TI TLE OF THE | NVENTI ON Low Pressure Low Power device to clean carpeted
interiors of airplanes 5 FIELD OF THE | NVENTION This invention relates to a
| ow pressure | ow power |ight weight cleaning device to clean carpeted
interiors of air planes. 10 DI SCUSSI ON OF PRI OR ART The use of carpets as

floor covigti®qSF faE INVERFIONT NCreased in recent years such that it is being
used on air planes. 15 Normal carpet cleaners would not operate well in

cleaning of interior of air planes (while on the tarmac) due to different

pover supplyPassirdeel POWerddbide tHr HadPeBbeRid Midrralol -aipRinBst cl eaners
usi ng detergent produces foam nust ensure the carpet is quickly dried or

el se the carpet tends to pronpbte bacteria and fungi growth. Such carpet

cl eaness el DOF PRMINCENTIONNI ng are al so bul ky and heavy. In order to be
nore 20 efficient, carpet cleaners using foamtend to be powerful in

suction power. The use of detergent necessitates the addition of a
det er gentThiontaitivar relsiecto agriwnpeesirei nw esweio lighe weihg leteaalngt deviceacoium
cl eaner. xn ord \RfUCti on to be generated, the vacuum machi nes

rert foF\ eﬁoyve(r){ UIII"
and part 8NP PACHMERPEKOt 8" RAREt and the high pressure. Thus the use of
detergent and high pressure contribute to the weight of 25 the vacuum

cl eanigutdlgggggﬁgl\]td}; pﬁ{cﬂg}g@ﬁ]ul, the notor has to be big and agai n,

contri e wei g e vacuum cl eaner. The use of detergents
necessitate quick renoval of the detergent else the carpet would be danp

and ol St‘l’heﬁ%@%ﬁér@@é aloB /et ﬁa@%@é@f ih@reagébvmece@@géﬁg%aﬁ Inat ifigr
efficient and efrective vacuum cleanihg of carpets in the interior of

ai r pl anedeingoisgeloniafdlidnesi al vacuum cl eaners 30 whil e capabl e of being
used, are too bul ky and heavy to be carried up to the air plane by workers.

Modern_air planes are al so high and therefore the cleaner has to carry the
vacyuﬁ?c!'@&ﬁ@ Cﬂ'iPeEClPPﬁ‘ﬂﬁtW%‘{' S ?%er?tﬁt FehE &‘ef‘B'I”Sr? ItghPmof ?'Iﬁ_é"a\ﬂ@?ght of
typi cal i(wess thal takadd) WdDeCtoefMRem powertipbly4andineed forTheick terarbusdl of
consunpti ona&L ndustlrl al vacuu tcgﬁget cl eaners are t230 vol B/SO hztd.or 115
vol t/60 R vé‘%)@?t,c%%"eé? PTG fetBIgRAT PERTHSEMITIB M EISUIS 5" ot APHOD hz.
Ther ef or euicklydirigtr bakls¥ atheubarpEr agrarsstoap®niudd bpetadd | aral fuhgirgrowth. orsuahr
pl anes, for nunber of .good reasons. _The .n f.0 fici g ffective
El ean ng aPL SPHETS o RN ol EBFARS sy AP R Ru0 My VhoER} (BBF rlbeF
demand@ fefficienpecarpki zednsms| usingrfeam tendilelbe pewarfuherduétom rowernFhewed
car pet cl ganj st 1 g % il ar fdied B Ubnthiter K SqdiR t he
interior ogf QFF]&gge;rffr n%?éa#él-bfé Uﬁ?ﬁgl? %@gﬁN\%N%I C§\% r%e An o%iaerct 0 ?%e‘
i nvent i ogontsibates dantheypeigbbefpie vaaaneclepoer|leariet diopoowgribimustiontebef 10
air pl anegneGRIPT the | \a8udh NWARRYEENIRIRE thi db! ¥ tRick MoPFithstdrRAMFighT ush;
pressure. Thus the use of detergent and high pressure contribute to the weight of
25 the vacuum cleaner. In order to be powerful, the motor has to be big and again,
contribute to the weight of the vacuum cleaner. The use of detergents necessitate
quick removal of the detergent else the carpet would be damp and moist, conditions
which promote bacteria growth. Consequently, for efficient and effective vacuum
cleaning of carpets in the interior of airplanes, normal industrial vacuum cleaners
30 while capable of being used, are too bulky and heavy to be carried up to the air
plane by workers. Modern air planes are also high and therefore the cleaner has
to carry the vacuum cleaner up a flight of stairs into the airplane cabin. The weight
of typical industrial vacuum cleaners is about 40 kilos. The electrical consumption of
industrial vacuum carpet cleaners are 230 volt/50 hz or 115 volt/60 hz. However,
35 aircraft power consumption is at 115 volt/400 hz. Therefore, industrial vacuum

cleaners are not practical for use on air planes, for a number of good reasons.



a low pressure air punp for producing an air flow, air duct neans to supply
the air flowto a spray foam ng nechani sm 15a dosing device to supply a

fl ow of foam chem cal to the spray foam ng nechanism and an air flow foam
chem cal bal ancing neans so that the air flow foam chem cal bal anci ng nmeans

control trine redlil RWefit@ni atduefe@ive 28e@nifig adfdcdrpai® mhesiistation BF it planspr ay

foam ng nmechani smto prqduce, bubbl es. of foam.chem cal in the spray foam ng
nechani sr‘FFeIEE‘i'sdreﬁﬂlE%’I E‘sgﬁma‘f‘% rc%ﬁ"@%ﬁJ B@f" Ssprayed from the foaning

mechani smonto the carpeted interior to forma |ayer of bubbles of foam

chem cal .gn the carpeted interipr.  tr ing._the dirt in the t. so that
Che i rt TAREE BUbBREL o5 o7 oo ibiaes! APty pistein, Wby B s sAPbES et

car pet5 Rpetherstditsyto tHeeinggrivayofftbamimgamechani sm has a perforated di sc and
one or nore layers of wire nesh, an inlet for flow of |ow pressure air into
t he spray foam ng nmechani sm and another inlet for flow of foam chem cal, for
t he for m@UNMARY OF UNMENEKONf foam chenical on the |ayers of wire nesh.
Preferably, the dosing device has a | ow power sol enoid punp, dosing circuit
and a mcro-controller which controls accurately the inflow of foam

cheni cal Anmbiect ¥ priayenign ife hiaemstrpa samaticlopna) toelede Farpegtgriors of
DESCRY TN ol Tédm W NGS For a better understanding of the invention,
its advantages, and the objects attained by its use, reference should now
be made to the acconpanyi ng draw ngs.

a low power motor to drive a carpet cleaning brush,;
a low pressure air pump for producing an air flow;
air duct means to supply the air flow to a spray foaming mechanism,
15 a dosing device to supply a flow of foam chemical to the spray foaming
mechanism, and
an air flow/foam chemical balancing means

so that the air flow/foam chemical balancing means control the inflow and mixture of
20 air and foam chemical into the spray foaming mechanism to produce bubbles of

foam chemical in the spray foaming mechanism, said bubbles of foam chemical

being sprayed from the foaming mechanism onto the carpeted interior to form a

layer of bubbles of foam chemical on the carpeted interior, trapping the dirt in the

carpet, so that the dirt and bubbles of foam chemical are then sucked up from
25 the carpet.

Preferably, the spray foaming mechanism has a perforated disc and one or more

layers of wire mesh, an inlet for flow of low pressure air into the spray foaming

mechanism and another inlet for flow of foam chemical, for the formation of
30 bubbles of foam chemical on the layers of wire mesh.

Preferably, the dosing device has a low power solenoid pump, dosing circuit and
a micro-controller which controls accurately the inflow of foam chemical into the
spraying mechanism as and when needed.

35
BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the invention, its advantages, and the objects

attained by its use, reference should now be made to the accompanying drawings.
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The acconpanying drawings illustrate one or nore enbodi nents of the

i nvention and together with the description herein, serve to explain the
wor ki ngs and principles of the invention. 5 Fig. 1 is a schematic of a
vacuum carpet cleaner of the prior art. Fig. 2 is another schematic of

a][m: EerI %élé'daﬁrﬁﬁér@ﬁfg Bl RAaMRr iIIQétrdrtlé’l@n@bi @lor@einbodiments ¢ thd inSert:iLtiémCiamTHti c
o] e low pressure | ow power [ight weight cleaping device to. cl ean
car pet edt‘?gr?l%éerri WE@ B¢ ‘X.ésrc“%ﬁ’angg'%ﬁb%rﬁ’?b 4P 'Qﬁ@\’?‘?{g@ﬁ?i?ﬂ#prﬂgﬁﬁﬁ_ﬁ
DESCRI PTkkdNn@ntibhE PREFERRED ENMBODI MENT Fig. 1 is a schematic of a
vacuum car pet cl eaner of the prior art. Fig. 2 is another 15 schematic of
anot her vacuum carpet cleaner of the prior art. The workings of the vacuum
cl eanef Fyd. ngisf @aachenhatici clabh vasuwel tarketovlesmeri ofsthieagiiar amor ki ngs wi I | be
descri bed herein. The basic structure of such a vacuum cl eaner using foam
chem cal consists of:- an air punp/air conpressor (10); an air inlet (12)
with conffidml2 iseamherosecheqatiatef anathdrl gaguuan tcarpet ctganar of rige frolenadheni cal
(36); a foam dosing punp (20) with control nmeans to regulate inflow of foam

chem cal (16); a foam ng nechanism (14); and a foamoutlet ( 22) with brush
unit The Rgaduisna cickamelic génibe alowsrasssrg dawhreverinkt wejgbiptleaningéeniea 49 ng

foam ¢persen! cdrdibd ! ftefibrd! bRhir bangs \MREEHbed eME inl&RioRDI St T oam chemi cal
(16) droplets spread over the carpet and enconpass the | oosened debris or

dust, which has been | oosened up by a brush unit inside the foam outl et

(22). TheEILED DESCRITIOMVOH THE SPREFERREDAEMBODIMENM cheni cal  (16)
formed on the carpet. Immediately the | ayer of foamchemcal (16) and dirt

and debris are sucked up by the suction power of the vacuum hose. The | ayer

of foam ¢hem rah sCHdmatust anadcube tarpet bieakersof tHeabribheet. SEigt 2 o apibtHehe f oam
is not_conplete, leaving saone foam.chem cal. (16) . the carpet. A mmjor
consi &%r g?ﬁ%ﬂat,cso{ ﬁﬂ?th?%avrﬂcﬁ‘ﬁ'@rﬁ%gﬁt %ﬁ%}erl %ff {heo no&%rrtpet of air planes cause
t he ciar pet to shrink, thereby causing dana?grﬁ: o the carpeted floor of ht heb
air plan p r 1 her eby
pronot i nghe@'legﬁ%qgf g{‘%&%ﬁ gﬁ@iacqégaﬁg\r/\}f' ﬁné ﬁg%rﬁe cé‘?‘ géelt ?éofwe;ﬂggﬁcgv? rstsgltgh%?é Over
time, thevockingsetwili be tdesciilyede hiesin. ofThehdagicr stpiciwe oogHeh sydcuuaueangr gr owt h

of bact er ia,aRdnf Uﬁ'&%ic%&&ﬁi%§ ofonmpounded by the absence of sunlight which
woul d not oﬂly dry a carpet but also kill bacteria and fungi.

an air pump/air compressor (10);

an air inlet (12) with control means to regulate air flow;

a tank containing foam chemical (36);

a foam dosing pump (20) with control means to regulate inflow of foam
chemical (16);

a foaming mechanism (14); and

a foam outlet ( 22) with brush unit

The vacuum cleaner generates a stream of moist droplets containing foam chemical
(16) is similar to a water stream. The moist foam chemical (16) droplets spread over
the carpet and encompass the loosened debris or dust, which has been loosened up
by a brush unit inside the foam outlet (22). The debris or dust now floats on the
layer of foam chemical (16) formed on the carpet. Immediately the layer of foam
chemical (16) and dirt and debris are sucked up by the suction power of the
vacuum hose. The layer of foam chemical (16) must not be too thick so that the
suction of the foam is not complete, leaving some foam chemical (16) on the
carpet. A major consideration is that foam chemical (16) left on carpet of air planes
cause the carpet to shrink, thereby causing damage to the carpeted floor of the air
plane. A second consideration is that the carpet remains moist, thereby promoting
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The prior art vacuum cl eaner represented in Fig 1 uses a high pressure air
conpressor (10). To keep power and weight of air conpressor (10) within
reasonabl e bounds, volunme of air delivered is |owered. This requires the
air to be accunulated in 5 an air reservoir (26) prior to foam generation.

As a resWatterib hgicfuhgi growah tih NBlet ¢afpetodf the airlPlané.nOvestirher tHeoaardeo iMe

generate res ure ne ssitate thicker

r eser voi Sh? @ge)rror aﬂgqh a%dvoér' cfresé‘ﬁ"efiu%e?nﬂr%‘g@o? b?%@?%tﬂ?dqmﬁ'e‘ﬁ@%g t he
wei ght of|s tcbmpohred:‘aml bg tlde\absencelef ‘Shelight gihighr @ssldr eotaomly adrg aa rcaepet rsait hi gh
pressure g( &} eteso en d punp (20). Again, this calls form high power of
the sol eft nL ﬁf) élag'i n contributing to its weight. The sol enoid punp
(20) deli vers a f| xed vol urre per punping cycle. Since netering of the foam

O CEhdBoingoh S Yaftt dlealis! (pfosbfiRly 16 Blo 1 X880k TAFRMuETRNE o
15 val ve coo@yesasr Uﬁhs‘é@lkeemnpmnarciawelgnmf T hempreasard kit ressonatiy, | <
control I'egd hys BataRcdag c{eﬁ@er@d "is m%:d"rﬁwrs” Lg?rre‘ésﬁﬁ oegella@&l?rﬁulét%g)r? and

chemi cal pressure from nmet ering val ve ancr ng I's ficult
t o rmai At ANrRiT GRSeN@iTg2pepicsdly éFam Dﬁ%erat'% t"éﬁ ﬁrrwltaﬁﬁ‘e@pﬁr ﬁﬂ\fﬁ'tmg%'m% of 5

di fficul % amﬂma&}ey Yot 30 t61U€ gbRerateld@) TheA hightdredburd\nddeshitRaMheREMneAL
pressure; (b) scaling of line and orifice of netering valve (24) 25 The

f oami ng rﬁ%ﬂ‘&n?snﬁeéﬁm'r K%G)j%sFO%Ssﬁ’qah%ﬂﬁéﬁmW%Oﬁ thereRyrincreaging the,
gener at i R@idHybbkiescliédmagidebieeause: - (a) bulk of air and foam
chem cal (16) escape through the spiralling gap of 30t he brush

(b) the foamchem cal are blown into a m st instead of form ng bubbles.
The p1d orrharrﬁgh/preersure cduealserrequrmgepmed;rbyfrﬁhghé solersd apsuraﬁ (20) odygairhem cal

16) 35 b the dif t t I
I T R T Nt N L
restri ct oveightl vidne( 34lenbigaplimmg (2@ ddheersnai efixedf volbmef mzrmumgormgacvm«sn Sincé 14) .

Agai n, ”%é('l%%gmo?qgfosdbﬁprle?m@él (% qer@a?m&%sm a?( rés?rlcqbr]c f Eﬁé’lotf mg{eﬂné oam ng

rrechanr sm ses a di ver?ence sect ce an even and
uni f or m vRlyw (84), alhe. buboele\ieam ditgmiqad (t&lds axgiped oand then back via a by pass

15 valve (28) as unused foam chemical (16).

The foam chemical/air mix is controlled by balancing the air pressure via pressure

regulator (30) and chemical pressure from the metering valve (24). The balancing is

difficult to maintain for long periods of time . Attaining an optimum mix is difficult and
20 unstable due to:-

(a) variation in air/foam chemical pressure;

(b) scaling of line and orifice of metering vaive (24)
25
The foaming mechanism (14) is just a spiral brush. This is inefficient in generating
bubbles (foam) because:-

(a) bulk of airand foam chemical (16) escape through the spiralling gap of
30 the brush

(b) the foam chemical are blown into a mist instead of forming bubbles.

The prior art vacuum cleaner represented by Fig 2 uses an air/foam chemical (16)
35 mix by balancing the differential pressure from a diverting valve (32) leading to the
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5 divergence fornmed at the inlet to the foam ng nechani sm (14), eddy
currents are encountered. The eddy currents blow the chemcal filmformnmed
on the wire nesh (18) used to produce bubbl es of foam chem cal (16),
turning the foamchemcal (16) into a mst. The reason the vacuum works so
vell is heeausendfoaht @hesmeélit@ﬁk sBMeind d hetieek ah@r@trtmrbeélv@tsmé‘éom@ té hat
producetheéri t1joh power h IS r?liegﬁonto SL{ t ed{%ﬁﬁandfoamln
order to t§ Phet gafpﬁrg{ng Ff‘ﬁ@ 3Nise Tk galle MAFARNG0\RS cAlrfogm

nor mal |y chemaﬂj msi ¢ dﬁfﬁcuﬁthaﬂft@efddmﬁnd; evedhanfsnsu@,?]bbmgsrzmegtm bliverg‘eaeelum 1
gives off__ ln for suctio t e rmtor a an_have to be
Punni ng. e R precuicd an S R il LB RGuTR of B Ofe R B GHET | e ake
port sSzeilv'ék'anlcarfgmedt e theninéek etopdne ;foanineg I megmmsmtnm4)areddy31udrentsheara'acuum
can be, a i It. The
Tangth, CREsE T ST Pt bo Bl Eg hiorhet PR She WHETESPEE o e
wei ght owseméoarodunasmbb@s of Hearg wbemisal (161, @mrnlng hedoarnh chemicamotat iatet a par t

of vacuumgl eaner. It is this nmotor which takes electrical power fromthe
power source & converts it to give suction with air flow. Once again, the
bi gger the notor, the nore powerful the suction. In order to have powerful

suction fgg r%fagé’r?tthé/@a&lhﬁ\a%ﬂ& sd %IIV@%&%% RANERI sUBHSH JHNER. Phdpb Grd BT OF
and this again contribute to the weig he vacuum cl eaner. 20 Wth all

t he abov&UBHREPUEFRLS B35 PIOJURE Mg SLICE'OR)\ABBYVGr H@ Haturrglied oniamychcthardita

vacuum cla@anfyant OircbRien t6aidddt $he Mok, THY Bist of thebe & fanPdcWees Wit chh 9
suction power vac%m cl gﬁner W th bbg sucti on sﬁower uI d

However, an
have a bGTAHl BRORRERER GIBIISNE PR Gk “HEIY L TGLELE \Re T e Bkm
chemi cal otdenkor( 3Gtionatay bastroag, uthe cloeaned ffan b®e too bel emnirghat cargh ed
interior Sof n air plane woul d be heavy. The wei ght of current vacuum
cl eaner s S88¥Y to cl ean carpeted interiors of air planes are from40 to 60
kg. Since a big notor is required, the power output is from1,200 to 1,500
wat s 4 %Elfﬂa@fﬂd& Wé@ﬁ V\;%'r%sﬂllgt fnﬂﬂ(]epg rsdeS 'ﬂ?eeg% rhife ﬁﬁ’laﬁéé rr"'te f oam
up agaln, a sprea fine and thin foam|layer is cessary. érefore
while a meglargﬂr@lve fandnwegthgu/@puwn cso\h@rmesmn@melsugtw@dwu pelrretidesidead of a
thin | ay Ramyghem cal (16) nust be achieved. Therefore the power of
the air ﬁrg&fmtfa Eg 5 foam ng nechani sm (14) nust be stepped down so that a
fine layer of foamis formed in the foam ng nmechanism (14), thus enabling a
l'ayer of T‘ﬁ@ef@ngﬂﬂ tHid@BsS OarRe dfphct¥e df oMb MMNhesé hendrafoRetconibGRAS RAURACE Of
a big notor an suction power is that the foamoutput in 10 the form of
foam | ay &eighs ‘Eethgp?'regas%ver the carpet nust be constantly nonitored. The
| ayer of foam chem cal (16) to be spread over the carpet nust be a f| ne and
thin y se there wo et orruhfoamchem
car pet S 61 HsTP3 ML s abehen BNt PAEST totC e Reepat s R P preach o

noi st foaaheb@‘letctrhnhpmlertfrum trwmwﬁrlsmgrdea&bmueasmd gmagsucgomwtthaur'l’hws woul d

ori o ar 7GR croansL Gealrto T B Bt AReBRo /L SFELR mBfanes
have t heippwaiful/sclton der effemlma Tieaniognttihe | aedurbycleamranalrust ddjvesa bignmotof  ai r
‘;;?‘r"{ aroﬂﬁe@éuéé‘aﬁ%@n(ﬁ%ﬁ@ e GRlght 1f)the HEhuMBLLGerad ust ment have to be
20
With all the above considerations in mind, it would be natural to manufacture a
vacuum cleaner to clean carpets in the interior of air planes with big suction power.
However, any vacuum cleaner with big suction power would have a big and
powerful motor and thick walled hoses. With the foam chemical tank (36), any
25 vacuum cleaner for use to clean the carpeted interior of an air plane would be
heavy. The weight of current vacuum cleaners used to clean carpeted interiors of
air planes are from 40 to 60 kg. Since a big motor is required, the power output

is from 1,200 to 1,500 watts.



20 very regular intervals in order to maintain the production of a fine

| ayer of foam chem cal (16). Current prior art vacuum cl eaners therefore
suffer froma |ack of automatic control over the production of a fine |ayer
of foam chem cal (16) fornmed over the carpet. As a result of the high

pressur e Wsikda bRK®e8? efr@amgCB@dﬂoﬁa;bov(e]tﬁl)s Neded Resebkawe. foaue upeiga@ssa f oam
chem cal (16).has_to be H f back to the 25 foam c en‘i%all t ank (36)

et ng . 5reahid® 9819 806 AT qad favet S8 At BeSRphT HEN AT e 1650 MARE. pover
and ener gydi digsfefibn opowansr akedyd, t hicentralietiospreatii oh a shia tagersaﬂuedune of a
bi g and powerf tor for suctl i nal | u m

ol aner s RREIcHb (ETEN R, bFT aPMEtechr TRaRETe s el Rowbr ob e 8l dfbuhastotf,

pl anesS arfeanding f meehwnisht Oi#) morshetde ete(ppedldm\bn systhahm ifineolférces faard is

nouSeNol Jmer? eeBlo, MEOBMET1BY HAUBBIRS Doyl LdhEg Rgrited on

air planes e |nvento ave usin nes o he prior a

cl ean camgespraydchoet poto 886 edrpeli r pl anes. However, the machi nes of the
prior art are too heavy even for men of average size to carry up the flight
of steps into the interior of an air plane. Al though big suction power and
consequent | SPNREGHENGE e@fs Brg Motaredfid Mg spBtiogueRWAD '9: Heatt g“@nfmoaﬁppt M rom

the cagpede folrrﬁV‘bfpfo%ﬁﬁ'PHy%r It§ b@%Bn%%&aé\bérttﬁe REREH CRUS b@y&hst@fwtlmoﬁtoiféélam
chem cal ’)ﬁé‘?" he carpet for the purpose of cleanin As ‘a result, the
[

i nvent or RefRasy WW@&@W%I%@ 9Vers theg CRBRE Bl Pe ot dineodnd
pressure traﬁmby@er 6r @bé ethbfe aldUIY EbaérttobhtugR! fahorehefricl Qﬁb)tchf aHghcdrpéts

i nvention, Fi 3 1is sche I.C the | ow pressure | o ower ht | ght
cl eani ng %bgc@ot gush ‘i’%ﬂngfeﬁ? fﬁael?i@ i ?%B% @ eag| it &0 '%fetf’agff

the i nvemehiad. thdé rorosotiigobgtteria rdnd furg growtni Tﬁglsd\ﬂmicbasdi leladutghsra'mkbng
press wer . a The air is passed through an one-way
val veT% 13&))%’?0%[9%'” B} “\i}) é‘%’?ﬂéﬂ gedoﬁechanl sm (140). The foam chem cal (160)
is drawn into the cleaning device using a solenoid punp (200). The foam
chem cal i 0 t €z pray
10 foam géé%gbﬁaa?ntl Rs’?n&?]ﬂ%jeatn%e%g?? tPecIe% fogvﬁ%(te err}li’eglo sl%? g Br%%gggﬁ ot her
par anet efkeinofaiv¢henmier mfesrenimpal cqrtedgd i By c orankalyl eaﬂjtmymantdogl @y few/aini t
(250), WhirdRyieS a%B%érH'dh%ﬁ\ éax éwnmwcﬂ pellcl thhetrmenf\hsb@ffﬁbéﬂreamedt&ﬁ atpray

f oam ng mechani sm ( in Fig Alr IS pu
20 very regular mtervas |n order to malntaln the production of a fine layer of foam

chemical (16). Current prior art vacuum cleaners therefore suffer from a lack of
automatic control over the production of afine layer of foam chemical (16) formed
over the carpet. As aresult of the high pressure used, excess foam chemical (16)
would be drawn. Such excess foam chemical (16) has to be brought back to the

25 foam chemical tank (36) using a by-pass valve (28). While this saves foam chemical
(16), much power and energy is spent on control of this factor, which is a
consequence of abig and powerful motor for suction power.

Finally, when using vacuum cleaners inside the interior of air planes, the power
30 systems of air planes are different from normal electrical systems in offices and
households. As a result, the power systems must be modified to be used on air

planes.

The inventors have been using machines of the prior art to clean carpeted interior
35 of air planes. However, the machines of the prior art are too heavy even for men
of average size to carry up the flight of steps into the interior of an air plane.
Although big suction power and consequently high pressure is required to suck up
the foam and dirt from the carpet, low pressure is necessary to produce a layer

of moist foam chemical (16) on the carpet for the purpose of cleaning. As a result,
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15 into the spray foam ng nechani sm (140) while foam chem cal (160) is fed
froma side of the spray foam ng nechanism (140). The air neets the foam
chemi cal (160) at right angles, bringing the foam chem cal (160) through a
perforated disc (290). The air flow carrying the foam chem cal (160)

through theimentory aé rlﬁhieﬁt‘éd( 239) \fa@ﬂ@rﬁs cléaaeifsoajﬁr@haamqiom@wehdt Quevenly
fl ow t hrough the per ted dISC%% % gr?sefoamc emcal Jair mxture
fthepsiutiony

t hen pasé’é%ss’t“F"F‘r%l?gWeﬁ P l\‘fv'/ oagiEive eied ANreyed IS IPVERGR: f ur t her

i nside the spray foam ng mschanl sm (140). A th| n filmof foam chem cal
(160) isﬁt s for Q 2 tysace farme @ r}ih wires in the
wire nesh'y t§)a S expﬁ 1950 WFPF% O‘%BRWF dg YT L8NNG AT (e
spray 5oanaangcarpetbdnmmnib(sléf))a;r planegedeéoynbpdxshemet|heerft|ohmﬁarf|sfoowghtm cal
160 25 h f . , i, f
bubbl es. el EamebiBorcee & iopis2EgeTnd oWt ol Baet(YaR)  TRGAR Y O
t hrough tplaesed theougbs bn Ch&®Yay \Ehen(ﬂea) 1oytherserafyomnhin@mmahiemn(édo)/\oﬂlh@ be
carried g thgba)slsowalv\ﬁ\tm@f tﬁé‘%lesa% J\/ﬂ%mugﬂ éﬂUl& @ég?é%The

f oam bubb es en s spra oam ng anl s
forma | éﬁnerfom chemreat 6] @athem@@)thwgbrt ¢ Ree-way p‘éit"@j 1991 e dhe spiay

sol en ?&Qﬂ nith (148, ImRke Fﬂm/f&swbﬁ@meéls(@aa%k\éﬁasotﬁer‘fMsﬂefé%urre of

f oam g?lem ca However ﬂe alr/foamchemcal mx is controlled by
usi ng do$f rife feasy gesipigal (égo)vﬁéomllleampha daava rayee@Sah eVBish df nerptrolied) Al |
f oam chemcalmicAbddhtbigt is punped is used. There is no need to recirculate
the foam chem cal (160) into a tank. (b) The control of air/foam chem cal
(160) m x is not based on bal ancing pressure (as in the prior art) but
based on Adgssengp bff ERUDAEY foathing hné&ainrsdepmnyienthmn VrRIFI@BI OAir isnpphpssur e,

ling. . I ir/ heni cal 5 d / f
chor 031 P ePBuTEY BRTPHETAREE ) LS dremusEesroblasr R eddievia
Foam bubkldesofathe speayefoamed wieeharmiequil4@d. TheGH rd)'nﬁtsmlhe fran chewidal (160) use
d i b
50 T ead potne s L PngREARe et AL B R o Rtel st '
the art) Thehar flomncarhéng cthe (d60) Cfnﬂjtncain(HﬁO) thosuals thérgedonated rdisch290ar pet
but enabl&s §h§1ed'f5wt%h%rln%§f' (169) tek}eﬁlpenowtmoughqhé%%@?&d diskt28h)e t hen

QUICk|K sucked 4 hi's ressure ower cl'eaning
devi cé0 tlhese fnam Ichgraicalo/pir f ixtHre 0 thendaasees th(%b)a fepr ryerg Q_fmth@ WiFemeah pet

interior mg' Qtdé?eoquur%ryméraekﬁfé %Pra'?'g?da%lng-r *}Hécﬂa*h%rn?(ﬂ%? Noa GARGRK N opver
t he carpet interior of the air ane bei ng{ém)l st h foam chem cal (160)

| ef t behlf?ﬁi“ oﬁhQrﬂ@a'céﬂr‘“’&étseéiqqsnf%m%rorbﬂ‘et SPagssafPEMedREMFEP tomHtES
bact eri ajfnge f WiGim&hoWBH). As the low air pressure continues to pass through the

spray foaming mechanism (140), it gently pushes the film of foam chemical (160)
25 on the empty spaces in the layers of wire mesh (180), forming foam bubbles. These

foam bubbles are blown by the gentle air fiow flowing through the wire mesh

(180). Eventually the foam bubbles formed would be carried out through the

outlet of the spray foaming mechanism (140). The foam bubbles when sprayed out

of the spray foaming mechanism (140) would form a layer of foam chemical (160)
30 on the carpeted interior.

The solenoid pump (200) of the inventive device also delivers a fixed volume of foam
chemical (160). However, the air/foam chemical mix is controlled by using dosing
frequency.

35
The following advantages are obtained:-

(a) All foam chemical (160) that is pumped is used. There is no need to re-

circulate the foam chemical (160) into a tank.
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25 Since the carpet is dried alnpst at once, there is no concern over the
noi st ness causi ng shrinkage of the carpet in the air plane interior. Since
the air punp (100) uses |low power in the range of 30 to 40 W there is no
need to have a big motor and fan. A small notor woul d be used, thus
reduci ng 30 the weight of the cleaning device to 15 to 25 kg. Such a

cl eani ng devi n easily be carried u ight of stairs to,the.interior
of an airnpl anzg) \C/frﬁc ”f°éw°go )?oa(%sc?'ﬁﬂpcﬁﬁr(r{)éde %‘)'5)'? Qﬁe,paaSéioﬁ‘gb%I?mf'%m
chem cal (160presasorebdaeani the edot raot) | eat, baseds ambwdosibg nffedqdemcipeahidhoris

conti nuous adj o) | f f hegj cal ..: (. e

addi tion of d(')'lgjl%hgF (g(;élnrt C%ivgﬂﬁ%y%é%séﬁae,%@%}n@ cglr?t% feo 'f/f(]aorg?? %meg'#%r %}‘n%e of
fine layer of attemrdcheni cal (160) is achieved. Furthernore, with a | ow
pressure | ow power notor and air punp (100) controlled by dosing frequency
circuit (250) and mcrocontroller, the formation of a |ayer of foam

cheni cal (160Y)c)cdptheirfenm chrroigal grenures anddwhercaegsh Bfficiant oise taf@owet hni cal

features of Figadniled i BodmVbidbids Sre3gshO¥edt Nfed Phdpeting: - 5 Air
conpressor (10) 350W Punp 70Wand Vacuum Motor 1000W (Fig 1) Ar

Conpressor (10) 1200W (Fig 2). By contrast, the notor of the subject

i nvengpon usegd@aBindlier RsMRnfrdi00)se0bndmaitaid 10 sol enoi d punp (200) of the
i nvention uses 16W The foam ng nmechanismused in the prior art and used in

the subject invention is also different in structure and approach. 15
Control of foq Dess Bormpénddts @Bedirdndi SotBANUIGhter i WEghE blteasc ddssnet ers whi l e
control of foaming,in the subject invention is electronically controlled

t hrough use oP“ﬁBnF%WB?%gﬂvkoller. Met ering of foam chem cal (160) for the
subject invention is controlled by varying 20 the frequency of dosing using

a d0sh 00 \GhT SUbhush280cnAl: Rl O 1GRRAT Al lilar TS BEALESCAGFALE and
stabl & contr &l ot 'f oam generati on. ereis Tittle wastage or- eng gy since
t he dosi wglyploepe2 1@ dirs iudkel aandep kg ersdplasr dwg. dirt to eateup willorthanfiohy,

t hr ough tmgfmrfﬁdldi@vgrmﬁe%%&%g%g of high pressure 25 machi nes of

prior art), a s er notor sed. A smaller and | ess powerful
notor is therefore lighter.Since the pressure is not high, the walls of

With the use of this low pressure low power cleaning device, the thin layer of foam

20 chemical (160) sprayed onto the carpet interior would be quickly sucked up again.
Thus there is no concern over the carpeted interior of the air plane being moist
with foam chemical (160) left behind on the carpeted interior of the air plane, which
promotes bacteria and fungi growth.

25 Since the carpet is dried almost at once, there is no concern over the moistness
causing shrinkage of the carpet in the air plane interior.

Since the air pump (100) uses low power in the range of 30 to 40 W, there is no
need to have a big motor and fan. A small motor would be used, thus reducing

30 the weight of the cleaning device to 15 to 25 kg. Such a cleaning device can
easily be carried up aflight of stairs to the interior of an airplane.

With a low power dosing pump (270), the dosing of foam chemical (160) can be
easily controlled, thus obviating the need for continuous adjustment of dosing of
35 foam chemical (160). With the addition of dosing circuit (250) and a micro-
controller, the forming of fine layer of foam chemical (160) is achieved.
Furthermore, with a low pressure low power motor and air pump (100) controlled by
dosing frequency circuit (250) and microcontroller, the formation of a layer of

foam chemical (160) can be continuously maintained.
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hoses are thinner, resulting in weight savings.As a result the subject
i nvention wei ghs approximately 20 kg as conpared to prior art machi nes
whi ch weigh 40 to 50 kg. 30 The inventors found that the | ow pressure
allows the formation of consistent |ayer of foam chem cal (160) bubbles
over the carpet, thereby enabling the carpet to be coated with a

consistently thin er . of chem cal foamfor cleanj ng.put. e, The use of a
per f or at 25(?'%935'80? Qgg%ea %:]iwwcglemﬁ%tgrﬁs( fggl):'geﬁgﬁrﬁ nie\r}g'ﬂpaﬂié'sqfl %‘\ﬁwﬁeé@%sar y
35 for tHalofMorgrati on of a thin |l ayer of chem cal foamon the enpty spaces
between the wires in the wire nesh (180). Once a |ayer of foamis forned on
the enpty spaces in the wire nesh (180), the air inflow (120) going through
f oam cheiircmimprdsoy (1Qr3dddVoRump&O0dMmng Ypasws Motort HIOOMVr dFigelsh (180), wil |
f orm bubbl es of foam chem cal (160). The bubbl es of foam chem cal (160) are
then bl own out of the spray foam ng nechani sm (140) into the exterior, and
forms a Mﬁqm@ﬁsmém)ch&ﬂ\&(ﬂq 250) on the carpet. Having descri bed

preferred enbodi nents of the invention with reference to the 5 acconpanyi ng
drawings, it is to be understood that the invention is not limted to the

preci se éFoatraEnttha s et ithe gubiesteinyentigny usemen f5MUBIR(1ORLAlSe Wnd®

modi f i g atsbRAGIINBYMP 266) F ahe thveR®iraisesbys wne skilled in the art w thout
departing fromthe scope or spirit of the invention as defined in the

clains. 10 ADVANTAGEQUS EFFECTS OF THE | NVENTI ON
The foaming mechanism used in the prior art and used in the subject invention is

also different in structure and approach.

15 Control of foaming in the prior art is manual using mechanical meters while control
of foaming in the subject invention is electronically controlled through use of a

micro-controller.

Metering of foam chemical (160) for the subject invention is controlled by varying

20 the frequency of dosing using a dosing circuit (250) and a micro-controller. This
produces accurate and stable control of foam generation. There is little wastage
of energy since the dosing pump (270) is used only as required.

More importantly, through the use of Ilow pressure (instead of high pressure

25 machines of prior art), a smaller motor of 35 W is used. A smaller and less
powerful motor is therefore lighter. Since the pressure is not high, the walls of
hoses are thinner, resulting in weight savings. As a result the subject invention
weighs approximately 20 kg as compared to prior art machines which weigh 40 to
50 kg.

30
The inventors found that the low pressure allows the formation of consistent layer
of foam chemical (160) bubbles over the carpet, thereby enabling the carpet to be
coated with a consistently thin layer of chemical foam for cleaning purpose. The
use of a perforated disc (290) and wire mesh (180) ensures even air flow necessary

35 for the formation of a thin layer of chemical foam on the empty spaces between
the wires in the wire mesh (180). Once a layer of foam is formed on the empty
spaces in the wire mesh (180), the air inflow (120) going through foam chemical
(160) formed on the empty spaces in the wire mesh (180), will form bubbles of
foam chemical (160). The bubbles of foam chemical (160) are then blown out of the

9



The invention allows the continuous production of bubbles of foam chem cal
(160) which are then sprayed onto the carpeted interior of the air plane.
Si nce the bubbl es of foam chem cal (160) is forned using | ow power and | ow
pressure, 15 smaller notor and air hoses with thinner walls can be used.
All this spmyt riobming traechahisgh{B10) chteanhergextenore @and Vibineh as Ia@sioér féam haul
up an ai I Iangm@ &e30 35 CLAIMs: 1. A chem cal foamtype carpet

cl eaner tBSTELH %\?rb @ Prteriors of air pl anes, conprising 5 a | ow power
nmotor to drive a carpet cleaning brush; a | ow pressure air punp (100) for

pr oduci nQ—Ia@E\ga'desé lb%ﬁ’os)i%lférre%%ﬁn%ﬁ\p&té Oof> AP JX/eH]cﬁw Euélgb)rla@%ﬂc@t ?cf dngP! ay

foam ng ne dS|n y aflo
of f oaf ceeornparlyingl@@yirigst ¢ is he bspmiﬁrsj;@:i@mat tite imwentioni ismat 1idtted tartUe an al r

flow f Oa?rgé]see%rﬁ%dntﬁ@hfgg' ﬁe | n?r?%e%]ﬁ dﬁd‘th%h@arl%h% cﬁéﬁﬁ@s %@%Sgﬁﬁ 15

bal anci ng neans contro oW an xture of alr and foam chem cal
i nt o t he negy keyeffestad thgreireleshend siiflediathe arbwiihat deearting Bomphe scape greRift

chemi cal o@@@q%védﬁoﬁggdgm{@mnftm,% mechani sm (140), said bubbles of foam
cheni cal (160) being sprayed fromthe spray foam ng mechani sm (140) onto

the carpeted interior to forma |ayer of bubbles of foam chem cal (160),

sai d hgbhimsantaGedvs herdeets ( BFOTYHEOINWENTION he carpeted interior M ng
the dirt fromthe carpet, so that the dirt and the bubbles of foam chem cal

(160) are then sucked
The invention allows the continuous production of bubbles of foam chemical (160)

which are then sprayed onto the carpeted interior of the air plane. Since the
bubbles of foam chemical (160) is formed using low power and low pressure,
15 smaller motor and air hoses with thinner walls can be used. All this contribute to

a lighter cleaning device, which is easier to haul up an air plane.

20

25

30

35
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20 up fromthe carpet. 2. A spray foam ng nechanism (140) as clainmed in
Claim1l having a perforated disc (290) and one or nore | ayers of wire nesh
(180), an air inlet (120) for flow of |ow pressure air into the spray

f oam ng nechani sm (140) and another inlet for 25 inflow of foam chem cal
(160), f orctAiens:or mati on of bubbl es of foam chem cal (160) on the | ayers of
wire mesh (180). 3. A dosing device (250) as clainmed in Claim21l conprising
of a | ow power sol enoid punp (200), dosing circuit (250) and a

m cro- cont.r 8l lchemidal clhawoppe chrpeBOleanerutoatledry dansetedirtenorsef of camplahesy cal
(160) intg th.ginapr ay foam ng nmechani sm (140) as and when needed. 35

compri
5
a low power motor to drive a carpet cleaning brush;
a low pressure air pump (100) for producing an air flow;
air duct means to supply the air flow into a spray foaming mechanism (140),
a dosing device (250)to supply a flow of foam chemical (160) into the spray
10 foaming mechanism (140); and

an air flow/foam chemical balancing means

wherein the air flow/foam chemical balancing means controls the inflow and mixture

of air and foam chemical into the spray foaming mechanism (140) to produce
15 bubbles of foam chemical (160) in the spray foaming mechanism (140), said bubbles

of foam chemical (160) being sprayed from the spray foaming mechanism (140) onto

the carpeted interior to form a layer of bubbles of foam chemical (160), said

bubbles of foam chemical (160) formed on the carpeted interior lifting the dirt from the

carpet, so that the dirt and the bubbles of foam chemical (160) are then sucked
20 up from the carpet.

2. A spray foaming mechanism (140) as claimed in Claim 1 having a perforated
disc (290) and one or more layers of wire mesh (180), an air inlet (120) for flow of
low pressure air into the spray foaming mechanism (140) and another inlet for

25 inflow of foam chemical (160), for the formation of bubbles of foam chemical
(160) on the layers of wire mesh (180).

3. A dosing device (250) as claimed in Claim 1 comprising of a low power
solenoid pump (200), dosing circuit (250) and a micro-controller which controls

30 accurately the inflow of foam chemical (160) into the spray foaming mechanism (140)

as and when needed.

35
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