- 7.AUG 2006 *166166* Al R BLOW NOZZLE FOR CLEANI NG ENCLOSED SPACES Field
of the Invention The present invention relates to air bl ow nQzzlhgg

nmet hods of renobving 5 particulate naterial from encl osures, and especially
al t hough not exclusively for dust renoval fromthe inside of a cathode ray
tube bul b. Background to the Invention During the productlon of cat hode ray
tubes (CRT), it is inportant that the CRT, 10 bulb or %ﬂﬁ’ﬁm Mﬂ Mlm
properly cleaned of dust or particulate mht t er pri or on and
i nsertion of the electron gun. This is necessary as dust partdeebes
present. in CRT can cause arcing of the electron gun, and hence either
rejection of the produced CRT or its earl fallure Dust partlcles arise in
new y formed CRT bAIBRBEQX EL1tr | E ANIN ED SPAGE

particles present in the aperture gr|II frontfabrlcatlon (e.g. meldlng)
handling prior to evacuation and insertion, and particles caused by glass
sol dering process of the screen to the funnel part of the CRT bulb using
Frit glass. Conventionally these dust particles are extracted on the

producti on | Figdxf thednveatiohi ng air hoses having nozzles which blow air
into the CRT bulb. The air dislodges the dust particles and it is hoped

that the air_flow out, of t b als rr he_di sl odged
par ti cl es | TMPSPIEREH fRYsnton TBiss it hicve RoRden dsbmetiodnof ToRre) es
removed and WapidHiAE mbferfdl A akesufds, %d BsSecidily Stnhowyh nét ExBLSKely
nozzl es have concentrated on hi gher poundin

for dust removal from the inside of a cathode ray tube bulb.

Background to the Invention

During the production of cathode ray tubes (CRT), it is important that the CRT

10  bulb or glass enclosure is properly cieaned of dust or particulate matter prior
to gas evacuation and insertion of the electron gun. This is necessary as dust
particles present.in CRT can cause arcing of the electron gun, and hence
either rejection of the produced CRT or its early failure.

Dust particles arise in newly formed CRT bulbs due to coating of the inside of

15 the screen, particles present in the aperture grill from fabrication (e.g.
welding), handling prior to evacuation and insertion, and particles caused by
glass soldering process of the screen to the funnel part of the CRT bulb using
Frit glass.

Conventionally these dust particles are extracted on the production line by
20 inserting air hoses having nozzles which blow air into the CRT bulb. The air
dislodges the dust particles and it is hoped that the air flow out of the CRT
bulb will also carry out the dislodged particles. It is important to both
maximise the number of dust particles removed and minimise the time taken
to do this. Prior-art air blow nozzles have concentrated on higher pounding
25 forces on the CRT (eg for 0-10 seconds) and higher air flow rate (0-18
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25 forces'on the CRT (eg for 0-10 seconds) and higher air flow rate (0-18
*@0002* 7 AUG 2006 2 seconds) to dislodge and renove respectively the
dust particles. However this approach has net with only limted success in
efficiently renoving dust particles. Summary of the InventibiU§ 286 is an
obj ect of the present invention to provide an inproved or at |east
alternative air blow nethod and apparatus,for renoving particulate nateri al
fromenclosures. A first aspect of the inVention proposes in general terns
that a suction force is created about an opening of an enclosure into
which an airflowis introduced. 10 This suction force which helps the
airfl ow back out of the enclosure and in doing so aids renoval of

particul ate sacends) tof disindgesand removentdspeatieely the lust pariices.f diowevar

created by for.cin nd_.aj .fhow.,out of the openi whi.ch cause a

Ventur: - of 1 Q06 AHPACT RS mBL WG it S el Afenuy deribVig ol
suction. 15 paegdiés.cally, the first aspect of the invention proposes a
nmet hod of renoving particulate material from an encl osure, conprising
forcing a first air flowinto ,said enclosure, and forcing a second air

fl ow out of nveRdonsecond air flow causing a suction effect
whi ch encourages evacuation of at |east a part of said first air flow 20

'bg the cage Wgs ant O5ebN6f U ResntiintBAtiGN 18 prbliBeSEs GRiprévdd b o ighou! d
alternative air blow method and apparatus for removing particulate material

from enclosures.

A first aspect of the invention proposes in general terms that a suction force is
created about an opening of an enclosure into which an airflow is introduced.
10  This suction force which helps the airflow back out of the enclosure and in
doing so aids removal of particulate material from inside the enclosure. This
suction force is created by forcing a second airflow out of the opening which
cause a Venturi-effect within the (preferably narrow) opening to create the

suction.

15  Specifically, the first aspect of the invention proposes a method of removing
particulate material from an enclosure, comprising forcing a first air flow into
said enclosure, and forcing a second air flow out of said enclosure, the
second air flow causing a suction effect which encourages evacuation of at

least a part of said first air flow.

20 In the case where the enclosure is a CRT bulb, the second air flow should be
generated about the neck or funnel of the CRT bulb to maximise the suction
effect.

Whilst the enclosure preferably has only a single opening, enclosures with
further openings may also have particulate material removed using the above
25 method, especially if the or each additional opening has a short neck.



gener ated-about the neck or funnel of the CRT bulb to nmaxim se the suction
‘effect. Wiilst the enclosure preferably has only a single opening,
enclosures with further openings may al so have particul ate materi al
renmoved using the above 25 nethod, especially if the or each- AdkliG 2kal
openi ng has a short neck. 7 AUG 2006 3 Wiilst this nethod is preferably
for renoving dust or other particular matgrial froman enclosure, the

met hod may al so be used to renobve non-parliculate material such as a
vapour or the existing gas conposition froman enclosure, and replacing it
wi th anot her gas, that of the first airflow. 5 In addition to CRT's, other
encl osures such as bul k pressure vessels could also have the above nethod

appl i ed. A so¥bid tas%p@@thqsir istpreferablyrior sempy e gt qrmt@@rnearapukaém@teﬂabt a
le wh
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encl osure into an arr oW ils In I'S SucC IOI’]

the airflow tma;tlenéosmh asfa vapowrrarithe wiistingdydasicampaosition fraintl anrerroosre 0f
particul ate rrat eri from_insi ge t he encl oEure eci fically, a second

aspect of thé@ndfee '%'twm e%@@%ﬁbﬁtr@ctt %ﬁﬁfra' P¥ovi ng particul ate

material froman enclosure, and conprises a nozzle for connection to an

ai r tube, 5t hen npRAfich twmgsaatrférr'édd‘@s@és 'shéhchsSbgﬁkoﬁégsu@ vésseld 'c8Gid N9 a

first air flowin a forward direction, and a secon Ice at a proxinal
end for dire@smbave ﬁ'fﬁ:@mk/eameﬂﬁd)d)applreda rearward direction. The nozzle is
attached to the air tube and placed in an entrance to the enclosure such

that the for\gg gcghé fels%‘é(c{ o?vfﬁe |Hv8nt ot?1ep‘t°-1 sgguiﬁ glpefjra} |tqerms that a nozzle

which causes a suction force is introduced into an opening of an enclosure
into which an airflow is introduced. This suction force helps the airflow back

10  out of the enclosure and in doing so aids removal of particulate material from
inside the enclosure.

Specifically, a second aspect of the invention proposes an apparatus for
removing particulate material from an enclosure, and comprises a nozzle for
connection to an air tube, the nozzle having an orifice at its distal end for

15  directing a first air flow in a forward direction, and a second orifice at a
proximal end for directing a second air flow in a rearward direction.

The nozzie is attached to the air tube and placed in an entrance to the
enclosure such that the forward airflow flows into the enclosure and the
rearward airflow flows away from the enclosure. The rearward airflow creates
20 a suction force about the entrance to the enclosure which cause a Venturi-
effect suction force which helps increase the air flow out of the enclosure, and

therefore the removal of particulate material from the enclosure.

The nozzle may be used just to provide the second airflow, the first airfiow
being produced by a second nozzle or other device, perhaps introduced into a
25 second opening in the enclosure. Therefore the nozzle may only comprise an

orifice at a proximal end for directing an air flow in a rearward direction.



rearward airfl.ow fl ows away fromthe enclosure. The rearward airfl
‘creates 20 a suction force about the entrance to the enclo§U?éuﬂﬁ&ﬁYcause
a Venturi- effect suction force which helps increase the air flow out of
the enclosure, and therefore the renoval of particulate material fromthe
encl osure. The nozzle may be used just to provide the second airflow, the
first airflow being produced by a second,nozzle or other device, perhaps
introduced into a 25 second opening in tﬁe encl osure. Therefore the nozzle
may only conprise an orifice at a proximal end for directing an air flow
in arearward direction. 7 AUG 2006 4 In the case where the enclosure is a
CRT bul b, the nozzle should be |ocated inside the neck or funnel of the
CRT bul b i n dndiee case wharaitbe englosyte is arCREfully,tthe Inozalef shauid bealspeted t he

i nvention proyi p f ing. . rticul ate. erial.from
an encl osur e?ﬁ{éﬁ%%@%%ﬁs n@fnﬁ%l Sfﬁhégﬁfaﬁ‘ﬁ%déq%@ n Mljggt oSURtoRct a
first airflowffeat.a forward direction into the space, and a second airflow
in arearward direction out of the space. Brief Description of the Draw ngs
10 Preferred enbocr;lirg"ents of the ipvention will now be described with
reference tdNtRe’WHISroRSAECBG MYENtioR RERYidas @taRpParatle y fafndemovingut

i nt endi ngst o i AR iafl [J o Y = hYBoRsiRg | of
cl eani ng g Cg{éﬁt&c&léét?'abﬂd[ig%ael ESVE;""?'FFBQF%E’?S%%@B a %@%@%ﬁﬁbgﬁ%f&ﬂ%ﬂa CRT
bul b accor di mgears arrangeddo minect a fsstodirfidve in ravfamvarh diréctipn into Yee spacend 3c

show respectively section, top and bottom views of a
P and e}/ seconcJ airflow in a rearward d?rectlon out oF the space.

Brief Description of the Drawings

10  Preferred embodiments of the invention will now be described with reference
to the following d'rawings, by way of example only and without intending to be
limiting, in which:

Figure 1 shows a prior art method of cleaning a cathode ray tube bulb;

Figure 2 shows a method of cleaning a CRT bulb according to an embodiment
15  of the invention;

Figures 3a, 3b and 3c show respectively section, top and bottom views of a

nozzle apparatus according to an embodiment of the invention; and

Figures 4a and 4b show respectively graphs of air exchange efficiency and

duct removal.
20

Detailed Description of the Embodiments

Figure 1 shows a prior art dust removal method using dust pounding and air
exchange. An air tube 1 and nozzle 2 are introduced into a cathode ray tube

bulb 3 via the bulb’s funnel or neck 3a. Air is pumped into the air tube 1



nozzl e apparat.us according to an enbodi nent of the invention; and Figur
‘4a and 4b show respectively graphs of air exchange efficiency and duct
removal . 20 Detail ed Description of the Enbodiments Figure 1 shewsyg 2ggi or
art dust renoval nethod using dust pounding and air exchange. An air t

1 and nozzl e

2 are introduced into a cathode ray tube bulb 3 via the

bul b's funnel or neck 3a. Air is punped ipto the air tube 1 7 AUG 2006
creating an airflow A out of the distal end of the nozzle 2 into the nm
body of the CRT bulb 3. The airflow A pounds or dislodges dust particles

and carries

t hem al ong, hopefully out of the funnel 3a. It can be seen

that vortices are created within the CRT bulb 3 which hinder the
extraction oftreating aasirflewdsoubofhastisial ead of the rerrle 3pntei tow rodinabarlyi afr  art
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Figure 2 illustrates a method of dust removal according to an embodiment of
the present invention. A nozzle 20 is attached to the air hose 1 which is
inserted into the funnel 3a of a CRT bulb 3. In addition to the forward airflow
A from the distal end of the nozzle 20, a rearward airflow B flows from the
proximal end of the nozzle 20. The rearward flow B generates a suction force
caused by the venturi effect of the airflow B within the constricted funnel
space 3a. This suction force helps draw out the air flow A from within the
main body of the CRT bulb 3. This assists removal of the dust carried by the
forward air flow A, including reducing vortices and increasing the magnitude of
the airflow out. The airflow in is preferably hammered to assist dislodging of
particles. Preferably the nozzle is held at 50-80 mm from the neck funnel core

joint.

Figures 3a, 3b and 3c show respectively section, top and bottom views of the
nozzle 20. The nozzle 20 comprises forward air flow orifices 21 in the top of
the nozzle 20 to allow a first airflow A into the CRT bulb 3, and rearward air
flow orifices 22 to allow a second airflow B back out of the bulb along the
funnel 3a. The air flow tube coupling orifice 23 is also shown.

Preferably, the rearward air flow orifices 22 are half the diameter of the
forward air flow orifices 21. In an alternative arrangement the rearward orifices
may be angled so that they do not necessarily direct airflow parallel to the air
tube.

t he

n body



the airflow out. The airflowin is preferably hamered to assi st dislodging
‘of particles. Preferably the nozzle is held at 50-80 mm fromthe neck
funnel core joint. Figures 3a, 3b and 3c show respectively sectlﬁ&éwh
and bottom views of the 20 nozzle 20. The nozzle 20 conpriseS 8 air
flow orifices 21 in the top of the nozzle 20 to allow a first airflow A
into the CRT bulb 3, and rearward air gm/orifices 22 to allow a second
airflow B back out of the bulb along the “funnel 3a. The air flow tube
coupling orifice 23 is also showmn. Preferably, the rearward air flow
orifices 22 are half the diameter of the 25 forward air flow orifices 21.
In an alternative arrangenent the rearward orifices nay be angled so that
t hey do not rmgsardflilycreawtair&ﬁ)wm%wfﬁmfa.mnel 3apthene isano needte.tuih theG
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necessary in pyefart MetiddsaThergrhbodiment proddbodi sigple, ROWVddie SyetsatilERIna | ow
cost, versatile and efficient apparatus and nethod for renmovi ng dust and

other parti c@ffigient @pparatus sand rpathedcdar Kameving deskranchgother agtiewateda
and 4b, ig Cqﬂatléﬁafsﬁ&?ldé ?ﬁT bhg £mbodi ment provides inprovenments in air
ust

exchange efficienc removal over prior art nozzles. In particular
air exchange efficiency is increased from13%to 18% a 39% inprovenent.

It can be sedRefeiralg tohfigurek Wizeara dibaitgeah be seenhthgt tee embbdirment pevides i n
cl eaning, hence dust is extracted earlier durin se of the method of this
enbodi nent . TREFRVENEeniSsiH gir4exgNanse. eEidancy; ﬁ“ st ampRval  over prior art

nozzles. In particular air exchange efficiency is increased from 13% to 18%, a
39% improvement. It can be seen that the volume exchanged is much greater
10  earlier on in cleaning, hence dust is extracted earlier during use of the method
of this embodiment. There is also a 42% improvement in dust removal.
Because of the increased efficiency of cleaning using the nozzle 20, the time
of cleaning can be reduced. This allows CRT bulb production speed to be

increased.

15 In use, the nozzle 20 is attached to an air hose 1 and is used to.blast air A
into the CRT bulb 3, whilst at the same time creating a back-blast B which
creates a venturi effect suction which assists air exchange and dust removal.
In tests carried out on production lines, a 39% increase in air exchange
amount for 21 inch CRT's, and a 44% increase in air exchange amount for 25

20 inch CRT's have been achieved. The embodiment also provides improved
dust removal thereby reducing the rejection rate of finish tubes and reducing
early failures.

In addition to particulate material removal, the embodiment could also for
removing one gas within an enclosure and replacing it with another, for
25 example removing the normal nitrogen-oxygen atmosphere from a glass flask
and replacing it with an inert gas. In this example different gases may be used

in the forward and rearward airflows.



Because of the increased efficiency of cleaning using the nozzle 20, the
time of cleaning can be reduced. This allows CRT bulb production speed to
be increased. 15 In use, the nozzle 20 is attached to an aixy h@seds and is
used to blast air A into the CRT bulb 3, whilst at the sane tlrre creating
a back-blast B which creates a venturi effect suction which assists air
exchange and dust renmpval. |In tests carr'ked out on production lines, a 39%
increase in air exchange anount for 21 ihch CRT's, and a 44%increase in
air exchange amount for 25 20 inch CRT's have been achi eved. The enbodi nent
al so provides inproved dust renoval thereby reducing the rejection rate of
finish tubes and reducing early failures. In addition to particul ate

mat eri al r enohE | presenteimusmtionnhas obeen atlescrived wi’é\rmesp@totme aygwefldrtdd n an
encl osure and_repl.acin ot her, for novi t he
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and rearward airflows. 7 AUG 2006 7 The present invention has been

descri bed wi thﬁrﬁ@%pect to a preferred enbodinent thereof. Alterations and
nodi fications as would be obvious to those skilled in the art are intended
to be incgrporated within the scope hereof. 7 AUG 2006 8 CLAI M5



1. A nethod of renobving particulate material froman enclosure, conprising
forcing a first air flowinto said enclosure, and forcing a second air 5

fl ow out of said enclosure, the second air flow causing a suction effect
whi ch encourages evacuation of at |east a part of said first-AiAUGE 2006v. 2.
A nmethod as clainmed in claim1l, wherein the first and second airflow are
gener ated about an opening to said encl osgre 3. Anethod as clained in
claiml1 or 2, wherein the first and secon 10 airflow are generated within
a funnel formng an opening to said enclosure. 4. A nethod as clained in
any preceding claim wherein the enclosed space is a cathode ray tube bulb
and wherein the first and second airflow are generated within a funnel
portion of tKdAMPD. 5. A nethod as clainmed in any preceding claim wherein
the first and 15 second airflows are produced by a nozzle | ocated about an
opening to the enclosure. 6. An apparatus for renoving particul ate
material froman enclosure, and conprises a nozzle for connection to an
air tube, the nozzle having an orifice at its distal end for directing a

first air flawin/A frsthed dofli remedving, partitutateeemdtdridl0 fesrf iape @icl@sure,
proxi mal end for directi a_second air flowin a rearward direction.
An appar at us camn;risaﬁm&f 2 fiest Ardflaw) intasaid RpiPsYIen @ndifoesing ﬁmﬁsonéamm ed

to said ngzzlw out of said enclosure, the second air flow causing a suction effect which

encourages evacuation of at least a part of said first air flow.

2. A method as claimed in claim 1, wherein the first and second airflow
are generated about an opening to said enclosure.

3. A method as claimed in claim 1 or 2, wherein the first and second

10  airflow are generated within a funnel forming an opening to said enclosure.

4, A method as claimed in any preceding claim, wherein the enclosed
space is a cathode ray tube buib and wherein the first and second airflow are
generated within a funnel portion of the bulb.

5. A method as claimed in any preceding claim, wherein the first and
15 second airflows are produced by a nozzle located about an opening to the
enclosure.

6. An apparatus for removing particulate material from an enclosure, and
comprises a nozzle for connection to an air tube, the nozzle having an orifice
at its distal end for directing a first air flow in a forward direction, and a second
20 orifice at a proximal end for directing a second air flow in a rearward direction.

7. An apparatus as claimed in claim 6 further comprising an air tube
coupled to said nozzle.



