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HANDHELD VACUUM CLEARER

CROSS-REFERENCE TG RELATED APPLICATIONS

3001} Thus apphication claims priority to co-pending U.S. Provisional Patent Application
No. 62/253 508, filed on November 10, 20135, the entire contents of which are mcorporated

herein by reference.
BACKGROUND

3602} The present invention relates to handheld vacoum cleaners, and more particolarly,

to cyclonic handheld vacuum cleaners.
SUMMARY

3603} In one embodiment, the invention provides a vacuum cleaner including a fluid
flow path extending from a dirty air inlet to a clean air outlet, a main body including a handle,
and a flmd flow motor positioned in the fluid flow path. The vacuum cleaner further includes
a dirt collection region with an openable bottom and a cyclonic separator in the fluid flow
path. The cyclonic separator includes a cyelone chamber having a first end wall and a second
end wall, a cyclone dirty fluid mlet, and a cyclone clean fluid outlet. The vacuom cleaner
further includes a filter chamber mn the fluid flow path downstream from the cvclonic
separator and upstream from the fluid flow motor. The filter chamber mcludes an outlet
fluidly communicating the filter chamber and the fluid flow motor and a tangential inlet

fluidly communicating the cyclonic separator and the filter chamber.

[G004] In one embodiment, the invention provides a vacuum cleaner including a fhud
flow path extending from a dirty air inlet to a clean air ountlet, a main body ncluding a handle,
and a thad flow motor positioned in the fluid flow path. The vacuum cleaner further inchudes
a cyclonic separator in the fluid flow path. The cyclonic separator includes a cyclone
chamber having a first end wall, a second end wall, a sidewall extending along a cvclone
axis, a cvelone dirty fluid infet, and a cyclone clean flnid outlet. The vacuum cleaner further
mehudes a filter chamber housing a cyhindrical filter in the fhud flow path downstream from
the cyclonic separator and upstream from the fluid flow motor. An axis defined by the

cvhindrical filter is transverse to the cyclone axis.
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[B005] In another embodiment, the invention provides a vacuum cleaner includimg a fluid
How path extending from a dirty air inlet to a clean air outlet, a main body including a handle,
and a flmd flow motor positioned in the fluid flow path. The vacuum cleaner further includes
a cvclonic separator in the flurd flow path. The cyclonic separator includes a cyvclone
chamber having a first end wall, a second end wall, a sidewall extending along a cyclone

axis, a cvelone dirty fluid indet, and a cyclone clean fluid outlet. The vacuum cleaner fusther
includes a filter chamber in the fluid flow path downstream from the cyclonic separator and
upstream from the fluid flow motor, and an airflow passage between the cyclone clean fluid
outlet and the filter chamber. The airflow passage defines an upstream cross-sectional arca
and detines a downstream cross-sectional arca. The downstream cross-sectional area is larger

than the upstream cross-sectional arca.

(G806} In another embodiment, the invention provides a vacuum cleaner including a fluid
flow path extending from a dirty air inlet to a clean air outlet, a fliid How motor positioned in
the fluid flow path, and a cyclonic separator in the fluid flow path.  The cvelonic separator
includes a cyclone chamber having a first end wall and a second ¢nd wall, a cyclone dirty
fluid indet, and a cvclone clean fluid outlet. The vacuum cleaner further includes a filter
chamber m the flnd flow path downstream from the cyclonic separator and upstream from
the fhud flow motor. The filter chamber houses a pre-motor filter having a first cyvlindrical
filter and a second cvlindrical filter. The second cvlindnical filter s nested within the first

cylindrical filter.

6607} in another embodiment, the invention provides a vacuum cleaner including a fluid
flow path exstending from a dirty air inlet to a clean air outlet, a main body including a handle,
and a fluid flow motor positioned in the fluid flow path. The vacoum cleaner further inclades
a cvelonic separator n the fluid flow path. The cyclonic separator inchudes a cyclone
chamber having a first end wall, a second end wall, a sidewall extending along a cyclone
aws, a cyclone dirty fluid nlet, and a cvelone clean fluid outlet. The vacuum cleaner further
inclades a filter chamber housing a pre-motor filter in the fluid flow path downstream from
the cvelonic separator and upstream from the fluid flow motor. A gap between the pre-motor

filter and an adjacent sidewall of the filter chamber 1s between 5 and 10 millimeters.

{3008} In another embodiment, the invention provide a handheld vacuum cleaner
including a fluid flow path extending from a dirty air inlet to a clean air outlet, a main body

including a handle, and a fluid flow motor positioned in the fhud flow path. The vacuum

[\]
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cleaner further includes a cyclonic separator in the fluid flow path. The cyclonic separator
includes a cyclone chamber having a first end wall and a second ¢nd wall, a cyclone dirty
fluid indet, and a cvclone clean fluid outlet. The vacuum cleaner further includes a filter
chamber housmg a filter in the fluid flow path downstream from the cyclonic separator and
apstream from the fhid flow motor. The filter chamber includes a lid removable to open the

filter chamber and the filter is coupled to the lid.

3609} In another embodiment, the invention provides a vacuum cleaner inclading a fluid
How path extending from a dirty air inlet to a clean air outlet, a fhuid flow motor positioned in
the fluid flow path, and a cvclonic separator m the fluid flow path. The vacuum cleaner
further inchudes a filter chamber in the fluid flow path downstream from the cyelonic
separator and vpstream from the fluid flow motor. The filter chamber houses a pre-motor
filter having a first stage filier and a second stage filter. The first stage filter is removable

from the second stage filter.

6610} in another embodiment, the invention provides a vacuum cleaner including a fluid
flow path exstending from a dirty air inlet to a clean air outlet, a main body including a handle,
and a flaid flow motor positioned in the fluid flow path. The vacuum cleaner further inclodes
a cyclonic separator in the fluid flow path. The cvclonic separator includes a cyclone
chamber having a first end wall and a second end wall, a cyclone dirty fluid inlet, and a
cyclone clean fhud outlet. The vacuum cleaner further includes a filter chamber in the fluid
flow path downstream from the cvelonic separator and upstream from the fhuid flow motor.
The filter chamber includes an indet fluidly communicating the cvclonic separator and the
filier chamber. The filter chamber includes an outlet fludly communicating the filter

chamber and the fhad flow motor, and the mlet is perpendicular to the outlet,

6611} In another embodiment, the invention provides a vacuum cleaner including a fluid
flow path extending from a dirty air inlet to a clean air outlet, a main body including a handle,
and a flmd flow motor positioned in the fluid flow path. The vacuum cleaner further includes
a cvclonic separator in the fluid flow path. The cyclonic separator includes a cyvclone
chamber having a first end wall and a second end wall, a cyclone dirty fluid inlet, and a
cvelone clean fluid outlet. The vacuum cleaner further includes a filter chamber in the fluid
flow path downstream from the cyclonic separator and upstream from the fluid flow motor.
The filter chamber includes an inlet fluidly communicating the cyclonic separator and the

filter chamber and an outlet fhuidly communicating the filter chamber and the fluid flow
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moior. The iniet includes a rectangular cross-section and the outlet includes a circular cross-

section.

[6612] In another embodiment, the invention provides a vacuum cleaner mcluding a fluid
flow path extending from a dirty air inlet to a clean air outlet, a main body including a handle,
and a fluid flow motor positioned in the fluid flow path. The vacuum cleaner further includes
a cyclonie separator in the fluid flow path. The cyclonic separator includes a cyclone
chamber having a first end wall, a second end wall, a sidewall extending along a cyclong
axis, a cyvclone dirty fluid inlet, and a cvclone clean fluid outlet. The vacuum cleaner further
includes a filter chamber in the flud flow path downstrean from the cyclonic separator and
upstream from the fhnd flow motor. An axis defined by the filter chamber is perpendicular to

the cyclone axis.

3613} In another embodiment, the invention provides a vacuum cleaner including a fluid
flow path extending from a dirty air inlet to a clean air outlet, a main body including a handle,
a fluid tlow motor positioned in the fluid flow path. The vacuum cleaner further includes a
cvelonic separator i the fluid flow path, and a filter chamber housing a cylindrical filter n
the fluid flow path downstream from the cyclonic separator and upstream from the fluid flow
motor. The filter chamber includes a tangential inlet fluidly conununicating the cyclonic
separator and the filter chamber. The fluid flow path extends through the cyvlindrical filter in

a normal flow orientation.

10614} Other aspects of the invention will become apparent by consideration of the

detailed description and accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[6615] FIG. 1 15 a perspective view of a handheld vacuum cleaner according to an

embodiment of the tnvention.
6016} FIG. 2 is another perspective view of the handheld vacuum cleaner of FIG. 1.
16017} FIG. 3 15 a bottom perspective view of the handheld vacuum cleaner of FIG. 1.

3618} FIG. 415 a perspective view of a separator according to an embodiment of the

mvention.
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3019} FIG. 515 another perspective view of the separator of FIG. 4.
[6624] FIG. 615 a side view of the separator of FIG. 4.

6021} FIG. 7 is a cross-sectional view of the separator of FI1G. 4 taken along lines 7-7

shown in FIG. 4.

6622} FIG. 8 is another cross-sectional view of the separator of FIG. 4 taken along lines

8-8 shown in FIG. 3.

3623} FIG. 915 another cross~-sectional view of the separator of FIG. 4 taken along lines

9-9 shown in FIG . 4.

10624} FIG. 10 s another cross-sectional view of the separator of FIG. 4 taken along lines

10-10 shown m FiG. 4.

[3625] FIG. 10A 15 a cross-sectional view of the separator of FIG. 4 taken along lines
10A-10A shown in FIG. 10

16026} FIG. 11 13 a partial perspective view of the cross-sectional view of FIG. 10.

3627} FIG. 12 1s a perspective view of a filter assembly and a suction source according

to an embodiment of the invention, with other components removed for clarity.
[0628] FIG. 13 15 an exploded view of the filter assembly of FIG. 12,

16629} FIG. 13A 1s a perspective view of the filter assembly of FIG. 12 with a pre-motor

filter removed from a filter chamber.

[0634] FIG. 14 s g cross-sectional view of the filter assembly and suction source of FIG.

12 taken along hincs 14-14 shown in FIG. 12.

6631} FIG. 15 19 a cross-sectional view of the filter assembly and motor assembly of

FIG. 12 taken along lines 15-15 shown in FIG. 12,

16832} FIG. 16 s a perspective view of a handheld vacium cleaner according to another

embodiment of the mvention.

6633} FIG. 17 15 a side view of the handheld vacuum cleancr of FIG. 16,
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3034} FIG. 18 1s a perspective schematic view of the handheld vacuum cleaner of FIG.

16,

[0635] FIG. 19 15 a perspective view of a separator according to an alternative

embodiment of the invention.
13636} FIG. 20 1s another perspective view of the separator of FIG. 19

{6637} FIG. 21 15 a perspective view of a cross-section of the separator of FIG. 19 taken

along hines 21-21 shown in FIG. 19

3638} FIG. 22 1s another perspective view of the cross-section of the separator of FIG,

19 taken along hines 21-21 shown in FIG. 19,

{6839} Before any embodiments of the invention are explained i detail, i isto be
understood that the invention is not limited in its application to the details of construction and
the arrangement of components set forth m the following description or illustrated in the
following drawings. The invention is capable of other embodiments and of being practiced

or of being carried out in varicus ways
DETAILED DESCRIPTION

3640} FIGS. 1-15 ilfostrate a handheld vacoum cleaner 10, The handheld vacoum
cleaner 10 includes a fluid flow path extending from a dirty air inlet 14 formed in a suction
nozzle 18 to a clean air outlet 22 (FIG. 1), The handheld vacuum cleaner 10 also includes a
main bodv 26 (1.¢., a main housing) with a handie 30, a front end 34, a back end 38, a first
side 42, a second side 46, a bottom 50, and a top 54. The dirty air inlet 14 and the suction
nozzle 18 are located at the front end 34 of the main body 26. The handle 30 is located at the
back end 38 and extends generally in a top-to-bottom direction along the mam body 26. In
other words, the handle 30 is oniented generally vertical when the handheld vacuum cleaner

10 1s sitting on a horizontal surface.

[0041] With reference to FIGS. 1-11, the handheld vacuum cleaner 10 mchudes a cyclonic
separator 38 and a dirt collection region 62. It is understood the cyclonic separator 538 is
positioned in the fluid tlow path and the assemblies 1Hustrated m FIGS. 4-11 are utilized

within the handheld vacoum cleaner 10 illustrated in FIGS. 1-3. In other words, FIGS. 4-11
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schematically illustrate certain details of the handheld vacuum cleaner 10 with other

components removed for clanty.

[0042] With reference to FIGS. 4-11, the cyclonic separator 38 includes a cyelone
chamber 66 (FI3. 7) having a first end wall 70, a second end wall 74, and a sidewall 78
extending between the first wall 76 and the second wall 74, The cyclonic separator 58 further
ncludes a cvelone dirty fluid et 82 (FIG. 7), a cyvclone clean fluid outlet 86, and cyclone
dirt outlet 90 (FIG. 8). In the tHustrated embodiment, the cyclone dirt outlet 90 1s formed
the sidewall 78 proximal the second end wall 74, the cyclone dirty fluid inlet 82 is formed in
the sidewall 78 proximate the first end wall 70, and the cyclone clean fluid owtlet 86 is

formed i the first end wall 70.

3043} With continued reference to FIG. 9, a flow-diverting wall 91 1s positioned
adjacent the cyclone dirt outlet 90. The flow-diverting wall 91 1s positioned downstream
from the oyclone dirt outlet 90 and debris exiting the cyclong dirt outlet 90 travels past an
upstream wall 92 and tapinges (i.¢., impacts) the flow-diverting wall 91, This 15 a result of
the airflow within the cyclonic separator moving in a generally clockwise direction, as
viewed from FIG. 9. The flow-diverting wall 91 extends from the cyclone sidewall 78
between the cyclone chamber 66 and the dirt collection region 62 i a durection along a
cvelone chamber axis 94 (FIG. 8). The flow-diverting wall 91 forms a downstream boundary
of the cyclone dirt outlet 90 and miersects the fluid flow path adjacent the second end wall 74
between the oyclone chamber 66 and the dirt collection region 62. A duct 93 is formed in
part by the flow-diverting wall 91 and the opposite wall 92 around the perimeter of the
cvelone dirt outlet 90 in flind communication with the dirt collection region 62. The flow-
diverting wall 91 elimunates a common “knife-edge” formed in prior art designs between the
cdee of the material throw-off 1 cyclone sidewalls and the adjacent dust bin. Such “knife-
edge” transitions mn the prior art tended to catch debris flowing toward 1t forming a debris
clog point that reduced performance in traditional prior art cyclonic separator designs, In the
embodiment shown in FIG. 9, debris exiting the cyclone dirt outlet 90 that passes over the
wall 92 and impacts the flow-diverting wall 91 1s at least partially guided toward the dirt

collection region 62, which has been tound to inhibit clogging of the cyclone dirt outlet 90,

3044} The cyclone chamber axis 94 1s defined by the sidewall 78 and passes through the
first end wall 70 and the second end wall 74 (FIG. 8). The first end wall 70 and the second

end wall 74 of the cy¢lone chamber 66 both intersect a commaon horizontal plane 98 {FiG. 6)

-~
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when the handheld vacuum cleaner 10 1s positioned on a horizontal surface. In other words,
normally the cvelone chamber axis 94 is approximately horizontal when the handheld
vacuum cleaner 10 1s in use. As used in the present description and claims, an approximately
or generally horizontal orientation means an ovientation that 1s tilted over such that 1t is not
vertical or upright. The generally horizontal orientation includes various embodiments that
are approximately paralie! to the ground or floor, as well as orientations that are not paralie!
to the ground or floor but being generally more laving over than upright (1.¢., being tilted
more than about 45 degrees). For example, a horizontal orientation can mclude a cyclonic
separator having a portion of a first end and a portion of a second end both intersecting a

common horizontal plane.

[0845] With reference to FEGS. 10 and 11, the cyclonic separator 58 further includes a
ramp 102 positioned in the cyclone chamber 66 around at least a portion of the second end
wall 74 extending along the sidewall 78 toward the cyclone dirt outlet 90. In particular, the
ramp 102 includes a beginning 106 spaced from the second end wall 74, and the ramp 102
includes an end 110 positioned at the second end wall 74 of the cvclone chamber 66. In the
iHustrated embodiment, a portion of the ramp surface 102 as viewed in a plane parallel to and
through the cvclone chamber axis 94 is approximately perpendicular to the sidewall 78,
shown as angle 810 FIG. 10A. Alternatively, the ramp surface angle 0 may be at a non-
perpendicular angle from the sidewall between about 30 degrees and 150 degrees. o vet
another altemative, the rarp surface angle 8 may be at a non-perpendicular angle trom the

sidewall between about 60 degrees and 120 degrees.

6646} The ramp 102 is positioned such that the ramp end 110 positioned at the second
end wall s along a8 flow path directed toward the cyvclone dirt outlet 90 and the How-diverting
wall 91, In the illustrated embodiment, the ramp 102 is a helical ramp. The ramp 102 shown
n FIG. 11 extends around an upper portion 114 of the sidewall 78; however, the ramp may
be arranged along a middie portion or lower portion of the sidewall in embodiments having
the cvelone dirt outlet in a different location than in the present embodiment. n the
iHustrated embodiment, the ramp 102 extends around approximately 180 degrees around the
sidewall 78 (i.c., approxamately half). In altemative embodiments, the ramp can extend
around more or less of the penmeter of the cyclone to goide debrnis along a flow path directed
toward the cyclone dirt outlet. The ramp may extend between about 90 degrees and 300

degrees around the cyvclone penimeter. The ramp 102 guides debnis i the cvclone chamber
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66 to the cyclone dirt outlet 90, In addition, the ramp 102 inhibits the muxing of any air tlow
out of the cyclone through the dirt outlet with corresponding air flow in the cyelone across

the cvelone dirt outlet 90, which in twm miumizes the re-entrainment of debris.

16847} With reference to FEGS. 7 and &, the cyclonic separator 58 further includes a
shroud 115 positioned around a portion of the cyvelone clean fluid outlet 86 configured to
allow airflow from the cyclonic separator 38 to pass through the shroud 113 into the clean
fluid outlet 86 and mhibiting passage of debris into the clean fluid outlet 86, In the Hustrated
embodiment, the shroud 115 includes a conical frame 116 with amesh 117. The conical
frame 116 and the mesh 117 provides more volume between the conical frame 116 and the
sidewall 78 at the smaller end of the conical frame 116. The tangential flow of the swirling
atr and debris within the cyvclonic separator 58 washes agamst the mesh 117 while the axdal
component of the flow pushes the debris toward the smalier end of the conical frame 116,
which helps clear debris from the shrond 115 back into the separator flow. As such, a seif-
cleaning effect 1s achieved with the shroud 1135 as debris is carried along with the flow,
stowing the “wrapping” of debris in the cyclong chamber 66 around the shroud 115,
Reducing the wrapping of debris inhibits clogging of the separator that formed in some prior
art designs. In some embodiments, the shroud 115 and the first end wall 70 of the cvelonic
separator 38 may be removable by a user from the first side 42 of the main body 26 to allow a

user access to the cyclone chamber 66.

[6048] With reference to FIGS. 5-7, the handheld vacuom cleaner 10 further includes an
outlet scrofl 118 in fluid comnunication with the cyclone clean fluid outlet 86. The outlet
scroll 118 includes a central portion 122 forming an end of the clean fluid outlet 86 and an
airflow passage 126 downstream of the central portion 122, The cutlet scroll 118 is
configured to change the airflow path from a gencrally helical airflow along a first direction
through the clean fluid outlet 86 to an airflow having less rotation along a second direction
different than the first direction along the airflow passage 126 downstream of the central
potion 122, In the iHustrated embodiment, the first direction 1s along a first axis defined by
the clean fluid outlet 86, and the second direction 15 along a second axis defined by the
airflow passage 126 downstream of the central portion 122, where the second axis is
transverse to the first axis. In other words, the ocutlet scroll 118 tends to straighten the flow as
it passes from the cyclone clean fluid outlet 86 to the airflow passage 126. The airflow

passage 126 1s generally tangentially aligned with the central portion 122, In the llustrated
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embodiment, the central portion 122 is generally eylindrical having a dimension larger than a
dimension of the airflow passage, the airflow passage 126 being radially offset in the central
portion 122 1 the direction of the arrflow such that the aurflow has a tangential exit from the
central portion 122 into the airflow passage 126, More specifically, the airflow passage 126
defines a central longitudinal axis 130 that does not interseet a midpomnt 134 of the central
portion 122, The outlet scroll 118 is more compact than a 90-degree elbow that was required
in prior designs to change dircction from the center axis of the separator to the direction
toward the filter assembly. In addition, the outlet scroll 118 converts the swiding flow along
the clean thud outlet 86 into a more straightened flow along the airflow passage 126, which
retains some of the kinetic energy that would otherwise be lost in a 90-degree elbow,
resulting in a lower pressure drop. In other words, as a result of the passage 126 being
tangentially aligned with the central portion 122 i the airflow direction, clean air entering
the central portion 122 from the cyclone clean fluid outlet 86 leaves the central portion 122

with a lower pressure drop when compared to traditional clbow turns,

[(6049] With reference to FIGS. 1-3 and 8-10, the dirt collection region 62 {i.¢., dirt
collection chamber) is removably secured to the main body 26 and in flmid communication
with the cyelone dirt ocutlet 90 of the cvclonic separator 58. The dirt collection region 62
includes an openable bottom door 138 on the bottom of the dist collection region 62, which
allows for emptying the durt collection region 62, In the dlustrated embodiment, the bottom
door 138 1s released by actuation of a catch 139 (FIG. 2), or other suitable releasable secuning
means. The dirt collection region 62 1s at least partially defined by a transparent bin 142 that
ig removably secured to the main body 26 via a catch 146 (FIG. 1), or other surtable
releasable securing means. In the iHustrated embodiment, the bin 142 is both removable from
the main body 26 and the bottom door 138 is openable. As such, the bottom of the dirt
collection region 62 is openable when the bin 142 15 removed from the main body 26 or
attached to the main body 26. The dirt coliection region 62 includes ribs 150 to deflect the
flow of air and inhibit the debris contained n the dint collection region 62 from becoming re-

entrained in the airflow.

6634} With reference to FIGS. 12 and 15, the handheld vacuum cleaner 10 further
mehudes a suction source 154 positioned in the fliid flow path. The soction source 154 13
located in the main body 26 and includes a fhid flow motor 158 (FIG. 15) and a fan operable

to generate a thud tlow path (i.e., a suction airflow) through the handheld vacuum cleaner 10

10



WO 2017/083497 PCT/US2016/061293

that is drawn from the dirty air inlet 14 through the cyclomic separator 58 to a motor air outlet
20, which is ducted to the clean air outlet 22 (FIG. 1). The motor 158 defines a motor axis
162 and the motor 158 is operable to rotate the fan about the motor axis 162, Inthe
iHustrated embodiment, the motor 138 and the fan are oriented such that the motor axis 162
extends in a direction toward the bottom 50 and the top 54 of the main body 26 and therefore,
the motor axis 162 is generally vertical when the vacuum is posttioned on a horizontal
surface. In other words, the fluid flow motor axis 162 of the fluid flow motor 158 1s
approximately vertical when the handheld vacuum cleaner 10 1s positioned on a horizontal
surface. The fluid flow motor axis 162 is positioned closer to the handle 30 than the cyelone
chamber axis 94 is to the handle 30, The fluid flow motor axis 162 is offset from and

approximately perpendicular to the cyclone chamber axis 94,

G851} With reference to FIGS. 1-3, the handheld vacuum cleaner 10 includes a battery
168 (1.e., a removable, rechargeable battery pack) to supply power to the suction source 154
to operate the motor 158 and other electrical components. The battery 168 s positioned at
teast partially below the bottom openable door 138 of the dirt collection region 62. When the
battery 168 is attached to the main body 26, the handheld vacuum cleaner 10 1s supported
solely on the battery 168 when positioned on the horizontal surface. In other words, the
battery 168 provides a bottom surface 172 that allows the entire handheld vacuum cleaner 10
to be supported by the battery 168 when the handheld vacuum cleaner 1s posttioned on a

hornzontal surface.

6652} With reference to FIGS. 12-15, the handheld vacuum cleaner 10 further includes a
filter assembly 175 having a pre-motor filter 176 and a filter chamber 180. The pre-motor
filter assembly 175 is located in the main body 26 with the filter chamber 180 positioned
above the motor 158, The pre-motor filter 176 and the fikter chamber 180 arg in the fhud
flow path downstream from the cyclonic separator 38 and are upstream from the fluid flow
motor 158, The pre-motor filter 176 and filter chamber 180 are positioned between the
handie 30 and the cyclonic separator 58. The pre-motor fifter 176 filters the fluid flow path
hefore the air travels through the fan and the motor 158, With refercnee to FIG. 13, the pre-
motor filter 176 has a first cylindrical filter 184, optionally a second cvlindrical filter 188,
and a filter frame 192, The second cylindrical filter 188 is nested within and removable from
the first cylindrical filter 184, and both filters 184, 188 are positioned around the filter frame

192. In the sllustrated embodiment, the first cvlindrical filter 184 defines an inner diameter

i
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189 (FIG. 13) and the second cvlindrical filter 188 defines an outer diameter 190, and the
inner diameter 189 and the outer diameter 190 are approximately ¢qual {e.g., within
approximately 1 mm, Smm, 10mm, ¢ic. of each other}. In some embodiments, the inner
diameter 189 of the first cvlindrical filter 184 13 smaller than the outer diameter 190 of the
second cylindrical filter 188 such that the second cylindrical filter 188 is slightly compressed
{(i.c. deformed) in order to be nested within the first cvlindrical filter 184 in a press-fit type
configuration. In alternative embodiments, there exists a gap radially between the first

cvlindrical filter 184 and the second cylindrical filter 188,

3653} The filter frame may be integral with one of the first or second cylindrical filters,
and for some embodiments the filter frame is omitted. In the illustrated embodiment, the
second cylindrical filter 188 is configured to remove finer particles from the airflow than the
first cvlindrical filter 184 and the combination of the first and second cvlindrical filters
provides desired filtration of the airflow. In alternative embodiments, the first cviindrical
filter 184 provides desired filtration of the airflow and the second cylindrical filter 188 1s
omitted. The first cylindrical filter 184 and second cylindrical filter 188 may be any desired
filter media, including pleated or non-pleated, non-woven fiber, foam, or other media. The
pre-motor filter 176 defines a filter axis 196 that 1s co-axial with the fhud flow motor axis
162 when the pre-motor filter 176 is assembled within the filter chamber 180, In addition,
the filter axis 196 is transverse to the cyclone axis 94. In the illustrated embodiment, the
filter axis 196 defined by the cylindrical pre-motor filter 176 1s perpendicular to the cyvclone
chamber axis 94. In altemative embodiments, the pre-motor filter assembly 175 may be

positioned sach that the filter axis 196 15 offset from and paraliel to the motor axis.

(6054} With reference to FIGS. 12-14, the filter chamber 180 includes a tangential mlet
200 fluidly communicating the cyelonic separator 38 and the filter chamber 180, In
particular, the airflow passage 126 extends between the cyclone clean fluid outlet 86 {more
specifically, the outlet scroll 118) and the tangential inlet 200, The passage 126 ends
downstream with the tangential inlet 200 to the filter chamber 180, the tangential nlet 200
providing a smooth airflow transition into the filter chamber 180 reducing the velocity of the
airflow mmto the pre-motor filter 176, More specifically, the inlet 200 to the filter chamber
180 shown in FIG. 14 15 a scroll inlet. The airflow passage 126 is positioned providing an
entry 201 to the scroli mlet 200 adjacent the filter chamber 180, The scroll inlet 200 1s an

arcuate passage from an entry 201 to a tangential entry 202 to the filter chamber 180. The

iz
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tangential entry 202 to the filter chamber 180 may be between 90 and 360 degrees from the
entry 201 to the scroll inlet 200, shown as angle B in FIG. 14, In other words, the filter
charaber 180 includes a scroll inlet 200 having a tangential indet 202 1o the filter chamber 180
between 90 and 360 degrees from entry 201 of the scroll inlet 200. In some embodiments,
part or all of the passage 126 and the ocutlet scroll 118 are openable to allow a user access to

the same.

|B655] With continued reference to FIGS. 13-15, the filter chamber 180 also includes an
outlet 203 fluidly communicating the filter chamber 180 and the fluid flow motor 158, In the
iHustrated embodiment, the outlet 203 is perpendicular to the tangential inlet 200. For
example, with the vacoum cleaner 10 positioned on a horizontal sarface, the flaid flow enters
the tangential inlet 200 generally horizontal and leaves the outlet 203 generally vertically
(i.c.. the fluid flow makes approximately a 90 degree tum in the filier chamber 180). The
fluid flow path extends through the cevlindrical filters 184,188 in a normal flow orientation
(i.e., the floid flow move radially inwards toward the center of the cvlindrical filters 184,
188). In some embodiments, the nlet 200 includes a rectangular cross-section shape and the

outlet 203 includes a circular cross-section shape.

[B856] With reference to FEGS. 12 and 13, the filter chamber 180 is openable from the
top 34 of the main body 26 when the handheld vacuum cleaner 10 15 positioned on a
horizontal surface. In particular, a removable lid 204 1s provided on the top of the filter
chamber 180 that may be opened by a user. As such, the pre-motor filter 176 is removable
from the top of the filter chamber 180 through the top 34 of the main body 26. In some
embodiments, the pre-motor filter 176 1s attached to the lid 204 such that the hd acts as a
handle to ift the filter cut of the filter chamber. In some embodiments, the first cvlindrical
filter 184 is coupled to the removable hid 204 and the first evlindncal filier 184 is removed
with the lid 204 by a user, leaving the second cvlindrnical filter 183 behind in the filter
chamber 180, Alternatively or additionally, the filter frame 192 1s attached to or integral with

the lid 204 as shown i FIG. 13A.

{6657} The pre-motor filter 176 is positioned in the filter chamber 180, The filter
chamber 180 is configured to provide a gap 181 (FIGS. 14 and 15) between the pre-motor
filter 176 and an adjacent sidewall 182 of the filter chamber 180 between 3 and 10
millimeters. In one alternative, the gap 181 between the pre-motor filter 176 and adjacent

sidewall 182 of the filter chamber 180 15 between 5 and 8 millimeters. 1n another alternative,

[—
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the gap 181between the pre-motor filter 176 and adjacent sidewall 182 of the filter chamber
180 1g between 8 and 10 millimeters. In other embodiments, the gap 181 between the pre-
motor filtcr 176 and the adjacent sidewall 182 of the filter chamber 180 is larger than 5

millimeters to provide the desired airflow around the filter.

[B058] The airflow passage 126 extends in a lengthwise direction between the cyclonic
separator 58 and the filter chamber 180, and has a height 124 and a width 125, As shown in
Fiz. 13A, the height 124 of the airflow passage 126 may ncrease along the downstream
direction to slow the velocity of the air passing through the passage 126. Alternatively or
additionally, the width 123 of the airflow passage 126 may increase along the downstream
direction. In other words, with reference to FIG. 13A the airflow passage 126 defines an
upstream cross-sectional area 127 and defines a downstream cross-sectional arca 128, and the
downstream cross-sectional arca 128 is larger than the upstream cross-sectional arca 127 (i.c.,

the airflow passage 126 increases in volume along the downstream direction).

6659} With reference to FIGS. 1-15, the handheld vacoum cleaner 10 mcludes a layout
mchuding the dirt collection region 62 generally located below the cyclonic separator 58 and
adjacent the battery 168 and the suction source 154, The battery 168 is positioned below the
fluid flow motor 138, In the embodiment dlustrated in FIGS. 1-2, the battery 168 is entircly
posttioned below the fluid flow motor 1538, The fluid flow motor 138 is positioned between
the dirt collection region 62 and the handle 30. The filter chamber 180 is positioned above
the fluid How motor 158 when the handheld vacuum cleaner 10 is positioned on a horizontal
surface. Furthermore, the filter chamber 180 defines a filter chamber axis 208 that is coaxial
with the fluid flow motor axis 162 and the filter axis 196, In alternative embodiments, the
filter chamber axis 208 is offset from and parallel to the fhad flow motor axis 162, In the
thustrated cotbodument, the filter chamber axis 208 is perpendicular to the cyelone chamber
axis 94, The filter chamber 180 and the fhwud flow motor 138 are both positioned between the

cyclomie separator 58 and the handle 30,

6064} In operation, the battery 168 provides power to the motor 158 {6 rotate the fan to
generate a suction airflow that is drawn through the suction nozzle 18 along with debris. The
atrflow, entrained with debris, travels to cyclone dirty fluid inlet 82 of the cyclonic separator
38. The airflow and debns travel into the cyclone chamber 66 where the airflow and debns
rotate about the cyclone chamber axas 94. Rotation of the airflow and debris causes the

debris to separate from the airflow and the debris is discharged through the cyclone dirt outlet
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D0, The ramp 102 aids m expelling the separated debris out the cyclone dirt outlet 90, The
separated debris then falls into the dirt collection region 62. The clean air travels through the
shroud 113 into the cyclone clean fluid outlet 86. The clean atrflow then travels through the
outlet scroll 118 and is routed to the tangential miet 200 of the filter chamber 180, The
airflow then travels through the pre-motor filter 176 before traveling through the suction
source 154. After traveling through the suction source 154, the airflow is exhausted from the
handheld vacuum cleaner 10 through exhaust openings n the main body 26.

[6061] After using the handheld vacuum cleaner 10, the user can open the door 138 1o
cmpty the dirt collection region 62, After several uses, debris may have collected on the
shroud 115 and within the cyclone chamber 66. If so, the aser can open or remove a portion
of the first end wall 70 and outlet scroll 118 to remove the shroud 115 from the ¢yclonic
scparator 58. This allows the user to clean the shroud 1135 and inside the sidewall 78, In
addition, opening the removable hid 204 provides the user access to the filter chamber 180

and the pre-motor filter 176 so the user can clean or replace the pre-motor filter 176.

[6662] With reference to FIGS. 16-18, an alternative handheld vacuum cleaner 3101
thlustrated. The alternative handheld vacuum cleaner 310 18 sinular to and mchides many of
the same components as the handheld vacuum cleaner 10 illustrated i FIGS. 1-15. As such,
like components are reference the same with only the ditferences desenibed 1n detail below.
Sumlar to the handheld vacuum cleaner 10, the handheld vacoum cleaner 310 includes a fhnd
flow path extending from a dirty air inlet 14 formed 1 a suction nozzle 18 to a clean air
outlet. The bandheld vacuum cleaner 310 also includes a main body 26 with a handie 30, and
a fluid flow motor 158 (FIG. 18) and a cyvclonic separator 358 positioned in the fluid flow

path.

3663} The cyclonic separator 358 includes a cyclone chamber 366 having a first end
wall 370, a second end wall 374, and a sidewall 378 extending between the first end wall 370
and the second end wall 374, The cvclonic separator 358 further includes a cyvclone dinty
fluid mlet 382, a cyclone clean fluid outlet 386, and a cyclone dirt outlet 390, A cyclone
chamber axis 394 (FIG. 16) passes through the first end wall 370 and the second end wall
374. The first end wall 370 and the second end wall 374 of the cyclone chamber 366 both
ntersect a common horizontal plane 398 when the handheld vacuum cleaner 310 15
posttioned on a honizontal surface. In other words, normally the cyclone chamber axis 394 1s

approximately honzontal when the handheld vacoum cleaner 310 is in use.

[—
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3064} A debris deceleration chamber 380 1s positioned between the cvelone chamber
366 and a dirt collection region 362. The debris deceleration chamber 330 1s in fluid
commumnication with the cyclonic separator 358 and the dirt collection region 362, In
particular, the debris deceleration chamber 380 1s in fluid communication with the cyclone
dirt outlet 390, In the illustrated embodiment, the debns deceleration chamber 380 is conies
or funnel shaped defining a deceleration chamber axis 385 that is transverse to the cyclone
axis 394. In the tilustrated embodiment, the chamber axis 385 is approximately
perpendicular {o the cyclone axis 394, The debris deceleration chamber 380 includes an nlet
381 that is larger in cross-sectional area than an cutlet 383. The outlet 383 of the debrnis
deceleration chamber 380 is in fluid communication with the dirt collection region 362, Dut
exiting the cyclone dirt outlet 390 having a general flow direction around the cyelone axis
394 enters the debris deceleration chamber 380 which turns the flow m a direction around the
chamber axis 385 where the velocity of the dirt is decreased before entering the dirt
collection region 362, The slower debris speed created by the debris deceleration chamber
380 helps prevent debris in the dirt collection region 362 from becoming re-entrained in the
fluid flow path. The debris deceleration chamber 380 defines the axis 385 (FIG. 17} that
passes through the inlet 331 and the outlet 383, The axis 385 is generally askew and is
netther oriented vertically nor horizontally. o the illustrated embodiment, the axis is

approximately 30 degrees from vertical.

[3065] With reference to FIG. 17, the dirt collection region 362 mcludes an openable
bottom door 438, The door 438 is openable while the handheld vacuam cleaner 310 1s
supported solely on a battery 168, In other words, a bottom surface 172 of the battery 168 1g
below the openable door 438, With reference to FIG. 18, the handheld vacuum cleaner 310
further includes a filter chamber 180 with a tangential inlet 200. The filter chamber 180

defines a filter chamber axis 208 that is coaxial with a motor axis 162 of a motor 158,

3666} With reference to FIGS. 19-22) an alternative cyclonic separator 558 1g thhustrated.
The alternative cyclonic separator 558 is similar to and includes many of the same
components as the cyclonic separator 58 illustrated in FEGS. 4-11. As such, like components
are referenced the same with only the differences descrnibed in detail below. It is understood
that the cyclomic separator 558 can be implemented in etther of the handheld vacuum cleaners
10, 310 descnbed above. Similar to the eyclonic separator 53, the cyclonic separator 558 s

posttioned in the fluid flow path.
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6067} The cvclonic separator 558 mcludes a cyclone chamber 566 having a first end
wall 570, a second end wall 574, and a sidewall 578 extending along a cvelone axis 594
hetween the first end wall 570 and the second end wall 574, The cyclonic separator 558
further includes a cvclone dirt fluid inlet 582, a cyclone clean fluid outlet, and a cyclone dint
outlet 5390 formed in the sidewall 578. The cyclone chamber axis 594 passes through the first
end wall 570 and the sccond end wall 574, The first end wall 570 and the second end wall
574 of the cyclone chamber 566 both intersect a common horizontal planc when the handheld
vacuum cleaner is positioned on a horizontal surface. In other words, normally the cyclone

chamber axis 594 1s approximately horizontal when the handheld vacuam cleaner is in use.

[0068] With reference to FIGS. 21 and 22, the second end wall 574 includes an inner
portion 575 and an outer portion 576. The outer portion 576 is offset from the tuner portion
575 m a direction away from the first end wall 570, A flow-diverting wall 591 connects the
nner portion 575 and the outer portion 576 of the second end wall 574, which bounds the
downstream end of the cyclone dirt outlet 590, In other words, the flow-diverting wall 391
forms a dowastream boundary of the cyclone dirt outlet 5390, and the flow-diverting wall 591
1s positioned along the direction of the cvelone axis 594, The flow-diverting wall 591
intersects the fluid flow path adjacent the second end wall 574 and is positioned between the
cvelone chamber 566 and a dirt collection region 562. The flow-diverting wall 591 is
posttioned downstream from the cyclone dirt outlet 590 and debris exiting the cvclone dirt
outlet 590 impinges (i.c., impacts) the flow-diverting wall 391 while the same debris exating
the cvelone dirt outlet 590 travels over an opposite wall 592, A duct 593 is at least partially
formed by the flow-diverting wall 591, the opposite wall 592, and the second end wall 574,
The duct 593 is in fluid convnunication with the cvclone dirt outlet 590 and the dirt collection
region 562, Similar to the flow-diverting wall 91 described above, the flow-diverting wall
591 climinates a common “kmife-edge” formed in prior art designs between the edge of the
material throw-off 1o cyclone sidewalls and the adjacent dust bin. Such “kmife-edge”™
transitions in the prior art tended to catch debris flowing toward it forming a debnis clog point
that reduced performance in traditional prior art cyclonic separator designs. In the iHustrated
embodiment, the flow-diverting wall 591 is larger i cross-s¢ctional arca than the opposite
wall 592, In addition, the inner portion 375 is sinular to the rarap 102 described above since
the inner portion 373 mcludes a beginmmg 606 spaced from the outer portion 576 and an end

610 positioned at the outer portion 576 of the second end wall 374
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3069} Although the separators 38, 358, and 558 described above were detailed as
cyclonie, over-the-wall type separators, other alternative cyclonic and non-cyclonic
separators are considered. In particular, the cyclonic separator can be, 1 alicmative

embodiments: a bag filtering unit; a conical separator; etc.

[G876] Various features and advantages of the invention are set forth in the following

claims.

18



WO 2017/083497 PCT/US2016/061293

CLAIMS

What s claimed is:

)

W

A vacuum cleaner comprising:

a fluid flow path extending from a dirty air inlet to a clean air outlet;

a main body including a handle;

a fluid flow motor positioned in the fluid flow path;

a dirt collection region with an openable bottom;

a cyclonic separator in the fluid flow path, the cyclonie separator inclading, a cyclone
chamber having a first end wall and a second end wall, a cyclone dirty fluid
mlet, and a cvclone clean flud outlet; and

a filter chamber in the fluid flow path downstream from the cyclonic separator and
upstream from the fhud flow motor,

wherein the filter chamber meludes an outlet fluidly communicating the filter
chamber and the fluid flow motor and a tangential inlet fluidly communicating

the cyclonic separator and the filter chamber,

The vacuum cleaner of claim 1, further comprising a ramp in the cyclone chamber
extending along a sidewall toward the cvclone dirt outlet; and whergin a beginning of
the ramp is spaced from the second end wall and an end of the ramp i3 positioned at

the second end wall of the cvelone chamber.

The vacuum cleaner of claim 1 or 2, wherein the fluid flow motor has a fluid flow
motor axis that is vertical when the handheld vacuum cleaner is positioned on a

horizontal surface.

The vacuum cleaner as in any one of claims 1 — 3, wherein the filter chamber houses a
pre-motor filter having a cvlindncal filter; and wherein the thud flow path extends
through the cvlindrical filter in a normal flow oricntation.

The vacuum cleaner as in any one of claims 1 - 4, wherein the fitter chamber mlet
mchudes a rectangular cross-section and the filter chamber outlet includes a circular

Cross-section.
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6. The vacuum cleaner as in anv one of claims 1 — 5, wherein the filter chamber includes
a scroll inlet having the tangential inlet to the filter chamber between 90 and 360

degrees from entrv of the scroll mlet.

7. The vacuum cleaner as in anv one of claims 1 — 6, wherein the filter chamber mcludes

a lid removable to open the filter chamber, and wherein the filter is coupled to the lid.

8. The vacuum cleaner as in any one of claims 1 - 7, wherein the fhad flow motor
defines a fhad flow motor axis and the filter chamber defines a filter chamber axas

that 1s coaxial with the fluid flow motor axis.

g. The vacwum cleaner as in any one of claims 1 - 8, wherein the fluid flow motor is

positicned between the dirt collection region and the handle.

10.  The vacuum cleancr as in anv one of claims 1 - 9, further comprising a battery
posttioned below the fluid flow motor, wherein a bottom surface of the battery is

below the openable bottom of the dirt collection region.

11 The vacuum cleaner of claim 10, wherein the handheld vacuum cleaner is supported
solely by the battery when the handheld vacuum cleaner is positioned on a horizontal

surface.

12. The vacuum cleaner as in anv one of ¢claims 1 — 11, wherem the filter chamber is
Py 2

positioned between the handle and the cyclonic separator.

13, The vacuum cleaner as in any one of claims 1 — 12, wherein the filter chamber houses

a pre-motor filter having a cvlindrical filter.
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14, The vacuum cleaner as m any one of claims 1 — 13, wherein the filter chamber houses
a pre-motor filter having a first cvhindrical filter and a second cvlindrical filter, the

second cylindrical filter being nested withun the first cvliindrical filter.

The vacuum cleaner as in any one of claims 1 — 14, wheremn the first end wall and the

[
(¥,

second end wall of the cyclone chamber both intersect a common horizontal plane

when the vacuum cleaner is posttioned on a honzontal surface.
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