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SURFACE CLEANING APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 15/452,609, filed on Mar. 7, 2017, now
allowed, which itself is a continuation of Ser. No. 14/512,
245, filed on Oct. 10, 2014, now U.S. Pat. No. 9,629,511 as
of Apr. 25, 2017, which itself is a continuation of U.S. patent
application Ser. No. 13/508,970, filed on May 9, 2012, now
issued U.S. Pat. No. 8,997,309 as of Apr. 7, 2015, which is
a national phase entry of application PCT/CA2012/000182
filed on Mar. 2, 2012, wherein application PCT/CA2012/
000182 is a continuation-in-part of co-pending U.S. patent
application Ser. No. 13/040,751, filed Mar. 4, 2011, now
issued U.S. Pat. No. 9,204,772 as of Dec. 8, 2015; and is a
continuation-in-part of U.S. patent application Ser. No.
13/040,955 filed Mar. 4, 2011, now issued U.S. Pat. No.
9,009,912 as of Apr. 21, 2015; and is a continuation-in-part
of U.S. patent application Ser. No. 13/040,731, filed Mar. 4,
2011, now issued U.S. Pat. No. 8,800,104 as of Aug. 12,
2014; and is a continuation-in-part of U.S. patent application
Ser. No. 13/040,711, filed Mar. 4, 2011, now issued U.S. Pat.
No. 8,863,352 as of Oct. 21, 2014; and is a continuation-
in-part of Ser. No. 13/040,768 filed Mar. 4, 2011, now issued
U.S. Pat. No. 8,528,164 as of Sep. 10, 2013; and is a
continuation in part of U.S. patent application Ser. No.
13/040,934, filed on Mar. 4, 2011, now abandoned, each of
those applications being incorporated herein in their entirety
by reference

FIELD

The disclosure relates to surface cleaning apparatuses,
such as vacuum cleaners.

INTRODUCTION

Various constructions for surface cleaning apparatuses,
such as vacuum cleaners, are known. Currently, many sur-
face cleaning apparatuses are constructed using at least one
cyclonic cleaning stage. Air is drawn into the vacuum
cleaners through a dirty air inlet and conveyed to a cyclone
inlet. The rotation of the air in the cyclone results in some
of the particulate matter in the airflow stream being disen-
trained from the airflow stream. This material is then col-
lected in a dirt bin collection chamber, which may be at the
bottom of the cyclone or in a direct collection chamber
exterior to the cyclone chamber (see for example WO2009/
026709 and U.S. Pat. No. 5,078,761). One or more addi-
tional cyclonic cleaning stages and/or filters may be posi-
tioned downstream from the cyclone.

SUMMARY

The following summary is provided to introduce the
reader to the more detailed discussion to follow. The sum-
mary is not intended to limit or define the claims.

According to one broad aspect of the teachings described
herein, a dirt collection chamber for one or more cyclone
chambers extends from a dirt inlet towards a dirt collection
area. For example, the dirt inlet may be in an upper portion
of the dirt collection chamber and the dirt collection area
may be the floor of the dirt collection chamber. The dirt
collection chamber comprises a sidewall (preferably an
outer sidewall) that extends longitudinally between oppos-
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ing first and second ends of the dirt collection chamber. Air
circulating within the dirt collection chamber may flow
along the sidewall. For example, air may exit the dirt outlet
of the cyclone chamber and rotate around the dirt collection
chamber and travel towards the dirt collection area. The air
will at some point travel in the reverse direction towards the
dirt inlet and re-enter the cyclone chamber. The dirt collec-
tion chamber may be configured such that the cross sectional
area of the dirt collection chamber in a plane transverse to
its length changes at least once along the length of the dirt
collection chamber. In some embodiments, the cross-sec-
tional area at the first end of the dirt collection chamber is
different than the cross-sectional area at the second end of
the dirt collection chamber.

An advantage of this configuration may be that changes in
the cross -sectional area may be used to enhance the sepa-
ration efficiency of the cyclone chamber and associated dirt
collection chamber. By varying the transverse cross sec-
tional area of the dirt collection chamber, the flow dynamics
of the air in the dirt collection chamber may be varied and
the amount of dirt that is disentrained from the air may be
decreased, or the amount of dirt that is re-entrained may be
reduced. For example, if the cross sectional area of the
portion of the dirt collection chamber distal to the dirt inlet
(e.g., the lower portion) is less than the opposed portion (e.g.
upper portion) adjacent the dirt inlet, then the air will slow
down as it enters the upper portion. As the velocity
decreases, the amount of dirt that may be re-entrained in the
return airflow may decrease. If the cross sectional area of the
portion of the dirt collection chamber distal to the dirt inlet
(e.g., the lower portion) is greater than the opposed portion
(e.g. upper portion) adjacent the dirt inlet, then the air will
slow down as it enters the lower portion allowing more dirt
to be disentrained.

The cyclone chamber and dirt collection chamber assem-
bly may be used in any surface cleaning apparatus. The
surface cleaning apparatus comprises an air flow passage
extending from a dirty air inlet to a clean air outlet. A suction
motor is provided in the air flow passage, and a cyclone bin
assembly is provided in the air flow passage, preferably
upstream from the suction motor. The cyclone bin assembly
may comprise the cyclone chamber and a dirt collection
chamber. Dirty air from the dirty air inlet may circulate
within the cyclone chamber and may exit the cyclone
chamber to circulate within the dirt collection chamber.

The cyclone bin assembly may also comprise a fine
particle separator, to help separate relatively fine dirt par-
ticles from the dirty air. The fine particle separator comprises
a flow chamber through which the dirty air may circulate.
Dirty air, carrying entrained fine dirt particles may flow from
the cyclone chamber into the fine particle separator. Air
exiting the fine particle separator may re-enter the cyclone
chamber, and travel to the suction motor via a cyclone air
outlet.

The fine particle separator is configured so that air circu-
lating in the flow chamber may travel at a relatively high
velocity, and may travel faster than the air circulating within
the cyclone chamber. To help increase the air flow velocity
the cross-sectional area of the flow chamber, in the flow
direction, may be varied, and preferably is reduced. Accel-
erating the dirty air to a relatively higher velocity may help
disentrain fine dirt particles.

The air outlet of the fine particle separator flow chamber
may be configured to disrupt the flow of air exiting the flow
chamber. Disrupting the flow of air, for example by intro-
ducing eddy currents and/or turbulence and/or directing the
air away from the cyclone dirt outlet, may help separate fine
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dirt particles from the air stream. Separated dirt particles
may fall into the dirt collection chamber.

An advantage of this configuration may be a more effi-
cient separation of fine dirt particles from the dirty air
stream. Separating fine dirt particles from the dirty air
stream in the fine particle separator may help prevent the fine
dirt particles from continuing downstream from the cyclone
bin assembly, and, for example, fouling the suction motor
and/or a pre-motor filter.

In accordance with this aspect a surface cleaning appa-
ratus comprises an air flow passage extending from a dirty
air inlet to a clean air outlet. The air flow passage includes
a suction motor. The surface cleaning apparatus may also
comprise a cyclone chamber provided in the air flow pas-
sage. The cyclone chamber may comprise a cyclone air inlet,
a cyclone air outlet and a dirt outlet. The surface cleaning
apparatus may comprise a dirt collection chamber having a
dirt inlet, a dirt collection chamber first end, an opposed dirt
collection chamber second end and a longitudinally extend-
ing sidewall. The sidewall may comprise a portion that has
a longitudinal length and extends away from the dirt inlet
towards the opposed dirt collection chamber second end. A
transverse cross sectional area of the dirt collection chamber
may vary at least once along the length of the portion of the
sidewall.

The dirt inlet may be positioned adjacent the dirt collec-
tion chamber first end.

A dirt collection area may be provided at the opposed dirt
collection chamber second end.

The dirt collection chamber first end may be an upper end.
The dirt inlet may be provided at the upper end, and a dirt
collection area may be provided in a lower portion of the dirt
collection chamber.

The dirt collection chamber may be exterior to the
cyclone chamber.

The dirt collection chamber may surround at least a
portion of the cyclone chamber.

The dirt collection chamber may surround the cyclone
chamber.

The cyclone chamber and the dirt collection chamber may
be provided in a cyclone bin assembly. The cyclone bin
assembly may be removably mounted to the surface clean-
ing apparatus.

The portion of the sidewall may include at least one
discontinuity.

The portion of the sidewall may extend inwardly at a
position along its length whereby the transverse cross sec-
tional area may be reduced.

The portion of the sidewall may extend inwardly at a
position along its length whereby the transverse cross sec-
tional area may be increased.

The dirt collection chamber may surround at least a
portion of the cyclone chamber. The dirt collection chamber
may have an inner side adjacent the cyclone chamber and an
outer side spaced from the cyclone chamber. The portion of
the sidewall may be provided at the outer side.

The portion of the sidewall may include at least one
discontinuity.

The portion of the sidewall may extend inwardly at a
position along its length whereby the transverse cross sec-
tional area may be reduced.

The portion of the sidewall may extend inwardly at a
position along its length whereby the transverse cross sec-
tional area may be increased.

The cyclone air inlet may be at a first end of the cyclone
chamber. The dirt outlet may be provided at a second
opposed end of the cyclone chamber.
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The dirt inlet may be at an upper end of the cyclone
chamber.

The surface cleaning apparatus may comprise a rib
extending between the inner side and the outer side. The rib
may be provided along the portion of the sidewall.

The rib may extend only part way along the portion of the
sidewall.

According to another broad aspect of the teachings
described herein, a surface cleaning apparatus comprises a
cyclone chamber and a fine particle separator in flow com-
munication with the cyclone chamber via the cyclone cham-
ber dirt outlet. The fine particle separator helps to separate
relatively fine dirt particles from the dirty air. The fine
particle separator comprises a flow chamber through which
the dirty air may circulate. Dirty air, carrying entrained fine
dirt particles may flow from the cyclone chamber into the
fine particle separator. Air exiting the fine particle separator
may re-enter the cyclone chamber, and travel to the suction
motor via a cyclone air outlet.

The fine particle separator is configured so that air circu-
lating in the flow chamber may travel at a relatively high
velocity, and may travel faster than the air circulating within
the cyclone chamber to thereby separate finer dirt particles
than those separated in the cyclone chamber. To help
increase the air flow velocity, the cross-sectional area of the
flow chamber, in the flow direction, may be varied, and
preferably is reduced. Accelerating the dirty air to a rela-
tively higher velocity may help disentrain fine dirt particles.

The air outlet of the fine particle separator flow chamber
may be configured to disrupt the flow of air exiting the flow
chamber. Disrupting the flow of air, for example by intro-
ducing eddy currents and/or turbulence and/or directing the
air away from the cyclone dirt outlet, may help separate fine
dirt particles from the air stream. Separated dirt particles
may fall into the dirt collection chamber.

An advantage of this configuration may be a more effi-
cient separation of fine dirt particles from the dirty air
stream. Separating fine dirt particles from the dirty air
stream in the fine particle separator may help prevent the fine
dirt particles from continuing downstream from the cyclone
bin assembly, and, for example, fouling the suction motor
and/or a pre-motor filter.

The cyclone air outlet may be in communication with an
exit duct conduit (which may be a down duct depending
upon the orientation of the duct conduit) extending away
from the cyclone air outlet and preferably through (e.g.,
linearly through) a dirt collection chamber having a wall
(e.g., a floor) facing the end of the cyclone chamber with the
air outlet. For example, the down duct may extend from the
floor of the cyclone chamber to the floor of the dirt collection
chamber. Reinforcing ribs may extend between the down
duct and the floor of the cyclone chamber. The ribs may help
reduce vibrations in the down duct and/or the floor of the dirt
collection chamber, including, for example, vibrations
induced by air flowing through the down duct. Optionally,
the down duct and/or the support ribs may be removable.

An advantage of this configuration may be that vibration
of the down duct and/or the floor of the dirt collection
chamber may be reduced. Reducing the vibration of the
down duct and/or the floor of the dirt collection chamber
may help reduce the overall amount of noise generated by
the surface cleaning apparatus and/or improve the separation
efficiency of the cyclone chamber and the dirt collection
chamber.

The dirt collection chamber may extend from a dirt inlet
towards a dirt collection area. For example, the dirt inlet may
be in an upper portion of the dirt collection chamber and the
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dirt collection area may be the floor of the dirt collection
chamber. The dirt collection chamber comprises a sidewall
(preferably an outer sidewall) that extends longitudinally
between opposing first and second ends of the dirt collection
chamber. Air circulating within the dirt collection chamber
may flow along the sidewall. For example, air may exit the
dirt outlet of the cyclone chamber and rotate around the dirt
collection chamber and travel towards the dirt collection
area. The air will at some point travel in the reverse direction
towards the dirt inlet and re-enter the cyclone chamber. The
dirt collection chamber may be configured such that the
cross sectional area of the dirt collection chamber in a plane
transverse to its length changes at least once along the length
of the dirt collection chamber. In some embodiments, the
cross-sectional area at the first end of the dirt collection
chamber is different than the cross-sectional area at the
second end of the dirt collection chamber.

An advantage of this configuration may be that changes in
the cross-sectional area may be used to enhance the sepa-
ration efficiency of the cyclone chamber and associated dirt
collection chamber. By varying the transverse cross sec-
tional area of the dirt collection chamber, the flow dynamics
of the air in the dirt collection chamber may be varied and
the amount of dirt that is disentrained from the air may be
decreased, or the amount of dirt that is re-entrained may be
reduced. For example, if the cross sectional area of the
portion of the dirt collection chamber distal to the dirt inlet
(e.g., the lower portion) is less than the opposed portion (e.g.
upper portion) adjacent the dirt inlet, then the air will slow
down as it enters the upper portion. As the velocity
decreases, the amount of dirt that may be re-entrained in the
return airflow may decrease. If the cross sectional area of the
portion of the dirt collection chamber distal to the dirt inlet
(e.g., the lower portion) is greater than the opposed portion
(e.g. upper portion) adjacent the dirt inlet, then the air will
slow down as it enters the lower portion allowing more dirt
to be disentrained.

The cyclone chamber and dirt collection chamber assem-
bly may be used in any surface cleaning apparatus. The
surface cleaning apparatus comprises an air flow passage
extending from a dirty air inlet to a clean air outlet. A suction
motor is provided in the air flow passage, and a cyclone bin
assembly is provided in the air flow passage, preferably
upstream from the suction motor. The cyclone bin assembly
may comprise a cyclone chamber and a dirt collection
chamber. Dirty air from the dirty air inlet may circulate
within the cyclone chamber and may exit the cyclone
chamber to circulate within the dirt collection chamber.

In accordance with this aspect, a surface cleaning appa-
ratus comprises an air flow passage extending from a dirty
air inlet to a clean air outlet. The air flow passage includes
a suction motor. The surface cleaning apparatus may also
comprise a cyclone chamber provided in the air flow pas-
sage. The cyclone chamber may comprise a cyclone air inlet,
a cyclone air outlet, a dirt outlet and a cyclone chamber wall.
The surface cleaning apparatus may also comprise a fine
particle separator. The fine particle separator may comprise
an annular flow channel, a fine particle separator inlet in
communication with the cyclone chamber via the cyclone
dirt outlet, a fine particle separator dirt outlet and a fine
particle separator sidewall. The surface cleaning apparatus
may also comprise a dirt collection chamber in communi-
cation with the fine particle separator dirt outlet. The dirt
collection chamber may comprise a dirt collection chamber
sidewall.

The fine particle separator may surround at least a portion
of the cyclone chamber.
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The fine particle separator inlet may comprise an inlet for
air and fine particles to enter the fine particle separator and
an outlet for air to re-enter the cyclone chamber.

The fine particle separator inlet may be the sole commu-
nication between the cyclone chamber and the fine particle
separator.

The cyclone dirt outlet may comprise a slot that extends
part way around the cyclone chamber wall.

The slot may be provided adjacent a first end of the
cyclone chamber. The cyclone air inlet may be provided at
a second opposed end of the cyclone chamber.

The cyclone chamber air outlet may be provided at the
second opposed end of the cyclone chamber.

The first end of the cyclone chamber may be an upper end
of the cyclone chamber.

The fine particle separator may be positioned above the
dirt collection chamber.

The annular flow channel may have an axis of rotation and
a cross sectional area in a plane parallel to the axis of
rotation.

The cross sectional area may vary at at least one location
in the annular flow channel.

The cross sectional area may decrease in a downstream
direction.

The cross sectional area may decrease in a downstream
portion of the annular flow channel towards the fine particle
separator inlet.

A width and/or a height of the annular flow channel may
be varied to vary the cross sectional area.

A downstream portion of the annular flow channel adja-
cent the fine particle separator inlet may be configured to be
spaced further radially outwardly from the fine particle
separator inlet than a portion of the annular flow channel
upstream thereof.

The fine particle separator may have an inner wall. The
inner wall may comprise a ramp section adjacent the fine
particle separator inlet which extends radially outwardly and
in a direction of rotation.

The fine particle separator may extend between the fine
particle separator sidewall and the cyclone chamber wall.

The fine particle separator may comprise an annular flow
channel having a closed end and an opposed open end that
may comprise the fine particle separator dirt outlet. The dirt
collection chamber may extend away from the fine particle
separator dirt outlet.

The fine particle separator may comprise an annular flow
channel having an upper end and an open lower end that may
comprise the fine particle separator dirt outlet and the dirt
collection chamber extends away from the fine particle
separator dirt outlet and surrounds at least a portion of the
cyclone chamber.

The dirt collection chamber may comprise an annular
region extending around the cyclone chamber.

The surface cleaning apparatus may comprise a rib pro-
vided in the dirt collection chamber. The rib may extend
between the dirt collection chamber sidewall and a radially
inner wall of the dirt collection chamber.

The rib may extend only part way along the radially inner
wall.

The dirt collection chamber sidewall may comprise an
extension of the fine particle separator sidewall and the
radially inner wall may comprise a portion of the cyclone
chamber wall.

The dirt collection chamber sidewall may comprise an
extension of the fine particle separator sidewall.

The dirt collection chamber sidewall may comprise a
discontinuity along its length.






