1 . e S CYCLONI C VACUUM CLEANER The i nvention

=

relates to a vacuumcleaner. particularly but not exclusively to a dual
]

cyclonic vacuum cl eaner. A dual cyclonic vacuum cl eaner ses a
ditty air inlet communicating with a clean air = =By _T an
airflow path, two cycl ones being sequentiall& ar ow
path. In use, air flowng along the airflow pa a1

inlet to the clean air outlet passes through a f the two cycl ones

VACUUM CLEANER

The invenéion relates to a vacuuﬁ cleaner,
particularly but not-exclusiveLX“;ové dual cyclonic
vacuum cleaner. _

A dual cyclonic vacuum cleaner compriées_a dirty air
inlet communicating with a clean air outlet by means of
an airflow path, two cyclones being sequentially
arranéed in the airflow path. In use, air flowing along
the airflow path from the éirty air inlet to the clean
air outlet passes through a first of the two cyclones
and subsequently through a second of the two cyclones.

- The first'cyclong is a "low.effiéiency“ cyclone desigﬁed
to remove relatively 1arge particles from the airflow,
whilst the second, "high efficiency" cyclone is designed
to remove fine dust particles from the airflow. A
vacuum cleaﬁer having these featureqﬂgxpels air which is
dirt- and dust-free to a higher degree than other known
vacuum cleaners. Examples of suchrvéquum Ccleaners are
known from éubliShed European appliéa%ion'No. 0489565

~ and European patents Nos. 0042723 and-¢?34654.

 Another advantage of the dual cyciﬁhic vacuum

cleaner is that the dirt-collecting chambers are highly
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and subsequently.thrﬁhgh a second of the two cyclones. The first cyclone
is a "low efficiency" cyclone designed . to renove relatively |arge o
particles fromthe airflow, whilst the second, "high efficiency" cyclone
is designed. to renove fine dust particles fromthe airflow. A vacuum
cl eaner having these features expels air which is dirt- and dust-free to a
hi gher degree than other known vacuum cl eaners.2 Exanples of such vacuum
cl eaners are known from published European application No. 0489565 and
Eur opean patents N&Plidedy7 4D detaressfiobked becauskehef zHeastizgeaofl the
dual cyclonic vacuum cleaner is that the dirt-collecting chanbers are
hi ghl y _ rigidity of the chambers. However, it is inevitable
‘that the dirty air inlet, either in the form of a
cleaner head or a tool attached to a hose or wand, can
‘beaome blockéd to a greater'or leséer extent.
Naturally, this reduces the airflow along the airflow
path. A single cyclonic vacuum cleaner_cperates in the
'same manner but utilises only one cyclone which can
become inefficient if the airflow rate though the
' cyclone is reduced.
. Vacuum cleaner aiiflow rates are measured at various
orifice sizes. The flow rates start at an effective
-orifice size of 50mm diameter and are reduced to zero at
zer¢ diameter. Any flow rate in any given machine
' therefore has an equivalént"effectiVe orifice" size.
In practice, a vacuum cleaner being used through a hose
'dr'wgnd typicﬁlly.has an effective orifice”size of 32mm
-diémetér if it-ig.fuily open. A vacuum cleaner
'_operatingfon a carpet through a cleaner head has an
effective orifice of about 19mm diametér. A crevice .
tool being used on the end of a wand handle may have an
effective orifice of about 15mm diameter. Thus it can
._been seen that, in its normal range of use, a vacuum.
cleaner has to deal with airflows equivalent to those
 obtained through'orifiées of from 15mm to 32mm diameter.

At all of these flow rates achieved in normal use,

~ the second cyclone of a dual cyclonic vacuum cleaner



unlikely to becone bl ocked because of the size and rigidity of the
chanbers. However, it is inevitable that the dirty air inlet, either in
the formof a cleaner head or a tool attached to a hose or wand, can _
becone bl ocked to a greater or lesser extent. Naturally, this reduces the
airflow along the airflow path. A single cy8lonic vacuum cl eaner operates
in.the sanme manner but utilises only one cyclone which can becone
inefficient if thaintaihswar gbodt hewgh bdifefingcBase sepasdtiten. Vacuum
cleaner airflow rates are neasured at various orifice sizes. The flow
rates start at d#o¥ever:i 4t hasi bees foredoth&Bnthei aeparatiod are reduced
to zero at zero dianeter. Any flowrate in_ any given machine therefore -
has an equi val erf® ko#EBFYvefoihﬁieecoyﬁzeyclpnep&ac:ﬁéepeé {&cthdh cl eaner
bei ng used throgngglhose r wand tyghcall has an effegglggdgégélgg_syze

0 y
of 32nmm di anet P¥ ratpythyoygbntha §atonsh cveiree _
' below that of an efchtive'orifice'size of 13mm. This

can he_caused by a number of things; for ekample, a

- blockage occurring at any ﬁoint along the airflow'path,'
or by the user putting.a hand or other object over the
"air inlet. Furthermore, the efficiency of the second
cyclone is reduced if the flow is interrupted in a
pulsing manner or if the suction through the éleanér
hqad'éauses the cleaner head to seal itself partially'or'
compietely agaiﬁqt the surface to be cleaned. A siqilar'
prbblem.arises when the airflow throﬁgh the cy?loné of a

 single cyclqnic'vacuum cleaner is reduced. |

| Dapending upon the épecific deéigﬁ of the cyclonic |
vacuum cleaner, the air discharged from a cYélonic

__vaéuum.cleaner'may be éubstantiglly_dust free and may in
fact be cleaner than the air which is emitted from a
vacuum cleaher-which utilises a bag or other filte:
media. Howe#e:, under_cgrgain operﬁting conditions,

3 dyclonic.vaéuum cléaners may émit_la:ger~than desired
'quantitiés of fing particuiate_matter. For exahple; if
thé_vacuum cleaner picks up'a pa:ticularly heayy

.;cbnéentratiph of_fin§ pértieuihte matter, part of the

.. fine particulate matter may pass through the two |

eyc;dnes and be exhaﬁsted from the second cyclone. This



operating on a carpet through a cleaner head has an effective orificge
about 19mm dianeter. A crevice tool being used on th ?$ . %gﬁn:
may have an effective orifice of about 15nn1dianeter;-%% uggifgﬂﬁggs eefn .
'seén that, in its normal range of use, a vacuum clea -1
airfl ows equivalent to those obtained through orifices of from15mmto
32am di anet er . At all of these flow rated achieved in normal use, the
second cycl one of a dual .cycl onic vacuum cl eaner o '

3 rmaintains a g8y FEFULtoLn; the deposisisnmadnoa. ropdiefer, 1a¥eRa®theen

found that the separation efficiency of the second_cyclone is .reduced if
the airflom/ratggﬁﬁrgﬂﬁﬁ PREtiC Gﬁdyc§8F5H€rPstgédG&gaefﬁs pEhans h&gzbf

an effectlve Or'EhQBbi'igsggdlggwkheTgbior housing to cool the motor.

If the exhaust air occasionaily includes more than

€.

desired'quantitieé of fine particulate matter, the'motor
may experience a build up of fine particulate matter
which could decrease'the life expectancf.of the motor.
It is therefore an ohjéct of the invention to | |
maintain a high stand;rd of dust separation in the
second cyclone even when the airflow in the vacuum
Ccleaner falls to.a rate Seloﬁ that of ah effective
orifice size of_lamm.. It is a further.object of the
present invéntion'to“provide a cyclonic vacuum cleaner
which mgintains.éood'sepgration standards at all airflow
- rates through the dirty air inlet. | .
The.invéntion provides a vacuum cleaner cdmprisin§ a
| dirty air inlet commnnicating with a cléah air ouﬁlet'hy
_meané of’an'airflbw.patﬁ; a cycione beiné_airanged in_
the airflow path,sudh thht;'in ﬁie, air.floﬁinq along
“the airflow path from the dirty air inlet to the clean
air outlet pﬁsses through the cyclone, wherein at least'
one bleed value iS'p:OVided,_downétream of the dirtf air
inlet, for introducing bled air into the cyclone to
maintain the air flow'thefein,_the or each.hlaed valve
being opeiahle when, in*use, the’pressuze'of the air
flowing along the airflow path falls to or below a
'ﬁredeteimined'lévél. The bleed §q1ve operates so as to

i



can be caused by a nunmber of things; for exanple, a bl ockage occurring at-
any poi nt along the'airfIOM/path, or by the user putting a hand or other
obj ect over the air inlet. Furthernore, the efficiency of the second
cyclone is reduced if the flawis interrupted in a pulsing nmanner or if
the suction through the cleaner head causes the cleaner head to seal
itself partially or conpletely against the surface to be cleaned. A
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cyclonic vacuum cleaner is redu e spect

of the.cyclonic w4 eHte fgeiq¥:%ﬂgyé¥gifron1a cyclonic vacuum

.cl eaner -may be substantially ust ree and may I n fact be cleaner than the

air whichis emtted avEntagdetudly,Clarnet Widst Wirid iBiafed® vav@ it her
filter  nedia. However, under certain operating conditions, cyclonic

‘'vacuum cl eaners rra;:runged drgathd Rl ldesh /v - amarmjdw qsat:l‘i ﬂmeream of
particul ate matter. For exanple, if = .
‘the cyclone. Alternatively, the at least one bleed
valve could be arranged in the wall of the cyclone |
adjecent'the inlet thereto.
Preferahiy, two cyclones are arranged sequentially
in the ai#flow path, the bleed valve.dr valves.being
“arranged between the two cyclones. This arrangement
means thaﬁ the efficiency of the second cyclone is
meiﬁtained |
Advantageously, a plurality of bleed valves are |
provided; preferahly three._ This arrangement allows the
bied air. to be introduced to the airflow in the vacuunm
cleaner in increments 80 that the ai:flow from the dzrty-
air inlet is not suhstantially :educed in a single
:step.. Any'reductiqn_that occurs is made in ;ncrements
with tﬁefinc:emental introduction of bled air.
| 1t i{s preferred that all the bleed valves are
substantially identical to one another; i.e. they have
the same effective area and are designed to open at the
same pressure eonditione; This gives a satisfactory
gradual transfer from the state of no bled air being .
introduced tb'the'cyclone to the state of all of the air
introduced to the cyclone being bled;-_It is igportent

that this transfer be gradual to allow cleaning to be



t he vacuum cl eaner picks up a particularly heavy concentration of fine
particulate matter, part of the. fine particulate matter may pass through
the two cyclones and be exhausted fromthe second cyclone. This .

may result in the deposition in a roomof a |layer of fine dust particles.
Further, the filtered exhaust air nmay be passeg by the notor housing to.
cool the notor. If the exhaust air occasionally includes nore than desired

quantities of f“ﬁ%ﬂﬁﬂéﬂﬂé&E%ftﬁ&%téﬁﬁféiﬁ 40L 851 "BY €§@eéﬁ&“86 Eh@”&%ﬂ9“

p
of fine particulate matter which co rease the I1te expectancy o he

motor.. 1t isdiha/mididh aheWisdnig [K6adVEPehOto I €n&BhBiALtNae Bhibn
standard. of dust separation in the second cycl one even when the airflow in
t he vacuum cl eanéhd dldst tvalwve dlee duatddatwihicRnief 4 eeétryebbockede size
of-183mm It is a further object of the present invention to provide a
cycl oni ¢ vacuum Aediiomhi ch mai nt ai ns good separation standards-.at all
airflowrates through the dirty air inlet. "The invention provides a .
vacuum cl eaner conpr %% if Prafesred that ghe prunreht bheedi val¥ecigan air

Ol_Jt I'et by means (gesa}r.ngr?eidr féoov‘\; eaxE hv.’rl'xeanc- l'fel nge'egsexiqu fxrxrg}ri]gegil:rtllow path
| - is that'prbduced by an airflow equivalent to an | |

effective orifice of between 10mm and 15mm diameter or
_ less. More preferably, the Oor each bleed valve is

~ designed to oéen when the pressure in the airflow path
is that produced by an airflow equivalént to an
efféétive orifice'of 13mm diameter or less. This
ensures that an airflow equivalent to an effective
orifice of 13mm diameter is maintained in the cyclone

 .and_thus that:the seﬁhration efficienqy is miintained.

1t is'aﬁvantagqous if the or each bleed valve ié

_épring-loaﬁed and if the effective area, or total

: effective area, of the or:each.bleéd valve is between

2 2

 120mm and 150mm°, p:gferahly'substantially
, .

_132ﬁm . i.e. the gréa of an effective orifiée of 13mm . -
.diamatei. _ | | : | |
It §hould be noted ﬁhat, by maintaining an airflow
“of at least an.efféetive orifice diameter'of 13mm
diameter, an airfidw_sufficient to cool the motor of the
'cleanér.is énsu:gé. ‘This means that the risk of the

motor overheating is minimised. Furthermore, the

_maintenance of the airflow to achieve.satistacto:y_'



the airflow. path such that, in use, air flowing along the airflow path from
the dirty air inlet to the clean air outlet passes through the cyclone,
charaCterised in that at | east one bleed value is provided, downstream of
the dirty air inlet, for introducing bled air into the cyclone to maintain
the air flowtherein, the or each bl eed val ve7bei ng operabl e when, in use,
either the pressure of the air flowing along the airflow path falls to or
bel ow a predet esepashtivreineangd hehatotinérof i pansdi substeatis t hesrigeat or
adjacent the clean air outlet exceeds a predeterm ned |evel. The bl eed
val ve operates demaget o the motor. 5 rmintain
the airflowrate in the cyclone and thus retain efficient dust separation
therein. = Advanfdydsusihtennatiye | embedbment) ctiiev¥gguursclaanengeayin
the wall of the air flow path upstreamof the_cyclone, Alternatively, the
at |east one bléé&°‘ﬁﬁ@kﬂQﬁnﬁQﬂQEﬁﬁﬁﬁ%nﬁﬁﬁm$nf?ﬁeV%E¥¥nSftPﬂeSE§8IBﬁea

adj acent the lngihg 2?&%?0

eed valve for cbntrolling the flow of bled air
into the secon& cyclone, éo that an increased flow of
bled air cin ba'admitted when the vacuum claner is used,
for example, to vacuum a large concentration of :iné
_particulaies. .The adjustment means may advantageously
comprise a movably mounted door. The dobr_may be
moveable between alfirst position'in which it restricté
~ the flow of bled air through the bléed valve and a
second_pcsitidn in wﬁich the door restricts the flow of
bled air through:the hleed:valve to a 1essé: extent than
'whén ﬁhe door is:in.the first position. = Means mounting
the door for i-décreagé in'pressure in the cyclone to
. m§ve.th§;doo£-from_the s#idffifst position towards the
second position_hay_qlso bé provided. Pnrthermqte;
méang biasing the door'ihto'thé-fitst pbsition, wheréby_
the door will move toﬁirds the secbpd posiﬁibn as the
pressuré in.the'cyclon6 decreasés theréby admitting'ah
increased fioﬁ_of bled air into the cyclone may aiso be
p:ovided..' . |
In a fﬁrthér'alternﬁtivé embodiment, the vacuum
éleaner may iné;ﬁde'Qensing_means eoﬁﬁled to the'outleﬁl
'fo:'sensing.the améhnﬁ of particulates in the exhausted

air and for produéihg an output indicative thereof. The



Preferably, two cyclones are arranged sequentially in the airflow path,.

t he bl eed val ve or valves being arranged between the two cyclones. This
artangenent neans that the efficiency of the second cyclone is

mai.nt ai ned. - ~Advant ageously, a plurality of Dbleed valves are . provided,
preferably three. This arrangenent allows theg bled air to be-introduced to
the airflowin the vacuum cleaner in increnents so that the airflow from
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reduction that occurs is e

i ntroduction of 33€¥5éﬁrthe sensin mBE?&egﬁﬁdtﬁgaPﬁgkl {Ré Q%ﬁggoyalves

are substantially.identical to on ano have

Thi o gi ves & car ohactary g oreepofisPPETep, thioutpHE é’%??i”é?°ﬁ8“ﬁl ed ai
being int roduceu:bémtimctméanofotbhﬁe&inm:eaﬁf igkkeféedNe16wWrof bled
' ~ air into the cyclone when an increased amount of
particulates is decected in the exhaust.
 In acccrdance.with'this invention, a method is also
provided of operating a cyclonic vacuum cleaner having
first and secohd cyclones arranged in series. The
method includes édmitting dirty_air’into the first _
cyclone, partialiy cloaning.the dirty air in thc firs;__
l'cyclone to produce partially filtered air and conducting
the particlly.filtercd air from the first cyclone to the
" second cyclone; The partially filtered air is further
'cieaned'in'the.second'cyclona to produce furthé: cleaned
- air and is exhaosted_fzom the second cYclone; Bled air
is admitted, in addition to the partially filtered air,
intc.thc second'cYclone for rcdocing particulates in the
- further cleaned air. _. | |
It has been found that the provision of bled air to
the second cyclone reduces the particulate omiosion in
the exhaust from thé second'cfclohe. Without being
liﬁited by theory, it is believed that the bled air
probably reduces the disturbance to the cyclone action
caused by heavy concentrations of fine particulates,_or
..hy disturbing pulsations which_occur vhen sealed or

partially sealed cuction begins and ends, or other



i ntroduced to the cyclone being bled. It is inportant that this transfer
be gradual to allow cleaning to be - 6
mai nt ai ned either through a tool at the end of the wand or through the

cl eani ng head, even to the point at which the last valve is actuated,
which is a very blocked condition. - It isgpreferred that the or each
bl eed valve is * designed to open when the pressure in the airflow path is

that produced by @ys®hrbanvesdui Kekordingly) evbhewhbnetRel {hpgual cPELYEEN
10nmm and 15nm di aneter or |less. More g%% erably, the or eac&agﬁegggéﬁfve

is designed to qemsé@ntdheapuensar e arget konaehtiavipat 8¢ ?&r%héhlates,'
produced by an airflow equivalent to an effective orifice of 13nm di aneter
or less. This or engages the surface to be cleaned, causing a partial
| | ~or fully sealed suction condition,lthe particulate
emiésion:from'the vacuum ciéaner may be greatly reduced.
: An 3mbodimént of the invention will now be described
'with'referenqé to the aécompanying drawings, wherein:
Figure 1a is a side view of a first embodiment of a
dual cyclonic vacuum cleaner incorporating the invention _
in a first position; |
Figure 1b is a side view of the cieaner of Figure la
shown in an alternative position;
Figureiz is a éerspective view of the upper portion -
" of the cyclbne.assemhly'forming part éf the cleaner
'  shown_in Figures la and 1b; | |
Piguré 3 is ;h enlarged sectional view th:ouéh a
" pleed valve.tormin§ part of the inventibn; | |
 Figure 4 is a persﬁgct;VQ view of the housing of N
‘second embodiment o£ a dual cyclonic vacuum cleaner
incorporating the invention; |
Figure 5:is'a cross sectional view through a third
| emhodiment;'and o o |
Figure 6 is g'schematic diagram relating to a fourtﬁ
embodiment. ) _
| A typical'dﬁal'cyclohic'vacuum clganer is shown in |
?iguré'la in its n6n¥qpe£ational positibn. The vacuum

cleaner comprises a main body 10 incorporating a



ensures that an airflomrequivarent to an effective orifice of 13nm
diameter is nmaintained in the cyclone and thus that the separation

effrcrency i s maintai ned. It is advantageous if the or each bl eed
val've is 'spring-loaded and if the effective area, or total effective
area, of the or each bleed valve is between [err] preferably
substantially [err] I.e. the area of an effecé rve orifrce of 13mm

di anet er. N hould be nqt g by nmi ntainin % an airflow of. at

| east an effectrvg 8FPfP@e%ﬁP§n§ ePntal9ﬁﬁﬁ18|&ﬁeF@§ haﬁaﬁip?lﬁﬁ}eased .
~sufficient to cooko%hgsgoa the cl eaner is_.ens TPis means t hat
the risk of the ove & MAPPETPhi A ¥8g3- F Ffﬁ@?ﬁn RO18 ,an

mai nt enance Of.thﬁt%hﬁhh@ﬂtgof%@hiﬁgewigﬁliL§058r¥rovided but are not
: | shown. The means by which the handle 14 is released and
'fhe'means by which the airflow is directed from either
the handle 14_0: the cleaning head 12 do not form part
of the present invention and are described in other
patents ahd épplications. They will not be described
further here. | |
| The main hod& 10 incorporates a first cyclone 16 and
a second cyclone 18. The first cyclone is a "low
efficiency“ cyclone designed to remove relatively'lar;e
pa#ticles fromrthe air flowing therethrough. The second
cyclone 18 is designed as a "high efficiency" cyclone
for removing fine dust particles from the airflow. 1In
use,-when thefvgcuum cleaner is in the position shown in
_Pigure ‘1a, the 'EYiinder"'mode, the di:ty air inlet is
"_formed by the nozzle in the handle 14 which is . :emoved
and used in the manner of a wand The airflow is |
'directed from this dirty air inlet to the first, low
'efficiency.cYclone,_eubseQuently to the second, high
| efficiencf'cyclone an& then expelled to atmosphere via
an exit (not ehown). Normally, the airflow would be
directed past theimotor to give a cooling effect before =
being expelled. When the cleaner is to be used in the
nupright- ﬁode,as shbwn in Figure 1b, the dirty air
inlet is fo:med'by'the cleaning head 12 and the ai;flow



7 separation neans that there is no substantial risk of danage to the
nmotor. - In an alternative enbodi ment, the vacuum cl eaner may al so

i n¢l ude adjustment nmeans for varying.the size of a single bleed valve for
controlling the flow of bled air into the second cyclone, $o that an
increased flow of - bled air can be adnmitted whgn the vacuum cl aner is used,
f or ~exanpl e, to-vacuun1a | ar ge concentration of fine particulates The

adj ust ment means gAY ;3@ 55 lohe L0 TY i %ﬁ%ﬁ@fﬁll e est - ct 4 tt‘ﬂ

door. may be noveabl e betmeen a tirst p03|t|on I'n

f1ow of bled air oy uah B DIeddE YAl L% dharie Gyed o] ti on in hi ch
roug

the door restricts the flow.of bled air hé bl eed valve to a
|l essér extent than \Waehhdrta ohe@ iinS tne Lt AdduditiRes| {0 hasViasen nfourd ng

the door for a decrease.in pressure i-n the cyclone to nove the door .from
the said first p¢ﬁambomnenmawhlddhage occurs in the dirty air inlet
| | " 12,14 to such an extent that the airflow through the
second'cyclone 18 falls to an effective orifice of 13mm
diameter or less, then the dust separation efficiency of
the second cyclone decreases. Bleed valves 20 are
therefore positioned in the wall of the airflow passage
between the exit from the first cyclone and the entry to
‘the second cyclone. The location of the bleed valves 26
is shown in Figure 2. 'The.eirflow enters the first
cyclone'le_ﬁia the entry port 22 and exits the first
cyclone via the mesh screen 24. The air passes upnard
to the entry port'zs co the second cyclone 18 and it is
immediately before this entry port 26 that the bleed
~ valves 20 are located.
Three bleed valves 20 are located in the wall of the
airflow path. Each bleed valve 20 is shown in greatly
enlarged cross-section in Figure 3. Each valve 20
conprisee a valve body 30 to which is atteched-a rubber
washer 32 by means of a fixing disk 34. The fixing disk
34 passes through on aperture in the rubber'waener 32
'and engages with an aperture_36'in the valve Dbody.
AlternatiVe_fixing means can, of course,.be used.
Acting between the airflow paseage-wall 38 and a flange
40'loceted.on the vel#e body 30, is an air bleed valve



second position may also be provided. Furthernore, neans biasing the door

into the first position, whereby the door will nove towgrds Ehe EN
position as the pressure in the cyclone decreases theresynﬁaﬁfﬁ%ﬁrgg i
increased flow of bled air into the cyclone may also be provi¥ 1ln-:

a further alternative enbodi ment, the vacuugy, cl eaner nay“rﬁETUde sensi ng
meahs coupled to the outlet for sensing the amount of parti.culates in the

5 "vaouum of eanErtngy W2PLoMS, 9-8RsTE PHERRYROBbRL 1 bBERNAD, T censing
g:egﬂzl a]pgrt he €26h thecai?hbl palBags WELNU3B°3BORARYSLhE FlBnAY! PU!
washer 32 is maintained in sealing contact with the
'95935'°f-én aperture in the airflow passage wall 38.
This situation prevails whilst the pressure inside the
airflow passage (i.e to the ri'ght of the airflow passage
wall as viewed in Figure 3$ comhined with the action of
the spring 42 is sufficient.to maintain the valve body
in the position shown in Figure 3. However, if the
pressure in the airflow péssage falls sufficiently, then
the pressure acting on the valve body'outside the
airflow passage becomes sufficient to open the vﬁlve 20
'by moving the valve body agains£ the action of the
' spring_42 towards the :ight as shown in Figure 3 and
thereby opening the valve 20. Air from outside the
- airflow passage'(ié. thq'atﬁosphere) is thus Rhled iﬁto
the airflow passage | | '

Although the arrangement desc:ihed above is
preferred, it is equally possible to locate the bléed
valve 20 in the wall of the second cyclone 18 adjacent
the entiy ﬁort 26. In this event, means mﬁst be
provided to ensure that the bled éit enters the.gyclone
18 in a tangenta; ﬁanner, for example by a haffle_plaﬁe
(not shown). | | |

It has been found that the provision of three
substantially identical bleed valves 20 in the ai:fiow

passage wall 38 immediately before the second cyclone 18

Sheet Has Been Reﬂlaced
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-

operating the door to permt an increased flow of bled air into the

cycl one when an increased anount. of. particulates i's detected in the
exhaust . In accordance with this invention, a nethod is also provided
of- operating a cyclonic vacuum cl eaner having first and second cycl ones
arranged in series. The nethod includes afitting dirty air into the
first cyclone, partially cleaning the dirty air in the first <cyclone to
produce parti allllyvs ld eyl BIsbTOng USE | mod PRe PRE! 2Bk! ¥ntbl tREeed air

fromthe first cyclone to the second cycl one. e partially filtered air
is further cledafdedw passagecortheaytitdcpidssupsre thet atrftbeaned air
and is exhausted fromthe second cyclone. Bled air is admtted, in
addi tion to tPasshage Axnops Heloeche rthréstiald hpressond, cacfiretf or
-reducing particulates in the further cleaned air. I't has been found
that the providie®d MelyeRhiopens ant the prxesserentnrthecasrfhev
particul ate enmi_ssion in _
: - passage is thereby increased, although it will be
 appreciated that the increased pressure will still be
less than the ambient pressure due.to the suction action
of the motor. If the airflow from the dirty air inlet .
continues to fall, then a second bleed valve will open |
when the combined pressure of the airflow from the dirty
air inlet and the bled air from the first open valve
reachesithe threshold pressure of the remaining valves.'
Again, the combined pressure is then increased and the
third valve will only be actuated when the combined
pressure of the airflow from the dirty air inlet and the
" two open valves talls to the threshold pressure thus
allowing the third valve to openQ In this way, an
indremantal inc:ease in thé bled air is achieved. This
ensures that the cleaning effect at the dirty air inlet
.is maintained even.thoﬁgh air is bled into the second
- ¢yclone. Furthermore, the airflow is maintained in the
second cyclone and the air]passing therethrough will be
efficiently sepérated from dust particles. The air from
the second cyclone can also be passed across'thq motor
' gsurface to provide a cooling effect.

It haé been found advantageous if each of the three

. bleed valves has the same effective,a:ea{ -Ideal;y, the



t he exhaust fromthe second cyclone.. Wthout being limted by theory, it
is believed that the bled air probably reduces the disturbance to the
cyclone action caused by heavy concentrations of fine particulates, or by
di Sturbi ng pul sations which occur when sealed or partially sealed suction
begi.ns and ends; or -other _ o . 9

di sturbances. Accordingly, even when the vatéum-claner is.used to vacuum
a large concentration of particulates or engages the surface to be '
cl eaned, causi mpmbined ieffectivel dyescof ctheUchir0@ vabdesi sShoulebe

particulate em ssion fromthe vacuum cl eaner may be greatly reduced.
An embodi ment = GawirRalentte obhei ateamoof behecstfebtiivenworhfioteofnthet o t he
‘acconpanyi ng draw ngs, wherein:
airflow at which the bleed valves are to be actuated.
| Thus, if the bleed valves are to be actuated at an |
'airflow'of an effective orifice of 13mm diameter, then
'-thé_combined tofal'effective area of the valves should
total 132mm?, If, however, the valves are to be
-actuated at an airflow equivalent to an effective
orifice.of 14mm, then the bleed valves should have an
effective combined area of 154mm2. This effective
area should be equally divided between the number of
bleed valves preseht; if three bleed valves are present
2

then each should havé-an effective area of Simm® but

| if four bleed valves“gre preéent,lthen each should have
an éffectiVe area of 38mm®. It should be noteé that
the effective and actual arqaé of each bleed valve are
'hdi the same. Thehactual arga'of-the bleed'valve-is
restricted by the presence of the §alvé body near the
valve aperture. Thus the effective area of the bleed
valve can be considerably less than the actual area of
‘the aperture.

It is within this scope of this invention for any
number of bleed valves to-be:positioned in the wall of
the airflow path immediately before_the inlet to the
second cyclone. 'Cleafly, the greater the number of

- bleed valves present, the smaller, the incremental steps

are in which the bled air is introduced into the airflow



Fighre la is a side view of -a first enbodinent of a duaL_QlaLQnLQ_MaQuuﬂ
cl eaner incorporating the invention in a first pos't'(”WHEBSHEEgﬂgﬂgﬁF

a Side view of the cleaner of Figure la shown'in an aliternag Ep@éé@ﬁl
Figure 2 is a perspective view of the upper portion ot

assenbly forming part of the cleaner shown {& Figures la and | b;

Figure 3 is an enlarged secti onal V|eM/througﬁ a- bl eed val ve forn1ng part

of the [nvent ggen  Trisdifod ddh TEESREHELCINERIRInEDG BpKELDD Of 2

second enbodi onl ¢ vVacuu eaner 1 nco

i nventi on; inE'M\ﬁtidrﬁéECﬂ]%‘é %t'w@'%fw%ahéwshiﬁcwawn

~enbodi ment; and Figure 6 i's a schémati ¢ diagramrelating to a ?oUrth
enbodi ment.  cosA tatidl GAlLrtENasdE MikdeNACUMR ChEERSEXEE AUABELI BF

'bleed valves is therefore three. Also, the r;sk of the
“bleed valves themselves becoming blocked by the dirt and
fluff particles introduced into the vacuum cleaner via

the dirty air inlet is very small because the;air
passing the bleed valves has-alfeady passed through the
first cyclone and all of the larger particles entfained_
with the dirty air have been removed. |
~As will be appreciated, varying amouhts of bled air
may'he'requifed depeeding upon the'particulat conditioﬁs
in ﬁhich the vacuum clenaer is being operated. For
'example, if the vacuum cleaner is being operated in'an_
area where.there‘is a small concentration of
:particulates to ;@ picked up, or on a surface.or in an
erea"wherefpartial or full sealed suction will not
"occﬁr. then less'bled'air,'o: alternatively no bled air,
may be required."To this end, as shown in Figs. 4, S
and 6, the vacuum cleaner may also include means for
varying.the the eizefof the bleed valve 76 and,
.accordingly. to contrei the volume of bled air passing
into the second cyclone. | |
_. In the'embodiment shown in Fig. 4, outer cyclone
| eaeing 70 is provided with a door 78. Door 78 is
p:evided with a handle 80 at one end thereof. Door 78

is movably mounted on the outer cyclone casing 70 by
Sheet Has Been Replaced
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Figure la in its non-operational position. The vacuum cleaner conprises a
mai n body 10 incorporating a : 10 :
cl éaning head 12 and a handle 14 mhlch can be rel eased for use in the
manner of a wand. Various tools and attachnents for the wand nmay be
provi ded but are not.- shown. The neans by m?éch t he handle 14 is rel eased
and the neans by which the airflowis direct@d fromeither the handle 14

Geser  bod . omefas 4f Aoo0ehs" BorkRELLs RbesTRAR BREPonbr oL bRe ed ©
Catoma cyel one a%?i%‘???ét R30%p3R bPELERBRT, "BoBx' 15°Ls UELERA%SAORRE °
: ' when in the closed: position,-it completely covers bleed
valve 76 and théreforé prevents any bled air from

entering through the bleed valve 76 into the second
cyclone 18. |

. As showo in Fig; 4;_door 78 is in a partially open
position. During vacuuming, the operator may manually
adjust the door:78 from a fullg closed position to a
partially opened position or from a partially opened
position to a fully opened position so that an increased
flow of bleed air can be admitted when tho'vacuum
cleaner is used to vacuum a large concentration of fine
particulates;. Alte#nati#ely{ ﬁhe operator may elect to
.leave door 78 in tho fully open position for most
vacuuming purposes.

' The bleed valve 76 may also be pzovided with
auﬁomatic means for opening door 78 as the pressure in
second cyclone 18 decreases. Such a,decrease in
- pressure oould oocur when a condition of full or
'partially sealed suction occurs. An example of such an N
automatic means is ohown in the alternative preferred
embodiment whioh_is showo in_Piq; 5.' Once again, bleeo
valve 76 is ﬁrovided with a door 78 whioh,'when in the
closed position, fully covers bleed valve 76 thus

preventing the entry of bled air into the second cyclone

' 18 during normal vacuuming conditions. Means biasing



efficiency” cyclone designed to renove relatively |arge particles fromthe
air flow ng therethrough. The second cyclone 18 is—des] gred | gh '
efficiency cyclone for renoving fine dust particl %W'?%fé%ﬁédﬁj%%w “In
use, when the vacuumcleaner is in the position shown | he
“cylinder” node, the dirty air inlet is forped by The nozzie in the handl e
14.which is renoved and used in the manner of a wand. The airflowis

directed from wHe abas walirnwlﬁﬂet@léil@df dsiti b9 Varél d16b epsdviad one,
subsequently to the second, high eff|C|ency cyclone and then expelled to

at nospher e Vi a AcorSing ROt EdIaERr wiVT b, téwerds r€hovopen| d be

directed past the notor to give a cooling -effect before being expelled.

Wien the cl eangrosistitan lms usesl preddwre '11rs §dnd npglel aise shbvdecredsenir e

b, the dlrty air inlet is formed by the cleaning head 12 and the airfl ow
. thereby admitting an increased flow of bled air 1nto the

second cyclcne as required. _
aAs shown_in Fig. 5; member 86 having a first end 88,
a second end 90 and an arm 92 extending between first
end 88 and seond end 90 may be provided. First end 83
is fixedly attached to the inner surface 68 of outer |
cyclone cesiug 70. Second end 90 is fixedly attached to
rear surface 84'of_docr_78. Arm 92 may be made from any
material which will bias door 78 into the closed
' position_which is shown in Fiq, 5. PFor example, arm 92
mey be made from a resilient'material or may incorporate
_spring meens,'such as alleaf spring. d
' In operation, as the ﬁressure 1nside'second cyclone
18 decreases, the vacuum pressure within the eir flow
passage 62 will decrease to such a point thet the inwerd
force on the door 78 will become greater than the
'ourward force on door 78 which is exerted by member 86
thus causing door 78 to deflect inwards away from the
closed position and thus permitting hled air into the
.second cyclone. Aslthe pressure inside the second
cyclone 1ncreeses (whilst remaining below the -ambient
rpressure); et.one pcint the vacuum pressure will
increase sufficiently such that the outward force from

member 86 will become greater then ‘the vacuum pressure
eet Has Been Reﬁaced
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I.s directed fromthere to the first cycl one and then to the clean air exit
via the second cycl one. As nmentioned in the introduction, it has been
folnd that, when a bl ockage occurs in the dirty air inlet 12,614 to such .
an-ext ent that the airflow through the second cyclone 18 falls to an
effective orifice of 13mm dianeter ot less, then the dust separation
efficiency of the second cyclone decreases. 18l eed valves 20 are therefore
positioned in the wall of the airflow passage between the exit fromthe
first cyclone avhusheawsing @oorthe socmbdecyc! the. cToseed opasitions the
bl eed valves 20 is shown in Figure 2. The airflow enters the first
cyclone 16 via the ¥htayfpothez2aktedrnatiset ambbdiment cyddonc?¥imayhbenesh
screen 24. The air passes_upward to the entrz port 26 to the second
" cyclone 18 and autogatically controlled to allow bled air into second
cyclone 18 in response to the amount of particulates
which are exhausted from the air exit port of the second
cyclone. as shown in Fig. 6; a sensor 94 may be
provided on air exit shaft 54. Sensor 94 senses the
amount'of'particulates in the exhaust from the second
cyclone. To this end, sensor 94 may be provided with a
light source 96 (e.g a light emitting diode) and a
'detector 98 wnich can be a photodiode. As the amount of
particulates in shaft 54 increaees,'part'of the light
originating from light source 96 is reflected back by
the particulates and picked up by the photodiode 98.
The signal from photodiode 98 is processed and amplified
to produce an output signal 100 which is indicative_of_'
the amount of particulates in the exhauet from the'
second cyclone., Output signal 100 is transmitted to
_door actuator 102. Door actuator 102 may be any '
B suitable means which'can accept output signal 100 and
move.door 78 a predetermined anount in responee to the
'-specific output signal 100 which is received. Door
actuator 102 may be connected to a 100-volt electrical
- source or to any other conveniently available power _
supply. Shatt 104 is provided so as to connect the door
'.actuator to door 78. . As shown in Fig. 6, shaft 104 is

connected at'one end to door actuator 102, and at thef



-

i-medi ately before this entry port 26 that the bleed valves 20 are

Iocﬁted. Three bl eed - valves 20 are located in the wall _of the _airflow
path. Each bleed valve 20-is shown in greatly enlarged Cl08S-S€ n
Figure 3. Each valve 20 conprises a valve body 30 to mhﬁg ﬁi%t fé%gﬁgg
rubber washer 32 by neans of ‘a fixing disk 3 The fixi :
through an aperture.in the rubber washer 32 and engages Wit h an aperture
36 in the val veothdy. end, twm&tuev&eugasriﬁ-ﬁmlsucaﬁ, ddoxrc@.se, be used.
Acting between the airflow passage wall 38 and a flange 40 |ocated on the
val ve body 30, is aflinaiopelratddnyalagethe level of particulate emissions

12 ‘spring 42. The spring 42 presses.the flange 40 away fromthe airfl ow
passage wal | 38f&om e sesondlvyclone increases, the level of

particulates in shaft 54 also increases This results'
in the increased reflection of light from light source
96 which is picked up by detector 98 and results in a
specific output signal 100. Output signal 100 is
indicative of the level of particulates in the exhaust
air. This signal is transmitted to dooer actuator 102
which, in response to,the output signal, causes door 78

. to move from a first position in which the door |
'.res'cric_ts the flow of bled m through bleed valve 76 to
a ‘'second position-in:which the door restricts the flow
of bleed air through hleed valve 76 to a lesser extent'
thus permitting an increased flow of bled air into the
:second cyclone in response to the increased amount of
particulates detected in the exhaust air.

If a moxe simplietic eystem ie utilised, then seneor'

| 94 may produce only one output eignal In.response to
this output signal, door actuator 102 will cause door 78
to move from the cloeed postion to a fully opened

- position when a level of particulete'emission, above a
predetermined.limit; is detected in shatft 54.
_Alternatively, in a more complex system, sensor 94 may
_ﬁrovide an output'signal which varies'linearly*or in a

d different desired'relationship with the'levellof -

perticulates in shaft 54. As the level of particulates

il



washer 32 is maintained in sealing contact wwth the edges of an aperture
in the airflow passage wall 38. This situation prevails whilst the -
préssure inside the ~airflow passage (i.e to the right of the airflow
passage wall as viewed in Figure 3) conbined with the action of the
spring 42 is sufficient to nmaintain the valve body in the position shown
in.Figure 3. However, if the pressure in trﬁpeurflom/passage falls

sufficiently, then_ t eaégf5sure acting on the valve body outside the
ai rfl ow passagé ’béﬁﬁﬁgé fqreanes Ak a rredstarmined le¥RinAt he

A Faure s andeaiie, Stk e v%epié%fzeé A rmesRaite 1o cthe roue
At ngghp?ﬁzag%rgrﬁeﬁé%ﬁ %“Eﬁ@%b% RLt ke R N

possi bl e 1o | oadie® diitddl b1 tsn TP% ! mmmloﬁén%m%fyﬁaﬂe 18

adj acent
' - a partially open position to a more fully open position

;n response to the ;evei'cf_particulates in shaft 54.
'_Thﬁs as an increased or decreased amount of particulate
emission is detected in shaft 54, door 78 may be opened
or closed a predetermined amount to adjust the actual
amcunt_of bled eir'entering the second cyclone.
The'invention cen.be applied to any type of vacuum .
cleaner including upright, cylinder, tank, back-pack and
'hand held types.' The invention, although described |
specificelly in relation to a dual cyclonic vacuum
cleaner. is_equally applicable to a single cyclonic
#acuum cleaner or to a cyclonic vecuum'cleener having
more than two cyclonee as will be apparent to ome:
'ekilled in the art Where more than one cyclone is
used, bleed velves can be used to maintain the airflow |
-in any one ‘or ‘more of the cyc;ones es-necessary or

‘desired.



the entry port 26. In this event, neans nust be provided to ensure that
the bled air enters the cyclone 18 in a tangential nanner, for exanple by :
a bhaffte p#a%e——men’?ﬁﬁWWﬁﬂv_ It has been found that t e

t hree subs bl eed valves 20 in the airf
38 i medi at 3@(‘& L‘“ mﬁ‘ uﬁond cyclone 18 54 _

13. all ows I'eeding of atnospheric air into the
Wen the pressure in the airflow passaggggaiﬁé bel ow t he threshold _
pressure, a first bleed valve 20 opens pressure in the airfl ow
passage is thereby increased, although it will be appreciated that the
|ncreased pressure w || st|II be

1. A vacuum cleaner comprising a dirty air inlet

: oommunicating with a clean air outlet by means of an
.eirflow éath,-a cycloneebeing arranged in the airflow
path such that, in use, air'flowing aloné the airflow

- path from the dirty air inlet to the clean air outlet
passes through the cycione, wherein at least one bleed
valve is provided, downstream of the dirty air inlet,
for introducing bled air into the cyclone to maintain
the air flow therein, the or each bleed valve being
operable when; in use, the pressure of the air flowing
_aloné the.airflow.path falls to or below a predetermined

level.

2. A vacuum eleaner as claimed in claim 1, wherein the
at least one bleed valve is arranged in the wall of the

| lairflow path upstream of the cyclone.

3. A vacuum cleaner as claimed in claim 2, wherein two
cyclones are arranged sequentially in the airflow path,
the bleed valve or valves being arranged between the two

cyclones.

4. A éaeuun cleaner as claimed in any one of claims 1
to'3, wherein a plurality of bleed valves are provided
adjacent one another.

i
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| ess than the anbi e due to the suction action of the notor. If
the airflow fromgt dirty air inlet continues to fall, then a second

bl €ed val ve wil | Iﬂg’ mum' mbi ned pressure of i

dirty air inlet yuwnron1the first ope

threshol d pressure of the fenhiring valves. Again,
is-then increased and the third valve will 2aly be :
conbi ned pressure of the airflowfromthe dirty air inlet and the two
open valves falls to the threshold pressure thus allowi ng the third valve
to open. In this way, an increnental increase in the bled air is

achi eved. Thi s S-enduracuymicieaner ;s ictabhédcinaclaim 4i rvhexeinithet s
mai nt'ai ned even _though air is bled into the second cyclone. Furthernore,
the airflow |s§%§QQJ¥4kXF§rP%?m?“Eﬁ&ﬁﬁﬁ#%&kYohéeaﬁ§¢§hetal9n®a5§?ﬁber
therethrough will be efficiently separated fromdust particles. The air
from the second cyclone can al so be passed across the notor .

6. A vacuum cleaner as claimed in claim 4 or §, whéfein

-he

ihe conBFnatipressufe

‘three bleed valves are provided adjacent one another.

7. A vacuﬁm cleaner as claimed in any one of the
 preceding claims, wherein the or each bleed valve is
designed to open when_thé preséuré in the airflow path
is that produced by an airflow equivalent to an
effective orifice of between 10@m and 15mm diameter, or

less.

: B;IIA vacuum cleaﬁe: as claimed in claim 7, whérein.the
- or each hleed valve is designed to open when the
B preslure in the airflow path is that produced by an
airflow equivalent_to an-effective orifice of 13mm_

diameter, or less.

9. A vacuum cleanerlas claimed in any one of the
preceding claims, wherein the or qach bleed valve is

spring loaded.

- 10. A vacuum cleaner as claimed in any one of the
preceding claims, wherein.the effective area of the

bleed valve, or the total effective area of the bleed

This Sheet Has Been Re;
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surface to provide a cooling sfTect. It has been found advant ageous if

______

each of the thre s the sane effective aregez=tdeallyy the==.
14 conbi ned eff zu,l ml I"H mjml e three val ves shoul d be eguisvalnt- 40855 o
the area of the erfeetive orissige of the airflow at which'the blegd*valves

are to be actuated. Thus, if the bleed valvegzare to be actuated~at~an
airflow of an effective orifice of 13nmmdi aneter, then the conbined total
effective area Qfalvied,valg/asesSitud Q2dxﬁﬁz‘|51§§r{§0mz.f’ however, the val ves
are to be actuated at an airflow equivalent-to an effective orifice of

14mm then the bl eed val ves should have an effective conbined area of 154
[err] This effective

11. A vacuum cleaner as claimed in claim 10, wherein the

effectiva area of the bleed valve, or the total
effective area of the bleed'valves, is substantially

 132mm2.

12. A vacuum claner as claimed in any one of the
preceding claims, wherein the or each hléed valve
comprises a door movable between a first position in
which, in use, the flow of bled air through the bleed
'valve'is restricted and a second position in which, iﬁ
use, the.flow of bled air through the bleed valve is
restricted to a leéser extent than when the door is in

the fitst'pOSition.

13. a vacuum cleaner as claimed in'claiﬁ'lz,_wherein the
 positibn.of the dopr_is cbntrolled by means responsive
to the pressure of the air flow in the cyclonme.

14. A vacuum cleaner as claimed in-claim.12, wherein the
position of thg_door is cont:élled by means responsive
to the concentratioh of particulates in the air

exhausted from the cyclone.

" 15. A vacuum cleaner substantially as hereinbefore

described with reference to the accompanying drawings.

This Sheet Has Been Reﬁaced
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area should be equally divided between the nunber of bleed val ves present;
if three bleed valves are present then each should have aﬁ28££ﬁGLLMe ar ea
of Terr] but if four bleed valves are present, then eachj | gl lsdh = hav%L;§§;~ém
ef fective area of [err] It should be notexd that the efﬁectlveqang '
areas of each bleed valve are not the same. The actual ar;

val:-ve is restricted by the presence ofaggmracy ve body near the valve
aperture. Thus the effective area of fhe bleed valve can be considerably

| ess than the actual area of the aperture. It is within this scope of
this invention for any nunber of bleed valves to be positioned in the wall
of the airflow path i medi ately beVACYBECLEANER t 0 t he second cycl one.
Clearly, the greater the nunber of bleed valves present, the snaller, the
increnental steps are in which the bled air is introduced-into the airflow

A vacuum cleaner comprisiné'a dirty air inlet

(12, 14) comﬁunicating with a clean air outlet by means
of an airflow path has a cyclone (18) arranged in the
airflow path. 1In use, air_flowing along the airflow
path from the dirty air inlet (12,14) to the clean air
outlet passes through the cyclone'(ls). At least one
bleed valve (20) is arranged in the wall of the airflow
path upstream of the cyclone (18), Preferably, three
bleed valves (20) are located in the wall of the airflow
path and, more pﬁeferabiy, the bleed valves (20) are
substantially identical to one another. Control means
(94, 102) may be provided for controllingithe amount of

" air bled through the bleed valve (76) when a single

bleed valve is provided.

(Figure 2)
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path.. . This provides for an ever increasingly gradual ' o o] (=Yo
ai. W al so an ever increasing cost and mai ntenancg MISCFMEETFW@B .
pref erred nunber of bleed valves is therefore three. || Al SO’!EPbRcrg)sk of
the bleed valves thensel ves becom ng bl ocked by the dr SSR S S
par t inlbél!peﬂHatBemimﬁﬂﬁted nto the vacuumcleaner via the dirty air inlet is

very he air passing th‘f gl eed val ves has al ready passed
throu ycI one and all of Th I arger particles entrained wth
the dirty air ave een : be appreci ated, varying

anounts of bled air may be uired depend| ng upon the pg

conditions "in which the vacugme! eaner is being operat /4/

t he vacuum cl eaner is beingfoperated in an area whereg/if L
concentration of / ‘
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particul-ates to be picked up, or on a surface Qr iin an area where partia

or fult sealed suction will not

occur, then | ess bl ed air, or

aIternaLLMeLy_ne—b+ed—arrT‘ may be reqU|red To this end, as_shomm in Figs.

4, 5 and 6 %as &4 eaner may al so include nmeans f or
si ze of. ﬂh ﬁ 76 and, accordingly, to control th
alr paSS|n E[ “cond cyclone In the enbodi ne
4, outer c g 70 is provided pBth a door 78.. Door 78 TS
provided with a handle 80 at one end thereof. Door 78 I s nmovably nounted

on the outer cyclone casing 70 b
nmeans of a pivot 82 and is nov

ﬁ
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pOSilii#%%ﬁﬁf?ﬂT7ﬂﬁ§;—66§itiOn. Door 78 is sized:so that when in the

cl oged, PaSi fiRBeen R lewdpl etel y covers bleed valve 76 and therefore _. ...
preveﬁp from entering through the bl eed vekse=76"7 N0 1 hecy |
second As shown in Fig. 4, door 78 is \ _ R.;”g”g“'

positio vacuum ng, the operator may manually gdj ust "CRE doo:
froma fully closed position to a partgaBly opened positTon or froma
partially opened position to a fully opened position so that an increased
flow of bleed air can be admtted when the vacuum cleaner is used to
vacuum a | arge concentratio B particulate ernatively, the
operator may elect to e TON ™
vacuurm ng pur poses.
automati c neans for ope
decreases. Such a decr

1 S
N
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- N~xh SENSOR : ACTUATOR
. ] 102
N ’ Vi mf Uf | :
\ 9{: —  sighal '
\ % 100 l
N Po‘wer" from 110v
N

FIG.6 | ~ or from POWER SUPPY



pressure coul d occur when a condition of full or partially sealed suction

occurs. ‘-An exanple of such an automatic neans i s shown pefa—tbe—atternative:
preferred enbodiment which is shown in Fig. 5. Once agd| mEPOACEMENTSHEET
76 is provided with a door 78 which, when in the closed |position, fylk*k
covers bleed valve 76 thus preventing the entry of bled aiuatei:tﬁ.&.ﬁ.“e

second cyclone 18 during nornmal vacuum ng.conditions. Mars=HrasTrg

1 7 the door 78 into the closed position are also provided. Accordingly,
the door will nove towar.ds the open -posiiyﬁn as the pressure in second
cyclone 18 decreases thereby admtting an"fncreased flow of bled air into
the second cyclone as required. ‘
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As shown.in Fig. 5 nenber 86 having a first end 88, a second end 90 and

ar, arim 92 extendi ng between first end 88 and seond end 90 may be provi ded.
First end 88 is fixedly attached to the inner surface guter cyclone
casing 70. Second end 90 is fixedly attached to rear SURERCRCBGERT
78. Arm 92 may be made fromany material which will bijas door 75 I nt
cl osed position which is shown in Fig. 5. For exanpl e,
froma resilient material or may incorporate spring me

h

spri ng. I n operation, as the pressu;f $nside second cyclone 18
decreases, the vacuum pressure within th B3r f1ow passage 62 w ||
decrease to such a point that the inward force on the door 78 will becone

78 which is exerted by nenber 86
away fromthe closed position and
nd cyclone. As the pressure inside

greater than the outward force o Hoor
thus causi ng door 78 to defl eciAara
thus permtting bled air into q
t he second
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cyclone increases (whilst remaining belowthe anbient pressure), at one
poi nt the vacuum pressure wl |

i i ncrease sufficiently such that the outward
‘fofce from nenber 86 will become greater than the vaguumrp: =
t hus causing door 78 to nove to the closed position. REPLACEMEUT T

alternative enbodi nent, door 78 may be automatically contrQIEdﬂ“i | o

bled air into second cyclone 18 in response to the amoQae:of..parttcul.atpg
whi ch are exhausted fromthe air exit port of the sec e

shown in Fig. 6, a sensor 94 may be p bYided on air exit shaft 54.
94 senses the

Sensor
anmount of particulates in the exhaust fromthe second
cyclone. To this end, sensor 94 ngy -be provi =t a
. S

de B s
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| i ght. seurce 96 (e.g. a light emtting diode) and a detector 98 which can
be a phot odi ode. As the anpbunt of particulates in shaft 54 increases, part
of the light woriginating fromlight source 96 is reflected back by the
particul ates and picked up by the photodi ode 98. The signal from
phot odi ode 98 is processed and anplified (o produce UL N
which is indicative of the anmount of partﬁculates I n égﬁ%%iﬁﬁ;ajEﬁi)
second cyclone. CQutput signal 100 is transmtted to oor ).
Door actuator 102 may be any suitabl e nmeans which can =) CY R 0 LA ST T MY
100 and nove door 78 a predeterm ned anbunt in response to the specific
out put” signal 100 which is received. Door actuator 102 may. be connected
to a 100-volt electrical source or to any other conveniently avail abl e

power supply. - Shaft 104 is provided so as to connect the door actuator

to door 78. As shown in Fig. 6, shaft 104 is connected at one end to door
actuator 102, and at the

CYCLONIC VACUUM CLEANER

The invention relates to a vacuum cleaner,
particularly but not exclusively to a dual cyclonic
vacuum cleaner.

A dual cyeclonic vacuum cleaner comprises a dirty air
inlet communicating with a clean air outlet by means of
an airflow path, two cyclones being sequentially
arranged in the airflow path. 1In use,.air flowing along
the airflow path from the dirtf air inlet to the clean
ai:.outlet passes through a first of.thc two cyclones
and subsesquently through a second of the two cyclones.
The first cyclone is a "low efficiency" cyclone designed
to remove relatively large particles from the airflow,
whilst the second, "high officiency' cyclone is designed
to remove fine dust particles froam the airflow. A
vacuua cleaner having these features expels air which is
dirt- and dust-free to a higher degree than other known
vacuum cleaners. Examples of such vacuum cleaners are
known from published European application No. 0489565
and European patents Nos. 0042723 and 0134654.

Another advantage of the dual cfclonic vacuunm

cleaner is that the dirticollecting chambers are highly



e

19 ot her end, to the rear surface 84 of door 78. [

| evel of particulate em ssions fromthe second cycl one

DB RACEMENT SHEFe
reases

| evel of particulates in shaft 54 also increases. This r %gsﬂ&éﬁéw

i ncreased reflection of light fromlight source 96 whichju '

detector 98 and results in a specific output signal 100. Qutput signal 100

I's indicati l.evel,. of ' tes ] ' i Thi s
signal is t%“\aéﬁs%fetst e txgﬂld%'éér) %1%?%%%%%@0’2‘% %/\hnf%:{? |¢1h$g§%)¥)%§eéfo t he
out put si gndiknec Arsds pRootighest o feveheronthe ffikterrdiexbaush ahrch the

door  restrinalys ddgpddowa oby Dtigel Abtok howand! €80 &l Vend bmbeora second
position in W@I%p the door restricts,the {Iom/ .
If the exhaust air occasionally includes more than

desired gquantities of fine particulate matter, the motor
may experience a build up of fine particulate matter
which could decrease the life expectancy of the motor.

It is therefore an obﬁect of the invention to
maintain a high standard of dust separation in the
second cyclone even when the airflow in the vacuum
cleaner falls to a rate below that of an effective
orifice size of 13mm. It is a further object of the
present invention to provide a cyclonic vacuum cleaner
which maintains good separation standards at all airflow
rates through the dirty air inlet.

The invention provides a vacuum cleaner compriéing a
dirty air inlet communicating with a clean air outlet by
means of an airflow path, a cyclone being arranged in
the airflow path such that, in use, air flowing along
the airflow path from the dirty air inlet to the clean
air outlet passes through the cyclone, charactegised in
that at least one bleed value is provided, downstream of
the dirty air inlet, for introducing bled air into the
cyclone to maintain the air flow therein, the or each
bleed valve being operable when, in use, either the
pressure of the air flowing along the airflow path falls
to or below a predetermined level or the amount of
particulates in the air at or adjacent the clean air
outlet exceeds a predetermined level. The bleed valve
operates so as to




of hled air through bleed valve 76 to a | esser extent t
I ncreased flow of bled air into the. second cyclone in
i ncreased anount of particulates detected in the exhau
nore sinplistic systemis utilised, then sensor 94 ma
output signal. In response to thls out puk2 si gnal , door
cause door 78 to nove fromthe closed postion to a fully opened
position whe®PFiNGvA2-of Ta tSRUI G AR Eeisws YooV ange prledetaar ni ned

limt, is detected.in shaft 54. Alternatively, in a nore conplex system
sensor 94 maf“"’p ‘\ﬁ (fé%%t%‘lﬁs%gﬁrréﬁ“v\kﬂ%ﬁ%a?’}% qﬂ%e‘é‘rﬂ%’*‘or in a
different desir tionship wth, the | evel of artic Q§ I n shaft
54 As thelﬂﬁéi éﬁ%l?ﬁﬁéﬁiﬁfed in sealing contact wi the

edges of an aperture in the airflow passage wall 38.
This situation prevails whilst the pressure inside the
airflow passage (i.e to the right of the airflow passage
wall as viewed in Figure 3) combined with the action of
the spring 42 is sufficient to maintain the valve body
in the position shown in Figure 3. However, if the
pressure in the airflow passage fallg sufficiently, then
the pressure acting on the valve body outside the
airflow passage becomes sufficient to open the valve 20
by moving the valve body against the action of the
spring 42 towards the right as shown in Figure 3idnd
thereby opening the valve 20. Air from outside the
airflow passage (ie. the atnOSphsr§) is thus bled into
the airflow passage

Although the arrangement described above is
preferred, it is equally possible to locate the bleed
valve 20 in the wall of the second cyclone 18 adjacent
the entry port 26. 1In this event, means must be
provided to ensure that the bled.air enters the cyclone
18 in a tangential manner, for example by a baffle plate
(not shown).

It has been found that the provision of three
substantially identical bleed valves 20 in the airflow

passage wall 38 immediately before the second cyclone 18



20 in shaft 54 increases above a predeterm ned |evel,
signal is produced. In response to the signal, door ac
door 78 to nove from the closed position to a partially open pq
from a partially open position to a nore {ylly open po P?E_jiL'
to the level of particulates in shaft 54. #hus as an in
decreased ang of epission is_ de t h 54 door 78
may be openeéﬂﬂ%} cf@g%% égé§%§3§e$%?n% %ﬁ%ﬁn B?% g Ju§%$ ﬁés%c?ual

amount of bl aheda fOi eohng et BeeaCEODd HYE! £NFo an evdBC:hEXEN 1gg can be

applied to any type vacuum cl eaner 1 ncluding upri |nde t ank
back- pack an%é@%&e&xdzhxeasnclhsukaaﬁntIme ﬁkshaygeadséﬁﬁépe&f
specifically in relation to a dual cyclonic vacuum cleaner, is equally
appl i cabl e t G1edd NGEVEYCEBNkRe r¥B6LUMKEEaNET ADSOS OtBe CYTARNGE SHpEUUM
cl eaner having nore than two cyclones as wll be apparent to one

bleed valves themselves becoming blocked by the dirt and

E pulREt |

causes

uBEBHA

fluff particles introduced into the vacuum cleaner via
the dirty air inlet is very small becausae the air
passing the bleed valves has already passed through the
first cyclone and all of the larger particles engrained
with the dirty air have been removed.

As will be appreciated, varying amounts of bled air
may be required depending upon the particular conditions
in which the vacuum cleaner is being operated. For
example, 1f the vacuum cleaner is being operated in an
area where there is a small concentration of )
particulates to be picked up, or on a surface ogx in an
area where partial or full sealed suction will not
occur, then less bled air, or alternatively no bled air,
may be required. To this end, as shown in Figs. 4, 5
and 6, the vacuum cleaner may also include means for
varying the the size of the bleed valve 76 and,
accordingly, to control the volume of bled air passing
into the second cyclone.

In the embodiment shown in Fig. 4, outer cyélone
casing 70 is provided with a door 78. Door 78 is
provided with a handle 80 at one end thereof. Door 78

is movably mounted on the outer cyclone casing 70 by



Ekllleg in the art. Where nore than one cyclone is —hleed val ves can
e used to naintain the airflow in any one or nore pf GY 5l ONES.
necessary or desired. ClL %IS Réﬁyﬁchmlgn =£P
CLAI M5 1. A vacuum cl eaner conprising a dirty ml'lm&@t 3(&2&14)~J
communicating with a clean air outlet by neans of afb=aisfieg

cyclone (18) being arranged in the airflow path such that, in use, air
f1owi ng al onghé hdooni 78] batpathef cbasedepasstiomiare mido (R vided.o t he

clean air outlet passes through the cyclone (18), characterised in that at
| east one blkegoydingly20fhpsdoor will move towards the open

position as the pressure in second cyclone 18 decreases
thereby admitting an increased flow of bled air into the
second cyclone as required.

As shown in Fig. S, member 86 having a first end 88,
a second end 90 and an arm 92 extending between first
end 88 and seond end 90 may be provided. PFirst end 88
is fixedly attached to the inner surface 68 of outer
cyclone casing 70. Second end 90 is fixedly attaéhed to
rear surface 84 of door 78. Arm 92 may be made from any
material which will bias door 78 into the closed
position which is shown in Pig. 5. Por example, ara 92
may be made from a resilient material or may incorporate
spring means, such as a leaf spring.

In operation, as the pressurs inside second cyclone
18 decreases, the vacuum pressurs within the air flow
passag§ 62 will decrsass to such a point that the inward
force on the door 78 will become grsater than the
outward force on door 78 which is exsrted by member 86
thus causing door 78 to deflect inwards away froa the
closed position and thus permitting bled air into the
second cyclons. As the pressure insids the second
cyclone increases (whilst remaining below the ambient
pressure), at one point the vacuum pressure will
increase sufficiently such that the outward forcs froa

member 86 will becdue greater than the vacuum pressure



provi ded, downstreamof the dirty air inlet (12,14), for introducing bled
air into the cyclone (18) to maintain the air flow therein, the or each
bl eed val ve (20) being operable when, in use, either -
air flowning along the airflow path falls to or bel'ow [p RENAGEMENT SHEET g\ el
or the anmpbunt of particulates in the air g or adjacgnt the cl i
outlet exceeds a predeterm ned |evel. 2. A vacuuﬁré@@&n@riégiﬂﬁgﬂwe in
claim1l, whergiHed haatedeers o88rbieetavel ¥& d€QUods w7 anged 1 the wal |
of "the airflow path upstream of the cyclone (18). 3. A vacuum cl eaner
as claimed in cl @mdéperdeiehp awotheytéoabsof 1ifpa dtff)clrer earemingeidons
sequentially in the airflow path, the bleed val ve or val ves (20) being
‘arranged bet vieom tttee tswcopd| ofedofié6i t8yreases, the level of

particulates in shaft 54 also increases. This results
in the increased reflection of light from light source
96 which is picked up by detector.98 and results in a
specific output signal 100. Outpﬁt signal 100 is
indicative of the level of particulates in the exhaust
air. This signal is transmitted to door actuator 102
which, in response to the output siénal, causes door.78
tb move from a first position in which the door
restricts the flow of bled air through bleed valve;76 to
a second position in which the door restricts the flow
of bled air through bleed valve 76 to a lesser exéent
thus permitting an‘increased flow of bled air into the
second cyclone in response to the increased amo&ht of
particulates detected in the exhaust air.

If a more simplistic system is utilised, then sensor
94 may produce only one output signal. In response to
this output signal, door actuator 102 will cause door 78
to move from the closed postion to a fully opened
position when a level of particulate emission, above a
predetermined limit, is detected in shaft S4.
Alternatively, in a more complex system, sensor 94 may
provide an output signal which varies linearly or in a
different desired relationship with the level of

particulates in shaft 54. As the level of particulates



22 4. A vacuumcleaner as clained in any one of clains 1 to 3, wherein a
pIurallty of—b+eed—va+ves—f29%—are provi ded adj acent ome=a

vacuunyclean ai med |n cIa|n14 wherein the bl eeg RapwﬁseﬂgﬁisggeT
substanti al | im Lﬂ “um anot her . 6. A vacuumj
inclaim4 o e ee bl eed valvgg (20) are p

cl ean
o&mdeﬁ %gﬁagﬁ ..........
anot her. 7. A vacuun1c|eaner as clainmed in any one of—Fre——precetisg
clains, wherein the or each bl eed vaIveCQ%Q%S

1. A vacuum cleaner comprising a dirty air inlét
(12,14) communicating with a clean air outlet by means
of an airflow path, a cyclone (18) being arranged in the
airflow path such that, in use, air flowing along the
.airflow path from the dirty air inlet (12,14) to the
clean air outlet passes through the cyclone (18),
characterised in that at least one bleed valve (20) is
provided, downstream of the dirty air inlet (12,14), for
introducing bled air into the cyclone (18) to maintain
the air flow therein, the or each bleed valve (20)
being operable when, in use, either the pressure of the
air flowing along the airflow path falls to or below a
predetermined level or the amount of particulatgg in the
air at or adjacent the clean air outlet exceeds ;

predetermined level.

2. A vacuum cleaner as claimed in claim 1, wherein the
at least one bleed valve (20) is arranged in the wall of

the airflow path upstream of the cyclone (18).

3. A vacuum cleaner as claimed in claim 2, wherein two
cyclones (16,18) are arranged sequentially in the
airflow path, the bleed valve or valves (20) being

arranged between the two cyclones (16, 18).



.

i's spring Ioa ﬂmcuum cl eaner as clained in any one of the
precedi ng “\u““' “ \ e effective area of the b[fEeg=valye. (20

the total area of the bleed valves (20), |sllﬂﬁﬁuﬁﬂmﬂgﬁféq,
A vacuunrcleaner as claimed in claim8, wherein the effective area OFt

bl eed val ve (20), or the total effective area of the |plPatds qupﬁ 1

substantially [err] 10. A vacuum cl eanet? as cl ai ned A=
23

4. A vacuum cleaner as claimed in any one of claims 1
to 3, wherein a plurality of bleed valves (20) are

provided adjacent one another.

S. A vacuum cleaner as claimed in claim 4, wherein the

bleed valves (20) are substantially identical to one

‘another.

6. A vacuum cleaner as claimed in claim 4 or 5, wherein
three bleed valves (20) are provided adjacent one

another.

7. A vacuum cleaner as claimed in any one of the,

preceding claims, wherein the or each bleed valvé (20)

is spring loaded.

8. A vacuum cleaner as claimed in any one of the
preceding claims, wherein the effective area of the
bleed valve (20), or the total effective area of the

bleed valves {(20), is between 1zomn2 and 150mn2.

9. A vacuum cleaner as claimed in claim 8, wherein the
effective area oflthe bleed valve (20), or the total
effective area of the bleed valves (20), is

substantially 132mm?, )

10. A vacuum cleaner as claimed in any one of the



precedi ng crai s, whereinmthe or each bl eed val ve (2

(78) ana t position in which, in 34 d
air throu }lil'ﬂ ﬂm !&)’! e (20) is restricted and rﬂ)&EPl

whi ch, in=uSe, bled air through the ble DO@Ive""f2nT """"""
restrlcted to a |l esser extent than when the_door (787715 in the first
posi tion. 11. A vacuun1c|eaner as clalneé in claim10, wherein the

ressure of thETacRatnd ki ateke B seane theape eacho BIRL An G as
by moans (04) CPREEsaERUaTEEer 378  HoiaMl o bl O 1S AR T
exhausted fromiphgneynl 09 GL4R)- the flow of bled air through the bleed

valve (20) is restricted and a second position in which,

in use, the flow of bled air through the bleed valve

(20) is restricted to a lesser extent than when the door

(78) is in the first position.

11. A vacuum cleaner as claimed in claim 10, wherein the
position of the door (78) is controlled by means
responsive to the pressure of the air flow in the

cyclone (18).

12. A vacuum cleaner as claimed in claim 11, wherein the
position of the door (78) is controlled by means (94)
responsive to the concentration of particulatei ian the

air exhausted from the'cyclone (18).

13. A vacuum cleaner as claimed in any one of the
preceding claims, wherein the or each bleed valve (20)
is designed to open when the pressure in the airflow
path is that produced by an airflow equivalent to an
effective orifice of between 10mm and 15mm diameter, or

less.

14. A vacuum cleaner as claimed in claim 13, wherein the

or each bleed valve (20) is designed to open when the



13. A uacuun+e%eaner‘§§“6'alned in any one of the preced

wherein the or valve (20) is designed to op§
in the & u‘m m\m hat produced by an airfl ow equ
effectiv s e ween 10mm and 15mm di aneter, or[ s

vacuun1c|eaner as clainmed in claim13, wher 8#n the or
(20) is designed to open when the
pressure in tieresserew pathei airfihowppatihceéd bhasnpradptedwbEgganval ent to

an effective orifice of 13mm dianeter, or |ess. 15. A vacuum cl eaner as
claimed in anya%ﬁglﬁv %q%§“§lgnt to an'effective orifice of 13mm

diameter, or less.

15. A vacuum cleaner as claimed in any one of claimsg 1
to 12, wherein the amount of particulates in the air at
or adjacent the clean air outlet is determined by means

of a sensor (94) provided downstream of the cyclone (18).

16. A vacuum cleaner as claimed in claim 15, wheiein the
sensor {(94) is provided with a light source (96) and a

.

detector (98).

17. A method of operating a cycionic vacuum clegﬁe:
having first and second cyclones (16,18) arranged in
series, comprising the steps of: E

a) admitting dirty air into the first cyclone (16);

b) partially cleaning the dirty air in the first
cyclone (16) to produce partially filtered air;

c) conducting the partially filtered air from the
first cyclone (16) to the second cyclone (18); '

d) further cleaning the partially filtered air in
the second cyclone (18) to produce further cleaned air;
and

e) exhausting the further cleaned air from the
second cyclone (18):

characterised in that bled air is admitted, in



to 12, wherein the ampunt of particulates'in the air ¢ e oreet
cl ean mﬂ (ng"ﬂwm m[)erm ned by neans of a sensor %%P%C@MEMHSHE T
downs ne (18) 16. A vacuum cl ean as c %%

15, wher ei'n sensor (94) is provided with a light { g? and..a

i i i e ce |
detector (98). 17. A method of operatigg a cyclon

having first and second cyclones (16,18) arranged in series conpri si ng

the steps of | Thtioﬁ) t%d@h%t iy 2 coFed W& fi IJ.| Rfd YR ot

b) partlally cleaning t ty air i°n the first ¢yclone (16) to produce
partially f'E{;@iSQea'(ﬁ’s) for Dedi dﬁc a&&ifchue.atlc’astua{l%éltaﬁm air from
the first cyclone (16) to the second cycl one (18); d) fwrther

cl eaning thecpaaheadl aidiltered air in the second cyclone (18) to produce
further cleaned air;

18. A vacuum cleaner substantially as hereinbefore

described with reference to the accompanying drawings.



and <+ * e) exhausting the further cleaned air fromthe second cyclone
(18): -characterised in that bled air is adnitted, in

25 addition to the partially filtered air, into t he sﬁgpnﬂcgngnr@M£EUl )
for reducing particulates in the further 2 }-eaned air g

cl eaner substantially as hereinbefore deS¢rirbed wit t@&er d& 0. the
acconpanyi ng draw ngs. _ ABSTRACT

VACUUM CLEANER

A vacuum cleaner comprising a dirty air inlet

- (12,14) communicating with a clean air outlet by means
of an airflow path has a c¢yclone (18) arranged in the
airflow path. In use, air flowing along the airflow
path from the dirty air inlet (12,14) to the clean air
outlet passes through the cyclone (18). At least one
bleed valve (20) is arranged in the wall 6f the airflow
path upstream of the cyclone (18). Preferably, three
bleed valves (20) are located in the wall of the airflow
path and, more preferably, the bleed valves (20) are
substantially 1dentical to one another. Control means
(94,102) may be provided for controlling the amount of
air bled through the bleed valve (76) when a single

bleed valve is provided.

(Figure 2)



