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1
HANDHELD PORTABLE DEVICES FOR
TOUCHLESS PARTICULATE MATTER
REMOVAL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This utility patent application claims the benefit of and
priority to U.S. provisional application 60/948,676, filed Jul.
9, 2007, which is herein expressly incorporated by reference
in its entirety, for all purposes.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to devices for removing dust
and debris from surfaces without contacting those surfaces
and, more specifically, to handheld portable devices for dis-
lodging and capturing dust and debris which have accumu-
lated on various surfaces.

2. Discussion of the Related Art

In many household environments, a number of airborne
particulates and debris, e.g., allergens, dust, and/or other air-
borne matter, are present which can create respiratory prob-
lems for individuals living within the home. Some such air-
borne particulates can accumulate on various readily
viewable surfaces within the home, which can be aestheti-
cally unpleasant.

To manage, control, or otherwise influence the airborne
travel or accumulation of airborne particles, numerous known
devices and procedures are utilized. As a first example, a
number of different air cleaning and purification devices have
been developed which draw the air from the interior environ-
ments of the home through the device in order to filter and
remove allergens, dust, or other airborne particulates from the
airflow passing through the device. However, such devices
are unable to completely eliminate settling and accumulation
of dust, allergens, debris, and other airborne particulates.
Accordingly, such devices have not eliminated the need for
various household upkeep duties such as dusting.

Removing dust from certain surfaces can prove especially
tedious or otherwise difficult. For example, removing dust
from areas with numerous small movable items, e.g., various
collectibles, memorabilia, or others typically requires remov-
ing the items from the underlying support surface.

Furthermore, removing dust or other debris from the small
items themselves, likewise, can prove rather tedious. Typi-
cally, the small items are removed from the underlying sup-
port surface and physically manipulated to expose the various
outer surfaces of the small items to the dust removal device,
whether it is a duster or otherwise. Accordingly, typical
household dusting tasks can take a considerable amount of
time to perform adequately.

Other devices, such as vacuum cleaners and their attach-
ments, have been introduced to reduce the relative time
required to perform dust removal tasks. However, the vast
majority of these devices are relatively large and bulky.
Accordingly, users must move such devices, e.g. vacuum
cleaners, about the household while dusting because users are
tethered, to the devices, e.g. by way of a vacuum hose.

Yet other devices, such as various handheld vacuum
devices, have also been introduced to simplify some house-
hold tasks. Such devices tend to be more useful for typical
vacuum cleaning functions than for dust removal. The reason
is that typical handheld vacuum devices are unable to draw
enough vacuum pressure to dislodge dust and debris which
might be stubbornly stuck to the surface being cleaned, espe-
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cially without touching the surface. In other words, the
vacuum pressure generated by handheld vacuums is typically
not strong enough to remove dust from, e.g., collectables or
furniture with fine finishes. Since users of handheld vacuums
often touch the surface they are cleaning, such as car uphol-
stery or floors, they are reluctant to use such devices in non-
contact manners. Handheld vacuum devices typically have a
narrow transversely extending slot as their inlets, rendering
them ill-suited for use with conventional side-to-side dusting
strokes. In addition, such devices tend to be somewhat heavy
and some are unacceptably loud, whereby extended periods
of'use can prove frustrating and/or fatiguing for the user.

Therefore, it is desirable to develop a relatively small,
handheld, and portable device, which is capable of both dis-
lodging and capturing accumulated dust and debris from vari-
ous surfaces, especially in a non-contact or touchless manner
in some instances.

SUMMARY AND OBJECTS OF THE
INVENTION

Consistent with the foregoing, and in accordance with the
invention as embodied and broadly described herein, hand-
held portable devices for touchless particulate matter removal
are disclosed in suitable detail to enable one of ordinary skill
in the art to make and use the invention.

According to a first embodiment of the present invention, a
device is presented for dislodging and capturing particulate
matter that has accumulated on various surfaces or structures.
Low and high pressures systems ofthe device create opposing
airflows that can intimately interface with each other during
use. From the low pressure system, a vacuum airflow is drawn
into the device, defining a vacuum affected zone upon the
surface being cleaned. It is noted that the vacuum airflow not
only affects such surface but also acts upon a three-dimen-
sional air space defined generally between the device and the
surface being cleaned, e.g., removing airborne particulates
therefrom. From the high pressure system, a high pressure
airflow is emitted that penetrates through the opposing
vacuum airflow and contacts the surface being cleaned, dis-
lodging particulate matter therefrom. Optionally, the high
pressure airflow does not penetrate the vacuum airflow but
rather flows closely adjacent thereto or even intimately inter-
facing therewith, preferably in substantially opposing direc-
tions. The high pressure airflow can be emitted from multiple
nozzles as a series of airflow bursts that discretely contact the
surface being cleaned. The (i) configuration of each nozzle,
(i1) overall arrangement and position(s) of all the nozzles
together, (iii) particular firing or discharge sequence of the
multiple nozzles, and (iv) duration and power or amplitude of
each high pressure airflow burst, are selected to impart the
desired particulate matter dislodging characteristics to the
device. Additionally, outlets and/or inlets of the low pressure
system are preferably sized and configured to optimize cap-
turing performance of particulate matter.

In another embodiment, the device includes a handle and a
nose segment extending away from the handle. A vacuum
airflow enters nose segment and defines a vacuum affected
zone on the surface being cleaned. A high pressure airflow
exits the nose segment and penetrates through or flows adja-
cent to the vacuum airflow, contacting the surface to be
cleaned. In this configuration, the high pressure airflow dis-
lodges at least some of the particulate matter from the surface
to be cleaned, which is then captured by the vacuum airflow.
In this regard, the device can perform non-contact particulate
matter removal from the surface being cleaned.
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In some embodiments, the high pressure airflow is emitted
from a nozzle at a supersonic velocity.

In another embodiment, the high pressure airflow is emit-
ted as a series of discrete pulses. The discrete pulses can be
emitted from multiple high pressure nozzles that are spaced
from each other, along a length dimension of the nose seg-
ment, or otherwise.

In yet another embodiment, the device weighs less than 5
pounds, and preferably less than about 2 pounds.

In some embodiments, the device includes at least one
accessory for mechanically dislodging particulate matter
from the surface being cleaned. Such accessory can be a
squeegee, disposable and/or dust removal cloth, a brush, or
other accessory.

In yet other embodiments, the device includes (i) at least
one primary vacuum inlet port that defines a passage for the
vacuum airflow entering the nose, and (ii) at least one auxil-
iary vacuum inlet port that is spaced or removed from the
primary vacuum inlet port. Such auxiliary vacuum inlet can
be used to collect relatively large debris such as, e.g., large
crumbs. The vacuum inlet can be provided on a handle assem-
bly, main body segment, or nose segment of the device. When
provided on anose segment, the auxiliary vacuum inlet can be
utilized by, e.g., actuating a movable or removable portion,
such as a cover or shroud, of the nose segment.

In another embodiment, a low pressure airflow is emitted
from the nose segment. The low pressure airflow at least
partially contains the vacuum airflow and/or the high pressure
airflow and therefore also influences the vacuum affected
zone on the surface to be cleaned. Preferably, a user of the
device can control or vary the velocity of such low pressure
airflow emitted from the nose segment, or stop and start the
emission of the low pressure airflow from the nose segment,
as desired.

In yet another embodiment, the low pressure emitted air-
flow includes a chemical cleaning agent and/or a scented
substance.

In yet another embodiment, the device includes an auxil-
iary high pressure nozzle that allows a user to select a targeted
high pressure airflow. The auxiliary high pressure nozzle does
not have to penetrate through the vacuum airflow, but rather
can flow from an end of the nose segment, facilitating the
user’s ability to aim the auxiliary high pressure airflow, e.g.,
pulses. This can prove particularly beneficial when removing
particulate matter that is upon a surface which is perpendicu-
lar to a plane defined by the primary high pressure nozzles, or
particulate matter that is confined in spaces that restrict the
user’s ability to suitably align the primary high pressure
nozzles for removal.

In some embodiments, the device has visual indicators that
show the locations of the high pressure nozzles. For example,
visual indicators are provided on an upper surface or else-
where on the nose segment or body of the device. The visual
indicators can be written, printed, or other indicia such as
overmolding protrusions or depressions in an upper surface of
the nose segment.

In another embodiment, the visual indicator is light emitted
from the nose by, e.g., a light emitting diode (LED) or other
suitable source of illumination.

In another embodiment, the invention includes a method of
touchless particulate matter removal using a handheld por-
table device. During use, a vacuum airflow is drawn into the
device away from a surface being cleaned that has accumu-
lated particulate matter thereon. A high pressure airflow exits
the device and flows through the vacuum airflow, dislodging
at least some of the particulate matter from the surface being
cleaned. At least some of the dislodged particulate matter
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becomes entrained into the vacuum airflow, whereby at least
some of the particulate matter is removed from the surface
and collected by the device without any surface contact.

BRIEF DESCRIPTION OF THE DRAWINGS

A clear conception of the advantages and features consti-
tuting the present invention, and of the construction and
operation of typical mechanisms provided with the present
invention, will become more readily apparent by referring to
the exemplary, and therefore non-limiting, embodiments
illustrated in the drawings accompanying and forming a part
of this specification, wherein like reference numerals desig-
nate the same elements in the several views, and in which:

FIG. 1is a partially schematic side elevation view of a first
embodiment of a handheld portable device for touchless par-
ticulate matter removal of the present invention;

FIG. 2 is a partially schematic side elevation view of a
second embodiment of a handheld portable device for touch-
less particulate matter removal of the present invention;

FIG. 3A is a partially schematic side elevation view of a
third embodiment of a handheld portable device for touchless
particulate matter removal of the present invention with a
dusting cloth assembly in a folded down position;

FIG. 3B is a partially schematic side elevation view of the
handheld portable device of FIG. 3A with the dusting cloth
assembly in an outwardly extended position;

FIG. 3C is a partially schematic side elevation view of a
variant of the handheld portable device of FIG. 3A with the
dusting cloth assembly rotated to a downwardly facing posi-
tion;

FIG. 4A is a partially schematic side elevation view of
another variant of the handheld portable device of FIG. 3A;

FIG. 4B is a partially schematic side elevation view of the
handheld portable device of FIG. 4A with a shroud extended
outwardly, exposing an auxiliary vacuum inlet;

FIG. 5 is a partially schematic side elevation view of the
handheld portable device of FIG. 1 showing a low pressure
system airflow pattern established through the device;

FIG. 6 is a partially schematic side elevation view of the
handheld portable device of FIG. 2 showing a low pressure
system airflow pattern established through the device;

FIG. 7 is a partially schematic side elevation view of a
variant of the handheld portable device of FIG. 5 showing a
low pressure system airflow pattern that includes an air cur-
tain component;

FIG. 8 is a partially schematic side elevation view of a
variant of the handheld portable device of FIG. 6 showing a
low pressure system airflow pattern that includes an air cur-
tain component;

FIG. 9 is a perspective view of underside of a variant of the
handheld portable device of FIG. 1, with a partial cutaway of
the body and handle segments;

FIG. 10 is a perspective view of the low pressure fan
utilized in the handheld portable device of FIG. 9;

FIG. 11 is a perspective view of an embodiment of a lower
flange that can be used to distribute an air curtain from a low
pressure system of the present invention;

FIG. 12 is a partially schematic side elevation view of the
handheld portable device of FIG. 1 showing component
architecture of a high pressure system;

FIG. 13 is a partially schematic side elevation view of the
handheld portable device of FIG. 2 showing component
architecture of a high pressure system;

FIG. 14 is a perspective view of an embodiment of a high
pressure distribution valve that can be used with a handheld
portable device of the invention;
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FIG. 15 is a top plan view of a common rail distribution
system that can be used with a handheld portable device of the
invention;

FIG. 16 is a graphical representation showing high pres-
sure airflow pulse amplitude versus duration defined exiting a
high pressure nozzle of a handheld portable device of the
invention;

FIG. 17 is a graphical representation showing high pres-
sure airflow pulse amplitude versus duration defined exiting a
high pressure nozzle of a handheld portable device of the
invention over a time period sufficient to show repeated air
emission or pulse cycles that are repeated with a frequency of
about 60 Hz;

FIG. 18 is a close up front elevation of a high pressure
nozzle, configured for supersonic emission, of a handheld
portable device of the invention, showing a supersonic high
pressure airflow burst pattern with “Mach Diamonds;”

FIG. 19 is a partially cross-sectional close up end view of a
handheld portable device of the invention that shows a high
pressure airflow penetrating an opposing low pressure
vacuum airflow;

FIG. 20 is a perspective view of nose segment, showing an
airflow pattern of an air curtain that can be used with a
handheld portable device of the present invention; and

FIG. 21 is a cross-sectional end view of a portion of a nose
segment, showing an airflow pattern of an air curtain that can
be used with a handheld portable device of the present inven-
tion.

In describing the preferred embodiments of the invention
which are illustrated in the drawings, specific terminology
will be resorted to for the sake of clarity. However, it is not
intended that the invention be limited to the specific terms so
selected and it is to be understood that each specific term
includes all technical equivalents, which operate in a similar
manner to accomplish a similar purpose. For example, the
words “connected”, “attached”, or terms similar thereto are
used. However, they are not limited to direct connection but
include connection through other elements where such con-
nection is recognized by those skilled in the art.

DETAILED DESCRIPTION OF THE INVENTION

The present invention and the various features and advan-
tageous details thereof are explained more fully with refer-
ence to the non-limiting embodiments described in detail in
the following description.

A. System Overview

In abasic form, referring generally to FIGS. 1-2, the inven-
tion is a system 5 including a handheld portable device, e.g.,
device 7, for touchless or non-contact particulate matter
removal. System 5 further includes a charging station 9 that
can be configured as a docking station for holding the device
7 while it charges or recharges. Optionally, charging station 9
functions as a stand-alone battery charger which can, for
example, maintain a charge in an extra battery for the device
7. In yet other embodiments, the charging station 9 is an
integral component of device 7, whereby it serves as an AC to
DC power converter and the device 7 assumes a “corded”
configuration. In yet further embodiments, the device 7 is
corded but is devoid of an AC to DC power converter,
whereby any electronic devices therein are AC powered.

Referring still to FIGS. 1-2 and also to FIGS. 5-8, regard-
less of the particular configuration of charging station 9 and
its interaction with device 7, the device 7 is configured for
performing dust removal or other particulate matter removal
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type cleaning tasks, without ever touching the substrate of the
surface being cleaned. To provide such touchless particulate
matter removal, device 7 includes a low pressure system 100
and a high pressure system 200 which cooperate with each
other to pneumatically remove particulate matter from the
surface being cleaned. In typical embodiments, the low pres-
sure system 100 uses one or more low pressure airflow com-
ponents, for example, a high volume low-pressure airflow
component, for capturing, retaining, and removing particu-
late matter. The airflow component of low pressure system
100 can include a negative pressure or vacuum airflow 110
(FIGS. 5-8) component, explained in greater detail elsewhere
herein that draws the particulate matter into the device 7
where it is removed or captured by a filter assembly 50.

Referring now to FIGS. 1-2 and 7-8, in some embodiments,
the low pressure system 100 also includes a positive pressure
or outputted airflow component that can be used to at least
partially laterally restrain the various airflows of the pneu-
matic particulate matter removal phenomenon of device 7,
whereby a low pressure outputted airflow component serves
as, e.g., an air curtain 140 (FIGS. 7-8) which is explained in
greater detail elsewhere herein. The air curtain 140 can be
defined by a high volume low-pressure airflow that is emitted
from the device 7, which can at least partially pneumatically
confine various other airflows of the device 7. Preferably, if an
air curtain 140 is incorporated into the low pressure system
100, its flow rate is adjustable or can be turned off entirely, if
desired.

In other words, referring again to FIGS. 1-2, the low pres-
sure system 100 is configured to pull loosely settled or air-
borne particulate matter into the device 7, without requiring
the device 7 to touch the surface or substrate being cleaned.
However, it is noted that in many cleaning situations, for
example, while performing various household dusting tasks,
at least some particulate matter will be stuck, clung, lodged,
or adhered to a surface to at least a modest extent. In these
situations, the low pressure system 100 may experience dif-
ficulties in removing such particulate matter, whereby high
pressure system 200 can then be fully appreciated.

Referring still to FIGS. 1-2, high pressure system 200 is
configured to dislodge particulate matter that is stuck, clung,
lodged, or adhered to a surface being cleaned by outputting a
high pressure airflow from device 7. For example, the high
pressure system 200 pneumatically overwhelms the attractive
forces between the particulate matter and the substrate or
surface, be it electrostatic, adhesive, mechanical, or other-
wise. Preferably, high pressure system 200 does so by deliv-
ering high pressure airflow in discrete pulses. These pulses
can be delivered at high velocities, for example, supersonic
velocities. Correspondingly, the pneumatic airflow of high
pressure system 200 loosens the particulate matter or renders
it airborne, in either regard making the particulate matter
more susceptible to the vacuum influences of low pressure
system 100. Stated another way, the high pressure system 200
drives or dislodges the particulate matter and the low pressure
system 100 removes and captures the particulate matter, pref-
erably restraining the particulate matter in the filter assembly
50.

During most uses, the low and high pressure systems 100
and 200 are used concurrently. This allows the dislodging,
removal, and capturing of particulate matter to occur in a
generally simultaneous and continuous manner. However, as
desired, a user can enable or disable certain airflow compo-
nents of either or both of the low and high pressure systems
100 and 200. When only dislodging capabilities or relatively
more dislodging capabilities are desired, the user can turn off
the low pressure system 100, and/or direct the resources of
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device 7 to fewer than all components of the high pressure
system 200, described in greater details elsewhere herein.
Correspondingly, when only capturing capabilities or rela-
tively more capturing capabilities are desired, the user can
turn off the high pressure system 200, and/or direct the
resources of device 7 to fewer than all components of the low
pressure system 100, described in greater details elsewhere
herein.

The versatility of the low and high pressure systems 100
and 200, along with the compact and easily portably configu-
ration of system 5, make it suitable for numerous end use
applications. Exemplary of such end use applications include,
but are not limited to: household dust removal, other house-
hold particulate matter removal, automotive interior dust
removal, other automotive interior particulate matter
removal, automotive exterior dust removal, other automotive
exterior particulate matter removal, commercial/industrial
dust removal, other commercial/industrial particulate matter
removal, and/or others. It is further noted that system 5 is not
restricted to particulate matter removal from hard or other
surfaces that are typically dusted with conventional dusting
products, but also is useful for numerous other surfaces and
substrates in which particulate matter redeposition occurs.
For example, system 5 can be used for particulate matter
removal or other types of soft-surface remediation for, e.g.,
upholstery, cloth and other lamp shades, draperies and val-
ances, various collectables and/or other delicate or intricately
cared-for items, as well as items with e.g., sharp protrusions
or other physical characteristics that make them ill-suited for
conventional cloth or other contact-style dust removal.

B. Detailed Description of Preferred Embodiments

Specific embodiments of the present invention will now be
further described by the following, non-limiting examples
which will serve to illustrate various features of significance.
The examples are intended merely to facilitate an understand-
ing of ways in which the present invention may be practiced
and to further enable those of skill in the art to practice the
present invention. Accordingly, the examples discussed
herein should not be construed as limiting the scope of the
present invention.

1. Overview of Device Components and System Architec-
ture

Referring now to FIGS. 1-9 and 12-13, device 7 includes a
handle assembly 10 and a body assembly 20. Body assembly
20 includes a main body segment 30 and in some embodi-
ments also includes a nose segment 60.

The handle assembly 10 provides the primary user inter-
face for operating the device 7. A switch 12, which is prefer-
ably a conventional on/off trigger style switch, is provided on
the handle assembly 10. When a user actuates the switch 12,
the device 7 is energized. Upon releasing switch 12, the
device 7 is de-energized. Handle assembly 10 can be gener-
ally hollow and house, for example, one or more batteries 15
therein. Optionally, handle assembly 10 incorporates charg-
ing station 9 therein, for example, as an AC to DC power
converter, providing a corded configuration to device 7.
Handle assembly 10 can be movably attached to other por-
tions of device 7, e.g., body assembly 20, by way of'a ball joint
11 (FIG. 1), optionally a hinge or other suitable joint or
articulating connecting mechanism. Optionally, handle
assembly 10 is fixedly attached to the body assembly 20, as
seen in FIG. 2.

Referring still to FIGS. 1-9 and 12-13, body assembly 20
houses many or all of the moving and/or heat generating
components of the low and high pressure systems 100 and
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200, preferably within a generally unitary housing structure,
e.g., main body segment 30. Exemplary of such moving and/
or heat generating components of the low and high pressure
systems 100 and 200 include a high speed or other DC,
optionally AC, electric motor 32, a low pressure fan 40, a high
pressure compressor 45, and a high pressure distribution
valve 47.

Referring still to FIGS. 1-9 and 12-13, motor 32 either
directly drives the low pressure fan 40, or, more preferably,
drives an input shaft of a gearbox 36. For embodiments in
which the motor 32 drives the gearbox 36 input shaft, the
gearbox 36 can have output shafts, preferably three output
shafts. In such embodiments, a first output shaft of gearbox 36
rotates the low pressure fan 40 and a second output shaft of
gearbox 36 rotates, e.g., an input shaft of the high pressure
compressor 45. A third output shaft operably connects motor
32 to the high pressure distribution valve 47. In other words,
the gearbox 36 splits the power provided by motor 32,
whereby a single motor 32 can drive both (i) the low pressure
fan 40 of low pressure system 100, (ii) the high pressure
compressor 45 of high pressure system 200, and (iii) the
distribution valve 47 of high pressure system 200.

Regardless of the particular components housed in the
main body segment 30, in some implementations of device 7,
a nose segment 60 can be movably attached thereto. For
example, ball joint 31 (FIG. 1), optionally a hinge or other
suitable joint or articulating connecting mechanism, can con-
nect the main body segment 30 to the nose segment 60.
Optionally, nose segment 60 is fixedly attached to the main
body segment 30, as seen in FIG. 2.

Referring again to FIGS. 1-9 and 12-13, for embodiments
of'device 7 that include a nose segment 60, the nose segment
60 can be an elongate, generally hollow, member that is sized
and configured based at least in part on the configuration of
cooperating components, as well as the intended end use of
device 7. Preferably, the nose segment 60 is about 3 to 8
inches long, more preferably about 5 to 7 inches long, and
defines rather narrow width and height dimensions, e.g., less
than about 3 inches, optionally less than about 2 inches, and
relatively small cross sectional area. As one example of a
suitable cross sectional area, the nose can taper down from a
relatively larger 2-inch by 2-inch area adjacent the main body
segment 30 to a relatively smaller 1-inch by 1-inch area at its
end portion. One embodiment of such a tapering configura-
tion can be seen in the device 7 of FIG. 9. Regardless of the
particular dimensions, the nose segment 60 is configured to
provide a long swath or path allowing for quick dusting, yet is
slender enough to easily traverse between or through closely
arranged articles or spaces while reducing the likelihood of
inadvertently bumping such articles.

Referring still to FIGS. 1-9 and 12-13, preferably nose
segment 60 houses at least portions of various ducting struc-
ture(s) that direct the various airflow components into or out
of'the device. Exemplary airflow component directing struc-
tures include vacuum inlets 105 and high pressure nozzles
205 of the low and high pressure systems 100 and 200, respec-
tively. By housing all of the primary inlets and outlets such as
the vacuum inlets 105 and high pressure nozzles 205 within
the nose segment 60, device 7 is able to generally concentrate
both airflow inputs and outputs of the low and high pressure
systems 100 and 200 onto a surface area, or affected zone, of
the surface being cleaned.

In some embodiments, in addition to housing the primary
vacuum inlets 105 and high pressure nozzles 205, nose seg-
ment 60 further houses an auxiliary vacuum inlet 107 and an
auxiliary high pressure nozzle 207, displaced from the
respective primary components.
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Referring now to FIGS. 3A-3C, some embodiments of
device 7 incorporate at least one accessory for mechanically
dislodging particulate matter from a surface being cleaned,
for example, at or adjacent the nose segment 60. Nose seg-
ment 60 can include a dusting cloth assembly 65 thereupon.
FIGS. 3A and 3B show a duster cloth assembly 65 that is
pivotally attached an end of the nose segment that is furthest
from main body segment 30. FIG. 3A shows the duster cloth
assembly 65 in a folded down, stored position and FIG. 3B
shows the duster cloth assembly 65 in a folded out, extended
position. The duster cloth assembly 65 can be pivotally
attached to other portions of device 7, as desired, e.g., handle
assembly 10, main body segment 30, or others.

Referring now to FIG. 3C, in some embodiments, the
duster cloth assembly 65 is pivotally attached to or near the
main body segment 30. In these implementations, the duster
cloth assembly 65 pivots relatively nearer to the main body
segment 30 as it pivots relatively further from the nose seg-
ment 60. Optionally, the duster cloth assembly 65 can be
manipulated or articulated in other ways for engaging a sur-
face to be cleaned. As seen in FIG. 3C, the duster cloth
assembly 65 can be positioned to engage or face the surface to
be cleaned by rotating nose segment 60 about its longitudinal
axis by way of ball joint 31, as seen in FIG. 3C.

Referring now to FIGS. 3A-4B, a dust cloth storage com-
partment 34 can be provided in device 7, for example, as a
throughbore extending through, or an enclosure recessed
into, main body segment 30. Storage compartment 34 defines
an opening that is sufficiently large to allow a dust cloth to
extend therethrough while remaining in place during use.

Referring now to FIGS. 4A and 4B, yet another accessories
such as squeegees 61 can be incorporated into the nose seg-
ment 60. In such embodiments, the primary vacuum inlets
105, or auxiliary vacuum inlets 107, can be located above the
squeegees so that particulate matter can be pushed or swept
with the squeegees 61. Squeegees 61 can any of a variety of
suitable elongate members that are configured to mechani-
cally remove or disrupt particulate matter. For example,
squeegees 61 include, but are not limited to, flexible and/or
foam rubber strips, non-flexible polymeric strips, durable
and/or other cloths, or others. Regardless of the particular
composition of squeegee 61, preferably, a leading edge of the
squeegee 61 can free stuck particulate matter from a surface
being cleaned, whereby it will be drawn up and across the
width of the squeegee and enter device 7 through the primary
or auxiliary vacuum inlet 105 or 107. Other accessories for
mechanically removing or disrupting particulate matter, e.g.,
a brush, may also be provided.

Referring still to FIGS. 4A and 4B, in yet other embodi-
ments, nose segment 60 includes one or more visual indica-
tors that show a location of various components, e.g., the high
pressure nozzles 205. The visual indicators can be printed
indicia, or other easily seen indicators on side, upper, or other
surfaces of nose segment 60. As one example, the visual
indicators can be depressions 62 that extend downwardly into
an upper surface of the nose segment 60. In addition to or in
lieu of depressions 62, various illumination sources can emit
light 64 that is usable as visual indicators of, e.g., high pres-
sure nozzle 205 located along nose segment 60. Preferably,
light emitting diodes (LEDs) are used to emit light 64 as
visual indicator forms on the surface to be cleaned. Such
indicators can be configured to outline the footprint of the air
emitted from the nozzle on the surface.

2. Low Pressure System Generally

Referring now to FIGS. 5-9, low pressure system 100 oper-
ates as a function of the low pressure fan 40 that is preferably
driven by the subassembly of motor 32 and gearbox 36. Low
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pressure fan 40 includes multiple rotating blades that radiate
from a shaft that is preferably arranged vertically within the
main body segment 30. The particular configuration of fan 40
is selected based on the intended end use implementation(s)
of'device 7, whereby fan 40 can be any of a variety of suitable
designs such as, e.g., radial fans, axial fans, mixed flow fans,
squirrel cage fans, and/or others. Preferably, fan 40 defines a
flow rate of about 10-40 Cubic Feet per Minute (CFM), or
preferably about 25-30 CFM, and is capable of establishing
about 1-10 inches of columnar water pressure loss, or prefer-
ably about 1-3 inches of columnar water loss.

Referring specifically to FIG. 10, fan 40 is an impeller that
is preferably configured to draw in or intake air in along an
axial path, yet discharge air in an airflow having both a radial
and an axial component. To accomplish this mixed-flow dis-
charge functionality, fan 40 includes a first and a second
tapering members, e.g., tapered hub 41 and tapered outer
shell 42 that are axially spaced from each other, noting that
tapered hub 41 can extend or be nested somewhat within the
tapered outer shell 42.

Still referring to FI1G. 10, the tapered hub and outer shell 41
and 42 each defines an outer surface that is generally frusto-
conical. Preferably, the frusto-conical outer surface of
tapered hub 41 converges or tapers downwardly at a steeper or
greater angle than does that of the tapered outer shell 42. In
this regard, the width of the void space between the inner
surface of the tapered outer shell 42 and the outer surface of
hub 41 decreases while traversing from the outer shell 42 to
the hub 41. Multiple fins 43 extend radially between the
tapered hub and outer shell 41 and 42. The fins 43 also extend
angularly with respect to an axis of rotation of the fan 40, and
can, in some implementations, have one or more curves or
sharp-angle bends along their respective lengths.

Still referring to FIG. 10, the rearnost portions of the
tapered hub and shell 41 and 42, spaced from each other by
fins 43, define openings 44 therebetween. It is through the
openings 44 that the mixed-flow, e.g., combined axial and
radial flow, airflow exits the fan 40.

Referring again to FIGS. 5-9, the intake side of fan 40 is
utilized for providing a negative or vacuum pressure for the
device 7. The intake or vacuum side of low pressure fan 40 is
fluidly connected to one or more openings or primary vacuum
inlets 105, optionally, also auxiliary inlet 107, provided in
nose segment 60. The particular portion(s) of nose segment
60 that draw in a vacuum airflow 110 are selected based on the
intended end use characteristics of device 7. Accordingly, the
vacuum airflow 110 can be drawn through, e.g., a portion or
the entire length of the lower portion of nose segment 60,
and/or elsewhere through nose segment 60 such as one or
more sidewall portions thereof.

Accordingly, the particular location(s), shape(s), and
dimension(s) of the primary vacuum inlets 105 are selected
based at least in part on the portion of nose segment 60 in
which they are installed. For example, in typical implemen-
tations, vacuum inlets 105 are provide on a downwardly fac-
ing surface of nose segment 60 (FIGS. 5-9). The vacuum
inlets 105 preferably occupy a major portion of the down-
wardly facing surface area, and more preferably occupy sub-
stantially all of the downwardly facing surface area. It is noted
that the vacuum inlets 105 can be multiple, discrete openings
in the downwardly facing surface of nose segment 60, or can
be defined by a single, unitary elongate opening therethrough
(FIG.9).

Referring particularly now to FIGS. 4A and 4B, in some
embodiments, the vacuum airflow 110 can be drawing
through the primary vacuum inlets 105, or an auxiliary
vacuum inlet 107, as desired. Vacuum inlet 107 can be cov-






