US010667663B2

a2 United States Patent (10) Patent No.:  US 10,667,663 B2

Conrad 45) Date of Patent: Jun. 2, 2020

(54) SURFACE CLEANING APPARATUS WITH A47L 9/1666 (2013.01); BOID 45/12

AN ARRESTER PLATE HAVING A (2013.01); BOID 45/16 (2013.01); B04C 5/185

VARIABLE GAP (2013.01); B04C 5/26 (2013.01); BO4C 5/28

(2013.01); BOID 50/002 (2013.01); BO4C

(71) Applicant: Omachron Intellectual Property Inc., 2009/002 (2013.01)
Hampton (CA) (58) Field of Classification Search

CPC .... A47L 9/1683; A47L 9/1666; A47L 9/1625;

(72) Inventor: Wayne Ernest Conrad, Hampton (CA) A47L 9/1641; A47L 9/1608; A47L 5/24;

B04C 5/185; B04C 5/26; B04C 9/00;

(73) Assignee: Omachron Intellectual Property Inc., B04C 5/28; B04C 2009/002; BO1D

Hampton, Ontario (CA) 45/16; BO1D 50/002; BO1D 45/12

See application file for complete search history.
(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35 (56) References Cited

U.S.C. 154(b) by 113 days.
U.S. PATENT DOCUMENTS

(21) Appl. No.: 16/100,624 _
3,822,533 A 7/1974 Oranje

5,129,125 A 7/1992 Gamou et al.

(22) Filed: Aug. 10, 2018 6.221.134 Bl 42001 Conrad et al.
. o 7.803.207 B2 92010 Conrad
(65) Prior Publication Data 7,811,349 B2  10/2010 Nguyen
US 2019/0298130 A1 Oct. 3, 2019 (Continued)

Related U.S. Application Data OTHER PUBLICATIONS

(63) Continuation-in-part of application No. 15/937,220, International Search Report received in connection to co-pending
filed on Mar. 27, 2018. international patent Application No. PCT/CA2019/050368, dated
Jul. 8, 2019.
(51) Imt. ClL
BOID 45/12 (2006.01) Primary Examiner — Dung H Bui
A47L 9/16 (2006.01) (74) Attorney, Agent, or Firm — Phillip C. Mendes da
B04C 5/185 (2006.01) Costa; Bereskin & Parr LLP/S.EEN.C.R.L,, s.rl
B04C 526 (2006.01)
BOID 45/16 (2006.01) (57) ABSTRACT
B04C 528 (2006.01) A surface cleaning apparatus has a cyclone chamber having
A47L 5/24 (2006.01) a longitudinal cyclone axis of rotation wherein the dirt outlet
BOLD 50/00 (2006.01) is defined by a gap between the sidewall of the cyclone and
B04C 9/00 (2006.01) a plate positioned at the dirt outlet end of the cyclone, which
(52) US. CL gap extends around all of the perimeter of the plate wherein
CPC ....cccc... A47L 9/1683 (2013.01); A47L 5/24 the gap is variable.

(2013.01); A47L 9/1608 (2013.01); A47L
9/1625 (2013.01); A47L 9/1641 (2013.01); 18 Claims, 40 Drawing Sheets




US 10,667,663 B2

Page 2
(56) References Cited 2009/0265883 Al* 10/2009 Reed, Jr. .............. A471. 9/1608
15/353
U.S. PATENT DOCUMENTS 2011/0219574 Al*  9/2011 Conrad ......ccc....... A47L 9/1683
15/347
7,857,878 B2 12/2010 Park et al. 2011/0219577 Al* 92011 Conrad ......cccooeeeece A47L 5/225
8,176,596 B2  5/2012 Conrad 15/347
8,640,304 B2 2/2014 Conrad 2011/0314630 Al* 12/2011 Conrad ....cccoommmnnrece, A4TL 5/24
9,204,769 B2  12/2015 Conrad 15/344
9,826,868 B2  11/2017 Conrad 2012/0036675 Al1*  2/2012 Conrad .........ccocoo... A47L 5/28
2002/0043055 AL*  4/2002 Conrad ................ BOID 45/12 15/347
55337 2012/0222252 Al*  9/2012 Conrad ....cccoovvvveeee. A47L 9/106
2002/0178702 Al* 12/2002 Oh .coovvvvvvvcoveiee., BOID 45/16 15/347
557337 2013/0269146 Al* 10/2013 Conrad ......cooo..o..c.. A4TL 5/225
2003/0046910 A1*  3/2003 Tee .ocorrrroerieinnis A47L 9/165 15/329
55/426 2013/0269147 Al* 10/2013 Conrad ....cccoooovvece.. A4TL 5/225
2005/0198770 A1 9/2005 Jung et al. 15/329
2005/0198771 AL 9/2005 Min et al. 2014/0090341 AL* 42014 Chen oo AATL 2/51/23‘2
3k

2006/0090428 AL*  5/2006 Park oo A47L 2/51/%; 2014/0237757 Al* 82014 Conrad ............... A47L 9/16
15/344
2006/0117723 Al*  6/2006 YOO ...oecvcrrrrrrennnce. A47L 9/1683 2014/0237758 AL* 82014 Comad ... PPy
55/428 15/344
2006/0168922 Al 8/2006 Oh 2014/0366314 Al* 12/2014 Conrad ..oooooooe....... A47L 5736
2006/0230724 Al* 10/2006 Han .....coooo..... A47L 9/1625 15/344
55/345 2015/0000077 Al*  1/2015 Conrad ................. AA47L 9/1625
2007/0199284 AL*  8/2007 YOO vvvvcecrrrmrnnreces A47L. 9/1633 15/344
55/345 2015/0257616 AL*  9/2015 Bassett ............. A47L 9/1608
2008/0047091 Al*  2/2008 Nguyen ........... A47L 9/1608 15/353
15/300.1 2016/0015230 Al*  1/2016 Conrad .....ccooo.....c.. A47L 9/246
2008/0172992 AL*  7/2008 Conrad .................. A47L 524 15/344
55/323 2016/0198914 Al*  7/2016 A47L. 9/2868
2008/0172995 AL*  7/2008 Conrad ................ A47L 9/1625 15/329
55/345 2017/0156559 Al*  6/2017 A47L 9/1625
¥ 2018/0177366 Al*  6/2018 .. A4TL 9/1633
2008/0264016 AL* 1072008 OB oo A475L5/5£§ 2018/0242804 Al* 82018 .. A47L 9/1608

3k
2009/0173365 AL*  7/2009 Conrad ... A4TL 9/1658 2019/0200829 AL* 72019 A4TL 9/1625

134/89 * cited by examiner



U.S. Patent Jun. 2, 2020 Sheet 1 of 40 US 10,667,663 B2

<34Q




U.S. Patent Jun. 2, 2020 Sheet 2 of 40 US 10,667,663 B2

FiG. 2

(1 40




US 10,667,663 B2

Sheet 3 of 40

Jun. 2,2020

U.S. Patent

087
TR 6T 7
. 1 {
O6L {11 TE g9y ,cmm“ ommv womw
, 8hE _
ovZ 4 VA\.\\!{M _
. g
NNNM ,\\. \\WNM,/:;\@; 6t I T4

H | ~

75T | \
zot W ]
|
|

—t _ m
(I L |
) L, _

J L |
b7E 1 Tard ﬁvW\\\\\l “ 757

831 _
957 7v7 ~

= 12 14
951
-

8ed

[4:74
097
967
fa\}w,
Sl cee
Y



Sheet 4 of 40 US 10,667,663 B2

U.S. Patent Jun. 2, 2020
& <t

£ .

£ 9

o

320,

216



U.S. Patent Jun. 2, 2020 Sheet 5 of 40 US 10,667,663 B2

216

308




U.S. Patent Jun. 2, 2020 Sheet 6 of 40 US 10,667,663 B2

280

/116

278

286

236

(
224
216

154

156
284



U.S. Patent Jun. 2, 2020 Sheet 7 of 40 US 10,667,663 B2

{316




U.S. Patent Jun. 2, 2020 Sheet 8 of 40 US 10,667,663 B2

/ 116
9
T 240




U.S. Patent Jun. 2, 2020 Sheet 9 of 40 US 10,667,663 B2

yid

292,

243
288

160

216

240

282,



U.S. Patent Jun. 2, 2020 Sheet 10 of 40 US 10,667,663 B2

<o
L aaed
- Y
3 i
Nﬁ, !
)
e /J'—I—”"v
{ \ (
N
~3
g
o
™N
)
”””” v
i T - 142
/ el
/ N\
-
&%
™ &
Iy
0
S
&
o~
&
&N
O
£

240

190



US 10,667,663 B2

Sheet 11 of 40

Jun. 2,2020

U.S. Patent

zZis
gug
9¢ oce are

. zs¢ “‘
zoe \ yzz CLC \v@m

4 . N J_ p .

LT ) )

1% gie TLE 806

v
0ze \\ |
E T4 y ﬂ

9z VA

b7 " a7z




U.S. Patent Jun. 2, 2020 Sheet 12 of 40 US 10,667,663 B2

o~y ™~
~ N L
) ™M .
e \J
© ™
)
(g8}
O
o &
w
[
)
()]
o
AN, N
<
B
o




U.S. Patent Jun. 2, 2020 Sheet 13 of 40 US 10,667,663 B2

o oy
\Xs) pann
122} >
., \J
o0 [
O
o
)
&1
A A
e}
Laanl
N
4
g1
\Mm

348

372, |

360

3204

364,



U.S. Patent Jun. 2, 2020 Sheet 14 of 40 US 10,667,663 B2

312
56, 368

l,

348

52

oY

i
1
|
1
I
I
|
| 372
It LA
S
"




U.S. Patent Jun. 2, 2020 Sheet 15 of 40 US 10,667,663 B2




U.S. Patent Jun. 2, 2020 Sheet 16 of 40 US 10,667,663 B2

« O
Fece)
o O -
o~ fas f"? w
~N L il 5 e
< o y u"ﬁ., [
o ™
et o O
o © M
S I £\
~ o
@ @
o ;
K'/
0
o
oy
-
~4
o~
)
N
(22 ’\..f\

364,

360



U.S. Patent Jun. 2, 2020 Sheet 17 of 40 US 10,667,663 B2

116

//242

228




U.S. Patent Jun. 2, 2020 Sheet 18 of 40 US 10,667,663 B2

[216




U.S. Patent Jun. 2, 2020 Sheet 19 of 40 US 10,667,663 B2

.,%'?

S fo)

A .
L3




US 10,667,663 B2

Sheet 20 of 40

Jun. 2,2020

U.S. Patent

R} < 4

;144



U.S. Patent Jun. 2, 2020 Sheet 21 of 40 US 10,667,663 B2

238
156




U.S. Patent Jun. 2, 2020 Sheet 22 of 40 US 10,667,663 B2

220
2923




U.S. Patent Jun. 2, 2020 Sheet 23 of 40 US 10,667,663 B2

FlGa. 23A

292a
240

} 380
382

216
2280

<
\

-y,

vl
St AL
b

381
381




US 10,667,663 B2

Sheet 24 of 40

Jun. 2,2020

U.S. Patent

ged Oid

oyl —ooo—

BT6T



US 10,667,663 B2

Sheet 25 of 40

Jun. 2,2020

U.S. Patent




U.S. Patent Jun. 2, 2020 Sheet 26 of 40 US 10,667,663 B2

FiG. 25

228
240
2923
296

o
Lo

154
292h



U.S. Patent Jun. 2, 2020 Sheet 27 of 40 US 10,667,663 B2

FiG. 26

296

240
292b



U.S. Patent Jun. 2, 2020 Sheet 28 of 40 US 10,667,663 B2

FiG, 27




U.S. Patent Jun. 2, 2020 Sheet 29 of 40 US 10,667,663 B2

385
240
384
190b
292

154

'\L!

ol BT <
e I s v} o T on
Mmoo ™ S o

P Y
o

o [¥p

-



U.S. Patent Jun. 2, 2020 Sheet 30 of 40 US 10,667,663 B2

154

2490

292b
156



U.S. Patent Jun. 2, 2020 Sheet 31 of 40 US 10,667,663 B2

Lo
"
L
ti
O
Wy
_ﬂ L il
o
D o
R
<t o (0]
wy <
o g e
N *) \\ s
1 T I 1! Ay
o \ i \\ /I T X g §
=
Vs
b \
Q
™ by & ©
& o~ o

385
292b



U.S. Patent Jun. 2, 2020 Sheet 32 of 40 US 10,667,663 B2

154
240

240
292a
292b
180



U.S. Patent Jun. 2, 2020 Sheet 33 of 40 US 10,667,663 B2

2923

fanl
©™N
)
)
L

28243




U.S. Patent Jun. 2, 2020 Sheet 34 of 40 US 10,667,663 B2

240

FiG. 338

>

‘7‘\’:\[

>

—A;:’;‘Cr%

A A
Py




U.S. Patent Jun. 2, 2020 Sheet 35 of 40 US 10,667,663 B2

216

292a
4

=

‘KL(\ZZ:ZZV‘;" Z 7
>

240

154




U.S. Patent Jun. 2, 2020 Sheet 36 of 40 US 10,667,663 B2

FiG. 358

2923

240

156




U.S. Patent Jun. 2, 2020 Sheet 37 of 40 US 10,667,663 B2

216

FiG. 368




US 10,667,663 B2

Sheet 38 of 40

Jun. 2,2020

U.S. Patent

g4t Ol

T T T T T T e
\N‘NY\.MNFF:\. 77

B /N
gt SIS

A, S ST Y Ay
y \\\ T Iy
/7

2474

SN

Oy

S >:,/<>
S

&
>
<

et

<o
e

~T S

<,

Sy

S




U.S. Patent Jun. 2, 2020 Sheet 39 of 40 US 10,667,663 B2

FiG. 388

e
ot
L il LA

LTTIrr

Z7

7E
/
o, /\\,\:’j
L7

3
<
©~N

154
240
156




US 10,667,663 B2

Sheet 40 of 40

Jun. 2,2020

U.S. Patent

oL

Sl

¥6& Did

061



US 10,667,663 B2

1
SURFACE CLEANING APPARATUS WITH
AN ARRESTER PLATE HAVING A
VARIABLE GAP

CROSS-REFERENCE

This application is a continuation-in-part of U.S. patent
application Ser. No. 15/937,220 filed on Mar. 27, 2018, the
disclosure of which is incorporated herein by reference.

FIELD

This disclosure relates generally to surface cleaning appa-
ratus. In a preferred embodiment, the surface cleaning
apparatus comprises a cyclonic separator including a plate
(also referred to as an arrester plate) at the dirt outlet end of
a cyclone chamber.

INTRODUCTION

The following is not an admission that anything discussed
below is part of the prior art or part of the common general
knowledge of a person skilled in the art.

Various types of surface cleaning apparatus are known.
Such surface cleaning apparatus include vacuum cleaners,
including upright vacuum cleaners, hand carriable vacuum
cleaners, canister-type vacuum cleaners and Shop-Vac™
type vacuum cleaners. Some vacuum cleaners include a
cyclonic separator (also referred to as a cyclone bin assem-
bly) having a cyclone chamber, a dirt collection chamber,
and a plate at the dirt outlet end. See for example Conrad
(U.S. Pat. No. 8,640,304).

SUMMARY

This summary is intended to introduce the reader to the
more detailed description that follows and not to limit or
define any claimed or as yet unclaimed invention. One or
more inventions may reside in any combination or sub-
combination of the elements or process steps disclosed in
any part of this document including its claims and figures.

During operation of a surface cleaning apparatus that uses
a cyclone chamber with a dirt collection chamber exterior to
the cyclone chamber, dirt particles that are entrained in an air
stream entering a surface cleaning apparatus and which are
disentrained during the passage of air through the cyclone
chamber may exit the cyclone chamber via a dirt outlet and
enter the dirt collection chamber. Dirt particles that are
larger than the size of the dirt outlet (e.g., popcorn) may tend
to accumulate in the cyclone chamber. If a sufficient amount
of larger dirt particles accumulate in the cyclone chamber,
this may reduce the dirt separation efficiency of the cyclone
chamber. In order to permit the larger dirt particles to exit the
cyclone chamber, the size of the dirt outlet may be increased.
However, as the size of the dirt outlet is increased, the dirt
separation efficiency of the cyclone chamber may be
reduced. As set out in this disclosure, the dirt outlet may
have portions having a different size. Accordingly, the dirt
outlet may comprise a gap or spacing between an end wall
of the cyclone chamber and the sidewall of the cyclone
chamber. This gap or spacing may extend all the way around
the perimeter of the end wall (which may be referred to as
a plate and may be a moveably mounted plate). The gap or
spacing may have one or more portions which have a larger
size (e.g., in the axial or vertical direction of the cyclone axis
of rotation and/or a direction at an angle to the cyclone axis
of rotation). This gap or spacing may be achieved by having

10

30

35

40

45

50

55

2

the plate stepped in the axial direction and/or the plate
having a non-circular shape (e.g., oval, D-shaped and dif-
ferent diameters in different directions).

According to a first aspect of this disclosure, which may
be used by itself or in combination with one or more other
aspects of this disclosure, a cyclone is provided at the dirt
outlet end of the cyclone chamber with a plate that is stepped
in the axial direction. The dirt outlet is defined at least in part
by a gap between the plate and the sidewall of the cyclone
chamber. Stepping the plate in the axial direction enables a
portion of the plate to define a larger dirt outlet so as to
enable larger dirt to exit the cyclone chamber.

In accordance with this aspect, there is provided a surface
cleaning apparatus comprising:

(a) an air flow path extending from a dirty air inlet to a

clean air outlet;

(b) a cyclone and a suction motor provided in the air flow
path;

(c) the cyclone comprising a cyclone chamber having a
central longitudinal axis, the cyclone having a first end
having a first end wall, an axially spaced apart second
end, a cyclone chamber sidewall located between the
first and second ends, a cyclone air inlet provided at the
first end, a cyclone air outlet provided at the first end
and a dirt outlet provided at the second end, wherein a
reference plane that is perpendicular to the central
longitudinal axis extends through the cyclone chamber;
and,

(d) a plate located at the second end, the plate having,
(1) a plate perimeter, a first portion, a second portion

and a transition portion provided between the first
and second portions, each of the first, second and
transition portions of the plate having a cyclone
chamber face wherein the cyclone chamber faces of
the first and second portions of the plate face towards
the first end and border different portions of the plate
perimeter,

(ii) the second portion is spaced in a direction parallel
to the central longitudinal axis further from the
reference plane than the first portion,

(iii) the dirt outlet comprises a spacing between the
cyclone chamber sidewall and the second portion of
the plate,

(iv) the plate also having a dirt chamber face and a step
volume, the step volume positioned axially between
the cyclone chamber faces of the first and transition
portions and the dirt chamber face whereby the dirt
chamber face comprises a closure portion which
underlies the step volume; and,

(e) a dirt collection region in communication with the
cyclone chamber via the dirt outlet.

In any embodiment, the closure portion may extend at an

angle to the central longitudinal axis.

In any embodiment, the first portion of the plate may be
thicker than the second portion of the plate.

In any embodiment, a thickness of the first portion of the
plate may increase towards the transition portion of the
plate.

In any embodiment, a first discontinuity may be provided
between the cyclone chamber face of the first portion of the
plate and the cyclone chamber face of the transition portion
and a second discontinuity may be provided between the
cyclone chamber face of the transition portion and the
cyclone chamber face of the second portion of the plate.

In any embodiment, the transition portion may extend
generally axially.
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In any embodiment, the first portion of the plate and the
second portion of the plate may be generally planar.

In any embodiment, the dirt chamber face of the plate may
be generally continuous.

In any embodiment, the dirt collection region may be
axially spaced from and opposed to the first end of the
cyclone.

In any embodiment, the closure portion may be planar.

In any embodiment, the closure portion may extend from
a first end proximate a dirt chamber face of the second
portion towards or across the central longitudinal axis to a
second end, and the first end of the closure portion may be
laterally spaced from the second end of the closure portion.

In accordance with this aspect, there is also provided a
surface cleaning apparatus comprising:

(a) an air flow path extending from a dirty air inlet to a
clean air outlet and including a cyclone chamber and a
suction motor;

(b) a dirt collection region external to the cyclone cham-
ber; and,

(c) a plate positioned between the cyclone chamber and
the dirt collection region and defining a dirt outlet from
the cyclone chamber to the dirt collection region, the
plate having a cyclone chamber face facing the cyclone
chamber, an opposed dirt collection face facing the dirt
collection region, and first, second, and transition por-
tions, wherein cyclone chamber faces of the first and
second portions are connected by a cyclone chamber
face of the transition portion and are different axial
distances from a transverse plane that extends through
the cyclone and that is perpendicular to a central
longitudinal axis of the cyclone, and the dirt collection
face closes a step volume bordered by the first and
transition portions.

In any embodiment, the first portion of the plate may be

thicker than the second portion of the plate.

In any embodiment, the dirt chamber face of the plate may
be generally continuous.

In any embodiment, the dirt collection region may be
axially spaced from and opposed to the first end of the
cyclone.

In any embodiment, a first discontinuity may be provided
between the cyclone chamber face of the first portion of the
plate and the cyclone chamber face of the second portion of
the plate.

In any embodiment, the first portion of the plate and the
second portion of the plate maybe generally planar.

In any embodiment, the closure portion may extend at an
angle to the central longitudinal axis.

In any embodiment, the closure portion may be planar.

In any embodiment, the closure portion may extend from
a first end proximate a dirt chamber face of the second
portion towards or across the central longitudinal axis to a
second end, and the first end of the closure portion may be
laterally spaced from the second end of the closure portion.

In accordance with another aspect, there is provided
surface cleaning apparatus comprising:

(a) an air flow path extending from a dirty air inlet to a

clean air outlet

(b) a cyclone provided in the air flow path, the cyclone
comprising a cyclone chamber, a cyclone air inlet, a
cyclone air outlet, a dirt outlet, a central longitudinally
extending axis, the cyclone chamber having first and
second axially opposed ends;

(c) a suction motor positioned in the air flow path;

(d) a dirt collection region external to the cyclone cham-
ber; and,
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(e) a plate positioned at the second end of the cyclone
chamber, the plate having a cyclone chamber face
facing the cyclone chamber, the cyclone chamber face
having first and second portions, wherein the first
portion of the cyclone chamber face and the second
portion of the cyclone chamber face are different axial
distances from a transverse reference plane that extends
through the cyclone chamber and that is perpendicular
to the central longitudinally extending axis of the
cyclone,

wherein an annular gap between the plate and the cyclone
extends around all of the plate and defines the dirt outlet
of the cyclone chamber.

In any embodiment, the annular gap may have a radial
distance between the plate and the cyclone and the radial
distance may be constant.

In any embodiment, the annular gap may have a radial
distance between the plate and the cyclone and the radial
distance may vary at different locations around the plate.

In any embodiment, the plate may have a perimeter and
the perimeter may extend generally continuously.

In any embodiment, the plate has a perimeter and the
perimeter has two discontinuities.

In any embodiment, the plate may have a segment
removed. Optionally, the annular gap may have a radial
distance between the plate and the cyclone, the radial
distance may vary at different locations around the plate and
the radial distance may be increased at a location of the plate
from which the segment has been removed. Alternately, or
in addition, the second portion may be a greater axial
distance from the transverse plane than the first portion and
the location of the plate from which the segment has been
removed may be the second portion.

In any embodiment, the second portion may be a greater
axial distance from the transverse plane than the first portion
and the second portion has a segment removed. Optionally,
the annular gap may have a radial distance between the plate
and the cyclone and the radial distance may be increased at
a location of removal of the segment.

In any embodiment, the plate may be positioned between
the cyclone chamber and the dirt collection region, the plate
may have a dirt collection face facing the dirt collection
region.

In any embodiment, the cyclone air inlet and the cyclone
air outlet may be provided at the first end of the cyclone
chamber, the cyclone air outlet may comprise a vortex finder
and porous member positioned between the cyclone cham-
ber and an inlet of the vortex finder, and the vortex finder and
porous member may be spaced from the cyclone chamber
face of the plate.

In any embodiment, the plate may be moveably mounted
between a closed position, in which the plate is positioned
for operation of the cyclone and an open position wherein
the plate is moved to provide access to the cyclone chamber.

In any embodiment, the dirt collection region has an end
wall facing the plate and the end wall may be openable.
Optionally, the plate may be supported by the end wall and
is moveable with the end wall.

In any embodiment, the plate has a dirt collection face
facing the dirt collection region and the surface cleaning
apparatus may further comprise a support member extending
between the end wall and the dirt collection face. Optionally,
the cyclone air inlet and the cyclone air outlet may be
provided at the first end of the cyclone chamber, the cyclone
air outlet may comprise a vortex finder and porous member
positioned between the cyclone chamber and an inlet of the
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vortex finder, and the vortex finder and porous member may
be spaced from the cyclone chamber face of the plate.

In any embodiment, the plate has a perimeter, the cyclone
has a generally axially extending sidewall and the annular
gap may be provided between the perimeter of the plate and
the sidewall.

In any embodiment, the cyclone has an axially extending
sidewall and the sidewall has an end face and at least a
portion of the end wall may face the plate. Optionally, the
plate has a perimeter, the dirt collection region has a sidewall
and the annular gap may be provided between the perimeter
of the plate and the sidewall.

According to another aspect of this disclosure, which may
be used by itself or in combination with one or more other
aspects of this disclosure, a cyclone is provided at the dirt
outlet end of the cyclone chamber wherein the dirt outlet is
formed by a variable spacing between the cyclone sidewall
and a plate wherein the variable spacing is formed by
varying the shape of the plate and/or the distance between
the plate and the inlet end of the cyclone chamber.

In accordance with this aspect, there is provided a surface
cleaning apparatus comprising:

(a) an air flow path extending from a dirty air inlet to a

clean air outlet;

(b) a cyclone and a suction motor provided in the air flow
path;

(c) the cyclone comprising a cyclone chamber having a
central longitudinal axis, the cyclone having a first end
having a first end wall, an axially spaced apart second
end, a cyclone chamber sidewall located between the
first and second ends, a cyclone air inlet provided at the
first end, a cyclone air outlet provided at the first end
and a dirt outlet provided at the second end, wherein the
first end of the cyclone chamber sidewall is located at
the first end of the cyclone and the second end of the
sidewall is spaced from the first end;

(d) a plate located at the second end, the plate having a
plate perimeter, a cyclone chamber face that faces
towards the first end; and,

(e) a dirt collection region in communication with the
cyclone chamber via the dirt outlet,

wherein the dirt outlet comprises a spacing between the
cyclone chamber sidewall and the plate, which spacing
extends around the entire plate perimeter, and

wherein the spacing comprises a first portion that extends
around a first portion of the perimeter and a second
portion that extends around a second portion of the
perimeter, wherein the second portion of the spacing
has a larger length in at least one of the following
directions:

(1) a vertical direction in a plane of the sidewall; and,

(ii) a radial direction in a plane of the plate, and

wherein the larger length is produced by at least one of:

(iii) a second part of the plate defining the second
portion of the perimeter of the plate having a differ-
ent diameter than a diameter of a first part of the plate
defining the first portion of the perimeter of the plate;
and,

(iv) the second part the plate having a greater distance
between the cyclone chamber face of the plate and
the first end of the cyclone chamber than a distance
of the first part of the plate and the first end of the
cyclone chamber.

In any embodiment, a projection of the sidewall may
intersect the plate and the spacing may comprise a gap
between the second end of the sidewall and the cyclone
chamber face of the plate.
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In any embodiment, the larger length may be produced by
the second part of the plate having a greater distance
between the cyclone chamber face of the plate and the first
end of the cyclone chamber than a distance of the first part
of the plate and the first end of the cyclone chamber.

In any embodiment, the larger length may also be pro-
duced by a portion of the sidewall located at the second
portion having a shorter axial length than another portion of
the sidewall.

In any embodiment, the plate may have a smaller diameter
that a diameter of the cyclone chamber whereby a projection
of the sidewall extends radially outwardly of the plate and
the spacing comprises a gap between the perimeter of the
plate and the sidewall.

In any embodiment, the larger length may be produced by
the second part of the plate having a different diameter than
a diameter of the first part of the plate.

In any embodiment, the second portion of the perimeter of
the plate may be generally linear.

In any embodiment, the second portion of the perimeter of
the plate may be stepped inwardly in the plane of the plate
from the first portion of the perimeter of the plate.

In any embodiment, the perimeter of the plate may face
the sidewall.

In any embodiment, the plate may be positioned axially
spaced below the second end of the sidewall.

In any embodiment, a projection of the sidewall may
intersect only a part of the plate and the spacing may
comprise a vertically extending gap between the second end
of the sidewall and the cyclone chamber face of the plate and
a radially extending gap between the perimeter of the plate
and the sidewall.

In any embodiment, the larger length may be produced by
the second part of the perimeter of the plate having a greater
distance between the cyclone chamber face of the plate and
the first end of the cyclone chamber than a distance of the
first part of the plate and the first end of the cyclone chamber
and by the second part of the plate having a different
diameter than a diameter of the first part of the plate.

In any embodiment, the larger length may also be pro-
duced by a portion of the sidewall located at the second
portion having a shorter axial length than another portion of
the sidewall.

In any embodiment, the second portion of the perimeter of
the plate may be generally linear.

In any embodiment, the second portion of the perimeter of
the plate may be stepped inwardly in the plane of the plate
from the first portion of the perimeter of the plate.

In any embodiment, the perimeter of the plate may face
the sidewall.

In any embodiment, the plate may be positioned axially
spaced below the second end of the sidewall.

In any embodiment, the dirt collection chamber may be
located below the plate.

DRAWINGS

The drawings included herewith are for illustrating vari-
ous examples of articles, methods, and apparatus of the
teaching of the present specification and are not intended to
limit the scope of what is taught in any way.

In the drawings:

FIG. 1 is a perspective view of a surface cleaning appa-
ratus in accordance with an embodiment;

FIG. 2 is a cross-sectional view taken along line 2-2 in
FIG. 1,
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FIG. 3 is a cross-sectional view taken along line 2-2 in
FIG. 1 of a cyclone bin assembly of the surface cleaning
apparatus of FIG. 1 when removed from the remainder of the
surface cleaning apparatus;

FIG. 4 is a top perspective view of an arrester plate of the
cyclone bin assembly of FIG. 3;

FIG. 5 is a bottom perspective view of the arrester plate
of FIG. 4,

FIG. 6 is the cross-sectional view of FIG. 3 with the
cyclone bin assembly in an open position;

FIG. 7 is a cross-sectional view of a cyclone bin assembly
having an arrester plate in accordance with another embodi-
ment;

FIG. 8 is a cross-sectional view of a cyclone bin assembly
having an arrester plate in accordance with another embodi-
ment;

FIG. 9 is a cross-sectional view taken along line 9-9 in
FIG. 8;

FIG. 10 is a cross-sectional view taken along line 9-9 in
FIG. 8 with an arrester plate in accordance with another
embodiment;

FIG. 11 is a cross-sectional view a cyclone bin assembly
with an arrester plate in accordance with another embodi-
ment;

FIG. 12 is a top perspective view of the arrester plate of
the cyclone bin assembly of FIG. 11;

FIG. 13 is a bottom perspective view of the arrester plate
of the cyclone bin assembly of FIG. 11;

FIG. 14 is a cross-sectional view a cyclone bin assembly
with an arrester plate in accordance with another embodi-
ment;

FIG. 15 is a top perspective view of the arrester plate of
the cyclone bin assembly of FIG. 14;

FIG. 16 is a bottom perspective view of the arrester plate
of the cyclone bin assembly of FIG. 14;

FIG. 17 is a cross-sectional view a cyclone bin assembly
with an arrester plate in accordance with another embodi-
ment;

FIG. 18 is a top perspective view of the arrester plate of
the cyclone bin assembly of FIG. 17;

FIG. 19 is a bottom perspective view of the arrester plate
of the cyclone bin assembly of FIG. 17.

FIG. 20 is a cross-sectional view of a cyclone bin assem-
bly looking rearwardly, the cyclone bin assembly having an
arrester plate and a cyclone chamber sidewall defining a
cyclone dirt outlet in accordance with another embodiment;

FIG. 21 is a cross-sectional view of the cyclone bin
assembly of FIG. 20 looking towards one side of the cyclone
bin assembly;

FIG. 22 is a perspective cross-sectional view from above
of the cyclone bin assembly of FIG. 20;

FIG. 23A is a cross-sectional view of the cyclone bin
assembly of FIG. 20 as indicated by line 23A-23A in FIG.
21;

FIG. 23B is a cross-sectional view of the cyclone bin
assembly of FIG. 20 as indicated by line 23B on FIG. 21;

FIG. 24 is a perspective cross-sectional view from below
of the cyclone bin assembly of FIG. 20;

FIG. 25 is a cross-sectional view of a cyclone bin assem-
bly having an arrester plate and cyclone chamber sidewall
defining a cyclone dirt outlet in accordance with another
embodiment;

FIG. 26 is a cross-sectional view of a cyclone bin assem-
bly having an arrester plate and cyclone chamber sidewall
defining a cyclone dirt outlet in accordance with another
embodiment;
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FIG. 27 is a cross-sectional view of a cyclone bin assem-
bly having an arrester plate and cyclone chamber sidewall
defining a cyclone dirt outlet in accordance with another
embodiment;

FIG. 28 is a cross-sectional view of a cyclone bin assem-
bly having an arrester plate and cyclone chamber sidewall
defining a cyclone dirt outlet in accordance with another
embodiment;

FIG. 29 is a cross-sectional view of a cyclone bin assem-
bly having an arrester plate and cyclone chamber sidewall
defining a cyclone dirt outlet in accordance with another
embodiment;

FIG. 30 is a cross-sectional view of a cyclone bin assem-
bly having an arrester plate and cyclone chamber sidewall
defining a cyclone dirt outlet in accordance with another
embodiment;

FIG. 31 is a cross-sectional view of a cyclone bin assem-
bly having an arrester plate and cyclone chamber sidewall
defining a cyclone dirt outlet in accordance with another
embodiment;

FIG. 32A is a cross-sectional view of a cyclone bin
assembly looking towards a side of the cyclone bin assem-
bly, the cyclone bin assembly having a D-shaped arrester
plate and cyclone chamber sidewall defining a cyclone dirt
outlet in accordance with another embodiment;

FIG. 32B is a cross-sectional view of the cyclone bin
assembly of FIG. 32A looking downwards at the arrester
plate along a similar line as indicated by line 23A-23A in
FIG. 21,

FIG. 33A is a cross-sectional view of a cyclone bin
assembly looking towards a side of the cyclone bin assem-
bly, the cyclone bin assembly having an arrester plate and
cyclone chamber sidewall defining a cyclone dirt outlet in
accordance with another embodiment;

FIG. 33B is a cross-sectional view of the cyclone bin
assembly of FIG. 33A looking downwards at the arrester
plate along a similar line as indicated by line 23A-23A in
FIG. 21,

FIG. 34A is a cross-sectional view of a cyclone bin
assembly looking towards a side of the cyclone bin assem-
bly, the cyclone bin assembly having an arrester plate and
cyclone chamber sidewall defining a cyclone dirt outlet in
accordance with another embodiment;

FIG. 34B is a cross-sectional view of the cyclone bin
assembly of FIG. 34A looking downwards at the arrester
plate along a similar line as indicated by line 23A-23A in
FIG. 21,

FIG. 35A is a cross-sectional view of a cyclone bin
assembly looking towards a side of the cyclone bin assem-
bly, the cyclone bin assembly having an arrester plate and
cyclone chamber sidewall defining a cyclone dirt outlet in
accordance with another embodiment;

FIG. 35B is a cross-sectional view of the cyclone bin
assembly of FIG. 35A looking downwards at the arrester
plate along a similar line as indicated by line 23A-23A in
FIG. 21,

FIG. 36A is a cross-sectional view of a cyclone bin
assembly looking towards a side of the cyclone bin assem-
bly, the cyclone bin assembly having an arrester plate and
cyclone chamber sidewall defining a cyclone dirt outlet in
accordance with another embodiment;

FIG. 36B is a cross-sectional view of the cyclone bin
assembly of FIG. 36A looking downwards at the arrester
plate along a similar line as indicated by line 23A-23A in
FIG. 21,

FIG. 37A is a cross-sectional view of a cyclone bin
assembly looking towards a side of the cyclone bin assem-
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bly, the cyclone bin assembly having an arrester plate and
cyclone chamber sidewall defining a cyclone dirt outlet in
accordance with another embodiment;

FIG. 37B is a cross-sectional view of the cyclone bin
assembly of FIG. 37A looking downwards at the arrester
plate along a similar line as indicated by line 23A-23A in
FIG. 21,

FIG. 38A is a cross-sectional view of a cyclone bin
assembly looking towards a side of the cyclone bin assem-
bly, the cyclone bin assembly having an arrester plate and
cyclone chamber sidewall defining a cyclone dirt outlet in
accordance with another embodiment;

FIG. 38B is a cross-sectional view of the cyclone bin
assembly of FIG. 38A looking downwards at the arrester
plate along a similar line as indicated by line 23A-23A in
FIG. 21,

FIG. 39A is a cross-sectional view of a cyclone bin
assembly looking towards a side of the cyclone bin assem-
bly, the cyclone bin assembly having an arrester plate and
cyclone chamber sidewall defining a cyclone dirt outlet in
accordance with another embodiment; and,

FIG. 39B is a cross-sectional view of the cyclone bin
assembly of FIG. 39A looking downwards at the arrester
plate along a similar line as indicated by line 23A-23A in
FIG. 21.

DESCRIPTION OF VARIOUS EMBODIMENTS

Various apparatuses, methods and compositions are
described below to provide an example of an embodiment of
each claimed invention. No embodiment described below
limits any claimed invention and any claimed invention may
cover apparatuses and methods that differ from those
described below. The claimed inventions are not limited to
apparatuses, methods and compositions having all of the
features of any one apparatus, method or composition
described below or to features common to multiple or all of
the apparatuses, methods or compositions described below.
It is possible that an apparatus, method or composition
described below is not an embodiment of any claimed
invention. Any invention disclosed in an apparatus, method
or composition described below that is not claimed in this
document may be the subject matter of another protective
instrument, for example, a continuing patent application,
and the applicant(s), inventor(s) and/or owner(s) do not
intend to abandon, disclaim, or dedicate to the public any
such invention by its disclosure in this document.

The terms “an embodiment,” “embodiment,” “embodi-
ments,” “the embodiment,” “the embodiments,” “one or
more embodiments,” “some embodiments,” “one embodi-

ment”, and the like mean “one or more (but not all)
embodiments of the present invention(s),” unless expressly
specified otherwise.

The terms “including,” “comprising” and variations
thereof mean “including but not limited to,” unless expressly
specified otherwise. A listing of items does not imply that
any or all of the items are mutually exclusive, unless
expressly specified otherwise. The terms “a,” “an” and “the”
mean “one or more,” unless expressly specified otherwise.

As used herein and in the claims, two or more parts are
said to be “coupled”, “connected”, “attached”, “joined”,
“affixed”, or “fastened” where the parts are joined 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 claims, two or more parts are said to be
“directly coupled”, “directly connected”, “directly
attached”, “directly joined”, “directly affixed”, or “directly
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fastened” where the parts are connected in physical contact
with each other. As used herein, two or more parts are said
to be “rigidly coupled”, “rigidly connected”, “rigidly
attached”, “rigidly joined”, “rigidly affixed”, or “rigidly
fastened” where the parts are coupled so as to move as one
while maintaining a constant orientation relative to each
other. None of the terms “coupled”, “connected”,
“attached”, “joined”, “affixed”, and “fastened” distinguish
the manner in which two or more parts are joined together.

Furthermore, it will be appreciated that for simplicity and
clarity of illustration, where considered appropriate, refer-
ence numerals may be repeated among the figures to indicate
corresponding or analogous elements. In addition, numerous
specific details are set forth in order to provide a thorough
understanding of the example embodiments described
herein. However, it will be understood by those of ordinary
skill in the art that the example embodiments described
herein may be practiced without these specific details. In
other instances, well-known methods, procedures, and com-
ponents have not been described in detail so as not to
obscure the example embodiments described herein. In
addition, the description is not to be considered as limiting
the scope of the example embodiments described herein.
General Description of a Vacuum Cleaner

Referring to FIGS. 1-2, an exemplary embodiment of a
surface cleaning apparatus is shown generally as 100. The
following is a general discussion of apparatus 100, which
provides a basis for understanding several of the features,
which are discussed herein. As discussed subsequently, each
of the features may be used individually or in any particular
combination or sub-combination in this or in other embodi-
ments disclosed herein.

Embodiments described herein include an improved
cyclone assembly 116, and a surface cleaning apparatus 100
including the same. Surface cleaning apparatus 100 may be
any type of cyclonic surface cleaning apparatus, including
for example a hand vacuum cleaner, a stick vacuum cleaner,
a canister vacuum cleaner, and an upright vacuum cleaner.

In FIGS. 1-2, surface cleaning apparatus 100 is illustrated
as a hand vacuum cleaner, which may also be referred to also
as a “handvac” or “hand-held vacuum cleaner”. As used
herein, a hand vacuum cleaner is a vacuum cleaner that can
be operated to clean a surface generally one-handedly. That
is, the entire weight of the vacuum may be held by the same
one hand used to direct a dirty air inlet of the vacuum cleaner
with respect to a surface to be cleaned. For example, handle
104 and dirty air inlet 108 may be rigidly coupled to each
other (directly or indirectly), such as being integrally formed
or separately molded and then non-removably secured
together such as by an adhesive or welding, so as to move
as one while maintaining a constant orientation relative to
each other. This is to be contrasted with canister and upright
vacuum cleaners, whose weight is typically supported by a
surface (e.g. a floor) during use, and when a canister vacuum
cleaner is operated or when an upright vacuum cleaner is
operated in a ‘lift-away’ configuration, a second hand is
typically required to direct the dirty air inlet at the end of a
flexible hose.

Still referring to FIGS. 1-2, surface cleaning apparatus
100 includes a main body 112 having an air treatment
member 116 (which may be permanently affixed to the main
body or may be removable therefrom for emptying), a dirty
air inlet 108, a clean air outlet 120, and an air flow path 124
extending between the dirty air inlet 108 and the clean air
outlet 120.

Surface cleaning apparatus 100 has a front end 128, a rear
end 132, an upper end (also referred to as the top) 136, and
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a lower end (also referred to as the bottom) 140. In the
embodiment shown, dirty air inlet 108 is at an upper portion
of apparatus front end 128 and clean air outlet 120 is at a
rearward portion of apparatus 100 at apparatus rear end 132.
It will be appreciated that dirty air inlet 108 and clean air
outlet 120 may be positioned in different locations of appa-
ratus 100.

A suction motor 144 is provided to generate vacuum
suction through airflow path 124, and is positioned within a
motor housing 148. Suction motor 144 may be a fan-motor
assembly including an electric motor and impeller blade(s).
In the illustrated embodiment, suction motor 144 is posi-
tioned in the air flow path 124 downstream of air treatment
member 116. In this configuration, suction motor 144 may
be referred to as a “clean air motor”. Alternatively, suction
motor 144 may be positioned upstream of air treatment
member 116, and referred to as a “dirty air motor”.

Air treatment member 116 is configured to remove par-
ticles of dirt and other debris from the air flow. In the
illustrated example, air treatment member 116 includes a
cyclone assembly (also referred to as a “cyclone bin assem-
bly”) having a single cyclonic cleaning stage with a single
cyclone 152 and a dirt collection chamber 156 (also referred
to as a “dirt collection region”, “dirt collection bin”, “dirt
bin”, or “dirt chamber”). Cyclone 152 has a cyclone cham-
ber 154, and dirt collection chamber 156 may be external to
the cyclone chamber 154 (i.e. dirt collection chamber 156
may have a discrete volume from that of cyclone chamber
154). Cyclone 152 and dirt collection chamber 156 may be
of any configuration suitable for separating dirt from an air
stream and collecting the separated dirt, respectively and
may be in communication by a dirt outlet of the cyclone
chamber.

In alternate embodiments, air treatment member 116 may
include a cyclone assembly having two or more cyclonic
cleaning stages arranged in series with each other. Each
cyclonic cleaning stage may include one or more cyclones
arranged in parallel with each other and one or more dirt
collection chambers, of any suitable configuration. The dirt
collection chamber(s) may be external to the cyclone cham-
bers of the cyclones. Alternatively, one or more (or all) of the
dirt collection chamber(s) may be internal to one or more (or
all) of the cyclone chambers. For example, the internal dirt
collection chamber(s) may be configured as a dirt collection
area within the cyclone chamber.

Referring to FIG. 2, hand vacuum cleaner 100 may
include a pre-motor filter 160 provided in the air flow path
124 downstream of air treatment member 116 and upstream
of suction motor 144. Pre-motor filter 160 may be formed
from any suitable physical, porous filter media. For
example, pre-motor filter 160 may be one or more of a foam
filter, felt filter, HEPA filter, or other physical filter media. In
some embodiments, pre-motor filter 160 may include an
electrostatic filter, or the like. As shown, pre-motor filter 160
may be located in a pre-motor filter housing 164 that is
external to the air treatment member 116.

In the illustrated embodiment, dirty air inlet 108 is the
inlet end 168 of an air inlet conduit 172. Optionally, inlet end
168 of air inlet conduit 172 can be used as a nozzle to
directly clean a surface. Alternatively, or in addition to
functioning as a nozzle, air inlet conduit 172 may be
connected (e.g. directly connected) to the downstream end
of any suitable accessory tool such as a rigid air flow conduit
(e.g., an above floor cleaning wand), a crevice tool, a mini
brush, and the like. As shown, dirty air inlet 108 may be
positioned forward of air treatment member 116, although
this need not be the case.
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In the embodiment of FIG. 2, the air treatment member
116 comprises a cyclone 152, the air treatment air inlet is a
cyclone air inlet 184, and the air treatment member air outlet
is a cyclone air outlet 188. Accordingly, in operation, after
activating suction motor 144, dirty air enters apparatus 100
through dirty air inlet 108 and is directed along air inlet
conduit 172 to the cyclone air inlet 184. As shown, cyclone
air inlet 184 may direct the dirty air flow to enter cyclone
chamber 154 in a tangential direction so as to promote
cyclonic action. Dirt particles and other debris may be
disentrained (i.e. separated) from the dirty air flow as the
dirty air flow travels from cyclone air inlet 184 to cyclone air
outlet 188. The disentrained dirt particles and debris may
discharge from cyclone chamber 154 through a dirt outlet
190 into dirt collection chamber 156 external to the cyclone
chamber 154, where the dirt particles and debris may collect
until dirt collection chamber 156 is emptied.

Air exiting cyclone chamber 154 may pass through an
outlet passage 192 located upstream of cyclone air outlet
188. Cyclone chamber outlet passage 192, may also act as a
vortex finder to promote cyclonic flow within cyclone
chamber 154. In some embodiments, cyclone outlet passage
192 may include a porous member such as a screen or
shroud 196 (e.g. a fine mesh screen) in the air flow path 124
(e.g., positioned between the cyclone chamber and an inlet
of'the vortex finder) to remove large dirt particles and debris,
such as hair, remaining in the exiting air flow. The vortex
finder and porous member may be spaced from the cyclone
chamber face of plate 216. It will be appreciated that, in
some embodiments, only a screen may be provided. Alter-
nately, a vortex finder may be provided without a screen or
the like.

From cyclone air outlet 188, the air flow may be directed
into pre-motor filter housing 164 at an upstream side 204 of
pre-motor filter 160. The air flow may pass through pre-
motor filter 160 to pre-motor filter downstream side 208, and
then exit through pre-motor filter chamber air outlet 212 into
motor housing 148. At motor housing 148, the clean air flow
may be drawn into suction motor 144 and then discharged
from apparatus 100 through clean air outlet 120.

The following is a description of various dirt outlets that
are defined by a gap or spacing between a dirt arrester plate
(also referred to as a “dirt arrester”, “arrester plate”, or
simply “plate”) and a cyclone chamber sidewall that may be
used in any cyclone design. The plate separates the cyclone
chamber from the dirt collection chamber. In accordance
with this feature, the dirt collection chamber is external to
the cyclone chamber. The spacing may extend around the
entire perimeter of the plate or just a portion of the plate
(e.g., a portion of the perimeter of the plate may abut a
portion of the cyclone chamber sidewall.

Various configurations of the spacing are described
herein. In some embodiments, the shape of the perimeter of
the plate may vary and provides for a variable spacing in the
radial direction between the perimeter of the plate and the
cyclone chamber sidewall to form a gap extending radially
between the perimeter of the plate and the cyclone chamber
sidewall. In any such embodiment, it will be appreciated that
some or all of the plate may be located radially inwardly
from the inner surface of the cyclone chamber sidewall
and/or some or all of the plate may be located axially spaced
from the end wall of the cyclone chamber sidewall. In other
embodiments, the distance between the inlet end of the
cyclone chamber and the plate may vary at different loca-
tions around the perimeter of the plate. In any embodiment,
the length of the cyclone chamber sidewall may vary around
the perimeter of the plate.
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Axially Stepped Arrester

In accordance with this feature, the dirt collection cham-
ber is external to the cyclone chamber and the dirt outlet
from the cyclone chamber comprises or consists of an
axially extending gap between the arrester plate and the
cyclone chamber sidewall. In accordance with this feature,
the arrester plate has an ‘axial step’, in which a portion of the
arrester plate is axially recessed to create an axially recessed
step. The axial step may create a relatively larger dirt outlet
gap or spacing between the cyclone chamber sidewall and
the stepped portion of the arrester plate periphery, which can
allow larger debris to pass through the dirt outlet.

Without being limited by theory, as compared with an
entirely planar arrester plate having a generally uniformly
sized dirt outlet gap, the axially stepped arrester design may
provide greater separation efficiency (i.e. percentage of dirt
particles of a dirty air flow separated from the air flow and
retained in the dirt collection chamber) by permitting larger
dirt particles to exit the cyclone chamber thereby reducing
the likelihood that larger dirt particles in the cyclone cham-
ber may produce eddy currents or otherwise interfere with
the flow pattern in a cyclone chamber. Thus, the axially
stepped arrester design may allow the dirt collection cham-
ber to admit large dirt particles (e.g. stones, dry foods, etc.)
while providing a high separation efficiency.

In accordance with this design, at least one portion of the
arrester plate is recessed axially to create a first portion of
the spacing and a second portion of the spacing, wherein the
second portion of the spacing has a greater distance between
the cyclone chamber face of the plate and the first or inlet
end of the cyclone chamber than a distance of the first
portion of the plate and the first end of the cyclone chamber.

Reference is now made to FIGS. 3-5. As shown, cyclone
bin assembly 116 includes an arrester plate 216 that sepa-
rates cyclone chamber 154 from dirt collection chamber 156.
Arrester plate 216 also cooperates with cyclone 152 to
define dirt outlet 190 from cyclone chamber 154 into dirt
collection chamber 156.

Arrester plate 216 may define at least part of an end wall
for one or both of cyclone 152 and dirt collection chamber
156. As shown, arrester plate 216 may have a cyclone
chamber face 220 that borders cyclone chamber 154, and an
opposite dirt chamber face 224 that borders dirt collection
chamber 156. Cyclone chamber face 220 may face towards
an interior volume of cyclone chamber 154. Similarly, dirt
chamber face 224 may face towards an interior volume of
dirt collection chamber 156.

Cyclone 152 has a first end 228 having a first end wall
232, a second end 236 axially spaced apart from first end
228, and a cyclone chamber sidewall 240 positioned
between the first and second ends 228 and 236. Cyclone 152
also has a central longitudinal axis 242 (also referred to as
a “cyclone axis”) that extends from the first end 228 to the
second end 236. In the example shown, cyclone second end
236 may be defined at least in part by cyclone chamber face
220 of arrester plate 216. In some embodiments, at least a
portion of cyclone chamber face 220 faces (i.e. has a surface
normal pointed towards) cyclone first end 228. It will be
appreciated that, if plate 216 is spaced from sidewall 240,
then sidewall 240 will not extend to plate 216. In some
embodiments, a portion of plate 216 may abut portions of
sidewall 240 while another portion, e.g., the stepped down
portion, may be spaced from sidewall 240 to define part or
all of the dirt outlet.

Still referring to FIGS. 3-5, cyclone outlet passage 192
may define a vortex finder that promotes cyclonic flow
within cyclone chamber 154. As shown, cyclone outlet
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passage 192 may extend from a first end 244 at cyclone first
end 228, to a second end 248 within cyclone chamber 154.
Cyclone outlet passage 192 has one or more inlet openings
252 that admit air exiting cyclone chamber 154 to enter
cyclone outlet passage 192 towards cyclone air outlet 188.
Cyclone outlet passage opening(s) 252 may be overlaid with
a porous member 254 (e.g. a fine mesh screen), which may
remove large dirt and debris from the air flow entering the
cyclone outlet passage 192. As shown, cyclone outlet pas-
sage 192 and porous member 254 may be spaced (e.g.
axially) from cyclone chamber face 220 of arrester plate
216. Cyclone outlet passage 192 may be intersected by
cyclone axis 242. As shown, cyclone outlet passage 192 may
have a central longitudinal axis 256 that is parallel to
cyclone axis 242 (e.g. collinear to cyclone axis 242, or
spaced apart from cyclone axis 242).

It will be appreciated that any cyclone air outlet may be
used and that the cyclone air outlet may be at various
locations as is known in the art. Similarly, it will be
appreciated that any cyclone air inlet 184 may be used and
that the cyclone air inlet may be at various locations as is
known in the art.

Dirt collection chamber 154 has a first end 260, a second
end 264 axially spaced apart from first end 260, and a
sidewall 268 that extends between the first and second ends
260 and 264. Dirt collection chamber 154 has a longitudinal
axis 272 (also referred to as a “dirt chamber axis”). Dirt
chamber axis 272 may be parallel to cyclone axis 242 (e.g.
collinear to cyclone axis 242, or transversely spaced apart
from cyclone axis 242). Dirt chamber first end 260 may be
defined at least in part by dirt chamber face 224 of arrester
plate 216. Dirt chamber second end 264 may include a
second end wall 276. In some embodiments, at least a
portion of dirt chamber face 224 faces (i.e. has a surface
normally pointed towards) dirt chamber second end 264.

As used herein, the term “axial” and “axially” mean “in
a direction parallel to the respective longitudinal axis™, such
as for example cyclone axis 242 or dirt chamber axis 272.
For example, dirt chamber face 224 may be described as
being axially spaced apart from cyclone chamber face 220 in
that dirt chamber face 224 is spaced from cyclone chamber
face 220 in a direction parallel to or along the cyclone axis
242.

Referring to FIGS. 8-9, cyclone dirt outlet 190 may
extend around all of arrester plate periphery 288. As shown,
every point on arrester plate periphery 288 may have a
(non-zero) dirt outlet gap length 292 to cyclone chamber
sidewall 240. In this way, dirt outlet 190 may form a
continuous annular gap. This helps to mitigate the develop-
ment of blockages caused by an accumulation of debris at
locations where there is no dirt outlet 190, e.g. because the
dirt outlet 190 is obstructed. In other embodiments, arrester
plate 216 may about part of sidewall 240.

Referring to FIGS. 3 and 6, arrester plate 216 may be
movable between a closed position (FIG. 3) and an open
position (FIG. 6). In the closed position, arrester plate 216
may act to separate cyclone chamber 154 from dirt collec-
tion chamber 156. If plate 216 contacts part of sidewall 240,
then arrester plate 216 may at least partially close cyclone
second end 236 when in the closed position. Alternately, as
exemplified in FIGS. 3 and 8-10, plate 216 may be spaced
from all of sidewall 240 when in the closed position. In the
open position, arrester plate 216 may be positioned to
provide user access to cyclone chamber 154 (e.g. for clean-
ing). For example, arrester plate 216 may close less of or
none of cyclone second end 236 when in the open position
as compared to the closed position.
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As shown, arrester plate 216 may be connected to an
openable end wall 276 of dirt collection chamber 156.
Arrester plate 216 may move with end wall 276 so that when
end wall 276 is opened, arrester plate 216 is displaced from
(i.e. moved away from) cyclone second end 236. This allows
cyclone chamber 154 and dirt collection chamber 156 to be
opened and emptied concurrently by moving end wall 276
from its closed position (FIG. 3) to its open position (FIG.
6). Alternately, plate 216 may be pivotally mounted to
sidewall 240, to a sidewall of the dirt chamber,

In some embodiments, plate 216 may not be openable, or
it may be openable separately from the dirt chamber. For
example, plate 216 may be pivotally mounted to sidewall
240 or to a sidewall of the dirt chamber and may have its
own releasable lock. Accordingly, plate 216 may remain in
position when end wall 276 is opened and may be separately
openable.

Dirt chamber end wall 276 may be openable in any
manner that allows access to empty dirt collection chamber
156. For example, dirt chamber end wall 276 may be
pivotally openable as shown, or removable from dirt col-
lection chamber 156. In the illustrated example, dirt cham-
ber end wall 276 is rotatably connected to dirt collection
chamber sidewall 268 by a hinge 280, and releasably held in
the closed position (FIG. 3) by a latch 284.

Arrester plate 216 may be connected to dirt chamber end
wall 276 in any manner that allows arrester plate 216 to open
concurrently as dirt chamber end wall 276 is opened. In the
illustrated example, arrester plate 216 is connected to dirt
chamber end wall 276 by a rigidly mounted support member
286. Accordingly, support member 286 may be a post that
rigidly connects arrester plate 216 to dirt chamber end wall
276, whereby arrester plate 216 and dirt chamber end wall
276 move as one. In some embodiments, support member
286 may be moveable (pivotally) mounted with respect to
end wall 276 and/or plate 216 may be moveable (pivotally)
mounted with respect to support 268. As shown, support
member 286 may extend from dirt chamber face 224 of
arrester plate 216 to dirt chamber end wall 276. In this
example, at least a portion of dirt chamber end wall 276
faces (i.e. has a surface normal pointed towards) arrester
plate 216 (e.g. towards dirt chamber face 224).

Returning to FIGS. 3-5, cyclone dirt outlet 190 may be
formed by a gap between cyclone chamber sidewall 240 and
the arrester plate 216). Dirt that is disentrained (i.e. sepa-
rated) from the airflow circulating through cyclone chamber
154 (e.g. by cyclonic action within cyclone chamber 154)
may exit cyclone chamber 154 through dirt outlet 190 into
dirt collection chamber 156. The maximum size of a dirt
particle that can exit through dirt outlet 190 is defined by a
gap length 292. Gap length 292 is the shortest distance
between a given point on arrester plate 216 and cyclone
chamber sidewall 240. There may be a uniform gap length
292 at every point on arrester plate periphery 288, or gap
length 292 may vary along arrester plate periphery 288.

As exemplified in FIG. 3, plate 216 may have a diameter
similar to the diameter of cyclone chamber 154 and the
cyclone axis may intersect the centre of arrester plate 216.
Accordingly the arrester plate periphery 288 (also referred to
as “arrester plate perimeter”) may underlie the sidewall 240
(i.e., a projection of sidewall 240 may intersect the arrester
plate periphery 288) such that arrester plate periphery 288
underlies a free end 296 of cyclone chamber sidewall 240.
Accordingly, as exemplified in FIG. 3, dirt outlet 190 is
defined by a gap length 292, which is solely axial. That is,
the shortest distance between every point on arrester plate
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periphery 288 and cyclone chamber sidewall 240 is in a
direction parallel to cyclone axis 242.

It will be appreciated that the cross sectional area of plate
216 and the outlet end of the cyclone chamber 154 may vary
(e.g., plate 216 may have a diameter that is smaller than or
larger than the diameter of cyclone chamber 154). The
arrester plate may be coplanar with free end 296 of cyclone
chamber sidewall 240 (see for example FIG. 7) or is may be
axially spaced therefrom (See for example FIG. 8).

FIG. 7 shows an example in which arrester plate 216 has
a diameter that is smaller than the diameter of cyclone
chamber 154 so that at least a portion of dirt outlet 190 is
defined by gap lengths 292 that are solely radial. That is, the
shortest distance between at least a portion 304 of arrester
plate periphery 288 and cyclone chamber sidewall 240 is in
a direction that is transverse (e.g. perpendicular) to cyclone
axis 242. As shown, at least portion 304 of arrester plate
periphery 288 has the same axial position as a portion of
cyclone chamber sidewall 240.

FIG. 8 shows an example in which all of dirt outlet 190
is defined by gap lengths 292 that include radial and axial
components. That is, the shortest distance between at least a
portion 304 of arrester plate periphery 288 and cyclone
chamber sidewall 240 is in a direction that is at a non-zero
and non-perpendicular angle (i.e. non-parallel and non-
orthogonal) to cyclone axis 242.

Different points on arrester plate periphery 288 may have
different dirt outlet gap lengths 292. FIG. 9 shows an
example in which arrester plate 216 is off-centered relative
to cyclone axis 242 whereby radial gap length 292 is greater
at some points along arrester plate periphery 288 than others
(e.g. compare gap length 292, to gap length 292,). Alterna-
tively, or in addition, arrester plate periphery 288 may have
an axial shape (i.e. the shape of a projection of arrester plate
periphery 288 in a direction parallel to cyclone axis 242) that
differs from the axial shape of cyclone chamber sidewall 240
where cyclone chamber sidewall 240 is nearest to arrester
plate periphery 288 (e.g. a triangular arrester plate periphery
288 and circular cyclone chamber sidewall 240). This too
may produce a variable gap length 292 around arrester plate
periphery 288.

Returning to FIGS. 3-5, the illustrated arrester plate 216
is shown including an upper plateau and a peripheral step on
one side. The peripheral step can provide an enlarged dirt
outlet gap length across only the stepped portion of the dirt
arrester periphery. An advantage of this design is that the
enlarged dirt outlet gap provides clearance for large dirt
particles to pass through the dirt outlet into the dirt collection
chamber while optionally maintaining a smaller gap for the
remainder of the perimeter of the arrester plate (if the
remainder of the arrester plate is spaced from sidewall 240).
As compared with a dirt arrester that has a comparably large
gap length about the entire arrester plate periphery, the
illustrated axially stepped design may mitigate re-entry of
dirt from the dirt collection chamber into the cyclone
chamber through the dirt outlet because much of the dirt
outlet retains a relatively smaller gap length. In laboratory
testing, the axially stepped design produced greater dirt
separation efficiency as compared with a uniformly planar
arrester plate, all else being equal.

As shown, arrester plate 216 includes a first portion 308
and a second portion 312. The first and second portions 308
and 312 are axially spaced apart and joined together by a
transition portion 316 positioned between the first and
second portions 308 and 312. In the illustrated example,
transition portion 316 extends from first portion 308 to
second portion 312. First, second, and transition portions
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308, 312, and 316 may be integrally formed as shown, or
discretely formed and rigidly connected together. At least
the first and second portions 308 and 312 each include a
portion of arrester plate periphery 288. In the illustrated
example, each of the first, second, and transition portions
308, 312, and 316 include a portion of arrester plate periph-
ery 288.

Each of first, second, and transition portions 308, 312, and
316 includes a cyclone chamber face 320,, 320,, and 320,
respectively. Cyclone chamber faces 320 border the inner
volume of cyclone chamber 154. As shown, second portion
cyclone chamber face 320, may be axially spaced (i.e. in a
direction parallel to cyclone axis 242) apart from first
portion cyclone chamber face 320, in a direction away from
cyclone first end 228. Thus, arrester plate second portion 312
forms an axial step from the arrester plate first portion 308.
As shown, the axial separation between arrester plate first
and second portions 308 and 312 may provide arrester plate
periphery 288 with a greater dirt outlet gap length 292 at
arrester plate second portion 312 than at arrester plate first
portion 308. This allows larger particles to pass through dirt
outlet 190 at arrester plate second portion 312, while main-
taining a smaller gap at arrester plate first portion 308 to
mitigate re-entry of dirt particles from dirt collection cham-
ber 156 into cyclone chamber 154.

As shown, cyclone chamber faces 320, and 320, of
arrester plate first and second portions 308 and 312 may face
towards cyclone first end 228 (e.g. towards cyclone first end
wall 232). In the illustrated example, cyclone chamber faces
320, and 320, are substantially planar and perpendicular to
cyclone axis 242. In other embodiments, one or both of
cyclone chamber faces 320, and 320, may be non-planar.
Alternatively or in addition, one or both of cyclone chamber
faces 320, and 320, may be non-perpendicular to cyclone
axis 242.

Axial separation between cyclone chamber faces 320, and
320, may be described by their distances from a reference
plane 324 (also referred to as a “transverse plane”), which is
perpendicular to cyclone axis 242 and intersects the cyclone,
such as at cyclone first end 228. As shown, axial distance
322, from second portion cyclone chamber face 320, to
reference plane 324 is greater than axial distance 322, from
first portion cyclone chamber face 320, to reference plane
324.

Transition cyclone chamber face 320, may extend at a
non-zero angle to first and second portion cyclone chamber
faces 320, and 320,. As shown, transition cyclone chamber
face 320, may extend substantially axially (e.g. substantially
parallel to cyclone axis 242). In the example shown, tran-
sition cyclone chamber face 320, extends perpendicular to
first and second portion cyclone chamber faces 320, and
320,. As shown, transition cyclone chamber face 320, may
be substantially planar.

In some embodiments, transition cyclone chamber face
320, may be non-perpendicular to cyclone axis 242. For
example, it may extend at an acute angle to each of first and
second portion cyclone chamber faces 320, and 320,. Alter-
nately, or in addition, transition cyclone chamber face 320,
may be non-planar; for example, it may curve from first and
second portion cyclone chamber face 320, to second portion
cyclone chamber face 320,. For example, transition cyclone
chamber face 320, may be concave or convex.

Arrester plate second portion 312 may be smaller in size
(e.g., cross sectional area in a plane parallel to reference
plane 324) than arrester plate first portion 308. An advantage
of this design is that it provides arrester plate with an
enlarged dirt outlet gap length 292 across less than half of
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dirt outlet 190. For example, the area of an axial projection
of arrester plate second portion 312 may be smaller (e.g.,
less than 50%, less than 40%, less than 30%, less than 20%
or less than 10%) than the area of an axial projection of
arrester plate first portion 308. In the illustrated example, the
area of an axial projection of arrester plate second portion
312 is less than one-half of the area of an axial projection of
arrester plate first portion 308. In addition, arrester plate
second portion 312 may include less of arrester plate periph-
ery 288 than arrester plate first portion 308 (e.g., less than
50%, less than 40%, less than 30%, less than 20% or less
than 10%). In the illustrated example, arrester plate second
portion 312 includes less than one quarter of arrester plate
periphery 288.

Arrester plate second portion 312 may be laterally offset
(i.e. in a direction perpendicular to cyclone axis 242) from
cyclone axis 242. As shown, arrester plate second portion
312 is axially spaced from arrester plate first portion 308
along an axial line 326 that is parallel and laterally spaced
from cyclone axis 242.

Transition cyclone chamber face 320, may meet first and
second portion cyclone chamber faces 320, and 320, at first
and second discontinuities 328, and 328, respectively. As
shown, transition cyclone chamber face 320, extends
between first and second discontinuities 328, and 328,. First
discontinuity 328, may be positioned between first portion
cyclone chamber face 320, and transition portion cyclone
chamber face 320,, and second discontinuity may be posi-
tioned between second portion cyclone chamber face 320,
and transition portion cyclone chamber face 320,.

As used herein, a “discontinuity” is a macro-scale devia-
tion or disruption of a surface pattern or shape pattern. For
example, first discontinuity 328, is shown as a 90 degree
bend that is a deviation from the planar surface of first
portion of cyclone chamber face 320,, and second discon-
tinuity is shown as a 90 degree bend that is a deviation of the
planar surface of second portion of cyclone chamber face
320,. Minor deviations (e.g. seams and clearance gaps
between otherwise continuous portions), and micro devia-
tions (e.g. elements of surface texture) are not considered
herein to be discontinuities. It will be appreciated that,
instead of a 90 degree bend, the discontinuities may be
rounded.

It will be appreciated that arrester plate 216 may have a
perimeter without any angles or other discontinuities.
Arrester plate periphery 288 may therefore have a continu-
ous axial shape (i.e. the shape of a projection of arrester plate
periphery 288 in a direction parallel to cyclone axis 242) that
is smooth. Accordingly, as shown in plan view in FIG. 9,
arrester plate 216 is circular.

It will be appreciated that arrester plate may be of any
other shape such as elliptical or polygonal (e.g., hexagonal,
square, triangle or the like). For example, as exemplified in
FIG. 10, an arrester plate periphery 288 may have a discon-
tinuous axial shape. In the example shown, arrester plate
periphery 288 has first and second portions 332 and 336
connected by two discontinuities 340. Discontinuities 340
provide deviations from the regular (e.g. circular) shape of
periphery first portion 332, and the regular (e.g. linear) shape
of periphery second portion 336. In this example, disconti-
nuities 340 are corners (also referred to as junctures)
between first and second portions 332 and 336.

It will be appreciated that arrester plate 216 may have an
irregular perimeter. For example, the arrester plate may have
a shape wherein part of the plate has been truncated to
increase the size of the dirt outlet gap. The truncated portion
may be any portion of the plate and may be provided on the
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second portion. This feature may be used with any plate that
has a smooth perimeter or which has a perimeter with
discontinuities.

For example, as exemplified in FIG. 10, first and second
discontinuities 340, and 340, may be provided on arrester
plate second portion 312. For example, second portion 336
of arrester plate periphery 288 may border at least a portion
of arrester plate second portion 312. As compared to arrester
plate 216 were the axial shape of periphery first portion 332
continuous around the entire arrester plate periphery 288
(e.g. fully circular), a plate segment 344 has been removed
where periphery second portion 336 truncates the axial
shape of periphery first portion 332. As shown, periphery
second portion 336 may be formed as a cord (e.g. linear
crop) to the circular axial shape of periphery first portion
332. The removal of plate segment 344 may further enlarge
dirt outlet gap lengths 292 at arrester plate second portion
312. This allows arrester plate 216 to allow even larger
particles to pass through the portion of dirt outlet 190 located
between periphery second portion 336 and cyclone sidewall
240, as compared to the same arrester plate 216 with plate
segment 344 intact.

It will be appreciated that an arrester plate 216 with an
axial step can create a concave (also referred to as “hollow’)
step volume behind the axial face of the step. Depending on
the manner in which the associated cyclone and dirt collec-
tion chambers are emptied, fibrous debris (e.g. hair) may
snag or accumulate in the step volume when emptying the
surface cleaning apparatus. Alternately, a hollow shape of
the dirt chamber facing side of plate 216 may create eddy
currents or otherwise interfere with dirt settling in the dirt
collection chamber. Therefore, in some embodiments the
step volume is closed by the dirt chamber face of the arrester
plate. Closing the hollow step volume may be used with any
axially stepped arrester described herein.

It will be appreciated that the closure portion may under-
lie or traverse only the transition portion, (e.g., if the
transition portion extends at an angle to reference plane
324). Alternately, the closure portion may underlie both the
transition portion and one or both of the first and second
portions. As exemplified in FIGS. 11-19, the closure portion
underlies both the transition portion and the first portion. An
advantage of this design is that the axial thickness of the
second portion is not increased. It will be appreciated that
the more of the first portion that the closure portion under-
lies, the more gradual the angle of the closure portion may
be.

Referring to FIGS. 4-5, an example arrester plate 216 is
shown including an open step volume 348. Step volume 348
is a hollow volume behind transition portion dirt chamber
face 364;. As shown, step volume 348 is bordered by
transition portion 316 to one side and by first portion 308
above.

FIGS. 11-13 exemplify an embodiment of arrester plate
216 in which step volume 348 is closed by a closure portion
352 of dirt chamber face 224. As shown, closure portion 352
may be opposed to transition portion cyclone chamber face
320, and to at least a portion of first portion of cyclone
chamber face 320,. By closing step volume 348, a smoother
dirt chamber face of plate 216 is provided which may reduce
eddy currents in the dirt collection chamber and facilitate
dirt settling in the dirt collection chamber and not being
reintrained into the cyclone chamber.

Closure portion 352 may have any configuration suitable
to close step volume 348. In some embodiments, closure
portion 352 may be free of concavities (e.g. entirely planar
as shown, entirely convex, or include both planar and
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convex portions). In the illustrated example, closure portion
352 extends from a first end 356 proximate dirt chamber face
364, of second portion 312 towards or across cyclone axis
242 to second end 360 within dirt chamber face 364, of first
portion 308.

FIGS. 11-13 exemplify an example in which closure
portion second end 360 is proximate cyclone axis 242.
FIGS. 14-16 exemplify an example of arrester plate 216 in
which cyclone axis 288 is located between closure portions
first and second ends 356 and 360. FIGS. 17-19 exemplify
another example of arrester plate 216 in which cyclone axis
288 is located between closure portions first and second ends
356 and 360.

Closure portion 352 may extend transverse (i.e. non-
parallel) to cyclone axis 242. For example, FIGS. 11-13 and
14-16 show examples of arrester plate 216 in which closure
portion 352 is neither parallel nor perpendicular to cyclone
axis 242. As shown, closure portion first end 356 may be
axially and laterally spaced apart from closure portion
second end 360. In the illustrated example, closure portion
first end 356 is axially spaced from closure portion second
end 360 away from cyclone chamber first end 228. FIGS.
17-19 show an example of arrester plate 216 in which
closure portion first end 356 is axially aligned and laterally
spaced apart from closure portion second end 360.

Referring again to FIGS. 11-13, closure portion 352 may
be oriented so that it diverges from cyclone chamber face
320, of transition portion 316 in a direction away from
arrester plate second portion 312. As shown, closure portion
second end 360 may be spaced farther from cyclone cham-
ber face 320, of transition portion 316 than closure portion
first end 356.

Dirt chamber face 224 may have one or more disconti-
nuities. For example, FIGS. 11-13 and 14-16 illustrate
arrester plates 216 having a dirt chamber face 224 with a
discontinuity 368 at the juncture of closure portion 352 and
dirt chamber face 364, of second portion 312. The discon-
tinuity is preferably rounded so as to avoid a sharp angle. In
other embodiments, dirt chamber face 224 may be entirely
continuous. For example, FIGS. 17-19 show an arrester
plate 216 having a dirt chamber face 224 that is entirely
planar. In the illustrated example, dirt chamber face 224 is
perpendicular to cyclone axis 242. In other embodiments,
dirt chamber face 224 may be oriented non-perpendicular
and non-parallel to cyclone axis 242.

Plate first portion 308 may have an axial thickness 372,
greater than axial thickness 372, of plate second portion 312.
FIGS. 17-19 show an example arrester plate 216 having a
plate first portion 308 with a uniform thickness 372, that is
greater than thickness 372, of plate second portion 312.
FIGS. 11-13 and 14-16 show example arrester plates 216
having a plate first portion 308 with a thickness 372, that
increases towards transition portion 316. As shown, plate
thickness 372, may increase between closure portion first
and second ends 356 and 360 towards first end 356.
Radially Extending Gap

In accordance with this feature, the dirt collection cham-
ber is external to the cyclone chamber and the dirt outlet
from the cyclone chamber comprises or consists of a radially
extending gap between the arrester plate and the cyclone
chamber sidewall. In accordance with this feature, at least
one part of the arrester plate is recessed inwardly such that,
for a portion of the perimeter of the plate, a larger radial
distance is provided between the cyclone chamber sidewall
and the perimeter of the plate. Providing the larger radial
distance may create a relatively larger dirt outlet gap
between the cyclone chamber sidewall and the recessed part
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of the arrester plate periphery, which can allow larger debris
to pass through the dirt outlet.

Without being limited by theory, as compared with an
entirely circular arrester plate which provides a generally
uniformly sized dirt outlet gap, varying the radial gap may
provide greater separation efficiency (i.e. percentage of dirt
particles of a dirty air flow separated from the air flow and
retained in the dirt collection chamber) by permitting larger
dirt particles to exit the cyclone chamber thereby reducing
the likelihood that larger dirt particles in the cyclone cham-
ber may produce eddy currents or otherwise interfere with
the flow pattern in a cyclone chamber. Thus, a radially
variable arrester design may allow the dirt collection cham-
ber to admit large dirt particles (e.g. stones, dry foods, etc.)
while providing a high separation efficiency.

In accordance with this design, the spacing generally may
include a first portion that extends around a first portion of
the perimeter of the plate and a second portion that extends
around a second portion of the perimeter of the plate wherein
the second portion of the spacing has a larger length in a
radial direction in a plane of the plate than the first portion
of the spacing. The larger length may be produced by a
second part of the plate having the second portion of the
perimeter having a different diameter or shape than a first
part of the plate having the first portion of the perimeter.

It will be appreciated that, in addition, the second part of
the plate may have a greater distance between the cyclone
chamber face of the plate and the first or inlet end of the
cyclone chamber than a distance of the first part of the plate
and the first end of the cyclone chamber. Alternately, or in
addition, the axial length of the cyclone chamber sidewall
may vary around the perimeter of the cyclone chamber
sidewall.

FIGS. 20 to 24 show an example of cyclone bin assembly
having both arrester plate 216 and cyclone chamber sidewall
240 shaped to define a cyclone dirt outlet 190 formed by
both an radially extending gap and a vertically extending
gap between cyclone chamber sidewall 240 and the arrester
plate 216. Accordingly, the size of the gap varies around the
perimeter of the arrester plate 216 and it also varies in
different directions.

As exemplified in FIGS. 20 and 23A, a first part 380 of
arrester plate 216 has a diameter D, that is smaller than the
diameter D, of cyclone chamber 154 and, a second part 381
of arrester plate 216 has a diameter D, that is larger than the
diameter D, of first part 380, and may be the same or larger
than the diameter D; of cyclone chamber 154. Referring to
FIG. 21, it can be seen that a projection of the cyclone
chamber sidewall 240 does not intersect first part 380 of
arrester plate 216 (the first part of the plate is located radially
inwardly of the cyclone chamber sidewall) but intersects the
second part 381 of arrester plate 216 (the perimeter of the
second part of the plate underlies the free end 296 of cyclone
chamber sidewall 240, e.g., an extension of the sidewall
would intersect the outermost end of the second part of the
plate). Further, as exemplified in FIG. 21, the cyclone
chamber face 220 may be in the plane defined by the free end
296 of the portion of cyclone chamber sidewall 240 having
length L,. Accordingly, along the perimeter of first part 380,
a first portion of the dirt outlet 190 is defined solely by a
radially extending gap having a radial gap length 292a.
However, along the perimeter of second part 381, a first
length L, of the cyclone chamber sidewall 240 is shorter
than a second length L, of the cyclone chamber sidewall 240
at the first part of the perimeter of the arrester plate 216. As
exemplified, a shorter length L, is provided by a vertical or
axially extending edge 383, of the sidewall 240 so as to
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provide a vertical recess 384. Accordingly, along the perim-
eter of second part 381, a second portion of the dirt outlet
190 is defined solely by a vertically extending gap between
the cyclone chamber face 220 and the free end 296 of
cyclone chamber sidewall 240, which has a vertical gap
length 29256. Accordingly, the spacing between the cyclone
chamber sidewall and the plate around the first part of the
perimeter is larger than the spacing between the cyclone
chamber sidewall and the plate around the second part of the
perimeter and therefore, the spacing has a larger length in the
radial direction. Concurrently, due to the vertical recess 384,
the spacing around the second portion of the plate in the
vertical direction of the plane of the sidewall (the direction
of the cyclone axis) has a longer length than the first part of
the plate.

As further shown in FIG. 22, the free end 296 of cyclone
chamber sidewall 240 may also have a shorter length along
a portion of the perimeter of first part 380. Accordingly,
along this part of the perimeter, a third portion of the dirt
outlet 190 is formed by both a radially extending gap having
a radial gap length 292a and a vertically extending gap
having a vertical gap length 2925. Accordingly, for this third
portion of the dirt outlet 190, the gap length 292 therefore
equates to the shortest distance between the perimeter of the
arrester plate 216 and the cyclone chamber sidewall 240 and
is generally non-perpendicular to the chamber facing surface
of the arrester plate 216 and non-planar with the cyclone
chamber sidewall 240.

It will be appreciated that by providing a radially recessed
first part 380 of plate 216, a smaller dirt outlet gap length
292 is provided for part of the perimeter of the plate, while
varying the length of the cyclone chamber sidewall 240 may
provide, alone or in conjunction with the recessed first part
380 of the plate, a larger dirt outlet gap length 292 for
another part of the perimeter of the plate.

As exemplified in FIG. 23A, the first part 380 of the
arrester plate 216, which has a diameter that is less than the
diameter of the cyclone chamber 154, is generally linear. It
will be appreciated that this part need not be linear but may
be curved (e.g., concave is shape) or may be stepped
inwardly so as to define a recess 382. It will also be
appreciated that only portion of this part may be generally
linear or curved. As also exemplified, the second part (the
front and rear parts as exemplified) of plate 216 are curved.
The front and rear parts may have the same curvature or
radius or, as exemplified, they may differ. However, the
perimeter of part or all of the second part need not be curved.
As exemplified in FIGS. 32A and 32B, part of the perimeter
of the second part (the front of plate 216) is linear so as to
define a generally D-shaped plate 216.

It will also be appreciated that, in an alternate embodi-
ment, all of the cyclone chamber face 220 may be spaced
axially from the plane defined by the free end 296 of the
portion of cyclone chamber sidewall 240 having length L, in
a direction away from first end 228.

As exemplified in FIG. 25, some of plate 216 may be
spaced axially from the plane defined by the free end 296 of
the portion of cyclone chamber sidewall 240 having length
L, in a direction towards first end 228. In this example, a
portion of the cyclone chamber sidewall 240 extends below
the top surface of the arrester plate 216 such that a radial
projection of the top surface of the arrester plate 216
intersects the cyclone chamber sidewall 240. In this
example, at the part of the arrester plate 216 where the
portion of the cyclone chamber sidewall 240 extends below
the top surface is at a rear part of the arrester plate 216, but
it should be understood that any portion of the cyclone
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chamber sidewall 240 may extend below the top surface of
the arrester plate 216. A radially extending gap having a
radial gap length 2924 is shown at the rear part of the arrester
plate 216. It will be appreciated that a vertically extending
gap having a gap length 29256 is provided at the portion of
the cyclone chamber sidewall that extends below the top
surface of the of the arrester plate 216. In this manner, a
piece of debris passing from the cyclone chamber 154 to the
dirt collection chamber 156 passes over perimeter of the
arrester plate 216 and downward through the radially
extending portion of the gap to the dirt collection chamber.

It will be appreciated that the transition between the first
length L, of the cyclone chamber sidewall 240 and the
second length L, of the cyclone chamber sidewall 240 can
be anywhere along the perimeter of the arrester plate 216.

As also exemplified in FIGS. 25 and 26, a variable length
of the cyclone chamber sidewall 240 may be provided by
other than having an axially extending edge 383. For
example, as exemplified in FIGS. 25 and 26, free end 296 of
cyclone chamber sidewall 240 may extend at an angle to the
cyclone axis (free end 196 of the cyclone chamber sidewall
240 may have a constantly, e.g. linearly, increasing length
between the first part of the arrester plate 216 and the second
part of the arrester plate 216). Alternately, as exemplified in
FIG. 29, only a portion of free edge 296 may be at an angle
or, as exemplified in FIG. 31, it may be curved so as to
provide a curved transition.

In the embodiment of FIG. 25, plate 216 may have a
length such that a front part of the arrester plate 216 extends
to the cyclone chamber sidewall 240 such that a projection
of the cyclone chamber sidewall 240 intersects the arrester
plate 216. If plate 216 has the same shape as shown in FIG.
23B, then along the perimeter of second part 381, only a
vertical gap may be provided. An annular and a vertical gap
may be provided along the perimeter of first part 380. It
should be noted that the vertically extending gap having a
vertical gap length 2925 at the front part of the arrester plate
216 and the vertically extending gap having a vertical gap
length 2926 at the rear part of the arrester plate 216 may
have same or different vertical gap lengths.

In the embodiment of FIG. 26, plate 216 may extend
forwardly the same amount as in FIG. 25 such that the front
part of the arrester plate 216 extends to the cyclone chamber
sidewall 240 such that a projection of the cyclone chamber
sidewall 240 intersects the arrester plate 216. However, in
this embodiment, unlike FIG. 25, a rear part of the plate
abuts the rear part of cyclone chamber sidewall 240. In this
example, the constantly increasing length of the cyclone
chamber sidewall 240 begins at the front part of the arrester
plate 216 where the gap forming the cyclone dirt outlet 190
includes a vertically extending gap having a vertical gap
length 2924. The vertical gap length 2925 then decreases in
length along the arrester plate 216 towards a rear part of the
arrester plate 216, terminating at the rear part of the arrester
plate 216 where the vertical gap length 2925 is zero. If plate
216 has the same shape as shown in FIG. 23B, then along the
perimeter of second part 381, only a vertical gap may be
provided. An annular and a vertical gap may be provided
along the perimeter of first part 380, except for the part that
abuts the cyclone chamber sidewall 240. It will be appreci-
ated that plate 216 may be axially spaced from free end 196
of'the cyclone chamber sidewall 240 so as to define a smaller
vertical gap 2925 at the rear end of plate 216.

FIG. 27 exemplifies an embodiment similar to that of FIG.
21. However, unlike the embodiment of FIG. 21, plate 26
has a diameter that is the same as the diameter of the cyclone
chamber. As cyclone chamber face 220 is in the plane
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defined by the free end 296 of the portion of cyclone
chamber sidewall 240 having length L,, in the embodiment
of FIG. 27, the rear end of plate 216 abuts the free end of
cyclone chamber sidewall 240 in a similar manner to what
is shown in FIG. 26. It will be appreciated that plate 216 may
be axially spaced from free end 196 of the cyclone chamber
sidewall 240 so as to define a smaller vertical gap 2926 at the
rear end of plate 216.

It will be appreciated that two or more larger portions of
the dirt outlet 190 may be provided. For example, as
exemplified in FIG. 22, two recesses 384 may be provided
instead of or in addition to the larger dirt outlet provided by
the vertical recess 384, in the cyclone chamber sidewall.
Alternately, two or more vertical recesses 384, may be
provided. Examples of such embodiments are provided in
FIGS. 28 and 30.

As exemplified in FIG. 28, the cyclone dirt outlet 190
comprises a first cyclone dirt outlet portion 190¢ and a
second cyclone dirt outlet portion 1905. As exemplified, the
first cyclone dirt outlet portion 190a is formed at a front part
of the arrester plate 216 and the second cyclone dirt outlet
portion 1905 is formed at a rear part of the arrester plate 216.
The first cyclone dirt outlet portion 190a is formed by a
vertically extending gap having a vertical gap length 2925
and the second cyclone dirt outlet portion 1905 is formed by
a vertically extending gap also having a vertical gap length
292p. It should be noted that the first cyclone dirt outlet
portion 190a and the second cyclone dirt outlet portion 1905
may be the same as exemplified or they may have different
vertical gap lengths. The first cyclone dirt outlet portion
190a and the second cyclone dirt outlet portion 1905 are
separated by a second portion 386 of the cyclone chamber
sidewall 240 having a length L, that is longer than the length
L, of a first portion 385 of the cyclone chamber sidewall 240
defining the cyclone dirt outlets portion 190a, 1905. As
exemplified, the length L, of the second portion 386 of the
cyclone chamber sidewall 240 extends to the second part of
the arrester plate 216 where the vertical gap length 2925 is
zero (i.e. the free end 296 of cyclone chamber sidewall 240
abuts the arrester plate 216). It will be appreciated that plate
216 may be axially spaced from free end 296 of the cyclone
chamber sidewall 240 so as to define a smaller vertical gap
2925 at this location.

In the example shown in FIG. 28, the transitions between
the first length of the cyclone chamber sidewall 240 and the
second length of the cyclone chamber sidewall 240 are
generally vertical and can be anywhere along the perimeter
of the arrester plate 216. Alternately, as exemplified in FIG.
29, the transition between the first length of the cyclone
chamber sidewall 240 and the second length of the cyclone
chamber sidewall 240 need not be vertical but rather may be
gradual. For example, as exemplified, free end 296 may
extend linearly at an angle to the cyclone axis such that the
length of the first portion of the cyclone chamber sidewall
240 gradually increases in a linear fashion as the cyclone
chamber sidewall 240. extends towards a rear part of the
arrester plate 216. Alternately, free end 296 may be curved
as exemplified in FIG. 31).

It will also be appreciated that a portion of plate 216 may
extend radially outwardly of cyclone chamber sidewall 240.
Also exemplified in FIGS. 29 and 31, the front part of the
arrester plate 216 extends beyond a projection of the cyclone
chamber sidewall 240 such that the projection of the cyclone
chamber sidewall 240 intersects the arrester plate 216. If
plate 216 has the same shape as shown in FIG. 23B, then at
the front of the cyclone chamber, the cyclone dirt outlet 190
is formed by a vertically extending gap having a vertical gap
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length 2925 and a radially extending gap having a radial gap
length 2924 is provided along the lateral sides of the plate
216.

It will be appreciated that, in any of the forging embodi-
ments, the second part of the perimeter of the plate 216 may
have a greater distance between the cyclone chamber face of
the plate 216 and the first end of the cyclone chamber 154
than a distance of the first part of the plate 216 and the first
end of the cyclone chamber 154. For example, FIGS. 33Ato
39B show further examples of cyclone bin assemblies
wherein a variable sized dirt outlet is provided using an
axially stepped plate 216 and a cyclone chamber sidewall
240 having a variable length. Optionally, as shown in these
examples, the plate 216 may have different diameters in
different directions (as exemplified in FIG. 23B and/or
radially inward recesses as exemplified in FIG. 22. Accord-
ingly, in FIGS. 33A to 39B cyclone dirt outlet 190 is formed
at least partially by a vertically extending gap and a radially
extending gap between cyclone chamber sidewall 240 and
the arrester plate 216. In these examples, the shape of the
cyclone chamber sidewall 240 and the shape of the arrester
plate 216 each vary to define the gap forming cyclone dirt
outlet 190.

In the example shown in FIGS. 33 A and 33B, a front part
of'the arrester plate 216 is vertically stepped downwardly (as
previously described) and the front portion of the cyclone
chamber sidewall 240 has a shorter length than a rear portion
of the cyclone chamber sidewall, thereby creating a verti-
cally extending gap of vertical gap length 2925, at the front
part of the arrester plate 216 and a vertically extending gap
of'vertical gap length 2925, at a side part of the arrester plate
216 rearward of the vertical step of the arrester plate 216. In
addition, as the plate is shaped like the plate exemplified in
FIG. 23B, a radial extending gap of radial gap length 292«
is also provided on the lateral sides of plate 216. Accord-
ingly, the spacing between the cyclone chamber sidewall and
the plate around the first part of the perimeter is larger than
the spacing between the cyclone chamber sidewall and the
plate around the second part of the perimeter and therefore,
the spacing has a larger length in the radial direction.
Concurrently, due to the stepped arrester design, the spacing
around the second portion of the plate in the vertical
direction of the plane of the sidewall (the direction of the
cyclone axis) has a longer length than the first part of the
plate.

In the example shown in FIGS. 34A and 34B, part of the
forward part of the arrester plate 216 that is vertically
stepped downwardly (as previously described) extends
beyond (radially outwardly of) a projection of the front
portion of the cyclone chamber sidewall 240. Accordingly,
the dirt outlet comprises a radial extending gap of radial gap
length 2924 that is provided on the lateral sides of plate 216,
a vertically extending gap of vertical gap length 2925, at the
sides of the forward part of the plate 216 and a larger
vertically extending gap of vertical gap length 29252 at the
front of the forward part of the plate 216. It will be
appreciated that gap length 2925, may be larger than gap
length 2925,.

The example shown in FIGS. 35A and 35B is similar to
that of FIGS. 34A and 34B except that the entirety of the
forward part of the arrester plate 216 that is vertically
stepped downwardly (as previously described) extends
beyond a projection of the front portion of the cyclone
chamber sidewall 240. Accordingly the dirt outlet comprises
a radial extending gap of radial gap length 2924 that is
provided on the lateral sides of plate 216, a vertically
extending gap of vertical gap length 2925, at the sides of the
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forward part of the plate 216 and a shorter vertically
extending gap of vertical gap length 2925, at the front of the
forward part of the plate 216.

The example shown in FIGS. 36A and 36B is similar to
that of FIGS. 34A and 34B except that only the stepped
down portion underlies the free edge 296 of the cyclone
chamber sidewall such that the vertical gap is defined
between the stepped down portion and the free edge 296.

The example shown in FIGS. 37A and 37B is similar to
that of FIGS. 34 A and 34B except that transition portion 316
underlies the free edge 296 of the cyclone chamber sidewall.

The example shown in FIGS. 38A and 38B is similar to
that of FIGS. 34A and 34B except that all of the stepped
down portion is positioned radially outwardly of the cyclone
chamber sidewall 240.

In the example shown in FIGS. 39A and 39B, the front
part of the arrester plate 216 is vertically sloped downwardly
and towards the front of the cyclone chamber assembly to
form the vertically extending gap of vertical gap length
292b, at the front part of the arrester plate 216.

While the above description provides examples of the
embodiments, it will be appreciated that some features
and/or functions of the described embodiments are suscep-
tible to modification without departing from the spirit and
principles of operation of the described embodiments.
Accordingly, what has been described above has been
intended to be illustrative of the invention and non-limiting
and it will be understood by persons skilled in the art that
other variants and modifications may be made without
departing from the scope of the invention as defined in the
claims appended hereto. The scope of the claims should not
be limited by the preferred embodiments and examples, but
should be given the broadest interpretation consistent with
the description as a whole.

The invention claimed is:

1. A surface cleaning apparatus comprising:

(a) an air flow path extending from a dirty air inlet to a

clean air outlet;

(b) a cyclone and a suction motor provided in the air flow
path;

(c) the cyclone comprising a cyclone chamber having a
central longitudinal axis, the cyclone having a first end
having a first end wall, an axially spaced apart second
end, a cyclone chamber sidewall located between the
first and second ends, a cyclone air inlet provided at the
first end, a cyclone air outlet provided at the first end
and a dirt outlet provided at the second end, wherein the
first end of the cyclone chamber sidewall is located at
the first end of the cyclone and the second end of the
sidewall is spaced from the first end;

(d) a plate located at the second end, the plate having a
plate perimeter, a cyclone chamber face that faces
towards the first end; and,

(e) a dirt collection region in communication with the
cyclone chamber via the dirt outlet,

wherein the dirt outlet comprises a spacing between the
cyclone chamber sidewall and the plate, which spacing
extends around the entire plate perimeter, and

wherein the spacing comprises a first portion that extends
around a first portion of the perimeter and a second
portion that extends around a second portion of the
perimeter, wherein the second portion of the spacing
has a larger length in at least one of the following
directions:

(1) a vertical direction in a plane of the sidewall; and,
(ii) a radial direction in a plane of the plate, and
wherein the larger length is produced by at least one of:
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(iii) a second part of the plate defining the second
portion of the perimeter of the plate having a differ-
ent diameter than a diameter of a first part of the plate
defining the first portion of the perimeter of the plate;
and,

(iv) the second part the plate having a greater distance
between the cyclone chamber face of the plate and
the first end of the cyclone chamber than a distance
of the first part of the plate and the first end of the
cyclone chamber.

2. The surface cleaning apparatus of claim 1 wherein a
projection of the sidewall intersects the plate and the spacing
comprises a gap between the second end of the sidewall and
the cyclone chamber face of the plate.

3. The surface cleaning apparatus of claim 2 wherein the
larger length is produced by the second part of the plate
having a greater distance between the cyclone chamber face
of the plate and the first end of the cyclone chamber than a
distance of the first part of the plate and the first end of the
cyclone chamber.

4. The surface cleaning apparatus of claim 2 wherein the
larger length is also produced by a portion of the sidewall
located at the second portion having a shorter axial length
than another portion of the sidewall.

5. The surface cleaning apparatus of claim 1 wherein the
plate has a smaller diameter that a diameter of the cyclone
chamber whereby a projection of the sidewall extends
radially outwardly of the plate and the spacing comprises a
gap between the perimeter of the plate and the sidewall.

6. The surface cleaning apparatus of claim 5 wherein the
larger length is produced by the second part of the plate
having a different diameter than a diameter of the first part
of the plate.

7. The surface cleaning apparatus of claim 6 wherein the
second portion of the perimeter of the plate is generally
linear.

8. The surface cleaning apparatus of claim 6 wherein the
second portion of the perimeter of the plate is stepped
inwardly in the plane of the plate from the first portion of the
perimeter of the plate.
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9. The surface cleaning apparatus of claim 5 wherein the
perimeter of the plate faces the sidewall.

10. The surface cleaning apparatus of claim 5 wherein the
plate is positioned axially spaced below the second end of
the sidewall.

11. The surface cleaning apparatus of claim 1 wherein a
projection of the sidewall intersects only a part of the plate
and the spacing comprises a vertically extending gap
between the second end of the sidewall and the cyclone
chamber face of the plate and a radially extending gap
between the perimeter of the plate and the sidewall.

12. The surface cleaning apparatus of claim 11 wherein
the larger length is produced by the second part of the plate
having a greater distance between the cyclone chamber face
of the plate and the first end of the cyclone chamber than a
distance of the first part of the plate and the first end of the
cyclone chamber and by the second part of the plate having
a different diameter than a diameter of the first part of the
plate.

13. The surface cleaning apparatus of claim 12 wherein
the larger length is also produced by a portion of the sidewall
located at the second portion having a shorter axial length
than another portion of the sidewall.

14. The surface cleaning apparatus of claim 12 wherein
the second portion of the perimeter of the plate is generally
linear.

15. The surface cleaning apparatus of claim 12 wherein
the second portion of the perimeter of the plate is stepped
inwardly in the plane of the plate from the first portion of the
perimeter of the plate.

16. The surface cleaning apparatus of claim 12 wherein
the perimeter of the plate faces the sidewall.

17. The surface cleaning apparatus of claim 12 wherein
the plate is positioned axially spaced below the second end
of the sidewall.

18. The surface cleaning apparatus of claim 1 wherein the
dirt collection chamber is located below the plate.
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