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ABSTRACT 

A handheld vacuum cleaner is provided with a hand-carri-
able body housing the components of a vacuum collection 
system. The vacuum collection system can include a work-
ing air path through the body, and includes a portion which 
passes through a handle of the hand-carriable body that is 
adapted to be gripped by a user during operation of the 
vacuum cleaner. 
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HANDHELD VACUUM CLEANER 

CROSS-REFERENCE TO RELATED 
APPLICATION(S) 

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application No. 62/219,349, filed Sep. 16, 
2015, which is incorporated herein by reference in its 
entirety. 

BACKGROUND 

[0002] Vacuum cleaners can be embodied as portable or 
hand-carriable units. Many recent handheld vacuum clean-
ers use at least one cyclonic cleaning stage. Other handheld 
vacuum cleaners include non-cyclonic cleaning stages, such 
as filter bags. 

BRIEF SUMMARY 

[0003] In one aspect, the invention relates to a handheld 
vacuum cleaner including a hand-carriable body having an 
air inlet, an air outlet, and a handle adapted to be gripped by 
a user, a motor/fan assembly upstream of the air outlet and 
in fluid communication with the air inlet for generating a 
working airstream, a debris removal assembly, and a work-
ing air path through the body from the air inlet to the air 
outlet. The handle is at least partially hollow to form an air 
conduit, and a portion of the working air path extends 
through the air conduit formed by the handle 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0004] In the drawings: 
[0005] FIG. lA is a front perspective view of a handheld 
vacuum cleaner according to a first embodiment of the 
invention; 
[0006] FIG. lB is a schematic view showing an example 
of the handheld vacuum cleaner from FIG. lA in use; 
[0007] FIG. 2 is a cross-sectional view of the vacuum 
cleaner from FIG. lA; 
[0008] FIG. 3 is a partially exploded view of the vacuum 
cleaner from FIG. lA; 
[0009] FIG. 4 is a side sectional view of the vacuum 
cleaner from FIG. lA; 
[0010] FIG. 5 is a partial cross-sectional view of the 
vacuum cleaner from FIG. lA, showing a working air flow 
path through the vacuum cleaner; 
[0011] FIG. 6A is a front perspective view of a handheld 
vacuum cleaner according to a second embodiment of the 
invention; 
[0012] FIG. 6B is a schematic view showing an example 
of the handheld vacuum cleaner from FIG. 6A in use; 
[0013] FIG. 7 is a cross-sectional view of the vacuum 
cleaner from FIG. 6A; 
[0014] FIG. 8 is a partially exploded view of the vacuum 
cleaner from FIG. 6A; 
[0015] FIG. 9 is a side sectional view of the vacuum 
cleaner from FIG. 6A; and 
[0016] FIG. 10 is a partial cross-sectional view of the 
vacuum cleaner from FIG. 6A, showing a working air flow 
path through the vacuum cleaner. 
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DESCRIPTION OF EMBODIMENTS OF THE 
INVENTION 

[0017] The invention relates to vacuum cleaners. In one of 
its aspects, the invention relates to a handheld vacuum 
cleaner. In another aspect, the invention relates to a vacuum 
cleaner with a non-cyclonic debris removal assembly. For 
purposes of description related to the figures, the terms 
"upper," "lower," "right," "left," "rear," "front," "vertical," 
"horizontal," and derivatives thereof shall relate to the 
invention as oriented in FIGS. lA-lB from the perspective 
of a user holding the handheld vacuum cleaner in a normal 
operating position. However, it is to be understood that the 
embodiments of the invention may assume various alterna-
tive orientations, except where expressly specified to the 
contrary. 
[0018] FIG. lA shows a front perspective view of a 
handheld vacuum cleaner 10 according to a first embodi-
ment of the invention. The handheld vacuum cleaner 10 
includes a hand-carriable body 12 housing the components 
of a vacuum collection system for creating a partial vacuum 
to suck up debris (which may include dirt, dust, soil, hair, 
and other debris) from a surface to be cleaned and collecting 
the removed debris in a space provided on the vacuum 
cleaner 10 for later disposal. Additionally, in some embodi-
ments of the invention the vacuum cleaner 10 can have fluid 
delivery capability, including applying liquid or steam to the 
surface to be cleaned, and/or fluid extraction capability. 
[0019] FIG. lB is a schematic view showing an example 
of the handheld vacuum cleaner 10 in use. FIG. lB shows 
the vacuum cleaner 10 in one example of a normal operating 
position. The vacuum collection system can include a work-
ing air path through the body 12, and may include an air inlet 
14. The air inlet 14 may be in fluid communication with a 
suction inlet in a floor-engaging cleaning head or an acces-
sory cleaning tool, as is conventionally known in the 
vacuum cleaner art. The cleaning head or tool can optionally 
be coupled with the air inlet 14 via a wand and/or a flexible 
vacuum hose, also as conventionally known in the vacuum 
cleaner art. Still further, the air inlet 14 may be used to 
directly clean a surface. In FIG. lB, the handheld vacuum 
cleaner 10 is held by a user, an elongate wand 13 is coupled 
with the air inlet 14, and a tool in the form of a floor-
engaging cleaning head 15 is coupled with the wand 13. 
[0020] FIG. 2 is a cross-sectional view of the vacuum 
cleaner 10. In addition to the air inlet 14, the vacuum 
collection system may include one or more of a motor/fan 
assembly 16 in fluid communication with the air inlet 14 for 
generating a working airstream, and a debris removal assem-
bly 18 for removing and collecting debris from the working 
airstream for later disposal, portions of which can define the 
working air path through the body 12. 
[0021] The body 12 can include a first housing 20 for the 
debris removal assembly 18 and a second or motor housing 
22 for the motor/fan assembly 16. The housings 20, 22 are 
in fluid communication with each other and can be integrally 
formed or otherwise secured together to form a single, 
hand-carriable unit. In the illustrated example, the housings 
20, 22 are separately formed and then secured together, such 
as by welding or mechanical fasteners. 
[0022] A cover or lid 24 can enclose the top of the first 
housing 20 and can be openable to provide access to the top 
of the first housing 20. The lid 24 may be movable between 
a closed position, shown in FIGS. lA-2, to an open position, 
one example of which is shown in FIG. 3. In the illustrated 



Dyson EX-2001 
IPR2023-01322 

Page 15 of 23

US 2017/0071426 Al 

example, the entire lid 24 is removable from the housing 20, 
i.e. it is lifted entirely off the top of the housing 20. In this 
case, the lid 24 may have a friction or interference fit with 
the housing 20. In other embodiments, the lid 24 may be 
pivotally mounted to the housing 20 and rotatable from the 
closed position shown in FIGS. lA-2 to an open position. To 
facilitate opening the lid 24, a handle or grip surface can be 
provided on the lid 24. As shown herein, a portion of the top 
of the lid 24 is raised to provide a grip surface 26. 
[0023] A handle 30 can be provided on the body 12 to 
allow the user to grip, carry, and move the vacuum cleaner 
10. The handle 30 can include a grip portion 32 and may be 
configured as a pistol-style grip that allows the user to grip 
the handle 30 in a comfortable, ergonomic position. The 
handle 30 can further have a first or upper end 34 attached 
to the first housing 20 and a second or lower end 36 attached 
to the second housing 22. The handle 30 defines a handle 
opening 38, with portions of the first housing 20 and motor 
housing 22 defining the handle opening 38 as well, such that 
the handle opening 38 is a closed loop. In a normal operating 
position, a user holds and maneuvers the vacuum cleaner 10 
by gripping the handle 30, with a user's hand wrapping 
around the grip portion 32 and their fingers passing through 
the handle opening 38; one example of a normal operating 
position is shown in FIG. 1B. A portion of the lid 24 may 
form a portion of the handle 30, such as a portion of the 
upper end 34 of the handle 30 in the illustrated embodiment. 
[0024] While not shown, a power switch for electrically 
coupling the motor/fan assembly 16 to a power source may 
be positioned or adjacent to a portion of the handle 30 so that 
a user can conveniently operate the switch with the same 
hand gripping the handle 30. For example, the switch, such 
as a trigger button, can be located on an inner surface of the 
grip portion 32. Alternatively, the power switch can be 
provided on another portion of the body 12. The power 
source may be a battery or a power cord connected to the 
body 12 and plugged into a household electrical outlet. In 
one preferred embodiment, a rechargeable battery is pro-
vided within the body 12 for convenient handheld operation 
of the vacuum cleaner 10. 
[0025] The debris removal assembly 18 can include a 
debris separator 40 for separating contaminants from a 
working airstream and a debris collector 42 for receiving 
and collecting separated contaminants. The debris separator 
40 can be provided in an upper portion of the housing 20, 
and the debris collector 42 can be defined by a lower portion 
of the housing 20. In the illustrated embodiment, the debris 
removal assembly 18 is non-cyclonic. Alternatively, the 
debris removal assembly 18 can include a cyclonic or 
centrifugal separator, a flexible and air-permeable filter bag, 
or other air filtering means. 
[0026] As illustrated, the upper portion of the housing 20 
can be defined by an exterior wall 44. The exterior wall 44 
defines a chamber 46 for the debris separator 40. An air 
deflector 48 is provided in the chamber 46, and directs 
working air from the air inlet 14 downwardly within the 
chamber 46. 
[0027] In the illustrated embodiment, the air deflector 48 
is located to directly oppose the air inlet 14, and is sized such 
that all or a majority of the incoming working air encounters 
and is directed by the air deflector 48. The air deflector 48 
includes a deflector wall 50 which can be curved, angled, 
bent, or otherwise shaped to effect a change in direction of 
the working air. The deflector wall 50 can be configured with 
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a deflection angle of 30-120 degrees, and more particularly 
of about 90 degrees as shown in the illustrated embodiment. 
Further, in the illustrated embodiment the deflector wall 50 
may be smoothly curved to create less turbulence, airflow 
resistance, and noise than a flat or angled wall may other 
produce. Also, an angled wall may tend to collect fine debris 
along the inside corner of the angled wall. 
[0028] The air inlet 14 can be defined by a conduit 52 
extending from the exterior wall 44. The conduit 52 extends 
normally or radially from the exterior wall 44, i.e. not 
tangentially, such that air is directed toward the centerline or 
central axis of the chamber 46. In other embodiments of the 
debris removal assembly 18, such as when the debris 
removal assembly 18 includes a cyclonic or centrifugal 
separator, the air inlet 14 can be configured to direct air 
tangentially around the circumference of the chamber 46. 
[0029] The conduit 52 can form a connector which can 
detachably connect with a wand, hose, cleaning head, acces-
sory tool or other accessory. Optionally, the conduit 52 can 
be provided with an electrical connector for allowing a 
cleaning head, accessory tool or other accessory coupled 
with the body to be powered. For example, an agitator or 
brushroll within a cleaning head can be powered for rotation. 
[0030] FIG. 3 is a partially exploded view of the vacuum 
cleaner 10. An air outlet 54 for the debris removal assembly 
18 provides fluid communication between the chamber 46 
and the downstream motor/fan assembly 16, and forms part 
of the working air path through the body 12. The air inlet 14 
and the air outlet 54 are provided near the upper end of the 
housing 20, with the air outlet 54 above the air inlet 14. As 
shown in FIG. 3, the air outlet 54 can be formed by an 
opening 56 in a top wall 58 of the first housing 20. 
[0031] The debris separator 40 can further include a filter 
or screen associated with the air outlet 54 for filtering 
contaminants from the working airstream. For example, a 
filter 60 can be mounted at the top of the chamber 46, over 
the air outlet 54, and has at least one opening 62 covered by 
a screen 64, such as a wire mesh. The filter 60 can be 
provided as a filter cup, with a cylindrical housing 66 having 
a bottom wall 68 and a peripheral side wall 70 extending 
upwardly from the bottom wall 68. In the illustrated embodi-
ment, the bottom wall 68 is closed to air flow, and the 
peripheral side wall 70 comprises multiple openings 62 
covered by screen 64. Alternatively, one or more openings 
covered by screen can be provided in the bottom wall 68, or 
all of the openings can be provided in the bottom wall 68, 
with the peripheral side wall 70 being closed to air flow. It 
is further noted that the screen 64 can have differently-sized 
perforations, such that the mesh size of the screen 64 can 
vary around the filter 60. 
[0032] The air deflector 48 may be formed with or other-
wise provided on the filter 60. In the illustrated embodiment, 
the cylindrical housing 66 includes the air deflector 48, with 
the air deflector 48 formed as part of the peripheral side wall 
70. Alternatively, the air deflector 48 may be separate from 
the filter 60. 
[0033] The filter 60 may be slidably mounted in the air 
outlet 54, such that the filter 60 may be removed through the 
top of the housing 20 for cleaning or replacement when the 
lid 24 is open, as shown in FIG. 3. An upper edge of the 
peripheral side wall 70 can include at least one flange or lip 
72 projecting radially therefrom. The peripheral side wall 70 
may further be tapered such that the lower end of the 
cylindrical housing 66 has a smaller diameter than the upper 
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end near the lip 72. The tapered shape may aid in insertion 
of the filter 60 into the outlet opening 56 of the housing 20. 
[0034] When the filter 60 is seated within the housing 20, 
the lip 72 on the peripheral side wall 70 is seated in the outlet 
opening 56, with the majority of the filter 60 projecting 
downwardly into the chamber 46. The filter 60 may be 
provided with a key or other orientation features to ensure 
that the deflector 48 is properly located toward the air inlet 
14 when the filter 60 is seated within the outlet opening 56. 
[0035] It is noted that the debris separator 40 illustrated 
herein includes both the air deflector 48 and the filter 60. In 
other embodiments, the debris separator 40 can include only 
the air deflector 48 or only the filter 60. Other configurations 
of the debris separator 40 are also possible. 
[0036] With reference to FIGS. 2-3, the debris collector 42 
receives and collects separated contaminants (i.e. debris) 
from the debris separator 40. The collected debris may have 
been separated from the working airflow by the air deflector 
48 or the filter 60. The filter 60 may also retain some debris 
on the cylindrical housing 66 rather than being collected in 
the debris collector 42. 
[0037] As illustrated, the lower portion of the housing 20 
forming the debris collector 42 can be defined by an exterior 
wall 74. The exterior wall 74 defines a collection chamber 76 
for the debris collector 42. In the illustrated embodiment, the 
exterior wall 74 defines a generally cylindrical collection 
chamber 76 oriented perpendicular to the chamber 46. 
Alternatively, other configurations of the debris collector 42 
relative to the debris separator 40 are possible. 
[0038] The lower end of the exterior wall 44 forms a 
debris outlet 78 from the chamber 46 through which debris 
from the chamber 46 may fall into the collection chamber 
76. The debris outlet 78 may also be considered an inlet to 
the collection chamber 76. The debris outlet 78 is provided 
below the air inlet 14 and the air outlet 54. 
[0039] The lower exterior wall 74 may be provided with 
an openable door or other means for emptying the collection 
chamber 76. In the illustrated embodiment, the exterior wall 
74 includes an openable lower section forming an openable 
door 82 that can be opened to empty the collection chamber 
76. The door 82 may also serve as the bottom of the first 
housing 20. 
[0040] The debris collector 42 may be emptied by opening 
the door 82. The door 82 can be coupled with another 
portion of the body 12 by a hinge 84, such as the motor 
housing 22 in the illustrated embodiment or alternatively 
with the upper section of the exterior wall 74 or another 
portion of the first housing 20. The door 82 can be pivoted 
to an open position shown in FIG. 3 for emptying the 
contents of the collection chamber 76. The door 82 can be 
secured in the closed position by a releasable latch 86. In the 
illustrated embodiment the hinge 84 is provided on a back 
side of the debris collector 42 and the latch 86 is provided 
on a front side of the debris collector 42, such that when the 
latch 86 is released, the door 82 swings rearwardly to open. 
[0041] The latch 86 can include a deflectable hook 88 on 
one of the door 82 or the upper section of the exterior wall 
74, and a catch 90 on the other of the door 82 or the upper 
section of the exterior wall 74. Other embodiment oflatches 
86, such as a pivoting push-button that releases a catch, may 
be used. 
[0042] Referring to FIG. 2, a portion of the motor housing 
22 may project into and form a portion of the debris collector 
42. In the illustrated embodiment, a forward wall 92 of the 
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motor housing 22 defines a portion of the collection chamber 
76, as well as a portion of a top wall 94 of the motor housing 
22. The exterior wall 74 of the debris collector 42 may also 
overlap a portion of the motor/fan assembly 16 within the 
motor housing 22. Having a portion of the motor housing 22 
overlap a portion of the debris collector 42 forms a more 
compact body 12 and positions the handle 30 closer to the 
center of gravity of the vacuum cleaner 10. This arrange-
ment reduces the magnitude of downward forces and torque 
on a user's hand and wrist, which makes the vacuum cleaner 
10 easier to handle and manipulate. A substantial portion of 
the motor/fan assembly 16 may remain rearward of the 
debris collector 42 and the debris separator 40. 
[0043] A pre-motor filter assembly can be provided down-
stream of the debris separator 40 and upstream of the 
motor/fan assembly 16, with the working air path extending 
through the pre-motor filter assembly. The pre-motor filter 
assembly and includes at least one pre-motor filter 98 
received within a pre-motor filter chamber 100. The pre-
motor filter 98 can be provided above the chamber 46, 
including above the air outlet 54. 
[0044] The pre-motor filter chamber 100 is provided at an 
upper portion of the first housing 20, and may include the top 
wall 58 of the first housing 20 and a perimeter wall 102 
extending from the top wall 58 and defining an opening for 
the filter 98. The pre-motor filter chamber 100 can be closed 
by the lid 24; when closed, the lid 24 can define a top or 
upper wall of the pre-motor filter chamber 100. 
[0045] In the illustrated embodiment, the pre-motor filter 
chamber 100 is formed by an upper portion of the first 
housing 20, such that it is not removable or separable from 
the first housing 20. Alternatively to being formed by the 
first housing 20, a separate pre-motor filter housing can be 
provided, and may be removable from the first housing 20 
so that a user need not directly touch the filter 98 to remove 
it from the vacuum cleaner 10. 
[0046] The pre-motor filter 98 includes an upstream side 
104 and a downstream side 106. The upstream side 104 faces 
the air outlet 54, and the downstream side 106 opposes the 
upstream side 104 relative to the direction of airflow. In the 
illustrated embodiment, the filter 98 is flat and substantially 
uninterrupted, unlike ring-shaped filters which have a hole 
or opening defining the upstream side of the filter. The 
pre-motor filter 98 can comprise a foam filter or a HEPA 
filter. A foam filter has the advantage of being reusable with 
periodic cleaning. 
[0047] Stand-offs 108 can be provided on the upper por-
tion of the first housing 20 and/or on the underside of the lid 
24 to engage the upstream and/or downstream sides 104, 106 
of the pre-motor filter 98 to secure the filter 98 in position. 
In the illustrated embodiment, the stand-offs 108 include ribs 
projecting from the top wall 58 of the housing 20, about the 
outlet opening 56. The stand-offs 108 define an upstream 
headspace or header 110 on the upstream side 104 of the 
pre-motor filter 98 that allows air flowing out of the air outlet 
54 to travel laterally between the stand-offs 108. A down-
stream headspace or header 112 on the downstream side 106 
of the pre-motor filter 98 is formed by the open space 
between the underside of the lid 24 and the downstream side 
106 of the pre-motor filter 98. 
[0048] The pre-motor filter 98 may be removably mounted 
in the filter chamber 100, such that the pre-motor filter 98 is 
removed through the top of the housing 20 for cleaning or 
replacement when the lid 24 is open, as shown in FIG. 3. 
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With the pre-motor filter 98 removed, the filter cup 60 may 
also be removed through the top of the housing 20 as 
described above. 
[0049] When the lid 24 is open, the downstream side 106 
of the pre-motor filter 98 is viewable by a user. Alternatively, 
the pre-motor filter assembly can be configured such that the 
upstream side 104 is visible when the lid 24 is open. For 
example, the pre-motor filter 98 may be coupled with the 
underside of the lid 24, such that the pre-motor filter 98 
remains with the lid 24 when the lid 24 is open. This allows 
the user to immediately view the upstream side 104 and 
assess whether the pre-motor filter 98 should be cleaned or 
replaced. One example of such a filter arrangement is 
disclosed in U.S. Patent Application Publication No. 2015/ 
0182085, published Jul. 2, 2015, which is incorporated 
herein by reference in its entirety. 
[0050] Portions of the body 12 may be at least partially 
transparent or translucent in order to permit a user to view 
an interior portion of the body 12. For example, at least a 
portion of the debris collector 42 may be formed of a 
transparent material, such as plastic, so that a user can 
determine the fullness of the collection chamber 76 without 
having to open the collection chamber 76. Also, at least a 
portion of the lid 24 may be formed of a transparent material, 
such as plastic, so that a user can visually inspect the 
condition of the pre-motor filter 98 without having to open 
the lid 24. 
[0051] Referring to FIG. 2, the motor/fan assembly 16 is 
provided in fluid communication with the debris removal 
assembly 18, and is positioned downstream of the debris 
removal assembly 18 and pre-motor filter assembly, within 
the motor housing 22. The vacuum collection system can 
also be provided with one or more additional filters (not 
shown) upstream or downstream of the motor/fan assembly 
16. The motor/fan assembly 16 may further be below the 
pre-motor filter 98 and substantially below the chamber 46. 
[0052] The motor/fan assembly 16 includes a fan section 
114 and a motor section 116 which are housed in the motor 
housing 22. The motor housing 22 further comprises an inlet 
118 for passing air into the motor housing 22 and an outlet 
for exhausting substantially clean air from the vacuum 
cleaner 10. The outlet therefore forms an air outlet of the 
working air path through the body 12. The motor housing 
inlet 118 may be located between the upper and lower ends 
of the first housing 20, and may preferably be below the 
chamber 46, such as between the upper and lower ends of the 
collection chamber 76. In the embodiment illustrated herein, 
the motor housing outlet is formed by one or more exhaust 
openings or grill 120 in the motor housing 22. 
[0053] The working air path through the body 12 includes 
a portion connecting the air outlet 54 with the motor housing 
inlet 118 to the motor/fan assembly 16. This portion can 
include an air conduit 122 formed by the handle 30 which 
extends downstream of the downstream header 112 to the 
motor housing inlet 118. To form the air conduit, the handle 
30 is at least partially hollow. As shown herein, the handle 
30 may be substantially hollow between the upper end 34 
and the lower end 36. It also noted that, as shown herein, the 
handle 30 may be substantially rigid between the upper end 
34 and the lower end 36, in that the handle 30 will not flex 
or collapse under the grip of a user during normal operation 
of the handheld vacuum cleaner 10. In other embodiments, 
a portion of the handle 30 may be formed of a flexible hose 
or conduit. 
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[0054] In the illustrated embodiment, the working air path 
connecting the air outlet 54 with the motor housing inlet 118 
can further include the pre-motor filter assembly, as well as 
the upstream and downstream headers 110, 112. From the 
downstream header 112, air may flow through air conduit 
122 in a generally downward direction and into the motor 
housing inlet 118. 
[0055] The air conduit 122 may be formed with no bends 
less than 90 degrees so as to avoid drastic changes in air flow 
direction which would otherwise cause airflow restrictions 
and noise. In one example, the bends at the upper end 34 and 
lower end 36 of the handle 30 may be between 105 and 150 
degrees. 
[0056] It is noted that in order to prevent air leakage, seals 
or gaskets can be provided between various components of 
the vacuum cleaner 10, including but not limited to, at the 
interface between the lid 24 and first housing 20, at the 
interface between the filter cup 60 and the outlet opening 56, 
at the door 82 of the debris collector 42, and/or at the 
interface between the motor/fan assembly 16 and the motor 
housing 22. 
[0057] FIG. 4 is a side sectional view of the vacuum 
cleaner 10. The chamber 46 for the debris separator 40 
defines a central longitudinal axis X. The central longitudi-
nal axis X may pass through the air outlet 54. In the 
illustrated embodiment, the debris collector 42 extends 
generally perpendicular to the central longitudinal axis X, 
with the exterior wall 74 defining a generally cylindrical 
collection chamber 76 oriented perpendicular to the chamber 
46. The pre-motor filter 98 can be provided above the 
chamber 46, including above the air outlet 54, with the 
central longitudinal axis X extending through the filter 98 
and/or filter chamber 100. In the illustrated embodiment, the 
axis X extends through both the filter 98 and filter chamber 
100. 
[0058] In FIG. 4, the vacuum cleaner 10 is oriented with 
the central longitudinal axis X extending vertically. It is 
noted that this particular orientation is used as a reference 
point when discussing the other axes of the vacuum cleaner 
10 for FIG. 4, and that in a normal operating position the 
vacuum cleaner 10 may be held at other orientations, such 
as, but not limited to, with the air inlet 14 pointing down-
wardly or at an angle; one example of a normal operating 
position is shown in FIG. 1B. With respect to the various 
axes discussed herein, the term "substantially" denotes that 
one axis may deviate from the described relationship by up 
to 20 degrees. 
[0059] The air inlet conduit 52 can extend along an inlet 
axis Y that may be generally perpendicular to the central 
longitudinal axis X of the debris separator 40 and may 
further intersect the central longitudinal axis X. The air 
deflector 48 provided in the chamber 46 directs working air 
from the air inlet 14 downwardly within the chamber 46, 
generally along the central longitudinal axis X. Thus, the 
incoming working airstream initially follows inlet axis Y, 
and is turned to generally follow the central longitudinal axis 
X by the air deflector 48. 
[0060] The fan section 114 and motor section 116 of the 
motor/fan assembly 16 lie along a common motor axis Z. Air 
traveling through the motor/fan assembly 16 travels sub-
stantially parallel to the motor axis Z. The fan section 114 
may oriented rearwardly and above the motor section 116 
along the motor axis Z. 
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[0061] The motor axis Z may be generally vertical, hori-
zontal or between vertical and horizontal. Broadly, the motor 
axis Z may range from 0-90 degrees relative to the central 
longitudinal axis X, with a motor axis Z at 0 degrees being 
generally parallel to the central longitudinal axis X and a 
motor axis Z at 90 degrees being generally perpendicular to 
the central longitudinal axis X. Preferably, the motor axis Z 
may be generally horizontal or inclined from horizontal. A 
more preferred range for the motor axis Z may be 60-90 
degrees relative to the central longitudinal axis X. 
[0062] It is noted that the motor housing inlet 118 may lie 
along the motor axis Z or may deviate from the motor axis 
Z. For example, the angle of the motor housing inlet 118 
may range from 0-90 degrees relative to the central longi-
tudinal axis X. Further, the motor housing inlet 118 may 
point generally upwardly or downwardly relative to the 
central longitudinal axis X. 
[0063] The motor axis Z may intersect the central longi-
tudinal axis X, or may be offset from the central longitudinal 
axis X. In the illustrated embodiment, the motor axis Z 
passes through the collection chamber 76, with the intersec-
tion of the central longitudinal axis X occurring in the 
collection chamber 76. Further, the parting line defined by 
the door 82 of the debris collector 42 may be substantially 
parallel to the motor axis Z. Still further, the pre-motor filter 
98 may be substantially parallel to the motor axis Z. 
[0064] The grip portion 32 of the handle 30 may define a 
handle axis W. For a pistol-style grip, the handle axis W may 
be generally vertical, or inclined from the vertical. In the 
embodiment illustrated, the handle axis W is inclined for-
wardly from vertical and formed at an angle relative to the 
central longitudinal axis X. The angle may be approximately 
0-45 degrees, and more preferably approximately 33 degrees 
as shown in the illustrated embodiment. The angled, pistol-
style handle 30 positions the user's hand and wrist in an 
ergonomic position with more grip strength for holding the 
vacuum cleaner 10. 
[0065] Together, the central longitudinal axis X, handle 
axis W, and motor axis Z define a triangle. As the motor/fan 
assembly 16 and the debris removal assembly 18 comprise 
the majority of the weight of the vacuum cleaner 10, moving 
the handle 30 closer to these components and arranging the 
handle 30 in a triangular relationship with these components 
decreases the distance between the handle 30 and the center 
of gravity of the vacuum cleaner 10. Moving the handle 30 
closer to the center of gravity reduces the magnitude of 
downward forces and torque on a user's hand and wrist, 
which makes the vacuum cleaner 10 easier to handle and 
manipulate. 
[0066] The vacuum cleaner 10 shown in FIGS. lA-5 can 
be used to effectively clean a surface by removing debris 
(which may include dirt, dust, soil, hair, and other debris) 
from the surface in accordance with the following method. 
Referring to FIG. 5 in particular, to perform vacuum clean-
ing, the motor/fan assembly 16 draws in debris-laden air 
through the air inlet 14 and into the debris removal assembly 
18 where at least some or all debris in the working air is 
filtered out from the working airstream. As shown herein, a 
working airstream enters the air inlet 14 and is deflected 
downwardly within the chamber by the air deflector 48 and 
away from the filter 60. The air then travels upwardly to pass 
through the filter cup 60, which can retain at least some 
debris in the screen 64 or knock additional debris into the 
debris collector 42, and continues upwardly to exit the 
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chamber via the air outlet 54. The air continues to travel 
upwardly through the pre-motor filter 98, traveling through 
the lower, upstream side 104 first and then through the 
upper, downstream side 106. The air then passes generally 
rearwardly through the downstream header 112 and travels 
through the air conduit 122 in the handle 30 to the motor/fan 
assembly 16 via inlet 118. After passing through the motor/ 
fan assembly 16, the air may exit the housing via the exhaust 
grill 120. 
[0067] In some embodiments, a post-motor filter (not 
shown) may be provided between the outlet from the motor/ 
fan assembly 16 and the exhaust grill 120. In this case, a 
portion of the second housing 22 may be configured to 
provide access to the post-motor filter for cleaning or 
replacement of the post-motor filter. The debris removal 
assembly 18 can be periodically emptied of debris by 
opening the door 82 of the debris collector 42. Likewise, the 
filter cup 60 and pre-motor filter 98, as well as any additional 
filters, can periodically be cleaned or replaced. 
[0068] FIG. 6A shows a front perspective view of a 
handheld vacuum cleaner 210 according to a second 
embodiment of the invention. The handheld vacuum cleaner 
210 includes a hand-carriable body 212 housing the com-
ponents of a vacuum collection system for creating a partial 
vacuum to suck up debris (which may include dirt, dust, soil, 
hair, and other debris) from a surface to be cleaned and 
collecting the removed debris in a space provided on the 
vacuum cleaner 210 for later disposal. Additionally, in some 
embodiments of the invention the vacuum cleaner 210 can 
have fluid delivery capability, including applying liquid or 
steam to the surface to be cleaned, and/or fluid extraction 
capability. 
[0069] FIG. 6B is a schematic view showing an example 
of the handheld vacuum cleaner 210 in use. FIG. 6B shows 
the vacuum cleaner 210 in one example of a normal oper-
ating position. The vacuum collection system can include a 
working air path through the body 212, and may include an 
air inlet 214. The air inlet 214 may be in fluid communica-
tion with a suction inlet in a floor-engaging cleaning head or 
an accessory cleaning tool, as is conventionally known in the 
vacuum cleaner art. The cleaning head or tool can optionally 
be coupled with the air inlet 214 via a wand and/or a flexible 
vacuum hose, also as conventionally known in the vacuum 
cleaner art. Still further, the air inlet 214 may be used to 
directly clean a surface. In FIG. 6B, the handheld vacuum 
cleaner 210 is held by a user, an elongate wand 213 is 
coupled with the air inlet 214, and a tool in the form of a 
floor-engaging cleaning head 215 is coupled with the wand 
213. 
[0070] FIG. 7 is a cross-sectional view of the vacuum 
cleaner 210 from FIG. 6A. In addition to the air inlet 214, 
the vacuum collection system may include one or more of a 
motor/fan assembly 216 in fluid communication with the air 
inlet 214 for generating a working airstream, and a debris 
removal assembly 218 for removing and collecting debris 
from the working airstream for later disposal, portions of 
which can define the working air path through the body 12, 
[0071] The body 212 can include a first housing 220 for 
the debris removal assembly 218 and a second or motor 
housing 222 for the motor/fan assembly 216. The housings 
220, 222 are in fluid communication with each other and can 
be integrally formed or otherwise secured together to form 
a single, hand-carriable unit. In the illustrated example, the 



Dyson EX-2001 
IPR2023-01322 

Page 19 of 23

US 2017/0071426 Al 

housings 220, 222 are separately formed and then secured 
together, such as by welding or mechanical fasteners. 
[0072] A cover or lid 224 can enclose the top of the first 
housing 220 and can be openable to provide access to the top 
of the first housing 220. The lid 224 may be movable 
between a closed position, shown in FIGS. 6A-7, to an open 
position, one example of which is shown in FIG. 8. In the 
illustrated example, the entire lid 224 is removable from the 
housing 220, i.e. it is lifted entirely off the top of the housing 
220. In this case, the lid 224 may have a friction or 
interference fit with the housing 220. In other embodiments, 
the lid 224 may be pivotally mounted to the housing 220 and 
rotatable from the closed position shown in FIGS. 6A-7 to 
an open position. To facilitate opening the lid 224, a handle 
or grip surface can be provided on the lid 224. As shown 
herein, a portion of the top of the lid 224 is raised to provide 
a grip surface 226. 
[0073] A handle 230 can be provided on the body 212 to 
allow the user to grip, carry, and move the vacuum cleaner 
210. The handle 230 can include a grip portion 232 and may 
be configured as a pistol-style grip that allows the user to 
grip the handle 230 in a comfortable, ergonomic position. 
The handle 230 can further have a first or upper end 234 
attached to the first housing 220 and a second or lower end 
236 attached to the second housing 222. The handle 230 
defines a handle opening 238, with portions of the first 
housing 220 and motor housing 222 defining the handle 
opening 238 as well, such that the handle opening 238 is a 
closed loop. In a normal operating position, a user holds and 
maneuvers the vacuum cleaner 210 by gripping the handle 
230, with a user's hand wrapping around the grip portion 
232 and their fingers passing through the handle opening 
238 one example of a normal operating position is shown in 
FIG. 6B. A portion of the lid 224 may form a portion of the 
handle 230, such as a portion of the upper end 234 of the 
handle 230 in the illustrated embodiment. 
[0074] While not shown, a power switch for electrically 
coupling the motor/fan assembly 216 to a power source may 
be positioned or adjacent to a portion of the handle 230 so 
that a user can conveniently operate the switch with the same 
hand gripping the handle 230. For example, the switch, such 
as a trigger button, can be located on an inner surface of the 
grip portion 232. Alternatively, the power switch can be 
provided on another portion of the body 212. The power 
source may be a battery or a power cord connected to the 
body 212 and plugged into a household electrical outlet. In 
one preferred embodiment, a rechargeable battery is pro-
vided within the body 212 for convenient handheld opera-
tion of the vacuum cleaner 210. 
[0075] The debris removal assembly 218 can include a 
filter cup 240 for separating contaminants from a working 
airstream and collecting separated contaminants. The filter 
cup 240 defines an interior 242 in which debris is collected. 
As illustrated, the housing 220 can be defined by an exterior 
wall 244. The exterior wall 244 defines a chamber 246 for 
the filter cup 240. An air deflector 248 is provided in the 
chamber 246, and directs working air from the air inlet 214 
downwardly into the interior 242 of the filter cup 240. 
[0076] In the illustrated embodiment, the air deflector 248 
is located to directly oppose the air inlet 214, and is sized 
such that all or a majority of the incoming working air 
encounters and is directed by the air deflector 248. The air 
deflector 248 includes a deflector wall 250 which can be 
curved, angled, bent, or otherwise shaped to effect a change 
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in direction of the working air. The deflector wall 250 can be 
configured with a deflection angle of 30-120 degrees, and 
more particularly of about 90 degrees as shown in the 
illustrated embodiment. Further, in the illustrated embodi-
ment the deflector wall 250 may be smoothly curved to 
create less turbulence, airflow resistance, and noise than a 
flat or angled wall may other produce. Also, an angled wall 
may tend to collect fine debris along the inside corner of the 
angled wall. 
[0077] The air inlet 214 can be defined by a conduit 252 
extending from the exterior wall 244. The conduit 252 
extends normally or radially from the exterior wall 244, i.e. 
not tangentially, such that air is directed toward the center-
line or central axis of the chamber 246. Other configurations 
of the air inlet 214 are also possible. For example, in other 
embodiments the debris removal assembly 218 can include 
a cyclonic or centrifugal separator, and the air inlet 214 can 
be configured to direct air tangentially around the circum-
ference of the chamber 246. 
[0078] The conduit 252 can form a connector which can 
detachably connect with a wand, hose, cleaning head, acces-
sory tool or other accessory. Optionally, the conduit 252 can 
be provided with an electrical connector for allowing a 
cleaning head, accessory tool or other accessory coupled 
with the body to be powered. For example, an agitator or 
brushroll within a cleaning head can be powered for rotation. 
[0079] An air outlet 254 for the debris removal assembly 
218 provides fluid communication between the chamber 246 
and the downstream motor/fan assembly 216, and forms part 
of the working air path through the body 212. Further, in the 
illustrated embodiment the deflector wall 250 may be an 
extension of the air inlet conduit 252, and the air deflector 
248 may direct air toward an opening 256 in a lower side of 
the air inlet conduit 252. The air inlet 214 and the air outlet 
254 are provided near the upper end of the housing 220, with 
the air outlet 254 below the conduit 252 but substantially 
even with the opening 256 in the lower side of the air inlet 
conduit 252. 
[0080] FIG. 8 is a partially exploded view of the vacuum 
cleaner 10. The filter cup 240 can include a filter or screen 
for filtering contaminants from the working airstream. For 
example, the filter cup 240 can have at least one opening 262 
covered by a screen 264, such as a wire mesh. The filter cup 
240 can have a cylindrical housing 266 having a bottom wall 
268 and a peripheral side wall 270 extending upwardly from 
the bottom wall 268. In the illustrated embodiment, the 
bottom wall 268 is closed to air flow, and the peripheral side 
wall 270 comprises multiple openings 262 covered by 
screen 264. Alternatively, one or more openings covered by 
screen can be provided in the bottom wall 268, or all of the 
openings can be provided in the bottom wall 268, with the 
peripheral side wall 270 being closed to air flow. It is further 
noted that the screen 264 can have differently-sized perfo-
rations, such that the mesh size of the screen 264 can vary 
around the filter cup 240. 
[0081] The filter cup 240 can be fluidly located between 
the air inlet 214 and the air outlet 254, such that the working 
airstream from the air inlet 214 passes through the filter cup 
240 before reaching the air outlet 254. The filter cup 240 can 
be mounted in the chamber 246, with the bottom wall 268 
forming the bottom wall of the housing 220 to close the 
chamber 246. Alternatively, the housing 220 can be provided 
with a separate bottom wall that is openable to access the 
filter cup 240. 
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[0082] The interior 242 of the filter cup 240 receives and 
collects debris separated from the working air flow; the 
debris may collect on the bottom wall 268. The upstream or 
inner surface of the screen 264 may also retain some debris. 
To empty the filter cup 240 and/or clean the screen 264, the 
filter cup 240 can be removed from the housing 220. 
Alternatively, the bottom wall 268 may be configured to 
open to empty collected debris without removing the entire 
filter cup 240. 
[0083] The filter cup 240 may be slidably mounted in the 
housing 220, such that the filter cup 240 may be removed 
through the open bottom of the housing 220 for cleaning or 
replacement, as shown in FIG. 8. The lower edge of the 
peripheral side wall 270 can include at least one flange 272 
projecting radially therefrom. When the filter cup 240 is 
seated within the housing 220, the flange 272 on the periph-
eral side wall 270 can couple with the bottom of the exterior 
wall 244, with the majority of the filter cup 240 projecting 
upwardly into the chamber 246. The filter cup 240 may be 
provided with a mechanical coupling or other structure to 
ensure that the filter cup 240 is locked or otherwise secured 
to the housing 220. Some non-limiting examples of a 
mechanical coupling for the filter cup 240 include a bayonet 
coupling, a threaded coupling, a push-button latch, or a 
friction or interface fit with the housing 220. 
[0084] Referring to FIGS. 7-8, a pre-motor filter assembly 
can be provided downstream of the debris removal assembly 
218 and upstream of the motor/fan assembly 216, with the 
working air path extending through the pre-motor filter 
assembly. The pre-motor filter assembly includes at least one 
pre-motor filter 288 received within a pre-motor filter cham-
ber 290. The pre-motor filter chamber 290 can be provided 
above the chamber 246, including above the air outlet 254. 
The pre-motor filter chamber 290 can be closed by the lid 
224; when closed, the lid 224 can define a top or upper wall 
of the pre-motor filter chamber 290. 
[0085] The pre-motor filter chamber 290 of the illustrated 
embodiment can be defined at least in part by a filter housing 
292 which is received at an upper portion of the first housing 
220, and may include a bottom wall 294 and a peripheral 
side wall 296 extending upwardly from the bottom wall 294 
and defining an opening for the filter 288. 
[0086] The pre-motor filter 288 includes an upstream side 
304 and a downstream side 306. The upstream side 304 faces 
the air outlet 254, and the downstream side 306 opposes the 
upstream side 304 relative to the direction of airflow. In the 
illustrated embodiment, the filter 288 is flat and substantially 
uninterrupted, unlike ring-shaped filters which have a hole 
or opening defining the upstream side of the filter. The 
pre-motor filter 288 can comprise a foam filter or a HEPA 
filter. A foam filter has the advantage of being reusable with 
periodic cleaning. 
[0087] Stand-offs 308 can be provided in the filter housing 
292 to engage the upstream and/or downstream sides 304, 
306 of the pre-motor filter 288 to secure the filter 288 in 
position. In the illustrated embodiment, the stand-offs 308 
include ribs projecting about the peripheral side wall 296 of 
the housing 292. The stand-offs 308 define an upstream 
headspace or header 310 on the upstream side 304 of the 
pre-motor filter 288 that allows air flowing out of the air 
outlet 254 to travel upwardly and laterally between the 
stand-offs 308. A downstream headspace or header 312 on 
the downstream side 306 of the pre-motor filter 288 is 
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formed by the open space between the underside of the lid 
224 and the downstream side 306 of the pre-motor filter 288. 
[0088] As shown in FIG. 8, the air outlet 254 can be 
formed one or more openings in the bottom wall 294 of the 
filter housing 292. The opening( s) forming the air outlet 254 
can be provided in between the stand-offs 308, which can 
also function as partitions or dividers to direct working air 
to different portions of the filter 288. This spreads the 
working airflow more evenly across the filter 288 prevents 
one area of the filter 288 from becoming substantially dirtier 
more quickly than other areas of the filter 28. 
[0089] The pre-motor filter 288 may be removably 
mounted in the filter chamber 290, such that the pre-motor 
filter 288 is removed through the top of the housing 220 for 
cleaning or replacement when the lid 224 is open, as shown 
in FIG. 8. Alternatively, the entire filter housing 292 may be 
removable from the first housing 220 so that a user need not 
directly touch the filter 288 to remove it from the vacuum 
cleaner 210. 
[0090] When the lid 224 is open, the downstream side 306 
of the pre-motor filter 288 is viewable by a user. Alterna-
tively, the pre-motor filter assembly can be configured such 
that the upstream side 304 is visible when the lid 224 is 
open. For example, the pre-motor filter 288 may be coupled 
with the underside of the lid 224, such that the pre-motor 
filter 288 remains with the lid 224 when the lid 224 is open. 
This allows the user to immediately view the upstream side 
304 and assess whether the pre-motor filter 288 should be 
cleaned or replaced. One example of such a filter arrange-
ment is disclosed in U.S. Patent Application Publication No. 
2015/0182085, published Jul. 2, 2015, incorporated above. 
[0091] The air deflector 248 may be formed with or 
otherwise provided on the filter housing 292. In the illus-
trated embodiment, the air deflector 248 is formed as part of 
the peripheral side wall 296. Alternatively, the air deflector 
248 may be separate from the filter housing 292. In yet 
another alternative, the air deflector 248 may be eliminated, 
and the air inlet 214 can be configured to direct air tangen-
tially around the circumference of the chamber 246, as in the 
case of the debris removal assembly 218 including a 
cyclonic or centrifugal separator. In this case, a portion of 
the tangential air inlet 214 may be provided on the filter 
housing 292 or may be separate from the filter housing 292. 
[0092] It is noted that in the illustrated embodiment, the 
debris removal assembly 218 is non-cyclonic, and that the 
debris removal assembly 218 includes both the air deflector 
248 and the filter cup 240. In other embodiments, the debris 
removal assembly 218 can include only the air deflector 248 
or only the filter cup 240. Other configurations of the debris 
removal assembly 218 are also possible. For example, the 
debris removal assembly 218 can include a cyclonic or 
centrifugal separator, a flexible and air-permeable filter bag, 
or other air filtering means. 
[0093] Portions of the body 212 may be at least partially 
transparent or translucent in order to permit a user to view 
an interior portion of the body 212. For example, at least a 
portion of the exterior wall 244 may be formed of a 
transparent material, such as plastic, so that a user can 
determine the fullness of the filter cup 240 without having to 
remove the filter cup 240. Also, at least a portion of the lid 
224 may be formed of a transparent material, such as plastic, 
so that a user can visually inspect the condition of the 
pre-motor filter 288 without having to open the lid 224. 
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[0094] Referring to FIG. 7, the motor/fan assembly 216 is 
provided in fluid communication with the debris removal 
assembly 218, and is positioned downstream of the debris 
removal assembly 218 and pre-motor filter assembly, within 
the motor housing 222. The vacuum collection system can 
also be provided with one or more additional filters (not 
shown) upstream or downstream of the motor/fan assembly 
216. 
[0095] The motor/fan assembly 216 includes a fan section 
314 and a motor section 316 which are housed in the motor 
housing 222. The motor housing 222 further comprises an 
inlet 318 for passing air into the motor housing 222 and an 
outlet for exhausting substantially clean air from the vacuum 
cleaner 210. The motor housing inlet 318 may be located 
between the upper and lower ends of the first housing 220, 
and may preferably be below the air inlet 214, such as 
between the upper and lower ends of the filter cup 240. In 
the embodiment illustrated herein, the motor housing outlet 
is formed by one or more exhaust openings or grill 320 in the 
motor housing 222. 
[0096] The working air path through the body 212 
includes a portion connecting the air outlet 254 with the 
motor housing inlet 318 to the motor/fan assembly 216. This 
portion can include an air conduit 322 formed by the handle 
230 which extends downstream of the downstream header 
312 to the motor housing inlet 318. To form the air conduit, 
the handle 230 is at least partially hollow. As shown herein, 
the handle 230 may be substantially hollow between the 
upper end 234 and the lower end 236. 
[0097] In the illustrated embodiment, the working air path 
connecting the air outlet 254 with the motor housing inlet 
318 can further include the pre-motor filter assembly, as well 
as the upstream and downstream headers 310,312. From the 
downstream header 312, air may flow through air conduit 
322 in a generally downward direction and into the motor 
housing inlet 318. 
[0098] The air conduit 322 may be formed with no bends 
less than 90 degrees so as to avoid drastic changes in air flow 
direction which would otherwise cause airflow restrictions 
and noise. In one example, the bends at the upper end 234 
and lower end 236 of the handle 230 may be between 105 
and 150 degrees. 
[0099] It is noted that in order to prevent air leakage, seals 
or gaskets can be provided between various components of 
the vacuum cleaner 210, including but not limited to, at the 
interface between the lid 224 and first housing 220, at the 
interface between the filter cup 240 and the lower end of the 
housing 220, and/or at the interface between the motor/fan 
assembly 216 and the motor housing 222. 
[0100] FIG. 9 is a side sectional view of the vacuum 
cleaner 210. The chamber 246 for the filter cup 240 defines 
a central longitudinal axis X. The central longitudinal axis X 
may pass through the interior 242 of the filter cup 240, and 
the filter cup 240 may be slid generally along the central 
longitudinal axis X when inserting or removing the filter cup 
240. The pre-motor filter 288 can be provided above the 
chamber 246, with the central longitudinal axis X extending 
through the filter 288 and/or filter chamber 290. In the 
illustrated embodiment, the axis X extends through both the 
filter 288 and filter chamber 290. 
[0101] In FIG. 9, the vacuum cleaner 210 is oriented with 
the central longitudinal axis X extending vertically. It is 
noted that this particular orientation is used as a reference 
point when discussing the other axes of the vacuum cleaner 
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210 for FIG. 9, and that in a normal operating position the 
vacuum cleaner 210 may be held at other orientations, such 
as, but not limited to, with the air inlet 214 pointing 
downwardly or at an angle; one example of a normal 
operating position is shown in FIG. 6B. With respect to the 
various axes discussed herein, the term "substantially" 
denotes that one axis may deviate from the described 
relationship by up to 20 degrees. 
[0102] The air inlet conduit 252 can extend along an inlet 
axis Y that may be generally perpendicular to the central 
longitudinal axis X, and may further intersect the central 
longitudinal axis X. The air deflector 248 directs working air 
from the air inlet 214 downwardly within the filter cup 240, 
generally along the central longitudinal axis X. Thus, the 
incoming working airstream initially follows inlet axis Y, 
and is turned to generally follow the central longitudinal axis 
X by the air deflector 248. 
[0103] The fan section 314 and motor section 316 of the 
motor/fan assembly 216 lie along a common motor axis Z. 
Air traveling through the motor/fan assembly 216 travels 
substantially parallel to the motor axis Z. The fan section 
314 may be positioned rearward of and above the motor 
section 316 along the motor axis Z. 
[0104] The motor axis Z may be generally vertical, hori-
zontal or between vertical and horizontal. Broadly, the motor 
axis Z may range from 0-90 degrees relative to the central 
longitudinal axis X, with a motor axis Z at 0 degrees being 
generally parallel to the central longitudinal axis X and a 
motor axis Z at 90 degrees being generally perpendicular to 
the central longitudinal axis X. Preferably, the motor axis Z 
may be generally horizontal or inclined from horizontal. A 
more preferred range for the motor axis Z may be 60-90 
degrees relative to the central longitudinal axis X. 
[0105] It is noted that the motor housing inlet 318 may lie 
along the motor axis Z or may deviate from the motor axis 
Z. For example, the angle of the motor housing inlet 318 
may range from 0-90 degrees relative to the central longi-
tudinal axis X. Further, the motor housing inlet 318 may 
point generally upwardly or downwardly relative to the 
central longitudinal axis X. 
[0106] The motor axis Z may intersect the central longi-
tudinal axis X, or may be offset from the central longitudinal 
axis X. In the illustrated embodiment, the motor axis Z 
passes through the filter cup 240, with the intersection of the 
central longitudinal axis X occurring in the interior 242. 
[0107] The grip portion 232 of the handle 230 may define 
a handle axis W. For a pistol-style grip, the handle axis W 
may be generally vertical, or inclined from the vertical. In 
the embodiment illustrated, the handle axis W is inclined 
forwardly from vertical and formed at an angle relative to 
the central longitudinal axis X. The angle may be approxi-
mately 0-45 degrees, and more preferably approximately 33 
degrees as shown in the illustrated embodiment. The angled, 
pistol-style handle 230 positions the user's hand and wrist in 
an ergonomic position with more grip strength for holding 
the vacuum cleaner 210. 
[0108] Together, the central longitudinal axis X, handle 
axis W, and motor axis Z define a triangle. As the motor/fan 
assembly 216 and the debris removal assembly 218 com-
prise the majority of the weight of the vacuum cleaner 210, 
moving the handle 230 closer to these components and 
arranging the handle 230 in a triangular relationship with 
these components decreases the distance between the handle 
230 and the center of gravity of the vacuum cleaner 210. 
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Moving the handle 230 closer to the center of gravity 
reduces the magnitude of downward forces and torque on a 
user's hand and wrist, which makes the vacuum cleaner 210 
easier to handle and manipulate. 
[0109] The vacuum cleaner 210 shown in FIGS. 6A-10 
can be used to effectively clean a surface by removing debris 
(which may include dirt, dust, soil, hair, and other debris) 
from the surface in accordance with the following method. 
Referring to FIG. 10 in particular, to perform vacuum 
cleaning, the motor/fan assembly 216 draws in debris-laden 
air through the air inlet 214 and into the debris removal 
assembly 218 where at least some or all debris in the 
working air is filtered out from the working airstream. As 
shown herein, a working airstream enters the air inlet 214 
and is deflected downwardly by the air deflector 248 and into 
the filter cup 240. The air then passes through the screen 264 
of the filter cup 240, with the screen 264 retaining at least 
debris from the working airstream. The air turns upwardly to 
exit the chamber 246 via the air outlet 254 and through the 
pre-motor filter 288. The air then passes generally rear-
wardly through the downstream header 312 and travels 
through the air conduit 322 in the handle 230 to the 
motor/fan assembly 216 via inlet 318. After passing through 
the motor/fan assembly 216, the air may exit the housing via 
the exhaust grill 320. 
[0110] In some embodiments, a post-motor filter (not 
shown) may be provided between the outlet from the motor/ 
fan assembly 216 and the exhaust grill 320. In this case, a 
portion of the second housing 222 may be configured to 
provide access to the post-motor filter for cleaning or 
replacement of the post-motor filter. The debris removal 
assembly 218 can be periodically emptied of debris by 
removing and emptying the filter cup 240. Likewise, the 
pre-motor filter 288, as well as any additional filters, can 
periodically be cleaned or replaced. 
[0111] To the extent not already described, the different 
features and structures of the various embodiments of the 
handheld vacuum cleaner 10, may be used in combination 
with each other as desired, or may be used separately. That 
one vacuum cleaner is illustrated herein as having all of 
these features does not mean that all of these features must 
be used in combination, but rather done so here for brevity 
of description. Furthermore, while the vacuum cleaner 10 
shown herein includes a vacuum collection system for 
creating a partial vacuum to suck up debris (which may 
include dirt, dust, soil, hair, and other debris) from a surface 
to be cleaned and collecting the removed debris in a space 
provided on the vacuum cleaner 10 for later disposal, in 
some embodiments of the invention, not illustrated herein, 
the vacuum cleaner 10 can additionally have fluid delivery 
capability, including applying liquid or steam to the surface 
to be cleaned, and/or fluid extraction capability. Still further, 
while the vacuum cleaner 10 shown herein is a handheld 
vacuum cleaner, features of the handheld vacuum cleaner 10 
can alternatively be applied to upright-type, canister-type, or 
stick vacuum cleaners. Thus, the various features of the 
different embodiments may be mixed and matched in vari-
ous vacuum cleaner configurations as desired to form new 
embodiments, whether or not the new embodiments are 
expressly described. 
[0112] While the invention has been specifically described 
in connection with certain specific embodiments thereof, it 
is to be understood that this is by way of illustration and not 
of limitation. Reasonable variation and modification are 
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possible with the scope of the foregoing disclosure and 
drawings without departing from the spirit of the invention 
which, is defined in the appended claims. Hence, specific 
dimensions and other physical characteristics relating to the 
embodiments disclosed herein are not to be considered as 
limiting, unless the claims expressly state otherwise. 

What is claimed is: 
1. A handheld vacuum cleaner, comprising: 
a hand-carriable body having an air inlet, an air outlet, and 

a handle adapted to be gripped by a user; 
a motor/fan assembly carried by the body upstream of the 

air outlet and in fluid communication with the air inlet 
for generating a working airstream; 

a debris removal assembly carried by the body; and 
a working air path through the body from the air inlet to 

the air outlet and including the motor/fan assembly and 
the debris removal assembly; 

wherein the handle is at least partially hollow to form an 
air conduit, and wherein a portion of the working air 
path extends through the air conduit formed by the 
handle. 

2. The handheld vacuum cleaner of claim 1, wherein the 
portion of the working air path that extends through the air 
conduit formed by the handle is a portion of the working air 
path downstream of the debris removal assembly and 
upstream of the motor/fan assembly. 

3. The handheld vacuum cleaner of claim 1, wherein the 
portion of the working air path that extends through the air 
conduit formed by the handle is a portion of the working air 
path downstream of the debris removal assembly. 

4. The handheld vacuum cleaner of claim 1, wherein the 
portion of the working air path that extends through the air 
conduit formed by the handle is a portion of the working air 
path upstream of the motor/fan assembly. 

5. The handheld vacuum cleaner of claim 1, wherein the 
handle has a first end, a second end, and a hand grip between 
the first and second ends, and wherein the working air path 
extends through the first and second ends. 

6. The handheld vacuum cleaner of claim 5, wherein the 
handle is rigid between the first and second ends. 

7. The handheld vacuum cleaner of claim 1, wherein the 
air conduit is formed with at least one bend that is greater 
than or equal to 90 degrees. 

8. The handheld vacuum cleaner of claim 1 and further 
comprising a pre-motor filter assembly mounted to the body 
and defining a portion of the working air path, the pre-motor 
filter assembly comprising at least one pre-motor filter 
received within a filter chamber. 

9. The handheld vacuum cleaner of claim 8, wherein the 
portion of the working air path that extends through the air 
conduit formed by the handle extends from the pre-motor 
filter assembly to an inlet of the motor/fan assembly. 

10. The handheld vacuum cleaner of claim 1, wherein the 
hand-carriable body comprises a first housing for the debris 
removal assembly and a second housing for the motor/fan 
assembly, wherein the first and second housings are in fluid 
communication with each other and form a single, hand-
carriable unit. 

11. The handheld vacuum cleaner of claim 10, wherein the 
handle has a first end, a second end, and a hand grip between 
the first and second ends, and wherein the first end is coupled 
with the first housing and the second end is coupled with the 
second housing. 
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12. The handheld vacuum cleaner of claim 10 and further 
comprising a cover enclosing a top of the first housing and 
openable to provide access to the top of the first housing. 

13. The handheld vacuum cleaner of claim 10, wherein 
the handle comprises a pistol-style grip with an upper end 
attached to the first housing and a lower end attached to the 
second housing, and defines a handle opening between the 
pistol-style grip and body. 

14. The handheld vacuum cleaner of claim 1, wherein the 
debris removal assembly comprises: 

a non-cyclonic debris removal assembly comprising a 
wall defining a chamber, an air deflector provided in the 
chamber, a debris separator provided in an upper por-
tion of the chamber for separating contaminants from 
the working airstream, and a debris collector defined by 
a lower portion of the chamber for receiving and 
collecting separated contaminants; 

wherein the air deflector is positioned in direct opposition 
to the air inlet and comprises a deflector wall that is 
shaped to direct the working airstream from the air inlet 
downwardly within the chamber. 

15. The handheld vacuum cleaner of claim 1, wherein the 
debris removal assembly comprises: 

a chamber in fluid communication with the air inlet; and 
an air deflector provided in the chamber in opposition to 

the air inlet and configured to direct air downwardly 
within the chamber; 
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wherein the air deflector comprises a deflector wall 
shaped to effect a change in the direction of the working 
airstream from the air inlet. 

16. The handheld vacuum cleaner of claim 15, wherein 
the debris removal assembly further comprises a filter in the 
chamber for filtering contaminants from the working air-
stream. 

17. The handheld vacuum cleaner of claim 16, wherein 
the deflector wall is formed with the filter. 

18. The handheld vacuum cleaner of claim 16, wherein 
the filter comprises a filter cup for separating contaminants 
from the working airstream and collecting separated con-
taminants, wherein the filter cup defines an interior in which 
debris is collected. 

19. The handheld vacuum cleaner of claim 16, wherein 
the debris removal assembly further comprises a debris 
collector defining a collection chamber below the air deflec-
tor. 

20. The handheld vacuum cleaner of claim 19, wherein 
the body comprises an exterior wall defining the collection 
chamber for the debris collector, wherein the exterior wall 
includes an openable lower section forming an openable 
door for emptying the collection chamber. 

* * * * * 
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