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(54) FAN, CENTRIFUGAL FAN, AND AIR CONDITIONING DEVICE

(57) A centrifugal fan 3 includes a shroud 51, a main
plate 53, and a plurality of vanes 55, wherein the shroud
51 and the main plate 53 are separated in the direction
of the rotational axis of the centrifugal fan, the plurality
of vanes 55 are provided between the shroud 51 and the
main plate 53, the plurality of vanes 55 are welded to at
least one of the shroud 51 and the main plate 53, and at
least one of the shroud 51 and the main plate 53 is a
member having a visible light transmissivity of no less
than 30 percent.
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Description

[Technical Field]

[0001] The present invention relates to a fan and to an
air-conditioning device provided with the fan.

[Background Art]

[0002] PTL 1 discloses a centrifugal fan provided in an
air-conditioning device of a ceiling-embedded type. This
centrifugal fan is provided with a main plate, a side plate
and a plurality of vanes. The main plate is separated from
the side plate in the direction of the rotational axis of the
fan, and the plurality of vanes are provided between the
main plate and the side plate.

[Citation List]

[Patent Literature]

[0003] [PTL 1] Japanese Patent Application Publica-
tion No. 2005-155510

[Summary of Invention]

[Technical Problem]

[0004] In each of the plurality of vanes, the end surface
on one side is connected to the main plate, and the end
surface on the other side is connected to the side plate,
and it is desirable for each of the plurality of vanes to
maintain a satisfactory state of connection with the main
plate or the side plate.
[0005] The present invention was devised in view of
the foregoing, an object thereof being to provide a fan
and an air-conditioning device wherein the state of con-
nection between a plurality of vanes and vane supporting
members can be confirmed easily.

[Solution to Problem]

[0006] In order to achieve the object described above,
the fan according to the present invention is a fan, com-
prising a first supporting member, a second supporting
member and a plurality of vanes; wherein the first sup-
porting member and the second supporting member are
separated in the direction of a rotational axis of the fan;
the plurality of vanes are provided between the first sup-
porting member and the second supporting member; the
plurality of vanes are welded to at least one of the first
supporting member and the second supporting member;
and the at least one of the first supporting member and
the second supporting member is a member having a
visible light transmissivity of no less than 30 percent.
[0007] The vanes may be members having a visible
light transmissivity of less than 30 percent.
[0008] The negative pressure surface sides of both

ends of each of the vanes may be welded to the corre-
sponding first supporting member and the second sup-
porting member.
[0009] The present invention may be a centrifugal fan
which is the fan described above, wherein the first sup-
porting member is a shroud and the second supporting
member is a main plate; a plurality of receiving sections
are formed in the shroud; the receiving sections each
project in a direction away from the main plate, and have
a recess on the inner side of the receiving section; and
one end of each of the vanes is fitted into the recess of
the corresponding receiving section of the shroud, and
the negative pressure surface side of the one end is weld-
ed to a bottom surface of the corresponding recess.
[0010] The receiving sections may have a first step
section, a second step section and an inclined surface
section; the recess depth of the first step section may be
greater than the recess depth of the second step section;
and the inclined surface section may be situated between
the first step section and the second step section and
may extend obliquely with respect to the direction in
which the first step section and the second step section
extend.
[0011] A first round section may be formed on the one
end side of the vane that is welded to the shroud, on the
positive pressure surface of the vane; a second round
section may be formed on the one end side of the vane
that is welded to the shroud, on the negative pressure
surface of the vane; and as one aspect of the invention,
when taking the radius of curvature of the first round sec-
tion to be R1 and taking the radius of curvature of the
second round section to be R2, then R1 > R2. A third
round section may be formed on a front edge side of the
positive pressure surface of the vane; a fourth round sec-
tion may be formed on a front edge side of the negative
pressure surface of the vane; and as one aspect of the
invention, when taking the radius of curvature of the third
round section to be R3 and taking the radius of curvature
of the fourth round section to be R4, then R3 > R4.
[0012] An air-conditioning device according to the
present invention which achieves the object includes a
heat exchanger and a fan, the fan being the fan or cen-
trifugal fan of the present invention described above.

[Advantageous Effects of Invention]

[0013] According to the present invention, the state of
connection between a plurality of vanes and vane sup-
porting members can be confirmed easily.

[Brief Description of Drawings]

[0014]

[Fig. 1]
Fig. 1 is a drawing showing the internal structure of
an air-conditioning device relating to a first embodi-
ment of the present invention.
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[Fig. 2]
Fig. 2 is a perspective diagram of a centrifugal fan
according to the first embodiment.
[Fig. 3]
Fig. 3 is a diagram showing a peripheral portion of
one vane as viewed from the direction of the arrow
III in Fig. 2.
[Fig. 4]
Fig. 4 is a diagram showing a peripheral portion of
one vane as viewed from the direction of the arrow
IV in Fig. 2.
[Fig. 5]
Fig. 5 is a cross-sectional diagram along line V-V in
Fig. 3.
[Fig. 6]
Fig. 6 is a perspective diagram showing the periph-
eral portion of one vane.
[Fig. 7]
Fig. 7 is a diagram showing a connecting portion
between a shroud and a vane, in the direction of the
cross-section in Fig. 5.
[Fig. 8]
Fig. 8 is a diagram showing a schematic view of the
shape relationship of a weld portion between the
shroud and a vane, as viewed in the direction of the
arrow VIII in Fig. 7.
[Fig. 9]
Fig. 9 is an enlarged diagram of portion Y in Fig. 7.
[Fig. 10]
Fig. 10 is an enlarged diagram of portion Z in Fig. 3.
[Fig. 11]
Fig. 11 is a perspective diagram of a cross-flow fan
according to a second embodiment of the present
invention.

[Description of Embodiments]

[0015] Below, embodiments of the present invention
are described with reference to the drawings. In the draw-
ings, parts which are the same or corresponding are la-
belled with the same reference numerals.

First Embodiment

[0016] Fig. 1 is a schematic drawing showing the in-
ternal structure of an air-conditioning device relating to
a first embodiment of the present invention. More spe-
cifically, the air-conditioning device according to the first
embodiment is an indoor unit of a so-called package air-
conditioner, and Fig. 1 illustrates a state where the major
part of the air-conditioning device is embedded in the
ceiling of a room, and the lower portion of a main body
faces into the room.
[0017] An air-conditioning device 100 is provided with
a case 1 which is embedded in the ceiling 15a of the
space (room 15) that is the object of air conditioning. The
case 1 is formed, for example, in substantially a cuboid
shape. The case 1 includes an upper surface part 1a, a

side surface part 1b and a decorative panel 2, which is
a lower surface part.
[0018] The side surface part 1b is formed in a cylindri-
cal shape extending vertically, when observed in plan
view, and the upper portion of the side surface part 1b is
enclosed by the upper surface part 1a, and the decorative
panel 2 is provided below the side surface part 1b. The
case 1 is formed in substantially a box shape by the upper
surface part 1a, the side surface part 1b and the deco-
rative panel 2.
[0019] An inlet port 2a is provided in the center of the
decorative panel 2, and four outlet ports 2b are provided
about the periphery of the inlet port 2a in the decorative
panel 2 so as to correspond to the four surfaces of the
side surface part 1b.
[0020] A centrifugal fan 3, a fan motor 4, a bell mouth
5 and a heat exchanger 6 are accommodated inside the
case 1. The centrifugal fan 3 creates a flow of air which
is sucked inside the case 1 from the inlet port 2a and is
discharged into the object space from the outlet ports 2b.
The heat exchanger 6 is arranged in this flow path of the
air, and adjusts the temperature of the air. There are no
particular restrictions on the configuration and mode of
the bell mouth 5 and heat exchanger 6, and the first em-
bodiment employs a commonly used configuration and
mode.
[0021] In the configuration of this kind, when the cen-
trifugal fan 3 rotates, the air in the room 15 is sucked into
the inlet port 2a of the decorative panel 2, is guided by
the bell mouth 5, and is sucked into the centrifugal fan
3. Moreover, in the centrifugal fan 3, the air sucked in
from the bottom to the top is discharged horizontally, and
radially outwards. Upon passing through the heat ex-
changer 6, the air discharged in this way is subjected to
heat exchange and humidity adjustment, and the flow
direction thereof is then changed to a downward direc-
tion, and the air is discharged into the room 15 from the
respective outlet ports 2b.
[0022] Next, the details of the centrifugal fan will be
described on the basis of Fig. 3 to Fig. 6. Fig. 3 is a
diagram showing a peripheral portion of one vane as
viewed from the direction of the arrow III in Fig. 2. Fig. 4
is a diagram showing a peripheral portion of one vane
as viewed from the direction of the arrow IV in Fig. 2. Fig.
5 is a cross-sectional diagram along line V-V in Fig. 3.
Fig. 5 illustrates a very small portion of the thickness, and
therefore the hatching is omitted. Fig. 6 is a perspective
diagram showing the peripheral portion of one vane. Fig.
7 is a diagram showing a connecting portion between a
shroud and a vane, in the direction of the cross-section
in Fig. 5. Fig. 8 is a diagram showing a schematic view
of the shape relationship of a weld portion between the
shroud and the vane, as viewed in the direction of the
arrow VIII in Fig. 7. Fig. 8 is essentially a diagram for the
purpose of showing the relationship between the shapes
of the shroud and the vanes, and therefore priority has
been given to making the diagram easy to read and the
gap between the shroud and the vane (the presence of
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a gap and the size of the gap), and the thickness of the
shroud material, and the shape of the connecting oblique
surface portion of the shroud, etc. do not illustrate an
actual mode.
[0023] The centrifugal fan 3 is provided with a shroud
51, which is a first supporting member, a main plate 53
which is a second supporting member, and a plurality of
vanes 55. The shroud 51 and the main plate 53 are sep-
arated in the X direction of the rotational axis of the cen-
trifugal fan 3. The plurality of vanes 55 are provided be-
tween the shroud 51 and the main plate 53.
[0024] A corresponding plurality of vanes 55 are weld-
ed respectively to the shroud 51 and the main plate 53.
The vanes 55 are welded to the corresponding shroud
51 or main plate 53, by laser welding. Note that the
present invention is not limited to laser welding, and can
also use ultrasonic welding, for example.
[0025] The vanes 55 each have at least one internal
hollow section, and are made by integral molding or by
combining a plurality of parts. In each of the vanes 55, a
front edge 55a is positioned further on an inner side than
a rear edge 55b in the radial direction.
[0026] The main plate 53 has a round disk shape. On
the other hand, the shroud 51 has a circular ring shape
in plan view. As shown by the longitudinal cross-sections
in Fig. 1 and Fig. 5, the shroud 51 has a curved surface
which is recessed radially outwards and towards the up-
stream side of the flow of air which is sucked into the
centrifugal fan 3.
[0027] As illustrated in Fig. 2, Fig. 3, Fig. 5 and Fig. 6,
one end of the vane 55 in the direction of the rotational
axis is welded to the shroud 51. More specifically, as
shown in Fig. 6, a plurality of receiving sections 61 of the
same number as the plurality of vanes 55 are formed on
the curved surface of the shroud 51. The receiving sec-
tion 61 projects in a direction away from the main plate
53, and has substantially the same thickness. Conse-
quently, on the main plate 53 side (the vane 55 side), the
receiving section 61 has a recess of a shape that sub-
stantially corresponds to a shape projecting in a direction
away from the main plate 53. One end of a corresponding
vane 55 is fitted into this recess.
[0028] As shown in Fig. 6, the receiving section 61
projects in a two-step fashion and includes a first step
section 61a and a second step section 61b. The first step
section 61a is situated on the side of the front edge 55a
of the vane 55 and the second step section 61b is situated
on the side of the rear edge 55b of the vane 55. The
recess depth on the inner side (main plate side) of the
first step section 61a is greater than the recess depth on
the inner side (main plate side) of the second step section
61b. The first step section 61a and the second step sec-
tion 61b are flat surfaces which extend substantially in
parallel with the main plate 53 (flat surfaces which are
perpendicular to the rotational axis X of the centrifugal
fan 3).
[0029] Furthermore, the receiving sections 61 each
have a connecting inclined surface section 61c between

the first step section 61a and the second step section
61b. The connecting inclined surface section 61c con-
nects the first step section 61a and the second step sec-
tion 61b which have different projection heights, and ex-
tends in an inclined fashion with respect to the direction
in which the first step section 61a and the second step
section 61b extend. The receiving section 61 has sub-
stantially the same material thickness, and therefore a
recess of corresponding shape to the outside which ap-
pears in Fig. 2 or Fig. 6 is formed on the inner side of the
receiving section 61 (on the main plate 53 side or the
vane 55 side).
[0030] As shown in Fig. 8, one end of the vane 55 (the
end on the side of the shroud 51) has a first end surface
71 and a second end surface 73, so as to correspond to
the first step section 61a and the second step section
61b of the receiving section 61. The first end surface 71
is situated on the side of the front edge 55a of the vane
55 and the second end surface 73 is situated on the side
of the rear edge 55b of the vane 55. The first end surface
71 is further separated from the main plate 53 than the
second end surface 73. The first end surface 71 and the
second end surface 73 are flat surfaces which extend
substantially in parallel with the main plate 53 (flat sur-
faces which are perpendicular to the rotational axis X of
the centrifugal fan 3).
[0031] Furthermore, each vane 55 has a rising portion
75 between the first end surface 71 and the second end
surface 73. The rising portion 75 extends substantially
along the direction of the rotational axis X of the centrif-
ugal fan 3, and connects the first end surface 71 and the
second end surface 73.
[0032] As shown in Fig. 3, the vanes 55 and the shroud
51 configured in this way are welded together, between
the first end surface 71 of the vane 55 and the inner side
of the first step section 61a of the shroud 51 (the bottom
surface seen from the recess), and between the second
end surface 73 of the vane 55 and the inner side of the
second step section 61b of the shroud 51 (the bottom
surface seen from the recess). More specifically, as
shown in Fig. 3, from the perspective of the relationship
between the positive pressure surface 81 and the nega-
tive pressure surface 83 of the vane 55, only the negative
pressure surface 83 side on one end of the vane 55 (the
surface of the vane 55 nearer to the rotational axis X of
the centrifugal fan 3) is welded to the inner side of the
receiving section 61 of the shroud 51. In other words, in
the first embodiment, the portion of the first end surface
71 of the vane 55 on the side of the negative pressure
surface 83, and the portion of the second end surface 73
on the side of the negative pressure surface 83 are re-
spectively welded to the inner side of the receiving sec-
tion 61 (the bottom surface seen from the recess). The
cross-hatched portion in Fig. 3 indicates the portion that
is welded. The same applies to Fig. 4 below.
[0033] Fig. 9 is an enlarged diagram of portion Y in Fig.
7 and Fig. 10 is an enlarged diagram of portion Z in Fig.
3. As shown in Fig. 9, a first round section 85 is formed
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on the first end surface 71 side and the second end sur-
face 73 side of the positive pressure surface 81 of the
vane 55. A second round section 87 is also formed on
the first end surface 71 side and the second end surface
73 side of the vane 55. When taking the radius of curva-
ture of the first round section 85 to be R1 and taking the
radius of curvature of the second round section 87 to be
R2, then R1 > R2.
[0034] Furthermore, as shown in Fig. 10, a third round
section 91 is formed on the side of the front edge 55a of
the positive pressure surface 81 of the vane 55. A fourth
round section 93 is formed on the front edge 55a side of
the negative pressure surface 83 of the vane 55. When
taking the radius of curvature of the third round section
91 to be R3 and taking the radius of curvature of the
fourth round section 93 to be R4, then R3 > R4.
[0035] By providing, on the positive pressure surface
81 side of the vane 55, the round sections 85, 93 which
have a larger radius of curvature than the negative pres-
sure surface 83 side of the vane 55, it is possible to pro-
vide a configuration having little air resistance.
[0036] As illustrated in Fig. 2, Fig. 4 and Fig. 5, the
other end of the vane 55 in the direction of the rotational
axis is welded to the main plate 53. More specifically, a
plurality of recesses of the same number as the plurality
of vanes 55 are formed in the inner-side surface of the
main plate 53 (the surface on the side of the shroud 51),
and the other ends of the vanes 55 are fitted into and
welded to these recesses. The recesses on the inner-
side surface of the main plate 53 are only slightly re-
cessed. Furthermore, the bottom surface of the recess
on the inner-side surface of the main plate 53, and the
other end of the vane 55 are both flat surfaces which
extend substantially in parallel with the main plate 53 (flat
surfaces perpendicular to the rotational axis X of the cen-
trifugal fan 3).
[0037] As shown in Fig. 4, in terms of the positive pres-
sure surface 81 and the negative pressure surface 83 of
the vanes 55, the vanes 55 and the main plate 53 are
welded only by welding the negative pressure surface 83
side of the other end of the vane 55 (the surface of the
vane 55 nearer to the rotational axis X of the centrifugal
fan 3) to the bottom of the recess on the inner-side surface
of the main plate 53.
[0038] In this way, in each of the vanes, the negative
pressure surface sides of both ends (one end and the
other end) of the vane are welded to the corresponding
shroud 51 or main plate 53.
[0039] Furthermore, the shroud 51 and the main plate
53 are both made from a member having a visible light
transmissivity of no less than 30 percent (for example,
resin having a visible light transmissivity of no less than
30 percent). In the present invention, at least one of the
first supporting member and the second supporting mem-
ber should be made from a member having a visible light
transmissivity of no less than 30 percent, and it is not
necessary for both the first supporting member and the
second supporting member to be made from a member

having a visible light transmissivity of no less than 30
percent. On the other hand, the vanes 55 are made from
a member having a lower visible light transmissivity than
either of the shroud 51 and the main plate 53, or from a
member having a visible light transmissivity lower than
30 percent. Furthermore, at least one of the first support-
ing member and the second supporting member is made
from a member having a laser light transmissivity of no
less than 50 percent.
[0040] According to the centrifugal fan and the air-con-
ditioning device of the first embodiment of the invention
which is configured as described above, since the vane
supporting members are members having a visible light
transmissivity of no less than 30 percent, then it is pos-
sible to determine the suitability or non-suitability of the
welded state of the vanes (the presence or absence of
connection defects, etc.), after the plurality of vanes have
been welded to the vane supporting members, easily and
reliably, by external inspection. More specifically, it is
possible to confirm, by an external inspection, any fan
assembly defects, infiltration of foreign material into the
bonding surface, and the welded state of the vanes (iden-
tification of a gasification phenomenon (wherein the heat
of the vane supporting members which have relatively
high laser light transmissivity is not transmitted suitably
to the side of the vanes which have a relatively high low
laser light transmissivity, and the vane supporting mem-
bers become too hot and foam) and identification of the
weld width). Furthermore, in the case of a centrifugal fan,
it is possible to identify, by external inspection, the pres-
ence or absence of fan motor or wiring installation de-
fects, and the presence or absence of infiltration of for-
eign material into the rear side of the main plate, with the
centrifugal fan installed on the air-conditioning device.
[0041] Moreover, in the first embodiment, the vanes
are respectively welded to the vane supporting members
on the negative pressure surface side of the end portions
of the vanes, and therefore even if a centrifugal force due
to the rotation of the fan acts on the vanes, since there
are no gaps in the connecting portion between the vane
supporting members and the vanes on the negative pres-
sure surface side, then it is possible to prevent noise
caused by the passage of an air flow through the gap.
[0042] Moreover, in the first embodiment, the respec-
tive ends of the vanes are fitted into a recess of a corre-
sponding receiving section on the shroud, and therefore
in relation to twisting in the direction of rotation, in addition
to support by the weld surface, support is also provided
by the recess surface on the front pressure surface side
and the recess surface on the rear pressure surface side,
and therefore high-strength vane support is achieved.
Furthermore, it is possible to improve the bond of the
contact surface between the vane supporting members
and the vanes, and thus to reduce welding defects, by
configuring the weld surface to face in a plane that is
perpendicular to the direction of the rotational axis of the
centrifugal fan. Moreover, the weld surface between the
shroud and the vane is configured by two surfaces having
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different distances from the main plate, and therefore it
is possible to reduce the height of the receiving section
in the direction of the rotational axis, and noise due to
separation of the air flow caused by the projection shape.
Furthermore, since the receiving sections in the shroud
have a first step section and a second step section which
project in a two-step fashion, and have a connecting in-
clined surface section which extends obliquely with re-
spect to the direction in which the first step section and
the second step section extend, then there is no sudden
step difference in the receiving section which projects,
and therefore it is possible to reduce the noise due to
separation of the air flow generated by the step differ-
ence.

Second Embodiment

[0043] Next, a second embodiment of the present in-
vention will be described on the basis of Fig. 11. Fig. 11
is a perspective diagram of a cross-flow fan according to
a second embodiment.
[0044] The cross-flow fan 203 is provided with a plu-
rality of vane supporting members 253 arranged sepa-
rately in the direction of the rotational axis X of the fan,
and a corresponding plurality of vanes 255 which are
welded between the corresponding two vane supporting
members. At least one (and possibly all) of the plurality
of vane supporting members 253 is a member having a
visible light transmissivity of no less than 30 percent. Fur-
thermore, one or more of the vanes 255 which are welded
to vane supporting members 253, which are members
having a visible light transmissivity of no less than 30
percent, is made from a member having a lower visible
light transmissivity than the vane supporting members
253, or is made from a member having a visible light
transmissivity of less than 30 percent.
[0045] In a cross-flow fan of this kind, it is also possible
to determine the suitability or non-suitability of the welded
state of the vanes, easily and reliably, by external obser-
vation.
[0046] The contents of the present invention have been
described above with reference to preferred embodi-
ments, but it would be obvious to a person skilled in the
art that various modifications can be made on the basis
of the basic technical concepts and teachings of the
present invention.
[0047] For example, besides an indoor unit of a refrig-
eration cycle device, such as the indoor unit of an air-
conditioning device, the present invention can also be
applied widely to various devices and equipment in which
a fan is installed.

[Reference Signs List]

[0048]

3 Centrifugal fan
51 Shroud

53 Main plate
55 Vane
55a Front edge
55b Rear edge
61 Receiving section
61a First step section
61b Second step section
61c Connecting inclined surface section
71 First end surface
73 Second end surface
75 Rising section
81 Positive pressure surface
83 Negative pressure surface
85 First round section
87 Second round section
91 Third round section
93 Fourth round section
100 Air-conditioning device
203 Cross-flow fan

Claims

1. A fan, comprising a first supporting member, a sec-
ond supporting member and a plurality of vanes;
wherein the first supporting member and the second
supporting member are separated in a direction of a
rotational axis of the fan;
the plurality of vanes are provided between the first
supporting member and the second supporting
member;
the plurality of vanes are welded to at least one of
the first supporting member and the second support-
ing member; and
the at least one of the first supporting member and
the second supporting member is a member having
a visible light transmissivity of no less than 30 per-
cent.

2. The fan according to claim 1, wherein the vanes are
members having a visible light transmissivity of less
than 30 percent.

3. The fan according to claim 1 or 2, wherein negative
pressure surface sides of both ends of each of the
vanes are welded to the first supporting member and
the second supporting member.

4. A centrifugal fan, being the fan according to claim 1
or 2, wherein the first supporting member is a shroud
and the second supporting member is a main plate;
a plurality of receiving sections are formed in the
shroud; the receiving sections each project in a di-
rection away from the main plate, and have a recess
on an inner side of the receiving section; and
one end of each of the vanes is fitted into the recess
of the corresponding receiving section of the shroud,
and the negative pressure surface side of the one
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end is welded to a bottom surface of the correspond-
ing recess.

5. The centrifugal fan according to claim 4,
wherein the receiving section has a first step section,
a second step section and an inclined surface sec-
tion;
a recess depth of the first step section is greater than
a recess depth of the second step section; and
the inclined surface section is situated between the
first step section and the second step section and
extends obliquely with respect to a direction in which
the first step section and the second step section
extend.

6. The centrifugal fan according to claim 4 or 5,
wherein a first round section is formed on one end
side of the vane that is welded to the shroud, on a
positive pressure surface of the vane;
a second round section is formed on the one end
side of the vane that is welded to the shroud, on the
negative pressure surface of the vane; and
when taking a radius of curvature of the first round
section to be R1 and taking a radius of curvature of
the second round section to be R2, then R1 > R2.

7. The centrifugal fan according to any one of claims 4
to 6, wherein a third round section is formed on a
front edge side of a positive pressure surface of the
vanes;
a fourth round section is formed on a front edge side
of the negative pressure surface of the vanes; and
when taking a radius of curvature of the third round
section to be R3 and taking a radius of curvature of
the fourth round section to be R4, then R3 > R4.

8. An air-conditioning device, comprising:

a heat exchanger; and
the fan according to any one of claims 1 to 3 or
the centrifugal fan according to any one of claims
4 to 7.
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