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ABSTRACT

Z9 Claims, 6 Drawing Sheets

A vaciiulli ciciliici coiiipilscs ii cy'cloiilc scpiirator 11Bviiig a
iirst cy'cloiic. Bird B phlidlitv'f iloullsircdiii sccoiiddry
cyclones. 11ie first cyclone comprises a side wall defining, a
first cyclonic chamber, and the secondary cyclones each com-
prise a side wall defining a second cycloruc chamber. A dirt
cup assembly is mounted below the cyclonic separator to
collect contaminants separated in the first and second
cyclonic chambers. 11ic secondary cyclones can bc arranged
around the lirst cyclone side (sall and form a gap beta ceo
ad) scent secondary cyclones so that the first cyclone side wall
is exposed at the gap A workin air conduit can extend
through the first cyclone and the dirt cup assembly to couple
the secondary cyclones to a suction source located below the
dirt cup assembly. Fuithemiore„ the secondary cyclones can
have a vortex stabdiacr.
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1

VACUUM CLEANER WITH MULTIPLE
('Y('I.ONR: I)IRTSEPARATORS AN I)

BOTTOM I)ISCIIAR('E l)IRT CUP

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. patent applica-
tion Ser. No. (t0/593,125, filed Dec. 13. 2004, which is incor-
porated herein by rcfcrcnce u»ts ennrcty. Ill

iiA( K(iROUND Olt '1111i INVI iN'I ION

1. Field of thc Invminou
lilt: lllVt:Iltliill rCIBICS 10 B VBC1111111 ClmtllCI'illi B 1:yClolllC

dirt separator having n lirst cyclone and a plurahly of down-
s trealn secondary cyclones. In one of its aspect ~, the invention
rehtes to a cyclonic dirt separator with seciondary cyclones
arranged anlund the hrst cyclone to provide an unobstnicted
vielv ofat least a portion of the first cyclone. In another of its
aspects, the invention relates to a cyclonic dirt separator with
a dirt cup assembly mounted below the cyclones and a work-
lllg dll colttlU11 tilth cxtclltls IBICUgll tilt: flist cvciollt: itlltl Illc
dirt cup assembly. In another of ils aspects, Ihe utvention
relates to a cyclonic dirt separator with secondary cyclones
having a vortex stabilizer

2 l)escription of the Related Art
Cyclone separators are well-knotvn Some tilllow the text-

book examples using frustoconical shape separators. and 0th-
ltt

ers use high-speed rotational motion of the air/dirr to separate
the dirt by centnfu al force Typically, working air emers and
cxim at an upper portion of thc cyclone separator. and the
boitom portion of thc cyclone scpamtor is used Io collect
debris. Furlhcnnore, ui mi clTon to efiictmltly dtstnbute
wei ht ofand upright vacutun cleaner. the suction source that
creates the working air tlow is t)pically placed at the bottont
of a handle assembly and below the cyclone separator Tlus
arrangement, therefore. requires an exhmtst air path from an
upperportion of the cyclone assembly and down the handle to

40
the sucuon source. Tlus airpath can bc tortuous and I'Coned by
muhiplc parts that cau allow for atr leaks, wluch ncgativcly
impact airfiow and, necessarily, cleaning perfilrmance

U S Pat. No 6.238,451 to ('onrad discloses a cyclonic
separator in a vacuum cleaner comprising a single first stage
cyclone and a plurality ofveitically aligned secondary down-
stream cyclones arranged ln pamsllel relative to one another.
Thc secondary cyclones arc located w ttlun the nunc pcnm-
ctcr of;md dtrtx tly above the ups trotm cyclone. 11us arrangc-
mcnt of cyclones ueccssanly creates d lail umt because the
downstream cyclones ate located above the upstreant
cyclone

U.S. Pat. No. 6„607,572 to Dyson discloses a cyclonic
separating apparatus w ith upstream and downstream cyclonic
units, wherein the downstream units comprise a pluraliry of i,
downstream cyclones located above Ihe upstretmt cyclone
dlltl lllVt:I(Ctl rClatlVt: 10 lilt: UpstrCBIII CVCIOIIC.

U.S. Pat. No. 6,070,291 Io Batr ct al. mtd its progeny
shortens the air path front the cyclone exhaust to the ntotor
inlet 'I'hese patents disclose a pleated cylindrical filter in a to
cyclonic chamber v hereby the working air is drawn tluough
the cylindrical filter, through the bottom of the cyclonic
cluunbcr, Iluough another lifer, and dtrcntly mto the sin(ton
source inlet. Thc sucnon source is ut a vcrltcal postlion below
thc cyclonic chnmber Thc venical ornntanon ol'Ihe suction si
source is undesirable due to the amount 0 f space need txi at the
bottom of the handle to accommodate the suction source in

this position. Addinonally, thc motor shaft of the venicdlly
oriented suction source cannot be utilized to power a ho ri zon-
tal axis agitator.

U S Pat. No. 6,341.404 to Salo et al. discloses a bottom
discharge cycione chamber with the suction source mounted
honzontally belov: the cyclone chamber. However. motor
exhaust atr ts rcdircctcd bacl up utto an ntuiular exhaust
plenum located below the cyclone chamber, and the motor
exhaust exits fmm the exhaust plenum in a radial fashion
1'his exhaust path includes a nunlber of turns. which tend to
create backpressure and. therefore, reduce efficiencv.

U.S. Pat. No. 6,129.775 to Conrad discloses a cyclone
separator with a number ofdifferent fonna of fiow inhibitors,
such as a terminal tuscn. to ultcrfere with mrfiow w ttlun thc
cyclone separator As shown ut FI(i. 14(t/3, thc tcnnirm1 insert
can comprise a plurality of longitudinally extendmg mem-
berg such as rods. which extend upwardly into the cyclone
separatnr cavity frnm the bottom surface of the cyclone sepa-
rator. The rods are said to intemct with circulating fiuid to
disnipt its rotational motion. The rods can be positioned sym-
tllClrlCdllv'l Ilttll-SVItllllt:Int:illlv'lrOUllti lollglliltllllal BXIS Ol

the separator. Thc rods cnn be a vancty of shapes such as, in
transverse section, squares. ellipses or other closed convex or
abode shapes. I 'urther the transverse section of rods can vary
longitudinally.

U.S. PatentApplication Publication No 2005/00500678 to
Oh et al. and its pro eny disclose a cyclone dust separating
apparatus composing a primary cyclone nnd a plurahty of
downstream secondary cyclones arranged around thc prunery
cyclmle As a result of this conhguration, the secondary
cyclmles nbstntct the view of the primary cyclone. and the
user cannnt visttally observe the opemtion of the primary
cyclone. Additionally. the working air exiting the secondary
cyclones exits the cyclone dust sepamting apparatus throu/I
an upper opening.

SUMMARY OF THE INVENTION

Accordulg to Ihc mvennon. a 1 acuum clwtucr composes d

cyclonic separator that utcludes a lirst cyclone having a sale
wall dclining a lira( cyclomc chamber lbr separating contami-
nants from an airstream as the air stream travels about the first
cyclonic chamber front an air inlet to an air outlet. and a
plurality of secondary cyclones downstream from the first
cyclone and arran ed around the sidewall ofthe first cyclone,
each of the secondary cyclones having a side wall defining a
second cyclonic chamber for further scparnttng coutaminants
from thc atr stream ds thc mr stream travels about thc second
cyclmlic chmnber fmm an air inlet to an air outlet thereof 'I he
vacutun cleaner turther includes a tlozzle hou sitlg including a
suction openin fiuidly coupled with the air Inlet of the first
cyclonic chamber and a suction source coupled to the suction
opening and to the first and second cyclonic chambers and
adapted Io establish mtd maultaut thc nir slrcam lbom Ihe
suction opening. through the lira( cyclonic airfiow chamber,
and tluough the second cyclonic airtlow chambers

According to one embodiment of the invention, the sec-
ondary cyciones form at least one gap benveen adjacent sec-
ondary cyclones. and the first cyclone side v all is exposed to
the outside of the cyclonic sepamtor at the at least one gap.

Advantagenusly, the first cyclone side wall is preferably
formed nf a translucent material at least at the at least one gap
to provide an unobstructed view of the first cyclonic airflow
chamber tluough the first cyclone side wall and through the at
least one gap in the secondary cyclones.

I'he vacuum cleaner t)pically further comprises an upright
housmg tvith mt openin that receives the cyclonic sepamtor,
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dnd thc at least onc gap Is fomlcd al a fronl porlion of thc
cyclonic separator for an unobstructed view of the hrst
cyclone side wall when the cyclonic sepanltor is mounted to
the upright housing

In a preferred embodiment. the air inlet to the first cyclone
is positioned in the side wall of the first cyclone Bnd distal
from thc at least onc gap. In another prcfcrrcd emboduncnt,
thc secondary cyclones form two gapa T

and lhc mr inlet lu the
lirst cyclone is positionixl ul onc of the lwo gapa. Preferably,
the tlvo gaps are filnned at opposite sides of first cyclone side
wail

Accordiim to another embodiment of the invention, a
vacuunl cleaner further includes a dirt cup assembly mounted
beneath the cyclonic dirt sepamtor to collect the contaminants
sc7IBratcd by thc lirst cyclonic chtunbcr mid thc second
cyclonic cliambers, and a worlung air conduit extending
through the tirst cyclone and the dirt cup assembly and fiuidly
coupling the air outlets of the second cyclonic chambers to an
inlet of the suction source

20
In a preferred embodiment of the invention, the secondary

cyclones are arranged in groups. In an exemplary embodi-
ment of the invention, oue of thc groups of secondary
cyclones comprises filur of the secondary cyclones. and
another of the groups comprises five of the secondary
cyclones. Further„each ofthe groups of secondary cyclones Is

enclosed by a side wall spaced from the first cyclone side
wall. Preferably. the enclosing side lvnll of the roups of
sci'iinddiy cv'clollcs ls tratlsluccnl.

'lypically. the secondary cyclones are arnlnged in parallel.
Preferably, the secondary cyclones have a generally vertical
central longitudinal axis parallel to a central longitudinal axis
of the first cyclone. Further. the secondary cyclones are frus-
(OCOIBCdl. Bild thC fit'SB cy'Clone'. lS Cy'lhlilllCal.

In a preferred enlbodinlent of the invention, the dirt cup li
assembly composes a first collecting region for collecting the
contaminants separated in the first cyclonic chamber Bnd a
second collecting region for collecting the conrnminants
SCTIamtcd in the almond cyclonic chamber. Prefbrably. the
second collecting region is fonnixi by a collcctulg cup post- do
boned in thc first collecting region.

'lypically. a tilter assembly is mounted betv een the work-
in Sir conduit and the inlet of the suction source. Further. the
working air conduit extends through a central portion of the
lirst colhxung region ol'he dirt cup assembly in a preferred
cnlbodhucnt ol thc hlvcntloll

In accordance with yet another embodiment of the inven-
tion, at least one of the secondmy cyclones has a vortex
stabilizer. According to one embodiment, all ofthe secondary
cyclones hale a vortex suibilizcr. Accordin to another
cmbodimcnt, thc secondary cyclones arc lrustocoiucal. Prcf-
crably, the vortex stabilizer Is located at d bouom portion of
the secondary cyclone liurther, the vortex stabilizer can conl-
prise a stabilizer plate. A debris outlet can be formed in the
side wall of the secontksty cyclone adjacent to the stabilizer "
plate. Further, the air inlet and air outlet of the secondary
cyclone can bc locatixl at ml upper portion ol'he secondary
CVC1011C.

BRIEF DESCRIPTION OF THE DICAWINGS

In the drawings

FIG, 1 is B perspective viev of an upright vacuum cleaner
0 ith a cycl0mc dirt sc7Tarator and dirt cup assembly according
to thc invcntiou.

FI(i 2 is a sectional view taken alono line 2-2 of IIKi l.

FICi 3 is an exploded pcrspcctive vtcsi ol'a cycloiuc scpa-
nltor assembly of the cyclonic dirt separator and dirt cup
assembly of Fl(i I

FICi 4 is a sectional view tdlen along linc 4-4 of FIG. 1.

FICi 5 Is a sectional view taken along line 5-5 Of FIG. 4.
FICi. 6 is a sectional view taken along line 6-6 of FI(i. 3.
ill(i 7 is an exploded perspective vimv of a dirt cup assem-

bly from the cyclonic dirt separator and dirt cup assembly of
FICT. I

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to the drav ings and to Ill(i I in particular,
an upright vacuum cleaner 10 comprises an upright handle
housln 14 withahandle pip 13 formed at an upper end and
pivotally mounted to a nozzle base housin 16 at a lower end.
The nozzle base housing 16 comp n sea a sue uon nozzle open-
ing 11 on a forward portion thereof The upught handle hous-
hlg 14 hds Bn opelllng 15 lhdt Iccclvcs B cyclotnc ihll sc'pald-
tor mid dirt cup assembly 12 comprising a cyclone separator
assembly 18 and a dirt cup assembly 54 I'he dirt cup assem-
bly 54 is removably mounted to the upright handle housing 14
and includes a grip 23 to facilitate insertion and removal ofthe
dirt cup assembly 54. The grip 23 can bc sc7TBratcly forntcxt
and attached to the dirt mip assembly 54 ul a commonly
knoivu manner. such Bs 0 i3h scree s. How cvcr, the grip 23 can
also be integrally formed with the dirt cup assembly 34 or can
be fastened in other commonly known ways, such as ivith
adhesives or ultrasonic welding

Referring to FICiS. 2-4, the cyclone sepamtor assembly 18
comprises a cyclone housing 27 having a primary separation
region with a pnmary cyclone 19 and a secondary separation
region that riccivcs a plurality of secondary cyclones 102.
The printery separation region is formed bye generally cylin-
drical priinary separator side lvall 17 and has a generally
vertical central longitudinal axis A A primary separator
upper lvall 35, which is best vielved in FICiS. 2 and 4. extends
in a generally horizontal orientation near an upper end of the
pnmary separator sale 0 all 17. An arulu lsr collar 26 is forntcxt
centrally in thc prunary separator upper wall 35 such that thc
amlular collar 26 is centered within the printery sepanltion
I'eglon

'I'he secondary separation region is sepanlted into tivo
regions. with each of the regions enclosed at its perimeter by
a secondary region side ilail 22 radially spaced from the
primary separator side wali 17 and joined to the primary
sc7TBrator side wall 17 near a lower end by a bonom wall 25
that extends In a perp cadi c u1 ar manner I'rom an inside surface
of the secondary region side v all 22 to an outside surface of
the generally cylindrical primary separator side wall 17

Together. the secondary region side walls 22 and exposed
portions 21 ofthe generally cylindrical primary separator side
wall 17 betv een the secondary region side walls 22. which all
tcmliuatc ul a 1031 cr of(sea lip 24, form ml exterior surface of
thc cyclone housulg 2'7. Thus, thc exposixl poruom 21 of thc
primary sepanltor side wall 17 are exposed to the outside of
the cyclonic dirt separator and dirt cup assenlbly 12.

A cyclone cap 20 mounted to an upper end of the cyclone
housln 27 defines a top for the cyclone separator assembly
18. and a secondary air manifold 29 is supported between the
cyclone housing 27 mid thc cyclone cap 20 The secondary air
miuufold 29 composes a dcpcnding hollow air duct 92 that
ex 3 mids tluuugh thc collar 26 int 0 thc primary cyclone region.
As best vimved in ill(i 3, a tangential air inlet 28 extends
through one of the secondary region side lvalls 22 and the
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i

pnmary sc7&amtor side wall 17 proxunatc Cle primary sepa-
rator upper iva)135 filr genensting a tangential airflow into the
p&1&11'lry SCpar'Itin&1 I'Cgloll

With continued reference to I I(ig 2 and 3, an exhaust
as senlbiy 30 is mounted to the annular collar 26 in the primary
separation re ion. The exhaust assembly 30 includes n hollov
cylindrical cage 32 that termuia tel a i a lower cnd at a radially
cxtcnding scpara&or pints 34 having an ou&cr edge 52. A
plurality of apertures 36 are formed in an axial alignnlent in
the cage 32 above the sepamtor plate 34 'file cage 32 dehnes In

a working air path; air enters the path by flowing, radially
inward through the apertures 36 and then upward tllrough the
hollow cage 32. The cage 32 and the separator plate 34 are
rcmovably moun&cd to the annular collar 26 in thc primary
cyclone region via a bayonet-type liuuig bc&v, cen a projac! Ion I

on the anmdsr collar 26 and a slot 3 I on the cage 32 to provide
a twist and lock connection I iowever, it is within the scope of
the invention to use other meclmnical fastening means to
removabiy mount the exhaust assembly 30 to the annuLar
collar 26. For example, friction fits. ramped threads. detents, lo
or any other commonly known fas&cnuig mclhod can bc uti-
hscd.

Referrin additionally to lii(i 4, a primary cyclonic toro&-

dal chan&her 48 is defined honxontally between the cage 32
and the primary separator side w all 17 and vertically behveen
the primary separator upper wall 35 and the separator plate
34. In one embodiment, the tangential air inlet 28 is vertically
aligned be&ween the primary scparaior upper wali 35 and thc
sc7&ara &or plate 34 and slightly uiclined such Cm& Ihc!angen-
tial airflow generated from the tangential air inlet 28 is sc
directed in a slightly downward direction tangentially into the
primary cyclonic toroidal chamber 48.

Referring now to FICI. 4. a working airflow. which is rep-
resented by arrows, containin paiticuLste matter, passes
tluough the tangential air inlet 28 and ui&o &he primary ls
cyclonic toroidal chamber 48, where 1& Imvcls around the
cxhaus& assembly 30. As thc airflow travels about&he primary
cyclonic tomidal chan&her 48. heavier dirt particles Pl are
forced toivard the primary separator side wall 17 Due to
gravity and axial components of the forces imparted by the dc

ivorking air, the pa&()cles PI fall through a gnp 50 defined
bc&wow& the edge 52 of thc separator plate 34 and the primary
sc7&ara&or side wall 17. The particles PI the& fall tluough thc
gap 50 conunuc to Ihll uito &hc dirt cup assembly 54, whcrc
they are collected in a prinlary dirt collectinn region 56 of the
dirt cup assembly 54. An upper end of the dirt cup assenibly
54 is received in a nesting relationship in the lower offset lip
24 of the secondary region side wail 22 and the exposed
portions 21 of thc prunary separator side wall 17 &o smil the
cyclone scpara&or assembly 18 &o thc dlr& cup assembly 54. o

Thc primary dirt collcctuig region 56 thcrcby performs the
function of collecting the particles Pl separated from the
airflow ivithin the primary cyclone )9.

As the working air tmsverses through the primary cyclonic
toroidal chamber 48 and casts the particles Pl toward the ls
pnmary separator side wall 17, thc workuig mr is drawn
inwardly Cu ough thc apertures 36 ofthe cxlmust assembly 30.
In onc embodimcn( thc apcrturcs 36 have im oblong shape,
but Ihe apemires 36 can have any suitable geometry that
prevents the particles Pl fmm exiting the primary cyclonic ic
toroidai chamber 48 through the apertures 36. Rather, the
particles Pl are ur ed toward the gap 50 by the circulating
mrflow in the pnmary cycloiuc toroidal chamber 48.

Some linc debris can remaui ln Ihc woriung air after i&

passes Cuough thc pnnuiry cyclonic toro&du) clmmbcr 48. As ss
shown in I'ICi 4, the working air that exits the prinlary
cyclonic toro&de) chamber 48 through the apehures 36 con-

tinucs through a sixondary cyclone toro&de) path 90 fora&Ox)

between an inner surface of the exhaust assembly 30 and an
outer an)id surface of the air duct 92 dependmg from the
secondary air inanifilld 29 in a coaxial relationship relative to
the exhaust assembly 30. The secondary cyclone toroidal path
90 can also be viewed in FIG. 5 As shown in FIG. 4, the
secondary cyclone Ioroidal path 90 directs thc working air
from the primary cyclone 19 to thc secondary air maiufold 29,
which directs the working air to the plurahty of secondary
cyclones 102 located in the secondary cyclone region.

Referring now to I i I CiS. 2-5 the secondary cyclones )02 are
arranged around the prinlary separator side wall 17 of the
primary cyclone 19 in the two regions of the secondary
cyclone region. In particular, the sccondury cyclones 102 arc
arranged ui Iwo groups, a ngh& group 102A and a left group
I U2B, with the right and left groups 102A, I (1213 correspond-
ing to the tv;o regions and positioned on opposite sides of a
vertical pLsne 13 (F I(i. 53 tlmt includes the central longitudinal
axis A and extends from back to front to effectively cut the
cyclone separator assenlbly 18 in half. Thus, a front gap 98 is
filrnuxl between ad)scent secondary cyclones 102 at a fron&

sale of thc cyclone sc7&ara&or assembly 18. and a rear gap 100
is formed between adjacent secondary cyclones )02 at a rear
side of the cyclnne separator assembly 18 According to the
illustnsted einbodiment. the front and rear gapa 98, 100 are
located diametrically opposite each other. The tangential air
inlet 28 is positioned in the rear ap 100 near the rivght group
102A The Ibont and rear gapa 98. 100 urc coincident with the
exposed poruons 21 oi'he pnnuiry separator side wall 17.
therefore, nnne of the secondary cyclones I(12 are located in
front of the exposed portions 21 of the primary separator side
v all )7 tn obstnict vieiv of the exposed pohions 21 'lhe
exposed portions 21 ofthe primary separator side wall 17 can
be made of a transparent or translucent material to allow the
user Io view Ihc pnmary cyclonic &oroidal chiunbcr 48
tluough the Ikon& and rear gapa 98, 100 and through Ihc
exposed portions 21 of thc prunary scpura&or sale wall 17.
I Iov ever, only the front gap 98 is viewable when the cyckme
separator assembly 18 is mounted in the opening )3 of the
uphght handle housin 14, as shown in FICi. 1. Additionally,
the secondary region side wall 22 can be made of a transparent
or Irdnsliicclll uldtclld1 Io Illlilw d llscr Io vn:w Cu: scconlLliy
cyclones 102.

As shown ln FIGS. 3 mid 5. ui the illus&rated cmboduucnh
the right group 102A includes four of the secondary cyclones
I U2, and the left group )0213 includes hve of the secondary
cyclones 102; however, it is within the scope of the invention
for the right and left roups 102A, 102B to comprise any
suitable muuber oi'he secondary cyclones 102 Further, I& is
wlflun thc scopi: of lhc 1&&vent&ill& lo group Clc scconddry
cyclones 102 uito more Crau two groups. Al&crna&ivcly, all of
the secondary cyclones )02 can be located on one side of the
plane 13, v herein the nun&her of the secondary cyclones 102
can range from betiveen one and ten or between three and
seven. Accordin to one etnbodnnent„ tive of the secondary
cyclones 102 arc located all on onc side of the plane B.

Referring again &o FIGS. 2-5. the secondary cyclones 102
each comprise a frus&oconicdl housing Irdvulg a sale wall 104
Clat defines a secondary cyclonic chamber )01 liach side
v all 104 has an upper, larger end 106 that dehnes an aperture
118 that functions as both an air mlet and an air outlet for the
secondary cyclonic chamber 101. as v, ill be described in more
dc&ail below, and a lower. smaller cnd 110 forming a second-
ary debris outlet 120 Cuough winch purticlcs P2 sop&&ra&Ox)

from Ihc worlong air passes lo a secondary dirt collcclulg
rebuon 58 ofthe dirt cup assenlbly 54 1 he secondary cyclones
102 in each of the groups IU2A. It)213 are connected to one

Dyson Ex1009 
Page 10



LJS 7,547,336 B2

sno(her at thc larger ends 106 via a housuig support 105 that
can either be a separate piece or integmlly molded v ith the
side walls 104 I:sch of the secondary cyclones 102 has a
central longitudinal axis ('Iil(i. 2) parallel v ith the central
ion itudinal axis A of the primary cyclone 19. According to
the illustrated embodiment, the central longitudinal axes A. C
ol'the pnmary cyclone 19 and thc secondary cyclones 102 are
generally ver(ical Alternatively. one or more oi the central
ion itudinal axes A. (: can be inclined relative to the vertical,
and the secondary cyclones 102 can be inverted such that the ia
larger end 106 is below the smaller end 110

The size and shape of the secondary cyclones 102 are
important for maximizing separation eihciency. In one
muboiiimcnt. the apcrturc 118 at the lar cr cnd 106 of the side
wall 104 has a surface arcs about tcn tunes larger (lian (liat of i

the secondary debris outlet 120 at the smaller end 110 I Iov-
ever. acceptable perforniance is obtained within a ratio of the
lar er end 106 to the smaller end I 10 rano ing between about
uvo to one and about twenty to one, preferably between about
three and a half to one andabout eight and ahaif to one. The zo

secondary region side wall 22 is tapered (o corrcspond to the
sliapcs of the secondary cyclones 102 loca(crt witlnn the
secondary re ion side wall 22 The secondary region side wall
22 tapers from its upper end. w:here it shuts the cyclone cap
20. to its lov er end. which is at the offset lip 24.

Other arrangements of the secondary cyclones 102 have
been found to perform in an acceptable manner. Oonfi um-
(tous of bctw ccn ouc and Iiftccn of (hc scconthiry cyclones
102 arranged in split Ihshion as previously dcscnbixl or com-
pletely encirchng the printery separator side wall 17 are con- ic
ten)plated. As can be appreciated, the overall size of the
cyclonic dirt separator and dirt cup asseinbly 12 is limited by
the size of the openin 15 in the upright handle housing 14.
Therefore, gven a hxed maximum size opening 15, as the
number of thc secondary cyclones 102 uicreases, dte utdi- ss
i idual size of each ol'he secondary cyclones 102 must be
rnluccd so the( thc cyclonic dirt scpacmor mid dirt cup assem-
bly 12 fits within the opening 15 It has been found that in tlus
arrangemeltt with this type of primary cyclone, wllen the
lar er end 106 is smaller than one inch in dissuade, the sec- (o
ondary cyclones 102 tend to clog with debris, C)iven tlus
dmiensional luni(ation, groupings ol'bc(w imn tive and eleven
of thc sixondary cyclones 102 have been deemed acceptable
for portable upught vacuiun cleaners 10 sized sirmlarly to
most current comnlercially available portable upnght
vacuum cleaners.

As stated above, the secondary air manifold 29 is posi-
tioned be(ween the cyclone housing 27 and the cyclone cap
20. As best i icsscd in FICi. 3, an air msrulhld gasket 125 is
postttoncdI be(ween the sixondary air maiuiiild 29 and the o

cyclone housing 27 to lomi an air(ight seal thercbctwcen. A
plurality ofworking air inlet passageways 119, which are best
viewed in I 'l(i. 6, are formed in the secondary air manifold 29
for dividing the v orking air that flows from the secondary
cyclone toroidal path 90 and directing the divided working air s.
into each of thc secondary cyclones 102. Thc number of thc
worl uig air inlet passageways 119 equals thc inunber of thc
secondary cyclones 102, each ol'he workuig air inlet pas-
sageways 119 corresponds to one of the secondary cyclones
lt)2 ReferringbacktoI'I(IS 2-4,eachoftheworkingairinlet rc
passageways 119 terminates at the aperture 118 of the corre-
sponding secondary cyclone 102 to form an inlet 121 to the
secondary cyclones 102. Thc w orkuig sir caus the secondary
cyclones 102 through corresponding workmg mr outlets 122
formed in thc secondary air maiulbld 29 and received by the ss
corresponding apertures 118 The number of the working air
outlets 122 equals the number of the secondary cyclones 102,

each of the working air ou(lets 122 corresponds to one of thc
secondary cyclones I UZ In one embodiment, the surface area
ofthe smaller end I I 0 of the secondary cyclones 102 is about
equal to or greater than the surface area of the working air
outlet 122. The ivorkin air outlets 122 fluidly communicate
v ith a workin air exhaust chamber 123 fomted between an
upper surface ol'(hc secondary air mm»fold 29 and a lower
surl ace ol thc cyclone cap 20. Thc w orleug air exlrs us ( cham-
ber 123 is in fluid comniunication with the hollow air outlet
duct 92 of the secondary air manifiild 29

l&eferring now liICiS. 2. 4. and 7. the dirt cup assembly 54
comprises the primary dirt collecting region 56, the second-
ary dirt collecting re ion 58, a centmslly oriented working air
standpipe 68. and a post-cyclone tilter assembly 76. Thc
pnmary dirt collix:nng region 56 is formed by au upstanilutg
dirt cup side ivall 64 and an annular dirt cup bottom ivall 62
havuig a tlat portion 61 that surrounds a fnistoconical portion
63 'I he hei lov, standpipe 68 extends upivard into the primary
dirt collecting region 56 from the frustoconical portion 63.
Accordut to the illustrated entbodiment. the hollow stand-
pipe 68 is centcrcd in (hc primary dirt collecting region 56, bu I

it is w i(hin (he scope of (bc im en(ion for thc hollow standpipe
68 to be offset fmm the center of the primary dirt collecting
region 56. When the dirt cup assembly 54 is niounted beloiv
the cyclone sepamtor assembly (8, the hollow standpipe 68
meets the air outiet duct 92 to form a worlung air conduit that
extends tlmough the primary cyclone 19 and the dirt cup
assembly 54. The mntmg surfaces bctw ixu the air outlet duct
92 and the hollow standpipe 68 arc cffi:ctivcly sealed with a
gasket 33 to prevent air leaks therebe(ween 1be dirt cup side
v all 64 terminates at an upper lip 65. and, when the dirt cup
assembly 54 is niounted below the cyclone separator assem-
bly 18. a dirt cup gasket 83 is positioned betv een the upper lip
65 ofthe dirt cup assembly 54 and the lower offset hp 24 ofthe
cyclone scqtara(or assembly 18 to prevmit air leaks thcrebe-
tw can Thc dirt cup saic w a 11 64 slightly tapers from thc upper
lip 65 to the bot(om wall 62. Thc taper crea(ca an air flow
pattern v ithin the dirt cup assembly 54 that niinimizes debris
re-entrainment. Additionally, the taper creates a narrower dirt
cup assembly 54 that is sized to facihtate manipulation of the
dirt cup assembly 54 with only one hand by a user

To further inhibit rc-cn(rainment of debris, a plurahiy of
upstauduig prongs or lingers 66 pro)cct upwardly from thc
bottom wall 62, particularly Ibom the fru s toe oiuca 1 pcroon 63
of the bottom ivall 62 The fin ers 66 can functiica in varying,
arrangements, but in the illustrated embodinient, the fingers
66 are arranged enerally synunetrically about the hollow
standpipe 68 centrally located i( ithin the dirt cup assembly
54. According to onc embodimcnu the lingers 66 arc spaced(
from thc standpipe 68. Thc dirt cup assembly 54 further
includes a Iin 70 aflixcd (o or integrally formed( with (he dirt
cup side wall 64. The fin 70 is aenenslly rectangular in trans-
verse cross-section and projects mdially inwardly from the
side wali 64 toivard the standpipe 68. Optionally, the dirt cup
assembly 54 can comprise more than one of the fins 70 cir-
cumfcrcntially spaced around the dirt cup side wall 64.
Details ofacceptable sizing mtd spacing of thc lingers 66 and
thc Iiu 70 arc found in U.S. Pat. No. 6,810,557 (o Heusen et
al, which is incorporated herein by reference in its entirety

'I'he secondary dirt collecting region 58 is formed by a
secondary dirt collecting cup 75 comprising a pair ofcollect-
in units 74 joined by a cup support 77. Each of the units 74
comprises a bouom w afl 79 and an ups tanduig side wali 81 (o
fiirm an open top rccepiacle. Thc secondary dir( collcctuig
cup 75 sits insulc thc dirt cup side wall 64 such tha( (he
primary dirt collecting region 56 receives the secondary dirt
collecting cup 75, and the bottom walls 79 of the collecting
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urn&a 74 dre spaced from thc bo&tom wall 82 of thc primary
dirt coflecting region 56 'I'he secondary dirt collecting cup 75
is oriented so that the each of the collecting units 74 is posi-
tioned directly below one of the right and left amups 102A,
102B of the secondary cyclones 102. In particular. rhe col-
lecting units 74 are located below the secondary debris outlets
120 of the secondary cyclones 102 to coflix& the part&clcs P2
tha& fall therefrom, as illustrated u& FIG. 4. In &he illus&rated
embodiment, one of the collecting units 74 is used to collect
the particles P2 fron& n&ore than one ofthe secondary cyclones &B

102 I lowever, a senes of individual collecting unit ~ 74 can be
used to collect debris fmm each corresponding secondary
cyclone 102. The secondary dirt coflecting cup 75 can be
Iixcdly mounted to thc d&rt cup assmnbiy 54, uuegrally
fornax) w &th the d&rt cup assembly 54, or rmnovabiy mounted
to Ihe dirt cup assembly 54

11&e I i 1&er assembly 76 compn sea a lifter cage 84 that holds
a filter clement 86 The Iil&cr assembly 76 is located below the
standpipe 68 such that working air that flows dov n&vard

through Ihe standpipe 68 must pass through the filter assent- IO

bly 76 before reaching an inlet of a suction source 87 located
dowamtream from the filter assembly 76. The filte cage 84
coniprises an open tray 85 to removabiy receive the flier
clcmcnt 86. Preferably. thc Iil&er clement 86 &s an opm& cell
foam lifter: however, paper pica&cd Iil&ers imd o&hcr common
filter element types can also be used 11&e tilter cage 84 &s

secured to v ith the bottom wall 62 of the primary dirt colhm-
tion region 56 v&B a quarter-turn bayonet fastener or Bny other
suitable mechanical fastening means, Bs prev&ously
described. &O

The dirt cup assembly 54 is removabiy mounted to the
upriaht vacuum cleaner 10 'I'he dirt cup assembly 54 is gen-
erally vertmdlly ad)ustable rclauvc to thc cyclone separator
assembly 18, such as by a cern mechanism mounted to the

&i
upright handle housing 14. so that it can be raised into Bn

engaged and operative posit&on underneath the cyclone sepa-
ra&or assmnbly 18 When &n tlus posiiion, thc upper hp 65 of
the dir& cups&dewafl 64 &srcce&vcdwi&fun&bc lowcroffsct1&p
24 of the cyclone separator assembly 18 and is sealed by the do

gasket 83. &vhich helps prevent the dirt cup assembly 54 front
beu&g dislodged from thc cyclone separator assmnbly 18. To
rcmove &hc dirt cup assembly 54 from the cyclone SCT&aralor

assenibly 18, such Bs to discard accunndated dirr. the dirt cup
assembly 54 &3 displaced downwardly from the cyclone sepa-
ra&or assmnbly 18, such as by the cern meclmmsm. Once
d&sengaged from thc offset lip 24, the dirt cup assembly 54
can be slid forv, ard and removed from the separaror 18.

Relbrnng to FIG. 4, u& opera&ion, thc suet&on source 87, o

w h&ch cdu bc loci&tcd u& c&&hei thc upngh& hBndlc ho i&s&ng 14
or the nozzle base housing 16. genemtes a working. a&rflow

through the upright vacuum cleaner 10. Iiirty working air
enters the cleaner 10 at the suction nozzle opening 11 and
flows tim&ugh a suitable conduit (not sho&vn) to the mngential &s

mr inlet 28 to the cyclo rue d&rt sc3&i&m ior and d&r& cup a asmnb1y
12. The working a&r trnverscs around the prunary cyclonic
toroidal chamber 48 nnd casts d&rt parucles toward thc pn-
mary separator side wall 17, thereby separating the larger
particles Pl from the air strean& and depositing the larger io
particles PI. by force of cavity. through the ap 50 between
the separator plate edge 52 and the primary separaror side
w dll 17 uuo the pnmary d&rt collccung region 56. Thc work-
ing mr cx&ts Ihc pnmary cyc1oruc t oro alai chamber 48 through
thc apertures 36 and flow s into thc sixundary cvclone toro&del si
path 90 to the secondary air n&ani fold 29. In the secondary air
n&anifold 29. the working air is evenly divided to each of the

working a&r &nlet passagcw ays 119, wluch d&rect thc woriung
a&r to the plurality of secondsary cyclones 102, which are
arranged u& paraflel. After flowu&g tluough thc worlong air
inlet passage&vays 119, the working air tangentially enters the
rcspectivc secondary cyclones 102 at thc larger end 106 to
create a swirling action &vithin the secondary cyclonic cham-
ber 101 defined by the respective side wall 104. As the swirl-
ing air approaches the smaller end 110 of the secondary
cyclones 102. the velocity ofthe air speeds up and throws the
linc secondary paruclcs P2 rema&n&ng &n the working air
toward the side wali 104 in a fashion similar to that of the
pnmary cyclone 19. 11&e linc secondnry parucles PZ ex&t thc
secondary cyclone 102 thmugh the secondary debris outlet
120. and thc linc secondary part&cles P2 fnll, under force of
gravity, into the secondary dirt collecting region 58 of the dirt
cup assembly 54.

'I'he working air in Ihe secondary cyclones 102 is then
forced to change direction and cx&ts the secondary cyclones
102 through the respective air outlet 122 of the secondary air
manifold 29 received by the aperture 118. The working air
passes through the air outlets 122, through the working air
exhaust chamber 123. Bnd into the air outlet duct 92. The
working air then passes downward tluough thc a&r mi tie& due&

92. tluou h the dirt cup standpipe 68. and into the filter
assembly 76, where &hc filter element 86 captures addiuonai
particulate material beti&re the working air is drawn into the
suction source 87 Optionally. a pre-motor filter (not shown)
can be located immediately upstream ofthe suet&on source 87
to prevent any remaining debus from entering the suction
source 87. Debris that enters the suction source 87 can dam-
age in&cmal componcnm and shortm& thc useful hfc of &he

suc&ion source 87. Thc work&ng mr then passes tluough an
optional post-motor filter 89, such as a I IIIPA filter, before
ex&t&ng the upright vacuum cleaner 10

While the cyclonic dirt separator and dirt cup assembly 12
has been dcscnbcd for use w &0& the upnght vacuum cleaner
10, &t is w &th&n the scope of the &m cnt&onto util&zc the cyclo&uc
scp&ad&or iuul du I cup i&sscu&blv'2 u& other ty'pcs ol vs coun&

cleaners, including canister vacuun& cleaners and robotic
vacuun& cleaners

The cyclonic dirt separator and dirt cup assembly 12 pro-
v&des scvcral advantages. For example, thc secondary
cyclones 102 arc arranged around thc first cyclone 19 to
reduce the height of the cyclonic d&rt separator and dirt cup
assembly 12 Additionally, because the secondary cyclones
102 fbrn& the fmnt aap 100. a user can visually Inspect the
primary cyclonic toroidal chamber 48 tluouvgh the primary
separator side wall 17 when the exposed portions 21 are made
of &I transh&ccn& u&dict&dl. As d rcsul&, thc user ciu& v&suallv
confim& tha& the cycloruc separator assembly 18 &s properly
functioning m&d identify the presence ofclogs or other poten-
tial pmblems I urthennore. Ihe working air that exits the
secondary cyclones 102 flows downward thmugh the work-
in B&rconduit formed by the air duct 92 and the standpipe 68
directly to the suction source 87. Consequently. the distance
that thc working a&r nuist &ravel bctwccn thc secondary
cyclones 102 and thc sucnon source 87 is m&nim&zcd, &hereby
reducmg pressure losses and potential for leaks to develop

While the invention has been specifically described in con-
nect&on &vith certain specific enibodiments thereof. it is to be
understood &1m& tlus &s by way of illustrat&on and not ol'limi-
tat&on. Rcasonablc varianon and modilicnuon are possible
w&thin thc forgoing disclosure and draw u&gs w &thmn dcpan-
ing from the spirit of the invention, which is defined in the
appended claims.
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What ls clduncd Is.

1. A vacuum cleaner compnsin:
a cyclonic sepamstor compricing:

a br st cyclone having a side wall defining a first cyclonic
chamber filr sepamctmg contanlinants from an air
stream as the air stream travel c about the first cyclonic
chanlber from an air inlet to an air outlet: Bnd

a plumslity of secondary cyclones downstream from the
first cyclone, each of the secondary cyclone having a
side wall defining a second cyclonic chamber for hir- ui

lier sepal dlnlg conlanunilnls honl lhc Bll sill anl iis
thc air stream travels about ihe second cyclonic chiun-
ber from an air inlet to an air outlet, and the secondary
cyclones are armcnged around the first cyclone side
wali and form at least one gap between adjacent sec-
ondary cyclones to expose the firct cyclone side wall
to the outside of the cyclonic separator at the Bt least
Onc gap,

a nozzle housing including a suction openin coupled v. ith
20

the air inlet of the first cyclonic chamber: and
a suction source coupled to the suction opening and to the

first and second cyclonic chambers and adapted to estab-
hsh Bnd nlalnldhl lhc Bn sllcBBI honl thc sucnon open-
ing, tltlouJI the first cycloruc airflow chiunbcr, and
tluough the second cycloruc airfiow cluimbcrs.

2. Thc vacuunl clcBncr Bccoldlng 10 clann I, whclcln thc
Iirsl cyclone side wall is formed of a translucent material al
least at the at least one gap to provide an unobstnicted view of
the first cyclonic airflow chamber through the first cyclone
side wall and through the at least one gap in the secondary
cyclones.

3 lhe vacuum cleaner according to claim I, wherein the
secondary cyclones are arranged in @Cups.

4 1'he vacuum cleaner accordingto claim 3. wherein one of lc
the groups of seconrksly cyclones comprises filur of the six-
ondary cyclones. and another of the groups comprises five of
the secondary cyclones

5 The vacuunl cleaner according to claim 3, wherein each
ofthe groups of secondary cyclones ic encloced by a side wall do

spaced front the first cychlne side wail.
6 The vacuum cleaner according to claim 5. v herein the

enclosing side wall of the groups of secondary cyclones is
translucent.

7. The vacuum clcancr according lo claim I mid further
comprising an upnghl housing with ml opcmng that receives
thc cy'clonic scpill Jlor, dnd Ihc Bl lciist Onc gap Is fonuixl in II

fmnt portion of the cyclonic separator for an unobstmcted
view ofthe hrst cyclone side wall when the cyclonic separator
is mounted to the uplift housing.

8. The vacuum cleaner according to claim 1 wherein the air
inlet to the hrst cyclone is positioned in the side w:all of the
Iirsl cyclone and distal Irom thc at least onc gap.

9. 111e vacxnun clcancr accordulg to cldun 1 whcreul thc
s.

secondary cyclones form Iwo gapa in Ihc array of secondary
cyclonec, and the air inlet to the first cyclone is positioned in
one of the nvo gapa

10. 'I'he vacuunl cleaner according to claim 9 wherein the
nvo gapa are formed at oppocite sides of firsr cyclone side sl,
wall.

11. The vacuum cleaner according to claim I wherein the
sci'onddi9 cv'cloaca Brc Blldngcd in paldllcl.

12. The vacuum cleaner accordul to clmm 11 wherein the
secondary cyclones have a generally vcrlical central longllu- sc
dinal axis parallel to a central longitudinal axi ~ of the hrst
cyclone

13. Thc vacuum cleaner according to claim 12 whercul thc
secondary cyclones are frnstoconical, and the first cyclone is
cylindrical

14. The vacuum cleaner according to claim 1 and fhrther
compnsing a dirt cup assembly mounted below the cycloluc
sepia stol.

15. The vacuum cleaner according to claim 14 v herein the
dirt cup assembly comprises a first collecting region for col-
lecting the contaminants sepamsted in the hrst cyclonic cham-
ber and a second collccung region I'or collecting thc conlami-
nants sc7tarutcd in thc second cyclonic chamber

16. The vacuum cleaner according to claim 15 v herein the
second collecting region is fomled by a second collecting cup
positioned in the first collecting region.

17. I he vaculun cleaner according to claim 14 and further
cmnprising a hollow standpipe within the dirt cup assembly
and that couples the air outlets of the secondary cyclones with
an inlet of the suction source througrhthe dirt cup assembly.

18. Thc vacuum cleaner according to claun 17 and further
cmnprising a filter assembly mounted between the standpipe
and the inlet of the suction source.

19. A vacuum cleaner composing.
a cyclonic separator comprising:

a first cyclone having a side ilail defining a first cyclonic
chamber Ihr sc7taraung contaminanls from ml air
stream as the air sac un travels about thc first cycloluc
chamber from an air inlet to an air outlet:

a plurality of secondary cyclones downstream from the
first cyclone. each of the secondary cyclones having a
side wall dcfilung a second cyclonic chimlbcr for I'ur-

Iher separating contamulants from Ihe air stream as
the air stream travels about the second cyclonic cham-
ber from an air inlet to an air outlet:

a dirt cup assembly nlounted beneath the cyclonic dirt
separator lo collcm Ihc conlamulanls separated by thc
Iirst cyclonic clmmbcr and thc second cycloluc chiun-
hers;

a nuzzle housing including a suction opening coupled with
the air inlet of the first cyclonic chamber;

a suction source positioned below the dirt cup assembly
mid having an inlet fhiidly coupled to the suction open-
ing in the nozzle housing through the air inletc and air
outlets of the first cyclone and the secondary cyclones,
mid the suction source is adapted to sclccnvcly establish
mid maintaul Ihc air strimn from lhc sucuon openulg.
tluough the lirst cycloiuc airflow chamber, and through
the second cyclonic airflov chambers; and

a working air conduit extendin through the first cyclone
mid the dirt cup assembly and fluidly couphng Ihe air
Outlets ol'hc second cyclonic chambers lo thc inlet of
thc suction source.

20. The vacuum cleaner according to claim 19 v herein the
dirt cup assembly comprises a bottom wall and a side wall that
fol nl B col lect Big I I 8 lou Io coif cl lhc coals nun luis sepal dl ix!

by Ihc cyclonic separator and ihe working air conduit extends
tluough thc bottom wall of thc dirt cup assembly.

21. Thc vacuum cleaner according to claun 20 and further
comprising an iur duct Ilunlly couphng Ihc air outlets of Ihe
secondary cyclonic chmnbers to the working air conduit

22. Thc vacuum clc;mcr according to claim 21 and further
compnsing a Iiller assembly mounted bctwccn the woriung
air conduit and the inlet of the suction source

23. Thc vacuum clcdncr according to claim 20 whcrcin Ihe
dirt cup assembly comprises further comprises a first collect-
ing region for collecting the contaminants separated in the
first cyclonic chamber and a second collecting region thr
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collecting tlm contaminants scparaicd in the second cyclonic
chamber~. and the working air conduit extends through the
firs collecting region

24. I'he vacumn cleaner according to claim l9 ivherein the
secondary cyclones are arranged in parallel.

25. The vacuum cleaner according to claim 24 wherein the
secondary cyclones have a generally vcrlical central longitu-
dinal axis parallel lo a cenlral longitudinal axis ol Ihe lirsl
cyclone

26. The vacuum cleaner according to claim 25 wherein the Ic

secondary cyclones are fuistoconical. and the first cyclone is
cylindrical.

27. The vacuum cleaner according to claim 19 wherein the
secondary cyclones arc arranged around the first cyclone side
wall and form at least onc gap bclwccn adjacent secondary

cyclones, and Ihc first cyclone side wall is cxposcd to thc
outside of the cyclonic separator at the at least one gap.

28 'l'he vacuum cleaner accordiim to claini 27 wherein the
first cyclone side wall is fornied at least in part of a tmns lucent
material at the at least one gap to provide an unobstructed
view of the first cyclonic airflow chamber through the first
cyclone side wall mid iluuugh Ihc at least one gap in Ihe
secondary cyclones.

29. I'he vacuum cleaner accordin to claini 28 w:herein the
secondary cyclones form uvo of the gaps that separate tivo
distinct o roups of secondary cyclones. and the air inlet to the
primary cyclone is positioned in one of the two gapa of
secondary cyciones.

s r r r
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