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US 11,992
1

AIR TREATMENT APPAR&»TUS

CROSS REFERENCE TO RELATED
APPI ICA'I IONS

'this application is a continuation of U S. patent applica-
tion Ser. No. 17/719,265. filed on Apr. 12. 2022, which itself
is a continuation of U.S. patent appliculion Scr. No. 16/694,
396. Iilcd Oct. 7, 2019 Bnd issued aa U.S. Pal. No. 11,318,
482 on May 3, 2022. wluch itself clain&s priority fnlm U.S
Pmvisional Patent Application No 62/7-18,840, tiled on Oct.
22. 2018, each of which is herein incorporated by refermlce
in its entirety.

ISF Il il .I )

The held of d&ac losure relates generally to surface clean-
in apparatus, docking stations to empty a surface cleanin
dppaiahla. such Bs B lobohc sul'face ch:dnulg apparatus. Bnd
also a&r Ircalmcnl apparatus li&r a surface clcamng appnratus.

INTRODUCTION

Vyanous types of robohc surface cleaning upparalus arc
known. Robouc vacuum cleaner may have a docking station
that char es the robotic vacuum cleaner when the robotic
vacuum cleaner &s connected to the docking, station Also, B

docking station may have means to empty a dirt collection
chamber of a robot&c surface cleaning appamtus.

In addition, surface cleaning apparatus that use B cyclonic so

clcamng stage that composes a plurahty of cyclones &n

parallel ala'nown.

SUMMARY
ls

In accordance with B filsl Bapccl ol &his disclosure.
cvclonlc BITSY for B surfBcc'lcanul Bppaldhis ol B ikicklng
station for a robotic surface cleaning, apparatus comprises B

plurality of cyclones is parallel In accordance v ith tlus
aspect, the cyclones (which have an axis of n&tarion that &s dc

at an angle to the vertical and, optionally. the axis is oriented
generally honzontally) are arranged such lhul dirt exltul thc
d&rt outlets of the cyclones travels d&rcctly to u d&rt ch Bnbcr.
Accordulgly. thc cyclones may bc ol varying lcnglh or Ihc
cyclones may be staggered in the direction of the axis of 4

rotation such that an upper cyclone positioned above a lower
cyclone has an outlet that is rearward of the rear end of the
lower cyclone.

For cxamplc. a plurahty ol'cyclones, winch are m parallel,
may bconcntcd such that, in operation, some of Ihc cyclones o

are posihoned abole other cyclonca aml Ihe d&rl outlets
(which may be provided in the sidewall) of the upper
cyclones are positioned so as to not overlie the lower
cyclones. These cyclones may have the same lenghh but may
be staggered so that the dirt outlet end of the upper cyclones . 1

is rearward of the d&rl outlet cnd of lhc lower cyclones.
Altcmalcly, or u& add&t&ou. &hc lower cyclones may bc
shorter so that Ihal Ihc d&rl outlet cnd of lhc upper cyclones
is rearv ard of the dirt outlet end of the lower cyclones.

In accordance with this aspect, there is pnlvided a cyclone sc

array which may be used for a surface cleanin apparatus or
a docking station for a robotic surface cleaning apparatus,
the cyclone array having a top. a bohom mid spuccd apart
lateral sides, Ihc cyclone array compnsulg.

(a) a plurality of cyclones arranged ul parallel, lhe plu- as

mlity of cyclones comprising a first upper cyclone and
a hrst lo&ver cyclone, each cyclone having a cyclone

,849 B2

BX IS Ol I Cullion. B fl'Onl Cnd, iul ax&all)'p ac Cd B pall &Ca I

end, an air inlet. an air outlet and a dirt outlet; and.
(b) Bl least one dirt collection chamber ul commulucal&on

v'ith the dirt outlet~,
wherein. when thc cyclone array is oncntcd w&lh Ihc lop

above the bottom, the cyclone axes extend at an angle
to the vertical and at least a hrst upper cyclone is
positioned above a tirst lower cyclone and the dirt
outlet of the first upper cyclone is spaced axially
rcau hardly i)urn thc rear cnd of lhc lirst lower cyclone.

In any embodiment, a length of the first upper cyclone
bclwimn Ihc front cnd and Ihc reur cnd of Ihc lirst upper
cyclone may be the same as a length of the first lower
cyclone bclwiscn lhc Iron& cnd and Ihc rear cnd of Ihc Iirsl
lower cyclone.

In mly embodiment, a plane that is transverse to the
cyclone axis of rotation of the first upper cyclone n&ay be
located at the front end of the hrst upper cyclone and the
front cnd of Ihc lirst lower cyclone may bc loca&cd adjacent
the plane and a length of the tirst upper cyclone between the
front cnd and thc rear cnd of the Iirsl upper cyclone may bc
longer than a length of the first lower cyclone behveen the
front end and the rear end of Ihe first lower cyclone.

In any embodiment, the dirt outlet of the first upper
cyclone and the dirt outlet of the first lower cyclone may
face a floor of a common dirt collection chamber Optionally.
thc lh&or may compuse;m openablc door.

In any embodiment, lhc dirt outlet of the lira& upper
cyclone and the dirt outlet of the first lo&ver cyclone Inay be
pmvided in a sidewall of Ihe cyclones

In any embodiment, the air inlet and the air outlet Inay be
provided at the front end of the cyclones and the dirt outlet
is provided at the rear end of the cyclones.

In any cmboihmcnl, when thc cyclone array i ~ oncnhxl
with thc lop above lhc bottom, Ihc cyclone axes may cxlcnd
gcncrally horizontally.

In any embodiment. the plurahty of cyclones may con&-

prise a first plurality ofupper cyclones and a second plunllity
of lower cyclones.

In accordance with another aspect. a docking station of a
surface clcanulg apparatus, such as a robohc surface clcan-
u&g apparatus is provided with a docking port that ia rcmov-
ably conncmlablc iu thc surface clwu»n apparatus, an air
tlov path extending fmm the dockmg port to at least one air
treatment member When the surface cleaning apparatus is
docked at the docking station. ml a&r stream containing dirt
collected in the surface cleaning apparatus &s drawn throu/&
thc docking port into thc dockulg stat&ou where Ihc air &s

tres&cd to rcmove dlc collcctcd d&rl and a clwin air stream &s

cnultcd from lhc dockulg station. Thc air stream may bc
pmduced by a motor and fan assembly in the surface
cleaning apparatus and,'or a motor and fan assen&bly (a
suction motor) in the docking station. Accordingly. the
docking station may be used to empty the surface cleanin
dppdl'i&his.

Thc dockulg slahon may usc oue or morc a&r trcalmcnl
alen&bi:ra. In onc cnlbodnucnh lhc dockulg sldhon uses d

first stlge momentum separator and a second stage cyclonic
unit, winch may comprise a plurahty of cyclones m parallel
The cyclonic sta e may be arranged with the cyclones
disposed such that the cyclone axis of rotation is generally
honzontal. generally vcr&ical or at angle lo Ihc honzonlal
and/or vert&cal plmlc. In other cmboduncnls. thc doclong
stut&on can uac a lirsi stage cyclonic ulut rather than a Iirsl
stage momentum separator Accordingly, in these embodi-
ment~, the docking station can comprise two cyclonic stages
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In mnbodimenm whcrcul Ihc lirsl stage compuscs a
nionicntum sepal,'ltoi'. Ihc monlenlunl scparBICI'lay';lvc 0
screen as part or all of an upper wall thereof and/or part or
all of a vertical wall In either case, a facing wall nlay be
provided spaced from and facing the screen. Therefore. a
flow channel may be provided between the screen and the
facmg wall. Thc facing wall may bc spuccd from Ihc screen
by 2-60, 8-25. 8-16 or 10 nun/m'cr minute of air flow. If
the flov channel extends upwardly (e.g, aenenifly verti-
cally) then the flow channel may define a second stage 10

nionicntum separator
The screen may have a surface area (flow area) that Is

2-100, 10-100, 20-50 or any in between range (e... 5-10 or
30) times lhc cross sectional flow aron uf Ihc dockulg port ln
a direction of tlow through the docking port. IS

In any embodiment. two or more of the cyclonic stage, the
nionicntum sL'pal ltol'riel the scconcl st;lgc 01001L'ntunl BL'pa-

rator may be emptied concurrently (e o., they nlay have a
common. openable bottom door).

In accordance with this embodiment. there is provided an lc
apparatus incluihng thc cyclone array whcrcm Ihe apparatus
has a flow path from an air inlet lo an air outlel whcrcul mr
travels along an exterior of the cyclones as the air travels
fmm the rear end of the cyclones to the air inlets at the front
end of the cyclones

In accordance with this embodiment, there is also pro-
vided a surface cleaning apparatus including the cyclone
dirayc Thc cy'clone drlay'lav bc d second cyclLuuc clcBnulg
stage.

In accordance with this embodiment, there is also pro- 10

vided a docking station for a robotic surface cleaning
apparatu~ including the cyclone array.

In accordance with this embodiment, there is also pro-
vided an air treatment apparatus. which may be used for a
surfwc clclmn apparatus or a doclong sultlon fora robouc ls
sUI fice clcanulg apparBIUB, coulpllsulg.

(a) ml air flow path exlmldulg from an mr treatment
apparatus air inlet to an air treatment appanitus air
OUIILII 'UICL

(b) a momentum separator positioned in the air flow path, dc

the momentum separator having an upper wall. a lower
wall mid u sidewall cxtcndlng between Ihc upper and
lower walls,

wherein a momentum separator air Inlet ls provided ln an
inlet portion of the sidew:ifl, the momentum sepanstor d

air inlet facmg an opposed portion of the sidelvall that
is opposed to the inlet portion of the sidewall and the
inlet portion of the sidewall comprises a side screen.

In any embodunmu, air cxlung lhe momentum separator
mr inlet may bc directed gcncrally honzontully towards thc 0

opposed portion of Ihc sidewall.
In any embodiment, air exiting the momentum sepanstor

air inlet may be directed generally horizontally and down-
wardly towards the opposed portion of the sidewall.

In any embodiment, air exiting the momentum separator . 1

mr mlct may be directed generally downwardly.
In any cmboduncnt, the opposed portion of thc sidewall

may bc generully plmlar.
In any embodiment. the nlonlentuln separator air inlet

may have an outlet port and the outlet port mav extend in u so

plane tlmt is genemifly pamiflel to the opposed portion of the
sidev all.

In any embodunmu, the inlet poruon ul the sldcwafl nuiy
cxtcnd in a plane that Is generally pamflcl lo Ihc opposed
portion ol'hc snlcw all Ss

In any embodiment. the lower wall nlay comprise an
openable door

In any cmbochmmlt, thc side screen may compose d

majority of the inlet portion of the sidewall.
In any embodiment, thc side screen may comprise over

50%, over 60'i, over 70%, over 80%. over 90% of the inlet
poruon of Ihc snlcwall.

In any embodiment. the upper wall may also comprise an

upper screen. Optionally, the upper screen may comprise a
nmjority of the upper wall 'I'he upper screen nlay comprise
over 60'!o. over Ii0%, over 70%o, Ovel'0 io, over 90 lo of the
uppCI willi.

In any embodiment, the air treatment apparatus may
further comprise an end wall spaced from and faculg thc olde
screen wherein an up flolv chamber is positioned between
thc cnd wafl and the side screen.

ln any embodiment, the momentum sepanstor nlay have a

bottom openable door.
In any embodiment, the up flolv chanlber may have a

bottom openable up floss chamber door.
In mly cmboduncnt, thc lower wall may comprise dn

openable momentum separator door and the momentum
SL7tarator dour and the up flow chamber door are concur-
rentlv openable.

In accordance with this embodiment, there Is also pm-
vided an air treatment apparatus, which may be used for a
surface cleaning apparatus or a docking station for a robotic
surface cleaning apparatus, comprising:

(a) ml air flow path cxtmldulg from ml air trcatmcnl
Bppdliinls Illr ullcl to Bn Blr lrcBnucnl BppBIBIUs Bu
outlet;

(b) a momentum separanir positioned in the air flow path,
the nlomentum separator having an upper wall, a lower
v alL a sidev:all extending between the upper and lower
v alLL and a momentum separator air inlet, the upper
wdll conlpllscs Bn Uppcl screen: duel,

(c) an upper cnd eall spaced from and I'aculg thc upper
scrccn whcrcln an airflow chamber Is positionixl
between the upper end lvall and the upper screen

In any embodiment. air exiting the momentum separator
air Inlet may be directed enerally horizontally tov.ards the
sidev all.

In any cmbodlmenn air cxlung Ihc momentum separator
air inlet may bc dlrcclcd generally houzontally mid down-
warcfly'owBlds thc sich:v'Bll.

In any embodiment. air exiting the momentum separator
air inlet may be directed generally dolvnwardly.

In any embodiment, the air treatment apparatus may
further comprise a deflector positioned on the upper wall.

In mly cmboduncnt, thc lower wall may comprise dn
opcnablc door.

In any cmbodlmcnt, Ihe upper scriwn may mlmpnsc a
nmjority of the upper wall 'I'he upper screen nlay comprise
over 50%, over 60%, over 717%. over 80%, over 90% of the
upper sidev:all.

In any embodiment, the sidewall may also comprises side
scrccn. Thc sidewall may comprise lirsl and second opposixl
snlcwalls and Ihc side scrcml comprises 0 matonty ol'hc
lirst sidcrwall. Thc sale scrcml may mlmpusc over 60%, over
60%, over 70'i, over 80%. over 90% of the hrst sidewall
Optionally or in addition, the air treatment apparatus may
further comprise an end wall spaced from and facing the side
screen ~herein an up flow chamber may be positioned
bclwiwn Ihc end wall mid thc side scrccn.

In dnv Lnlbochulcnt, Ihc nlonlcntUBI scpBIBIUI ulBv hdvc 0

bottom openable door.
In any embodiment, the up flolv chanlber may have a

bottom openable up flow chamber door
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In anv culboduncnl, fllc lowcl wall nisi'onlpnsc an
openable momentum separator door and the montenhun
separator door and the up flow chamber door are concur-
rently openable.

In accordance with this aspect, there is also provided a
docking station for a mbotic slufbce cleanin apparatus
comprising:

(aj a lirst stage mr treatment chmnbcr,
(b) a second stage cyclone array having a top, a bottonl

and ~paced apart lateral sides. the cyclone array cons- io

prising,
(I) a plurality of cyclones armsn ed in parallel. the

plurality ofcyclones comprising a first upper cyclone
and a lirst lower cyclone, each cyclone havulg a
cyclone axm of rotation, a front cnd havulg;ul mr
inlet and an air outlet and an axially spaced apart rear
end having a dirt outlet: and,

(ii) at least one dirt collection chamber in comnnulica-
tion with the dirt outlets,

wherein, when the cyclone array is oriented wirh the top lo
aboic thc bottom, at least a porlion oi u Iirst upper
cyclone is positioned above a iirsi lower cyclone and
the dirt outlets are arnlnged in a staggered contignnstion
whereby dust exiting the dirt outlet of the tirst upper
cyclone is not obstnlcted by the hrst lower cyclone.

In any embodiment, at least a portion of the dirt outlet of
the first upper cyclone may be spaced realwardly from the
rear mid of thc lirsl lower cyclone.

In any embodiment, a lmlgth oi'hc lirsl upper cyclone
betlveen the fmnt end and the rear end of the first upper so

cyclone may be the same as a length of the hrst lower
cyclone betlveen the fmnt end and the rear end of the hrst
lower cyclone.

In any embodiment, a plane that is tmsnsverse to the
cyclone axis of rotauon oi'hc lirst upper cyclone may bc ls
localixl al lhc fl'onl cnd of lhc fist lippcl cyclone aud lhc
front end of thc lirst lower cyclone may bc located adgicmlt
the plane and a length of the first upper cyclone benveen the
fmnt end and the rear end of the first upper cyclone nlay be
longer than a length of the first lower cyclone between the do

front end mid the rear end of the first lower cyclone.
In mly cmboihmcnt. when the cyclone urruy ls oncntcd

with Ihc lop above Ihc bottom, the cyclone axes may extend
dl an angle lo fllc vortical, c.g., dl dboul d 45'o lhc vcrlical.

In any embodiment, the plurality of cycloiles may conl-
prise a first plurality ofupper cyclones and a second plurality
of lower cyclones Optionally. the plurality of cyclones may
comprise a first plurality of upper cyclones and a second
plulahlv oi lowcl cvcloncs.

In any mnbodunmll, the dirt outlet oi Ihc lirsf upper o

cyclone mid ihc dirt outlet of thc lirsl lower cyclone nuiy
face a flool'f a common dirt collection chamber Optionally,
the floor may compose an openable door

In any embodiment, the at least one dirt collection cham-
ber may comprise a single common dirt collection chamber . 1

and dlrl exiling ihc dirt outlet of thc lirst upper cyclone and
dirt cxitmg the dirt outlet oi'hc iirsi lower cyclone nuiy
travel downwardly io a floor oi'he common dirt collection
chamber. Optionally the floor may comprise an openable
door ail

In any embodiment. dirt exiting the dirt outlet of the first
upper cyclone and dirt exiting the dirt outlet ofthe firsr lower
cyclone may Iruvcl downwardly lo ml opcnablc floor of thc
al least one dirt collection chamber.

In any mnbodunmll, the dirt outlet oi Ihc lirsf upper ss
cyclone and the dirt outlet of the first lower cyclone mav be
pmvided in a sidewall of the cyclones.

In any cmboihmcnl, when thc cyclone array i ~ oncnlixl
v ith the top above the bottom. the cyclone axes may extend
gcncrally horizontally.

In any embodiment, air exiting the cyclones Inay travel
downwilldlv.

In any embodiment, the first stage air treatment chanlber
may have a dirt collection region with an openable bottom
door

In any embodiment. the first stage air treatment chamber
may have a dirt collection region vs 1th mi opcnablc bouom
doou

In any embodiment. tlm at least onc dirt col lccuon cham-
ber may have an openable bottom door and the bottonl
opcnablc door of lhc al least one dirt collccuou chamber mdy
be concurrently openable lvith the bottom openable door of
the first stage air treatment chamber.

In any embodiment, when the cyclone array is oriented
v ith the top above the bottom, the dirt outlet of the hrst
upper cyclone may bc positioned above thc dirt outlet oi'Ihc
first lower cyclone.

BRIEF DESCRIPTION OF THE DRAWINGS

I'he drawings included herewith are for illustrating vari-
ous examples of articles, methods, and apparatuses of the
teaching of the present specihcation and are not intended to
hmit flm scope ol wlml ls Imighl in miy way.

In lhc dliiu figs.
ill(i I is a front perspective view of one embodiment of

,'ul,'ul'reatnleni;ippal",ltus;
ill(i 2 is a side cross-sectional view along line 2-2'n

FICi. I of the air treatment apparatus of FICi. I;
FICi 3 is a perspective side cross-sectional view alon

lute 2-2'n FIG. I oi'hc air trc itmcni apparatus of FIG. 1.
FICi 4A is a side cross-sectional view along lute 2-2'n

FIG. 1 of a momentum separator located inside of thc air
treatment apparatus of IIIG. 1. according to some embodi-
OICflts;

FICi 4B is a side cross-sectional view along line 2-2'n
FICi. I of the momentum separator according to some other
cmboduucnts:

FICi 4C is a side cross-sectional view along lute 2-2'n
FIG. I of Ihc momentum separator acmlrdulg to sull other
embodinlents;

ill(i 5 is a perspective view of the momentum separator
of FICi 3;

FICi 6 is another perspective view of the momentum
separator according to an example cmboduncnt:

FICi 7A is a schcmaim. side cross-sectional view along
lute 2-2'n FIG. I of thc momentum separator accordutg io
another example embodiinent;

ill(i 7B is a schematic. perspective view of the nlonlen-
tum separator of FI(b 7A:

FICi 7C is a schematic, perspective view of the momen-
tum separator according Io slifl ycl another example cmbodi-
nlcnl;

FICi 8 is a side pcrspectivc view of thc air trcatmcnl
apparatus of 11(i I, showing, a lower mall of the air
treatment apparatus being removed:

FICi 9 is a perspective view from below of the air
treatment apparatus of FICi. I:

FICi 113 is a schcmauc. pcrspimuvc view of a housing
body for Ihc momentum separator accorduig to an altcmd-
tlvc example cmbodimcnl.

ill(i 11 is a top-dolvn cross-sectional view alono line
I l-l I'n Fl(i 3 of the air treatment apparatus of lil(i. I;
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FIG. 12 is a side pcrspccuvc view ol a cyclone amiy
located inside of the air treatnient apparatus of IIKi I,
accordin to an example embodiment;

IIICi 13 is a rear perspective view of the cyclone array of
FICi. 12:

FKk 14 is a rear perspective cross-sectional view alon
lute 14-14'n FIG. 12 of the cyclone array ol'IG. 12;

FIG. 15 is a front pcrspixuvc cmss-scchonal view along
line 15-15'n IIKi I of the air treatment appanstus of IIICi

I: I I I

IIICi 16A is a perspective side cross-sectional viev aloilg
line 2-2'n FICi. 1 of the cyclone array of FICi. 12:

FKk 16B is a partially cut away rear perspecrive view of
the cyclone array of FICi. 12.

FIG. 16C is a vertical cross-sectional view along linc ii
14-14 in IIKi. 12 front the rear of the cyclone array of IIICi

12;
IIICi 17 is a bottom-up cross-sectional view along line

17-17'n FICi. 13 of the cyclone array of FICi. 12:
FKk 18 is a perspective view of another embodiment of Ic

lhC ilir lrCBIIIICtlt dppdlalus,
FIG. 19 is a side cross-sectional view along lute 19-19'n

ligi. 18 of the air treatnient apparatus of IIKi 18:
IIICi 20 Is a side perspective cmss-sectional view along

line 19-19' I'Ki 18 of the air treatment apparatus of IIICi

18;
FKk 21 is another side perspective cross-sectional view

along linc 19-19'n FIG. 18 of the air trcaunmlt apparatus of
FIG. 18:

IIICi 22 Is a bottom-up perspective cross-sectional view io
along line 22-22'n IIKi 18 of the air treatnient appanstus of
ligi. 18:

FKk 23 is a side perspective view of the air trearrnent
apparatus of FICi 18 with a bottom wall of the air tremment
apparatus bcui rcmovedi 31

FIG. 24 is bouom-up pcrspixuvc vmw ol lhc air tres tmmit
apparatus ol FICi. 18:

IIICi 25 is a perspective view of the air treatment appa-
ratus of I'ICi 18 showing a top lid and a top screen of the air
treatment apparatus being removed; do

FKk 26 is a perspective view of a cyclone array of the air
trenhnmll apparatus of FIG. 18,

FIG. 27 is a cross-sectional view along line 27-27' FIG.
26 of thc cyclone army ol'IG. 26,

IIICi 28 is a partially exploded view of the air treatment
apparahis of I'ICi 18.

FKk 29 is a rear vertical cross-sectiorml view of a cyclone
array according to an alternative example embodimenr:

FIG. 30 is a side cross-sixuonal vww of thc cyclone array
of FIG. 29 along thc section lute 30-30'f FIG. 29, c

FIG. 31 is a side cross-sectional vicv ol'n alternate
cyclone array of the configuration of I'Ki 29:

IIICi 32A is a side elevation view of another embodiment
of the air treatment apparatus v ith a bottom door in on open
configuration; . 3

FIG. 32B is a cross-sectional view along 1mc 32B-32B'n
FIG. 32A of the air trcauncnt apparatus of FIG. 32A with thc
bottom door in a closixl conligurauon.

IIICi 32( is a cross-sectional view along line 32('-32('n
IIKi. 32Aof the air treatment appanstus nfl'Ki 32Av ith the ao

bottom door in the closed configuration:
FKk 32D is a cross-sectional view along line 32B-32B'n

FIG. 32A of the air trcauncnt apparatus of FIG. 32A with thc
bottom door in thc open conligurauon.

FIG. 33A is a cross-sectional view along lmc 32B32B'n ai
ligi. 32A of the air treatment apparatus of IIKi. 32A
accordin to another example embodiment; and,

FICi 33B is a cross-sectional iiew along lute 33B-33B'n
FICi. 33A of the air treatment apparatus of FICi. 33A.

l)IIS('l(IP I K)N Oft VARIOUS I:MI3OI)IMIIN'IS

Vanous apparatuses or pmcesses will be described below
to provide an exiunplc ol';m embodiment ol'ach clmmixl
uivmilion. No emboduncnl dcscribcd below limits any
claimed invention and any claimed invention may cuter
pmcesses or apparatuses thar ditfer from those described
below I'he claimed inventions are not limited to apparatuses
or processes lmvin all of the features of any one apparatus
or process described belov. or to features conunon to mul-
tiple or all of thc apparatuses descnbcd below. Il is possible
that an apparatus or process descnbed below Is not dn
embodinient of any claimed imention. Any invention dis-
closed m an apparatus or process described below that is not
claimed in this document may be the subject niatter of
another protective instrument. for example. a continuin
patent application, and the applicants, inventors or owners
do not intend lo abandon, disclmm or dixlicalc to thc public
any such invention by ils disclosure in dtm document.

I'he terms "an embodiment." "embodiment." "embodi-
mentg" "the embodiinent," "the embodiments." "one or
more embodiments," "some embodiments,'* and "one
embodiment" mean "one or more (but not all) embodiments
of the present invention(s)," unless expressly specified oth-
crwisi:

Thc lcmis '*including.'* '*compnsin " and vanations
thereof mean "including but not limited to," unless expressly
specihed otherwise. A listing of items does not iniply that
any or all of the items are mutually exclusive unless
expressly specified othetwise. The terms "3.** "an*'nd"the*'ean

"one or more,*'nless expressly specihed otherwise.
A» used herein mid ul thc clmms, two or morc parts arc

Said lo bC CoilplCd . COIIIICCICd, BKBChCif, OI IBS1CIICd

whcrc lhc parts are Ioincd or operate together either directly
or indirectly (i e., through one or more intermediate parts),
so long as a link occurs As used herein and in the clainis,
two or more parts are said to be "directly coupled**. "directly
connected*', "directly attached'*, or "directly fastened*'hcrc

thc parts arc conncctcd ul physical contact with each
other. As used herein. Iwo or more parts arc mani lo bc
'*ngidly coupled", "rigidly conncctcd", "ngidly attached", or
"ngidly fastened" where the paris are coupled so as to niove
,'IS OIIC while uulilltalliilia, a CollstBrit Ollellt,'ltlofl relativC to
each other. None of the terms "coupled**, "connected".
"attached". and "fastened*'istin uish the manner in which
ttvo or morc parts arc Iomcd togcthcr.

Some clcmcnls hercui may be identtficxt by a part number.
which is composed of a base number followed by dn
alphabetical or subscript-numerical suflix (eg 112d. or
112,). Multiple elements herein may be identified by part
numbers that slmre a base number in common and that dier
by their sulfixes (e.g. 112o 1121. and 1123). All elements
with a conunon base number may bc rcfcrrcd to collcchvcly
or gcncrically using the base number without a sullix (c.g.
112).

In enibodiments described herein, there is provided an air
treatment apparahis 'I'he air treatment apparahis may be
used in combination tv ith a surface cleaning apparatus, such
as a hard fioor cleanin apparatus and/or a vacuum cleaner
c g., till tlprlghl SIIIIBCC Ck:dlllllg BppBratus. B CBIBSICI atlt'faCC

cleaning apparatus, a robolic surface cleanuig apparatus. a
hand vac. a stick vac and/or an extractor). For example, in
at least some embodiments, the air treatment apparatus can
be used as a "docking station" to facilitate quick eniptying
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of a surface clentung apparatus from dust or debris that has
collected therein dunng cleaning operation.

In the example apphcations described herein. the air
treatment apparatus may be used as a "dockina station" for
a robotic surface cleaning device. In particular. an air inlet
(docking port) of the air treatment appamstus may be remov-
ably couplcablc to u port or outlet of dlc robotic clc;uung
device. Thc port or ouflct may bc. for cxmnplc, ul fluid
communication with a dust collecting chamber ofthe robotic
device A motor and fan assembly driles the flow of air Io

through the air inlet and into the air treattnent apparatus As
air is drawn into the air inlet of the air treatment apparatus,
debris located inside of the dust collecting chamber is drawn
out of thc dust collecting chamber and iransfbrrcd v,tth thc
mr strcmn into thc ntr treatment apparaius. Thc air trcatmmlt ls
apparatu~ may accordingly proceed to treat the inconting
stream of air to separate dust and debri ~ therefrom Once
some ore)i of the dust has been transferred out of the robotic
device, the air treatment apparatus may be independently
clemled-out. In this manner, the air treatment apparatus 20

fact)its(ca safb und last emptying ol thc robotic surface
clcamng dei icc wtthoul rcquirulg dismuntlcmenf (or open-
ing) of the robotic device each titne it is desired to empty out
dust and debris
(ienensl Descnption of a Robot Docking Station

Referring now to FIGS. I to 3, a first embodiment of an
air treatment apparatus 100 is illustrated. As shown, the air
trenunmlt apparatus 100 may ulcludc a housulg body 104. an
mr treatmmlt apparatus atr inlet 108 (also relcrrcd to us a
dirty air inlet 108), and an air treatment apparatus air outlet so

112 (referred to as a clean air outlet I ) 2) 'I'he air treatntent
apparatu~ air inlet 108 may be the inlet of a docking station
or may be downstream thereof. For exmnple. if the air
treatment apparatus 100 is removable from the dockin
station lor emptyulg, Ihcn Ihc air IrcaUncnt apparntus mr ls
inlet 108 may bc the inlet ol' dockulg stution.

11&c air trc iuncnt apparatus air inlet 108 is coniigurcd to
accommodate an inconting stream of dirty air that includes,
filr example. coarse and hne dust, solid debris as well as
other air-borne containments. Airflow received by the air so
inlet 108 travels into the air treatment appamtus 100 and
passes Iluough onc or morc scparaung stages flmt arc
coniigured to separate Ihc flow of air from die air-borne
containmcnm. Rclalivcly cleaner may Ihml exit the air treat-
ment apparatus 100 through the air outlet l)2. In at least
some embodiments. a suction device (i.e, suction motor)
may connect to the air outlet 112 and may generate a suction
force to drive the flow of air between the air inlet 108 and
the air outlet 112 (c.g., suction motor 324 of FIG. 18).

Rcfcrring Io FIG. 1, thc air uriel 108 may optionully o

fluidly cotulect to thc nir trcatmcnt apparaius 100 vta nn inlet
conduit 116. 'I'he inlet conduit 116 tnay extend at a distance
fmm the air treatment housing body 104 to allov a surface
clemling apparatus to "docl '* at the air treatment apparatus
100 from a distance. For example, a robotic cleaning device . 1

may dock at Ihc atr IrcaUncnt apparatus 100 without ncccs-
sanly bculg in abutung mtgagcmcni with thc apparatus 100.

11&c air trcatmcnt apparatus atr outlet 112 muy also fluidly
connect to the air treatntent appanstus )00 via an air outlet
conduit 1Z0. Alternately, the air outlet conduit 120 may so

extend from the housing body 104 to allow other devices
(i.e., a suction motor) to couple to the air outlet 112 at a
SpaCixl dlS(atlcC (C.g., 1( illav bC CollllCCUX) to B Colidiilt
similar Io the conduits used lor a buill ul vacuum system
such that Ihc air outlet is cxtcnor io Ihc dv cllutgj For ss
instance, as exemplified in ltl(i. 18. the air outlet conduit
120 may extend from the housing body 104 to connect to

suction motor 324. Altcnuitcly. air trmitmcnt appamtus 100
nmy include a suction motor and the outlet 112 may be a
clean mr outlet. Itor example. a suction nlotor may be
included in air treatment apparatus 100 of I'l(i 33A.

As exemplified in FI(IS. 2 and 3, the inlet conduit 116
may extend into the housing body 104 along an inlet conduit
axis 140 bctmccn an upstretml mid 144 and a downstream
cnd 148. Thc downstream cnd 148 includes an outlet purl
152, which is in fluid comnninication with a separator which
nmy be a first stage separator 124 with a second stage
separator 132 (e.g. Cne or more cyclones) downstreani
thereof. Accordin ly, the first stage separator IZ4 is posi-
tioned in the flolv path to receive dirty air travellin
upwardly Iluough the inlet conduit 116 und cxiung Iluough
thc ouflct pots 152. As cxctttpldicd ut FIG. 32B, a transvcrsc
passage 530 may be positioned below handle 532 and above
the first stage sepamtor 124 and the second stage separator
132
Optional Air Treatment Members for a Docking Station

As exemplified in FIGS. 2 and 3, air treatment apparatus
100 may include a lirst stage separator 124, and a sixond
stugc separator 132 positioned in Ihc atrflow path down-
stream from the first stage separator 132 In the exeniplified
embodinlents of ltIGS 2-28. Ihe first stage separator 124
coinprises a tliomentum separaulr 128. aitd the second stage
separator 132 comprises a cyclone armsy 136. The momen-
tum separator 128 and the cyclone array 136 may be ixlth
locaux! witlun thc housing body 104 ol the atr trcalmcnt
apparatus 100. Altcnuitivcly, as cxemphlicd in FIGS. 32A-
32I) and I l()S 33A 33l3. the air treatment member 100 may
include a first stage separator 124 comprising a cyclone 502,
and the second stage separator 132 may conlprise the
cyclone array 136. Accordin ly, the first stage separator 124
can comprise a first cyclonic stage, and the second stage
separator 132 can compnsc a sixond cyclonic ~(age.

II will bc appreciaicd Ihat each of the momentum sepa-
rator and/or cyclone ul Ihc lira( stugc scpnrator, mid Ihc
cyclone array 136 in the second stage separator, as disclosed
herein, may be used by itself (e.g, m a surface cleaning
apparatus). It mill also be appreciated that the momentum
separator and/or the cyclone. Bnd the cyclone array may be
i i Six) ill fllC Salnc SurfaCC CICatllllg BpparBlilS. Ill SolllC

cmboduucnts, the mr tran(ment apparauis can include onc or
tllorc of fllc tllolnclltultl scpatalor, c)'clotlc Bill cvcioilc

'lira)'onlentum
Separator

The following is a description of momentum separators
that may be used in a docking station as exemplihed herein
(alone or in combination with onc or morc other air Ircat-
mcnt members), or which may bc used by thmnsclvcs or in
combmation with onc or morc other air Ircatmcnt members
in a surface cleaning apparatus. 'I'he other air treatment
menlber may be a cyclonic array as discussed subsequently

Referring to FIGS. 2-6, which exemplify an embodiment
of a momentum separator 128 which can be used as a hrst
stugc separator 124 in thc air treatment apparatus 100.

A» cxcmplilicd, (hc momentum sepurator 128 may com-
pose a momentum separator chamber 154 which is boundixl
by an upper wail 156 (also referred to as top wall 1563, a
lower wall 160 (also referred to as a bottom wall 160). a
sidev all 164 lvhich extends between the upper wall 156 and
the lolver wall 160, and an end wall 172 that extends
bctwixn a top poruon 174 (or a top wall 174) of thc housing
body 104 and the lover wall 160 of thc momentum separator
128 Thc momentum separator chmnbcr 154 is also
bounded, on either side, by lateral walls 178 that extend
latemslly between the sideivall 164 and the end wall 172 of
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the housing body 104, as well as vertically bctwccn thc top
housing ivall 174 and the bottom wall 16tl of the monlenhun
separator. In this example, the end wall 172 faces and is
distally opposed front the sidew:sll 164 It will be appreci-
ated that several of the walls may form part of the housin
body 104. In tins example. lateral ivalls 178 and end wall
172 form part of housulg body 104.

As cxcnlpllflcd, onc or ulorcwalls 01 Ihc nnuncnnuu
separator chamber 154 nlay comprise porous v elis. e g., part
or all of one or more of the walls may be partially or hilly IB

porous. 'I'he pomus wall or porous section of a v all is
configured to have openings and to be generally air pemle-
able such that air may exit the momentum separator 128 by
flowing outwardly through thc opclun s in thc porous wall
or porous section. Thc porous wall or porous section nuiy ts
comprise. for example. a screen, a Inesh, a net, a shnlud, or
any other air permeable medium that is configured to pass air
floiv, while separating (or filtering) the air tlow from dust,
dirt and other solid debus. The openin s in the porous wall
may be selected to inhibit dirt of a predetemtined size fmm 10

cxlnng thc nlonu:ntunl scpalalor.
In at least some embodiments. Ihc porous ace(ion of'a wall

may compnse a majority of a wall I'or exainple. the porous
portion of a wall may have a surface area that is behveen
40-100%. 50-100%, 60-100%, 70-100%, 80-1200% or
90-100%. or anywhere in betv een. of the total surface area
of the porous wall.

lllc sullacc Bri a of flu: porous portion(s) fllBI dc(ha: thc
mr exit ol'hc momentum separator mdy also bc cxprcsscd
relative to the opening area of a moinentum separator air lo
inlet 182. Ilor example, in some cases the one or nlore
porous v all sections nmy have a surface area (screen area)
that is 2-100, 10-300, 20-50 or any in between range (e.
5-10 or 30) times the opening area of the momentum
SCTIarator air Inlet 182 (I.c., thc cross-section area of fllc inlet ls
182 In a direction transverse to the dtrcxtton of'r flow
tllrough Ihc ullct 182). An advmltagc ol'using a larger porous
portion(s) area is that the greater surface area tilr air to exit
the momentum separator 128 produces a reduced floiv rate
of air throu/I the porous portion(s), thereby reducin the so
likelihood that dirt may get pushed tlmlu+ the porous
portion(s), winch would reduce the scparatum cflicicncy of
thc nlonlcntunl sepal dtor. Accordhlglv, this can fBclh(J(c thc
Ill(craig of ilusn dirt Bud othcl dlr-boule coutauuncum flout
the exiting air stream I

Another advantage of using a large air exit is to avoid
generating a wind tunnel hl e effect as air exits the momen-
tum separator 128. In particular. where a lnr e volume of air
exits the mommltum separator 128 tluough a small porous
portion, the mr tlow may cxpcncncc a sudden ulcrcasc In 0

flow velocity. which results in air-bomc contmmncnts bculg
less likely to become separated front the exiting, stream ofair
and to therefore clog the openings.

The momentum sepamtor IZS may include any number of
porous walls, or v alla which include porous sections. For . 1

instance, FIGS. 2-6 exemplify an mnbodlmcnt of thc
momentum separator 128 ul wluch the sldcv all 164 of thc
momentum separator has a porous scchon dcfincd by a wdc
screen 176. I'he side screen 176 provides an outlet for air
which enters via outlet port 152 to exit from the monlentunl so

separator (see arrow A in FICr. 3). Dust particles. which do
not pass through the side screen 176. may collect on the
lower wall 160 of Ihc momentum scparalor 128.

Opnonafly, ul addiuon or ul altcrnauvc to Ihc sale screen
176. Ihc upper wall 156 ol'thc momentum separator 128 nuiy ss
also comprise a porous wall and may include a top screen
180 which is generally air perineable Accordingly, air can

exit thc momentum SCTIarator 128 by tlowulg upwardly and
outwardly through the top screen 180

An advantage of using, the combination of a top screen
180 and a side screen 176 is that an even larger surface area
is provided t'or air to exit the momentum separator 128.
Accordingly. this generates a further reduction in the veloc-
ity of thc outgoing air stream, which ul tum, faclhtatcs Ihc
separation ol'dust and debns from thc stream ol'air. In at
least some embodiments. including both the top screen 180
and the side screen 176 can reduce outgoing airflow velocity
by as much as 50% as compared to usmg only the side screen
176

FICiS. 19-Z2 exemplify a further embodiment wherein
only thc upper wall 156 01'he momentum separator 128
ulcludc a porous sccuon (c.g., a top scrccn 180).

lll(iS. 7A-7II exempfify a hirther alternative enlbodiment
in winch the momentum sepamtor includes one or nlore
screens (or pomus sections) that are recessed front the
momentum separator chamber walls. In this embodiment.
the momentum separator 128 includes an end screen 158, as
well as lateral screens 186. An advantage ol'lus configu-
ration la that iur flow may exit through live ddli:rent screens.
Agam, this may ensure that the velocity of the exiting air
stream is minimized, ivhich in turn, helps the dis-entrain-
ment of air borne contaminants

FICi 7C shoivs still a further alternative embodiment
v herein air. incoming into the momentum separator IZS. is
bounded by screens from each side (I.c . 6 screens in total).
Thc scrccns may be, I'or example, suspended inside of Ihc
momentum separator chamber. 'Ibis conhguration maxi-
nuzes the surface area available for air to exit the nlomentunl
separator 128. Accordingly. the velocity of the air exiting the
momentum separator 128 is reduced to a nunimum. which
generates optimal conditions for separation of air-home dust
and dirt.

II will bc apprcciatcxl Ihat Ihc configuranons illustrated in
FIGS. 2-6, 7A-7C, mid 19-22 have only bccn provxhxl
herein by way of example In other embodiments, the
momentum separator 128 may include any nunlber or
arrangement of porous wall sections and/or screens.

Referring nov: back to FICiS. 2-3 and 9, wherein the
porous willi sccnou ls pl'Ovldixl on a suh:wBII (c.g., sale
scrccn 176). Bn up flow clulmbcr 188 can be provnlcd for air
exiting the momentum separator 128, tluough thc side
screen 176 the up flow chamber 188 is positioned behveen
the side screen 176 and an end wall 192 (otherwise known
as a blockin or facing wall) of the air treatment apparatus
100 Air entering the up flow chamber 188 flov s upwardly
ul a plane parallel Io thc utfct conduit axis 140. In embodi-
ments tshcrcin thc air trcauncnt apparatus 100 ulcludcs a
socond stage separator 132. air that is calrtcd tluough Ihc
upflow chamber 188 may tlow doivnstream to the second
stage separator 132. In this manner, the up flow chamber 188
acts as a conduit between the hrst stage separator 124 and
the second stage separator 132. It will be appreciated that in
other cmboihmcnts, chamber 188 may bc oncntcd other than
vcr tie ally.

A» cxcmplilicd ul FIG. 11, thc cnd wall 192 mav bc
latenslly spaced from. and facing, the side screen 176 to fornl
the up tlow chamber 188 More specihcally, a lateral spacing
distance 196 separates the end wall 192 fmm the side screen
176 The lateral spacing distance 196 can be configured to be
any suitable distance. In venous cmboduncnts. Ihc lateral
spacing dlstmlcc 196 can bc 2-40, 4-25. 8-3 5 or 10nunim'cr

nunutc of airflow. An advantage of usulg a smaller (or
narrower) lateral spacing distance 196 is that a wind tunnel-
like effect is generated inside the up flow chamber 188
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Accordulgly. air entcnng the up flow chamber 188 nuiy
travel with increased speed downstream to the second stage
separator 132. Alternatively, an advantage of using a larger
(or widened) spacing distance 196 is that air entering the up
flow chamber 188 may experience a reduction in velocity,
which in turn, facihtates the separation of dust and other air
borne debns I'rom the Incoming air stream, thereby allow ulg
fllc passage Io fUncuou ds a nlonlcuuuu scpBI J(iir. Accord-
ingly, the passage may comprise a second stage monlennun
separator and, in such a case, the momentum separator 128 In

may be cicosidered a first stnge or primary monlennun
separator. Also, in such an embodiment. chamber 188 may
extend generally vertically to enable separated dirt to fall
downwardly under Ihc influcncc of gravuy to collect on thc
bottom wall or floor ol'he cllambcr 188. Ii

In mnbodiments wherein the upper wall 156 of the
moinentum separator 128 includes a top screml (80. air
exiting, through the top screen lgf) may also tlow into 0
side-flow chamber 208. As exemplihed in FICIS. 6 and 19,
the side-Ikiw chamber 208 may be positioned between the 10

top screen 180. thc upper mid wall (or upper poruon) 174 of
the housing body 104, and thc cnd wall 1'72 ol'hc housing
body 104. Air entenng the side flow chamber 208 deflects
ofl'0 f the upper wall (74 and the end wall (72 and is directed
laterally towards a further dow:nstream air treatment men&-

her.
In various cases. as best exemplified by FICrk 6, the upper

eall 174 of thc housing body 104 faces, and Is vertically
spaced from, thc Iop scrccn 180 by a vcrticul spacing
distance 2(2 to form the side-flow chamber 208 Sinlilar to In

the lateral spacing distance 196, the vertical spacing distance
2(2 can be any suitable distance, such as 2-40, 4-25. 8-)5 or
10 nun/m'er minute of alrflow, A smaller vertical spacin
distance 212 may tend to induce a wind tunnel like eflect
thai rcsulls in an ulcrwisc in alrflow vclocily ulsulc uf thc li
side-flow chamber 208 Convcrscly, a wulcr (or larger)
icrtlcal spaculg distance 212 may ulducc a reducuon In mr
stream velocity, which in turn. nlay help sepannte particles of
dust and dirt from the airflow

Referring to FICi. 10. there is shown an alternative Jo
embodiment of a portion ol the housin body 104 that
sUITCUuds thc nlonlcu(UUI si.pdlator 128. hl Ibis cxiunplc, thc
housulg body 104 ulcludcs rounded cd cs or corners 162,
wluch facilitate smoother flow of air ulsidc side-flov, cham-
ber 208 d

Momentum Separator with a Cienennlly I lorizontal Air Inlet
Optionally, as exemplified in FIC)S. 2-6. a momentum

separator as discussed herein may have a momentum sepa-
Id(or Blr aller 182 that directs Bu Blr flilw to ca(el thc
momentum sepurator generally horizonially. Alfcmntcly. or 0

in addition, the momentum separator air inlet 182 may bc
pmvided external to the monlentuin separator chamber 154
Accordingly. as exemplihed in I'I(ig 2-6. mmnentnm sepa-
rator air inlet 182 may be provided in an upwardly extendin
sidev all that provides all or part of the air outlet of the . 1

momentum sc3tarator (c.g., pan or all of sidewall 164 nuiy
be a screen 176).

lllc uloulcnnun scpalutor nial'c Used ul a sur(Jcc
cleaning apparatus, such as a miotic surface cleaning appa-
ratus or a hand vac. 'I'he momentum sepanntor may use any sn

of the features and/or dimensions of momentum separator
128 mid is also exemplified herein as part of a dockin
stauou.

As thc mr stream cntcrs momentum separator chmnbcr
154. Ihc icloclty of Ihc mr stream may dccrcasc and ai
entrained dirt will fall towards the bottonl of the monlentunl
separator chamber (54

Opuouafly, the wall opposed to the wall havulg Ihc
momentum separator air inlet 182 (e g, end wall (72) may
be solid. I'herefore, air entering, the momentuni separator
clmnlber (54 cannot continue in a generally linear direction
but must change direction and exit the momentum separator
chamber 154 on the same side as it entered the momentum
sc3tarator chamber 154. Accordingly. thc air stream will
Undergo II 180 chiulgc in dircclion that will furlhcr enhance
the extent to which entrained dirt will become dis-entnnined

As exemplified in ill(i. 3, the sidewall (64 includes an
inlet portimi 168 'I'he inlet portion (68 includes a nlonlen-
tum separator air inlet 182, v.hich is configured to receive air
from the inlet conduit 116. In the illustrated embodiment, the
momentum separator air inlet 182 w thc snmc as Ihc outlet
port 152 ol thc inlet conduit 116. In other cmboduncnis, Ihc
outlet port (52 may be separate from the momentum sepa-
mator air inlet 182, for example if an upstream air treatment
men)her is provided

The momentum separator air inlet 182 Is optionally
situated at an elevated section of the Inlet portion 168 alon
thc sidewall 164 (c.g., above the nudpoulc in the upper tlurd.
or ln thc upper I)uartcr of the sldcwull 164) Accordulgly, air
enters Into the momentum separator IZ8 front a raised
position above anv dirt that may have collected in the
momentum sepamntor chamber (54 (provided the nlonlen-
tum separator chamber 154 has been emptied when a hll line
has been reached) and will therefore tend to not re-entmin
dirt that haa already bccn collecuxl. Upon entry Io Ihc
momentum separa(or chmnbcr 154. thc air stream will
experience a reduction in velocity, which facilitates the
separation of air borne dust and dirt front the airtlow. In
various embodiments, air entering the momentunl separator
128 may experience a reduction of velocity by as nnich as
25 to 100 times the original velocity of the air as lt exits the
outlet port 152 and/or thc momentum sepnra (or air inlet 182.
Dust and dirt. 0 luch bccomcs dls-cntruulcd from the airflow
ulsidc of the momentum separator 128, I.C., as a result ol'hc
velocity reduction, may collect on top of the lower wall (60
of the momentum separator IZ8.

In the example embodiment shown In FIC)S. Z and 3, the
downstream end 148 of the inlet conduit 116 is curved to
rc-direct airflow, uuo Ihc momentum scpurator chamber 154.
ul a gcncrally horizontal dlrccuon towards the cnd wall 172
of thc housing body 104. To Ilus cnd. thc momentum
separator air inlet 182 may extend in a plane that Is generally
parallel to the end wall 17Z.

FICi 4A shows an alternative embodiment of the down-
stream end 148. In this embodiment. mther than bein
curved, Ihc downstream cnd 148 is conligurcd with a sharp
nght dcgrcm angle. An;Ulvantagc of this conligurdtion is Ihat
thc airflow cxpcncncea ml abrupt change in direction, wluch
nmy result in a further reduction in airflow velocity '(he
reduction in airflow velocity may facilitate separation of
air-home dust and debris from the air stream.

FICi 4B shows a further alternative embodiment for the
downstream cnd 148. In this case, thc downstream end 148
Is dov nwardly slopcxl mid is conligured to rc-direct air mto
thc momentum separator 128 ul u gcncrally honzontal and
downward direction, i e., towards the mid or lower portion
ofend wall (72 In this embodiment, the airflow experiences
an even more abrupt change in flow direction, which.
accordin ly, may result in a hirther reduction in the air
stream velocity. Tlus may agaul help to I'aclhtatc Ihc sepa-
ration of air-borne dust and debus I'rom thc mrflow.

FICi 4C shows still yet a further ulternauvc emboduucnt
for the downstream end 148 In this alternative embodiment,
the downstream end (48 is nolv increasingly downwardly
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sloped and is ninligurcd to re-dirixt air in a gnterully
dmvnward direction As such, the air stream experiences yet
a more extreme reduction in flow velocity. which may
further facilitate the process of dis-entrainina air-borne dust
and debris therefmm.

In other embodiment not shown, the downstream end 148
may bc conligurcd lo rc-direct air enlenng Ihc momntlum
sc)rara(or 128 in any onc ol' number ol oflter suitublc
directions (for example. genemslly horizontally and
upivardly. etc.) I it

Momentum Sepamstor with a Vertical Air Inlet
Optionally, as exemplihed in FIC)S. 19-28, a momentum

separator as discussed herein may have a momentum sepa-
l dtor Bir iitlcl 182 Ilia( ilircCIS Bii Bir fliiw to CiltC1 lhC

momentum sepuralor generally vcrlicafly. Allemalcly, or in ls
addition, the momentum separator air inlet 182 may be
pmvided intenial to the monientum separator chamber 154

'Hie momentum separator may be used in a surface
clemting apparatus, such as a robotic surface cleaning appa-
ratus or a hand vac. The momentum separator may use any 29

iif thC fbdluiCS Bull/01 diilicllslonS Of inoniCnliiiu SCpBiiilor
128 mid is also exemplified hcrnn ds part of a ducking
StBtinil

As exemplified in lrl(iS. 19-28. optionally. the inlet
conduit 116 may extend upwardly and in a generally vertical
direction. along inlet conduit axis 140. and at least partially
into the momentum sepamstor 128. In this configuration. Bir
may exit the conduit 116, via thc outlet port 182, ui a

generally upward or vcrucal dirccuon. In other cases. thc
inlet conduit outlet port 356 may be configured to direct the so

dirty air into the monientum separator clmmber 360 in any
suitable direction

As fiuther exemplified. optionally. if the air exits outlet
port 182 vertically or generally vertically. then a deflectin
member (or dcflcctor) 388 may be provided, c.g.. On thc )s
upper wall 156. The dctlecling mcmbcr 388 is pre(i:rably
positioned such Ihal an inconung slrcam ol ihrly air, exiling
the outlet port 182, impacts the deflector 388 'I he air streanl
is accordingly forced to change direction quickly, and in
turn, expeuence a sudden reduction in velocity. This may do

help to facditate separation of solids and other air-home
debris from the incomuig stream ol mr. In uddition, if thc
upper wall 156 composes or consists of u scrcnt. thnt thc
dcflcctor may prevent thc uicomutg mr sireum bcuig directed
directly at the screen d

'Hie deflector 388 may have any suitable shape. In the
illustrated embodiment. the deflector 388 has a enemlly
concave shape (see FIC)S. 21 and 22) which re-directs
inconung airflow in a dirixuon that is cncrafly horizon(s)
and downw ard. o

Single Cyclone
'Hie fiillov ing is a descuption ofa single cyclone that may

be used by itself or in combination with other air treatment
members in a docking station as exemplified herein. or
which may be used by itself or in combination with other air . 9

trentmntl mcmbcrs in a surface clcaiung uppuratus. Acnird-
ingly, as cxemphlicd in FIGS. 32A-32D and 33A-33B, a
cyclone or cyclone unit 502 may bc used m place ol'hc
moruentum separator 128 discussed previously herein
Accordingly. the first stage separator 124 may compnse or so

consist of a first cyclone stage. and, if provided, the second
stage separator 132 may define a second cyclone stage (e...
cyclone array 1361

As cxemplilicdr cyclone 502 may include a cyclone bin
assembly 504 composing a cyclone cltambcr 506 and a ss
separate dirt collection chamber 508. Dirt collection chanl-
ber 508 is external to the cyclone chamber 506 and is in

conumuucation with tlm cyclone chmubcr 506. via a dirt
outlet 510, to receive dirt and debns exiting the cyclone
clmniber 506. ('ye)one chamber 506 includes an air inlet 182
for receiving a flow ofdirty air, and an air outlet 518 through
v hich clean air may exit the chamber 506

As exemplified. cyclone chamber 506 may also include a
cyclone chamber side wall 580 which extends bctw ceo Ihc
lirst and socond cycloiu: cild9. In 901uc cd9cs. )alcidl walls
178 and end wall 172 may dehne the cyclone chaniber
sidewall 580 (e g., liIC)S 32A-32D) In other cases. the
cyclone cltamber 506 may include a separate cyclone side-
v all 580. which is recessed inwardly from lateral walls 178
and end wall 172 (e.g.r FICI. 33A).

Cyclone chamber 506 cxlcnds along cyclone axis of
rotation 550 bctwccn a lira( cyclone cnd 506a aud a sixond
cyclone end 5066 and may be of venous designs and
orientations. In the embodiment exemplified in I'I(ig 32A-
32I), upper wall 156 may define the first cyclone end 5t)6a,
v bile lo~er mall 160 may define the second cyclone end
5066. Accordin ly, ivith the upper wall 156 is positioned
over thc lower wall 160. the cyclone axis 550 may bc
onnucd generally vertically. However, ui other cases, Ihc
cyclone axis 550 may be oriented in any other direction I oi'xaniple,the cyclmie axis 550 may be vertically ofl'set (e.g,

20', 15". 10", or 5" fmm the vertical)
The dirt outlet 510 may have any suitable shape or

confi uration. For instance, in the embodiment exemplified
ui FIGS. 32B-32D, lhc dirt outlet 510 may nimpnsc onc or
morc opcnuigs (c.g., slots or pcrforattous1 lbmied on scpd-
msting wall 376a

In the embodiment of lrl(i. 33A-33I3, a plate 560 or lower
wall 561) is supported spaced from the lower wall 16t) by a

support member 555, which may extend generally parallel to
cyclone axis 550. In other cases, the plate 560 may be
supported inside of thc housmg 104 ui auy other manner
known in thc art. As cxcmpliliedr the dirt outlet 510 may bc
fornax! as a gap bclv, ccn tlm plate 560 and cyclone chamber
sidewall 580.

lrl(iS. 32A-32D exemplify an embodiment ivherein
cyclone 50Z is configured as a uniflow cyclone (e.g.. a
cyclone ivith unidirectional airflow) In this configuration.
air rulc( 182 and air outlet 518 arc positioned at axially
opposite cmls of the cyclone chamber 506. Iu the excmpli-
licd cmboduuenl, air mlct 182 is loca(cd proxuual Ihc
second cyclone end 506/2 (e.g., lower wall 16()), while air
outlet 518 is located at the first cyclone end 5((6ir (e.g, upper
v all 156) 368. In tins embodiment, the dirt outlet 510 is
provided at the upper end of the cyclone chamber.

FICiS. 33A-33B cxcmplify an altcmalc conliguralion
whcrcin the cyclone mr inlet 182 und air outlet 518 arc
posilionix! Bt thc seine end of the cyclone chamber 506 (c.g..
pmximal the first cyclone end 506a1 In this embodiment,
the dirt outlet 510 is provided in a lower end of the cyclone
chamber.

In various cases, the cyclone chamber 506 can also be
conligurcd as an uiverlnl cyclone. Iu other words, dirty air
may cuter from thc bottom of thc cyclone chamber 506 and
exit from thc lower ntd of cyclone chamber 506.

('ye)one air inlet 182 and air outlet 518 may have any
suitable configumstion lior instance, in the exeniplified
embodiments. air inlet 182 composes a tangential openin
on the cyclone sidewall 580. whde cyclone air outlet 518
may bc dclined by an opcmng on the top wall 156 and mdy
coiilprisc dil util(el pii99agc 524.

Opliottafly, a screen 512 may bc posiuoued over Ihc
cyclone air outlet 518. Screen 51Z may help to prevent dirt
and debris (e.g. hair, larger particles of dirt) from exiting

Dyson Ex1026 
Page 37



17
US 11,992,849 B2

cyclone chmnbcr 506 via thc mr outlet 518. As cxmnplifiol,
screen 512 can include one or more air pernieable regions
514. ivhich permit the flow of air thmugh the screen 512 to
the air outlet 518 'I'he pernieable regions 514 can comprise,
for exmnple, a mesh material. In some cases. the mesh
material may be self-supporting (e.g., metal mesh). In other
cases. Bon-pcnncable frame members 516 can bc used as
support frame lhr thc mesh ma1cual. Thc non-pcnneublc
fraine members 516 may surround the perineable regions
514 1 I i

In the exemplified embodiinent of lil(ig 3213-32C. the
screen 512 is conti ured as a generally frusto-conical shaped
member. In other case~, the screen 512 may be configured as
a comcnl slrapixl mcmbcr (FIGS. 33A-33B), or may have
any 0(hcr suitable shape (C.g., cyhndrical). is

In nperation, dirty air may flow into the cyclone chantber
506 via the air inlet 182 and cyclonically flow inside cyclone
chamber 5(16 about cyclone axis 550. Air inay then exit the
cyclone chmnber 506 from the air outlet 518. In the exem-
plified embodiments, air exitmg the cyclone chamber 518 20

may enter the side tlow chamber 208 und conunue toward
the second (downstream) stage separator 132 (c.g., cyclone
array 136)

As cyclonic flow is induced inside of cyclone chantber
506. dirt may be ejected front the cyclone chamber 506 into
the dirt collection chamber 508, via the dirt outlet 510.

FI()S, 32B-32D exemplify a first embodiment of the dirt
collection clrambcr 508 In (hts embodiment. (hc dirt cham-
ber 508 is provided externally to the cyclone chamber 506.
As exemplified, the dirt collection clmmber 508 i ~ located sn

betiveen a first partition wall 3760 and a second partitioning
wall 37612. I'he first partition wall 176ir separates dirt
chamber 508 from the cyclone chamber 506. Second parti-
tion v all 3766 separates dirt chamber 508 fnmi dirt chamber
276 of the second stage cyclone array 136. In some cBscs. ils is
cxemphficd ut FIG. 32C, thc first paruuon wall 376c nuiy
comprise a portion of thc cyclone sidewull 580. As cxcm-
plihed, the dirt chantber 5(38 extends generafly parallel to
cyclone axis 550, and spans the axial length of cyclone
chamber 506. In other embodiments. the dirt chamber 508 ao

may extend only part of the v.ay alon ~ the axial lengtli of
cyclone cliamber 506 andror may be oricntcd ut an miglc to
the cyclone axis 550. In sill other cases, flie dirt chmnbcr
508 may bc located at Bny other suiuiblc location rclativc to
cyclone chamber 506 I'or instance, as exemplihed in lilCi

33A. the dirt chansber 5138 may be located axially below the
cyclone chamber 506. In this configuration. dirt particles
may fall by gravity into dirt collection chamber 508.
Cyclone Array

llic lollow illg 8 B ih acl1piioii of a cvcloiio BICBV tliiu lllB)'
be used by itself'r in combuiauon with one or morc
additinnal air treatment menibers that niay be located
upstream andinr downstream front the cyclone array 'I he
cyclone array may be used in a surfbce cleaning apparatus,
such as a robotic surface cleaning apparatus or a hand vac or . 1

a docking stauon. Thc cyclone array is cxmnphliol herein as
part of a docking station.

In accordance with 1hw aspect some, and prclbrably ull, of
the cyclones in a cyclone array have a dirt outlet tliat is
pnsitioned such that dirt exiting the dirt outlet is nnt directed an

towards mtother cyclone in the array. Accordingly, dirt
exiting the cyclone array may travel unimpeded to a dirt
collection chamber. Op(tonally. flus design is utilized when
the cyclones huvc a cyclone axis of rois(ion tha1 is at an
angle (non-acro angle) (o (hc vcnical, such as about 75', 60', as
45" (e.g. as exemplified in Fl(iS 32I3 and 33A), 30'. 15" or
0'i.e . generally horizontal as exemplified in lil(iS 12 to

13) in operation. Accorduigly, if thc dirt outlet 3 ~ provided in
a sidewall nf the cyclnne. the dirt outlet may directly face the
tloor of a dirt collection chamber or a passage to a dirt
collection chamber (i.e . no significant intervening structure
is located between the dirt outlet and the floor of a dirt
collection chamber or a passage to a dttt collection cham-
ber). Tlua may bc achicicd by shortening some of thc
cyclones as cxempltficd in FIGS. 16 und 30 such that a dirt
outlet end Of an upper cyclone dnes not overlie a lower
cyclone Or staggering the cyclones in the direction of the
cyclone axis of rotation such that an upper cyclone does not
overhe a lower cyclone.

Alternately. or in addition, in accordance v ith this aspect
thc cyclone array may bc configured (o enable air to flow
bctwimn or along thc cyclones. For example, a plumfity of
housings 216 may be provided v herein each housing has,
e g., 2 or nmre cyclones, and the housings 216 are spaced
apart frnm each other to enable air to flow therebetween
Alternately. the cyclone may themselves be spaced apart to
enable air to flow therebetween.

Thc cyclonca may bc providixl ut u single houwng such
that a single manilold or header distnbutcs air to each ol thc
cyclones Alternately, a plurality nf such headers inay be
pmvided. In the embodiment of I'l(ig 2 and '3. a single
header 296 is provided 'I'he header may be upstream front
a single airfiosv path from. e.g . momentum separator 128.
Alternately. as optionally exemplified in FICiS 12 to 13, a
plurality Of How paths may be provided from up flow
chamber 188 and sidn-flow chamber 208 to the header 296.

l(eferring to liICig 2-17 and liICiS 19-28. as exemplified,
the second stage separator 132 may comprise a cyclone
array 136 'lite cyclone array 136 may include one or niore
cyclones ZZ1. For instance, cyclone array 136 may include
six cyclones (FICiS. 2-17), or ten cyclones (FICiS 19-Z8).

Each cyclone 221 may mcludc a cyclone cliambcr 260
113rd cxtclids. idollg B cvclollc axis of ro(a(toit 244, bc(wcoil
a lirat cyclone cnd 248 mid an axially opposed sixond
cyclone end 252 'I'he axial extension between the hrst
cyclone end 248 and the secnnd cyclone end 252 defines the
axml length 280 of the cyclone. A cyclone sidewall 270 may
extend betv,een the first and second cyclone ends.

A» ihscusacd previously. (hc cyclone uxis of ro(anon 224
may bc oriented in 3 arious directions. For nwtmicc, FIGS.
2-17 cxcmplily an cmbodnucn( 0 hcrmn each cyclone 221
has a cyclone axis 224 that is oriented generally horixontafly
In other wnrds, the first cyclone end 248 is positioned
forward of the second cyclone end 252. FICiS. 32B-3ZD
exemplify a fiirther embodiment wherein each cyclone has
a cyclone axis 224 1hat is orimitcd a( an angle (o thc
horizontal plmic (e.g.. a 45'). FICiS. 19-28 cxemphfy soll a
further al(cmativc cmbodimcnt wherein each cyclone 221
has a cyclone axis 224 that is oriented generally vertically
In this embodiment, the hrst cyclone end 248 is positioned
on top of the second cyclone end 252.

While the exemplified embodiments illustrate each
cyclone 221, in the cyclone array 136. as being ormn(cd in
thc same dircc(ion, and m a generally parallel configuratloil,
ui other cases, difii:rent cyclones 221 in cyclone army 136
nmy have cyclone axis oriented in ditferent directions

1 tach cyclone unit 221 may have one or more air inlets
256 for receiving a fkisv of air, mtd a cyclone outlet 264 for
an outflow of air.

Thc cyclone air inlets 256 and Bir outlet 264 may bc
locatix! Bt any suiuiblc posilion along the axial lmigth of each
cyclone 221. In thc excmplilied embodiments, thc mr uilet
256 and air outlet 264 are positioned at the hrst cyclone end
248 (lil(i. 16A) In other cases, however, the cyclone unit
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221 may bc conligurcd as a unitlow cyclone, whereby thc
inlet 256 and outlet 264 are positioned at opposite axial raids
of the cyclone chamber 26tl

'lite cyclone air inlet 256 and outlet 264 may also have
any suitable shape or configuration. For instance. as exem-
plified, each cyclone air inlet 256 may comprise a mngential
inlet. and the cyclone 221 may include onc or more mr inlets
256 positioncdl circumfi:rentially around thc outcr pernnctcr
of the cyclone unit 2ZI. The cyclone air outlet 264 may
comprise a central opening located in the first cyclone end io

246. and may be surrounded by the one or nutre air inlets
256.

In operation, as exemplified in FIGS. 16 and 27. dirty air
flow s into the cyclones 221 via air inlets 256, and mitcrs thc
cyclone chamber 260 Inside ol'hc cyclone cluimbcr 260. mr I I
is induced to swirl around the cyclone axis 244, which in
turn, facilitates the separation of the finer particles of dust
and debris from the airflow. ('Ieaner air exits the cyclone
chamber 260 via the cyclone air outlet 264. Air wlfich exits
through the air outlet 264 may continue downstream to the Io
mr trenuncnt apparatus air outlet 120, and ui some cases,
Ilia)'olltlllUC lilt(lier low lie(I Calli to d SIIC(1011 dCV ICC (I C., II

suction motor 324 of I'l(i 18) in comnnuiication v ith the air
outlet 12(l

Dirt and debris, which becomes sepanuted fntm the air-
flow inside of the cyclone chamber 260, exits the cyclone
through one or more dirt outlets Z68. In the exemplified
cmbodimcnts, thc dirt outlets 268 are provided at thc scwmd
cyclone end 252, and are configured ds apertures (c.g., slot
or gap) on the cyclone sidewall 27tl As exemplified in IIICi Io

16A. the dirt outlets Z68 may have any suitable v idth 274
lior example, in some cases the dirt outlets 268 may have u
width 274 of 5 nmi. 7 mm, or 10 nun. A greater width 274
may allow more dut to exit the cyclone chamber 260.

Ill varloils clnbodiillcllts, tllc cvcliillcs 221 uwide uf thc Ii
cyclone array 136 may bc arranged uito one or morc '*sets".

For uistancc. as cxcmplilicd in FIGS. 2-27. und 32B-32D,
the cyclone array 136 niay coniprise a first cyclone set 236
and a second cyclone set 24(l.

In the embodiment of FICiS. 2-16. and 32B-32D. the hrst do

cyclone set 236 corresponds to an upper cyclone row, and
the second cyclone sct 240 corresponds ui a lov,er cyclone
row. Altemativcly, as cxcmplilied ui FIGS. 20-27, thc
cyclone array 136 is may bc arranged gcncrally vertically,
and the first set 236 can correspond to a fnsat column of d

cyclones. and the second cyclone set 24tl can correspond to
a rear colunui of cyclones (e.g., FIG. 26).

In other cases. cyclone array 136 may include more than
two cyclone acts For cxmuplc, FIGS. 29-31 excmplil'y
cmbodimcnts whcrmn thc cyclone array 136 uicludcs three o

cyclone rows 702ii, 7026 and 702c.
In the exemplified embodiments, each cyclone set 236

and 24(l can include one or more cyclones 221. Iior instance,
FICiS. 2-16 exemplify an embodiment wherein each cyclone
set includes three cyclones 221. FICiS. 20-27 exemplify an . I
cmbodimcnt w hcreui each cyclone set mcludcs live cyclones
221.

lhc cyclone acts may bc spaced apart (c.g.. vcr(really or
horixontally. as the case may be). by any desired distance
liorinstance, in lil(i 16A. the upperand lower cyclone rows so

236, 240 are spaced apart such that the lower air inlets of the
upper cyclone roii are spaced from the upper air inlets of the
lower cyclone row. In addition, thc lower cyclone is spuccd
from lower wall 290 of the apparanis. Accorduigly. Bs

cxemphlicd ui FICi 27, gapa 602 may bc formed between si
adjacmit cyclones ZZI to allow: for air to flov fntm, e.g . the
fmnt column set 236 to the rear column set 240

A» cxcmplificd, ui FIG. 26, ui some cases, thc cyclones
221 nmy be held in contiguration at least by a niounting
bracket 452 (see for example lil(i 26) Mountuig bracket
452 may define a loiver ivall of a header for the cyclone
inlets. Accordingly. air may travel from the momentum
separator IZ8 tluough side flow channel 208 to the cyclone
BII 1111C(S.

It will bc understood that gapa 602 may bc provided in
embodinients wherein the cyclone array 136 is oriented
generally lxirixontally ivith the cyclones 221 m the upper
cyclone row 236 and loiver cyclone mw 240 positioned one
on top of the other such that the upper cyclones 236 fully
overly the lower cyclones 240 (e.g.. the upper and lower
c)'ClollCS Ilia)'lavc thC SBIIIC illalIlctiY Slid tile CYC1011C dxCS

of rotation may bc locntcd in a vcrticul plane cxtcnihng
through the upper and lmver cyclones) Alternatively. as
exeniphfied in I'l(i 29, gaps 602 may be provided if the
cyclone array 136 is horizontally staggered (e o . hrst
cyclone rom 236 may be positioned inwardly w ith respect to
the lov er cyclone mw 240, or the first cyclone row 236 may
bc positioned outwardly with rcspcct to the second cyclone
row 240).

In the embodiment exemplified in I'ICig 2-17 (eg, the
cyclones 221 Imve a generally horizontal cyclone axis
configuration), the array of cyclones 136 may be provided in
a single housing or, alternately, as exemplified in FICiS. 12
and 13. each colunut of cyclones may be pmvided in a
discrctc housing 216. As cxmnplilied in FICiS 12 to 13, each
cyclone housuig 216 includes a top 220, a bonom 224, and
spaced apart latentl sides 228 tlmt extend between the top
220 and the bottom 224

An advantage ofusin discrete housings is that an airtlow
path may be provided between adjacent housings. As exem-
plified, the discrete housings 216 may be spaced apart by
gups 232 formed bctwccn opposuig lateral sides 228 of each
housmg 216. Each gap nuiy fomi part of mi mrflow path.

Each cyclone housmg 216 may compnsc one or morc
cyclones In the illustrated embodiment, each cyclone hous-
ing comprises one upper cyclone 236 positioned above. and
in parallel to, one loiver cyclone 240.

Air-flowin fmm the up flow chamber 188 and/or the
sale-flow chamber 208 (sec FICi. 2) travels to the air utlcts
256 by flowing along thecxtenor of thc top 220 ol'yclone
housmg» 216, lbom thc rear cnd of thc cyclone housuigs 192
(which as exemplified in the end ivall of up flow chaniber
188) to the front end 248a, 248h of the cyclones where
header 296 is located (see FIGS, 14 to 16). In addition. air
flov s between gapa 232 benveen adjacent cyclone units (i.e..
when vicwid fmm thc rear, bctwccn thc left lateral wall 228
of onc cyclone housing 216 and thc n ht lateral wall 228 of
another cyclone housuig 216). lhc gap 232 may liavc d

width of 4 mm, 8 mm, or 10 mm. (iaps having a larger width
nmy accomnxidate a yester (and slower) flow of air ('on-
versely. gapa having a narrov er width may accommodate a
smaller (and faster) floiv of air.

In otlmr embodiments. Bny other air tlow path may bc usixl
to provulc air to header. For exumplc, thc air may travel
dbovc tile cvclollc honslllgs alii/or bctwix'll tile cvclollc
housings and/or laterally beside the outer cyclone housing
and/or below the cyclone housings.

It will be appreciated that, in one aspect, the cyclones may
be of various configurations provided the cyclones have a
dirt outlet that permits dirt to exit ui a dirccuon such that dirt
exiting thc dirt outlet is not uupcdcd from collcctuig on a
lower cnd Of thc dirt collection clrdmbcr by another cyclone
in the array. Accordingly. the cyclone air inlet or outlets may
be pmvided at various locations and the dirt outlet may also
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be pros idcd at venous locauons. For example, thc cyclollcs
may be in a staggered configuration and/or the cyclone axis
of rotation may be at an angle to the horixontal

13ICI 16 exemplihes one embodiment of the staggered
configuration In this embodiment, the first cyclone end 248,
of each of the upper cyclones 236 and lower cyclones 240
BrC 1OCiltixf aloilg B Colllllloll plallC. 111C Ciilllllioll phlliC is
transvcrsc to thc cyclone axis of rotauon 244. Further. thc
axial length 280 of the upper cyclones 236 extends beyond
the axial length Z80 of the lower cyclones 240. Accordingly, io

this arrangement results in the dirt outlets 268 of the upper
cyclones 236 being spaced axially rearwardly fi.e, stag-
gered), along cyclone axis Z44, from the second cyclone end
252 of thc lower cyclones 240.

llic dirt outlet 268 of thc upper cyclones 236 mny bc is
staaaered rearwardly of the second cyclone end 252, of the
lower cyclone Z40. by any suitable staggering distance 288
lior example. the staggering distance 288 may be 4 mm. 6
nuu, 8 nun, IO nuu or more. A greater staggering disrance
288 can reduce the possibility that lower cyclones 240 io
obs(ructing dirt cxituig (hc dirt outlet 268 of the upper
cyclones 236. Convcrscly, a smaller staggcruig distance 288
can allov for a more compact cyclone array conhguration

13ICIS 29-30 exemplifies the seine staggered arrangement
as lii(i. 16, using three cyclone rows In the exmnplary
embodiment of FICi. 30. the cyclone armty 136 includes six
cyclones 221a, 2216, 221c. 221d, 221e, and 221f that are
arrmigcd m a gcncrally circular gcomctry. Thc staggered
configurauon is Bchicvcd by the pro rcssivc shortcmng of
the axial cyclone length 280 of cyclone units 221 in separate so

ltiws
Iior example. cyclones 22)c and 22 1 d may have a length

280 of 50 mm, cyclones 221a and 221fmay have a len th
208 of 38 nmi. Bnd cyclones 2216 and 221e may have a
length 280 of 44 nun. In some cases, die cyclone urn(a nuiy is
Blsii C'iCll liavC B illBillC(CI Ol 5 llllll.

In other embodnucnts. a staggered cunfiguration can bc
achieved using cyclones of equal length 280 I'or instance,
as exemplitied in I if(i. 31, the length 28t) of cyclones 221 in
difi'erent row is genemtlly equal. However. each sequentially so
lower row of cyclones has a hrst cyclone end 248 which is
located forward of the lirst cyclone cnd of thc cyclones of
the row umncihatcly there above. Accurduigly. (lus gcncr-
aics a staggercxf minfigurauon bc(ween dirt outlets 268.

13ICIS 33A-33) 3 exemplify a further staggered configura-
tion using, cyclones 221, in ditferent rows, of equal lmmth
In this embodiment, the cyclone axis 240 of each cyclone
row is oriented at an angle, such that the lower cyclone row
docs not obstruct thc dirt outlet of an upper cyclone row It
will bc apprectatcxf that thc cyclones may bc of drill:ring o

ICIlgtlls.
As exemplified in Iii(i 27, in embodiments wherein the

cyclone array is oriented in a generally 3 ertical direction, the
cyclones may also be staggered fe.g., some cyclones may be
longer than the others so that the lower ends of some . 3

cyclones arc positioned lower (han thc lower ends of other
cyclones ui thc array. or tlm cyclones may b luivc thc sumo
length with thc lower ends of some of Ihc cyclones posi-
tioned lower than the lower ends of other cyclones in the
array) Alternately, the dirt outlets niay be positioned to not so

directly face another cyclone.
In the embodiment exemplified in FICIS. 2-17, the dirt

outlet 268 of rich cyclone 221 is oricntcd downwardly and
face a common dut collccuon chmnbcr 276, v,luch is in
commumcauou with each ol'hc dirt outlets 268 fsec FIG. Bs

10) 'I he dirt outlets 268 of cyclones in the upper roiv 236
and the loiver row Z40 are arranged in a staagered conhgu-

ration. Thc staggcrcd conliguration may bc configured such
that dust exiting the dirt outlet 268. of the top cyclone row
236. is mit obstructed from cntcruig thc dirt collection
clmniber 276 by the bottom cyclone rom 240 I'or example,
thc dirt outlets 268 of cyclones ui thc upper rom 236 arc
rearward of the dirt outlets of the lower row 240 such that
all of the dirt outlets directly face the floor of the dirt
collection chamber 276 As such. dirt exiting the cyclones
thought the dirt outlets 268 may collect in the dirt collection
chamber 276. It mill bc apprcciatcd that each cyclone set
may have its own dirt collection chamber

Thc dirt may travel downwardly to thc tloor of thc dirt
collection chamber 276 in a portion of the dirt collection
chamber 276 that is a single contiguous space or clraruicl, or
in separate channels As exemplified in I'ICi 2 the dirt
collection clmmber may lmve a front wall 292 and a rear wall
192 Air exiting all of the cyclones travels downwardly
between the front ivall 292 and the rear wall 192 of the dirt
collection clmmbcr.

Alternately. as exemplified in FICiS. 16A. 16B, 16C and
17, thc dirt outlets of tlm lower cyclones may travel to thc
tloor of the dirt collection chamber 276 by a fotward channel
and the dirt outlets of the upper cyclones nmy travel to the
tloor of the dirt collection chamber 276 by a reatsvard
channel The forward channel may be defined by front wall
292 and intermediate wall 252 and the rearward channel
may bc dclined by intenncdiatc wall 252 Bnd rear wall 192.
Thc intcnucdiate wall 252 may bc an extension dow3m ardly
of the ear wall of the lower cyclone may continue part way
or ull the way to the fioor 272 of the dirt collection chaniber
276

As exemplified. linking or connecting walls 284 may
extend between the lower ends of adjacent lateral walls 228
to define part of a top of thc dirt collccuon clrambcr.
Accordingly. lateral v,alla 228 and rear wall 192 ol'yclone
housmg» 216 and front wall 292 may be cousidcrcd to detinc
a plurality of vertical passages that extend front the dirt
outlets of the cyclones of each cyclone unit to a conunon
volmne of the dirt collection chamber 276 that is positioned
below linking walls 284.

Front wall 292 may bc mi cxtcrior wall of the apparatus.
Altcrnatcly, a lront wall 298 may be provulcd liirward of
front wall 292. As shown m FIG. 16A, front wall 292 may
extend upwardly and be located benveen the upper and
lower cyclones to isolate the dirt collection chainber front
header 296.
Emptyin of the Air Treatment Member

Thc following is a description of emptyuig thc air treat-
ment mcmbcr that may bc used by itself in any surface
cleaning apparatus or in miy combiuatiou or sub-combma-
tion with any other feature or features described herein

As exemplified in I'I(rS b. 28, and 3ZD, in various
embodiments. the lower wall 160 of the first stage sepamttor
124 may comprise an openable door 184. The openable door
184 Ibcihtates emptying of the lirst stage separator 124 I'rom

sohd debus and other contauuncnts firn( have accumulatixl
therein In cmboduncnts whcrcui the first stage separator
124 coniprises a moiuentum separator 128 fe.g, I'I(ig
2-17), openable door 184 may allow emptying of dirt
collected on the bottom of the separator 128. Openable door
184 also allo~a access to the top screen 180 and/or the side
scrccn 176 ol thc momentum separator 124 fr.c., I'or clcarung
or dc-briihng). Alternatively, where thc lirst stage separator
128 comprises a cyclone unit 502 (c.g., FICi 32D), opcnablc
door 128 facilitates cleanin of the cyclone 502 and/or the
screen 522
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Optionafly, as cxcmplilicd, lower wall 160 may form a

common wall between the first stage separator 124 and the
cyclone dirt chamber 276. Accordingly. dom 184 can allow
concurrent emptying of dirt that has accuinulated in both the
first stage separator 124 and the dirt collection chamber 276.
Alternatively, or in addition, the dirt collection chamber 276
may hai c a sc)iaratc openable door 272 from thc Iirst stage
sc7tarator. In particular, this may allow lor soparntc and
independent emptying of the dirt collection chamber 276

In the embodiment nfl'l(ig 2-17. openable door 184 can in

also allow for concurrent emptying of the up flow chaniber
188. In addition, or in the alternative. the up flow chamber
188 may include a separate bottom openable door 204.

As cxcmplilicd ui thc embodiment of FIG. 33 A, thc dirt
collection chamber 508 may bc loca/cd below thc cyclone is
chamber 5()6. In this configunation, the openable door 184
may also move plate 561) so that opening, the dirt collection
chamber 5(18 also opens the first stage dirt collection chani-
ber 508 and optionally the second sta e dirt collection
chamber 276 In still other cases, each dirt chamber may nt
have a scparablc opmi door.

llic door 184 may bc openable ui any manner known in
the art. I'or example. Iiiti. 8 exemplifies an embodiment
whereby the openable door 184 is axially renxivably (e g.,
detachable) from the housuig body 1()4. Alternately. Iil(IS
32A and 32D exemplify another embodimenr wherein the
openable door 184 is moveably mounted to housing body
104 bctwcen a closed position (FIG. 32B) and mi open
position (FIG. 32D) For instance, ui thc cxcmplilicd
embodiment. the openable door 184 is pivotally connected in
to the housing body It)4 by hinge 526 and moves, along an
axis of mtation. betiveen the open and closed position (li I(i
32D).

The openable door 184 can also be held in rhe closed
position m any suitnblc mmuicr. As cxmnphliwl in FIGS. is
32B and 32D, thc opcnablc door 184 can bc held ui thc
closed position by a rclcasablc latch 542.

In some embodiments, the top wall 174 of the apparatus
10(l can also form a removable (or openable) top lid 4(lg,
which can be detached from the body housin ~ 104 (e., so
FIG. 25). This configuration allows for inunediate access to
the top screen 180, which can bc removed and uidcpcndcntly
clcancd of dust, aud dcbns, wluch has accumulated thcrcon.
As cxplamcd in further detail hercui, rcmovuig the top lid
408 may also pmvide access to the cyclone array 136. 'I he
top lid 408 may be removably or detachably nxiunted to the
housing body 304 in any suitable manner. or may be
moveably mounted between an open and closed position to
the housuig 104. In at least some cmbodmients. each com-
paruncnt of thc mr treatment apparatus 100 may also have a o

sc7taratc top hd portion.
l&eniovable ( omponents

Any one or more of the removable coinponents may have
any or more of the features of the first sta e momentum
separator, second stage momentum sepamtor and the . a

cyclone array dwcusscd hcrcin.
Altcmatcly. or ui txlditiou, as cxcmplflitxl in FIG. 8. thc

dirt collection chamber 276 may compose a rmnovablc tray,
which may be removed when openable dom 272 is opened
or removed. CIA

In at least some embodiments, one or more components
comprising the air treatment apparatus 100 may be conh-
urcd for scparatc or )oust removal Irom the air treatmmit
apparatus 100 (i.ix, for mauitcnancc or clctuung). By way of
non-linuting cxamplcs, thc Ibllowing componmits may bc ss
separately or )ointly removed (a) the momentum sepamator
128; (b) the cyclone armay 136; (c) the conibination of the

momentum separator 128 and thc cyclone array 136: (d) thc
combination of the momentum separator 128, the cyclone
array 136, and the dust collecting clwmber 276: (e) the
momentum separator 128 and the dust collectuig chamber
276 (without the cyclone array 136): (I) the combination of
any one of (a) to (e). and one or both of the side screen 176
and thc top screen 180.

Wlulc thc above description provides exmuplcs of thc
embodinients, it will be appreciated that some features
and/or functions of the described embodiments are suscep-
tible to nmdification without departing from the spirit and
principles of operation of the described embodiments.
Accordingly. what has been described above has been
uitcndcd to bc illustrative of thc uivcntiou and non-luniting
and it will bc understood by persons skilled in thc art that
other variants and modifications may be made ivithout
departing fmm the scope of the invention as defined in the
claims appended hereto 'I'he scope of the claims should not
be lunited by the preferred embodiments and examples. but
should be given the bmadest interpretation consistent with
tile tlcsi:rip/loll as a w'llolc.

I'he invention claiined is:
I A vacuum cleaner or a docking station for a vacuuni

cleaner comprising:
a. an air flov; path extending from an air inlet of the

vacuum cleaner or the docking station to an air outlet
of tile vacuultl clcalicl or tiic tlocklll ate/loll,

b a momentum sc7iarator posittoncxt in the air liow path.
the niomentum separator having an air inlet and the air
tiow path comprises an inlet portion tlwt extends front
the air inlet of the docking station to the air inlet of the
momentum separator, wherein when the vacuum
cleaner or the docking station is positioned on a hori-
zonral surface m mi in usc posiuou, thc momentum
separator htw a plurality of walls compnsing an upper
wall, a lower wall. a Iirst snlcwnll and a sixond
sidev'all, wherein the first sidewall coniprises a hrst
side screen and wherein the second sidewall comprises
a second side screen, the hrst and second side screens
comprising an air outlet of the momentum separator:

c. a Iirst air flow clnmibcr positioned in thc air liow path.
thc lirst air flow clrambcr is located bctwcen a lirst cnd
wall, wluch is spaced from and Ihccs thc lirst side
screen, and the first side screen; and.

d a second air flow chamber positioned in the air tiow
pat)x the second air flov chamber is located between a
second end wall, which is spaced from and faces the
second side scrccn. and the second sale screen,

wherein each of thc lirst and second air flow chambers has
mi air outlet that is upstrcmn of thc air outlet ol thc
vacuum cleaner or the docking station. and wherein the
first air flow chainber and the second air flow chaniber
continue downstream to a downstream air treatment
member

whereby. ui opcmtion, mr exits thc momentum separator
tiuough thc Iirsi and second side scrccns and travels
tluough thc Iirst;md second;ur flow chtunbcrs to thc air
outlet of the first and second air flow chambers and then
the air travels to the doivnstream air treatment member

2 The vacuum cleaner or docking station of claim I
v herein the first side screen comprises a majority of the hrst
snlcwall.

3 Thc vacuum cleaner or docking station ol'laim I
whcrcin thc lirst side screen comprises a malonty of thc Iirst
sidewall and the second side screen comprises a majority of
the second sidewall
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4. The vacuum cleaner or dockulg stauon of'laun I

wherein air exiting the air inlet of the momentum separator
is dlrcclcd other thun towards thc upper wall of lhc momen-
tum separator

5. The vacuum cleaner or dockulg stauon of'laun I
wherein the second sidewall is opposed to the tirst sidewall

6. The vacuum cleaner or docl ing station of cLIun 5
wherein the first sidewall extends in a plane that is parallel
to the second sidev all.

7. The vacuum cleaner or docl ing station of cLIun I I I I

whcrcin Ihc momentum separator has a bonom opcnublc
door.

8 'I he vacuum cleaner or docking station of claim I

wherein the first air flow chainber has a bottom openable
first air flov chamber door. IS

9. The vacuum cleaner or docl ing station of cLIun 8
wherein the momentum separator has a bottom openable
door and thc bouom opcnablc door and thc Iirst air flow
chamber door arc concurrently opcnablc.

III. I'he vacuum cleaner or docking station of claim I

wherein the first air flow chainber has a bottom openable
fir t air flolv chamber door and the second air tlov chanlber
has a bottom openable second air flow chamber door

11. The vacuum cleaner or docking station of cLsirn 1 0
whcrcin Ihc momentum separator has a bonom opcnublc

door and lhc bouom opcnablc door, lhc first air flow cham-
ber door and the second air tklw chamber door are concur-
rentlv openable.

lfk IIle vacuum cleaner or docking station of claim I
v herein, v,hen the vacuum cleaner or the doclong station is
positioned on a horizontal surface, the dov nstream air
treatment mcmbcr is positioned laterally beside thc momen-
tum sc7tanttor and a carry handle overhea thc momentum
separator and the dolvnstream air treatment member

13. IIle vacuum cleaner or docking station of claim I
further comprising a carry handle wherein. Ivhen the vacuunl
clemler or the docking station is positioned on a horizontal
surface, the carry handle is provided on an upper end
lhcrcof .

14. 111C vacullnl clcancl ol dockulg station of clahn I
wherein, v;hen the vacuum cleaner or the docking station is
positioned ml a horizontal surface in an in-use position, the
air outlet of the vacuum cleaner or the dockulg station is
located belolv the upper wall of the momentum separator.

15. The vaculun cleaner or docking station of claim I
whcrcin, when the vacuum cleaner or the dockulg station ls
posllionix! on a horizontal surface ul an in-usc posiuon, Ihc
air outlet of the vacuum cleaner or the docking station is
located below an upper wall of the first air flow chamber

r r r
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