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Description
Technical Field

[0001] The presentinvention relatesto animpellerand
an electric blower, an electric vacuum cleaner equipped
with the same impeller.

Background Art

[0002] Blowing performance (suction performance) of
an electric blower used in an electric vacuum cleaner has
been tried to improve specifically with respect to the im-
peller of the blower. For instance, a structure formed of
a front shroud, a rear shroud, multiple blades, and an
inducer having multiple vane sections has been pro-
posed (e.g. refer to Patent Literature 1).

[0003] Fig. 11 is a partially cut-away perspective view
forillustrating a structure of the conventional impeller dis-
cussed above. As shownin Fig. 11, impeller 321 includes
rear shroud 322, front shroud 323, sheet metal blades
324, and resinous inducer 325. Rear shroud 322 is made
of sheet metal. Front shroud 323 is disposed separately
from rear shroud 322 with a space therebetween and
having suction port 323a at its center. Multiple sheet met-
al blades 324 are held by and between rear shroud 322
and front shroud 323. Inducer 325 made of resin is dis-
posed correspondingly to suction port 323a.

[0004] Resinous inducer 325 includes conical hub
325b and vane sections 325a formed on hub 325b. Vane
sections 325a have a three-dimensional curve for recti-
fying the air flowing from suction port 323a to sheet metal
blades 324.

[0005] Fig.12Aisaplanviewillustratingthe movement
of a mold during the molding of resinous inducer 325 of
the conventional impeller 321. Fig. 12B is a lateral view
illustrating this movements.

[0006] As shown in Figs. 12A and 12B, resinous in-
ducer 325 is formed through a resin molding process
using laterally-sliding mold 331 that slides radially toward
the outer circumference of vane section 325a. The mold
includes laterally-sliding mold 331, upward-sliding mold
332, and downward-sliding mold 333. Molds 331 in equal
numbers to that of vanes of vane sections 325a are pre-
pared. Upward-sliding mold 332 in equal numbers to that
of vanes of vane sections 325a are prepared. Downward-
sliding mold 333 in equal numbers to that of vanes of
vane sections 325a are prepared.

[0007] Ithas been believed that vane sections 325a of
resinous inducer 325 in numbers of six and metal sheet
blades 324 in numbers of also six are ideal quantities for
improving the blowing (sucking) efficiency ofimpeller 321
of the conventional electric blower. However, a numbers
over the six for vane sections 325a as well as for metal
sheet blades 324 can sometimes gain the better blowing
efficiency depending on an air volume and an rpm.
[0008] On top of that, it is generally known that a high
frequency tone, which is a kind of noises generated by
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the electric blower, is generated conspicuously at the fre-
quency of a product of multiplying the number of vanes
(numbers of vane sections 325a and the number of metal
sheet blades 324) of impeller 321 by the rpm. In the case
of small number of vanes, the frequency of the high fre-
quency tone generated by the electric blower is audible
frequency band to users, so that the tone sounds harshly
and sometimes makes the users unpleasant.

[0009] To reduce this high frequency tone, an incre-
ment in the numbers of vanes of impeller 321 has been
studied. This method moves the frequency of the high
frequency tone away from the frequency band audible to
the users, thereby reducing the harsh and unpleasant
noises.

[0010] However, the method of molding resinous in-
ducer 325 of impeller 321 of the conventional electric
blower finds it difficult to mold inducer 325 having 6 or
more than 6 vanes, and in a case where an end face of
front shroud 323 side of a vane section 325a overlaps,
viewed from the top or the side, with an end face of metal
sheet blade 324 of the adjacent vane section 325a, the
molding becomes also difficult.

Related Art Literature

[0011] Patent Literature 1: Unexamined Japanese
Patent Application Publication No. 2000 - 45993

Disclosure of Invention

[0012] The present invention aims to provide an im-
peller for an electric blower, where vanes of an inducer
of this impeller can be multiplied with ease and improving
the blowing efficiency as well as lowering the noise, and
the present invention also aims to provide the electric
blower and an electric vacuum cleaner both equipped
with this impeller.

[0013] The impeller of the present invention includes
a front shroud having a first opening at its center section,
a rear shroud disposed separately from the front shroud
with a space therebetween, multiple blades held by and
between the front and rear shrouds and extending from
a center section toward an outer circumference of the
rear shroud, and an inducer disposed at the center sec-
tion of the rear shroud. The inducer includes an upper
inducer disposed at the front shroud side and a lower
inducer disposed at the rear shroud side.

[0014] The impeller of the present invention allows the
inducer to be equipped with multiple vane sections with
ease and improving the blowing efficiency and lowering
the noises.

Brief Description of Drawings
[0015]

Fig. 1 is a sectional view partially illustrating a struc-
ture of an electric blower equipped with an impeller
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in accordance with a first embodiment of the present
invention.

Fig. 2 is a partially cut-away perspective view illus-
trating a structure of the impeller in accordance with
the first embodiment of the present invention.

Fig. 3 is an exploded perspective view illustrating a
structure of the impeller in accordance with the first
embodiment of the present invention.

Fig. 4 is a sectional view illustrating a structure of
the impeller in accordance with the first embodiment
of the present invention.

Fig. 5Ais a plan view illustrating a structure of a mold
for a lower inducer of the impeller in accordance with
the first embodiment of the present invention.

Fig. 5B is a lateral view illustrating a structure of the
mold for the lower inducer of the impeller in accord-
ance with the first embodiment of the present inven-
tion.

Fig. 6Ais a plan view illustrating a structure of a mold
for an upper inducer of the impeller in accordance
with the first embodiment of the present invention.
Fig. 6B is a lateral view illustrating a structure of the
mold for the upper inducer of the impeller in accord-
ance with the first embodiment of the present inven-
tion.

Fig. 7 is a sectional view illustrating a structure of an
impeller in accordance with a second embodiment
of the present invention.

Fig. 8 is a sectional view illustrating a structure of an
impeller in accordance with a third embodiment of
the present invention.

Fig. 9 is a sectional view illustrating a structure of an
impeller in accordance with a fourth embodiment of
the present invention.

Fig. 10 schematically illustrates an electric vacuum
cleaner in accordance with a fifth embodiment of the
present invention.

Fig. 11 is a partially cut-away perspective view illus-
trating a structure of a conventional impeller.

Fig. 12A is a plan view illustrating movements of a
mold used in molding a resinous inducer of a con-
ventional impeller.

Fig. 12B is a lateral view illustrating the movements
of the mold used in molding a resinous inducer of a
conventional impeller.

Embodiments for Carrying Out the Invention

[0016] Exemplary embodiments of the present inven-
tion are demonstrated hereinafter with reference to the
accompanying drawings.

Embodiment 1

[0017] The following description refers to impeller 1 in
accordance with the first embodiment of the present in-
vention and also electric blower 100 equipped with im-
peller 1.
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[0018] Fig. 1 is a sectional view partially illustrating a
structure of electric blower 100 equipped with impeller 1
in accordance with the first embodiment of the present
invention. Fig. 2 is a partially cut-away perspective view
illustrating a structure of impeller 1 in accordance with
the first embodiment of the present invention. Fig. 3 is
an exploded perspective view illustrating a structure of
impeller 1 in accordance with the first embodiment of the
present invention. Fig. 4 is a sectional view illustrating a
structure of impeller 1 in accordance with the first em-
bodiment of the present invention.

[0019] AsshowninFig. 1, electric blower 100 includes
impeller 1, air guide 2, fan case 3, motor 4, and bracket
6 disposed on a counter-load side.

[0020] Impeller 1 generates an air current (suction air).
Airguide 2 is disposed confronting an outer rim ofimpeller
1 for rectifying the air current supplied from impeller 1.
Fan case 3 accommodates impeller 1 and air guide 2
therein. Motor 4 drives impeller 1. Bracket 6 disposed at
counter-load side is placed on the outer wall of motor 4,
and fan case 3 is mounted to bracket 6 hermetically.
[0021] Impeller 1 is supported by shaft 5 of motor 4.
Counter-load side bracket 6 includes exhausting opening
7 for exhausting the air sucked by impeller 1.

[0022] As shown in Fig. 2 - Fig. 4, impeller 1 includes
front shroud 20, rear shroud 21, multiple blades 22, and
inducer 23.

[0023] Front shroud 20 includes a first opening, i.e.
suction port 20a, at its center section. Rear shroud 21 is
disposed separately from front shroud 20 with a space
therebetween. Multiple blades 22 are held by and be-
tween front shroud 20 and rear shroud 21, and extend
from the center section toward the outer circumference
(rim) of rear shroud 21. Inducer 23 is disposed at the
center section of rear shroud 21, and is held by and be-
tween front shroud 20 and rear shroud 21.

[0024] Each one of blades 22 has multiple mating pro-
trusions 22a and 22b respectively on its faces to be
brought into contact with front shroud 20 and rear shroud
21. Front shroud 20 and rear shroud 21 have multiple
mating slits 20b and 21a for receiving mating protrusions
22a and 22b respectively. Mating protrusions 22a and
22b are inserted into slits 20b and 21a respectively, and
they are crimped together, whereby each blade 22 can
be mounted to front shroud 20 and rear shroud 21.
[0025] Inducer 23 is split into upper inducer 24 and
lower inducer 27 with a plane in parallel to rear shroud
21, namely, the plane vertical relative to shaft 5 of motor
4. Upper inducer 24 stays on front shroud 20 side, and
lower inducer 27 stays on rear shroud 21 side. This struc-
ture allows applying the force vectors uniformly to the
splitfaces of upperinducer 24 and lowerinducer 27 when
inducer 23 is held by and between front shroud 20 and
rear shroud 21, whereby inducer 23 can be more firmly
sandwiched between shrouds 20 and 21.

[0026] Inducer 23 is formed this way: end face P1 on
front shroud 20 side of a vane section of inducer 23 over-
laps with end face P2 on blade 22 side of a vane section
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of the adjacent inducer 23, and this overlap is viewed
from a top or a lateral view. In other words, this form is
difficult for a conventional molding method to mold.
[0027] AsshowninFig. 3 and Fig. 4, upper inducer 24
includes ring section 25 having second opening 25a at
the center and multiple first vane sections 26 extending
from ring section 25 toward the outer circumference (rim)
of inducer 23. Lower inducer 27 includes base section
28, multiple second vane sections 29, and shaft section
30. Base section 28 is mounted to rear shroud 21 and
forms a conical shape. Second vane sections 29 extend
from the center section of base section 28 toward the
outer rim thereof. Shaft section 30 extends from the cent-
er section of base section 28 toward upper inducer 24,
and fits into ring section 25.

[0028] As shown in Fig. 4, lower inducer 27 and rear
shroud 21 have third opening 27a and fourth opening
21b at their centers for receiving shaft 5 of motor 4 re-
spectively. Shaft 5 of motor 4 is fit into and supported by
third opening 27a and fourth opening 21b, whereby im-
peller 1 can be driven by motor 4.

[0029] As shownin Fig. 3, projection 30a is formed on
shaft section 30 of lower inducer 27 at base section 28
side. Recess 25b is formed on ring section 25 of upper
inducer 24 at lower inducer 27 side, and recess 25b
mates with projection 30a. Upper inducer 24 is thus po-
sitioned relative to and mounted to lower inducer 27 by
using projection 30a and recess 25b.

[0030] Upper inducer 24 and lower inducer 27 form
inducer 23. and ring section 25 of upper inducer 24 fits
into shaft section 30 of lower inducer 27, whereby upper
inducer 24 is positioned relative to and mounted to lower
inducer 27. This simple structure allows holding upper
inducer 24 and lower inducer 27 together more firmly.
[0031] First vane sections 26 of upper inducer 24 and
second vane sections 29 of lower inducer 27 form the
vane sections of inducer 23.

[0032] As shown in Fig. 4, ring section 25 of upper
inducer 24 and shaft section 30 of lower inducer 27 are
formed such that plane P3 on outer wall of ring 25 forming
the same plane of plane P4 of base section 28 of lower
inducer 27 at front shroud 20 side when upper inducer
24 is mounted to lower inducer 27.

[0033] In this embodiment, the number of first vane
sections 26 of upper inducer 24, the number of second
vane sections 29 of lower inducer 27, and the number of
blades 22 are determined nine (9) respectively consid-
ering the air volume of electric blower 100 and the rpm
of impeller 1.

[0034] Frontshroud 20, rear shroud 21 and blades 22
are made of metal, and inducer 23 is made of resin.
[0035] A method for molding the foregoing inducer 23
is demonstrated hereinafter.

[0036] Fig. 5A is a plan view illustrating a structure of
a mold for lower inducer 27 of impeller 1 in accordance
with the first embodiment of the present invention. Fig.
5B is a lateral view of this mold structure. Fig. 6A is a
plan view illustrating a structure of a mold for upper in-
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ducer 24 of impeller 1 in accordance with the first em-
bodiment of the present invention. Fig. 6B is a lateral
view of this mold structure.

[0037] As shown in Fig. 5A and Fig. 5B, the mold of
lower inducer 27 has angular intervals of 40 degrees,
and includes sliding molds 31 disposed in nine directions,
core 32 for molding lower inducer 27 from the top, and
cavity 33 for molding lower inducer 27 from the bottom.
[0038] Inducer 23 has this structure therein: end face
P1 on a vane section of inducer 23 at front shroud 20
side overlaps with end face P2 on a vane section of the
adjacent inducer 23 at blade 22 side, and this overlap is
viewed from the top face or the lateral face. However,
since inducer 23 is split into upper inducer 24 and lower
inducer 27, the mold structure discussed above allows
molding this inducer 23.

[0039] As shown in Fig. 6A and Fig. 6B, the mold for
upper inducer 24 includes core 42 for molding upper in-
ducer 24 from the top and cavity 43 for molding upper
inducer 24 from the bottom.

[0040] Asdiscussed previously, itis difficult forinducer
23 with aconventional structure and a conventional mold-
ing method to have multiple vane sections. However, the
split of inducer 23 into two parts, i.e. upper inducer 24
and lower inducer 27 as discussed in this embodiment,
allows the two parts to be molded independently. During
the assembly of impeller 1, these two parts are assem-
bled together, so that the inducer having multiple vane
sections can be obtained. Multiple vane sections can be
thus achieved with ease ininducer 23, so that the blowing
efficiency of electric blower 100 can be improved, and
the lower noises also can be achieved.

[0041] Since inducer 23 is held by and between front
shroud 20 and rear shroud 21, inducer 23 can be held
firmly with this simple structure. Inducer 23 can have mul-
tiple vane sections with ease as discussed above. Use
of impeller 1 in accordance with this first embodiment
allows electric blower 100 to improve the blowing effi-
ciency and lower the noises.

Embodiment 2
[0042] Impeller 51 in accordance with the second em-

bodiment of the present invention is demonstrated here-
inafter.

[0043] Fig. 7 is a sectional view illustrating a structure
of impeller 51.
[0044] Similar elements to those of impeller 1 in ac-

cordance with the foregoing first embodiment have the
same reference marks, and the descriptions thereof are
omitted.

[0045] Asshownin Fig. 7, groove section 34 is provid-
ed on a perimeter of front shroud 20 at a position where
first vane section 26 is brought into contact with second
vane section 29. Groove section 34 has a shape similar
to an end face of the first vane section 26 and the second
vane section 29 which are brought into contact with each
other at groove section 34 of front shroud 20, and groove
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section 34 has a width almost equal to that of this end
face.

[0046] This structure, i.e. groove section 34, allows
front shroud 20 to hold inducer 23 more firmly. Groove
section 34 also allows correcting warp or deformation
produced during the molding of inducer 23 by internal
stress.

[0047] Use of impeller 51 in accordance with the sec-
ond embodiment allows inducer 23 to have multiple vane
sections with ease. Electric blower 100 can thus improve
the blowing efficiency and lower the noises.

Embodiment 3

[0048] Impeller 52 in accordance with the third embod-
iment of the present invention is demonstrated hereinaf-
ter. Impeller 52 in accordance with the third embodiment
of the present invention is demonstrated hereinafter with
reference to Fig. 8 which is a sectional view illustrating
a structure of impeller 52. Similar elements to those of
impeller 1 and impeller 51 discussed in embodiments 1
and 2 have the same reference marks, and the descrip-
tions thereof are omitted here.

[0049] As shown in Fig. 8, second vane section 29 in-
cludes projection 29a extending from an end face, con-
tacting with front shroud 20, toward front shroud 20. Front
shroud 20 includes hole 20c at a place corresponding to
projection 29a for receiving projection 29a. Inducer 23 is
rigidly mounted to front shroud 20 by inserting projection
29a of second vane section 29 into hole 20c of front
shroud 20 and welding them together.

[0050] This simple structure allows front shroud 20 to
hold inducer 23 more firmly, so that inducer 23 can be
equipped with multiple vane sections with ease. As a
result, use of impeller 52 in accordance with this third
embodiment allows electric blower 100 to improve the
blowing efficiency and lower the noises.

[0051] In this third embodiment, the structure of pro-
jection 29a is formed on second vane section 29; how-
ever, the present invention is not limited to this structure.
For instance, projection 29a can be formed on first vane
section 26, or it can be formed on both first vane section
26 and second vane section 29. These simple structure
also allow front shroud to hold impeller 23 more firmly,
and impeller 23 can be thus equipped with multiple vane
sections with ease. As a result, electric blower 100 can
improve the blowing efficiency and lower the noises.

Embodiment 4

[0052] Impeller 53 in accordance with the fourth em-
bodiment of the present invention is demonstrated here-
inafter. Impeller 53 in accordance with the fourth embod-
iment of the present invention is demonstrated hereinaf-
ter with reference to Fig. 9 which is a sectional view il-
lustrating a structure around the center of impeller 53.

[0053] Similarelements tothose ofimpellers 1,51, and
52 demonstrated in embodiments 1 - 3 have the same
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reference marks, and the descriptions thereof are omitted
here.

[0054] As shown in Fig. 9, tab 30b is formed around
the end face of shaft section 30 of lower inducer 27 at
front shroud 20 side, andtab 30b is received like a stopper
on ring section 25 of upper inducer 24 at front shroud 20
side.

[0055] This structure allows upper inducer 24 to hold
lower inducer 24 more firmly along the shaft direction, so
that inducer 23 can be equipped with multiple vane sec-
tions with ease. As a result, use of impeller 53 in accord-
ance with the fourth embodiment allows electric blower
100 to improve the blowing efficiency and lower the nois-
es.

Embodiment 5

[0056] Electric vacuum cleaner 200 in accordance with
the fifth embodiment of the present invention is demon-
strated hereinafter. Electric vacuum cleaner 200 in ac-
cordance with the fifth embodiment of the present inven-
tion is demonstrated hereinafter with reference to Fig. 10
which schematically shows vacuum cleaner 200. Similar
elements to those used in embodiments 1 - 4 have the
same reference marks, and the descriptions thereof are
omitted here.

[0057] As showninFig. 10, cleaner 200 includes main
body 201, intake tool 202 for sucking dust from a target
surface for cleaning, hose 203 of which firstend is hooked
up to main body 201, extension tube 204 of which first
end is connected to hose 203 and the other end is con-
nected to intake tool 202. Manual operation section 205
is provided to an end section on hose 203 at extension
tube 204 side.

[0058] Main body 201 includes one of impellers 1, 51,
52, 53 demonstrated in embodiments 1 - 4, electric blow-
er 100 for generating suction air, and dust collector 206
placed on upstream side of blower 100 for collecting dust.
[0059] Operation and advantages of electric vacuum
cleaner 200 discussed above are demonstrated herein-
after.

[0060] A user holds manual operation section 205 and
starts the operation of cleaner 200, and then electric
blower generates suction air for producing suction force.
The user moves intake tool 202 on the target face, then
dust together with the air can be sucked from the target
face through intake tool 202.

[0061] The dust and air sucked flow into dust collector
206 through extension tube 204 and hose 203, and dust
collector 206 separates the dust from the air, and only
the dust is collected in dust collector 206. The air sepa-
rated from dustis sucked by electric blower 100 and pass-
es through blower 100 and main body 201 before it is
discharged outside main body 201.

[0062] Since electric vacuum cleaner 200 in accord-
ance with the fifth embodiment includes electric blower
100 equipped with one of impeller 1, 51, 52, or 53 dem-
onstrated in embodiments 1 - 4, cleaner 200 achieves
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high suction performance and low noises. Use of electric
vacuum cleaner 200 in accordance with the fifth embod-
iment allows the users to carry out a clean-up efficiently.
[0063] The impeller of the present invention is not lim-
ited to the structure of impeller 1, 51, 52, or 53 demon-
strated in the previous embodiments.

[0064] For instance, the number of first vane sections
26, the number of second vane sections 29, the number
of blades 22 are set 9 (nine) respectively in embodiments
1 - 4. However, the impeller of the present invention is
not limited to this structure. Those numbers can be set
appropriately for the air volume of the electric blower and
the rpm of the impeller.

Industrial Applicability

[0065] The impeller of the present invention allows the
inducer to be equipped with multiple vane sections with
ease. So that an electric blower or an electric vacuum
cleaner equipped with this impeller can improve the suc-
tion performance and lower the noises.

[0066] On top of that, the impeller allows the electric
vacuum cleaner to increase the sucking power and lower
the noises. The presentinventionis thus useful for house-
hold electric appliances and industrial devices using an
electric blower.

Description of Reference Sings

[0067]

1,51,52,53 impeller

2 air guide

3 fan case

4 motor

5 shaft

6 counter-load side bracket
7 exhausting opening
20 front shroud

20a suction port (first opening)
20b, 21a mating slit

20c hole

21 rear shroud

21b fourth opening

22 blade

22a, 22b mating protrusion
23 inducer

24 upper inducer

25 ring section

25a second opening

25b recess

26 first vane section

27 lower inducer

27a third opening

28 base section

29 second vane section
29a projection

30 shaft section
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30a
30b
31
32,42
33,43
34
100
200
201
202
203
204
205
206

Claims

10

projection

tab

sliding mold

core

cavity

groove section

electric blower

electric vacuum cleaner
main body

intake tool

hose

extension tube

manual operation section
dust collector

1.  Animpeller comprising:

a front shroud having a first opening at a center
section of the front shroud;

arear shroud disposed separately from the front
shroud with a space therebetween;

a plurality of blades held by and between the
front shroud and the rear shroud, and extending
from a center section of the rear shroud toward
an outer circumference of the rear shroud; and
an inducer disposed at the center section of the
rear shroud,

wherein the inducer includes an upper inducer dis-
posed at the front shroud side and a lower inducer
disposed at the rear shroud side.

2. The impeller of claim 1, wherein the inducer is held
by and between the front shroud and the rear shroud.

3. The impeller of claim 1, wherein the inducer is split
into the upper inducer and the lower inducer with a
plane parallel to the rear shroud.

4. The impeller of claim 1, wherein the upper inducer
includes:

aring section having a second opening at a cent-
er section of the ring section; and

a plurality of first vane sections extending from
the ring section toward an outer circumference
of the inducer,

wherein the lower inducer includes:

a base section mounted to the rear shroud;

a plurality of second vane sections extending
from a center section of the base section toward
an outer circumference of the base section; and
a shaft section extending from the center section
of the base section toward the upper inducer
and fitting into the ring section.
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The impeller of claim 4, wherein the front shroud has
a groove section on a whole perimeter of the front
shroud at a place where the front shroud is brought
into contact with the first vane sections and the sec-
ond vane sections.

The impeller of claim 4, wherein a projection is pro-
vided to at least one of the first vane sections and
the second vane sections, the projection extending
from the first vane sections and the second vane
section toward the front shroud,

wherein a hole is provided to the front shroud for
receiving the projection,

wherein the inducer is rigidly mounted to the front
shroud by inserting the projection into the hole and
welding the projection.

The impeller of claim 4, wherein the shaft section of
the lower inducer has a tab that is to be received by
the ring section of the upper inducer for fitting.

An electric blower comprising the impeller as defined
in any one of claim 1 through claim 7.

An electric vacuum cleaner comprising:

amain body including the electric blower of claim
8; and

an intake tool for sucking dust from a target face
for cleaning.
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