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VACUUM CLEANER

The invenéion relates to a vacuuﬁ cleaner,
particularly but not exclusiveLxJ;o'a 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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unlikely to become blocked because of the size and

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

become blockéd to a greater'or lesser 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 airflow 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¢ diameterf Any flow rate in any given machine

"fherefare has an equivalént"effectiVe orifice" size.

In practice,.a:v#cuum cleaner being used through a hose
'dr'wgnd typicﬁlly.has an effective orifice”size of 32mm
.-diémetér if 1£-i§.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 ahout 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
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' maintains a good level of fine dust'separatios.
However,_it has been found that the separation
efficiency of ﬁhe second cyclone is reduced if the;
airflow rate throﬁgh the second cyclone is reduced to-
below that.of_an effective'orificefsize of 13mm. This
can be 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 cleaner
head'causes the cleaner head to seal itself particlly'or'
completely against the surface to be cleaned. A similar'
problem arises when the airflow through the cyclone of a
_: single cyclonic vacuum cleaner 1s :educed.

Depending upon the specific design of the cyclonic |
vscuum cleaner, the air discharged from a cyclonic
__vscuum.cleaner'msy be substantially_dust free and may in
fact be cleaner than the air which is emitted from a
vacuum cleacer-which utilises a bag or other filter
media. Howece:, under_cercain opersting conditions,

3 cyclonic vscuum cleaners may emit_la:ger~than desired
'quantities of fine particuiate_matter. For exahﬁle; if
the_vacuum cleaner picks up'a pa:ticularly heayy

f cencentretips of_fine psrticuists matter, part of the
. fine particulate matter may pass through the two | |

cyc;enes and be exhacsted from the second cyclone. This
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*ﬁa?-result in the.deposition in.a room of a layer of
fine dust partieles; Further, the filtered exhaust air
uay be passed by the motor housing to cool'the motor.
If the exhaust air occasionally includes more than
desired quantities of fine particulate matter, the motor
may experience a build up of fine particulate matter
which could deereese'the life expectancf.of the motor.
It is therefore an ohject of the invention to | |
maintain a high standerd of dust separation in the
second cycloneleven when the airflow in the vacuum
Ccleaner falls to.a rate Selou that of au effective
orifice size of 13mm. | It is a further'object of the
present invention to ‘provide a cyclonic vacuum cleaner .
which maintains good separxation standards at ell airflow
R rates through the dirty air inlet.
The invention provides a vacuum cleaner comprising a
- dirty air inlet communicating with a cleen air outlet by
_meane of’an'eirflow.patﬁ; a cyclone beinu_airanged in
the airflow path,sueh thet;'in uee, air.flouinq along
“the airflow path from the dirty air inlet to the clean
air outlet pesses through the cyclone, wherein at least'
one bleed value iS'p:oVided,_downetream of the dirtf air
inlet, for introducing bled air into the cyclone to
maintain the air flow'theuein,_the or each.hleed valve
being opeiahle when, in*use, the’preseuze'of the air
flowing along the airflow path falls to or below a
'ﬁredeteimined'leuel. The bleed uelve operates so as to

l i Ilfflﬂced
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maintain the airflow rate in the cycione and thus retain -
efficient dust separation therein.

Advantageously, the at least one bleed valve is
arranged in the wall of the air flow pﬁth upstream bf
‘the cyclone. .Alternafively,.the at least oné blééd
valve could be arranged in the wall of thé cyclone |
adjécent'the inlet thereto.

Preferahiy, two cyclones are arranged sequentially
in the ai#flow path, the bleed valve.dr valves.béing
“arranged between the two cyclones. This arrangement
means thaﬁ the efficiency of the second cyclone is
méiﬁtained. |

Advantageously, a plurality of bleed valves $:e |
provided; pﬁeferahly three{_ This arrangemént 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 tﬁ§¢inc: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 éonditioné; This gives a satisfactory
gradual transfer from the state of no blgd air being .
introduced tb'thé'cycloné to the state of all of the air
introduced to the cyclone being bled;-_It is import#nt

that this transfer be gradual to allow cleaning to be



maintained.eifher through a tobl at the end of thé'wand
‘or through the cleanin§ head, even to the point at which
ghe last valve is actuated, which is a very blocked
‘condition. | _ |

| It is.pfeferred.that the or éach-bleed valve is
designed to open when the pressure in the airflow 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'bqtﬁeén _
2 2; p:gferibly'subsﬁantially'

 120mm ~and 150mm

132mm?

, i.e. the area of an effective orifice 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_'
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separation means that there is no substantial risk of
damage te the motor.

In an elternative emﬁodiment, the vacuum cleaner may
also include adjustment means for varying the size of a
single bleed valve for eentrolling the flow of'bled air
into the secon& cyclone, eo that an increased flow of
bled air cen be'admitted when the'vacuum clener is used,
for example, to vacuum a large concentretion of fine
_particulaies. The adjustment means may advantageously
comprise a movably mounted door. The door may be
moveable hetween alfirst position'in which it restricte
~ the flow of bled air through the bleed valve and a
seeond_pceitien ln wﬁich the door restricts the flow of
bled air through:the hleed:valve to a lesse: extent than
'when ﬁhe door is:in.the first position. = Means mounting
the door for e-decreeee in'preseure in the cyclone to
.emeve.the;dooi-from_the seidffifet position towards the
second positlon_hay_elso be provided. Pnrthermeie;
meane biasing the door'lhto'the-fitst pesition, wheieby_
the door will move toﬁerds the seeepd posiﬁibn as the
pressure in.the'cycleneldecreeees thereby admitting'ae
increased floﬁ_of bled air into the cyclone may aleo be
p:ovided..' . |

In a further alternative emhodiment, the vacuum
cleaner may include sensing means eoupled to the outlet
'fo: sensing the amonnt of particuletes in the exhausted

air and for produeihg an output indicative thereof. The
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vacuum cleadec may also have control means coupled
‘between the sensing means and the door, the control
means being reeponsive'to the output signal for
operating the door to permit an increased flow of 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 secchd cyclones arranged in series. The
method includes edmitting dirty_air’into the first _
cyclone, partialiy cleaning.the dirty air in the firs;__
l'cyclcne to produce partially filtered air and conducting

the partielly.filtered air from the first cyclone to the
" second cyclone; The partially filtered air is further
'cieaned'in'the.seccnd'cyclone to produce furthe: cleaned
- air and is exhaﬁsted_fzom the second cYclone; Bled air
is admitted, in addition to the partially filtered air,

intc.the seccnd'cYclone for redccing particulates in the
- further cleaned air. | | |

It has been found that the provision of bled air to
the second cyclone reduces the particulate emiesion in
the exhaust from the second'cfclohe. Without being
liﬁited by theory, it is believed that the bled air
probably reduces the disturbance tc the cyclone action
caused by heavy concentrations of fine particulates,_or
..hy disturbing pulsations which_cccur vhen sealed or

partially sealed eucticn begins and ends, or other
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.'disturbances;“ Accordingly; even‘wﬁen the vacuum claner
is used to vacuum a large concentration of particulates,
or engages the surface to be cleaned, ceueing 2 partial
. or fully sealed suction condition, the particulate
k emission from the vacuum cleaner may be greatly reduced
| An embodiment of the invention will now be described
'with'reference to the accompanying 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 cleaner of Figure la
shown in an alternative position;
Figureiz is a perspective view of the upper portion -
" of the cyclone.assenhly'forming part of the cleaner
'i shown_in Figures la and 1b; | |

Pigure 3 is on enlarged sectional view through a

" bleed valve forming part of the invention;

. Figure 4 is a perspective view of the housing of a
-second embodiment of a dual cyclonic vacuum cleaner
B incorporating the invention, |
| Figure 5:is'a cross sectional view through a third
| emhodiment;'and o o |
Figure 6 is e'schematic diagram relating to a fourtn
embodiment. .' _
| A typical'doal'cyclonic'vacuum cleaner is shown in
?igure'la in its noneoperetional position. The vacuum

cleaner comprises a main body 10 incorporating a
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cleaning head 12 and a handle 14 which can be released
for use in the manner of a.wand Various tools and
attachments for the wand may be provided 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 epplications. 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'larce
pa#ticles fromithe air flowing therethrcugh. The second
cyclone 18 is designed as a "high efficiency" cyclone
for removing fine dust particles from the airflow. 1In
use, when the .vacuum cleaner is in the position shown in
-Piéurezia;.the 'chinder"'mcde, 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 and 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- dode,as shcwn in Figure 1b, the dirty air
inlet is fo:med'by'the cleaning head 12 and the ai;flow
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is.directed froﬁ there to the first cyclone and then to
the clean air exit via the second cjclone.

As mentioned'in the_ihtroductién, it has been found
'that, when a hldékagé'occﬁrs 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.of less, then the Adust separatioﬁ 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 cycloné and the entry to
‘the second cyclone. The location of the bleed valves 26
isishown in Figure 2. 'The.airfldw enters the first
cyélone'le_ﬁia the entry port 22 and exits the first
cyclone via thg'mesh screen 24. The air passes uanrd
to the entry pgrt'zs ﬁo the second cyclone 18 and_it is
immgdiﬁtely before this entry'porf'zs that the bleed
" valves 20 are located. o | |

Three bleed valves 20 are located in the wall of the

airflow pﬁth. Each bleedIVaive 20 is shown in greatly
enlarged cross-section in Figure 3. Each valve 20
céﬁprise§ a valve body 30 to which is att#ched-a rubber
washer 32 by means of a fixing disk 34. The fixing disk
34 passes through #n aperture in the rubber’waéher 32
'and engages with an aperture_36'in the valve Dbody.
AlternatiVe_fixing means can, of course,.be used.
Acting between the airflow paséage-wall 38 and a flange
40'l9c§ted.cn the val#e body 30, is an air bleed valve
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spring 42. The spring 42 pressee the flange 40 away
from the airflow passage wall 38 so that the rubber
washer 32 is maintained in sealing contaet'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 right of the airflow passage
wall as viewed in Figure 3$ comhlned with the action of
the spring 42 is sufficient.to mainfain 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 velve 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'(ie. the'atﬁosphere) is thus Rhled iﬁto
the airflow passage | | '

Although the arrangement desc:ihed above is
preferred, it is equally possible to locate the bleed
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 eit enters the.eyclone
18 in a tangental ﬁanner, for example by a heffle_plaﬁe
(not shown). | | |

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

passage wall 38 immediately before the second cyclone 18

This. Sheet Has Been Reﬂlaced
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~allows a gradnai bleeding of atmospheric air into the
~airflow paesage.' When the pressure in the airflow
passage drops below the threshold pressure, a first
bieed.vaive 20 opens and the pressure in the airflew

- passage is thereby increased, although it will be

| appreciated that the increased pressure will still be
less than the anbient 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
reacheeithe threshold pressure of the remeining valves.'
Again, the combined pressure is then increased and the
third valve will only be actuated when the combined
p:eesune of the airflow from the.dirty air inlet and the
" two open vaives falle to the threshold pressure thus
allowing the third valve te open. In this way, en
1ncremental increase in the bled'ai: is achieved. This
ensures that the cleaning effect at the dirty,air inlet
_ie nainﬁained even.thengh air is bled into the second

- ¢yclone. Furthermore, the airflow is maintained in tne
second cyclone and the air]pessing therethrough will be
efficiently sepeneted from dust particles. The air from
the secend cyclone.can also be passed across'the motor

| surface to previde a cooling effect. |

It has been found advantageous if eaeh of the three

. bleed valves hes the same effeetive,a:ea. -Ideal;y, the
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combined effective area of the three valves should be
- equivalent to the area of the effective orifice of the
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, then 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
nﬁmber 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
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ﬁath. This provides'fér’an ever increasingly gradual
introduction of bled air, ,but also an ever increasing
cost and maintenance burden. The preferred number of

'bleed'valveé is therefore three. Also, the risk of the

'bleed valves themselves becoming blocked by.the dirt and

fluff particleg 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 depéﬁding upon the'particulat conditioﬁs
in ﬁhich the vacuum clenaer is being operatéd. For
'example, if the vacuum cleaner is being operated in'an_
area wheré.there‘is a small concentration of
:particulates to pé picked up, or on a surface.or in an
érea"wherefpartial or full sealed suction will not
"occﬁr. then less'blad'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 méans for
varying.the the Sizefof the bleed valve 76 and,
.accordingly. to contrbi the volume of bled air passing
into the second cyclone. | |

_. In the'embodiment shown in Fig. 4, outer cyclone
| éaging 70 is provided with a door 78. Door 78 is
p:évided with a handlé 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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means of é pivpt 82 and is moveﬁble bétween a closed
position and an open position. boo: 78 is sized'so that
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 showﬂ 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 positibn or from a partially opened
pésitiqn to a fully opened position so that an increased
flow of bleed air can be admitted when thg'vacuum
cleaner is used to vacuum a large concentration of fine
particulates;. Altg#nati#ely{ ﬁhe operator may elect to
leave door 78 ihlthe-fully open position for most
vaCuﬁming purposes. |

" The bleed valve 76‘may'aléo-be.pzoyided with .
auﬁbmatic méans for opéning door 781as_£he pressure in |
second cyglonp!ls decreases; Such a:decrease in '
pressure could occur when a éondition of full or
'partially sealed suction occurs. An example of such an N
automatic means is éhown in the alternative preferred
embodiment whidh_is showh in Fig. 5.' Once again, bleea
valve 76 is ﬁrbvided with a door 78 which,'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
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the door 76 into the closed position are also orovided.
Accordingly, the door will move towards the open
position as the pressure in second cyclone 18 decreases
thereby admitting an increased flow of bled air 1nto the
second cyclone 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 casieg 70. Second end 90 is fixedly attached 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 Fiq, 5. PFor example, arm 92
mey be made from a resilient'material or may incorporate
_spring means,'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 that the inward
force on the door 78 will become greater than the
'outwerd 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 1ncreeees (whilst remaining below the -ambient
tpressure); at one point the vacuum preesure will
increase suffiCiently'such that the outward force from

member_aﬁ will become greater than the vacuum pressure
eet Has Been Reﬁaced
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thus causing door 78 to move to the closed position.

In a further alternative embodiment, door 78 may be
automatically 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 eences the
amount of particulates in the exhaust from the second
cyclone. To this end, sensorl94 may be provided with a
light source 96 (e.g. a.lignt 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 95.is-reflected back by
the particulates and picked up by the photodiode 98.

The signal from photodiode 98 is processed and amplified
rto 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
mote.door 78 a predetermined anount in reeponee 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
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other end, to the rear surface 84 of door 78.

In operation, as the level of particulate emissions
from the second cyclone increases, the level of
_particulates in shaft 54 also increases. This results'
in the increaeed 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 exhauet
air. This signal is transmitted to dooer actuator 102
which, in response tc,the cutput signal, causes door 78
. to move from a first position in which the door |

'.restric_te the flow of bled air through bleed valve 76 to
' a 'second pcsiticn-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
:seccnd cyclone in response to the increased amount of
particulates detected in the exhaust air.

If a moxe simplistic system ie utilised, then seneor.
| 94 may prcduce only one output signal In.response to
this cutput signal, door actuator 102 will cause door 78
to move from the cloeed postion to a fully opened
- position when a level of particulate'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'relaticnship with the'levellcf -

particulates in shaft 54. As the level of particulates
_ -

i m‘i‘“‘"
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in.shaft 54 increases above a predetermined level, a
variable output signai is produced. 1In response to the
signal, door aetuaﬁor.loz causes door.78 to move from
'zthe closed position to-a paitialiy-open_position or from
~a partially open ﬁositioﬁ 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 air'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 cyclones as will be apparent to ome:
'skilled in the art Where more than one cyclone is
used, bleed valves can be used to maintain the airflow
-in any one or'more_of the cyclones es-necessary or

‘desired.
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1.. A vacuum cleaner'comprislng 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, wherein at least one bleed
valve is providod, downstream of the di#ty air inlet,
for introducing bled air into the'cyélono to maintain
the air flow thereln, the or each bleed valve being
operable when; in use, the pressure of the air flowing
_alohé the.airflow.path falls to or below a predetermined

level.

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

ﬂairflow path upstream of the cyclone.

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

cyclones.

4. A éacuuﬁ 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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5. A vacuum cleaner as claimed in claim 4, wherein the

bleed valves'are'substéntially identical to one another.

6. A vacuum cleaner as claimed in claim 4 or 5, wherein

‘three bleed valves are provided adjacent one another.

7. A vacuum 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 10mm and 15mm diameter, or

less.

_ 8.' A vacuum cleaner as claimed in claim 7, wherein 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 ié

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
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valves, is between 120mm2 and 150mm>.

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.
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