Bopn = « (Q). _

It is now assumed that a normal sealinc jig is in-
dicated by Gox, a sealing jig suffering a short circuit across
one coil turn by Gpj, a fully short-circuited seaiing. jig by
Gpax, and a sealing jig suffering a wire break by Gopn-

The secondary winding resistances Cok: Cmins Cmax’
Copn. as viéwed from each of voltage converters ‘1693, 1698

(indicated by 169), of the sealing jigs Gok Gmins Gmaxr Gopn
are given as follows:

Cok = 0.5 (),

Cmin = 0.5 () - 0.05975 (£

='0.44025 ),
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Cerr]= 0. 5 ([err]), Clerr] = 0.5 ([err]) - 0.05975
([err]) = = 0.44025 ([err]), |
- 38-

-38~

Cmax = 0 ~ 0.15 (Q), and

Copn = = ().

The variable resistor 153 can be adjusted in a
range of from 0 to 0.15 (), so that the sum of the resis-
tances of the sealing jig 26 and the variable resistor 153
can be adjusted to 0.5 (Q). |

‘The impedanées Dok: Dmins Dmaxs Dopn, @s viewed from
the aufomatic sealing jig detecting devices 143, 144 through
the voltagé converter 169 having a voltage conversion ratio
of 208 : 20, of the sealing jigs Gox; Gmins Gmaxr Gopn are
g;ven as ﬁollows:

Dok = 0.5 (Q) x (208/20)2 .

= 54.08 (Q),
Dmin = 0.44025 (Q) x (208/20)2
= 47.62 (),
Dmax = 0 ~ 0.15 (Q) x (208/20)2
=0 ~ 16.22 (), and
Dopn = ° (Q).
Each of the ammeters 162A; 162B has the following

primary specifiéations:

Power supply voltage: AC 100 ~ 240 V

Input type: AC

Input range: ) 00.00 ~ 10.00 (A)
Accuracy: ' + 0.1 %

Others: Comparison with a Eurrent

setting may be made, and

the result may be trans-




Cerr] =0- 0.15 ([err]), and Cerr] =([err] ([err]).

The variable resistor 153 can be adjusted in a range of fromO to 0.15
([err]), so that the sumof the resis- tances of the sealing jig 26 and
the vari.able resistor 153 can be adjusted to 0.5 ([erre]).

The i npedances Dierr], Derr], Derr], Derr], as viewed from the
automatic sealing jig detecting deviceggeld3, 144 through the voltage
converter 169 having a voltage conversion ratio of 208 : 20, of the
sealing jigs GX, derr], Jerr], err] are

mitted automatically as
a transistor output to an
external souxce.

Currents are detected using the ammeters 162a,
162B. Currents Iox, Imin., Imaxs Iopn flowing into the ammeters
1623, 1628.connected to the sealing jigs éox, Gmins Gmaxs Gopn
are as follows: '

Iok = 6 (V)/(54.08 (Q) + 1 (Q)) .

= 0.109 (a),
Imin = 6 (V)/(46.62 () + 1 (Q))
= 0.123 (a),

Imax = 6 (V)/(0 ~ 16.22 (@) + 1 (Q))

= 6 ~ 0.348 (A),.and

Iopn = 6 (V)/eo (2) =0 (A).

. A minimum current change AI produced by the sealing
jigs 26aA, 26B is:

AT = Inin - Iok = 0.014 (A).

Cohsidering the accuracy of the ammeters 162,
1628, i.e., | |

10.00 (A) x % 0.1 §.

=+ 0.01 (a),
and also FIG. 37, it is possible to automatically detect a
sealing jig failure due to a short circuit across one turn of
the coil heater 152, with a probability considerably higher
than B0 %, and also to automatically detect reliably a seal-
ing jig failure due to a wire break of the coil heater 152 or

a short circuit across two or more turns of the coil heater

— T




given as foll ows: Derr] 0.5 ([err]) x (208/20)[err]

= 54.08 (s[err]), Dierr]= 0.44025 ([err]) x (208/20)[err]

= 47.62 ([err]), Dierr]=0 - 0.15 ([err]) x (208/20)[err]

=0 - 16.22 ([err]), and Derr] =TJerr] ([err])

Each of° the anmeters 162A, 162B has ige followng primary specificati-ons:
152.

A current of 6 (A) flows into each of the ammeters
1627, 162B connected to a fully short-circuited sealing jig.
Since this curreﬁt Qalue falls within the input range of the
ammeters, no damage is caused to the ammeters when such a
current flows in, and hence no problem arises with respect to
the circuit prote;tion of the automatic sealing jig detecting
devices 143, 144.

.FIG. 37 will be descriﬁed below. If a comparison
setting for the.ammeters is 0.119 (A), then, p;ovided varia-
tions are uniform, the probability that a sealing jig with a
short circuit across one turn of the coil heater 152 is erro-
neously determined as a good sealing jig is,

{0.119 - 0.113)/(0.133 - 0.113) = 30 %.

If a comparison setting for the ammeters is 0.116
(A), then, provided variations are uniform, the probability
that a sealing jig with a short circuit across one turn of
the coil heater 152 is erroneously.determined as a good seal-
ing jig and the probability that a good sealing jig is erro-
neously determined as a poor sealing jig is,

(0.116 - 0.113)/(0.133 - 0.113) = 15 %,

(0.119 - 0.116)/(0.119 - 0.099) = 15 &,

15 % + 15 & = 30 %,

If a comparison setting for the ammeters is 0.113
(A;, then, provided variations are uniform, the probability

that a good sealing jig is erroneously determined as a poor

sealing jig is,
3




Power supply vol tage: AC 100 - 240 V | nput type:
AC

. | nput range: 00.00 - 10.00 (A
Accuracy: [err] 0.1 % Q hers:
Conparison with a current
setting my be made, and t he

result may be trans-
-41-

(0.119 - 0.113)/(0.119 - 0.099) = 30 %.

Since the variations are approximated by a normal
distribution, as shown in FIG. 37, if 0.116 is used as a com-
parison setting when an overlapping area is minimum, then it
is possible to determine a sealing jig failure with a proba-
bility of at least:

100 - 30 = 70 %.

6peration of the apparatus for manufacturing ;ath-
ode-ray tubes according to the present invention will be de-
scribed below.

In the position [8], the lid 33 of the protective
cover 34 of an evacuating cart 11 is opened. Then, the evac-
ﬁating cart 11 is moved to the position [9] in which cathode-
ray tube bulbs 1 are automatically transferred onto the evac-
uating ggrt 11 by the automatic Cathode-rgy tube bulb charg-
ing device 14.

Then, in the position [14), the cathode-ray tube
bulb centering deQice 15 is operated to cause'the chucks 444,
'44B, 45A, 45B, 46A, 46B to position the evacuating pipes-4 of
the cathode-ray tube bulbs 1 into alignmént with the evacuat-
ing ports 24A, 243. The cathéde-ray tube bulbs 1 are lowered
together with the holders 35 to insert the evacuating pipes 4
thrdugh the sealing jigs 26A, 268 into the respective evacy-
ating ports 24A, 24B.

Then, in the position [16], the lid-33 is automati-
cally closed, aﬁd the port rubber seal rings 112 ¢f the evac-

'uating'ports 24A, 24B are automatically tightened by the




- 30-

a transistor output to an

source.

Currents are detected using the anmeters 162A,

mtted automatically as
ext er nal

162B.

Currents I[err], I[err], I[err] I[err] flowng into the ameters 162A,
162B connected to the sealing jigs GXK, Jerr], Jerr], Jerr]

-42-

evacuating port tightening device 16 for thereby preventing
vacuum leakage through the evacuating ports 24A, 24B.

Thereafter, the evacuating cart 11 is delivered
into the evacuating furnace 13. 1In the position (18], the
limit switches 122, 123, 125, 126 are actuated by the limit
switch actuator 130 for thereby turnihg on the oil rotation .
pump and the o0il dispersion pump and also turning on the.
sealing jigs 26A, 26B. Subsequently, the evacuating cart 11
is conveyed in the evacﬁating furnace 13 in which the cath-
ode-ray tube bulbs 1 are evacuated. In the position [161],
the vacuum in the cathode-ray tube bulbs 1 is measured by the
vacuum measuring device 145.

1f a predetermined vacuﬁm is not achieved in the
cathode-ray tube bulbs 1, then the sealing jigs are turned
off in a subsequent sealing process based on the information
from the vaéuum measuring device 145, and the cathode-ray
tube bulbs 1 will not be sealed.

If a predetermined vacuum is achieved in the cath-

ode-ray tube bulbs 1, then the cathode-ray tube bulbs 1 wi}ll

" be sealed in the sealing process.

In the positioq {163] preceding the sealing pro-
cess, the coil heaters 152 of the sealing jigs 26A, 26B are
checked by thg automatic sealing jig detecting devices 143,
144. The information representing the checked status of the
coil heaters 152 is recorded in.the data carrier 168 of the

evacuvating cart 11l.

Then, while the evacuating cart 1l is moving
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are as foll ows: I[err] =6 (V)/(54.08 ([err]) + 1 ([err]))
= 0.109 (A, Iferr]=6 (V)/(46.62 ([err]) + 1 ([err]))

= 0.123 (A, Iferr]=6 (V)/(0 - .16.22 ([err]) + 1 ([err]))
6 - 0.348 (A), and I[err]= 6 (V)/[err] ([err]) =0 (A.
A m ni mum current change Al produced by the sealing jigs 26A, 26B is:

-43-

through the positions [164]} ~ [191), the evacuating pipes 4
are sealed acéording to temperature diétributions based on
the electric power supplied by the sealing power feedin§ de-
vices ES; ~ ES2g. In the position (178}, the limit switch ;23
is actuated by thg limit switch actuator 130 to turn off .the
oil dispersion pump. |

- In the position (192) following the sealing pro-
cess, the coil heaters 152 of the sealing jigs 263, 26B are
checked again by the automatic sealing Jig detecting devices
143, 144. The information representing the checked status of
the coil heaters 152 is recorded in the data carrier 168 of
the .evacuating cart 11.

In the position [199), the limit switches 122, 124
are actuated.by the iimit switch actuator 130 thereby to tuyn
off the oil rotation pump and open the air opening for both
the pumps, so ;hat the pressure in the oil rotation pump and
the oil dispersion pump will gradually return to the atmo-
sphéric pressure.

When the evacuating cart 11 leaves the evacuating
furnace 13, the limit switch 124 is actuated by the limit
switch actuator 130 to close the air opening. In the posi-
tion (1) outside of the evacuating furnace'13,-the port rub-
ber seal rings 112 of the evacuating ports 24A, 24B are loos-

ened by the evacuating port logsening device 17.

In the position [2], the lid 33 of the p;otective

cover 34 is opened. The gealed cathode-ray tube bulbs 1 are

lifted with the holders 35.
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[err]l = 1I[err] - I[err] = 0.014 (A). . Consi dering the accuracy
of the amreters 162A, 162B, i.e., 10.00 (A X 0.1 %

= 0.01 (A, and also FIG 37, it is possible to automatically detect a
sealing jig failure due to a short circuit across one turn of the coil
heater® 152, with a probability considerably higher than 80 % and also to

automatically detect reliably a se@d- 1ing jig failure due to a wre break
of the coil heater 152 or

In the position (3], the evacuating pipe detecting
device 18 is operated to confirm whether the evacuating_Pipegz
4 are damaged or not. If not damaged, then the sealed cath--
ode-ray tube bulbs 1 are automatically removed from the evac-
uating cart 11 by the automatic cathode-ray tube bulb remov-
ing device 19 in the position [4], and.transferred to a next
process. If the evacuating pipes 4 are damaged and remain ip
the evacuating ports 24A, 24B; then the evacuating cart 11 is
discharged from the apparatus at the position (6], and a re-
Placement evacuating cart 11 is charged into the apparatus atl
the position [(7].

If no cathode-ray tube bulbs are supplied to an
evacuating cart 11 at the first position (9], then dummy
evacuéting pipes on the evacuating cart 11 are inserted into
the evacuating ports 24A, 24B by the dummy evacuating pipe
inserting device 22A. In the position [16), the port rubber
seal rings 112 of the evacuating ports 24A, 24B are tightened:
by the evacuating port tightening device 16.

The evacuating cart 11 then travels through the
evacuating furnace 13. In the position (1] outside of the
evacuating furnace 13, the port rubber s2al rings 112 of the
evacuating ports 24A, 24B are loosened. Thereafter, when the
evacuating cart 11 is moved to the position (2]}, the dummy
evacuating pipes 36 are removed from the evacuating ports 24
by the dummy evécuating pipe removing device 22B, and stored
on the storage members 37A, 37B on the evacuating cart 11.

Since the apparatus has the automatic devices 195,
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a short circuit across two or nore turns of the coil heater

- 40- 152. A current of 6 (A) flows into each of the.-ammeters
162A, 162B connected to a fully short-circuited sealing jig.

-45-

16, 17, 18, 19, 141, 142, it can automatically evacuate and
seal cathode-ray tube bulbs with increased reliability.

In particular, the cathode-ray tube bulb centering
device 15 can automatically position accurateiy a cathode-ray
tube bulb 1 which has roughly been placed on an evacuating
cart 11 by the automatic cathode-ray tube bulb charging de-
vice 14. Therefore, the evacuating pipe 4 of the positioned
cathode-ray tube bulb 1 can easily and reliably be inserted

" into a corresponding evacuating'port. . ' '

Each of the dummy evacuating pipe inserting/
removing devicgs-ZZA, 22B can automatically insert.a dummy
.evacuating pipe 36 into an evacuating port on an evacuating
cart 11 onto which a cathode-ray tube bulb 1 has not been
charged. Because of the dummy evacuating pipe 36, the evacu-
ating cart 11 can be subjected to vacuum aging. Therefore,
the evacuating cart 11 is prevented from malfunctibning due
to a reverse flow of oil from a vacuum pump which would oth-

" erwise be caused by an oversight on the part of the worker to
insert a dummy evacuating pipe 36.

Subsequently, the inserted dummy evacuating pipe 36
can automatically be removed from the evacuating cart 11.
Accordingly, a secondary accident which would otherwise be
caused by charging a cathode-ray tube bulb 1 onto the evacu-
ating cart 11 with ghe dummy evacuating pipe 36 left thereon
is prevented from occurring.

| The evacuating pipe detecting device 18 can auto-

matically detect even a shor{ circuit across one turn of the
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Since this current value falls within the input range of the ameters, no
damage i s caused to the ammeters when such a current flows in, and hence

no problemarises with respect to the circuit protection of the automatic
sealing jig detecting devices 143, 144. - FIG 37 wll be

described below. If a conparison setting for the ameters is 0.119 (A),

then, provided varia- tions are uni f_?gm the probability that a sealing
jigwith a short circuit across one turn of the coil heater 152 is erro-
neously determ ned as a good sealing jig is,

coil heaters. Therefore, it is possible to automatically de-
fect, at an early time, a failure which may happen when the
evacuating pipe 4 of a cathode-ray tube bulb 1 is seaied, and
to automatically determine the prevention of such a failure
from happening again. _

Since a failure of the sealing jigs 26A, 26B can be
détected with higher accuracy than heretofore, the production

of cathode-ray tubes based on less accurate worker judgment

can be avoided.

If the switch aétuating bar 131 of the limit switch
actuator 30 is engaged by the rotatable shaft 127 of each of
the limit switches 122 ~ 126 for some reason, then the switch
actuating bar 131 is turned 90° about the shafts 134, 138 by
the rotatable shaft 127, thu§ retracting the rod 137 of the
air cylinder 136. The sensor 139 can detect such an abnormal
condition. Accordingly, such an accident can be detected

. early, aﬁd the apparatus may automatically be brought into an
optimum condition based on the detected information. It is
thus possible to avoid inaccurate worker judgment and‘opera-

" tions with low reliability.

The evacuating pipe detecting device iB can detect
whether the evacuating pipe 4 of a seaied cathode-ray tube
bulb 1 is damaged or not. If the evacuating pipe 4 is bro-

| ken, then the evacuating cart 11 carrying such a sealec¢ cath-

ode-ray tube bulb 1 is discharged, and a new evacuating cart’

11 is charged into the apparatus. Consequently, a secondary

accident which would otherwise be caused by charging a cath-
] - '
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(0.119 -'0.113)/(0.133 - 0.113) = 30 % | f a conparison setting
for the ameters is 0.116 (A), then, provided variations are uniform the
probability that a sealing jig with a short circuit across one turn of

the coil; heater 152 is erroneously determ ned as a good seal - ing jig and
the probability that a good sealing jig is erro- neously deternined as a
poor sealing jig is, (0. l 6 - 0.113)/(0.133 - 0.113) = 15 %
(0.119 - 0.116)/(0.119 - 0.099) = 15 15 %+ 15 %= 30 %

odé-ray tube bulb 1 onto the evacuating cart 11 with the
dummy evacuating pipe 36 left thereoh is prevented from oc-
curring.

Having described a preferred embodiment of the in-
vention with reference to the accompanying drawings, it is to
be understood that the invention is not limited to that pre-
cise embodiment aﬁd that.various changes and modifications

. could be effected by one skilled in the art without departing
from the spirit or scope of the invention as.defined in the"’

appended claims.




If a coﬁparison setting for the ameters is 0.113 (A,
variations are uniform the probability

er roneousl detEﬁﬁrned~as~a_gggL~ sealing jig is,
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1. An apparatus for manufacturing a cathode-ray
tube by evacuating a cathode-ray tube bulb and sealing an
evacuating pipe of the cathode-ray tube bulb, comprising:

an evacuating furnace;
a plurality of evacuating units for carrying re-

spective cathode-ray tube bulbs thereon, and evacuating and

.sealing the respective cathode-ray tube bulbs;

means for feeding said evacuating units circulat-

ingly along a feed path into and out of said evacuating fur-

nace; and

an evacuating pipe detecting device disposed at a

‘position along said feed path for detecting whether the

evacuating pipe of the cathode-ray tube bulb carried on each

of said evacuating units is damaged or not.

2..An apparatus ;ccording to claim 1, wherein said
evacuating pipe detecting device comprises:

' photoelectric seﬁsor means having a light-emitting
element and a light-detecting element which are disposéd in
spaced confronting relationship to each other; and

control means for reciprocally moving said photd-'
electric sensor means so as to allow the evacuating pipe of
the cathode-ray tube carried on each of said-evacuating

units to pass between said light-emitting element and said

light-detecting element.

3. An apparatus according to claim 2, wherein-said

t hen, provided
that a good sealing jig is

Ve



- £-898)—z..30 % Since the variations are
lﬂﬁ ‘%NESHEBDtlon as showmn in FIG 37, if 0.116 is

n an overlapplng.apeaeks—ﬁ+ﬁfﬂvﬂT—fﬁen
degg{)mne,giy

sdalfing jig failure with a pr ty of
% Cperﬁ Iﬂ“ﬁ ﬂ _& rat us
t {bes according to t I on

- 49 -

(0.119 - 0.113)/ (P19
approxi mated by 4 ﬁ@r

used as a com plarf s
it 1is possible tjo
at | east:
for manufacturing c
will be de-

o

control means comprises means for moving said photoelectric
sensor means toward the evacuating pipe at a speed higher
than a speed at which said photoelectric sensor means moves

away from the evacuating pipe.

4. An apparatus according to claim 1, 2 or 3, further
comprising: |
means for discharging, out of said feed path, an
evacuating unit on which the evacuating pipe is detected as

being damaged by said evacuating pipe detecting device and

remains.

5; An apparatus-according_to claim 1, 2, 3 or 4,
further comprising:

dummy evacuating pipe insert/removing means for
inserting a dummy evacuating pipe into and removing a dummy

evacuating pipe from an evacuating unit on which a cathode-

ray tube bulb is not carried.

6. An apparatus according to claim 5, wherein each
of said evacuating units has an evacuating port for evacuat-
ing the cathode-ray tube bulb carried thereon, said dummy
evacuating pipe insert/removing means comprising:

a floating mechanism;

a-movable base movable by said floating mechanism;

a first chuck assembly for holding and
transferring a duﬁmy evacuating bipe onto said movable base;

and

a second chuck assembly for holding a reference



scri bed bel ow. L0 tgg:p05|t|on [8], the lid 33 of the
protective cover 3EHHﬂCEMtBVQEMETT g cart 11 is opened~f¥hen’”fﬁ€”§VEE:

uating cart 11 is vVed—to-tte-pesifion [9] in which cat ““
bul bs 1 are autonpt cﬁt t’[)%gfe d onto the evac- ““‘“ t he
aut omat1 c cat hode}r py d@ halr g- 1ng device 14 m S THen, in

the position [14] y {tube bulb centerlng deV|ce 15 is

operated to cause|the chucks 44Af 44Bgq4DA, 45B, 46A, 46B to position the
evacuating pi pes- 40t

member to assure a predetermined positional relationship

with respect to an evacuating port of each of said

evacuating units.

7. An apparatus according to any one of claims 1 to
6, wherein each of said evacuating units has a sealing jig for
sealing the evacuating pipe of a cathode-ray tube bulb carried
thereon, further comprising:

sealing jig detecting means for detectiﬁg a’

failure of the sealing jig of each 6f.said evacuating units.

8. An apparatus according to claim 7, wherein said
sealing jig detecting means comprises:
a terminal assembly for contacting an external.
i terminal of the sealing jig of each of said evécuating
units;
a constant-voltage power supply for supplying a
constant voltage to said terminal assembly; and
an ammeter connected to a current path of said
terminal assembly for detecting a current change in said

current path depending on a failure of the sealing jig.

9. An apparatus according to any one of the preceding
claims, wherein each of said evacuating units has a switch,

further comprising:

a switch actuator for actuating the switch of each

of said evacuating units;

said switch actuator comprising an actuating

member for actuating said switch, an air cylinder having a



the cathode-ray tube bulbs 1 into alignnent with the evacuat- 1ing ports
24A, 24B.° The cat hode-ray tube bulbs 1 are |owered together with the

hol ders 35 to insert the evacuating pipes 4 through the sealing jigs 26A,
26B intp the respective evacu- ating ports 24A, 24B. Then, in

thepposiion el the a3 s awtommti s et ek HIUM HEAMEIE AR
automatically tightened by the

- 5) -
piston rod, and a fixed member, said actuating member having
an end angularly movably supported on said fixed member,
said actuating membér having a ﬁide extension angularly
movably supported on a distal end of said rod, the
arrangement being such that when at least a predetermined
force is applied to said actuating member, said actuator

member is moved retracting said rod.

10. An apparatus for manufacturing a cathode ray tube
constructed and arranged.to operate substantially as

hereinbefore described with reference to Figures 2 to 37.

11. A method of manufacturing a cathode ray tube
including the steps of proiiding an apparatus according to any
one of the preceding claims; and

operating the apparatus to manufacture ‘a cathode réy

tube.
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-42-

position [18],
limt °

evacuating port tightening device 16 for thereby preventing
| eakage tHrough the evacuating ports 24A, 24B.

evacuating cart 11 is delivered

Thereafter, the
into the evacuating furnace 13. In the
the |imt swtches 122, 123, 125, 126 are actuated by the

- 52. -
ABSTRACT

APPARATUS_ FOR_MANUFACTURING CATHODE-RAY TUBES

A plurality of successive evacuating carts for

carrying respective cathode~ray tube bulbs thereon are

circulatingly fed along a looped feed path into and out of

an evacuating furnace. While in the evacuating furnace, the

cathode-ray tube bulb carried on each of the evécuating

carts is evacuated, and the evacuating pipe thereof is

sealed. An evacuating pipe detecting device is disposed at

a position along the feed path for detecting whether the

evacuating pipe of the cathode-ray tube bulb carried on each

of the evacuating units is damaged or not. If the

evacuating pipe of any cathode-ray tube bulb is detected as

being damaéed and remains on the evacuating cart, the

evacuating cart is discharged out of the feed path, and a

replacement evacuating cart is charged into the feed path.

Fig. 2

vacuum
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switch actuator 130 for thereby turning on the oil rotation punp and the
oil dispefsion punp and also turning on the sealing jigs 26A, 26B.
Subsequently, the evacuating cart 11 is conveyed in the evacuating furnace
13 in which the cath- ode-ray tube bulbs 1 are evacuated. In the position
[161], the vacuumin the cathode-ray tube bulbs 1 is neasured by the
vacuum nmeasuri ng devi ce 145. If a predeterm ned vacuum i s .not
achieved in the cathode-ray tube bulbs 1, then the sealing jigs are turned
off in a subsequent sealing process based on the information

1/35

FIG. 1
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fromthe vacuum nmeasuring devi ce 145, and the cathode-ray tube bulbs 1
will not Be seal ed. | f a predeterm ned vacuumis achieved in
the cath- ode-ray tube bulbs 1, then the cathode-ray tube bulbs 1 will be
sealed in the sealing process. In the position [163] preceding
the sealing pro- cess, the coil heaters 152 of the sealing jigs 26A, 26B
are checked by the automatic sealing jigadetecting devi ces 143, 144. The

i nformati on representing the checked sta 3B0of the coil heaters 152 is
recorded in the data carrier 168 of the

N
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evacuating cart 11. Then, while the evacuating cart 11 is

novi ng 3 : - 43- t hrough the positions
[ 164] - [191],  the evacuating pipes 4
3/35
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are seal ed according to tenperature distributions based on the electric
power supplied by the sealing power feeding de- vices ES1 - ES[err]. In
the position [178], the limt switch 123 is actuated by the limt switch
actuator 130 to turn off the oil dispersion punp. In the
position [192] followng the sealing pro- cess, the coil heaters 152 of
the sealing jigs 26A, 26B are checked again by the automatic sealing jig
detecting devices 143, 144. The infornagfaﬁ representing the checked
status of the coil heaters 152 is recorded in the data carrier 168 of
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t he evacuating cart 11. In the position [199], the limt

swi tches ¥22, 124 are actuated by the limt switch actuator 130 thereby to
turn off the oil rotation punp and open the air opening for both the
punps, so that the pressure in the oil rotation punp and the oil

di spersion punp will gradually return to the atnb- spheric pressure.

When the evacuating cart 11 | eaves the evacuating furnace 13, the limt
switch 124 is actuated by the limt switch actuator 130 to close the air
opening. In the posi- 5/35
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tion [1] outside of the evacuating furnace 13, t he poft'rub- ber'seal'
rings 112 ‘of the evacuating ports 24A, 24B are | oos- ened by the
evacuating port |oosening device 17. In the position [2], the

lid 33 Qf the protective cover 34 is opened. The sealed cat hode-ray tube
bulbs 1 are lifted with the hol ders 35.
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-44- In the position [3], the evacuating pipe detecting
device 18 is operated to confirm whether the evacuating pipes
ode-ray tube bulbs 1
uating cart 11 by the automatic

darmaged or not. If not damaged,

are autqmatically renoved fromthe evac-
cat hode-ray tube bulb renov-

transferred to a next

then the seal ed cat h-

.4 are

ing device 19 in the position [4], and

FIG.7

7/35
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process. If the evacuating pipes 4 are damaged and remain in the
evacuati ng ports 24A, 24B, then the evacuating cart 11 is discharged from
t he apparatus at the position [6], and a re- placenent evacuating cart 11
is charged into the apparatus at the position [7]. If no

cat hode-ray tube bulbs are supplied to an evacuating cart 11 at the first
position [9], then dumy evacuating pipes3®n the evacuating cart 11 are
inserted into the evacuating ports 24A, 24B by the dummy evacuating pi pe

i nserting device 22A. In the position [16], the port rubber
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seal rings 112 of the evacuating ports 24A, 24B are tightened by the
evacuati ng port tightening device 16. The evacuating cart 11
then travels through the evacuating furnace 13. In the position [1]
out si de ;of the evacuating furnace 13, the port rubber seal rings 112 of
the evacuating ports 24A, 24B are | oosened. Thereafter, when the
evacuating cart 11 is noved to the positiom/33], the dummy evacuating

pi pes 36 are renoved fromthe evacuating ports 24 by the dummy evacuating
pi pe renovi ng device 22B, and stored on the storage nenbers 37A, 37B on

t he evacuating cart 11.
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Since the apparatus has the automatic devices 15,
- 45- 16, 17, 18, 19, 141, 142, it.can automatically evacuate and seal
cat hode-ray tube bulbs with increased-reliability. o

.

10/35

FIG. 10
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In particular, the cathode-ray tube bulb centering device 15 can
automatically position accurately a cathode-ray tube bulb 1 which has
roughly been placed on an evacuating cart 11 by the autonmatic cat hode-ray
tube bul.b charging de- vice 14. Therefore, the evacuating pipe 4 of the
positioned cathode-ray tube bulb 1 can easily and reliably be inserted

I nto a correspondi ng evacuating port. Each of the dummy
evacuating pipe inserting/ renoving deviHey? 22A, 22B can automatically

i nsert a dunmy evacuating pipe 36 into an evacuating port on an evacuati ng
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cart 11 onto which a cathode-ray tube bulb 1 has not been charged. Because
of the dunimy evacuating pipe 36, the evacu- ating cart 11 can be subjected
to vacuum agi ng. Therefore, the evacuating cart 11 is prevented from

mal f unctdi oning due to a reverse flow of oil froma vacuum punp whi ch woul d
oth- erw se be caused by an oversight on the part of the worker to insert

a dummy evacuati ng pi pe 36. Sﬂgﬁ quently, the inserted dummy
evacuati ng pi pe 36 can automatically be ved fromthe evacuating cart
11. Accordingly, a secondary accident which would otherw se be

FIG. 12

ST
()




caused by charging a cathode-ray tube bulb 1 onto the evacu- ating cart
11 with the dummy evacuating pipe 36 left thereon I's prevented from
occurring. The evacuating pi pe detecting device 18 can autaq-

matical l;y detect even a short circuit across one turn of the
REPLACEMENT SHEET

13/35

REPLACEMENT speey

07 JaN 1997



- 46- coil heaters. Therefore, it is possible to automatically de-

tect, at an early tine, a failure.which may happen when the evacuating

pi pe 4 of a cathode-ray tube bulb 1 is sealed, and to automatically - -
determ ne the prevention of such a failure from happening again.

Since a failure of the sealing jigs 26A, 26B can be

14/35

FIG .14
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detected with higher accuracy than heretofore, the production of

cat hode-ray tubes based on | ess accurate worker judgnment can be avoi ded.

If the switch actuating bar 131 of the limt switch actuator 30 is engaged
by the r,otatable shaft 127 of each of the limt switches 122 - 126 for
sonme reason, then the switch actuating bar 131 is turned 90 about the
shafts 134," 138 by the rotatable shaft 13§34 hus retracting the rod 137 of
the air cylinder 136. The sensor 139 can detect such an abnor mal

condition. Accordingly, such an accident can be detected

FIG 15
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early, and the apparatus nmay automatically be brought into an optinm
condi ti on- based on the detected information. It is thus possible to avoid
i naccurate worker judgnent and opera- tions with lowreliability.

The evacuating pi pe detecting device 18 can detect whet her the evacuati ng
pi pe 4 of a seal ed cathode-ray tube bulb 1 is damaged or not. If the
evacuating pipe 4 is bro- ken, then theé/®¥yacuating cart 11 carrying such
a sealed cath- . ode-ray tube bulb 1 is discharged, and a new evacuati ng
cart 11 is charged into the apparatus. Consequently, a secondary

1N~
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acci dent which woul d otherw se be caused by charging a cath-
'REPLACEMENT SHEET -47- . ode-ray tube
bulb 1 onto-the evacuating cart 11 with the

17/35
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dummy evacuating pipe 36 left thereon is prevented fromoc- curring.

Havi ng descri bed a preferred enbodi nent of the in- vention with reference
to the acconpanying drawings, it is to be understood that the invention is
not linmted to that pre- cise enbodinent and that various changes and

nodi fications could be effected by one )'rsFlé/ Iéned in the art w thout
departing fromthe spirit or scope of t 3% vention as defined in the
appended cl ai s.
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1. An apparatus for manufacturing a cat hode-ray

cat hode-ray tube bulb and sealing an evacuating pi pe of the cathode-ray

t ube bul b, conpri sing:

19/35
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an evacuating furnace; a plurality of evacuating units for
carrying +e- spective cathode-ray tube bul bs thereon, and evacuating and

seal ing the respective cat hode-ray tube bul bs; nmeans for feeding
sai d evacuating units circulat- ingly along a feed path into and out of
sai d evacuating fur- nace; and an evacuating pi pe detecting

devi ce di sposed at a position al ong sai? feed path for detecting whether
t he evacuati ng pi pe of the cathode-ra?o 8Be bul b carried on each

FIG 204  FIG. 20B
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of said evacuating units is danaged or not. ' - 2. An apparatus
according To claim1l, wherein said evacuating pi pe detecting device
conpri ses: phot oel ectric sensor nmeans having a light-emtting
el ement and a |ight-detecting el ement which are disposed in spaced
confronting relationship to each other; and _ control neans for
reci procally noving said photo- el ectric _sensor neans so as to allow the
evacuating pipe of the cathode-ray tube 243%ed on each of said

evacuat i ng

LY
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L

FIG.21B
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FIG.21A
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units to pass between said |light-emtting el enent and said

| i ght - detecting el enent. 3. An apparatus according to claim
2, wherein.said - 49 - S
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control neans conprises neans for noving said photoelectric sensor neans
toward the evacuating pipe at a speed higher than a speed at which said

phot oel ectri c sensor nmeans noves away fromthe evacuating pipe.

4. An apparatus according to claim1, 2 or 3, further conprising: )
means for discharging, out of said feed path, an evacuating unit on whic
the evacuating pipe is detected as beingzgﬁggged by sai d evacuating pipe

detecting device and

FIG.23
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remai ns.
further conprising:

5. An apparatus according to claiml1, 2, 3 or 4,
dummy evacuating pipe insert/renoving neans

for i nserting a dumry evacuating pipe into and renoving a dumy
evacuating pipe froman evacuating unit on which a cathode- ray tube bulb

is not carried.
each

6. An apparatus according to claimb5, wherein
24/35

FIG.24
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of said evacuating units has an evacuating port for evacuat-
cat hode-ray tube bulb carried thereon, said dumy evacuati ng pi pe
i nsert/renoving means conpri si ng: a floating mechani sm

a novabl e base novabl e by said floating mechani sm a first
chuck assenbly for hol ding and transferring a dunmy evacuating pi pe onto
sai d novabl'e base; and a s@ééﬁg chuck assenbly for holding a
ref erence :

i ng the
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50 - nenber to assure a predeterm ned positional relationship wth
respect te an evacuating port of each of said evacuating units.
7. An apparatus according to any one of clainms 1 to

26/35
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6, wherein each of said evacuating units has a sealing jig for sealing the
evacuating pipe of a cathode-ray tube bulb carried thereon, further

conpri si ng: sealing jig detecting neans for detecting a failure
of the sealing jig of each of said evacuating units. 8. An
apparatus according to ctaim7, wherein i<d sealing jig detecting neans
conprises:’ a termnal assenbly ‘for contacting an externa

termnal of the sealing jig of each of said evacuating
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units; a constant-voltage power supply for supplying a
constant voltage to said term nal assenbly; and an ammet er

connected to a current path of said term nal assenbly for detecting-a
current, change in said current path depending on a failure of the sealing

j1g. 9. An apparatus accordin? to any one of the preceding
cl ai ms, wherein each of said evacuating &®8{¥2 has a switch, further
conpri si ng:

FIG. 29
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a switch actuator for actuating the switch of each of said evacuating
units; - . said switch actuat or conprising an actuating menber
for actuating said switch, an air ~cylinder having a

.

29/35
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- 51 - piston rod, and a fixed nenber, said actuating nmenber having an
end angul arly nmovably supported on said fixed nenber, said actuating
menber havi ng a side ‘extension angularly novably supported on a distal end
of said;,rod, the arrangenent being such that when at |east a predeterm ned
force is applied to said actuating nmenber, said actuator nmenber is noved

retracting said rod. 10. An appesf3g us for manufacturing a cathode
ray tube

F1G.31
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31/35
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constructed and arranged to operate substantially.as hereinbefore
described-with reference to Figures 2 to 37.
manuf acturi ng a cathode ray tube
apparatuys according to any

11. A method of
i ncludi ng the steps of providing an
one of the preceding clains;
operating the apparatus to nmanufacture a cathode ray tube.

and
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FIG. 35
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FIG.37
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