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(54) AXIAL FLOW FAN

(57) A hub (71) of an axial-flow fan (70) has an outer
perimeter cylinder (72) and a lid (73). The outer perimeter
cylinder (72) is a portion having an opening (72a) in the
axial center, a plurality of blades (91) being formed so
as to project from the outer perimeter edge. The lid (73)
is a portion extending from the outer perimeter cylinder
(72) toward the boss (81) so as to cover the opening
(72a) of the outer perimeter cylinder (72), and connecting
the boss (81) and the outer perimeter cylinder (72) to-
gether. Reinforcing ribs (74, 75) for reinforcing the con-
nection between the hub (71) and the boss (81) are in-
tegrally resin-molded together with the hub (71) and the
boss (81) on both axial-direction sides of the lid (73).
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Description

TECHNICAL FIELD

[0001] The present invention relates to an axial-flow
fan, and relates in particular to an axial-flow fan in which
a boss and a plurality of blades are integrally resin-mold-
ed with a hub, an axial hole through which a drive motor
shaft is inserted being formed in the boss in the axial
center of the hub.

BACKGROUND ART

[0002] In the past, there have been axial-flow fans in
which a boss and a plurality of blades are integrally resin-
molded with a hub, an axial hole through which a drive
motor shaft is inserted being formed in the boss in the
axial center of the hub, such as those shown in Patent
Literatures 1 and 2 (Japanese Laid-open Patent Appli-
cation No. H5-340383 and Japanese Laid-open Patent
Application No. 2011-74817). The hub herein has an out-
er perimeter cylinder and a lid. The outer perimeter cyl-
inder is a portion having an opening in the axial center,
a plurality of blades being formed so as to project from
the outer perimeter edge. The lid, which extends from
the outer perimeter cylinder toward the boss so as to
cover the opening of the outer perimeter cylinder, is a
portion for connecting the boss and the outer perimeter
cylinder together. Specifically, the boss is connected to
the outer perimeter cylinder and integrated with the hub
by the lid. Reinforcing ribs are also formed between the
hub and the boss.

SUMMARY OF THE INVENTION

[0003] In the above-described conventional axial-flow
fan, there is sometimes insufficient connection strength
between the hub and the boss.
[0004] An object of the present invention is to improve
the connection strength between the hub and the boss
in an axial-flow fan in which a boss and a plurality of
blades are integrally resin-molded with a hub, an axial
hole through which a drive motor shaft is inserted being
formed in the boss in the axial center of the hub.
[0005] An axial-flow fan according to a first aspect is
an axial-flow fan having blades in which a boss and a
plurality of blades are integrally resin-molded with a hub,
an axial hole through which a drive motor shaft is inserted
being formed in the boss in the axial center of the hub.
The hub has an outer perimeter cylinder and a lid. The
outer perimeter cylinder is a portion having an opening
in the axial center, the blades being formed so as to
project from the outer perimeter edge. The lid is a portion
extending from the outer perimeter cylinder toward the
boss so as to cover the opening of the outer perimeter
cylinder, and connecting the boss and the outer perimeter
cylinder together. Reinforcing ribs for reinforcing the con-
nection between the hub and the boss are integrally resin-

molded together with the hub and the boss on both axial-
direction sides of the lid.
[0006] In a conventional axial-flow fan, reinforcing ribs
are formed between the hub and the boss but the rein-
forcing ribs are formed on only one axial-direction side
of the lid. This is a cause of the connection strength be-
tween the hub and the boss being insufficient.
[0007] In view of this, in this axial-flow fan, reinforcing
ribs are formed on the both axial-direction sides of the
lid as described above.
[0008] It is thereby possible in this axial-flow fan to
strengthen the reinforcement between the hub and the
boss, and to improve the connection strength between
the hub and the boss.
[0009] An axial-flow fan according to a second aspect
is the axial-flow fan according to the first aspect, wherein
the lid extends toward the inner perimeter and in the axial
direction from the outer perimeter cylinder. The reinforc-
ing ribs have outer perimeter reinforcing ribs for connect-
ing the outer perimeter cylinder and the lid together, and
inner perimeter reinforcing ribs for connecting the lid and
the boss together.
[0010] In this axial-flow fan, the lid extends toward the
inner perimeter and in the axial direction from the outer
perimeter cylinder. Therefore, a space is formed diame-
trally between the lid and the outer perimeter cylinder on
one axial-direction side of the lid, and another space is
formed diametrally between the boss and the lid on the
other axial-direction side of the lid. The outer perimeter
reinforcing ribs are formed in the space on the first axial-
direction side of the lid, and the inner perimeter reinforc-
ing ribs are formed in the space on the other axial-direc-
tion side of the lid.
[0011] It is thereby possible in this axial-flow fan to
strengthen the reinforcement between the hub and the
boss by means of two types of reinforcing ribs formed on
the both axial-direction sides of the lid.
[0012] An axial-flow fan according to a third aspect is
the axial-flow fan according to the second aspect, where-
in the boss extends from the inner perimeter edge of the
lid toward the side near the drive motor. A washer fitting
part includes a concavity into which a washer for stopping
the rotation of the shaft is fitted, and is formed in an end
surface of the boss on the side further from the drive
motor.
[0013] In this axial-flow fan, because the washer fitting
part is formed in the end surface of the boss on the side
further from the drive motor, there is a portion of little
thickness in the vicinity of the end surface on the side of
the boss further from the drive motor. Therefore, in this
axial-flow fan, the connecting portion between the boss
and the inner perimeter edge of the lid is likely to lose
strength.
[0014] However, in this axial-flow fan, the reinforce-
ment between the boss and the lid is strengthened by
the inner perimeter reinforcing ribs as described above.
[0015] It is thereby possible in this axial-flow fan to
achieve sufficient connection strength between the boss
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and the lid, despite the connecting portion between the
boss and the inner perimeter edge of the lid being likely
to lose strength.
[0016] An axial-flow fan according to a fourth aspect
is the axial-flow fan according to the second or third as-
pect, wherein pluralities of both the outer perimeter rein-
forcing ribs and the inner perimeter reinforcing ribs are
disposed at intervals in the circumferential direction.
[0017] An axial-flow fan according to a fifth aspect is
the axial-flow fan according to the fourth aspect, wherein
a thin-walled boss part is formed in the outer perimeter
portion of the axial hole of the boss so that a plurality of
columnar ribs are left at intervals in the circumferential
direction.
[0018] In this axial-flow fan, the transmission of vibra-
tions such as cogging sounds from the boss to the hub
can be mitigated by the plurality of columnar ribs. Spe-
cifically, the plurality of columnar ribs function is a vibra-
tion-absorbing structure of the axial-flow fan.
[0019] It is thereby possible in this axial-flow fan to min-
imize noises caused by vibrations such as cogging
sounds.
[0020] An axial-flow fan according to a sixth aspect is
the axial-flow fan according to the fifth aspect, wherein
the columnar ribs are disposed in the same circumferen-
tial direction positions as the inner perimeter reinforcing
ribs.
[0021] In this axial-flow fan, the columnar ribs together
with the inner perimeter reinforcing ribs function as inte-
grated reinforcing ribs for diametrally supporting the boss
and the lid.
[0022] It is thereby possible in this axial-flow fan for the
boss and the lid to be connected together more firmly.
[0023] An axial-flow fan according to a seventh aspect
is the axial-flow fan according to any of the fourth through
sixth aspects, wherein the outer perimeter reinforcing ribs
are disposed between the inner perimeter reinforcing ribs
in the circumferential direction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024]

FIG. 1 is a plan view showing a state in which a ceiling
plate has been removed from an outdoor unit in
which an outdoor fan is used as an axial-flow fan
according to an embodiment of the present inven-
tion.
FIG. 2 is a front view of the outdoor unit in which the
outdoor fan according to an embodiment of the
present invention is used.
FIG. 3 is a perspective view of the outdoor fan ac-
cording to an embodiment of the present invention.
FIG. 4 is a plan view of a negative pressure surface
side of the outdoor fan according to an embodiment
of the present invention.
FIG. 5 is a plan view of a positive pressure surface
side of the outdoor fan according to an embodiment

of the present invention.
FIG. 6 is a cross-sectional view along I-I in FIGS. 4
and 5.
FIG. 7 is a cross-sectional view along line II-II in
FIGS. 4 and 5.
FIG. 8 is a cross-sectional view of an outdoor fan
according to Modification 1, corresponding to FIG. 6.
FIG. 9 is a cross-sectional view of the outdoor fan
according to Modification 1, corresponding to FIG. 7.
FIG. 10 is a perspective view of an outdoor fan ac-
cording to Modification 2.
FIG. 11 is a plan view of a negative pressure surface
side of the outdoor fan according to Modification 2.
FIG. 12 is a plan view of a positive pressure surface
side of the outdoor fan according to Modification 2.
FIG. 13 is a cross-sectional view along line I-I in
FIGS. 11 and 12.
FIG. 14 is a cross-sectional view along line II-II in
FIGS. 11 and 12.

DESCRIPTION OF EMBODIMENTS

[0025] An embodiment of the axial-flow fan according
to the present invention is described below based on the
accompanying drawings. The specific configuration of
the axial-flow fan according to the present invention is
not limited to the embodiment below, and modifications
are possible within a scope not deviating from the main
point of the present invention. In the description below,
an example in which the present invention is applied to
an axial-flow fan configuring an outdoor unit is described,
but the present invention is not limited to this; it may be
applied to an axial-flow fan for another use.

(1) Overall configuration of the outdoor unit

[0026] FIGS. 1 and 2 are drawings illustrating an out-
door unit 2 of an air conditioning apparatus in which is
adopted an outdoor fan 70 as an axial-flow fan according
to one embodiment of the present invention. Here, FIG.
1 is a plan view of the outdoor unit 2 in a condition having
removed a ceiling plate 57. FIG. 2 is a front view of the
outdoor unit 2. In the description below, words expressing
directions and/or faces including "up," "down," "left," and
"right," and/or "front face," "side face," "back face," "top
face," and "bottom face," unless otherwise specified, sig-
nify directions and/or faces in the case of regarding the
outdoor unit 2 illustrated in FIG. 2 as a front face.
[0027] The outdoor unit 2 has a structure (so called
"trunk-type" structure), in which an internal space of a
unit casing 51 is divided into left and right by a partitioning
plate 58 extending in a vertical direction, whereby a blow-
er compartment S1 and a machine compartment S2 are
formed. The outdoor unit 2 is configured so that outside
air is taken into the unit casing 51 from a back face and
one part of a side face of the unit casing 51 and the outside
air is blown out from a front face of the unit casing 51.
The outdoor unit 2 mainly has the unit casing 51, refrig-
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erant circuit-configuring parts including a compressor 21,
an outdoor heat exchanger 24, and refrigerant pipes con-
necting these machines, an outdoor fan 70 (axial-flow
fan), and a bell mouth 80. Here, an example is described,
in which the blower compartment S1 is formed toward a
left side face of the unit casing 51 and the machine com-
partment S2 is formed toward a right side face of the unit
casing 51, but left and right may be reversed.
[0028] The unit casing 51 is formed in a roughly rec-
tangular parallelepiped form, and mainly houses the re-
frigerant circuit-configuring parts including the compres-
sor 21, the outdoor heat exchanger 24, and refrigerant
pipes connecting these machines, and the outdoor fan
70. The unit casing 51 has a floor plate 52, a blower
compartment-side side plate 53, a machine compart-
ment-side side part 54, a blower compartment-side front
plate 55, a machine compartment-side front plate 56, and
a ceiling plate 57.
[0029] The floor plate 52 is a metal plate-form member
configuring a bottom face of the unit casing 51. Two foun-
dation legs 59 and 60 fixed to a site installation surface
are provided beneath the floor plate 52.
[0030] The blower compartment-side side plate 53 is
a metal plate-form member configuring a side face por-
tion toward the blower compartment S1 of the unit casing
51. A lower part of the blower compartment-side side
plate 53 is fixed to the floor plate 52. An intake port 53a
for outside air taken into the unit casing 51 by the outdoor
fan 70 is formed on the blower compartment-side side
plate 53.
[0031] The machine compartment-side side plate 54
is a metal plate-form member configuring one part of a
side face portion toward the machine compartment S2
of the unit casing 51 and a back face portion toward the
machine compartment S2 of the unit casing 51. A lower
part of the machine compartment-side side plate 54 is
fixed to the floor plate 52. Here, the machine compart-
ment-side side plate 54 covers a portion toward the back
face of the side face of the machine compartment S2. An
intake port 53b for outside air taken into the unit casing
51 by the outdoor fan 70 is formed between an end part
on the back face side of the blower compartment-side
side plate 53 and an end part on the blower compartment
S 1 side of the machine compartment-side side plate 54.
[0032] The blower compartment-side front plate 55 is
a metal plate-form member configuring a front face por-
tion of the blower compartment S1 of the unit casing 51
and one part of a front face portion of the machine com-
partment S2 of the unit casing 51. A blow-out port 55a
for blowing out outside air taken into the unit casing 51
to the outside by the outdoor fan 70 is provided on the
blower compartment-side front plate 55. A front side of
the blow-out port 55a is covered by a fan grill 55b. A lower
part of the blower compartment-side front plate 55 is fixed
to the floor plate 52, and an end part on the left side face
side thereof is fixed to an end part on the front face side
of the blower compartment-side side plate 53.
[0033] The machine compartment-side front plate 56

is a metal plate-form member that is removed during test
running and/or maintenance in order to access the ma-
chine compartment S2 from the front face side of the unit
casing 51 and perform inspection, and the like, of the
machines disposed inside the machine compartment S2.
The machine compartment-side front plate 56 is a metal
plate-form member configuring one part of a front face
portion of the machine compartment S2 of the unit casing
51 and one part of a side face portion of the machine
compartment S2 of the unit casing 51. An end part on
the blower compartment S1 side of the machine com-
partment-side front plate 56 is fixed to an end part on the
machine compartment S2 side of the blower compart-
ment-side front plate 55, and an end part on a back face
side thereof is fixed to an end part on the front face side
of the machine compartment-side side plate 54. Here,
one part of the front face portion of the machine compart-
ment S2 of the unit casing 51 is configured by the blower
compartment-side front plate 55, but that part may be
configured by the machine compartment-side front plate
56. The blower compartment-side front plate 55 and the
machine compartment-side front plate 56 also may be
an integrated member.
[0034] The ceiling plate 57 is a metal plate-form mem-
ber configuring a top face portion of the unit casing 51.
The ceiling plate 57 is fixed to the blower compartment-
side side plate 53, the machine compartment-side side
plate 54, and the blower compartment-side front plate 55.
[0035] The partitioning plate 58 is a metal plate-form
member being disposed on the floor plate 52 and extend-
ing in a vertical direction. The partitioning plate 58 divides
the internal space of the unit casing 51 into left and right
to form the blower compartment S1 toward the left side
face and the machine compartment S2 toward the right
side face. The partitioning plate 58 has a shape that is
curved so that a central portion in a front-to-back direction
thereof projects toward the blower compartment S1 side.
A lower part of the partitioning plate 58 is fixed to the floor
plate 52, an end part on a front face side thereof is fixed
to the blower compartment-side front plate 55, and an
end part on a back face side thereof is fixed to an end
part on the machine compartment S2 side of the outdoor
heat exchanger 24.
[0036] The outdoor fan 70 is a propeller type axial-flow
fan mainly with which a hub 71 and a plurality of (here,
three) blades 91 are integrally resin-molded, the plurality
of blades 91 being formed so as to project from an outer
perimeter edge of the hub 71. The outdoor fan 70 is pro-
vided so as to face opposite the front face of the unit
casing 51 inside the blower compartment S1. More spe-
cifically, the outdoor fan 70 is provided so as to face op-
posite the blow-out port 55a formed on the blower com-
partment-side front plate 55 in a position on the front face
side of the outdoor heat exchanger 24. Here, a recessed
part 101 recessed toward a front edge side of the blade
91 is formed in a rear edge of the blade 91, for the purpose
of improvement of ventilating performance and/or sup-
pression of noise. The outdoor fan 70 is driven to rotate

5 6 



EP 2 799 719 A1

5

5

10

15

20

25

30

35

40

45

50

55

by a fan motor 89 disposed between the outdoor fan 70
and the outdoor heat exchanger 24 in the front-to-back
direction. The fan motor 89 is supported by a fan motor
mount 61 extending in a vertical direction between the
ceiling plate 57 and the floor plate 52. A detailed config-
uration of the outdoor fan is to be described.
[0037] The bell mouth 62 is a member having a bell-
shaped opening 62a having an open center, and is pro-
vided on the outer perimeter side of the outdoor fan 70.
That is, the bell mouth 62 is provided so as to face op-
posite the front face of the unit casing 51 in the same
manner as the outdoor fan 70 inside the blower compart-
ment S1, and the outer perimeter of the outdoor fan 70
is surrounded by the opening 62a. The bell mouth 62 is
fixed to the front face of the unit casing 51. A portion of
the bell mouth 62 toward the blower compartment-side
side plate 53 is disposed proximally to a front-side end
of the outdoor heat exchanger 24. A portion of the bell
mouth 62 toward the machine compartment S1 is dis-
posed proximally to the partitioning plate 58.
[0038] The outdoor heat exchanger 24 is a roughly L-
shaped heat exchanger panel, and is disposed on the
floor plate 52 so as to follow the left side face and the
back face of the unit casing 51 inside the blower com-
partment S1.
[0039] The compressor 21 is a sealed-type compres-
sor having an upright cylindrical shape, and is disposed
inside the machine compartment S2.
[0040] Although not illustrated here, the machines, re-
frigerant pipes, and/or other refrigerant circuit-configur-
ing parts in addition to the compressor 21 also are dis-
posed inside the machine compartment S2.

(2) Detailed configuration of outdoor fan

[0041] Next, FIGS. 3 to 7 are used to describe the de-
tailed configuration of the outdoor fan 70 as an axial-flow
fan according to the present embodiment. FIG. 3 is a
perspective view of the outdoor fan 70. FIG. 4 is a plan
view of the negative pressure face side of the outdoor
fan 70. FIG. 5 is a plan view of the positive pressure face
side of the outdoor fan 70. FIG. 6 is a cross-sectional
view along line I-I in FIGS. 4 and 5. FIG. 7 is a cross-
sectional view along II-II in FIGS. 4 and 5. In the following
descriptions, the axial center (rotational center) of the
outdoor fan 70 is denoted as the axial center O, and the
axis line thereof is denoted as the rotational axis line O-
O. The direction along the rotational axis line O-O is de-
noted as the axial direction, the state of the outdoor fan
70 seen from the axial direction is denoted as a plan view,
and the direction orthogonal to this plan view (i.e. the
direction of viewing a cross section of the outdoor fan 70
cut along the rotational axis line O-O) is denoted as a
cross-sectional view.
[0042] The outdoor fan 70 is a propeller fan in which
primarily the hub 71 and a plurality (here, three) of the
blades 91 are integrally resin-molded, the blades being
formed so as to project from the outer perimeter edge of

the hub 71, as described above. The number of blades
91 is not limited to three, and may be four or more, for
example. In the outdoor fan 70, a boss 81 is integrally
resin-molded in the hub 71, an axial hole 82 through
which a shaft 89a of a fan motor 89 as a drive motor is
inserted being formed in the boss in the axial center O
of the hub 71.
[0043] The blades 91 have blade shapes that advance
forward and tilt forward. The thickness of the blades 91
is greatest in the joints with the hub 71, and decreases
toward the outer perimeter. The recessed part 101
formed in the rear edges of the blades 91 are disposed
nearer to the outer perimeter than the joints. When the
outdoor fan 70 is rotated, the surfaces of the sides where
air flows in (the upstream sides in the air flow direction)
are denoted as the negative pressure surfaces 91a, and
the opposite sides (the downstream sides in the air flow
direction) are denoted as the positive pressure surfaces
91b.
[0044] The hub 71 has primarily an outer perimeter cyl-
inder 72 and a lid 73. The outer perimeter cylinder 72 is
a portion having an opening 72a in the axial center O, a
plurality of blades 91 being formed so as to project from
the outer perimeter edge. The outer perimeter cylinder
72 herein has a cylindrical shape.
[0045] The lid 73, which extends from the outer perim-
eter cylinder 72 toward the boss 81 so as to cover the
opening 72a of the outer perimeter cylinder 72, is a por-
tion for connecting the boss 81 and the outer perimeter
cylinder 72 together. Specifically, the lid 73 extends to-
ward the inner perimeter and in the axial direction from
the outer perimeter cylinder 72. The lid 73 herein has an
outer perimeter plate 73a, an intermediate cylinder 73b,
and an inner perimeter plate 73c. The outer perimeter
plate 73a is an annular portion extending toward the inner
perimeter from the outer perimeter cylinder 72. The outer
perimeter plate 73a, which extends toward the inner pe-
rimeter from the end of the outer perimeter cylinder 72
on the fan motor 89 side in the axial direction, is joined
to the intermediate cylinder 73b. The intermediate cylin-
der 73b is a cylindrical portion extending along the axial
direction from the outer perimeter plate 73a. The inter-
mediate cylinder 73b, which extends in a direction of mov-
ing away from the fan motor 89 from the inner perimeter
edge of the outer perimeter plate 73a, is joined to the
inner perimeter plate 73c. The inner perimeter plate 73c
is an annular portion extending toward the inner perim-
eter from the intermediate cylinder 73b. The inner perim-
eter plate 73c, which extends toward the inner perimeter
from the end of the intermediate cylinder 73b opposite
to the fan motor 89 side in the axial direction, is joined to
the boss 81. Specifically, the lid 73, which as a whole
extends toward the inner perimeter and in the axial di-
rection from the outer perimeter cylinder 72, is configured
from the outer perimeter plate 73a and the inner perim-
eter plate 73c which extend toward the inner perimeter,
and the intermediate cylinder 73b which extends in the
axial direction.
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[0046] The boss 81, which is a cylindrical portion in
which the axial hole 82 is formed as described above,
extends from the inner perimeter edge of the lid 73 (the
inner perimeter plate 73c herein) toward a side near the
fan motor 89. The portion of the axial hole 82 on the side
near the fan motor 89 is a circular round hole 82a having
an inside diameter capable of accommodating insertion
of the shaft 89a of the fan motor 89. The portion of the
axial hole 82 on the side further from the fan motor 89 is
a D-shaped hole 82b, having a D shape capable of ac-
commodating insertion of a D-cut part 89b having a D-
shaped cross section formed in the tip of the shaft 89a.
In an end surface 83 of the boss 81 on the side further
from the fan motor 89 is formed a washer fitting part 83a
including a concavity into which a washer 87 for stopping
the shaft 89a from rotating is fitted. Specifically, with the
shaft 89a inserted into the boss 81, the shaft is fixed to
the boss 81 by threading a nut 88 in which is formed a
female thread to be threaded on a male thread portion
formed in the tip of the shaft 89a. At this time, merely with
the nut 88 threaded on the shaft 89a, there is yet a risk
of the shaft 89a rotating relative to the boss 81. In view
of this, the D-shaped hole 82b is first formed in the axial
hole 82 of the boss 81 as described above, and the D-
cut part 89b of the shaft 89a is inserted into the D-shaped
hole 82b. Moreover, the washer 87, in which is formed a
D-shaped hole 87a of the same size as the D-shaped
hole 82b, is fitted into the washer fitting part 83a formed
in the end surface 83 on the side of the boss 81 further
from the fan motor 89, and the washer 87 is prevented
from rotating relative to the boss 81. The washer 87 here-
in has a square shape, and the washer fitting part 83a is
a square-shaped concavity. Thus, the shaft 89a is
stopped from rotating by the washer 87 and by the D-
shaped hole 82b formed in the boss 81. Because the
shaft 89a is a member made of metal, the boss 81 would
readily be damaged near the D-shaped hole 82b by the
shaft 89a if the shaft 89a were to be stopped from rotating
by only the D-shaped hole 82b formed in the resinous
boss 81. However, because the metal washer 87 also
contributes to the rotation stopping, damage to the boss
81 near the D-shaped hole 82b can be minimized.
[0047] In the outdoor fan 70 composed of this type of
resinous axial-flow fan, it is preferable to sufficiently im-
prove the connection strength between the hub 71 and
the boss 81. Particularly, because the washer fitting part
83a herein is formed in the end surface 83 on the side
of the boss 81 further from the fan motor 89, there is a
portion of little thickness in the vicinity of the end surface
83 on the side of the boss 81 further from the fan motor
89. Therefore, in the outdoor fan 70, the connecting por-
tion between the boss 81 and the inner perimeter edge
of the lid 73 (the inner perimeter edge of the inner perim-
eter plate 73c herein) is likely to lose strength.
[0048] In view of this, in the outdoor fan 70, reinforcing
ribs 74, 75 for reinforcing the connection between the
hub 71 and the boss 81 are integrally resin-molded with
the hub 71 and the boss 81 on both axial-direction sides

of the lid 73. Outer perimeter reinforcing ribs 74 are ribs
that connect the outer perimeter cylinder 72 and the lid
73 together. The outer perimeter reinforcing ribs 74 are
formed on one axial-direction side of the lid 73 (the side
further from the fan motor 89 herein), in a space S1
formed diametrally between the lid 73 and the outer pe-
rimeter cylinder 72. A plurality (six herein) of outer pe-
rimeter reinforcing ribs 74 are disposed at intervals in the
circumferential direction. The outer perimeter reinforcing
ribs 74 are plate-shaped members extending from the
inner perimeter surface of the outer perimeter cylinder
72 toward a surface on one axial-direction side of the
outer perimeter plate 73a of the lid 73 and toward the
outer perimeter surface of the intermediate cylinder 73b.
Inner perimeter reinforcing ribs 75 are ribs that connect
the lid 73 and the boss 81 together. The inner perimeter
reinforcing ribs 75 are formed on the other axial-direction
side of the lid 73 (the side nearer to the fan motor 89
herein), in a space S2 formed diametrally between the
boss 81 and the lid 73. A plurality (six herein) of inner
perimeter reinforcing ribs 75 are disposed at intervals in
the circumferential direction. The inner perimeter rein-
forcing ribs 75 are plate-shaped members extending from
the inner perimeter surface of the intermediate cylinder
73b of the lid 73 and from the surface on the other axial-
direction side of the inner perimeter plate 73c, toward the
outer perimeter surface of the boss 81. The outer perim-
eter reinforcing ribs 74 are herein disposed between the
inner perimeter reinforcing ribs 75 in the circumferential
direction.
[0049] In an outdoor fan 70 of such description, rein-
forcing ribs 74, 75 are formed on both axial-direction
sides of the lid 73 as described above, unlike a conven-
tional axial-flow fan in which reinforcing ribs are formed
on only one axial-direction side of the lid.
[0050] It is thereby possible in the outdoor fan 70 to
strengthen the reinforcement between the hub 71 and
the boss 81, and also to improve connection strength
between the hub 71 and the boss 81, by means of the
two types of reinforcing ribs 74, 75 formed on both axial-
direction sides of the lid 73.
[0051] In the outdoor fan 70, the connecting portion
between the boss 81 and the inner perimeter edge of the
lid 73 is likely to lose strength as described above, while
the reinforcement between the boss 81 and the lid 73 is
strengthened by the inner perimeter reinforcing ribs 75
as described above.
[0052] Despite the connecting portion between the
boss 81 and the inner perimeter edge of the lid 73 being
likely to lose strength, it is thereby possible in the outdoor
fan 70 to achieve sufficient connection strength between
the boss 81 and the lid 73.

(3) Modification 1

[0053] In the outdoor fan 70 of the above embodiment
(see FIGS. 3 to 7), the lid 73 is configured so as to extend
as a whole from the outer perimeter cylinder 72 toward

9 10 
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the inner perimeter and in the axial direction, by the outer
perimeter plate 73 a, the intermediate cylinder 73b, and
the inner perimeter plate 73c. However, the lid 73 is not
limited to this configuration, and may be a portion that
overall extends from the outer perimeter cylinder 72 to-
ward the inner perimeter while inclining in the axial direc-
tion, as shown in FIGS. 8 and 9, for example. Thus, the
lid 73 is not limited to the shape of the above embodiment,
and may be shaped in various different ways.

(4) Modification 2

[0054] In the outdoor fans 70 of the above embodiment
and Modification 1 (see FIGS. 3 to 9), it is preferable to
provide a vibration-absorbing structure for minimizing
noises caused by vibrations such as cogging sounds.
[0055] In view of this, in the outdoor fan 70 of the
present modification, a thin-walled boss part 84 may be
formed in the outer perimeter portion of the axial hole 82
of the boss 81 so that a plurality (six herein) of columnar
ribs 85 are left, as shown in FIGS. 10 to 14.
[0056] In the outdoor fan 70 of the present modification,
the transmission of vibrations such as cogging sounds
from the boss 81 to the hub 71 can thereby be mitigated
by the plurality of columnar ribs 85. Specifically, the plu-
rality of columnar ribs 85 function as a vibration-absorb-
ing structure of the outdoor fan 70.
[0057] The columnar ribs 85 herein are disposed in the
same circumferential direction positions as the inner pe-
rimeter reinforcing ribs 75. Therefore, in the outdoor fan
70 of the present modification, the columnar ribs 85 are
designed to function together with the inner perimeter
reinforcing ribs 75 as integrated reinforcing ribs for diam-
etrally supporting the boss 81 and the lid 73.
[0058] In the outdoor fan 70 of the present modification,
the boss 81 and the lid 73 can thereby be connected
together more firmly.
[0059] Furthermore, the columnar ribs 85 are formed
herein so as to not pass through the end surface 83 on
the side of the boss 81 further from the fan motor 89.
[0060] In the outdoor fan 70 of the present modification,
it is thereby possible to firmly connect the boss 81 and
the lid 73 together and to install a vibration-absorbing
structure while minimizing the loss of strength in the vi-
cinity of the end surface 83 on the side of the boss 81
further from the fan motor 89.
[0061] In FIGS. 10 to 14, the thin-walled boss part 84
and the columnar ribs 85 are formed in the boss 81 of
the outdoor fan 70 shown in FIGS. 3 to 7, but the thin-
walled boss part 84 and the columnar ribs 85 may also
be formed in the boss 81 of the outdoor fan 70 shown in
FIGS. 8 and 9.

INDUSTRIAL APPLICABILITY

[0062] The present invention is widely applicable in an
axial-flow fan in which a boss and a plurality of blades
are integrally resin-molded with a hub, an axial hole

through which a drive motor shaft is inserted being
formed in the boss in the axial center of the hub.

REFERENCE SIGNS LIST

[0063]

70 Axial-flow fan
71 Hub
72 Outer perimeter cylinder
72a Opening
73 Lid
74 Outer perimeter reinforcing rib
75 Inner perimeter reinforcing rib
81 Boss
82 Axial hole
83 End surface on side of boss further from fan motor
83a Washer fitting part
84 Thin-walled boss part
85 Columnar rib
87 Washer
89 Fan motor (drive motor)
89a Shaft
91 Blade

CITATION LIST

PATENT LITERATURE

[0064]

<Patent Literature 1>
Japanese Laid-open Patent Application No.
H5-340383
<Patent Literature 2>
Japanese Laid-open Patent Application No.
2011-74817

Claims

1. An axial-flow fan (70) in which a boss (81) and a
plurality of blades (91) are integrally resin-molded
with a hub (71), an axial hole (82) thorough which a
shaft (89a) of a drive motor (89) is inserted being
formed in the boss in the axial center of the hub,
wherein:

the hub has an outer perimeter cylinder (72) hav-
ing an opening (72a) in the axial center, the
blades being formed so as to project from the
outer perimeter edge, and a lid (73) extending
from the outer perimeter cylinder toward the
boss so as to cover the opening of the outer
perimeter cylinder and connecting the boss and
the outer perimeter cylinder together; and
reinforcing ribs (74, 75) for reinforcing the con-
nection between the hub and the boss are inte-
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grally resin-molded together with the hub and
the boss on both axial-direction sides of the lid.

2. The axial-flow fan (70) according to claim 1, wherein:

the lid (73) extends toward the inner perimeter
and in the axial direction from the outer perim-
eter cylinder (72); and
the reinforcing ribs have outer perimeter rein-
forcing ribs (74) for connecting the outer perim-
eter cylinder and the lid together, and inner pe-
rimeter reinforcing ribs (75) for connecting the
lid and the boss (81) together.

3. The axial-flow fan (70) according to claim 2, wherein:

the boss (81) extends from the inner perimeter
edge of the lid (73) toward the side near the drive
motor (89); and
a washer fitting part (83a) includes a concavity
into which a washer (87) for stopping the rotation
of the shaft (89a) is fitted, and is formed in an
end surface (83) of the boss on the side further
from the drive motor.

4. The axial-flow fan (70) according to claim 2 or 3,
wherein:

pluralities of both the outer perimeter reinforcing
ribs (74) and the inner perimeter reinforcing ribs
(75) are disposed at intervals in the circumfer-
ential direction.

5. The axial-flow fan (70) according to claim 4, wherein:

a thin-walled boss part (84) is formed in the outer
perimeter portion of the axial hole (82) of the
boss (81) so that a plurality of columnar ribs (85)
are left at intervals in the circumferential direc-
tion.

6. The axial-flow fan (70) according to claim 5, wherein:

the columnar ribs (85) are disposed in the same
circumferential direction positions as the inner
perimeter reinforcing ribs (75).

7. The axial-flow fan (70) according to any of claims 4
through 6, wherein:

the outer perimeter reinforcing ribs (74) are dis-
posed between the inner perimeter reinforcing
ribs (75) in the circumferential direction.
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