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MULTISTAGE CYCLONE AND SURFACE
CLEANING APPARATUS HAVING SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-part of co-pending
U.S. patent application Ser. No. 15/391,128, filed Dec. 27,
2016, entitled MULTISTAGE CYCLONE AND SURFACE
CLEANING APPARATUS HAVING SAME, the entirety of
which is incorporated herein by reference.

FIELD

The present subject matter of the teachings described
herein relates generally to a hand carryable surface cleaning
apparatus. In a preferred embodiment, the hand carryable
surface cleaning apparatus comprises a handheld vacuum
cleaner. In addition, this application also relates to a multi-
stage cyclone design which may be used in a hand carryable
surface cleaning apparatus

BACKGROUND

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.
Surface cleaning apparatus include vacuum cleaners. Cur-
rently, a vacuum cleaner typically uses at least one cyclonic
cleaning stage. More recently, cyclonic hand vacuum clean-
ers have been developed. See for example, U.S. Pat. No.
7,931,716 and US 2010/0229328. Each of these discloses a
hand vacuum cleaner which includes a cyclonic cleaning
stage. U.S. Pat. No. 7,931,716 discloses a cyclonic cleaning
stage utilizing two cyclonic cleaning stages wherein both
cyclonic stages have cyclone axis of rotation that extends
vertically. US 2010/0229328 discloses a cyclonic hand
vacuum cleaner wherein the cyclone axis of rotation extends
horizontally and is co-axial with the suction motor. In
addition, hand carriable cyclonic vacuum cleaners are also
known (see U.S. Pat. Nos. 8,146,201 and 8,549,703).

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.

In accordance with a first aspect of the teachings
described herein, a multistage cyclone construction com-
prises a first stage cyclone and a second stage cyclone that
is at least partially nested, and may be fully nested, in the
first stage cyclone, wherein the second stage cyclone has
multiple air inlets and has an axial cyclone length that is
shorter than the axial cyclone length of the first stage
cyclone. An advantage of this design is that a compact
cyclone assembly may be provided which may be advanta-
geously used in a hand vacuum cleaner. Provided a smaller
cyclone assembly for a hand vacuum cleaner reduces the
size of the hand vacuum cleaner enabling a smaller design
which may be more maneuverable, may enable cleaning
closer to a corner and may have a better hand weight.

In accordance with this aspect, there is provided a hand
vacuum cleaner comprising:
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(a) a first stage cyclone having a first stage cyclone
chamber, a first stage cyclone air inlet, a first stage
cyclone air outlet and a first stage longitudinal cyclone
axis about which the air rotates in the first stage cyclone
chamber, the first stage cyclone chamber having a
length in a direction of the first stage longitudinal
cyclone axis; and,

(b) a second stage cyclone downstream from the first
stage cyclone and at least substantially nested in the
first stage cyclone, the second stage cyclone having a
second stage cyclone chamber, a plurality of second
stage cyclone air inlets, a second stage cyclone air
outlet and a second stage longitudinal cyclone axis
about which the air rotates in the second stage cyclone
chamber, the second stage cyclone chamber having a
length in a direction of the second stage longitudinal
cyclone axis, wherein the length of the second stage
cyclone chamber is shorter than the length of the first
stage cyclone chamber.

In some embodiments, the second stage cyclone chamber

may be fully nested in the first stage cyclone chamber.

In some embodiments, the hand vacuum cleaner may
further comprise a first stage dirt collection chamber which
is external to the first stage cyclone chamber and receives
dirt from the first stage cyclone chamber via a first stage dirt
outlet.

In some embodiments, the first stage dirt outlet may be
provided in a sidewall of the first stage cyclone.

In some embodiments, the hand vacuum cleaner may
further comprise a hand vacuum cleaner air inlet conduit
having a direction of flow and the first and second stage
longitudinal cyclone axis may be generally parallel to the
direction of flow.

In some embodiments, the air inlet conduit may be located
above the first stage longitudinal cyclone axis.

In some embodiments, the hand vacuum cleaner air inlet
conduit may be located above the first stage cyclone.

In some embodiments, the hand vacuum cleaner may
further comprise a first stage dirt collection chamber which
is external to the first stage cyclone chamber and receives
dirt from the first stage cyclone chamber via a first stage dirt
outlet. The first stage dirt collection chamber may be below
the first cyclone chamber when the hand vacuum cleaner is
in use.

In some embodiments, the hand vacuum cleaner may
further comprise a first stage dirt collection chamber which
is external to the first stage cyclone chamber. The first stage
dirt collection chamber, the first stage cyclone chamber and
the second stage cyclone chamber may be openable concur-
rently.

In some embodiments, the hand vacuum cleaner may
further comprise a first stage dirt collection chamber which
is external to the first stage cyclone chamber and a second
stage dirt collection chamber. The first stage dirt collection
chamber, the first stage cyclone chamber and the second
stage dirt collection chamber may be openable concurrently.

In some embodiments, the hand vacuum cleaner may
further comprise a first stage dirt collection chamber which
is external to the first stage cyclone chamber and a second
stage dirt collection chamber. The first stage dirt collection
chamber, the first stage cyclone chamber, the second stage
cyclone and the second stage dirt collection chamber may be
openable concurrently.

In some embodiments, the second stage cyclone may
include 4 to 8 second stage cyclone air inlets.

In some embodiments, the combined cross-sectional area
of the second stage cyclone air inlets in a direction trans-
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verse to a flow direction therethrough may be about equal to
a cross sectional area of the second stage cyclone air outlet
in a direction transverse to a flow direction therethrough.

In some embodiments, the combined cross-sectional area
of the second stage cyclone air inlets in a direction trans-
verse to a flow direction therethrough may be about equal to
a cross sectional area of the first stage cyclone air inlet in a
direction transverse to a flow direction therethrough.

In some embodiments, each of the first and second stage
cyclones may have a front end and a rear and the first and
second stage cyclone air inlets are located at the same end.

In some embodiments, the second stage cyclone air may
be is located at an end of the second stage cyclone that is
opposed to the end having the plurality of second stage
cyclone air inlets.

In some embodiments, the suction motor may have a
suction motor axis that may intersect the first stage cyclone
chamber.

In some embodiments, the hand vacuum cleaner may
have a handle. When the hand vacuum cleaner is in use, the
handle may have an upper end and a lower end and one of
the ends may be attached to a body housing the suction
motor.

In some embodiments, the hand vacuum cleaner may
include a handle and when the hand vacuum cleaner is in
use, the handle may have an upper end that is attached to a
body housing the suction motor.

In some embodiments, the hand vacuum cleaner may
include a battery compartment positioned on a front side of
the handle.

In accordance with a second broad aspect of the teachings
described herein, which may be used alone or in combina-
tion with any other aspects, a cyclone construction utilizes
dual nested cyclones, wherein the second stage cyclone may
be partially or fully nested in the first stage cyclone, wherein
a screen is positioned around the exterior of the second stage
cyclone to define an air flow path that extends along at least
a substantial portion of the length of the second stage
cyclone, e.g., 70% or more, 80% or more, 90% or more or
95% or more of the length of the second stage cyclone. The
screen may have openings which enable the air circulating
in the first stage cyclone to maintain a similar direction of
rotation in the annular space between the screen and the
second stage cyclone.

An advantage of this design is that the annular space
between the screen and the second stage cyclone may define
a flow channel extending along a substantial portion of the
axial length of the second stage cyclone. Accordingly, the
screen enables air interior of the screen to travel to the
second stage cyclone inlet or inlets without interacting with
the air circulating in the first stage cyclone. Further, by
enabling the air to maintain a similar direction of rotation in
the annular space, the air will be circulating when it encoun-
ters the second stage cyclone inlet or inlets thereby enabling
the circulation in the second stage cyclone to be enhanced.

The cross sectional area of the annular space in a direction
transverse to the longitudinal axis of the second stage
cyclone may be proximate the cross sectional area of one or
more of the first stage cyclone inlet or inlets, the second
stage cyclone inlet or inlets and the second stage cyclone
outlets in the direction of flow of those inlets and outlets. By
providing a similar cross sectional flow area, the flow of air
through the annular space to the second stage cyclone air
inlet or inlets need not create back pressure. Preferably, the
cross sectional area of the annular space in a direction
transverse to the longitudinal axis of the second stage
cyclone may be £15%, +10% or £5% of the cross sectional
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area of one or more of the first stage cyclone inlet or inlets,
the second stage cyclone inlet or inlets and the second stage
cyclone outlets in the direction of flow of those inlets and
outlets.

In accordance with this second aspect, there is provided a
hand vacuum cleaner having a front end and a rear end, the
hand vacuum cleaner comprising:

(a) a first stage cyclone having a first stage cyclone
chamber, a first stage cyclone air inlet, a first stage
cyclone air outlet and a first stage longitudinal cyclone
axis about which the air rotates in the first stage cyclone
chamber, the first stage cyclone chamber having a
length in a direction of the first stage longitudinal
cyclone axis;

(b) a second stage cyclone downstream from the first
stage cyclone and at least substantially nested in the
first stage cyclone, the second stage cyclone having a
second stage cyclone chamber, a second stage cyclone
air inlet, a second stage cyclone air outlet and a second
stage longitudinal cyclone axis about which the air
rotates in the second stage cyclone chamber, the second
stage cyclone chamber having a length in a direction of
the second stage longitudinal cyclone axis; and,

(c) a screen positioned laterally outwardly from the sec-
ond stage cyclone and defining a passage positioned
between an inner side of the screen and the outer wall
of the second stage cyclone, the screen extending
axially at least about 70% of a length of the second
stage cyclone chamber.

In some embodiments, the screen may extend axially at
least about 80% of a length of the second stage cyclone
chamber, or at least about 90% of a length of the second
stage cyclone chamber.

In some embodiments, the second stage cyclone may have
a second stage dirt collection chamber located at one axial
end of the second stage cyclone chamber and the screen may
extend axially from a position proximate the second stage
dirt collection chamber to an opposed axial end of the
second stage cyclone chamber.

In some embodiments, the passage may have a cross
sectional area in a direction transverse to air flow there-
through and the cross sectional area of the passage may be
about equal to a cross sectional area of the first stage cyclone
air inlet in a direction transverse to a flow direction there-
through.

In some embodiments, the passage may have a cross
sectional area in a direction transverse to air flow there-
through and the cross sectional area of the passage may be
about equal to a cross sectional area of the second stage
cyclone air outlet in a direction transverse to a flow direction
therethrough.

In some embodiments, the second stage cyclone may have
a plurality of second stage cyclone air inlets and the passage
may have a cross sectional area in a direction transverse to
air flow therethrough. A combined cross-sectional area of
the second stage cyclone air inlets in a direction transverse
to a flow direction therethrough may be about equal to the
cross sectional area of the passage in a direction transverse
to air flow therethrough.

In some embodiments, the second stage cyclone air inlet
may be located at an end of the passage and may be provided
in a sidewall of the second stage cyclone chamber.

In some embodiments, the second stage cyclone air inlet
may include a vane extending into the passage and, in a
direction of air flow along the vane, having a downstream
end located at the sidewall of the second stage cyclone
chamber.
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In some embodiments, the screen may be made of metal.

In accordance with this second aspect, there is also
provided a vacuum cleaner comprising:

(a) a first stage cyclone having a first stage cyclone
chamber, a first stage cyclone air inlet, a first stage
cyclone air outlet and a first stage longitudinal cyclone
axis about which the air rotates in a rotational direction
in the first stage cyclone chamber;

(b) a second stage cyclone downstream from the first
stage cyclone and at least substantially nested in the
first stage cyclone, the second stage cyclone having a
second stage cyclone chamber, a second stage cyclone
air inlet, a second stage cyclone air outlet and a second
stage longitudinal cyclone axis about which the air
rotates in the second stage cyclone chamber; and,

(c) a screen positioned laterally outwardly from the sec-
ond stage cyclone and defining a passage positioned
between an inner side of the screen and the outer wall
of the second stage cyclone wherein the second stage
cyclone air inlet is located at an end of the passage and
directs air into the second stage cyclone chamber in the
rotational direction.

In some embodiments, the second stage cyclone air inlet
may be provided in a sidewall of the second stage cyclone
chamber.

In some embodiments, the second stage cyclone air inlet
may include a vane located in the passage and, in a direction
of air flow along the vane, having an upstream end located
proximate the screen and a downstream end located proxi-
mate the second stage cyclone chamber.

In some embodiments, the vane may be integrally formed
as part of a sidewall of the second stage cyclone chamber.

In some embodiments, the second stage cyclone may have
plurality of second stage cyclone air inlets each of which
comprises a vane.

In some embodiments, the screen may be made of metal,
and may have screen a plurality of openings at least some of
which extend in about the direction of rotation.

In some embodiments, a second stage outlet screen may
have a plurality of openings at least some of which extend
in about the direction of rotation.

In accordance with a third broad aspect of the teachings
described herein, that may be used alone or in combination
with other aspects, an air inlet passage for a cyclone is
provided. The air inlet passage has walls which define a
generally linear and preferably linear flow path. A projection
of the flow path extends from the end of the cyclone inlet to
a portion of the sidewall of the cyclone and may pass
through the interior volume of the cyclone exterior of the
cyclone air outlet (i.e., a vortex finder). Accordingly air
directed into the cyclone by a tangential cyclone air inlet
may be directed to circulate or cyclone within the cyclone
without contacting the cyclone air outlet. It has also been
determined that improved circulation or separation effi-
ciency may be obtained by constructing one and preferably
both walls of the inlet passage to be generally linear or linear
instead of arcuate.

In some embodiments the air inlet commences (has an
inlet end) in an annular channel exterior to the cyclone, such
as an annular flow channel between a screen surrounding a
cyclone and the cyclone itself. Such a construction may be
used if the cyclone is nested inside an outer cyclone and
therefore may comprise a second stage cyclone. The inlet
may therefore comprise a generally linear or linear wall that
extends in a downstream flow direction to a downstream
opening in a sidewall of the cyclone. The upstream wall of
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the opening may be the sidewall of the opening through the
sidewall of the cyclone which extends generally linearly or
linearly.

In accordance with this third aspect, there is provided a
vacuum cleaner comprising:

(a) an outer first stage cyclone having a first stage cyclone
chamber, a first stage cyclone air inlet and a first stage
longitudinal cyclone axis about which the air rotates in
the first stage cyclone chamber;

(b) an inner second stage cyclone downstream from the
inner first stage cyclone, the second stage cyclone
having a second stage cyclone chamber, a second stage
cyclone air inlet port, a second stage cyclone air outlet
and a second stage longitudinal cyclone axis about
which the air rotates in the second stage cyclone
chamber;

(c) a screen positioned laterally outwardly from the sec-
ond stage cyclone and defining a passage positioned
between an inner side of the screen and the outer wall
of the second stage cyclone wherein air exiting the
outer first stage cyclone enters the passage and flow
towards the second stage cyclone air inlet port; and,

(d) a directing member located in the passage, the direct-
ing member having, in the rotational direction, a direct-
ing surface facing towards the flow of air in the
passage, the directing surface extending from an
upstream end located in the passage and a downstream
end located proximate the second stage cyclone air inlet
port wherein the directing surface extends generally
linearly.

In some embodiments, the second stage cyclone air inlet
port may have an upstream edge and a downstream edge
spaced from the upstream edge around a periphery of the
second stage cyclone chamber by a second stage inlet port
width. The directing member may have a length from the
upstream end to the downstream end that is greater than the
second stage inlet port width.

In some embodiments, the second stage cyclone air inlet
port may have an upstream edge and a downstream edge and
a face of the upstream edge extends generally linearly.

In some embodiments, the second stage cyclone air outlet
may include a flow conduit spaced radially inwardly from an
inner surface of the second stage cyclone to define a flow
region therebetween. The directing member and the face of
the upstream side may define an inlet passage that extends
generally linearly. The inlet passage may have a longitudinal
flow axis and an extension of the face in the direction
parallel to the longitudinal flow axis may extend through the
flow region in the absence of intersecting the flow conduit.

In some embodiments, the inlet passage may have a cross
sectional area in a direction transverse to the longitudinal
flow axis and the flow region may have a cross sectional area
in a radial direction that is greater than the cross sectional
area of the inlet passage.

In some embodiments, the directing member may extend
part way across the passage whereby the upstream end is
spaced from the outer wall of the passage.

In some embodiments, the downstream end may be
located at the second stage cyclone air inlet port.

In some embodiments, the directing member may be
integrally formed as part of the sidewall of the second stage
cyclone chamber.

In some embodiments, the directing member may extend
to the outer wall of the passage.

In some embodiments, the downstream end may be
located at the second stage cyclone air inlet port.
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In accordance with this third aspect, there is also provided
vacuum cleaner comprising:

(a) a cyclone chamber having a cyclone air inlet port
provided in a sidewall of the cyclone chamber, a
cyclone air outlet and a longitudinal cyclone axis about
which the air rotates in the cyclone chamber in a
rotational direction;

(b) an air inlet passage having inner and outer passage
walls which extend axially along the cyclone, the
passage having a width between the inner and outer
passage walls in a direction transverse to cyclone axis;
and,

(c) a directing member located in the air inlet passage, the
directing member having a directing surface facing
towards the flow of air in the air inlet passage the
directing member having, in the rotational direction, an
upstream end located in the air inlet passage and a
downstream end located proximate the cyclone air inlet
port wherein the directing surface extends generally
linearly.

In some embodiments, the cyclone air inlet port may have
an upstream edge and a downstream edge and the directing
member may have a length from the upstream edge to the
downstream end that is greater than a width of the cyclone
air inlet port from the upstream side to the downstream side.

In some embodiments, the directing member may extend
part way across the passage whereby the upstream end is
spaced from the outer wall of the passage.

In some embodiments, the downstream end may be
located at the cyclone air inlet port.

In some embodiments, the directing member may be
integrally formed as part of the sidewall of the cyclone
chamber.

In some embodiments, the cyclone air inlet port may have
an upstream edge and a downstream edge and a face of the
upstream side may extend generally linearly.

In some embodiments, the cyclone air outlet may include
a flow conduit spaced radially inwardly from an inner
surface of the cyclone to define a flow region therebetween.
The directing member and the face of the upstream edge
may define an inlet passage that extends generally linearly.
The inlet passage may have a longitudinal flow axis and an
extension of the face in a direction parallel to the flow axis
may extend through the flow region in the absence of
intersecting the flow conduit.

In some embodiments, the inlet passage may have a cross
sectional area in a direction transverse to the longitudinal
flow axis and the flow region may have a cross sectional area
in a radial direction that is greater than the cross sectional
area of the inlet passage.

In some embodiments, the directing member may extend
to the outer wall of the passage.

In some embodiments, the downstream end may be
located at the cyclone air inlet port.

In some embodiments, the directing member may be
integrally formed as part of the sidewall of the cyclone
chamber.

In some embodiments, the cyclone air inlet port may be
provided in a sidewall of the cyclone chamber.

In some embodiments, the cyclone chamber may have
plurality of cyclone air inlet ports each of which may include
a directing member.

In some embodiments, the inner passage wall may be a
sidewall of the cyclone chamber and the outer passage wall
may include a screen.

In accordance with a fourth broad aspect of the teachings
described herein, which may be used alone or in combina-
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tion with other aspects, a hand vacuum cleaner may include
a cyclone assembly having dual nested cyclonic stages in
series wherein at least one end of the cyclone stages is
openable to provide access to portions of each of the first and
second cyclonic stages. For example, two, three or all of the
first stage cyclone chamber, the first stage dirt collection
chamber, the second stage cyclone chamber and the second
stage dirt collection chamber may be concurrently openable
by opening the end of the cyclone assembly. An advantage
of this design is that the emptying of the cyclone assembly
may be simplified. Further, the cyclone assembly may be
emptied without removing the cyclone assembly from the
main body of the hand vacuum cleaner.

In accordance with this fourth aspect, there is provided a
hand vacuum cleaner having, the hand vacuum cleaner
comprising:

(a) a cyclone assembly having a front end and a rear end,

the cyclone assembly comprising:

(b) a first stage cyclone having a first stage cyclone
chamber and a first stage dirt collection chamber, the
first stage cyclone having a first stage cyclone air inlet,
a first stage cyclone air outlet and a first stage longi-
tudinal cyclone axis about which the air rotates in the
first stage cyclone chamber; and,

(c) a second stage cyclone downstream from the first stage
cyclone and at least partially nested in the first stage
cyclone, the second stage cyclone having a second
stage cyclone chamber and a second stage dirt collec-
tion chamber, the second stage cyclone having a second
stage cyclone chamber, a second stage cyclone air inlet,
a second stage cyclone air outlet and a second stage
longitudinal cyclone axis about which the air rotates in
the second stage cyclone chamber,

wherein the cyclone assembly has an openable end com-
prising at least one of the front end and the rear end, the
openable end is moveable and closes the first stage
cyclone chamber, the first stage dirt collection chamber,
the second stage cyclone chamber and the second stage
dirt collection chamber, whereby, when the openable
end is opened, the first stage cyclone chamber, the first
stage dirt collection chamber, the second stage cyclone
chamber and the second stage dirt collection chamber
are each opened.

In some embodiments, the first stage dirt collection cham-

ber may be external to the first stage cyclone chamber.

In some embodiments, the first stage cyclone chamber
may have a sidewall dirt outlet.

In some embodiments, the second stage dirt collection
chamber may be axially spaced from the second stage
cyclone chamber and may be separated therefrom by a
moveably mounted second stage cyclone chamber end wall
which is moveable concurrently with the openable end.

In some embodiments, the second stage cyclone chamber
axis may intersect the second stage dirt collection chamber.

In some embodiments, the moveably mounted second
stage cyclone chamber end wall may be axially spaced from
the openable end.

In some embodiments, a moveably mounted first stage
cyclone chamber end wall may be moveable concurrently
with the openable end and with the second stage cyclone
chamber end wall.

In some embodiments, the moveably mounted first stage
cyclone chamber end wall may be axially spaced from the
openable end and the second stage cyclone chamber end
wall.
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In some embodiments, a moveably mounted first stage
cyclone chamber end wall may be moveable concurrently
with the openable end.

In some embodiments, the moveably mounted first stage
cyclone chamber end wall may be axially spaced from the
openable end.

In some embodiments, the first stage cyclone chamber
may have a moveably mounted first stage cyclone chamber
end wall which is moveable concurrently with the openable
end. The second stage cyclone chamber may have a move-
ably mounted second stage cyclone chamber end wall which
is also moveable concurrently with the openable end.

In some embodiments, the moveably mounted first stage
cyclone chamber end wall may be axially spaced from the
openable end and the second stage cyclone chamber end
wall may also be axially spaced from the openable end.

In some embodiments, the moveably mounted first stage
cyclone chamber end wall may be axially spaced from the
second stage cyclone chamber end wall.

In some embodiments, the moveably mounted first stage
cyclone chamber end wall and the second stage cyclone
chamber end wall may be mounted to the openable end by
a common mount.

In some embodiments, the moveably mounted first stage
cyclone chamber end wall may be spaced axially outwardly
from the second stage cyclone chamber end wall and axially
inwardly from the openable end. The moveably mounted
first stage cyclone chamber end wall may have a larger cross
sectional area than the moveably mounted second stage
cyclone chamber end wall.

In some embodiments, the front end may be the openable
end.

In some embodiments, the second stage dirt collection
chamber may be external to the second stage cyclone
chamber and the second stage cyclone chamber has a
sidewall dirt outlet.

In some embodiments, the second stage dirt collection
chamber may be external to the second stage cyclone
chamber and may extend along at least a portion of a length
of the second stage cyclone chamber towards a rear end of
the second stage cyclone chamber and the openable end may
be the rear end of the cyclone assembly.

In some embodiments, the second stage dirt collection
chamber may be radially positioned between the first and
second stage cyclone chambers.

In accordance with a fifth another broad aspect of the
teachings described herein, which may be used alone or in
combination with other aspects, a cyclone assembly for a
hand vacuum cleaner may have a front openable end or door
wherein an air flow passage (e.g., a portion of the air flow
passage from an inlet nozzle to the cyclone inlet) is move-
able with the door. Accordingly, when the door is opened to
empty one, two, three or all of the first stage cyclone
chamber, the first stage dirt collection chamber, the second
stage cyclone chamber and the second stage dirt collection
chamber, the air flow passage may also be opened.

In accordance with this fifth aspect, there is provided a
hand vacuum cleaner having, the hand vacuum cleaner
comprising:

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

clean air outlet and including an inlet conduit;

(b) a first stage cyclone having a first stage cyclone

chamber and a first stage dirt collection region;

(c) a second stage cyclone downstream from the first stage

cyclone and at least partially nested in the first stage
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cyclone, the second stage cyclone having a second
stage cyclone chamber and a second stage dirt collec-
tion region; and,

(d) an openable front end moveable between a closed
position and an open position wherein, when the open-
able front end is in the open position, the first stage
cyclone, the second stage cyclone and the inlet conduit
are opened.

In some embodiments, the inlet conduit may be posi-

tioned above the second stage cyclone chamber.

In some embodiments, the dirty air inlet may be located
at a front end of the inlet conduit.

In some embodiments, the inlet conduit may sildeably
receive a cleaning wand.

In some embodiments, the inlet conduit may be posi-
tioned above the first stage cyclone chamber.

In some embodiments, the first stage dirt collection region
and the second stage dirt collection region may have a
forward most end wall. A portion of the inlet conduit may be
moveable with the front end. The portion of the inlet conduit
may have an inward end spaced inwardly from the front end.
The inward end may be positioned further inward than the
forward most end wall of at least one of the first and second
dirt collection regions.

In some embodiments, when the front end is opened, the
first stage dirt collection region and the second stage dirt
collection region may each be opened.

In some embodiments, the first stage dirt collection region
may be external to the first stage cyclone chamber.

In some embodiments, the second stage dirt collection
region may be external to the second stage cyclone chamber.

In some embodiments, when the front end is opened, the
first stage cyclone chamber, the first stage dirt collection
region and the second stage dirt collection region may each
be opened.

In some embodiments, when the front end is opened, the
first stage cyclone chamber, the first stage dirt collection
region, the second stage cyclone chamber and the second
stage dirt collection region may each be opened.

In some embodiments, the second stage dirt collection
region may be external to the second stage cyclone chamber.
The openable front end may have at least one wall that
extends inwardly from a proximal end located at the front
openable end to a distal end spaced inwardly from the
proximal end. When the distal end is open, the at least one
wall may define an open volume that comprises the second
stage dirt collection region. The open end may sealingly abut
a sidewall of the second stage cyclone when the front
openable end is closed.

In some embodiments, a portion of the second stage
cyclone may be positioned towards the openable end is
conical in shape.

In some embodiments, when the front end is opened, the
second stage cyclone chamber and the second stage dirt
collection region may each be opened.

In some embodiments, an upper end of the openable front
end may be pivotally mounted to the hand vacuum cleaner.

In accordance with this fifth aspect, there is also provided
a hand vacuum cleaner having, the hand vacuum cleaner
comprising:

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

clean air outlet and including an inlet conduit;

(b) a cyclone stage having a cyclone chamber and a dirt
collection region; and,

(c) an openable front end moveable between a closed
position and an open position wherein, when the open-
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able front end is in the open position, the cyclone and
the inlet conduit are opened,

wherein the inlet conduit is positioned above the cyclone

chamber

In some embodiments, the dirty air inlet may be located
at a front end of the inlet conduit.

In some embodiments, the inlet conduit may sildeably
receive a cleaning wand.

In some embodiments, the dirt collection region may have
a forward most end wall. A portion of the inlet conduit may
be moveable with the front end. The portion of the inlet
conduit may have an inward end spaced inwardly from the
front end and positioned further inward than the forward
most end wall of the dirt collection regions.

In some embodiments, the cyclone chamber may have an
openable end wall that is mounted to the openable front end
wall. The cyclone chamber may be opened when the open-
able front end is opened.

In some embodiments, an additional cyclonic stage may
have a cyclone chamber and a dirt collection region. When
the front end is opened, the dirt collection region of the
cyclone stage and the dirt collection region of the additional
cyclone stage may each be opened.

In some embodiments, the dirt collection region of the
cyclone stage may be external to the cyclone chamber of the
cyclone stage.

In some embodiments, the dirt collection region of the
additional cyclone stage may be external to the cyclone
chamber of the additional cyclone stage.

In some embodiments, an additional cyclonic stage may
have a dirt collection region. When the front end is opened,
the cyclone chamber of the cyclone stage, the dirt collection
region of the cyclone stage and the dirt collection region of
the additional cyclonic stage may each be opened.

In some embodiments, an additional cyclonic stage may
have a cyclone chamber and a dirt collection region. When
the front end is opened, the cyclone chamber of the cyclone
stage, the dirt collection region of the cyclone stage, the
cyclone chamber of the additional cyclonic stage and the dirt
collection region of the additional cyclonic stage may each
be opened.

In some embodiments, the dirt collection region may be
external to the cyclone chamber. The openable front end
may have at least one wall that extends inwardly from a
proximal end located at the front openable end to a distal end
spaced inwardly from the proximal end. When the distal end
is open, the at least one wall may define an open volume that
comprises the dirt collection region and the open end may
sealingly abut a sidewall of the cyclone when the front
openable end is closed.

In some embodiments, a portion of the cyclone positioned
towards the openable end may be conical in shape.

In some embodiments, when front end is opened, the
cyclone chamber and the dirt collection region may each be
opened.

In some embodiments, an upper end of the openable front
end may be pivotally mounted to the hand vacuum cleaner.

In accordance with a sixth broad aspect of the teachings
described herein, which may be used alone or in combina-
tion with another aspect, a hand vacuum cleaner is provided
with a dual stage cyclone assembly, which may be a dual
stage nested cyclone assembly, having an openable end. The
openable end opens and closes a dirt collection region as the
openable end is opened and closed. The openable end closes
the dirt collection region by abutting a sidewall of the dirt
collection region. An advantage of this aspect is that alter-
nate configurations of cyclone assembly may be used. Fur-
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ther, this aspect may enable the dirt collection region which
is so opened and closed to be located closer to a pivot point
of the openable end.

In accordance with this sixth aspect, there is provided a
hand vacuum cleaner having, the hand vacuum cleaner
comprising:

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

clean air outlet and including an inlet conduit;

(b) a first stage cyclone having a first stage cyclone
chamber and a first stage dirt collection region;

(c) a second stage cyclone downstream from the first stage
cyclone and at least partially nested in the first stage
cyclone, the second stage cyclone having a second
stage cyclone chamber and a second stage dirt collec-
tion chamber external to the second stage cyclone
chamber; and,

(d) an openable end moveable between a closed position
and an open position, the openable end comprising a
portion of the second stage dirt collection chamber,

wherein, when the openable end is in the open position,
the second stage dirt collection chamber is opened and
when the openable end is the closed positon, the
openable end contacts a sidewall of the second stage
cyclone chamber and the second stage dirt collection
region is closed

In some embodiments, the openable end may have at least
one wall that extends inwardly from a proximal end located
at the openable end to a distal end spaced inwardly from the
proximal end. When the distal end is open, the at least one
wall may define an open volume that comprises the second
stage dirt collection chamber and the open end may seal-
ingly abut the sidewall of the second stage cyclone when the
openable end is closed.

In some embodiments, the distal end may include a
gasket.

In some embodiments, the second stage cyclone chamber
may have an openable end wall that is mounted to the
openable end. The second stage cyclone chamber may be
opened when the openable end is opened.

In some embodiments, the openable end wall of the
second stage cyclone chamber may be positioned inwardly
from the openable end.

In some embodiments, at least a portion of the second
stage dirt collection chamber may be positioned between the
openable end and the openable end wall of the second stage
cyclone chamber.

In some embodiments, the openable end may include a
front openable end.

In some embodiments, when the openable end is opened,
the first stage dirt collection region may also be opened.

In some embodiments, the first stage dirt collection region
may be a first stage dirt collection chamber that is external
to the first stage cyclone chamber.

In some embodiments, when the openable end is opened,
the first stage cyclone chamber and the first stage dirt
collection region may also be opened.

In some embodiments, when the openable end is opened,
the first stage cyclone chamber, the first stage dirt collection
region and the second stage cyclone chamber may also be
opened.

In some embodiments, a portion of the second stage
cyclone positioned towards the openable end may be conical
in shape.

In some embodiments, an upper end of the openable end
may be pivotally mounted to the hand vacuum cleaner.
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In accordance with this sixth aspect, there is also provided
a hand vacuum cleaner having, the hand vacuum cleaner
comprising:

(a) a cyclone having a cyclone chamber and a dirt
collection chamber external to the cyclone chamber;
and,

(b) an openable end moveable between a closed position
and an open position, the openable end comprising a
portion of the dirt collection chamber,

wherein, when the openable end is in the open position,
the dirt collection chamber is opened and when the
openable end is the closed position, the openable end
contacts a sidewall of the cyclone chamber and the dirt
collection region is closed

In some embodiments, the openable end may have at least
one wall that extends inwardly from a proximal end located
at the openable end to a distal end spaced inwardly from the
proximal end, wherein when the distal end is open. The at
least one wall may define an open volume that includes the
dirt collection chamber and the open end may sealingly abut
the sidewall of the cyclone when the openable end is closed.

In some embodiments, the distal end may include a
gasket.

In some embodiments, the cyclone chamber may have an
openable end wall that is mounted to the openable end. The
cyclone chamber may be opened when the openable end is
opened.

In some embodiments, the openable end wall of the
cyclone chamber may be positioned inwardly from the
openable end.

In some embodiments, at least a portion of the dirt
collection chamber may be positioned between the openable
end and the openable end wall of the cyclone chamber.

In some embodiments, the openable end may include a
front openable end.

In some embodiments, a portion of the cyclone positioned
towards the openable end may be conical in shape.

In some embodiments, an upper end of the openable end
may be pivotally mounted to the hand vacuum cleaner.

In accordance with a seventh 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 with a suction motor positioned in the
air flow path;

b) a cyclone positioned in the air flow path, the cyclone
having a cyclone chamber, a cyclone chamber sidewall,
a plurality of tangential air inlets, a cyclone air outlet
and a longitudinal cyclone axis about which the air
rotates in the cyclone chamber, the cyclone chamber
having a length in a direction of the longitudinal
cyclone axis wherein air rotates in a direction of
rotation in the cyclone chamber, each of the tangential
air inlets comprises an inlet port provided in the
cyclone chamber sidewall, each inlet port has an
upstream edge and a downstream edge in the direction
of rotation; and,

¢) an air flow passage extending parallel to the cyclone
axis and upstream from the tangential air inlets, the air
flow passage having a terminal end at which the
plurality of tangential air inlets are located,

wherein each of the tangential air inlets has a terminal end
wall and a flow directing member is provided at the
downstream edge of one of the air inlet ports, the flow
directing member extends longitudinally from the ter-
minal end wall and also extends into the air flow
passage.
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In some embodiments, the flow directing members may
be generally linear.

In some embodiments, the flow directing members may
be configured to induce a rotational air flow within the
cyclone chamber.

In some embodiments, the flow directing members may
have a directing surface that generally faces an air flow in
the air flow passage.

In some embodiments, the air flow in the air flow passage
may comprise a rotational flow.

In some embodiments, the air flow passage may be
positioned exterior to the cyclone chamber sidewall.

In some embodiments, the cyclone may be a downstream
cyclone and a portion of the air flow passage is positioned
between the cyclone chamber sidewall and a screen for an
upstream cyclone.

In some embodiments, the downstream cyclone may be at
least partially nested in the upstream cyclone.

In some embodiments, the downstream cyclone may be
fully nested in the upstream cyclone.

In some embodiments, the air flow passage may have a
passage length in the longitudinal direction, the screen may
have a screen length in the longitudinal direction, the
downstream cyclone may have a cyclone length in the
longitudinal direction and each of the passage length and the
screen length may be at least 50% of the cyclone length.

In some embodiments, the cyclone may comprise 4 to 8
cyclone air inlets.

In some embodiments, a combined cross-sectional area of
the cyclone air inlets in a direction transverse to a flow
direction therethrough may be about equal to a cross sec-
tional area of the cyclone air outlet in a direction transverse
to a flow direction therethrough.

In some embodiments, a combined cross-sectional area of
the cyclone air inlets in a direction transverse to a flow
direction therethrough may be about equal to a cross sec-
tional area of a cyclone air inlet of the upstream cyclone in
a direction transverse to a flow direction therethrough.

In some embodiments, the cyclone air outlet may be
located at a same end of the cyclone as the cyclone air inlets.

In accordance with an eighth aspect, a surface cleaning
apparatus comprises:

a) a first stage cyclone having a first stage cyclone
chamber, a first stage cyclone air inlet, a first stage
cyclone air outlet and a first stage longitudinal cyclone
axis about which the air rotates in the first stage cyclone
chamber, the first stage cyclone air outlet comprising a
longitudinally extending screen;

b) a second stage cyclone downstream from the first stage
cyclone and at least substantially nested in the first
stage cyclone, the second stage cyclone having a sec-
ond stage cyclone chamber, a second stage cyclone
chamber sidewall, a plurality of second stage tangential
air inlets, a second stage cyclone air outlet and a second
stage longitudinal cyclone axis about which the air
rotates in the second stage cyclone chamber, the second
stage cyclone chamber having a length in a direction of
the longitudinal cyclone axis wherein air rotates in a
direction of rotation in the cyclone chamber, each of the
tangential air inlets comprises an inlet port provided in
the cyclone chamber sidewall, each inlet port has an
upstream edge and a downstream edge in the direction
of rotation; and,

¢) an air flow passage positioned between the screen and
the second stage cyclone chamber sidewall, the air flow
passage having a terminal end at which the plurality of
tangential air inlets are located,



US 10,827,891 B2

15

wherein each of the tangential air inlets has a flow
directing member that is provided at the downstream
edge of one of the air inlet ports and that extends into
the air flow passage.

In some embodiments, the air flow in the air flow passage
may comprise a rotational flow and the flow directing
members have a directing surface that generally faces an air
flow in the air flow passage.

In some embodiments, a combined cross-sectional area of
the second stage tangential air inlets in a direction transverse
to a flow direction therethrough may be about equal to a
cross sectional area of the second stage cyclone air outlet in
a direction transverse to a flow direction therethrough.

In some embodiments, a combined cross-sectional area of
the second stage tangential air inlets in a direction transverse
to a flow direction therethrough may be about equal to a
cross sectional area of the first stage cyclone air inlet in a
direction transverse to a flow direction therethrough.

In some embodiments, the second stage cyclone air outlet
may be located at a same end of the second stage cyclone as
the second stage tangential air inlets.

DRAWINGS

The drawings included herewith are for illustrating vari-
ous examples of articles, methods, and apparatuses 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 front perspective view of one embodiment of
a hand vacuum cleaner;

FIG. 2 is a cross-sectional end view of the hand vacuum
cleaner of FIG. 1, taken along line 2-2;

FIG. 3 is a perspective view of the cross-section of FIG.
2;

FIG. 4 is a cross-sectional side view of the hand vacuum
cleaner of FIG. 1, taken along line 4-4;

FIG. 5 is a perspective view of the cross-section of FIG.
4;

FIG. 6 is a front perspective view of the hand vacuum
cleaner of FIG. 1, with an openable door in an open position;

FIG. 7 is an enlarged view of a portion of FIG. 2;

FIG. 8 is a front perspective view of the hand vacuum
cleaner of FIG. 1, with a portion of the cyclone assembly cut
away;

FIG. 9 is a front perspective view of another embodiment
of a hand vacuum cleaner;

FIG. 10 is a bottom perspective view of the hand vacuum
cleaner of FIG. 9;

FIG. 11 is a cross-sectional perspective view of the hand
vacuum cleaner of FIG. 9, taken along line 11-11

FIG. 12 is cross-sectional side view of the hand vacuum
cleaner of FIG. 9, taken along line 11-11;

FIG. 13 is the cross-sectional side view of FIG. 12, with
a front end of the cyclone assembly in an open position;

FIG. 14 is a cross-sectional perspective view of the hand
vacuum cleaner of FIG. 9, taken along line 14-14;

FIG. 15 is a cross-sectional perspective view of the hand
vacuum cleaner of FIG. 9, taken along line 15-15, with a
portion of the cyclone assembly cut away;

FIG. 16 is a schematic representation of another embodi-
ment of a cyclone assembly that is usable with a hand
vacuum cleaner;

FIG. 17 is a schematic representation of the cyclone
assembly of FIG. 16, with a rear door in an open position;

FIG. 18 is a cross-sectional end view of the cyclone
assembly of FIG. 16, taken along line 18-18;
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FIG. 19 is a schematic representation of another embodi-
ment of a cyclone assembly that is usable with a hand
vacuum cleaner;

FIG. 20 is a schematic representation of the cyclone
assembly of FIG. 19, with an openable portion in an open
position;

FIG. 21 is a schematic representation of another embodi-
ment of a cyclone assembly that is usable with a hand
vacuum cleaner;

FIG. 22 is a schematic representation of the cyclone
assembly of FIG. 21, with an openable portion in an open
position;

FIG. 23 is a cross-sectional view of an air treatment
member in accordance with another embodiment;

FIG. 24 is a perspective cross-sectional view of the air
treatment member of FIG. 23;

FIG. 25 is a top plan cross-sectional view of the air
treatment member of

FIG. 23,

FIG. 26 is a cross-sectional view of an air treatment
member in accordance with another embodiment;

FIG. 27 is a perspective cross-sectional view of the air
treatment member of FIG. 26;

FIG. 28 is a top plan cross-sectional view of the air
treatment member of FIG. 26;

FIG. 29 is a cut-away view of an air treatment member in
accordance with another embodiment;

FIG. 30 is a perspective cross-sectional view of the air
treatment member of

FIG. 29,

FIG. 31 is a top plan cross-sectional view of the air
treatment member of FIG. 29;

FIG. 32 is a cut-away view of an air treatment member in
accordance with another embodiment;

FIG. 33 perspective is a cross-sectional view of the air
treatment member of FIG. 32;

FIG. 34 is a top plan cross-sectional view of the air
treatment member of FIG. 32;

FIG. 35 is a perspective cross-sectional view of an air
treatment member in accordance with another embodiment;
and

FIG. 36 is a top plan cross-sectional view of the air
treatment member of FIG. 35.

DETAILED DESCRIPTION

Various apparatuses or processes will be 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
processes or apparatuses that differ from those described
below. The claimed inventions are not limited to apparatuses
or processes having all of the features of any one apparatus
or process described below or to features common to mul-
tiple or all of the apparatuses described below. It is possible
that an apparatus or process described below is not an
embodiment of any claimed invention. Any invention dis-
closed in an apparatus or process 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 applicants, inventors or owners
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,” and ‘“one



US 10,827,891 B2

17

embodiment” mean “one or more (but not all) embodiments
of the present invention(s),” unless expressly specified oth-
erwise.

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”, 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”, or “directly 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”, 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”, and “fastened” distinguish the manner in which
two or more parts are joined together.

General Description of a Surface Cleaning Apparatus

Referring to FIGS. 1-8, a first embodiment of a surface
cleaning apparatus 100 is shown. The following is a general
discussion of this embodiment which provides a basis for
understanding several of the features which are discussed
herein. As discussed in detail subsequently, each of the
features may be used in other embodiments

In the embodiment illustrated, the surface cleaning appa-
ratus 100 is a hand-held vacuum cleaner, which is commonly
referred to as a “hand vacuum cleaner” or a “handvac”. As
used herein, a hand-held vacuum cleaner or hand vacuum
cleaner or handvac is a vacuum cleaner that can be operated
generally one-handedly to clean a surface while its weight is
held by the same one hand. This is contrasted with upright
and canister vacuum cleaners, the weight of which is sup-
ported by a surface (e.g. floor below) during use. Optionally,
surface cleaning apparatus 100 may be removably mount-
able on a base so as to form, for example, an upright vacuum
cleaner, a canister vacuum cleaner, a stick vacuum cleaner or
stick vac, a wet-dry vacuum cleaner and the like.

Optionally, the hand vacuum 100 can be mounted to a
base so as to form, for example, an upright vacuum cleaner,
a canister vacuum cleaner, a stick vac, a wet-dry vacuum
cleaner and the like. For example, the base of the surface
cleaning apparatus may include a surface cleaning head and
an elongate wand that can be connected to the hand vacuum
100. In this configuration, the surface cleaning apparatus
may be used to clean a floor or other surface in a manner
analogous to a conventional upright-style vacuum cleaner.

Power may be supplied to the surface cleaning apparatus
100 by an electrical cord that may be connected to a standard
wall electrical outlet. Alternatively, or in addition, the power
source for the surface cleaning apparatus may be one or
more onboard energy storage members, including, for
example, one or more batteries.

As exemplified in FIGS. 1-8, the surface cleaning appa-
ratus 100 has a main body 102 having a housing 104 and a
handle 106. An air treatment member 108 is connected to the
main body 102. The apparatus has a dirty air inlet 110, a
clean air outlet 112 downstream from the dirty air inlet 110
and an air flow path extending therebetween, that includes
the air treatment member 108. The surface cleaning appa-
ratus 100 has a front end 116, an opposed rear end 120, an
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upper end 122 and a lower/bottom end 124 (FIG. 4). A
suction motor 114 defines a motor axis 115 (about which the
rotor rotates) and is provided to generate suction through the
air flow path and is positioned within a motor housing
portion 126 of the housing 104. The suction motor 114 may
be upstream or downstream from the air treatment member
108, and in the exemplified embodiments is downstream.

The at least one air treatment member 108 is configured
to treat the air in a desired manner, including, for example,
removing dirt particles and other debris from the air flow.
The air treatment member 108 may be provided upstream or
downstream from the suction motor, and may be any suitable
member that can treat the air. Optionally, the air treatment
member 108 may include at least one cyclonic cleaning
stage, and may in some instances include two or more
cyclonic cleaning stages arranged in series with each other.
Each cyclonic cleaning stage may include a cyclone unit that
has one or more cyclone chambers (arranged in parallel with
each other) and one or more dirt collection chambers, of any
suitable configuration. The dirt collection chambers may be
external to the cyclone chambers, or may be internal the
cyclone chamber and configured as a dirt collection area or
region within the cyclone chamber. Alternatively, the air
treatment member may incorporate a bag, a porous physical
filter media (such as foam or felt) or other air treating means.

As exemplified in FIGS. 4 and 8, in the embodiment of
FIGS. 1-8, the air treatment member 108 comprises a
two-stage cyclone assembly having a first stage cyclone 130
and a second stage cyclone 132 that is arranged in series,
downstream from the first stage cyclone 130. The cyclone
assembly also includes, in this embodiment, a first stage dirt
collection chamber 134 to receive dirt separated by the first
stage cyclone 130, and a second stage dirt collection cham-
ber 136 to receive dirt separated by the second stage cyclone
132. The first stage cyclone 130 defines a first cyclone axis
138, about which air circulates when in the first stage
cyclone 130, and the second stage cyclone 132 defines a
second cyclone axis 140, about which air circulates when in
the second stage cyclone 132. The cyclone axes 138 and 140
may be generally parallel and, as exemplified in the illus-
trated embodiment (see FIG. 4) the cyclone axes 138 and
140 are both parallel and co-axial with each other. In other
arrangements, the cyclone axes 138 and 140 need not be
parallel or co-axial with each other.

In the embodiment of FIG. 4, the motor axis 115 is
generally parallel to the cyclone axes 138 and 140 and to the
inlet conduit axis 154. As exemplified, the motor axis 115
may be also positioned so that the axis 115 intersects one or
more of the pre-motor filter housing 144, the first stage
cyclone 130, second stage cyclone 132, front end walls 168
and 182, openable front wall 162, and front end walls 254
and 268 (as explained further herein). The motor axis 115
may be generally co-axial and, as exemplified, may be
co-axial with the cyclone axes 138 and 140. This may help
provide a desirable hand feel to a user.

The cyclone chambers 130 and 132 and dirt collection
chambers 134 and 136 may be of any configuration suitable
for separating dirt from an air stream and collecting the
separated dirt, respectively. The cyclone chambers 130 and
132 may be oriented in any direction, including those
described in more detail herein. For example, when surface
cleaning apparatus 100 is oriented with the upper end 122
above the lower end 124, a the cyclone axes 138 and 140
may be oriented generally horizontally or horizontally as
exemplified in this embodiment (FIG. 4), or alternatively
may be oriented vertically, or at any angle between hori-
zontal and vertical.
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Optionally, one or more pre-motor filters may be placed
in the air flow path between the air treatment member 108
and the suction motor 114. Alternatively, or in addition, one
or more post-motor filters may be positioned in the air flow
path between the suction motor 114 and the clean air outlet
112.

As exemplified in FIG. 4, in the illustrated embodiment
the main body 102 may include a pre-motor filter 142
positioned within a pre-motor filter housing 144. The pre-
motor filter housing 144 may be of any suitable configura-
tion, including any of those exemplified herein. The pre-
motor filter 142 may be any suitable filter, including any
suitable porous media filter (i.e. foam and/or felt and the
like) and may have any suitable shape that is consistent with
the configuration of the pre-motor filter housing 144.

In the embodiment of FIGS. 4 and 5, the clean air outlet
112 is provided as part of the main body 102, and includes
a grill 146. In this example, the grill 146 is oriented such that
air exiting the clean air outlet 112 travels generally rear-
wardly from the rear end 120 of the hand vacuum 100 (in a
direction parallel to the cyclone axes 138 and 140), and it
forms part of an optional post-motor filter housing 148. In
the illustrated embodiment, a post-motor filter 150 is pro-
vided within the housing 148 to help further treat the air
passing through the hand vacuum 100. The illustrated post-
motor filter 150 is a physical foam media filter, but option-
ally the post-motor filters may be any suitable type of filter
and may include one or more foam filter, felt filter, HEPA
filter, other physical filter media, an electrostatic filter and
the like. It will be appreciated that any post motor air flow
path may be used.

In the embodiment of FIGS. 4 and 5, the dirty air inlet 110
of the hand vacuum cleaner 100 is the inlet end of an inlet
conduit 152. Dirty air inlet 110 may be positioned forward
of the air treatment member 108 as shown. Optionally, the
inlet end of the conduit 152 may be used as a nozzle to
directly clean a surface and may have any configuration. The
air inlet conduit 152 is, in this example, a generally linear
member that extends along a conduit axis 154 that is
oriented in a longitudinal forward/backward direction and is
generally horizontal when the hand vacuum cleaner 100 is
oriented with the upper end 122 above the lower end 124.
Alternatively, or in addition to functioning as a nozzle, the
inlet conduit 152 may be connected or directly connected to
the downstream end of any suitable accessory tool such as
arigid air flow conduit (e.g., an above floor cleaning wand),
a flexible air flow conduit such as a hose, a crevice tool, a
mini brush or the like.

In the illustrated embodiment, the air inlet conduit 152 is
located above (e.g., closer to the upper end 122 than) the
cyclone axes 138 and 140, and is spaced from the axes 138
and 140 by a distance 156 (FIG. 4). The distance 156 may
be selected to be large enough that the air inlet conduit 152
is above the air treatment member 108, and is therefore
above the first stage cyclone 130, the second stage cyclone
132 and their respective axes 138, 140 and other features.
This may help facilitate using a generally linear air flow
conduit 152, which may help facilitate air flow through the
apparatus 100. Alternatively, the distance 156 may be
selected so that the inlet conduit 152 is above the cyclone
axes 138 and 140, but at least partially overlaps (i.e., an
projection of part or all of the conduit may pass through one
or both of the first and second stage cyclone) the first stage
cyclone 130 and/or the second stage cyclone 132 in the
up/down direction. This may help reduce the overall height
of the apparatus 100.
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Optionally, power can be supplied to the surface cleaning
apparatus 100 by an electrical cord connected to the hand
vacuum that may be connected to a standard wall electrical
outlet. The cord may optionally be detachable from the hand
vacuum 100. Alternatively, or in addition, the power source
for the surface cleaning apparatus 100 may be or comprise
an onboard energy storage device which may include, for
example, one or more batteries. In the embodiment of FIG.
5, the hand vacuum 100 includes on board power sources in
the form of a schematically illustrated battery pack 158 that
is provided in the handle 106, and in particular within a hand
grip portion 160 of the handle 106. In other embodiments,
one or more battery packs 158 may be provided in other
portions of the main body 102 to provide power to the
suction motor 114, such as, for example, a compartment 159
positioned on a front side of the handle 106. Optionally, the
inlet conduit 152, or other portion of the apparatus 100, may
be provided with any suitable electrical connector that can
establish an electrical connection between the apparatus 100
and any accessory tool, cleaning head and the like that is
connected to the inlet conduit 152. In such a configuration,
the hand vacuum 100 may be used to power a surface
cleaning head having a rotating brush, or other tools of that
nature, using either the power supplied by the wall outlet
and/or the onboard battery pack 158.

General Description of a Dual Stage Cyclonic Cleaning Unit

The following is a general description of a dual stage
cyclonic cleaning unit that may be used with any one or
more of the features set out herein.

As exemplified in FIGS. 4-8, cyclone assembly 108
includes a front wall 162, an opposing rear wall 164 and a
side wall 166 extending therebetween. The cyclone assem-
bly 108 may be formed from any suitable material, including
plastic, metal and composite materials, and optionally at
least a portion of the cyclone assembly may be transparent
to allow a user to see the interior of the cyclone assembly
while the hand vacuum 100 is in use.

The first stage cyclone may be of various configurations.
The first stage cyclone 130 is positioned within the cyclone
assembly 108 and includes a first cyclone chamber that is
generally bounded by a front end wall 168, a rear end wall
170 and a first cyclone sidewall 172 extending along a first
cyclone length 180 (FIG. 4) therebetween. As exemplified,
the front end wall 168 may be provided as the rear surface
of a plate that is connected to, and is offset from, the front
end wall 162 of the cyclone assembly 108. In other embodi-
ments, the front end wall 168 may be generally coincident
with the front wall 162. It will be appreciated that the first
stage cyclone may comprise part or all of the outer wall of
cyclone assembly 108.

The first cyclone length 180 may be any suitable length,
and may be between about 4 cm and 20 cm, and optionally
may be between about 5 cm and about 15 cm, 6 cm and
about 10 cm, and preferably in some embodiments may
between about 7 cm and about 9 cm.

The first stage cyclone 130 also includes an air inlet port
174 (FIG. 4) through which air enters the first stage cyclone
130 from the air inlet conduit 152. In the embodiment
illustrated, the air inlet port 174 is provided in an upper
portion of the first cyclone sidewall 172 toward the rear end
of the first stage cyclone 130 (i.e. proximate the rear end
wall 170), but in other embodiments may be provided in
other locations (toward the front end wall 168, in a side
portion or lower portion of the first cyclone sidewall 172 and
the like).

As exemplified in FIG. 4, the air inlet conduit 152 may be
configured so that it has an inlet/upstream end 280 that is
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positioned forward of the forward most end wall of at least
one of the first and second dirt collection chamber 134 and
136. This may help facilitate using the inlet send 280 as a
nozzle to directly clean a surface, and/or attaching a wand
(such as wand 131 shown in FIG. 10), hose or other
accessory cleaning tool. In the embodiments illustrated, the
inlet end 280 extends forwardly of the entire cyclone assem-
bly 108, and is forward of the front end wall 168 of the first
stage cyclone 130, the front end wall 254 of the first dirt
collection chamber 136 and the front end wall 182 of the
second stage cyclone 132.

In the embodiments of FIGS. 4 and 12, a rear/outlet end
282 of the inlet conduit 152 is positioned rearward of the
inlet end 280 and is rearward of the forward most end wall
of at least one of the first and second dirt collection chamber
134 and 136. As shown in these embodiments, the inlet
conduit 152 at least partially overlaps the first stage cyclone
130 in the axial direction, and the outlet end 282 is posi-
tioned rearward of the front end wall 168 of the first stage
cyclone 130 and is in communication with the air inlet port
174.

Air may exit the first stage cyclone 130 by flowing
radially inwardly through a screen 176 (FIGS. 2, 3 and 4)
that forms part of, or defines, a first stage air outlet.

The second stage cyclone 132 may be positioned in any
suitable location in the air flow path, downstream from the
first stage cyclone 130. Preferably, the second stage cyclone
132 may be at least partially nested within the first stage
cyclone 130 (i.e., at least partially surrounded by the first
stage cyclone 130). Nesting the second stage cyclone 132
within the first stage cyclone 130 may help reduce the
overall length of the cyclone assembly 108 and the hand
vacuum 100. In some embodiments, the second stage
cyclone 132 may be oriented generally parallel or parallel to
the first stage cyclone 130, and may be at least partially
nested along the length 180 of the first stage cyclone 130 and
may be generally co-axial or co-axial to the first stage
cyclone. Optionally, the second stage cyclone 132 may be at
least 50%, at least 60%, at least 70%, at least 80%, at least
90% and/or fully nested (i.e. 100% nested) within the first
stage cyclone 130. If the second stage cyclone 132 is fully
nested within the first stage cyclone 130, the overall length
of the first and second stage cyclones 130 and 132 in the
axial direction may be equal to the first cyclone length 180.
As exemplified in FIGS. 4 and 5, the second stage cyclone
132 is oriented parallel to the first stage cyclone 130 and is
positioned entirely within the first stage cyclone 130 and is
co-axial therewith.

The second stage cyclone may be of various configura-
tions. As exemplified in FIGS. 4 and 5, the second stage
cyclone includes a second cyclone chamber that is generally
bounded by a front end wall 182 (FIG. 5), an opposing rear
end wall 184 and a second cyclone sidewall 186 that extends
axially along a second cyclone length 188 (FIG. 4) therebe-
tween. The second cyclone length 188 may be any suitable
length, and if the second stage cyclone 132 is to be nested
within the first stage cyclone 130, then the second cyclone
length 188 may be selected so that it is equal to or less than
the first cyclone length 180. Optionally, the second cyclone
length 188 may be between about 2 cm and about 15 cm (or
more), and may be between about 4 cm and about 10 cm, and
may be between about 5 cm and 7 cm.

The second stage cyclone 132 includes at least one air
inlet port 202 through which air enters the second stage
cyclone 132, and at least one air outlet through which air
exits the second stage cyclone. Optionally, as discussed
subsequently, the second stage cyclone 132 may include two
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or more air inlet ports that are spaced apart from each other
around the perimeter of the second stage cyclone 132,
preferably generally equally. The air inlet ports of the second
stage cyclone 132 are in communication downstream from
the air outlet of the first stage cyclone 130, and the air outlet
of the second stage cyclone 132 is in communication with,
and upstream from, the optional pre-motor filter housing
144. The air inlet ports and air outlet of the second stage
cyclone 132 may be of any suitable configuration.

Optionally, the air inlet ports 202 and air outlet 208 of the
second stage cyclone 132 may be provided toward the same
end of the second stage cyclone 132 or at opposing ends of
the second stage cyclone 132. As shown in FIG. 4, the air
inlet ports 202 and air outlet 208 are both provided toward
the rear end of the second stage cyclone 132, proximate the
rear end wall 184. Alternatively, the air outlet 208 may be
provided in the rear end wall 184 (which may help provide
air flow communication with the pre-motor filter housing
144) and the air inlet ports 202 may be provided proximate
the front end wall 182.

Optionally, the cyclone assembly 108 may be arranged so
that the air inlet port 174 of the first stage cyclone 130 is
provided at the same end of the cyclone assembly 108 as the
air inlet ports 202 and/or air outlet 208 of the second stage
cyclone 132. Alternatively, the air inlet port 174 may be at
the opposite end from at least one of the air inlet ports 202
and/or air outlet 208. For example, in the embodiment of
FIG. 4, the air inlet port 174 is provided proximate the rear
end wall 170, and is at the same end of the cyclone assembly
108 as both the air inlet ports 202 and the air outlet 208.
Alternatively, as illustrated in the embodiment of FIG. 12,
the air inlet ports 202 are located toward the front end of the
second stage cyclone 132, proximate the front end wall 182,
and the air outlet 208 is located toward the rear end of the
second stage cyclone 132, proximate the rear end wall 184.
In this embodiment, the air inlet port 174 is provided toward
the front end wall 168 of the first stage cyclone 130, and
generally toward the front end of the apparatus 100. In other
embodiments, the air inlet 174 may be provided toward the
front of the first stage cyclone 130 and the air inlet ports 202
may be provided toward the rear end of the second stage
cyclone 132, or vice versa.

Passage from a First Stage Cyclone to a Second Stage
Cyclone

The following is a description of a cyclone assembly with
the passage from a first stage cyclone to a second stage
cyclone that may be used by itself in any surface cleaning
apparatus or in any combination or sub-combination with
any other feature or features described herein. For example,
any cyclone assembly with the passage from a first stage
cyclone to a second stage cyclone described herein may be
used with any one or more of the multiple second stage
cyclone air inlet ports, flow directing members, concurrently
openable dirt collection chambers, an openable end which
includes the inlet conduit and radial sealing member features
described herein.

In accordance with this feature, a screen is provided that
extends along a substantial portion, and may extend along all
or substantially all of the axial length of a cyclone, which
may be a nested inner second stage cyclone.

Accordingly, a screen 176 surrounds a cyclone and is
spaced therefrom to define an air flow passage between the
screen and the cyclone. The screen may be positioned so as
to define an annular region having a constant width in the
radial direction around the perimeter of the cyclone. As
exemplified in FIGS. 1-8, the screen 176 is generally cylin-
drical, is positioned spaced from the second stage cyclone,
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extends along the first cyclone axis 138 and may be sup-
ported on a plurality of spaced apart struts 178. The screen
176 may be any suitable mesh or screen material, and the
openings in the screen may be sized to help inhibit or
prevent hair, lint and other elongate material and larger
particulate matter from exiting the first stage cyclone as air
exits the first stage cyclone 130. The screen 176 may be
formed from any suitable material, and preferably is formed
from metal or plastic.

Optionally, the openings in the screen may be directional,
such that the holes formed in the screen substrate are not
strictly radially oriented, and instead are angled so as to at
least slightly direct the air as it flows through the screen. For
example, the holes in the screen may be oriented such that
they tend to impart rotation to, or assist in maintaining the
rotation of, the air flow and preferably are oriented so that
the air passing through the screen is urged to rotate in a
desired direction (such as, for example, the direction of
rotation of air within the second stage cyclone 132). This
may help facilitate air flow and may help reduce back
pressure in the air flow path. It will be appreciated that the
holes or openings in the screen may be oriented in the same
direction as the air rotating within the first stage cyclone.
Accordingly, the screen may be configured so as to not
impair the rotation of the air as it passes through the screen
or to impair to a lesser degree of interference with the
rotation of air as it passes through the screen. An identical
or similar screen may optionally be provided at the air outlet
of the second stage cyclone 132, such that the cyclone
assembly 108 includes two screens arranged in series.

As exemplified in FIGS. 2, 3 and 7, the second stage
cyclone is positioned radially inwardly from the screen and,
in some embodiments, the second cyclone sidewall 186 may
be positioned inside and is at least partially laterally sur-
rounded by the screen 176. In this configuration, a generally
annular region is defined between an inner side 192 of the
screen 176 and an outer side 214 (FIGS. 2 and 3) of the
second cyclone sidewall 186. This region forms an air flow
passage 196, extending generally in the axial direction of the
second stage cyclone, which provides at least part, and
preferably essentially all and most preferably all, of the air
flow path way between the first stage cyclone 130 and the
second stage cyclone 132. In this embodiment, the screen
176 and the second cyclone sidewall 186 form the inner and
outer passage walls, respectively (and the outer passage wall
is therefore at least partially porous).

Air may enter the passage 196 by flowing generally
radially inwardly through the screen 176, and may therefore
enter the passage 196 at multiple locations along its axial
length 198 (FIG. 4). Once in the passage 196, the air may
travel generally longitudinally (i.e. in a direction parallel to
the cyclone axis 138) along the axial length of the screen 176
and along the outer surface of the second cyclone sidewall
186. Further, the air may be rotating in the passage as it
travels axially to the second stage cyclone air inlet or inlets.

In the illustrated embodiment (see for example FIG. 4),
the axial length 198 of the passage is at least partially
defined by the axial length 200 of the screen 176. Preferably,
the passage length 198 and the screen length 200 may each
be at least 50% of the second cyclone length 188, and
optionally may be at least 55%, at least 60%, at least 65%,
at least 70%, at least 75%, at least 80%, at least 85%, at least
90%, at least 95% and in some embodiments may be about
100% of the second cyclone length 188. Extending the
length 200 of the screen 176, and thereby also extending the
length 198 of the passage 196, may help facilitate air flow
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through the cyclone assembly 108, and may help reduce the
backpressure in the air flow path.

In some embodiments, the passage extends to the inlet end
of the second stage cyclone. Accordingly, air may travel
directly from the passage 196 into the second stage air inlet
or inlets and described subsequently herein.

Optionally, the screen 176 may be configured such that
the flow area of the screen 176, i.e. the cross-sectional area
of the openings of the screen measured in the direction that
is orthogonal to the direction that air flows through the
screen, may be generally equal to or greater than flow area
of the air inlet port 174 of the first stage cyclone 130 and/or
the flow area of the inlet conduit 152 and/or the flow area of
the second stage inlet port or ports 202. Alternatively, the
flow area of the screen 176 may be less than the flow area
of the inlet port 174 and/or the inlet conduit 152 and/or the
second stage inlet port or ports 202. The flow area of the
screen may be £15%, £10% or 5% the flow area of the inlet
port 174 and/or the inlet conduit 152 and/or the second stage
inlet port or ports 202. Increasing the length 198 of the
screen 176 may help increase the flow area of the screen 176
(all dimensions being the same), without increasing the
radial width of the annular passage 196. Accordingly, the
overall radial width of a cyclone assembly may be reduced
without increasing backpressure through the cyclone assem-
bly by increasing the length of the screen.

Alternately, or in addition, the flow area of the passage
196 may be selected so that it is generally equal to or greater
than flow area of the air inlet port 174 of the first stage
cyclone 130 and/or the flow area of the inlet conduit 152
and/or the flow area of the second stage inlet port or ports
202. Alternatively, the flow area of the passage 196 may be
less than the flow area of the inlet port 174 and/or the inlet
conduit 152 and/or the second stage inlet port or ports 202.
The flow area of the passage 196 may be £15%, £10% or
+5% of the flow area of the inlet port 174 and/or the inlet
conduit 152 and/or the second stage inlet port or ports 202.
Selecting a radial width of the screen 176 to provide a flow
area proximate that of the inlet port 174 and/or the inlet
conduit 152 and/or the second stage inlet port or ports 202
may help reduce back pressure and/or help facilitate air flow
and/or reduce the likelihood of blockages developing along
the air flow path.

Referring to FIGS. 23-25, first stage cyclone 130 may
include two or more air inlet ports 174. This may better
distribute the air entering the first stage cyclone 130. Further,
the plurality of air inlet ports 174 may provide, in combi-
nation, a greater overall cross-sectional flow area, which
may mitigate backpressure and thereby contribute to greater
overall flow efficiency for air treatment member 108. Alter-
natively, or in addition, the plurality of air inlet ports 174
may provide the same or greater overall cross-sectional flow
area with a shorter air inlet port height 302. This may
provide the cyclonic air flow path through the first stage
cyclone 130 with a greater number of rotations for the same
cyclone length 180, or the same number of rotations for a
shorter cyclone length 180. In the former case, the separa-
tion efficiency of the first stage cyclone 130 may be
improved, and in the latter case, the same separation effi-
ciency may be provided in a more compact first stage
cyclone 130.

In the illustrated example, each first stage air inlet port
174 is located at a downstream end 282 of air inlet conduit
152. As shown, the air flow path 304 through air inlet
conduit 152 may diverge into a plurality of discrete air flow
paths 304, each air flow path 304 terminating in a different
one of air inlet ports 174. In the illustrated example, air flow
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path 304, directs a portion of the air entering air inlet conduit
152 to air inlet port 174, and air flow path 304, directs a
portion of air entering air inlet conduit 152 to air inlet port
174,. In other embodiments, there may be a greater number
of air inlet ports 174 and a corresponding number of air flow
paths 304. For example, air inlet conduit 152 may define
three discrete air flow paths 304 each of which guide a
different portion of the air flow to a different one of three
discrete air inlet ports 174.

First stage air inlet ports 174 may be located anywhere on
first stage cyclone sidewall 172. In the illustrated example,
air inlet ports 174 are located at the same axial elevation.
This may provide the air inlet ports 174 with a compact
configuration having a short collective axial length 302. In
alternative embodiments, an air inlet port 174 may be
located at a different axial elevation, such as for example
axially above or below another of the air inlet ports 174. In
the example shown, air inlet ports 174 are located adjacent
to each other about a perimeter of first stage cyclone
sidewall 172. Each air inlet port 174 may be oriented to
direct air to enter first stage cyclone 130 in a tangential
direction. As exemplified, first air inlet port 174, may be
separated from second air inlet port 174, by a partition 308.
Partition 308 may have flow contacting surfaces 312 that
guide air entering one or both of air inlet ports 174 in a
tangential direction relative to first stage cyclone 130. In
alternative embodiments, air inlet ports 174 may be spaced
apart around the perimeter of first stage cyclone sidewall
172. For example, air inlet ports 174 may be spaced apart by
at least %, at least V4, or at least V% of the perimeter of first
stage cyclone sidewall 172. This may help mitigate turbu-
lence that may be created by interactions between the air
flows entering the different air inlet ports 174.

Still referring to FIGS. 23-25, air may exit first stage
cyclone 130 through an air permeable member such as
screen 176. Screen 176 may include air permeable portions
316 and air impermeable portions 320. Air permeable por-
tion 316 may include for example suitable mesh or screen
material, and the openings in the screen may be sized to help
inhibit or prevent hair, lint and other elongate material and
larger particulate matter from exiting the first stage cyclone
130 as air exits the first stage cyclone 130. Air impermeable
portions 320 may include for example lengths of solid wall,
through which air cannot pass. As shown, screen 176 may
include one or more air impermeable portions 320, sized and
positioned to face air inlet ports 174. Air impermeable
portion 320, may mitigate air entering through air inlet port
174 from immediately exiting through screen 176, thereby
bypassing the cyclonic air flow path within first stage
cyclone 130 which is responsible for separating fine par-
ticles from the air flow.

Air impermeable portion 320, may have any size and
shape suitable to mitigate air flow bypass from air inlet ports
174 through screen 176. For example, air impermeable
portion 320, may include at least all portions of screen 176
that faces air inlet ports 174. In the illustrated example, air
impermeable portion 320, extends at least %4 around a
perimeter of screen 176. Across this at least Y4 of the
perimeter of screen 176 there may be no air permeable
portions 316. Alternatively, at a location along the perimeter
of screen 176 where air impermeable portion 320 faces an
air inlet port 174, screen 176 may also include an air
permeable portion 316 at an axial location below the air
impermeable portion 320 and the air inlet port 174.
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Cyclone Assembly with Multiple Second Stage Cyclone Air
Inlet Ports

The following is a description of multiple second stage
cyclone air inlet ports that may be used by itself in any
surface cleaning apparatus or in any combination or sub-
combination with any other feature or features described
herein. For example, any multiple second stage cyclone air
inlet ports described herein may be used with any one or
more of the cyclone assembly with the passage from a first
stage cyclone to a second stage cyclone, flow directing
members, concurrently openable dirt collection chambers,
an openable end which includes the inlet conduit and radial
sealing member features described herein.

In accordance with this feature, a cyclone assembly may
utilize a second stage cyclone having multiple air inlets. The
second stage cyclone is at least partially nested in the first
stage cyclone and the first stage cyclone may be of various
constructions known in the art. The air flow channel from the
first stage cyclone to the second stage cyclone air inlets may
consist of, or comprise, an interior space between a screen
surrounding the second stage cyclone and the second stage
cyclone.

As exemplified in FIGS. 4-8, annular passage 196 termi-
nates at the end of the second stage cyclone which contains
the second stage air inlet ports 202. The air accordingly
travels through passage 196 and then directly enters the air
inlet ports 202. Accordingly the terminal end of passage 196
at the location of air inlet ports 202 essentially may function
as a header to provide a generally equal flow of air into each
of the air inlet ports 202.

As exemplified in FIGS. 2 and 7, the air inlet of the second
stage cyclone 132 includes five air inlet ports 202 that are
formed as openings in the second cyclone sidewall 186 and
are spaced apart, preferably equally spaced apart, from each
other around the perimeter of second cyclone sidewall 186.
The air inlet ports 202 are in communication with the
passage 196. Positioning the air inlet ports 202 in this
location may help facilitate air flow from the passage 196
directly to the second stage cyclone 132 without flowing
through a separate, intermediary inlet conduit and/or without
being subjected to significant bends or other such changes in
the air flow path direction. Such a configuration may help
reduce back pressure in the air flow path. It will be appre-
ciated that if air is rotating in passage 196 in the direction of
travel through air inlet ports 202, then the passage of air into
the second stage cyclone may occur with less energy input
required.

Each air inlet port 202 has a width 240 that is measured
in the air flow direction (counter-clockwise and circumfer-
entially around the second sidewall 186 as illustrated in FIG.
7) between respective upstream and downstream edges 236
and 238. The width 240 may be any suitable distance, and
may be sized so that the cumulative widths of the air inlet
ports 202 (i.e. the sum of widths 240) is between about 30%
and about 80% (or more) of the perimeter distance of the
second cyclone sidewall 186, and optionally may between
about 40% and about 70% and/or between about 50% and
about 60% in some embodiments.

The inlet ports 202 also have respective heights 206
(FIGS. 4 and 5) in the axial direction. The heights 206 may
be between about 5% and about 40% of the second cyclone
length 188, and optionally may be between about 10% and
about 35% and/or between about 20% and about 30% of the
cyclone length 188.

The combination of the widths 240 and heights 206 may
be selected so that the total flow area of the air inlet ports 202
(in the direction orthogonal to the direction air flows through



US 10,827,891 B2

27

the inlet ports 202) may be generally equal to or greater than
flow area of the air inlet port(s) 174 of the first stage cyclone
130 and optionally may be equal to or greater than the flow
area of the inlet conduit 152 and/or the screen 176, and/or
the passage 196 and/or air outlet 208 (described further
herein). Alternatively, the total flow area of the inlet ports
202 may be less than the flow air inlet port(s) 174, the inlet
conduit 152 and/or the screen 176, and/or the passage 196
and/or air outlet 208, but may be may be £15%, £10% or
+5% of one or more of these flow areas.

Having entered the second stage cyclone 132 via the air
inlet ports 202, air may circulate within the second stage
cyclone 132 and may exit the second stage cyclone via the
second air outlet and continue through the air flow path. The
second air outlet may be of any suitable configuration and
may be provided in any suitable location. In the illustrated
embodiment (see FIG. 4 for example), a second cyclone air
outlet 208 is provided in the rear end wall 184 of the second
stage cyclone 132, and includes an axially extending outlet
conduit 210 (also referred to as a vortex finder). The flow
area of the outlet conduit 210 may be generally equal to or
greater than flow area of the air inlet port(s) 174 of the first
stage cyclone 130 and optionally may be equal to or greater
than the flow area of the inlet conduit 152, passage 196
and/or air inlet ports 202. Alternatively, the total flow area of
the inlet ports 202 may be less than the flow area of the inlet
port 174, inlet conduit 152, passage 196 and/or air inlet ports
202, and may be may be +15%, £10% or +5% of one or
more of these flow areas.

While illustrated with five air inlet ports 202, in accor-
dance with this feature, the second stage cyclone may be
configured with as few as two air inlet ports 202 as illus-
trated by example in FIGS. 26-28. Preferably the second
stage cyclone may include between two and twelve inlet
portions, and more preferably may include between four and
eight inlet ports, and in some embodiments may include up
to 24 or more inlet ports.

It will be appreciated that a cyclone having multiple air
inlets in accordance with this aspect need not be a second
cyclonic stage. For example FIGS. 29-31 exemplify an air
treatment member 108 having a single cyclonic cleaning
stage. As shown, air flow passage 196 may be positioned in
the air flow path between air inlet conduit 152 and cyclone
132. For example, air flow passage 196 may be defined
between an exterior wall 324 of air treatment member 108,
and cyclone chamber sidewall 186. As shown, air flow
passage 196 may extend a extend all the way around cyclone
132 so as to have an annular cross-section that surrounds
cyclone 132. It will be appreciated that the air flow passage
may extend only part way around cyclone 132. As compared
with a cyclonic cleaning stage, air flow passage 196 is not
bordered by an air permeable screen since it does not define
the outlet from an upstream cyclone, and has no dirt outlet
to a dirt collection chamber. In the illustrated example, air
treatment member 108 has only one dirt collection chamber
136. Dirt separated from the air flow within cyclone 132
exits cyclone 132 through dirt outlet 266 into dirt collection
chamber 136 where the dirt collects until the dirt collection
chamber 136 is emptied.

Passage 196 extends from air inlet port 174 to the end of
cyclone 132 which contains air inlet ports 202. The air
accordingly travels through passage 196 and then directly
enters the air inlet ports 202. Accordingly, as discussed with
respect to other embodiments, the terminal end of passage
196 at the location of air inlet ports 202 essentially may
function as a header to provide a generally equal flow of air
into each of the air inlet ports 202.
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In the illustrated embodiment, air inlet port 174 into
passage 196 may be axially spaced from air inlet ports 202
into cyclone 132. For example, air inlet port 174 may be
positioned above or below air inlet ports 202. This may
permit the air entering passage 196 from air inlet port 174 to
distribute around cyclone 132 before entering air inlet ports
202. This may help prevent the air inlet ports 202 positioned
closest to air inlet port 174 from admitting substantially
more air than the other air inlet ports 202, which may occur
if air inlet port 174 was located at the same axial elevation
as air inlet ports 202. In the illustrated example, air inlet port
174 is spaced axially below air inlet ports 202.

Reference is now made to FIGS. 32-34, which show an air
treatment member 108 having two cyclones 132a and 1325
in series, each of which has a plurality of air inlet ports 174.
Similar to the embodiment of FIGS. 29-31 described above,
an air flow passage 196a is located upstream of the upstream
cyclone 1324, and defined between cyclone sidewall 1864
and an exterior wall 324 of air treatment member 108. After
flowing cyclonically within upstream cyclone 132a, the air
flow may exit upstream cyclone 132a through screen 176
into a downstream air flow passage 1965.

Downstream air flow passage 1965 may be the same as
previous embodiments that have been discussed and may
have an annular cross-sectional shape that surrounds down-
stream cyclone 1326. As shown, downstream air flow pas-
sage 1965 may be defined between screen 176 and down-
stream cyclone sidewall 186. Passage 1965 extends to the
end of downstream cyclone 1325 which contains air inlet
ports 202b. The air accordingly travels through passage
1965 and then directly enters the air inlet ports 202b.
Accordingly the terminal end of passage 1965 at the location
of air inlet ports 2025 essentially may function as a header
to provide a generally equal flow of air into each of the air
inlet ports 2025.

In some embodiments, screen 176 may include air per-
meable portion(s) 316 and air impermeable portion(s) 320.
The air permeable portion(s) 316 provide an air inlet from
upstream cyclone 132a to downstream air flow passage
1965. As exemplified, screen 176 may have air permeable
portions 316 that are all located axially spaced below and
angularly spaced around the cyclone 1324 from air inlet
ports 202b. This may help prevent air entering air flow
passage 1964 through screen 176 from travelling axially
through passage 1965 and then exiting through air inlet ports
2025 without first distributing around annular air flow
passage 196b. Alternatively, air permeable portion(s) 316
may be axially aligned with air inlet ports 2025. In this case,
a substantially even distribution of air into air flow passage
19656 may be provided by extending or distributing air
permeable portion(s) 316 around substantially the entire
periphery of screen 176.

Still referring to FIGS. 32-34, air treatment member 108
may include any dirt collection chamber(s) such as a dirt
collection chamber 1364 that receives and collects dirt
separated by upstream cyclone 1324, and a dirt collection
chamber 1365 that receives and collects dirt separated by
downstream cyclone 1365.

Flow Directing Members

The following is a description of flow directing members
that may be used by itself in any surface cleaning apparatus
or in any combination or sub-combination with any other
feature or features described herein. For example, any flow
directing member described herein may be used with any
one or more of the cyclone assembly with the passage from
a first stage cyclone to a second stage cyclone, the multiple
second stage cyclone air inlet ports, concurrently openable
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dirt collection chambers, an openable end which includes
the inlet conduit and radial sealing member features
described herein.

In accordance with this feature, an air or flow directing
member is provided which extends into an air flow passage
conveying air to a cyclone inlet end. The flow directing
member extends in the direction of flow and may be gen-
erally linear or linear. Optionally, a cyclone air inlet passage
may have spaced apart generally linear or linear walls. The
flow directing members may comprise the air inlets 174 and
202 to the first and/or second stage cyclones 130 and 132.

The flow directing members are configured to help direct
the air as it enters the air inlet ports 174 and 202, and
preferably are configured to help induce a desired rotational
air flow within the respective cyclones 130 and 132. The
flow directing member extends between opposing upstream
and downstream ends (as determined by the direction that air
flows across/past the directing member), and has a directing
surface that generally faces and is exposed to the air flow.
The directing surface may help direct the air flow into the air
inlet ports of the respective cyclone stages.

Optionally, in embodiments where the apparatus 100
includes a first stage cyclone 130 and a second stage cyclone
132, at least a portion of the flow directing members may be
provided in the air flow passage that extends between the
cyclone stages 130 and 132 (such as passage 196 for
example). In such embodiments, at least the upstream end of
the directing member (and at least a portion of the directing
surface) may be positioned in the passage, and the down-
stream end of the directing member may be positioned
proximate the respective air inlet port (such as an inlet port
202). This configuration may help direct air from the pas-
sage into the second stage cyclone 132, and may help to
impart a desired rotational air flow within the second stage
cyclone 132.

As exemplified in FIGS. 2, 3 and 7, flow directing
members are in the form of vanes 226 that are provided in
the passage 196 formed between the screen 176 and the
second cyclone sidewall 186. In this embodiment, the vanes
226 are positioned at the downstream end of the passage
196, proximate the air inlet ports 202. The vanes 226 have
respective upstream and downstream ends 228 and 230 that
are separated from each other by a directing member length
232. Each vane 226 also includes a directing surface 234 that
faces toward the flow of air within the passage 196. The
directing surface 234 may be generally linear and, prefer-
ably, are essentially linear or linear. Such a configuration
helps facilitate air flow and/or a reduction in back pressure
in the air flow path.

In the embodiment of FIG. 7, the directing surface 234 is
positioned and oriented such that it is substantially tangen-
tial to the inner surface of the second cyclone sidewall 186.
This may help direct the incoming air in a generally tan-
gential manner, and may help facilitate a desired circulation
within the second stage cyclone 132.

In this embodiment, each air inlet port 202 has an
upstream edge 236 and a downstream edge 238 that is
spaced from the upstream edge 236 around the periphery of
the second stage cyclone 132 an inlet port width 240. The
inlet port width 240 may be any suitable width, and in the
embodiment illustrated is selected so that it is less than
directing surface length 232. This may help facilitate air
flow and reduce back pressure in the air flow path.

In the illustrated embodiment, the downstream edges 238
of the air inlet ports 202 are proximate, and generally
coincident with the downstream end 230 of their respective
vane 226, and the upstream edges 236 extend generally
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linearly and generally oppose a portion of the directing
surface 234 (are generally parallel or parallel to the directing
surface 234). Together, the directing surface 234 and
upstream edges 236 may help to define inlet flow passages
242 connecting the passage 196 with the air inlet ports 202.

As exemplified, the inlet flow passages 242 are generally
linear and may be linear, and extend along respective
passage axes 244. The distance 246 between the upstream
edge 236 and the directing surface 234, in a direction
orthogonal to the passage axis 244, may define a passage
width.

Optionally, as exemplified in FIG. 7, the passage width
246 may be selected to be equal to or less than the radial
distance 218 between an outer surface 214 of the outlet
conduit 210 and the inner surface of the second cyclone
sidewall 186, such that radial distance 218 is the combina-
tion of the passage width 246 and the radial thickness 224 of
an inner flow region 220 that is defined proximate the outer
surface 214 of the outlet conduit 210 (i.e., distance 218 is the
sum of width 246 and thickness 224). In this arrangement,
an interface between the inner flow region 220 and the
radially outer flow region 225 of the interior of the second
stage cyclone 132 in which air can circulate and that is
aligned with the inlet passage width 246 is illustrated using
a dashed line 222. Providing an inner flow region 220 in this
manner may help facilitate axial air flow along the outer
surface 214 of the outlet conduit 210 while air circulates
within an outer flow region that is aligned with the inlet ports
202. This may help reduce back pressure in the air flow path.
The thickness 224 of the inner flow region 220 may be
between about 5% and about 30%, and between about 15%
and about 25% of the distance 218, and in some embodi-
ments may be between about 0.050" and about 0.5", and may
be between about 0.150" and about 0.300".

In the embodiment of FIG. 7, the upstream edges 236 are
positioned such that they are substantially tangential to the
interface 222 between the inner flow region 220 and the
outer flow region 225. In this arrangement, an extension of
the surface of the upstream edge 236 in a direction parallel
to the passage axis 244 is generally tangential to the inter-
face 222, and extends through the second stage cyclone 132
without intersecting the air outlet conduit 210. Instead, the
projection of the surface of the upstream edge 236 will
intersect the directing surface 234 of a vane 226 that is
associated with a different one of the air inlet ports 202. In
some configurations, as illustrated in FIG. 7, the extension
of'the upstream edge 236 of a given air inlet port 202 and the
extension of the directing surface 234 adjacent that air inlet
port 202 may intersect the directing surface 234 of the same
other one of the vanes 226 without intersecting the air outlet
conduit 210. This may help induce a favourable air flow
within the second stage cyclone 132 and/or may help reduce
back pressure in the air flow path. Alternatively, in other
embodiments, the upstream edge 236 may be positioned
such that it is tangential to the outer surface 214 of the outlet
conduit 210 (i.e. there is no inner flow region 220) or is
offset such that its projection is radially outwardly offset
from the interface 222. Accordingly, air entering the second
stage cyclone may be directed into outer flow region or the
outer flow region and the inner flow region. If the width of
the air inlet passage is equal to or less than the radial distance
between the cyclone sidewall and the air outlet conduit, and
if the air inlet passage is oriented as set out herein, then the
air may enter the second stage cyclone without contacting
the air outlet conduit. Accordingly, rotational momentum
may not be reduced upon entering the second stage cyclone
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and/or the air entering the second stage cyclone may cyclone
without mixing with the air exiting the second stage cyclone.

In the illustrated embodiment, the inlet passages 242 are
sized such that their flow area (i.e. their cross-sectional area
in a plane orthogonal to the passage axis 244) is less than the
flow area of the outer flow region 225 (i.e. the area taken in
the radial direction that is orthogonal to the direct of the air
circulating within the second stage cyclone 132). The
embodiment of FIG. 14 includes analogous air directing
vanes 226.

The vanes 226, or at least portions thereof, including the
upstream and downstream ends 228 and 230 and directing
surface 234, may optionally be integrally formed with
second cyclone sidewall 186 and/or an end wall of the
second stage cyclone 132. Alternatively, at least a portion of
the vanes 226, and optionally the entire vane structure, may
be formed from a separate member that is positioned adja-
cent a suitable opening in the second cyclone sidewall 186
or other suitable location.

Optionally, the vanes 226 may be sized to fit entirely
within the passage 196, such that the vanes 226 do not
extend into the interior of the first stage cyclone 130 or the
second stage cyclone 132. In other embodiments, they may
extend part way to the radial outer side of the passage 196.
In the illustrated embodiments, the upstream ends 228 of the
vanes 226 are positioned within the interior of the passage
196 proximate the screen 176, but remain spaced apart from
the screen 176. This may help facilitate air circulation within
the passage 196. Alternatively, the upstream ends 228 may
be positioned proximate the outer sidewall of the passage
196 (i.e. the screen 176), and may in some embodiments
contact the outer sidewall of the passage 196 (as shown
using dashed lines in FIG. 7). FIGS. 35-36 show an example
in which upstream ends 228 of vanes 226 contact (e.g. are
joined to or are integrally formed with or abut) the outer
sidewall of passage 196. In this example, upstream ends 228
are connected to screen 176.

Reference is now made to FIGS. 23-25. In some embodi-
ments, an air inlet port 202 may include a terminal end wall
332 that extends away from second stage cyclone 132 (e.g.
in a radially outward direction) into passage 196. As shown,
terminal end wall 332 may extend from downstream port
edge 238 to upstream port edge 236 and between vane
downstream end 230 and vane upstream end 228. Vane 226
may extend tangentially (i.e. longitudinally) from terminal
end wall 332. In the example shown, a vane 226, a terminal
end wall 332, and a passage end wall 336 border each inlet
flow passage 242. An advantage of this design is that it may
provide a more constrained inlet flow passage 242 that may
be more effective at directing air flow to enter second stage
cyclone 132 in a tangential direction.

It will be appreciated that vane 226 need not be linear and
that vanes of other configurations, e.g., arcuate vanes and/or
vanes that may direct the air partially towards the outlet
conduit may be used in conjunction with other features of
this disclosure.

Concurrently Openable Dirt Collection Chambers

The following is a description of concurrently openable
dirt collection chambers that may be used by itself in any
surface cleaning apparatus or in any combination or sub-
combination with any other feature or features described
herein. For example, any concurrently openable dirt collec-
tion chambers described herein may be used with any one or
more of the cyclone assembly with the passage from a first
stage cyclone to a second stage cyclone, the multiple second
stage cyclone air inlet ports, flow directing members, an
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openable end which includes the inlet conduit and radial
sealing member features described herein.

Dirt and debris that is separated from the air flowing
through cyclone assembly 108 (or other suitable air treat-
ment members) may be collected in suitable dirt collection
regions. If the air treatment member includes two or more air
treatment stages, the dirt from the stages may be collected in
a common dirt collection region, or alternatively may be
collected in two or more dirt collection regions. The dirt
collection regions may be positioned in any suitable location
and may be of any suitable configuration. Preferably, each of
the dirt collection regions may be openable or otherwise
accessibly to help facilitate emptying the collected dirt
and/or debris into a garbage can or other receptacle. If more
than one dirt collection region is provided, the apparatus 100
may be configured such that all, or at least two or more, of
the dirt collection regions can be opened concurrently. This
may help facilitate the simultaneous opening and emptying
of the dirt collection regions.

In accordance with this feature, a cyclone assembly has an
openable end, which may be a front end or a rear end. When
the end is opened, the cyclone assembly may be opened. For
example, if a cyclone assembly comprises a first stage
cyclone and a second stage cyclone, then the first and second
stage cyclones may be opened concurrently. Further, if one
or both of the first and second stage cyclones has a dirt
collection chamber external to the cyclone chamber, then
one or both of the dirt collection chambers may be opened
concurrently with the cyclone chambers.

If the front end or the rear end is openable, then the front
or rear end may be removably mounted or pivotally mounted
to the cyclone assembly. If the rear end is openable, then the
cyclone assembly may be removed from the main body of
the surface cleaning apparatus in order to enable the rear end
to be opened. Alternately, the cyclone assembly may be
moveably mounted to (e.g., pivotally mounted to) the main
body. The rear end may then be opened when the cyclone
assembly has been moved (pivoted) to a rear end opening
position (see for example FIG. 13).

In the cyclone assembly 108, the first and second stage
cyclones 130 and 132 may be configured such that some or
all of the dirt that is separated from the air flow is retained
within the cyclones 130 and 132 themselves. For example,
debris may settle on the lower surfaces of the cyclones 130
and 132 via gravity. In such configurations, the cyclones 130
and 132 may form the dirt collection regions for the appa-
ratus 100.

Optionally, the cyclone assembly may also include at least
one dirt collection chamber that is external the first and
second stage cyclones 130 and 132, for collecting and
containing the separated dirt. The dirt collection chamber
can be positioned adjacent the first and/or second stage
cyclones 130 and 132 and may be in communication with
respective dirt outlets on the cyclones 130 and 132. Prefer-
ably, a separate dirt collection chamber may be provided for
each cyclone in the cyclone assembly, and the dirt collection
chambers may be optionally be isolated from each other.
Each dirt collection chamber may then be in communication
with a dirt outlet of its respective cyclone. If external dirt
collection chambers of this type are provided, they may be
configured such that the dirt collection chambers are open-
able concurrently with each other and/or concurrently with
one or more of the cyclones. For example, a cyclone
assembly with two cyclone stages and two dirt collection
chambers may be configured so that both dirt collection
chambers are openable concurrently, two dirt collection
chambers and one cyclone are openable concurrently (a total
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of three regions) and/or so that both dirt collection chambers
and both cyclones are openable concurrently (a total of four
regions). This may be achieved in any suitable manner,
including, for example using a common door to enclose
some or all of the openable regions, and/or connecting the
openable portions of each of the regions together, such that
opening one openable portion will in turn cause the other
openable portions to open without further intervention from
the user.

In the embodiment of FIG. 4, the first stage cyclone 130
includes a dirt outlet 250 through which dirt can exit the first
stage cyclone 130 and the first dirt collection chamber 134
is external the first stage cyclone 130 and in communication
with the first dirt outlet 250.

In this embodiment the dirt outlet 250 is provided in the
form of a slot that extends around a portion of the perimeter
of the cyclone sidewall 172, and is located toward the front
end of the first stage cyclone 130 proximate the front end
wall 168. Optionally, as illustrated in this embodiment, at
least most of the first dirt collection chamber 134 is posi-
tioned beneath the first stage cyclone 130, and the first dirt
outlet 250 is provided in the bottom portion of the cyclone
sidewall 172.

The first dirt collection chamber 134 may be of any
suitable configuration and may be in any suitable position
relative to the first stage cyclone 130 and may have any dirt
inlet. In the embodiment of FIG. 4, the first dirt collection
chamber 134 includes a front end wall 254, an opposed rear
end wall 256 and a first dirt collection chamber sidewall 258
extending axially therebetween. In this embodiment, the
front end wall 254 of the first dirt collection chamber 134 is
generally coincident with the front wall 162 of the cyclone
assembly 108. In other embodiments, the front end wall 254
may be separate from the front wall 162.

To open the first dirt collection chamber 134 for empty-
ing, preferably one of the front end wall 254, rear end wall
256 and sidewall 258 are openable. In the embodiment of
FIGS. 4-6, the front end wall 162 of the cyclone assembly
108 is configured as an openable door and is pivotally
connected to the sidewall 166 by a hinge 260 such that the
front end wall 162 is pivotal about a lateral pivot axis 262.
The front end wall 162 may be held in its closed position
using any suitable mechanism, including a friction fit with
the sidewall 166 and/or by using a latch, such as the latch
264 used in the embodiment of FIG. 13. Alternatively,
instead of being pivotally connected, the front end wall 162,
and/or front end wall 254 may be detachable (removable)
from the sidewall 166 or otherwise openable.

In the embodiment of FIGS. 4 and 5, the second stage
cyclone 132 includes a dirt outlet 266 through which dirt can
exit the second stage cyclone 132 and the second dirt
collection chamber 136 is external the second stage cyclone
132 and in communication with the dirt outlet 266.

In the embodiment of FIGS. 4-6, the second dirt collec-
tion chamber 136 includes a front end wall 268, a rear end
wall 270 and a second dirt collection chamber sidewall 272
extending therebetween. In this embodiment, the dirt outlet
266 is provided in the form of a slot that extends around a
portion of the perimeter of the cyclone sidewall 186, and is
located toward the front end of the second stage cyclone 132
proximate the front end wall 182, although the dirt outlet
may be of different configurations and in different locations.
Optionally, as illustrated in this embodiment, at least most of
the second dirt collection chamber 136 is positioned forward
of the second stage cyclone 132, and the dirt outlet 266 is
provided in the upper portion of the cyclone sidewall 186. In
this configuration, the second dirt collection chamber 136 is
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spaced axially forward of the second stage cyclone 132, is
separated by the second stage cyclone 132 by the movable
front end wall 182 and is nested within the first stage cyclone
130 (in the axial and radial directions). That is, the front end
wall 268 of the second dirt collection chamber 136 may be
substantially co-planar with the front end wall 168 of the
first stage cyclone 130. Optionally, as illustrated in this
embodiment (FIG. 6), the front end wall 168 of the first stage
cyclone 130 and the front end wall 268 of the second dirt
collection chamber 136 may be integrally formed as part of
a common plate or wall member. The front end wall 182 of
the second stage cyclone 132 may be offset axially from the
front end walls 168 and 268.

To open the second dirt collection chamber 136 for
emptying, preferably one of the front end wall 268, rear end
wall 270 and sidewall 275 are openable. In the embodiment
of FIGS. 4-6, the front end wall 268 of the second dirt
collection chamber 136 is mounted to and is movable with
the front end wall 162 of the cyclone assembly 108, such
opening the front wall 162 moves the front end wall 268 and
opens the second dirt collection chamber 136 for emptying.

In this embodiment, the front end wall 182 is also
mounted to and is movable with the front end wall 162 of the
cyclone assembly 108, such that opening the front wall 162
moves the front end wall 182 and opens the second stage
cyclone 132 for emptying.

In this embodiment, the second dirt collection chamber
268 is entirely nested within, and laterally surrounded by, the
first stage cyclone 130. In other embodiments, the second
dirt collection chamber 268 may only be partially nested
within the first stage cyclone 130, and at least a portion of
the second dirt collection chamber 268 may be external the
first stage cyclone 130.

For example, as illustrated in the embodiment of FIGS. 12
and 13, the second stage cyclone 132 may be oriented so that
the dirt outlet 266 is provided toward the rear end wall 184
of the second stage cyclone 132 (i.e. at the same end as the
air outlet 208), and the second dirt collection chamber 136
may positioned rearward of the first stage cyclone 130 and
the first dirt collection chamber 134. In this embodiment, the
rear wall 184 of the second stage cyclone 132 is axially
offset rearwardly from the rear end wall 170 of the first stage
cyclone 130, and the second stage cyclone 132 is only
partially nested within the first stage cyclone 130.

Also in this embodiment, at least a portion of the second
dirt collection chamber 136 is shown in an optional arrange-
ment in which it is positioned axially between the first stage
cyclone 130 and the pre-motor filter housing 144 (and filter
142 therein). In this arrangement the second dirt collection
chamber 136 is also rearward of the first dirt collection
chamber 134, such that the rear wall 256 of the first dirt
collection chamber 134 is at least partially coincident with
portions of the front end wall 268 of the second dirt
collection chamber 136.

Optionally, instead of or in addition to opening the front
end walls 168, 182 and 254 and/or 268 of the compartments
in the cyclone assembly 108, one or more of the sidewalls
172, 186, 258 and 272 may be openable and/or one or more
of the rear end walls 170, 184, 256 and 270 may be
openable. For example, in the embodiment of FIGS. 12 and
13 the second dirt collection chamber 136 is positioned such
that it may be more convenient to empty by opening at least
a portion of the sidewall 272 and/or at least a portion of the
rear end wall 270.

For example, in this embodiment the hinge 260 is pro-
vided toward the rear end of the cyclone assembly 108 and
at the upper side, whereby the rear portions of the cyclone
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assembly 108 is openable (i.e. the front wall 162 and at least
a portion of the sidewall 166 are movable together relative
to the rear end of the cyclone assembly). In this configura-
tion, the movable portions of the cyclone assembly 108 (as
discussed below) are pivoted generally forwardly and
upwardly, which creates a generally lower facing opening
through which the dirt and debris is emptied. This may help
reduce the likelihood of debris contacting or becoming stuck
on portions of the first stage cyclone 130, first dirt collection
chamber 134, second stage cyclone 132 and second stage
dirt collection chamber 136. Alternatively, as shown in the
embodiment of FIG. 6, the hinge 260 may be provided at the
bottom, and the openable door 162 may pivot generally
forwardly and downwardly.

In the embodiment of FIG. 12, the rear wall 256 of the first
dirt collection chamber 134 is separated from the sidewall
258, which opens the rear end of the first dirt collection
chamber 134 for emptying. In this embodiment, the rear end
wall 170 of the first stage cyclone 130 is coincident with the
rear end wall 256 of the first dirt collection chamber 134, and
opening the cyclone assembly 108 as illustrated also sepa-
rates the rear end wall 170 from the sidewall 172 of the first
stage cyclone 130, thereby opening the first stage cyclone
130 for emptying.

Referring to the embodiment of FIGS. 12 and 13, to
empty the second dirt collection chamber 136 in this
embodiment the lower portion of the sidewall 272 is open-
able, while the front and rear end walls 268 and 270 remain
substantially fixed. In this embodiment, the lower portion of
the sidewall 272 is attached to and moves with front end of
the cyclone assembly 108 (i.e. with the first dirt collection
chamber 134 and the first stage cyclone 130) when it is
moved between closed (FIG. 12) and open (FIG. 13) con-
figurations. Moving the sidewall 272 in this manner may
allow dirt and debris to exit via the bottom of the second dirt
collection chamber 136. The opening revealed by the side-
wall 272 is substantially smaller than the opening provided
for the first dirt collection chamber 134 when rear end wall
256 is opened. This may help reduce the overall size of the
apparatus 100 and may be usable in most circumstances as
debris separated by the second stage cyclone 132 is likely to
be smaller (having passed through the screen 176 and inlet
ports 202) than the debris collected in the first dirt collection
chamber 134.

Referring to the embodiment of FIGS. 17-22, the cyclone
assembly 108 may be configured so that the second dirt
collection chamber 136 is positioned radially (or at least
partially radially) between the first stage cyclone 130 and the
second stage cyclone 132 chambers. In this embodiment, the
second stage dirt collection chamber 136 is located below
the second stage cyclone 132, between the outer surface of
the cyclone sidewall 186 and the dirt collection chamber
sidewall 272. To help accommodate this placement of the
second dirt collection chamber 136, the cyclone assembly
108 is modified so that the screen 176 and passage 196 do
not extend continuously around the perimeter of the second
stage cyclone 132. Instead, the second dirt collection cham-
ber 136 interrupts the passage 196, such that the passage 196
only partially surrounds the second stage cyclone 132 (see
FIG. 18). In this configuration, the second dirt outlet 266 is
formed as a slot-type outlet in the lower portion of the
second cyclone sidewall 186, toward the front end wall 182.

To empty this cyclone assembly 108, one of the front or
rear end walls may be opened. In the illustrated example, the
rear end of the cyclone assembly 108 includes an openable
door that includes the rear end wall 170 of the first stage
cyclone 130, the rear end wall 184 of the second stage
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cyclone 132, the rear end wall 256 of the first dirt collection
chamber 134 and the rear end wall 270 of the second dirt
collection chamber 136. In this example, the air outlet
conduit 210 is also mounted on, and moves with the open-
able door.

Openable End which Includes the Inlet Conduit

The following is a description of an openable end which
includes the inlet conduit that may be used by itself in any
surface cleaning apparatus or in any combination or sub-
combination with any other feature or features described
herein. For example, any openable end which includes the
inlet conduit described herein may be used with any one or
more of the cyclone assembly with the passage from a first
stage cyclone to a second stage cyclone, the multiple second
stage cyclone air inlet ports, flow directing members, con-
currently openable dirt collection chambers and radial seal-
ing member features described herein.

In accordance with this embodiment, a cyclone assembly,
which may be a dual stage cyclone assembly, has a front
openable end, which may be a moveably, e.g., pivotally,
connected to the cyclone assembly. The front openable end
may be a door and may open one or more of a first stage
cyclone, a first stage dirt collection region, a second stage
cyclone and a second stage dirt collection chamber. The door
or openable end is provided with the air inlet conduit.
Accordingly, when the front end is opened, a rearward
portion of the inlet conduit (e.g., the first stage cyclone
tangential air inlet, pivotally may be opened.

For example, as exemplified in FIGS. 20 and 22, the air
inlet conduit 152 is provided on and is movable with the
front end of the cyclone assembly 108. In this configuration,
opening the first dirt collection chamber 134 and/or first
stage cyclone 130 also moves the inlet conduit 152. This
may help provide access to the air inlet port 174 and portions
of the inlet conduit 152 when the air treatment member is
opened.

Radial Sealing Members

The following is a description of a radial sealing member
that may be used by itself in any surface cleaning apparatus
or in any combination or sub-combination with any other
feature or features described herein. For example, any radial
sealing member described herein may be used with any one
or more of the cyclone assembly with the passage from a
first stage cyclone to a second stage cyclone, the multiple
second stage cyclone air inlet ports, flow directing members,
concurrently openable dirt collection chambers and an open-
able end which includes the inlet conduit features described
herein.

In accordance with this feature, a sealing interface is
provided on a sidewall of a cyclone and/or dirt collection
chamber. Accordingly, part or all of a dirt collection chamber
of a cyclone may be formed by one or more walls on an
openable end of a cyclone assembly. An advantage of this
feature is that a more compact construction may be utilized
with a pivotally mounted openable end wall.

In the embodiments of FIGS. 4-6, the first stage cyclone
130 and second stage cyclone 132 are openable by moving
the their respective front end walls 168 and 182 (i.e., moving
the front end of the cyclone assembly). In this embodiment,
the front end walls 168 and 182 are used to cover the front
ends of the first and second stage cyclones 130 and 132. In
this arrangement, the front end walls 168 and 182 tend to
engage the end faces of the sidewalls 172 and 186, such that
the engagement between the front end walls 168 and 182 and
the end faces of the sidewalls 172 may separate the different
regions/compartments within the cyclone assembly 108
(sealing members like gaskets may be provided, or sufficient
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sealing may be achieved by contact between the abutting
members). Similar end sealing configurations may be seen
in the embodiments of FIGS. 9-15 and 16-18. In other
embodiments, sealing of the cyclone stages and/or dirt
collection chambers may be achieved using a different
sealing configuration. For example, instead of engaging and
sealing against the end faces of the sidewalls 172 and 186
(and analogously the end walls of the dirt collection cham-
bers 134 and 136), the cyclone assembly 108 may be
arranged so that at least some of the engaging/sealing occurs
on a radial, side surface of one or more sidewalls (such as
sidewall 186, sidewall 172, sidewall 258 and/or sidewall
272). That is, radial sealing members may be positioned to
engage, and preferably seal against, the surfaces of the
sidewalls.

Referring to FIGS. 19-20, another embodiment of a
cyclone assembly 108 that is usable with a hand vacuum
cleaner (including the hand vacuum cleaners 100 described
herein), includes a front end that be pivoted about a hinge
260 and can be moved between closed (FIG. 19) and open
(FIG. 20) positions. In this example, the openable front end
includes the front end wall 168 of the first stage cyclone 130,
the front end wall 254 of the first dirt collection chamber
134, the front end wall 168 of the second stage cyclone 132
and the front end wall 268 of the second dirt collection
chamber 136.

As exemplified, in addition to the end walls 168, 254, 168
and 268, the front end of the cyclone assembly also includes
one or more inwardly extending wall portions. In the illus-
trated example, the second dirt collection chamber 136 is
round so has a circular sidewall 272 (in a direction trans-
verse to the front/rearward direction) that is also mounted to,
and movable with the openable front end. The sidewall 272
may optionally be configured so that when the front end is
closed (FIG. 19—i.e. the in use position), the sidewall 272
at least partially axially overlap the sidewall 186 of the
second stage cyclone 132. In this configuration, portions of
the second dirt collection chamber rear end walls 270 may
be positioned radially between the sidewall 186 of the
second stage cyclone 132 and the sidewall 272 of the second
dirt collection chamber 136. The assembly may be config-
ured such that the radially inwardly extending portions of
the rear end walls 270 engage, and optionally seal against,
the outer surface 187 of the second cyclone sidewall 186
when the front end is closed (FIG. 19).

Pivoting the front end to the open position may move the
sidewall 272 and separate the inwardly extending portions of
the rear end walls 270 from the sidewall 186, such that the
walls 272, 270 and 268 co-operate to for an open volume
that forms the second dirt collection chamber 136 when
sealed against the second stage cyclone 132. When the front
end is open in this manner, the first dirt collection chamber
134, first stage cyclone 130 and second dirt collection
chamber 136 are open and accessible for emptying. The
second stage cyclone 132 may also be openable for empty-
ing, for example by opening the end wall 184 and/or by
opening some or all of the front end wall 182. This may be
done while the front end is open, but need not occur
concurrently with the opening of the front end.

To help provide a satisfactory seal, an optional sealing
member 288 (such as a gasket and the like) may be posi-
tioned between the inwardly extending read end wall por-
tions 270 and the outer surface 187 of the second cyclone
sidewall 186 and may be provided on one or both of these.

Optionally, as illustrated in the embodiment of FIGS. 19
and 20, the second stage cyclone 132 need not be cylindrical
along its entire length. Instead, a portion of the cyclone,
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preferably an end portion that is positioned toward the
openable portion of the cyclone assembly 108, may have a
different configuration. In the illustrated embodiment, the
front portion of the second stage cyclone 132 has a generally
frusto-conical configuration, in which portions of the side-
wall 186 taper toward the front end of the second stage
cyclone 132. In this embodiment, the sidewall 186 tapers
toward the front end wall 182, which has a smaller diameter
than the opposing rear end wall 184. The dirt outlet 266 may
be provided in any suitable portion of the second stage
cyclone 132, and in this embodiment is positioned in a
tapered portion of the sidewall 186, in the upper portion of
the second stage cyclone 132. It will be appreciated that the
cyclone may be tapered in another manner.

Tapering the front end of the second stage cyclone 132
may help provide additional clearance between the second
stage cyclone 132 and the movable sidewalls 272 and end
walls 270, and may help facilitate the opening and closing
of the front end.

Optionally, the front end wall 182 of the second stage
cyclone 132 may also be openable in embodiments of the
cyclone assembly 108 that utilize the radial, sidewall sealing
as shown in the embodiment of FIGS. 19 and 20. For
example, referring to FIGS. 21 and 22, another embodiment
of'a cyclone assembly 108 includes a front end that is pivotal
about hinge 260. It will be appreciated that, in embodiments
that utilize this feature, the pivotal end may be pivotally
mounted to a lower end of the cyclone assembly (see for
example FIG. 20) or it may be pivotally mounted to an upper
end of the cyclone assembly (as exemplified in FIG. 22).

It will be appreciated, that this feature may be combined
with other features of an openable end wall as disclosed
herein. For example, in this embodiment, the front end wall
168 of the first stage cyclone 130, the front end wall 254 of
the first dirt collection chamber 134 and the front end wall
268 of the second dirt collection chamber 136 are all
mounted on the front end and movable in unison with each
other. In addition, the front end wall 182 of the second stage
cyclone 132 may be provided by a plate member that is also
mounted to the openable front end of the cyclone assembly
108. In this embodiment, the plate that provides the front end
wall 182 is offset forwardly from the front end walls 168,
254 and 268 in the axial direction. This may help position
the front end wall 182 in its desired position when the front
end is closed (FIG. 21). Mounted in this way, the front end
wall 182 is also movable in unison with the front end walls
168, 254 and 268, while facilitates concurrent opening of the
first stage cyclone 130, second stage cyclone 132, first dirt
collection chamber 134 and second dirt collection chamber
136.

As with the embodiment of FIGS. 19-20, in this embodi-
ment the sidewall 272 of the second dirt collection chamber
136 extend axially inwardly from the front end wall 268, and
is sized so that when the cyclone assembly 108 is closed the
distal end of the sidewall 272 axially overlap with the second
cyclone sidewall 186. Radially inwardly extending portions
of the rear end wall 270 extend inwardly from the distal end
of'the sidewall 272 and can seal against the outer surface 187
of the second cyclone sidewall 186. Gaskets 288 can be
provided to help provide a generally airtight seal, which can
help separate the second dirt collection chamber 136 from
the passage 196.

Optionally, as shown in FIG. 22, the openable portion of
the front end of the cyclone assembly 108 may also include
portions of the first cyclone sidewall 172, including a portion
that includes the dirt outlet 250. In this arrangement, the two
portions of the sidewall 172 may seal against each other
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when the cyclone assembly 108 is in use. Alternatively, the
first cyclone sidewall 172 may remain in a single piece, and
the end wall 168 may be separated from the end face of the
sidewall 172.

In this embodiment, the hinge 260 is provided on the
upper portion of the cyclone assembly 108, and the front end
pivots upwardly and forwardly. Positioning the hinge 260 in
this manner reduces the vertical distance between the hinge
260 and the second stage cyclone 132 (as opposed to having
the hinge 260 on the far side of the first dirt collection
chamber 134 and at the bottom of the cyclone assembly 108
as shown in FIG. 19). This may help facilitate the pivoting
of the front end while reducing and/or eliminating interfer-
ence between the inwardly extending portions of the rear
end wall 270 and the second cyclone sidewall 186. In some
configurations, positioning the components in this manner
may reduce and/or eliminate the need to provide a frusto-
conical portion on the second stage cyclone 132.

In accordance with one or more of the features set out
herein, a cyclone assembly may have two or more regions
that open concurrently. Preferably, at least two regions in the
air treatment member may be openable concurrently, for
example for emptying and/or cleaning. Preferably, the at
least two regions can be opened concurrently using a single
hand. This may allow a user to hold the apparatus 100 by the
handle 106 using one hand, and empty the air treatment
member with the other. For example, in at least some of the
embodiments described herein, at least two of the first stage
cyclone, the second stage cyclone, the first stage dirt col-
lection region and the second stage dirt collection region can
be openable concurrently. More preferably, at least three of
the of the first stage cyclone, the second stage cyclone, the
first stage dirt collection chamber, the second stage dirt
collection chamber and the passage 196 may be openable
concurrently. In some embodiments, all four of the of the
first stage cyclone, the second stage cyclone, the first stage
dirt collection chamber and the second stage dirt collection
chamber may be openable concurrently. This may help
facilitate emptying of the cyclone assembly. For example,
opening all four regions of the cyclone assembly concur-
rently may reduce the time required to open and empty the
cyclone assembly. If the four regions may be opened con-
currently with a single hand, for example by opening a
single door, it may help facilitate one-handed opening and
emptying of the cyclone assembly. This may help a user
empty the cyclone assembly without having to release the
hand grip portion 160 or otherwise reconfigure his/her grasp
on the hand vacuum 100.

In the embodiment of FIGS. 4-6, the apparatus is config-
ured so that the front end walls 168, 182, 254 and 268 are
all mounted to or form part of the openable front door 162,
and are movable in unison with each other and with the front
door 162. In this embodiment, the first stage cyclone 130,
the second stage cyclone 132, the first dirt collection cham-
ber 134 and the second dirt collection chamber 136 are all
concurrently openable with each other. The embodiments of
FIGS. 16-17 and 21-22 are also configured so that the first
stage cyclone 130, the second stage cyclone 132, the first dirt
collection chamber 134 and the second dirt collection cham-
ber 136 are all concurrently openable with each other.

In the embodiment of FIGS. 12-13, moving the front end
of the cyclone assembly 108 opens the rear end walls 170
and 256, and a portion of the sidewall 272 in unison with
each other. In this embodiment, the first stage cyclone 130,
the first dirt collection chamber 134 and the second dirt
collection chamber 136 are all concurrently openable with
each other. Optionally, the second stage cyclone 132 may
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also be opened for emptying, for example by removing the
front end wall 182 (optionally in combination with the
screen 176) while the other regions are open. In this embodi-
ment, the second stage cyclone 132 may be opened for
cleaning at the same time as the first stage cyclone 130, the
first dirt collection chamber 134 and the second dirt collec-
tion chamber 136, but may require a two-step opening
process. Removing the front end wall 182 in the embodi-
ment of FIGS. 12-13 may also open the front end of the
passage 196. The embodiment of FIGS. 19-20 is also
configured such that the first stage cyclone 130, the first dirt
collection chamber 134 and the second dirt collection cham-
ber 136 are all concurrently openable with each other, while
the second stage cyclone 132 may be opened in a subsequent
step.

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 with a suction motor positioned in the
air flow path;

(b) a cyclone positioned in the air flow path, the cyclone
having a cyclone chamber, a cyclone chamber sidewall,
a plurality of tangential air inlets, a cyclone air outlet
and a longitudinal cyclone axis about which the air
rotates in the cyclone chamber, the cyclone chamber
having a length in a direction of the longitudinal
cyclone axis wherein air rotates in a direction of
rotation in the cyclone chamber, each of the tangential
air inlets comprises an inlet port provided in the
cyclone chamber sidewall, each inlet port has an
upstream edge and a downstream edge in the direction
of rotation; and,

(c) an air flow passage extending parallel to the cyclone
axis and upstream from the tangential air inlets, the air
flow passage having a terminal end at which the
plurality of tangential air inlets are located,

wherein each of the tangential air inlets has a terminal end
wall and a flow directing member is provided at the
downstream edge of one of the air inlet ports, the flow
directing member extends longitudinally from the ter-
minal end wall and also extends into the air flow
passage.

2. The surface cleaning apparatus of claim 1 wherein the

flow directing members are generally linear.

3. The surface cleaning apparatus of claim 1 wherein the
flow directing members are configured to induce a rotational
air flow within the cyclone chamber.

4. The surface cleaning apparatus of claim 1 wherein the
flow directing members have a directing surface that gen-
erally faces an air flow in the air flow passage.

5. The surface cleaning apparatus of claim 1 wherein the
air flow in the air flow passage comprises a rotational flow.

6. The surface cleaning apparatus of claim 1 wherein the
air flow passage is positioned exterior to the cyclone cham-
ber sidewall.

7. The surface cleaning apparatus of claim 6 wherein the
cyclone is a downstream cyclone and a portion of the air
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flow passage is positioned between the cyclone chamber
sidewall and a screen for an upstream cyclone.

8. The surface cleaning apparatus of claim 7 wherein the
downstream cyclone is at least partially nested in the
upstream cyclone.

9. The surface cleaning apparatus of claim 8 wherein the
downstream cyclone is fully nested in the upstream cyclone.

10. The surface cleaning apparatus of claim 7 wherein the
air flow passage has a passage length in the longitudinal
direction, the screen has a screen length in the longitudinal
direction, the downstream cyclone has a cyclone length in
the longitudinal direction and each of the passage length and
the screen length are at least 50% of the cyclone length.

11. The surface cleaning apparatus of claim 1 wherein the
cyclone comprises 4 to 8 cyclone air inlets.

12. The surface cleaning apparatus of claim 1 wherein a
combined cross-sectional area of the cyclone air inlets in a
direction transverse to a flow direction therethrough is about
equal to a cross sectional area of the cyclone air outlet in a
direction transverse to a flow direction therethrough.

13. The surface cleaning apparatus of claim 7 wherein a
combined cross-sectional area of the cyclone air inlets in a
direction transverse to a flow direction therethrough is about
equal to a cross sectional area of a cyclone air inlet of the
upstream cyclone in a direction transverse to a flow direction
therethrough.

14. The surface cleaning apparatus of claim 1 wherein the
cyclone air outlet is located at a same end of the cyclone as
the cyclone air inlets.

15. A surface cleaning apparatus comprising:

(a) a first stage cyclone having a first stage cyclone
chamber, a first stage cyclone air inlet, a first stage
cyclone air outlet and a first stage longitudinal cyclone
axis about which the air rotates in the first stage cyclone
chamber, the first stage cyclone air outlet comprising a
longitudinally extending screen;

(b) a second stage cyclone downstream from the first
stage cyclone and at least substantially nested in the
first stage cyclone, the second stage cyclone having a
second stage cyclone chamber, a second stage cyclone
chamber sidewall, a plurality of second stage tangential
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air inlets, a second stage cyclone air outlet and a second
stage longitudinal cyclone axis about which the air
rotates in the second stage cyclone chamber, the second
stage cyclone chamber having a length in a direction of
the longitudinal cyclone axis wherein air rotates in a
direction of rotation in the cyclone chamber, each of the
tangential air inlets comprises an inlet port provided in
the cyclone chamber sidewall, each inlet port has an
upstream edge and a downstream edge in the direction
of rotation; and,

(c) an air flow passage positioned between the screen and
the second stage cyclone chamber sidewall, the air flow
passage having a terminal end at which the plurality of
tangential air inlets are located,

wherein each of the tangential air inlets has a flow
directing member that is provided at the downstream
edge of one of the air inlet ports and that extends into
the air flow passage.

16. The surface cleaning apparatus of claim 15 wherein
the air flow in the air flow passage comprises a rotational
flow and the flow directing members have a directing
surface that generally faces an air flow in the air flow
passage.

17. The surface cleaning apparatus of claim 15 wherein a
combined cross-sectional area of the second stage tangential
air inlets in a direction transverse to a flow direction there-
through is about equal to a cross sectional area of the second
stage cyclone air outlet in a direction transverse to a flow
direction therethrough.

18. The surface cleaning apparatus of claim 15 wherein a
combined cross-sectional area of the second stage tangential
air inlets in a direction transverse to a flow direction there-
through is about equal to a cross sectional area of the first
stage cyclone air inlet in a direction transverse to a flow
direction therethrough.

19. The surface cleaning apparatus of claim 15 wherein
the second stage cyclone air outlet is located at a same end
of'the second stage cyclone as the second stage tangential air
inlets.



