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(54) HANDHELD SUCTION DEVICE

(57) A handheld vacuum device 1 comprises: a blow-
er 2 configured to suck air; an air intake duct 3 configured
to allow the blower 2 to suck air therethrough, thereby
capturing rubbish on a floor surface F, from an open edge
32a thereof; wheels 51, 52 configured to be rotated in a
first direction in conjunction with a forward movement of
the air intake duct 3 and to be rotated in a second direction
which is a direction opposite to the first direction, in con-
junction with a backward movement of the air intake duct

3; a brush body 6 provided on a rearward side of the open
edge 32a of the air intake duct 3, and configured to be
rotated so as to sweep rubbish D1, D2 on the floor surface
F; and a rotation mechanism 7 configured to rotate the
brush body 6 based on the rotation of the wheels 51, 52.
The rotation mechanism 7 is configured to rotate the
brush body 6 in the second direction when the wheels
51, 52 are rotated in the first direction.
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Description

BACKGROUND OF INVENTION

TECHNICAL FIELD

[0001] The present invention relates to a handheld vac-
uum device for vacuuming and cleaning away rubbish
on a floor surface.

BACKGROUND ART

[0002] A handheld vacuum device has been known as
a device for cleaning away rubbish such as fallen leaves.
For example, a handheld vacuum device disclosed in the
following Patent Document 1 is configured to vacuum
and clean away rubbish on a floor surface by the action
of air sucked from an open edge of a suction pipe.

CITATION LIST

[Patent Document]

[0003] Patent Document 1: JP-U H06-60617

SUMMARY OF INVENTION

[Technical Problem]

[0004] Rubbish to be cleaned away by a handheld vac-
uum device includes some that firmly adhere to a floor
surface, like wet fallen leaves on stone pavement. It is
difficult to clean away such rubbish only by the action of
air. That is, in conventional hand-held vacuum devices,
there remains a need for improvement.
[0005] The present invention has been made to solve
the above technical problem, and an objective thereof is
to provide a handheld vacuum device capable of easily
cleaning away rubbish adhering onto a floor surface.

[Solution to Technical Problem]

[0006] In order to achieve the above-mentioned objec-
tive, the present invention provides a handheld vacuum
device for vacuuming and cleaning away rubbish on a
floor surface. The handheld vacuum device comprises:
a blower configured to suck air; an air intake duct formed
into a tube shape extending in a given direction with an
open edge thereof facing the floor surface, and config-
ured to allow the blower to suck air therethrough, thereby
capturing rubbish on the floor surface, from the open
edge; at least one wheel supporting the air intake duct
in contact with the floor surface, wherein the wheel is
configured to be rotated in a first direction in conjunction
with a forward movement of the air intake duct and to be
rotated in a second direction which is a direction opposite
to the first direction, in conjunction with a backward move-
ment of the air intake duct; a cleaning body provided on

a rearward side of the open edge of the air intake duct,
and configured to be rotated so as to sweep rubbish on
the floor surface; and a rotation mechanism configured
to rotate the cleaning body based on the rotation of the
wheel. The rotation mechanism is configured to rotate
the cleaning body in the second direction when the wheel
is rotated in the first direction.
[0007] In the handheld vacuum device of the present
invention having the above feature, when a user moves
the air intake duct forwardly, the wheel is rotated in the
first direction, and accordingly, the cleaning body is ro-
tated in the second direction. That is, the cleaning body
provided on the rearward side of the open edge of the
air intake duct operates to sweep rubbish on the floor
surface forwardly (i.e., toward the center of the open edge
of the air intake duct). This promotes capture of rubbish
in the open edge of the air intake duct, thereby making
it possible to reliable clean away the rubbish. With regard
to the above-mentioned rubbish firmly adhering onto the
floor surface, like wet fallen leaves, the air intake duct
may be moved forwardly such that the cleaning body
repeatedly passes over the rubbish. This makes it pos-
sible to clean away such rubbish more reliably.
[0008] As used in this specification, the term "floor sur-
face" means a surface on which there is rubbish, wherein
the rubbish is not limited to indoor rubbish. This means
that the handheld vacuum device according to the
present invention may be used for cleaning away rubbish
lying on an indoor floor surface, or may be used for clean-
ing away rubbish lying on an outdoor ground surface.
[0009] In the handheld vacuum device of the present
invention, the rotation mechanism may be configured to
rotate the cleaning body in the first direction when the
wheel is rotated in the second direction.
[0010] According to this feature, when a user moves
the air intake duct backwardly, the wheel is rotated in the
second direction, and accordingly, the cleaning body is
rotated in the first direction. That is, when the air intake
duct is moved backwardly, the cleaning body is rotated
in a direction opposite to that when the air intake duct is
moved forwardly. Thus, it is possible to sweep rubbish
on a floor surface in two directions by moving the air
intake duct forwardly and backwardly such that the clean-
ing body repeatedly passes over the rubbish. As a result,
it becomes possible to reliably clean away rubbish firmly
adhering onto a floor surface.
[0011] In the handheld vacuum device of the present
invention, the open edge of the air intake duct may have
an inwardly-concaved notch formed in a rear end thereof,
and at least part of the cleaning body may be disposed
in the notch.
[0012] According to this feature, it is possible to down-
size the configuration around the open edge of the air
intake duct, and further promote capture of rubbish in the
open edge.
[0013] In the handheld vacuum device of the present
invention, the air intake duct may be configured to be
swung about a first shaft so as to enable a distance be-
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tween a front end of the open edge and the floor surface
to be changed, wherein each of the wheel and the clean-
ing body may be configured to be rotated about the first
shaft.
[0014] According to this feature, the air intake duct can
be swung about the first shaft to change the distance
between the front end of the open edge and the floor
surface, so that it is possible to change the cross-sec-
tional area of a flow passage formed between the open
edge and the floor surface, and thus adjust the flow rate
of air passing through the flow passage. This makes it
possible to adjust an air vacuum force acting on rubbish.
[0015] Further, each of the wheel and the cleaning
body is also configured to be rotated about the first shaft.
In this configuration, in a situation where the air intake
duct is moved by rotating the wheel, or in a situation
where the air intake duct is swung, a positional relation-
ship between the cleaning body and the floor surface
never changes. Thus, it becomes possible to keep the
degree of contact of the cleaning body with the floor sur-
face approximately constant, and keep a force acting
from the cleaning body on the floor surface or a frictional
force received by the cleaning body from the floor surface
approximately constant.
[0016] Alternatively, in the handheld vacuum device of
the present, the air intake duct may be configured to be
swung about a first shaft so as to enable a distance be-
tween a front end of the open edge and the floor surface
to be changed, wherein the wheel may be configured to
be rotated about the first shaft, and the cleaning body
may be configured to be rotated about a second shaft
spaced apart from the first shaft in the given direction.
[0017] According to this feature, the air intake duct can
be swung about the first shaft to change the distance
between the front end of the open edge and the floor
surface, so that it is possible to change the cross-sec-
tional area of a flow passage formed between the open
edge and the floor surface, and thus adjust the flow rate
of air passing through the flow passage. This makes it
possible to adjust an air vacuum force acting on rubbish.
[0018] Further, the wheel is configured to be rotated
about the first shaft, and the cleaning body is configured
to be rotated about the second shaft spaced apart from
the first shaft in the given direction. In this configuration,
when the air intake duct is swung about the first shaft, a
positional relationship between the cleaning body and
the floor surface changes. Thus, it becomes possible to
change the degree of contact of the cleaning body with
the floor surface, according to the swinging movement
of the air intake duct, thereby adjusting a force acting
from the cleaning body on the floor surface or a frictional
force received by the cleaning body from the floor sur-
face.
[0019] In the above handheld vacuum device, the
wheel may be composed of a single wheel, wherein the
cleaning body comprises a first cleaning body disposed
on one side of the single wheel, and a second cleaning
body disposed on the other side of the single wheel.

[0020] According to this feature, the single wheel can
be inclined toward the one side or the other side, thereby
changing the degree of contact of each of the first and
second cleaning bodies with the floor surface. As a result,
it becomes possible to adjust a force acting from each of
the first and second cleaning bodies on the floor surface
or a frictional force received by each of the first and sec-
ond cleaning bodies from the floor surface.
[0021] In the above handheld vacuum device, the
wheel may comprise an elastic portion which is stretch-
able and compressible in response to an external force,
wherein the elastic portion may be stretchable and com-
pressible in a radial direction of the wheel.
[0022] According to this feature, the amount of
stretch/compression of the elastic portion in the radial
direction of the wheel can be changed to change a posi-
tional relationship between the cleaning body and the
floor surface. As a result, it becomes possible to adjust
a force acting from the cleaning body on the floor surface
or a frictional force received by the cleaning body from
the floor surface.
[0023] In the handheld vacuum device of the present
invention, the air intake duct may comprise a duct body,
and an extension duct provided to the duct body in an
attachable and detachable manner, wherein the cleaning
body is fixed to the extension duct.
[0024] According to this feature, the extension duct can
be detached from the duct body to allow the handheld
vacuum device to be used in a form without the cleaning
body. This makes it possible to select an adequate mode
of the handheld vacuum device, depending on usage en-
vironments.

[Effect of Invention]

[0025] The present invention can provide a handheld
vacuum device capable of easily cleaning away rubbish
adhering onto a floor surface.

BRIEF DESCRIPTION OF DRAWINGS

[0026]

FIG. 1 is a perspective view of a handheld vacuum
device according to one specific example of a first
embodiment.
FIG. 2 is an exploded perspective view of an air in-
take duct and a cleaning unit.
FIG. 3 is a bottom view of the cleaning unit in FIG. 1.
FIG. 4 is a sectional view showing a IV-IV section in
FIG. 2.
FIG. 5 is a side view of the air intake duct and the
cleaning unit.
FIG. 6 is a side view of an air intake duct and a clean-
ing unit according to a modification of the first em-
bodiment.
FIG. 7 is a perspective view of a handheld vacuum
device according to one specific example of a sec-
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ond embodiment.
FIG. 8 is a bottom view of the cleaning unit in FIG. 7.
FIG. 9 is a sectional view of the cleaning unit in FIG. 7.
FIG. 10 is a side view of an air intake duct and the
cleaning unit in FIG. 7.
FIG. 11 is a sectional view of a cleaning unit accord-
ing to a modification of the second embodiment.

DESCRIPTION OF EMBODIMENTS

[First Embodiment]

[0027] A handheld vacuum device 1 (hereinafter re-
ferred to as "vacuum device 1") according to one specific
example of a first embodiment will now be described with
reference to FIG. 1. FIG. 1 is a perspective view of the
handheld vacuum device 1 according to the first embod-
iment. The vacuum device 1 comprises a blower 2, an
air intake duct 3, and a cleaning unit 4.
[0028] The blower 2 is a fluidic device configured to be
actuated by torque generated from a drive source, such
that it sucks air from a suction port 2a and blows the air
from a blow port 2b. The blow port 2b is connected to an
exhaust air duct 11 extending to a non-illustrated dust
bag. The blower 2 is formed with a gripper 21 configured
to be gripped by a user when moving the vacuum device
1. As the drive source of the blower 2, it is possible to
employ, e.g., an engine configured to be driven by com-
busting fuel, or an electric motor configured to be driven
by consuming electric power.
[0029] The air intake duct 3 is formed into a tube shape
extending between a proximal edge 31a and an open
edge 32a. The outside diameter of the open edge 32a is
greater than the outside diameter of the edge 31a. The
edge 31a is connected to the suction port 2a of the blower
2.
[0030] The cleaning unit 4 is provided adjacent to the
open edge 32a of the air intake duct 3. As described later,
the cleaning unit 4 comprises wheels 51, 52 and a brush
body 6 each configured to be rotated about an axle shaft
53.
[0031] The user grips the gripper 21 of the blower 2,
and uses the vacuum device 1 in a state in which the
wheels 51, 52 are in contact with a floor surface F. Thus,
the air intake duct 3 is disposed to extend obliquely up-
wardly from the open edge 32a to the edge 31a, while
allowing the open edge 32a to face the floor surface F.
[0032] In this specification, a vertically upward direc-
tion and a vertically downward direction will be referred
to respectively as "up" and "down". Further, in a direction
along which the axle shaft 53 extends, a right direction
and a left direction as viewed from the user gripping the
gripper 21 will be referred to respectively as "right" and
"left". Further, in a direction orthogonal to the up-down
direction and the right-left direction, a direction along
which the user gripping the gripper 21 moves forwardly
and a direction along which the user gripping the gripper
21 moves backwardly will be referred to respectively as

"front" and "rear".
[0033] The blower 2 is operable to suck air via the air
intake duct 3 connected to the suction port 2a. Thus,
rubbish D1 is captured from the open edge 32a together
with air, and cleaned away or removed from the floor
surface F. The rubbish D1 after passing through the air
intake duct 3 and arriving at the blower 2 is blown from
the blow port 2b and collected to the dust bag.
[0034] The cleaning unit 4 also functions effectively
against rubbish D2 which is hardly cleaned only by the
action of air captured from the open edge 32a. Specifi-
cally, the brush body 6 of the cleaning unit 4 is rotated
to operate to sweep the rubbish D2.
[0035] Next, with reference to FIGS. 2 to 4, the config-
uration of the vacuum device 1 will be described. FIG. 2
is an exploded perspective view of the air intake duct 3
and the cleaning unit 4. FIG. 3 is a bottom view of the
cleaning unit 4 in FIG. 1, and FIG. 4 is a sectional view
showing a IV-IV section in FIG. 2.
[0036] As shown in FIG. 2, the air intake duct 3 com-
prises a duct body 31, and an extension duct 32. Each
of the duct body 31 and the extension duct 32 is formed
into a circular tube shape extending along a central axis
CL. Each of a distal edge 3 1b of the duct body 31 and
a proximal edge 32b of the extension duct 32 has a face
approximately perpendicular to the central axis CL, and
is inserted into and disposed inside a retaining ring 37.
The extension duct 32 is provided to the duct body 31 in
an attachable and detachable manner by fastening and
releasing the retaining ring 37.
[0037] The opening edge 32a of the air intake duct 3
corresponds to a distal edge of the extension duct 32. In
the open edge 32a, a region around a front end 32a1
thereof is formed as a face approximately perpendicular
to the central axis CL, and a region around a rear end
32a2 thereof is formed as a face inclined with respect to
the central axis CL. The rear end 32a2 is formed with an
inwardly-concaved notch 35, i.e., a notch concaved to-
ward the inside of the extension duct 32.
[0038] As illustrated in FIGS. 3 and 4, the cleaning unit
4 comprises a frame 41, and a retaining ring 43 fixed to
the frame 41. The cleaning unit 4 further comprises two
wheels 51, 52, a brush body 6, and a rotation mechanism
7.
[0039] Each of the wheels 51, 52 is formed into a disc
shape, and a central portion thereof is formed with a
through-hole (51a, 52a), as illustrated in FIG. 4. The
wheels 51, 52 are arranged such that they are opposed
to each other across the frame 41. An axle shaft 53 is
inserted into the frame 41 and the through-holes 51a,
52a of the wheels 51, 52, and the wheels 51, 52 are fixed
to the axle shaft 53. That is, when the wheels 51, 52 are
rotated about the axle shaft 53, the axle shaft 53 is also
rotated accordingly. The axle shaft 53 is one specific ex-
ample of "first shaft" set forth in the appended claims.
[0040] The brush body 6 is one specific example of
"cleaning body" set forth in the appended claims. The
brush body 6 is disposed between the wheel 51 and the
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wheel 52, in a location surrounded by the frame 41. The
brush body 6 comprises a tubular body 61 and a plurality
of bristle bundles 62. The tubular body 61 is formed into
a circular tube shape, and the axle shaft 53 penetrates
through the inside of the tubular body 61. The bristle bun-
dle 62 is an assembly of flexible chemical fibers (e.g.,
polypropylene fibers or polyester fibers). The bristle bun-
dles 62 are spirally arranged on an outer peripheral sur-
face of the tubular body 61 in a state in which the root of
each of the bristle bundles 62 is fixed to the tubular body
61.
[0041] The rotation mechanism 7 is disposed on each
side of the blush body 6. As illustrated in FIG. 4, the ro-
tation mechanism 7 comprises a planetary gear mecha-
nism comprised of a sun gear 71, planetary gears 73 and
an internally-toothed gear 75. The axle shaft 53 pene-
trates through the center of the sun gear 71, and the sun
gear 71 is fixed to the axle shaft 53. Each of a plurality
of support shafts 76 penetrates through the center of a
respective one of the planetary gears 73 meshed with
the sun gear 71. The support shafts 76 are fixed to the
frame 41, and each of the planetary gears 73 is rotatable
about a corresponding the support shafts 76. Thus, each
of the planetary gears 73 rotates about a corresponding
the support shafts 76, without revolving around the sun
gear 71. The internally-toothed gear 75 meshed with the
planetary gears 73 is coupled to an end of the tubular
body 61 of the brush body 6 by a connected body 77.
Thus, the rotation of the internally-toothed gear 75 is
transmitted to the brush body 6.
[0042] The cleaning unit 4 having the above configu-
ration is provided to the extension duct 32 in an attach-
able and detachable manner detachably by fastening and
releasing the retaining ring 43. When the cleaning unit 4
is attached to the extension duct 32, the wheel 51 is dis-
posed rightward of the air intake duct 3, and the wheel
52 is disposed leftward of the air intake duct 3, as illus-
trated in FIG. 3. Further, the brush body 6 is disposed in
the notch 35 of the extension duct 32.
[0043] Next, with reference to FIG. 5, a usage mode
of the vacuum device 1 will be described. FIG. 5 is a side
view of the air intake duct 3 and the cleaning unit 4. For
facilitating understanding of explanations, in FIG. 5, the
vicinity of the cleaning unit 4 is enlargedly shown, and
the illustration of the wheel 52, the left rotation mecha-
nism 7 and the frame 41 is omitted.
[0044] As mentioned above, the vacuum device 1 is
used in the state in which the wheels 51, 52 are in contact
with the floor surface F. When the wheels 51, 52 come
into contact with the floor surface F, distal ends of the
bristle bundles 62 rotated to a bottom region of the brush
body 6 also come into contact with the floor surface F.
[0045] When the user pushes the gripper 21 (see FIG.
1) of the blower 2 to move the air intake duct 3 forwardly,
the wheels 51, 52 being in contact with the floor surface
F are rotated about the axle shaft 53 in a direction indi-
cated by the arrow R11 in FIG. 5(a) (i.e., in a counter-
clockwise direction). On the other hand, when the user

pulls the gripper 21 of the blower 2 to move the air intake
duct 3 backwardly, the wheels 51, 52 are rotated about
the axle shaft 53 in a direction indicated by the arrow R12
in FIG. 5(a) (i.e., in a clockwise direction). The counter-
clockwise direction in FIG. 5(a) is one specific example
of "first direction" set forth in the appended claims, and
the clockwise direction in FIG. 5(a) is one specific exam-
ple of "second direction" set forth in the appended claims.
[0046] When the air intake duct 3 is moved forwardly,
and the wheels 51, 52 are rotated in the direction indi-
cated by the arrow R11, the axle shaft 53 is also rotated
in the same direction. Based on the action of the planetary
gear mechanism, the rotation mechanisms 7 (see FIG.
4) rotate the brush body 6 in a direction opposite to the
rotation direction of the axle shaft 53. That is, the rotation
mechanisms 7 rotate the brush body 6 about the axle
shaft 53 in a direction indicated by the arrow S11 (i.e., in
a clockwise direction). Thus, during a forward movement
of the air intake duct 3, the brush body 6 operates to
sweep rubbish on the floor surface F forwardly by the
bristle bundles 62.
[0047] On the other hand, when the air intake duct 3
is moved backwardly, and the wheels 51, 52 are rotated
in the direction indicated by the arrow R12, the axle shaft
53 is also rotated in the same direction, and the rotation
mechanisms 7 rotate the brush body 6 about the axle
shaft 53 in a direction indicated by the arrow S12 (i.e., in
a counterclockwise direction). Thus, during a backward
movement of the air intake duct 3, the brush body 6 op-
erates to sweep rubbish on the floor surface F backwardly
by the bristle bundles 62.
[0048] Further, the user can swing the air intake duct
3 about the axle shaft 53 in the direction indicated by the
arrow R11 or in the direction indicated by the arrow R12,
to dispose the air intake duct 3 at any position.
[0049] FIG. 5(a) shows a state in which the air intake
duct 3 is disposed such that a distance between the front
end 32a1 of the open edge 32a and the floor surface F
is set to a relatively large value H1. In this state, the cross-
sectional area of a flow passage formed between the
open edge 32a and the floor surface F becomes relatively
large, and consequently the flow rate of air passing ther-
ebetween becomes relatively small as indicated by the
arrow A1.
[0050] FIG. 5(b) shows a state in which the air intake
duct 3 is disposed such that the distance between the
front end 32a1 of the open edge 32a and the floor surface
F is set to a relatively small value H2. In this state, the
cross-sectional area of the flow passage formed between
the open edge 32a and the floor surface F becomes rel-
atively small, and consequently the flow rate of air pass-
ing therebetween becomes relatively large as indicated
by the arrow A2.
[0051] Next, functions/effects of the first embodiment
will be described.
[0052] In the vacuum device 1 according to the first
embodiment, when a user moves the air intake duct 3
forwardly, the wheels 51, 51 are rotated in direction in-
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dicated by the arrow R11, and accordingly, the brush
body 6 is rotated in direction indicated by the arrow S11.
That is, the brush body 6 provided on the rearward side
of the open edge 32a of the air intake duct 3 operates to
sweep rubbish on the floor surface F forwardly (i.e., to-
ward the center of the open edge 32a of the air intake
duct 3). This promotes capture of rubbish in the open
edge 32a of the air intake duct 3, thereby making it pos-
sible to reliable clean away the rubbish. With regard to
rubbish firmly adhering onto the floor surface F, like wet
fallen leaves, the air intake duct 3 may be moved for-
wardly such that the brush body 6 repeatedly passes
over the rubbish. This makes it possible to clean away
such rubbish more reliably.
[0053] In the first embodiment, the rotation mecha-
nisms 7 are configured to rotate the cleaning body in the
direction indicated by the arrow S12, when the wheels
51, 52 are rotated in the direction indicated by the arrow
R12.
[0054] According to this feature, when the user moves
the air intake duct 3 backwardly, the wheels 51, 52 are
rotated in the direction indicated by the arrow R12, and
accordingly, the brush body 6 in the direction indicated
by the arrow S12. That is, when the air intake duct 3 is
moved backwardly, the brush body 6 is rotated in a di-
rection opposite to that when the air intake duct 3 is
moved forwardly. Thus, it is possible to sweep rubbish
in two directions by moving the air intake duct 3 forwardly
and backwardly such that the brush body 6 repeatedly
passes over the rubbish. As a result, it becomes possible
to reliably clean away rubbish firmly adhering onto the
floor surface F.
[0055] In the first embodiment, the open edge 32a of
the air intake duct 3 has an inwardly-concaved notch
formed in the rear end 32a2 thereof, and at least part of
the brush body 6 may be disposed in the notch.
[0056] According to this feature, it is possible to down-
size the configuration around the open edge 32a of the
air intake duct 3. Further, since the brush body 6 is dis-
posed in the notch 35, a distance between the open edge
32a, the brush body 6 and the ground surface becomes
smaller. Additionally, in some situations, an angle be-
tween the open edge 32A and the ground surface may
be optimized. Thus, it becomes possible to further pro-
mote capture of rubbish in the open edge 32a.
[0057] In the first embodiment, the air intake duct 3 is
configured to be swung about the axle shaft 53 so as to
enable the distance between the front end 32a1 of the
open edge 32a and the floor surface F to be changed,
wherein each of the wheels 51, 52 and the brush body 6
is configured to be rotated about the axle shaft 53.
[0058] According to this feature, the air intake duct 3
can be swung about the axle shaft 53 to change the dis-
tance between the front end 32a1 of the open edge 32a
and the floor surface F, so that it is possible to change
the cross-sectional area of the flow passage formed be-
tween the open edge 32a and the floor surface F, and
thus adjust the flow rate of air passing through the flow

passage. This makes it possible to adjust an air vacuum
force acting on rubbish.
[0059] In the first embodiment, the wheels 51, 52 are
configured to be rotated about the axle shaft 53. In this
configuration, in a situation where the air intake duct 3 is
moved by rotating the wheels 51, 52, or in a situation
where the air intake duct 3 is swung, a positional rela-
tionship between the brush body 6 and the floor surface
F never changes. Thus, it becomes possible to keep the
degree of contact of the brush body 6 with the floor sur-
face approximately constant, and keep a force acting
from the brush body 5 on the floor surface F or a frictional
force received by the brush body 6 from the floor surface
F approximately constant.
[0060] In the first embodiment, the air intake duct 3
comprises the duct body 31, and the extension duct 32
provided with respect to the duct body 31 in an attachable
and detachable manner, wherein the brush body 6 is fixed
to the extension duct 32.
[0061] According to this feature, the extension duct 32
can be detached from the duct body 31 to allow the vac-
uum device 1 to be used in a form without the brush bod
6. That is, the vacuum device 1 can be set to a mode for
capturing rubbish from the edge 31b of the dust body 31.
This makes it possible to select an adequate mode of the
vacuum device 1, depending on usage environments.

[Modification of First Embodiment]

[0062] Next, with reference to FIG. 6, a modification of
the first embodiment will be described. This modification
is different from the first embodiment mainly in that a
rotary shaft of a sponge body 60 serving as a cleaning
body is different from a rotary shaft of the air intake duct
3 and the wheels 51, 52. In the configuration of this mod-
ification, the same element or component as that in the
first embodiment is assigned with the same reference
sign, and its description will be appropriately omitted.
[0063] FIG. 6 is a side view of the air intake 3 duct and
a cleaning unit 40 according to the modification of the
first embodiment. For facilitating understanding of expla-
nations, in FIG. 6, the vicinity of the cleaning unit 40 is
enlargedly shown, and the illustration of the wheel 52
and the frame 41 is omitted.
[0064] The cleaning unit 40 according to this modifica-
tion comprises a sponge body 60. The sponge body 60
is one specific example of "cleaning body" set forth in the
appended claim. The sponge body 60 is formed into a
circular cylindrical shape, and provided with a porous
body 63 having a water-absorbing property, on an outer
peripheral surface thereof.
[0065] The sponge body 60 is configured to be rotated
about a shaft 64. The shaft 64 is one specific example
of "second shaft" set forth in the appended claims, and
is spaced apart from the axle shaft 53. Specifically, the
shaft 64 is disposed closer to the open edge 32a than
the axle shaft 53, in a direction along the central axis CL.
According to this configuration, in a vertical direction in
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a state in which the floor surface F and a bottom face of
the air intake duct 3 is parallel to each other, the shaft 64
is disposed closer to the floor surface F by a distance d
than the axle shaft 53 (in some situations, there may be
a case where the axle shaft 53 is disposed closer to the
open edge 34a than the shaft 64, in a direction along the
central axis CL, or a case where the shaft 64 and the
axle shaft 53 are spaced apart from each other in a di-
rection orthogonal to the central axis CL).
[0066] When the air intake duct 3 is moved forwardly,
and the wheels 51, 52 are rotated about the axle shaft
53 in the direction indicated by the arrow R21, the sponge
body 60 is rotated about the shaft 64 in the direction in-
dicated by the arrow S21 (i.e., in a clockwise direction).
Thus, during a forward movement of the air intake duct
3, the sponge body 60 operates to sweep rubbish on the
floor surface F forwardly, while absorbing water on the
floor surface F by the porous body 63.
[0067] On the other hand, when the air intake duct 3
is moved backwardly, and the wheels 51, 52 are rotated
in the direction indicated by the arrow R22, the sponge
body 60 is rotated about the shaft 64 in a direction indi-
cated by the arrow S22 (i.e., in a counterclockwise direc-
tion). Thus, during a backward movement of the air intake
duct 3, the sponge body 60 operates to sweep rubbish
on the floor surface F backwardly, while absorbing water
on the floor surface F by the porous body 63.
[0068] Further, a user can swing the air intake duct 3
about the axle shaft 53 in the direction indicated by the
arrow R21 or in the direction indicated by the arrow R22,
to dispose the air intake duct 3 at any position, and
change the degree of contact of the sponge body 60 with
the floor surface F.
[0069] FIG. 6(a) shows a state in which the air intake
duct 3 is disposed such that the distance between the
front end 32a1 of the open edge 32a and the floor surface
F is set to a relatively large value H3. In this state, the
shaft 64 is disposed forward of the axle shaft 53, so that
a gap is formed by a distance H4 between a lower end
of the sponge body 60 and the floor surface F.
[0070] FIG. 6(b) shows a state in which the air intake
duct 3 is disposed such that the distance between the
front end 32a1 of the open edge 32a and the floor surface
F is set to a relatively small value H5. In this state, the
shaft 64 is disposed approximately directly below the axle
shaft 53, so that the lower end of the sponge body 60
comes into contact with the floor surface F.
[0071] In the above modification, the air intake duct 3
can be swung about the axle shaft 53 to change the dis-
tance between the front end 32a1 of the open edge 32a
and the floor surface F. Thereby it is possible to change
the cross-sectional area of a flow passage formed be-
tween the open edge 32a and the floor surface F, and
thus adjust the flow rate of air passing through the flow
passage. This makes it possible to adjust an air vacuum
force acting on rubbish.
[0072] In the above modification, the wheels 51, 52 are
configured to be rotated about the axle shaft, and the

sponge body 60 is configured to be rotated about the
shaft 64 spaced apart from the axle shaft 53, in the vertical
direction in the state in which the floor surface F and the
bottom face of the air intake duct 3 is parallel to each
other. In this configuration, when the air intake duct 3 is
swung about the axle shaft 53, a positional relationship
between the sponge body 60 and the floor surface F
changes. Thus, it becomes possible to change the de-
gree of contact of the sponge body 60 with the floor sur-
face F, according to the swinging movement of the air
intake duct 3, thereby adjusting a force acting from the
sponge body 60 on the floor surface F or a frictional force
received by the sponge body 60 from the floor surface F.

[Second Embodiment]

[0073] Next, with reference to FIGS. 7 to 9, a handheld
vacuum device 1A (hereinafter referred to as "vacuum
device 1A") according to one specific example of a sec-
ond embodiment will be described. The second embod-
iment is different from the first embodiment mainly in that
the vacuum device 1A comprises a single wheel 54, and
a cleaning unit 8 provided with two brush bodies 65, 66.
In the configuration of the second embodiment, the same
element or component as that in the first embodiment is
assigned with the same reference sign, and its descrip-
tion will be appropriately omitted.
[0074] FIG. 7 is a perspective view of the vacuum de-
vice 1A according to the second embodiment. FIG. 7 en-
largedly shows the vicinity of the cleaning unit 8. FIG. 8
is a bottom view of the cleaning unit 8. FIG. 9 is a sectional
view of the cleaning unit 8, and illustrates the section of
the cleaning unit 8 taken along a plane passing through
an axle shaft 55.
[0075] The cleaning unit 8 comprises a frame 81, and
a retaining ring 43 fixed to the frame 81. The cleaning
unit 8 further comprises the wheel 54, the brush bodies
65, 66, and a rotation mechanism 7A.
[0076] As illustrated in FIG. 9, the wheel 54 is formed
into a circular ring shape, and a part of the wheel 54 is
disposed in a location surrounded by the frame 81 of the
cleaning unit 8. As will be described later, the wheel 54
is rotated about an axle shaft 55. The axle shaft 55 is one
specific example of "first shaft" set forth in the appended
claims.
[0077] The brush body 65 is disposed on the right side
of the wheel 54, and the brush body 66 is disposed on
the left side of the wheel 54. That is, the brush bodies
65, 66 are arranged such that they are opposed to each
other across the wheel 54. A part of each of the brush
bodies 65, 66 is disposed in a location surrounded by the
frame 81 of the cleaning unit 8. The brush body 65 is one
specific example of "first cleaning body" set forth in the
appended claims, and the brush body 66 is one specific
example of "second cleaning body" set forth in the ap-
pended claims.
[0078] Each of the brush bodies 65, 66 comprises a
tubular body 67 and a plurality of bristle bundles 62. As
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illustrated in FIG. 9, the tubular body 67 is formed into a
circular tube shape whose opposite ends are covered by
two plates 68, respectively. The axle shaft 55 penetrates
through the inside of the tubular body 67. The axle shaft
55 also penetrates through the plates 68, wherein each
of the plates 68 is fixed to the axle shaft 55.
[0079] The rotation mechanism 7A is disposed inside
the wheel 54. As illustrated in FIG. 9, the rotation mech-
anism 7A comprises a planetary gear mechanism com-
prised of a sun gear 71A, planetary gears 73A and an
internally-toothed gear 75A. The axle shaft 55 penetrates
through the center of the sun gear 71A, and the sun gear
71A is fixed to the axle shaft 55. Each of a plurality of
support shafts 76A penetrates through the center of a
respective one of the planetary gears 73A meshed with
the sun gear 71A. The support shafts 76A are fixed to
the frame 81 of the cleaning unit 8, and each of the plan-
etary gears 73A is rotatable about a corresponding the
support shafts 76A. Thus, each of the planetary gears
73A rotates about a corresponding the support shafts
76A, without revolving around the sun gear 71A. The
internally-toothed gear 75A meshed with the planetary
gears 73A is coupled to an inner peripheral surface of
the wheel 54. Thus, the rotation of the internally-toothed
gear 75 is transmitted to the brush bodies 65, 66 via the
planetary gears 73A, the sun gear 71A and the axle shaft
55.
[0080] Next, with reference to FIG. 10, a usage mode
of the vacuum device 1A will be described. FIG. 10 is a
side view of an air intake duct 3 and the cleaning unit 8.
For facilitating understanding of explanations, FIG. 10
enlargedly shows the vicinity of the cleaning unit 8.
[0081] The vacuum device 1A is used in a state in
which the wheel 54 is in contact with a floor surface F.
When the wheels 51, 52 come into contact with the floor
surface F, distal ends of the bristle bundles 62 rotated to
bottom regions of the brush bodies 65, 66 also come into
contact with the floor surface F.
[0082] When a user pushes a gripper 21 (see FIG. 1)
of a blower 2 to move the air intake duct 3 forwardly, the
wheel 54 being in contact with the floor surface F is ro-
tated about the axle shaft 55 in a direction indicated by
the arrow R31 in FIG. 10(a) (i.e., in a counterclockwise
direction). On the other hand, when the user pulls the
gripper 21 of the blower 2 to move the air intake duct 3
backwardly, the wheel 54 is rotated about the axle shaft
55 in a direction indicated by the arrow R32 in FIG. 19(a)
(i.e., in a clockwise direction). The counterclockwise di-
rection in FIG. 10(a) is one specific example of "first di-
rection" set forth in the appended claims, and the clock-
wise direction in FIG. 10(a) is one specific example of
"second direction" set forth in the appended claims.
[0083] When the air intake duct 3 is moved forwardly,
and the wheel 54 is rotated in the direction indicated by
the arrow R31, the internally-toothed gear 75A (see FIG.
9) is also rotated in the same direction. Based on the
action of the planetary gear mechanism, the rotation
mechanism 7A (see FIG. 9) rotates the brush bodies 65

in a direction opposite to the rotation direction of the
wheel 54. That is, the rotation mechanism 7 rotates the
brush bodies 65, 66 about the axle shaft 53 in a direction
indicated by the arrow S31 (i.e., in a clockwise direction).
Thus, during a forward movement of the air intake duct
3, the brush bodies 65, 66 operate to sweep rubbish on
the floor surface F forwardly by the bristle bundles 62.
[0084] On the other hand, when the air intake duct 3
is moved backwardly, and the wheel 54 is rotated in the
direction indicated by the arrow R32, the rotation mech-
anism 7A rotates the brush bodies 65, 66 about the axle
shaft 55 in a direction indicated by the arrow S32 (i.e., in
a counterclockwise direction). Thus, during a backward
movement of the air intake duct 3, the brush bodies 65,
66 operate to sweep rubbish on the floor surface F back-
wardly by the bristle bundles 62.
[0085] Further, the user can swing the air intake duct
3 about the axle shaft 55 in the direction indicated by the
arrow R31 or in the direction indicated by the arrow R32,
to dispose the air intake duct 3 at any position.
[0086] FIG. 10(a) shows a state in which the air intake
duct 3 is disposed such that a distance between a front
end 32a1 of an open edge 32a of the air intake duct 3
and the floor surface F is set to a relatively large value
H6. In this state, the cross-sectional area of a flow pas-
sage formed between the open edge 32a and the floor
surface F becomes relatively large, and consequently
the flow rate of air passing therebetween becomes rela-
tively small as indicated by the arrow A3.
[0087] FIG. 10(b) shows a state in which the air intake
duct 3 is disposed such that the distance between the
front end 32a1 of the open edge 32a and the floor surface
F is set to a relatively small value H7. In this state, the
cross-sectional area of the flow passage formed between
the open edge 32a and the floor surface F becomes rel-
atively small, and consequently the flow rate of air pass-
ing therebetween becomes relatively large as indicated
by the arrow A4.
[0088] Further, in the vacuum device 1A, the single
wheel 54 can be inclined rightwardly or leftwardly to
change the degree of contact of each of the brush bodies
65, 66 with the floor surface F. As a result, it becomes
possible to adjust a force acting from each of the blush
bodies 65, 66 on the floor surface F or a frictional force
received by each of the blush bodies 65, 66 from the floor
surface F.

[Modification of Second Embodiment]

[0089] Next, with reference to FIG. 11, a modification
of the second embodiment will be described. This mod-
ification is different from the second embodiment mainly
in that the wheel 56 comprises an elastic body 59. In the
configuration of this modification, the same element or
component as that in the second embodiment is assigned
with the same reference sign, and its description will be
appropriately omitted.
[0090] FIG. 11 is a sectional view of a cleaning unit 80,
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and illustrates the section of the cleaning unit 80 taken
along a plane passing through the axle shaft 55.
[0091] The cleaning unit 80 in this modification com-
prises a wheel 56 which comprises a wheel body 57, an
outer shell 58, and an elastic body 59. Each of the wheel
body 57 and the outer shell 58 is formed into a circular
tube shape, constitutes a respective one of a radially in-
ner portion and a radially outer portion of the wheel 56.
The internally-toothed gear 75A of the rotation mecha-
nism 7A is coupled to an inner peripheral surface of the
wheel body 57. The outer shell 58 is disposed to cover
an outer peripheral surface of the wheel body 57 with a
given gap therebetween.
[0092] The elastic body 59 is one specific example of
"elastic portion" set forth in the appended claims, and is
disposed between the wheel body 57 and the outer shell
58. The elastic body 59 is a member which is stretchable
and compressible in response to an external force ap-
plied thereto. For example, a member formed of a rubber
material or a metal spring may be employed.
[0093] FIG. 11(a) shows the cleaning unit 80 under a
condition that an external force applied downwardly from
the axle shaft 55 to the elastic body 59 is relatively small.
In this state, the amount of compression of the elastic
body 59 in the vicinity of the floor surface F is relatively
small. As a result, a distance between the axle shaft 55
and the floor surface F has a relatively large value H8.
[0094] On the other hand, FIG. 11(b) shows the clean-
ing unit 80 under a condition that the external force ap-
plied downwardly from the axle shaft 55 to the elastic
body 59 is relatively large. In this state, the amount of
compression of the elastic body 59 in the vicinity of the
floor surface F is relatively large. As a result, the distance
between the axle shaft 55 and the floor surface F has a
relatively small value H9.
[0095] According to this feature, the amount of
stretch/compression of the elastic body 59 in the radial
direction of the wheel 56 can be changed to change a
positional relationship between the brush bodies 65, 66
and the floor surface F. As a result, it becomes possible
to adjust a force acting from the brush bodies 65, 66 on
the floor surface F or a frictional force received by the
brush bodies 65, 66 from the floor surface F.
[0096] The vacuum device according to the above em-
bodiments and modifications may be manipulated in the
arrowed directions to vacuum wet fallen leaves or the
like which are difficult to vacuum, such as wet fallen
leaves adhering to recesses of stone pavements which
are common in Europe.
[0097] It should be understood that the above embod-
iments and modifications are shown for facilitating un-
derstanding of the present invention, but not for limitedly
construing the present invention. It should also be un-
derstood that elements or components in each embodi-
ment, and arrangement, materials, conditions, shapes,
sizes, etc., thereof are not limited to those described as
examples, but may be appropriately modified.

LIST OF REFERENCE SIGNS

[0098]

1, 1A: handheld vacuum device
2: blower
3: air intake duct
31: duct body
32: extension duct
32a: open edge
35: notch
51, 52, 54, 56: wheel
53, 55: axle shaft (first shaft)
59: elastic body (elastic portion)
6: brush body (cleaning body)
60: sponge body (cleaning body)
65: brush body (cleaning body, first cleaning body)
66: brush body (cleaning body, second cleaning
body)
7, 7A: rotation mechanism 7, 7A
D1, D2: rubbish
F: floor surface

Claims

1. A handheld vacuum device (1, 1A) for vacuuming
and cleaning away rubbish on a floor surface, com-
prising:

a blower (2) configured to suck air;
an air intake duct (3) formed into a tube shape
extending in a given direction with an open edge
(32a) thereof facing the floor surface, and con-
figured to allow the blower (2) to suck air there-
through, thereby capturing rubbish on the floor
surface, from the open edge (32a);
at least one wheel (51, 52, 54, 56) supporting
the air intake duct (3) in contact with the floor
surface, the wheel (51, 52, 54, 56) being config-
ured to be rotated in a first direction in conjunc-
tion with a forward movement of the air intake
duct (3) and to be rotated in a second direction
which is a direction opposite to the first direction,
in conjunction with a backward movement of the
air intake duct (3);
a cleaning body (6, 60, 65, 66) provided on a
rearward side of the open edge (32a) of the air
intake duct (3), and configured to be rotated so
as to sweep rubbish on the floor surface; and
a rotation mechanism (7, 7A) configured to ro-
tate the cleaning body (6, 60, 65, 66) based on
the rotation of the wheel (51, 52, 54, 56), wherein
the rotation mechanism (7, 7A) is configured to
rotate the cleaning body (6, 60, 65, 66) in the
second direction when the wheel (51, 52, 54,
56) is rotated in the first direction.
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2. The handheld vacuum device according to claim 1,
wherein the rotation mechanism (7, 7A) is configured
to rotate the cleaning body (6, 60, 65, 66) in the first
direction when the wheel (51, 52, 54, 56) is rotated
in the second direction.

3. The handheld vacuum device according to claim 1
or 2, wherein the open edge (32a) of the air intake
duct (3) has an inwardly-concaved notch (35) formed
in a rear end (32a2) thereof, and at least part of the
cleaning body (6, 60, 65, 66) is disposed in the notch
(35).

4. The handheld vacuum device according to any one
of claims 1 to 3, wherein the air intake duct (3) is
configured to be swung about a first shaft (53, 55)
so as to enable a distance between a front end (32a1)
of the open edge (32a) and the floor surface to be
changed, and wherein each of the wheel (51, 52, 54,
56) and the cleaning body (6, 65, 66) is configured
to be rotated about the first shaft (53, 55).

5. The handheld vacuum device according to any one
of claims 1 to 3, wherein the air intake duct (3) is
configured to be swung about a first shaft (53) so as
to enable a distance between a front end (32a1) of
the open edge (32a) and the floor surface to be
changed, and wherein the wheel (51, 52, 54, 56) is
configured to be rotated about the first shaft (53),
and the cleaning body (60) is configured to be rotated
about a second shaft (64) spaced apart from the first
shaft (53) in the given direction.

6. The handheld vacuum device according to claim 4
or 5, wherein the wheel is composed of a single
wheel (54, 56), and wherein the cleaning body com-
prises a first cleaning body (65) disposed on one
side of the single wheel (54, 56), and a second clean-
ing body (66) disposed on the other side of the single
wheel (54, 56).

7. The handheld vacuum device according to any one
of claims 4 to 6, wherein the wheel (56) comprises
an elastic portion (59) which is stretchable and com-
pressible in response to an external force, the elastic
portion (59) being stretchable and compressible in
a radial direction of the wheel (56).

8. The handheld vacuum device according to any one
of claims 1 to 7, wherein the air intake duct (3) com-
prises a duct body (31), and an extension duct (32)
provided to the duct body (31) in an attachable and
detachable manner, and wherein the cleaning body
(6, 60, 65, 66) is fixed to the extension duct.
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