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(54) METHOD FOR PRODUCING CENTRIFUGAL FAN

(57) Disclosed is a method of manufacturing a cen-
trifugal fan including the steps of: (a) cutting a metal sheet
to form a positive pressure surface forming member and
a negative pressure surface forming member respective-
ly configuring a positive pressure surface and a negative
pressure surface; (b) pressing the positive pressure sur-
face forming member and the negative pressure surface
forming member to form a first curved surface portion
configuring the positive pressure surface and a second
curved surface portion configuring the negative pressure
surface; (c) trimming the positive pressure surface form-
ing member provided with the first curved surface portion
and the negative pressure surface forming member pro-
vided with the second curved surface portion to form a
shroud bonding surface portion and a main plate bonding
surface portion; (d) bending the shroud bonding surface
portion and the main plate bonding surface portion; (e)
bonding the positive pressure surface forming member
and the negative pressure surface forming member to
each other; and (f) bonding the shroud bonding surface
portion and a shroud to each other and bonding the main
plate bonding surface portion and a main plate to each
other in a bonded state of the positive pressure surface
forming member and the negative pressure surface form-
ing member.
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Description

[Technical Field]

[0001] The present invention relates to a method of
manufacturing a centrifugal fan.

[Background Art]

[0002] A centrifugal fan is a fan that accelerates air
introduced in an axial direction through a shroud and dis-
charges the air in a radial direction through gaps between
blades. Such a centrifugal fan may be formed of a syn-
thetic resin or metal. A resin centrifugal fan advanta-
geously permits manufacture of blades having various
shapes via injection molding, but has poor strength.
Therefore, centrifugal fans to be applied to large products
are appropriately formed of a metal.
[0003] Conventionally, a metal centrifugal fan is man-
ufactured by cutting a metal sheet in a given shape, bend-
ing the metal sheet to define a positive pressure surface
portion and a negative pressure surface portion and,
thereafter, bonding the positive pressure surface portion
and the negative pressure surface portion to each other.
For example, Japanese Patent Laid-open Publication
No. 2000-45997 discloses a blade formed by bending a
single metal sheet. In the above patent, the blade formed
by bending a single metal sheet has an airfoil cross sec-
tion. More particularly, the blade has a three dimensional
shape in which a leading edge 1af of the blade has a
prescribed inclination relative to a rotation axis of a cen-
trifugal fan and a trailing edge 1ab of the blade is parallel
to the rotation axis. However, as exemplarily shown in
(b) of FIG 6 included in the above patent, respective airfoil
cross sections of the blade taken at arbitrary layers per-
pendicular to the rotation axis have a common camber
line. For example, although a lower edge of the blade
bonded to a main plate 3 has the longest camber line
and an upper edge of the blade coming into contact with
a shroud has the shortest camber line, the camber line
at the upper edge completely overlaps the camber line
at the lower edge. The blade having the above-described
shape is an inevitable consequence of bending a single
metal sheet using a mold 5c2 that defines a single camber
line as exemplarily shown in (a) of FIG. 7 included in the
above patent.
[0004] As described above, although Japanese Patent
Laid-open Publication No. 2000-045997 discloses the
metal blade, the blade has a limit in terms of shape, thus
having difficulty in having a complicated three dimension-
al shape, such as, for example, a shape in which a cam-
ber line of an airfoil taken at an upper cross section of
the blade and a camber line of an airfoil taken at a lower
cross section of the blade cross each other, in other
words, a twisted shape in a rotation axis.

[Disclosure]

[Technical Problem]

[0005] It is one object of the present invention to pro-
vide a method of manufacturing a centrifugal fan capable
of providing more diversified shapes of a positive pres-
sure surface or a negative pressure surface.
[0006] It is another object of the present invention to
provide a method of manufacturing a centrifugal fan hav-
ing a blade comprised of two metal members.
[0007] It is another object of the present invention to
provide a method of manufacturing a centrifugal fan hav-
ing a blade of a complicated three dimensional shape
that has not been easily achieved using a metal in the
related art.
[0008] It is another object of the present invention to
provide a method of manufacturing a centrifugal fan ca-
pable of achieving reduced material cost and enhanced
rigidity
[0009] It is another object of the present invention to
provide a method of manufacturing a centrifugal fan ca-
pable of being applied to larger products than in the re-
lated art.
[0010] It is another object of the present invention to
provide a method of manufacturing a centrifugal fan hav-
ing a blade in which a positive pressure surface and a
negative pressure surface are curved surfaces having
different curvature variations.
[0011] It is another object of the present invention to
provide a method of manufacturing a centrifugal fan ca-
pable of achieving reduced flow resistance, more partic-
ularly, enhanced efficiency via improvement in the shape
of a blade.
[0012] It is another object of the present invention to
provide a method of manufacturing a centrifugal fan ca-
pable of allowing a blade having a three dimensional
shape to be easily coupled to a shroud or a main plate.
[0013] It is a further object of the present invention to
provide a method of manufacturing a centrifugal fan ca-
pable of minimizing welding beads between members,
thereby restricting increase in flow resistance and mini-
mizing a negative effect on balancing of the fan due to
the welding beads.

[Technical Solution]

[0014] In accordance with one embodiment of the
present invention, the above and other objects can be
accomplished by the provision of a method of manufac-
turing a centrifugal fan, the method including the steps
of: (a) cutting a metal sheet to form a positive pressure
surface forming member and a negative pressure surface
forming member respectively configuring a positive pres-
sure surface and a negative pressure surface; (b) press-
ing the positive pressure surface forming member and
the negative pressure surface forming member to form
a first curved surface portion configuring the positive
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pressure surface and a second curved surface portion
configuring the negative pressure surface; (c) trimming
the positive pressure surface forming member provided
with the first curved surface portion and the negative
pressure surface forming member provided with the sec-
ond curved surface portion to form a shroud bonding sur-
face portion and a main plate bonding surface portion;
(d) bending the shroud bonding surface portion and the
main plate bonding surface portion; (e) bonding the pos-
itive pressure surface forming member and the negative
pressure surface forming member to each other; and (f)
bonding the shroud bonding surface portion and a shroud
to each other and bonding the main plate bonding surface
portion and a main plate to each other in a bonded state
of the positive pressure surface forming member and the
negative pressure surface forming member.
[0015] The first curved surface portion and the second
curved surface portion may define different shapes of
curved surfaces.
[0016] In the step (c), trimming may be implemented
such that an upper edge and a lower edge of each of the
positive pressure surface forming member and the neg-
ative pressure surface forming member are bent inde-
pendently of a front edge of each forming member in the
step (d). The step (e) may include bonding front edges
of the respective forming members to each other and
bonding rear edges of the respective forming members
to each other. At least one of bonding between the front
edges of the respective forming members and bonding
between the rear edges of respective forming members
may be implemented by resistance welding. The resist-
ance welding may be implemented at a plurality of posi-
tions aligned in a line from the shroud to the main plate
in a state in which the front edges or the rear edges of
the respective forming members come into contact with
each other. The resistance welding may be spot welding.
[0017] The resistance welding may be projection weld-
ing, and the method further include the step of forming
protrusions at any one of the positive pressure surface
forming member and the negative pressure surface form-
ing member so as to protrude toward the other one. The
protrusion forming step may include forming the protru-
sions at a plurality of positions, aligned in a line from the
shroud to the main plate, on at least one of the front edge
and the rear edge of any one of the positive pressure
surface forming member and the negative pressure sur-
face forming member. The step (e) may include simulta-
neously melting the protrusions.
[0018] The method may further include the step of
processing a rivet hole in at least one of the shroud bond-
ing surface portion and the main plate bonding surface
portion, and the step (f) may include fastening a rivet
through the rivet hole to couple at least one of the shroud
bonding surface portion and the main plate bonding sur-
face portion to the shroud or the main plate. The step (f)
may include bonding each of the shroud bonding surface
portion and the main plate bonding surface portion to the
shroud or the main plate in a fastened state of the rivet.

Bonding between the shroud bonding surface portion and
the shroud or bonding between the main plate bonding
surface portion and the main plate may be implemented
by resistance welding. The resistance welding may be
spot welding implemented at a plurality of positions
aligned in a line from the front edge to the rear edge of
each forming member.
[0019] The method may further include the step of re-
peatedly implementing the step (b) after the step (d).

[Advantageous Effects)

[0020] According to the present invention, a method of
manufacturing a centrifugal fan has the effects of achiev-
ing higher rigidity than that of a conventional centrifugal
fan formed of a resin material and of enhancing perform-
ance of the fan owing to a three dimensional shape of
blades.
[0021] In addition, as a result of processing two thin
metal sheets respectively and bonding the same to each
other, the present invention has the effect of enabling
formation of a blade having a complicated three dimen-
sional shape that has not been easily achieved in the
related art.
[0022] In addition, the blade comprised of the two
sheets, moreover, has the effect of achieving less mate-
rial cost, higher efficiency of the fan owing to weight re-
duction and reduced power consumption than in the re-
lated art.
[0023] In addition, since two members are first proc-
essed as curved members respectively and then bonded
to each other to construct a blade, the members have
independent shapes of curved surfaces, which has the
effect of enabling formation of a blade having a compli-
cated three dimensional shape (for example, a positive
pressure surface and a negative pressure surface of the
blade are curved surfaces having different curvature var-
iations).
[0024] In addition, the metal blade having a complicat-
ed shape has the effect of reducing flow resistance and
enhancing performance of the fan, more particularly, ef-
ficiency of the fan.
[0025] In addition, the present invention has the effect
of easily coupling the blade having a three dimensional
surface to a shroud or a main plate.
[0026] In addition, welding beads between members
may be minimized, which has the effect of restricting in-
crease in flow resistance and minimizing a negative effect
on balancing of the fan due to the welding beads.
[0027] In addition, no bonding portion or coupling por-
tion between constituent members of the blade is present
at the positive pressure surface or the negative pressure
surface, which has the effect of reducing flow resistance.
[0028] In addition, the present invention has the effect
of achieving increased strength and reduced ductility due
to characteristics of plastic working.

3 4 



EP 2 835 539 A1

4

5

10

15

20

25

30

35

40

45

50

55

[Description of Drawings]

[0029]

FIG. 1 is a view showing one example of a plug fan
module usable with a centrifugal fan.
FIG. 2 is a perspective view showing a centrifugal
fan according to one embodiment of the present in-
vention.
FIG. 3 is an exploded perspective view of the cen-
trifugal fan shown in FIG. 2.
FIG. 4 is a view showing positions of layers marked
at the blade in (a) and cross sections of the blade
taken at the layers in (b).
FIG. 5 is a view showing the cross sections of FIG.
4 projected onto a single plane in a direction of a
rotation axis.
FIG. 6 is a longitudinal sectional view of the blade.
FIG. 7 is a flowchart showing a method of a manu-
facturing a centrifugal fan according to one embod-
iment of the present invention.
FIG. 8 is a flowchart showing a method of a manu-
facturing a centrifugal fan according to another em-
bodiment of the present invention.
FIGS. 9A to 9I are views showing the manufacture
sequence of the centrifugal fan according to the em-
bodiments of the present invention.

[Best Mode]

[0030] Advantages and features of the present inven-
tion and a method of achieving the same will be more
clearly understood from embodiments described below
in detail with reference to the accompanying drawings.
However, the present invention is not limited to the fol-
lowing embodiments and may be implemented in various
different forms. The embodiments are provided merely
to complete disclosure of the present invention and to
provide those skilled in the art of the present invention
with the category of the invention. The invention is de-
fined only by the claims. Wherever possible, the same
reference numbers will be used throughout the specifi-
cation to refer to the same or like parts.
[0031] FIG 1 is a view showing one example of a plug
fan module usable with a centrifugal fan. The centrifugal
fan according to the embodiments that will be described
hereinafter may be applied to refrigerators, air condition-
ers, cleaners and the like. The centrifugal fan may be
installed without a duct because it provides natural intro-
duction and discharge of air into and from a fan. In par-
ticular, the centrifugal fan may be applied to a plug fan
module for use in an air conditioner which is installed at
an outdoor place as exemplarily shown in FIG. 1 and
serves to cool or heat air directed from an indoor space
and then resupply the air into the indoor space. The fan
module 1 as described above includes a motor 2 having
a rotating shaft, a support frame 3 supporting the motor
2 and a centrifugal fan 4 coupled to the rotating shaft of

the motor 2. In addition, a front panel 5 coupled to a front
surface of the support frame 3 has an opening through
which air can be introduced into the centrifugal fan 4. The
air introduced in a longitudinal direction of the rotating
shaft through the opening is discharged in a radial direc-
tion from a rear region of the front panel 5 as the centrif-
ugal fan 4 is rotated.
[0032] FIG. 2 is a perspective view showing a centrif-
ugal fan according to one embodiment of the present
invention. FIG. 3 is an exploded perspective view of the
centrifugal fan shown in FIG. 2. FIG. 4 is a view showing
positions of layers marked at the blade in (a) and cross
sections of the blade taken at the layers in (b). FIG. 5 is
a view showing the cross sections of FIG. 4 projected
onto a single plane in a direction of a rotation axis. FIG.
6 is a longitudinal sectional view of the blade.
[0033] Referring to FIGs. 2 to 6, the centrifugal fan 100
according to one embodiment of the present invention
includes a main plate 110, a shroud 120 and a plurality
of blades 130. The main plate 110, the shroud 120 and
the blades 130 may be formed of a metal having plasticity,
preferably, steel.
[0034] The main plate 110 is rotated about a rotation
axis O by a motor (4, see FIG. 1). Although the main plate
110 may be directly coupled to the rotating shaft of the
motor according to an embodiment, the centrifugal fan
100 may further include a hub 160 configured to couple
the main plate 110 and the rotating shaft of the motor to
each other.
[0035] The shroud 120 is spaced apart from the main
plate 110 and has a suction opening 121 through which
air is introduced in a direction of the rotation axis O. The
shroud 120 takes the form of a ring centrally defining the
suction opening 121. A diameter of the shroud 120 is
gradually increased in a radial direction from an inner
circumference of the shroud 120 defining the suction
opening 121 and has the maximum value at an outer
circumference of the shroud from which an air stream
pumped by the blades 130 is discharged. The shroud
120 may have a curved inner surface along which air is
guided, the curved inner surface of the shroud being con-
vex toward the main plate 110.
[0036] The plural blades 130 are arranged in a circum-
ferential direction between the main plate 110 and the
shroud 120. Air suctioned through the suction opening
121 of the shroud 120 is moved from a front edge to a
rear edge of the respective blades 130 to thereby be dis-
charged outward. The centrifugal fan 100 may include
seven blades 130 although this is not essential.
[0037] The main plate 110 may include a blade support
plate portion 111 supporting lower edges of the blades
130 and a center hub mounting portion 112 raised from
the blade support plate portion 111 toward the shroud
120. The hub mounting portion 112 extending from the
blade support plate portion 111 is curved by a prescribed
curvature. The hub mounting portion 112 is centrally pro-
vided with a mounting opening 110a for installation of the
hub (not shown) to be coupled to the rotating shaft of the

5 6 



EP 2 835 539 A1

5

5

10

15

20

25

30

35

40

45

50

55

motor and a plurality of first fastening holes 110b ar-
ranged at a constant interval in a circumferential direction
around the mounting opening 110a. As fastening mem-
bers, such as screws, bolts or the like, are fastened
through the first fastening holes 110b, the hub may be
fixed.
[0038] Referring to FIGs. 3 and 4, in the following de-
scription, a portion of the blade 130 at which an air stream
suctioned through the shroud 120 begins to come into
contact with the blade 130 is referred to as a front edge
FE and a portion of the blade 130 at which the air stream
is separated from the blade 130 is referred to as a rear
edge RE. Considering arbitrary layers (or planes) per-
pendicular to the rotation axis O, cross sections of the
blade 130 taken at the respective layers have front edges
FE located on a prescribed common inner circumference
and rear edges RE located on a prescribed common out-
er circumference, the common outer circumference hav-
ing a greater diameter than that of the common inner
circumference. Assuming that one surface of the blade
130 facing the outer side of the centrifugal fan 100 is
referred to as a positive pressure surface 131 and the
other surface of the blade facing the inner side of the
centrifugal fan 100 opposite to the positive pressure sur-
face 131 is a negative pressure surface 132, the front
edge FE of the blade 130 is located in front of the rear
edge RE in a facing direction of the positive pressure
surface 131 (or in a rotation direction of the centrifugal
fan 100).
[0039] The blade 130 includes a positive pressure sur-
face forming member 140 that forms the positive pres-
sure surface (131, see FIG. 2) and a negative pressure
surface forming member 150 that forms the negative
pressure surface (132 see FIG. 2). The positive pressure
surface forming member 140 and the negative pressure
surface forming member 150 may be coupled to each
other with a space S therebetween. Preferably, the entire
region of the positive pressure surface 131 is defined by
the positive pressure surface forming member 140 and
the entire region of the negative pressure surface 132 is
defined by the negative pressure surface forming mem-
ber 150. The positive pressure surface forming member
140 and the negative pressure surface forming member
150 may be formed by processing a metal sheet. Pref-
erably, the positive pressure surface forming member
140 (or the negative pressure surface forming member
150) is formed by processing a metal sheet having an
even thickness. In particular, the positive pressure sur-
face forming member 140 or the negative pressure sur-
face forming member 150 may achieve sufficient rigidity
with a thickness of approximately 1 mm that is half or
more of a conventional blade formed of a metal sheet
having a thickness of 2 mm or more.
[0040] More specifically, the positive pressure surface
forming member 140 and the negative pressure surface
forming member 150 may be fabricated by pressing a
metal sheet having plasticity. More particularly, a steel
sheet has high plasticity and is easily formed in various

shapes and may achieve sufficient corrosion resistance,
heat resistance, rigidity and the like according to the con-
tent ratio of carbon (C), chrome (Cr), Nickel (Ni) and the
like. In particular, a steel centrifugal fan may achieve en-
hanced rigidity and thus is rotatable at a higher rpm than
a conventional resin centrifugal fan. The conventional
resin centrifugal fan ensures easy formation of a blade
having a complicated shape, but has low rigidity. In par-
ticular, when the resin centrifugal fan is applied to a large
product, the fan may be problematic in terms of stability
because of a high risk of damage to blades due to high
external static pressure. On the contrary, according to
the present invention, as the blade is constructed using
the two metal members 140 and 150, it is possible to
achieve sufficient rigidity and to provide the blade with a
complicated shape for enhancement in the performance
of the fan.
[0041] The positive pressure surface forming member
140 and the negative pressure surface forming member
150 may be bonded to each other at the front edge and
the rear edge of the blade 130. Bonding between the
positive pressure surface forming member 140 and the
negative pressure surface forming member 150 may be
implemented at rear surfaces of the respective members.
In the following description, a portion of the front edge of
the blade 130 where bonding between the positive pres-
sure surface forming member 140 and the negative pres-
sure surface forming member 150 is implemented is re-
ferred to as a front edge bonding portion 133 and a portion
of the rear edge of the blade 130 where bonding between
the positive pressure surface forming member 140 and
the negative pressure surface forming member 150 is
implemented is referred to as a rear edge bonding portion
134. In addition, the blade 130 has a main body portion
135 between the front edge bonding portion 133 and the
rear edge bonding portion 134 and the main body portion
135 inwardly defines a space S. In particular, the main
body portion 135 may have an enclosed cross section
surrounding the space S.
[0042] The positive pressure surface forming member
140 is provided at a front edge thereof with a first front
edge bonding surface portion 141 and at a rear edge
thereof with a first rear edge bonding surface portion 142.
The positive pressure surface forming member is further
provided with a first curved surface portion 145 between
the first front edge bonding surface portion 141 and the
second rear edge bonding surface portion 142. Similarly,
the negative pressure surface forming member 150 is
provided at a front edge thereof with a second front edge
bonding surface portion 151 and at a rear edge thereof
with a second rear edge bonding surface portion 152.
The negative pressure surface forming member 150 is
further provided with a second curved surface portion
155 between the second front edge bonding surface por-
tion 151 and the second rear edge bonding surface por-
tion 152.
[0043] Bonding between the first front edge bonding
surface portion 141 and the second front edge bonding
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surface portion 151 is implemented at the front edge
bonding portion 133 of the blade 130 and bonding be-
tween the first rear edge bonding surface portion 142 and
the second rear edge bonding surface portion 152 is im-
plemented at the rear edge bonding portion 134.
[0044] Preferably, a rear surface of the first front edge
bonding surface portion 141 (hereinafter referred to as a
first front edge bonding surface) and a rear surface of
the second front edge bonding surface portion 151 (here-
inafter referred to as a second front edge bonding sur-
face) may come into surface contact with each other. The
first front edge bonding surface portion 141 and the sec-
ond front edge bonding surface portion 151 may include
bonding surfaces having a corresponding shape. That
is, the first front edge bonding surface and the second
front edge bonding surface may have substantially the
same shape so as to be bonded to each other in close
contact.
[0045] Likewise, a rear surface of the first rear edge
bonding surface portion 142 (hereinafter referred to as a
first rear edge bonding surface) and a rear surface of the
second rear edge bonding surface portion 152 (herein-
after referred to as a second rear edge bonding surface)
may come into surface contact with each other. The first
rear edge bonding surface portion 142 and the second
rear edge bonding surface portion 152 may include bond-
ing surfaces having a corresponding shape. That is, the
first rear edge bonding surface and the second rear edge
bonding surface may have substantially the same shape
so as to be bonded to each other in close contact.
[0046] The main body portion 135 includes the first
curved surface portion 145 and the second curved sur-
face portion 155 and the space S is defined between the
first curved surface portion 145 and the second curved
surface portion 155. The space S has a transverse cross
sectional shape defined by a rear surface of the first
curved surface portion 145 and a rear surface of the sec-
ond curved surface portion 155 and the top and bottom
of the space is respectively defined by the shroud 120
and the main plate 110. The positive pressure surface
forming member 140 and the negative pressure surface
forming member 150 are independent of each other until
they are bonded to each other and, therefore, may be
freely processed into different shapes. Accordingly, the
first curved surface portion 145 and the second curved
surface portion 155 may be shaped to exhibit different
curvature variations. In particular, since the shapes of
the first curved surface portion 145 and the second
curved surface portion 155 determine a shape of the pos-
itive pressure surface 131 and a shape of the negative
pressure surface 132 respectively, the fact that the
shapes of the curved surface portions 145 and 155 are
freely determined is very advantageous in terms of en-
hancement in the performance of the fan. In particular,
it is possible to form a positive pressure surface or neg-
ative pressure surface including more complicated
curved surfaces than that in a case in which a positive
pressure surface and a negative pressure surface are

formed by bending a single metal sheet (see Japanese
Patent Laid-open Publication No. 2000-45997).
[0047] Bonding between the positive pressure surface
forming member 140 and the negative pressure surface
forming member 150 at the front edge bonding portion
133 or at the rear edge bonding portion 134 may be im-
plemented by welding, more particularly, resistance
welding or laser welding.
[0048] Resistance welding is welding that confines
generation of resistance heat to a relative small specific
portion by applying pressure to a welding position of a
base metal and thereafter passing current therethrough.
An example of resistance welding may include spot weld-
ing or projection welding. Although welding using a weld-
ing rod leaves a strip of corrugated fusion beads caused
by melting a base metal and the welding rod, projection
welding or spot welding has less formation of beads, thus
having a less effect on balancing of the fan.
[0049] Laser welding exhibits considerably low heat in-
put to a weld and a narrow heat influence range and
leaves behind substantially no welding beads, although
it requires relatively great cost and, therefore, enables
very precise bonding between members. When the blade
130 is formed using laser welding, areas of the front edge
bonding portion 133 and the rear edge bonding portion
134 may be remarkably reduced.
[0050] The blade 130 may include a shroud connection
portion 136 connected to the shroud 120. The shroud
connection portion 136 may include a shroud bonding
surface portion 143 and/or a shroud bonding surface por-
tion 153 bent from an upper edge of at least one of the
positive pressure surface forming member 140 and the
negative pressure surface forming member 150.
[0051] Preferably, the positive pressure surface form-
ing member 140 and the negative pressure surface form-
ing member 150 are respectively provided with the first
shroud bonding surface portion 143 and the second
shroud bonding surface portion 153. In a state in which
the positive pressure surface forming member 140 and
the negative pressure surface forming member 150 are
bonded to each other, the first shroud bonding surface
portion 143 and the second shroud bonding surface por-
tion 153 are bent in opposite directions. The first shroud
bonding surface portion 143 and the second shroud
bonding surface portion 153 may be bonded to an inner
circumferential surface of the shroud 120 by welding.
Bonding surfaces of the first shroud bonding surface por-
tion 143 and the second shroud bonding surface portion
153 to be bonded to the shroud 120 (hereinafter referred
to as a first shroud bonding surface and a second shroud
bonding surface) are preferably curved to correspond to
the shape of the inner circumferential surface of the
shroud 120 so as to come into close contact with the
inner circumferential surface.
[0052] The blade 130 may include a main plate con-
nection portion 137 connected to the main plate 110. The
main plate connection portion 137 may include a main
plate bonding surface portion 144 and/or a main plate

9 10 



EP 2 835 539 A1

7

5

10

15

20

25

30

35

40

45

50

55

bonding surface portion 154 bent from a lower edge of
at least one of the positive pressure surface forming
member 140 and the negative pressure surface forming
member 150.
[0053] Preferably, the positive pressure surface form-
ing member 140 and the negative pressure surface form-
ing member 150 are respectively provided with the first
main plate bonding surface portion 144 and the second
main plate bonding surface portion 154. In a state in
which the positive pressure surface forming member 140
and the negative pressure surface forming member 150
are bonded to each other, the first main plate bonding
surface portion 144 and the second main plate bonding
surface portion 154 are bent in opposite directions. The
first main plate bonding surface portion 144 and the sec-
ond main plate bonding surface portion 154 may be bond-
ed to the main plate 110 by welding. Bonding surfaces
of the first main plate bonding surface portion 144 and
the second main plate bonding surface portion 154 to be
bonded to the main plate 110 (hereinafter referred to as
a first main plate bonding surface and a second main
plate bonding surface) come into close contact with the
main plate 110.
[0054] Bonding between the shroud bonding surface
portions 143 and 153 and the shroud 120 or bonding
between the main plate bonding surface portions 144
and 154 and the main plate 110 may be implemented by
welding, more particularly resistance welding or laser
welding. Resistance welding and laser welding have
been described above and thus a further description
thereof will be omitted hereinafter.
[0055] Referring to FIGs. 4 to 6, the blade 130 may
have a three dimensional (3D) shape. In the following
description, the 3D shape of the blade is defined as a
shape in which, when cross sections of the blade taken
at prescribed layers corresponding to prescribed planes
perpendicular to the rotation axis O are projected onto a
prescribed projection plane in a direction of the rotation
axis O, two or more lines among lines interconnecting
the front edges FE and the rear edges RE of the respec-
tive cross sections in the projection plane are not the
same line (or do not overlap each other). Here, the lines
interconnecting the front edges and the rear edges are
defined according to given rules. For example, the lines
may be straight lines interconnecting the front edges FE
and the rear edges RE. Alternatively, the lines may be
lines connecting equidistant points from the positive pres-
sure surface 131 and the negative pressure surface 132.
[0056] In a region of the blade 130 defining the space
S, a cross section of the blade may have an airfoil shape.
The main body portion 135 defines an airfoil. The entire
cross section of an inner circumferential surface of the
blade defining the space S has an airfoil shape, but a
front edge of the cross section may have a cusp due to
bonding between the positive pressure surface forming
member 140 and the negative pressure surface forming
member 150. Therefore, "airfoil" is defined based on the
shape of an outer circumferential surface of the blade

130 and a leading edge LE is defined as being located
on a virtual curve that interconnects an outer circumfer-
ential surface of the positive pressure surface forming
member 140 and an outer circumferential surface of the
negative pressure surface forming member 150. In the
drawings, "r" designates a radius of curvature at the lead-
ing edge LE and a radius of curvature at an upper surface
or a lower surface of the airfoil has the minimum value
at the leading edge LE.
[0057] Hereinafter, the main body portion 135 will be
described in more detail. The main body portion 135 may
have an airfoil or streamlined shape inwardly defining the
space S. According to the definition proposed by the Na-
tional Advisory Committee for Aeronautics (NACA) "air-
foil" is configured by a leading edge, a trailing edge and
an upper surface 145a and a lower surface 155a which
connect the leading edge and the trailing edge to each
other and a shape of the airfoil is determined by various
factors. Examples of the factors include a chord line CRL
that is a straight line connecting the leading edge and
the trailing edge to each other and a camber line CBL
that is acquired by connecting equidistant points from the
upper surface and the lower surface between the leading
edge and the trailing edge.
[0058] In FIG. 4, four layers perpendicular to the rota-
tion axis O are shown. Cross sections S(L1), S(L2), S(L3)
and S(L4) of the blade 130 are respectively taken at a
first layer Layer 1, a second layer Layer 2, a third layer
Layer 3 and a fourth layer Layer 4. The first layer Layer
1, the second layer Layer 2, the third layer Layer 3 and
the fourth layer Layer 4, which are required to define the
shape of the blade 130, may be freely selected so long
as they are taken from the top to the bottom along the
rotation axis O in this sequence.
[0059] The entire blade 130 acquires a twisted shape
in a vertical direction via interrelation between the first
cross section S(L1) and the fourth cross section S(L4).
In the case of the blade included in the conventional cen-
trifugal fan as exemplarily shown in FIG. 12 or as dis-
closed in Japanese Patent Laid-open Publication No.
2000-45997, a cross section of the blade near a shroud
and a cross section of the blade near a main plate have
substantially the same shape and, thus, the centrifugal
fan could not effectively deal with variation of airflow from
the shroud to the main plate. On the other hand, the cen-
trifugal fan 100 of the present invention may be designed
in such a manner that the first cross section S(L1) taken
at the first layer Layer 1 is suitable for flow characteristics
at the shroud 120 and the fourth cross section S(L4) taken
at the fourth layer Layer 4 is suitable for flow character-
istics at the main plate 110 independently of the first cross
section S(L1). This has the effect of remarkably improv-
ing performance, more particularly, efficiency of the fan
as compared to the related art.
[0060] A front edge FE(L1) of the first cross section
S(L1) close to the shroud 120 may be farther from the
rotation axis O than a front edge FE(L4) of the fourth
cross section S(L4) close to the main plate 110 and a
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rear edge RE(L4) of the fourth cross section S(L4) may
be farther from the rotation axis O than a rear edge
RE(L1) of the first cross section S(L1). In this case, as
exemplarily shown in FIG. 9, chord lines of the first cross
section S(L1) and the fourth cross section S(L4) cross
each other. Preferably, the chord line of the first cross
section S(L1) crosses chord lines of a second cross sec-
tion S(L2) and a third cross section S(L3) as well as the
chord line of the fourth cross section S(L4).
[0061] Meanwhile, as exemplarily shown in (a) of FIG.
4, when viewing the blade 130 from the lateral side, the
front edge FE or the rear edge RE of the blade 130 has
a prescribed inclination angle with respect to the rotation
axis O and, more particularly, an upper edge of the blade
close to the shroud 120 is located farther from the rotation
axis O than a lower edge of the blade close to the main
plate 110. Since air velocity is increased with decreasing
distance to the shroud 120, a portion of the blade 130
closer to the shroud 120 must generate greater force. In
this way, at least a portion of the blade 130 is shaped
such that a cross section of the blade 130 taken at a layer
closer to the shroud 120 is located farther from the rota-
tion axis O and this shape increases a linear velocity of
the blade 130 at a layer close to the shroud 120, which
allows a corresponding portion of the blade 130 to gen-
erate greater force.
[0062] In addition, generally, as air velocity is fast at a
portion of the blade close to the shroud 120 (hereinafter,
the first layer Layer 1 being described by way of exam-
ple), flow inertia (more particularly, an inertial component
in a direction of the rotation axis O) is great at the first
layer Layer 1 and this may cause flow separation at the
rear edge of the cross section of the blade taken at the
first layer. To solve this problem, the blade 130 according
to the present embodiment is configured in such a man-
ner that the front edge FE(S1) of the first cross section
S(L1) becomes farther from the rotation axis O than in
the related art, which increases a flow path from the suc-
tion opening 121 of the shroud 120 to the rear edge
RE(L4) of the first cross section S(L1) beyond that in the
related art, thereby causing air to overcome flow inertia
and be smoothly guided to the rear edge RE(L4). This
has the effect of more efficiently restricting flow separa-
tion at the rear edge RE of the blade 130.
[0063] In addition, the blade 130 may be configured in
such a manner that the first cross section S(L1) is located
ahead of the fourth cross section S(L4) in a direction op-
posite to a rotation direction of the main plate 110. More
particularly, at least a portion of the rear edge RE of the
blade 130 is more deviated in a direction opposite to a
rotation direction of the main plate 110 at an upper edge
thereof close to the shroud 120 than at a lower edge
thereof close to the main plate 110. As described above,
even if the blade 130 is shaped in such a manner that a
portion of the blade close to the shroud 120 (for example,
the first cross section S(L1)) is farther from the rotation
axis O than another portion of the blade (for example,
the fourth cross section SL(4)), in the same example, the

rear edge RE(L1) of the first cross section S(L1) is located
ahead of the rear edge RE(L4) of the fourth cross section
S(L4) in a direction opposite to the rotation direction of
the main plate 110. Therefore, the rear edge RE(L1) of
the first cross section S(L1) is located closer to the rota-
tion axis O than the front edge FE(L1). This has the effect
of substantially restricting increase in a blowing diameter
of the blade 130 (i.e. the maximum distance from the
rotation axis O to the rear edge LE of the blade 130).
Preferably, the rear edge RE(L1) of the first cross section
is located ahead of the rear edge RE(L4) of the fourth
cross section in a direction opposite to the rotation direc-
tion of the main plate 110 and the rear edge RE(L1) of
the first cross section among the rear edges RE(L1),
RE(L2), RE(L3) and RE(L4) of the respective cross sec-
tions is located at the foremost position in a direction
opposite to the rotation direction of the main plate 110.
This tendency may be equally applied to the front edge
FE of the blade 130 and, more particularly, the front edge
FE(L1) of the first cross section among the front edges
FE(L1), FE(L2), FE(L3) and FE(L4) of the respective
cross sections of the blade 130 may be located at the
foremost position in a direction opposite to the rotation
direction of the main plate 110.
[0064] Meanwhile, the front edge FE(L3) of the third
cross section may be located ahead of the front edge
FE(L4) of the fourth cross section in the rotation direction
of the main plate 110. This tendency may be equally ap-
plied to the rear edge RE. In this case, the rear edge
RE(L3) of the third cross section of the blade 130 may
be located ahead of the rear edge RE(L4) of the fourth
cross section in the rotation direction of the main plate
110.
[0065] FIG. 7 is a flowchart showing a method of a
manufacturing a centrifugal fan according to one embod-
iment of the present invention. FIG. 8 is a flowchart show-
ing a method of a manufacturing a centrifugal fan accord-
ing to another embodiment of the present invention.
FIGS. 9A to 9I are views showing the manufacture se-
quence of the centrifugal fan according to the embodi-
ments of the present invention.
[0066] The method of manufacturing a centrifugal fan
according to the present invention includes (a) cutting a
metal sheet to form a positive pressure surface forming
member and a negative pressure surface forming mem-
ber which respectively configure a positive pressure sur-
face and a negative pressure surface; (b) pressing the
positive pressure surface forming member and the neg-
ative pressure surface forming member to form a first
curved surface portion configuring the positive pressure
surface and a second curved surface portion configuring
the negative pressure surface; (c) trimming the positive
pressure surface forming member provided with the first
curved surface portion and the negative pressure surface
forming member provided with the second curved sur-
face portion to form a shroud bonding surface portion
and a main plate bonding surface portion; (d) bending
the shroud bonding surface portion and the main plate
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bonding surface portion; (e) bonding the positive pres-
sure surface forming member and the negative pressure
surface forming member to each other; and (f) bonding
the shroud bonding surface portion to a shroud and bond-
ing the main plate bonding surface portion to a main plate
in a bonded state of the positive pressure surface forming
member and the negative pressure surface forming
member.
[0067] Referring to FIGs. 7 to 9, the centrifugal fan 100
may be manufactured by the following steps.

(1) Metal Sheet Provisional Cutting Step S10: A met-
al sheet 210 is cut to form each of the positive pres-
sure surface forming member 140 that configures
the positive pressure surface 131 and the negative
pressure surface forming member 150 that config-
ures the negative pressure surface 132. The metal
sheet has plasticity suitable for pressing as well as
cutting and is preferably a steel sheet. In this step,
the positive pressure surface forming member 140
and the negative pressure surface forming member
150 are provisionally cut to a size having a margin
as compared to a final shape. For example, the metal
sheet 210 may be cut in a given shape as designated
by reference numeral 211 in FIG. 9A and the cut
shape 211 may have a difference between that of
the positive pressure surface forming member 140
and that of the negative pressure surface forming
member 150.
(2) Curved Surface Portion Pressing Step S20: The
curved surface portions 145 and 155 are respectively
acquired by forming the metal sheet 211 provision-
ally cut in Step S10. The curved surface portions 145
and 155 may be formed by pressing. The metal sheet
211 is placed between an upper mold 220 and a
lower mold 230 which are designed based on a de-
sired blade shape and the upper mold 220 is pushed
(see FIG. 9B). The curved surface portions 145 and
155 may be formed in a partial region of the metal
sheet 211 and the front edge bonding surface por-
tions 141 and 151 and the rear edge bonding surface
portions 142 and 152 may be formed at the front and
rear sides of the curved surface portions 145 and
155. Although not shown in the drawing, the shroud
bonding surface portions 143 and 153 and the main
plate bonding surface portions 144 and 154 may be
simultaneously formed. In particular, in this step, the
first curved surface portion 145 of the positive pres-
sure surface forming member 140 and the second
curved surface portion 155 of the negative pressure
surface forming member 150 may have different
shapes of curved surfaces according to the shape
of molds used. Pressing has the effect of providing
a material with increased strength and reduced duc-
tility.
(3) Trimming Step S30: Trimming to remove an extra
portion of the metal sheet 211 having the curved sur-
face portions 145 and 155 is implemented such that

the metal sheet 211 has a size conforming to design
dimensions of the final shape of the positive pressure
surface forming member 140 and the negative pres-
sure surface forming member 150. In particular, in
this step, the front edge bonding surface portion 141
or 151 and the rear edge bonding surface portion
142 or 152 may be processed respectively at a front
edge and a rear edge of the metal sheet 211 and the
shroud bonding surface portion 143 or 153 and the
main plate bonding surface portion 144 or 154 may
be processed respectively at an upper edge and a
lower edge of the metal sheet 211 (S31). As exem-
plarily shown in FIG. 9C, four corners of the metal
sheet 211 may be cut away to permit independent
bending of the bonding surface portions 143, 153,
144 and 154 without interference with the front edge
bonding surface portions 141 and 151 or the rear
edge bonding surface portions 142 and 152 in Step
S40.
In addition, Step S30 may further include processing
notches 185 in front and rear edges of the shroud
bonding surface portions 143 and 153 and in front
and rear edges of the main plate bonding surface
portions 144 and 154 (S32). Smooth bending of the
shroud bonding surface portions 143 and 153 or the
main plate bonding surface portions 144 and 154
about the notches 185 is possible, which allows the
bonding surface portions 143, 153, 144 and 154 to
be processed in an accurate shape. In addition, it is
possible to prevent deformation of the curved sur-
face portions 145 and 155 because stress is con-
centrated at the notches 185 upon bending of the
bonding surface portions.
(4) Bonding Surface Portion Bending Step S40: after
completion of trimming in Step S30, at least one of
the positive pressure surface forming member 140
and the negative pressure surface forming member
150 is subjected to bending of the shroud bonding
surface portion 143 and/or the shroud bonding sur-
face portion 153 formed at the upper edge of the
metal sheet 211 and bending of the main plate bond-
ing surface portion 144 and/or the main plate bond-
ing surface portion 154 formed at the lower edge of
the metal sheet 211 (see FIG 9D).
(5) Spring Back Compensation Step S50: Spring
back refers to reduction of a bending rate caused
when a plastic material subjected to bending is elas-
tically returned to an original state thereof upon re-
moval of pressure. Through this spring back, during
bending of the shroud bonding surface portions 143
and 153 or the main plate bonding surface portions
144 and 154 in Step S40, the bonding surface por-
tions 143, 153, 144 and 154 as well as the portions
processed in the previous steps, i.e. the front edge
and rear edge bonding surface portions 141, 151,
142 and 152 or the curved surface portions 144 and
155 tend to return to the original state thereof. For
reference, FIG 9E with regard to Step S50 shows
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that the metal sheet 211 to be processed as desig-
nated by a dotted line is deformed by spring back as
designated by a solid line.
Step S50 is implemented to compensate for a bend-
ing rate reduced by spring back, and molding is again
implemented using the molds 220 and 230. Step S50
serves to cause a material to pass a yield point and
maintain a processed shape thereof even after re-
moval of external force, and may be repeatedly im-
plemented plural times according to a deformation
degree of the material.
(6) Bonding Step S60 of Positive Pressure Surface
Forming Member 140 and Negative Pressure Sur-
face Forming Member 150: The positive pressure
surface forming member 140 and the negative pres-
sure surface forming member 150, which have been
completely processed in the previous steps, are
bonded to each other. Then, the front edge bonding
surface portions 141 and 151 may be bonded to each
other at the respective front edges of the positive
pressure surface forming member 140 and the neg-
ative pressure surface forming member 150 and,
likewise, the rear edge bonding surface portions 142
and 152 may be bonded to each other at the respec-
tive rear edges. In a state in which the front edge
bonding surface portions 141 and 151 of both the
members 140 and 150 come into contact with each
other and the rear edge bonding surface portions
142 and 152 come into contact with each other,
bonding may be implemented by welding. Bonding
between the front edge bonding surface portions 141
and 151 or bonding between the rear edge bonding
surface portions 142 and 152 may be implemented
by projection welding (S61), without being limited
thereto and, as described above, other resistance
welding, such as spot welding, or laser welding is
possible.

[0068] Upon implementation of projection welding in
Step S61, providing the positive pressure surface forming
member 140 or the negative pressure surface forming
member 150 with protrusions for welding (A1) may be
further implemented. Protrusions 141a may be formed
at a plurality of points, aligned in a line from the shroud
120 to the main plate 110, at the front edge bonding sur-
face portion 141 or 151 or the rear edge bonding surface
portion 142 or 152.
[0069] Although FIG 9F shows that the protrusions
141a are formed in a vertical direction along the front
edge bonding surface portion 141 of the positive pressure
surface forming member 140, the present invention is
not limited thereto and the protrusions 141a may be fur-
ther formed at the rear edge bonding surface portion 142.
Likewise, protrusions may be further formed at the neg-
ative pressure surface forming member 150.
[0070] In addition, although the embodiment describes
that formation of the protrusions 141a is implemented
after Step S50 by way of example, the present invention

is not limited thereto and Step A1 may be implemented
at an appropriate point in time before Step S60.
[0071] Meanwhile, the projection welding of Step S61
(see FIG 9G) may include simultaneously melting the
plural protrusions 141 a. According to embodiments, cur-
rent may be applied to the plural protrusions 141a using
a single electrode, or current may be simultaneously ap-
plied to the respective protrusions 141a using a plurality
of electrodes. This has the effect of shortening a bonding
process.
[0072] In Step S60, as another example of resistance
welding, spot welding may be implemented. In this case,
in the same manner as the projection welding, spot weld-
ing may be implemented at a plurality of points aligned
in a line from the shroud 120 to the main plate 110 at the
front edge bonding surface portion 141 or 151 or the rear
edge bonding surface portion 142 or 152.
[0073] Resistance welding, such as spot welding or
projection welding, as exemplarily shown in FIG 6, caus-
es only a limited portion of a base material coming into
contact with an electrode to be molten. Therefore, marks
caused when the molten base material is solidified, that
is, nuggets 133a are formed at a constant interval on the
bonding portions 133 and 134. These nuggets 133a may
be arranged in a vertical direction on the bonding portions
133 and 134.

(7) Blade Installation Step S70: The blade 130, in
the form of an integrated member acquired by bond-
ing in Step S60, is coupled to the main plate 110 and
the shroud 120. Coupling between the blade 130 and
the main plate 110 or coupling between the blade
130 and the shroud 120 may be implemented by
resistance welding or laser welding. These welding
methods have been described above and thus, will
not be repeatedly described.

[0074] According to an embodiment, Step S70 may in-
clude a blade positioning step S71, a blade provisional
assembly step S72 and a resistance welding step S73.
[0075] In the blade positioning step S71, the blade 130
is positioned at a predetermined assembly position on
the main plate 110.
[0076] In the blade provisional assembly step S72, the
blade 130 is provisionally assembled using fastening
members, such as bolts, screws, rivets or the like. Here-
inafter, provisional assembly using the rivets 171 will be
described by way of example.
[0077] Prior to Step S72, processing holes 172 for in-
sertion of the rivets in at least one of the positive pressure
surface forming member 140 and the negative pressure
surface forming member 150 may be further implement-
ed. As the rivets are inserted into the holes 172, the
shroud 120 and the shroud bonding surface portions 143
and 153 may be fastened to each other and, likewise,
the main plate 110 and the main plate bonding surface
portions 144 and 154 may be fastened to each other.
Processing positions of the holes 172, as exemplarily
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shown in FIG. 9H, may include at least two positions of
a front end and a rear end of the main plate bonding
surface portion 144 or 154 and at least one position of a
rear end of the shroud bonding surface portion 143 or
153. Here, note that the hole 172 for insertion of the rivet
171 may further be processed in a front end of the shroud
bonding surface portion 143 or 153 based on the size of
the centrifugal fan 100.
[0078] Each bonding surface portion 143, 153, 144 or
154 may be spot welded to an object (the shroud 120 or
the main plate 110) at a prescribed interval in a portion
thereof between the front end and the rear end thereof
except for the fastening positions of the rivets 171. FIG.
9I shows the rivets 171. As will be appreciated from the
drawing, the rivets 171 are fastened at two positions of
the rear end of the shroud bonding surface portion 143
or 153 and the rivets 171 are respectively fastened at the
front end and the rear end of the main plate bonding
surface portion 144 or 154. However, installation posi-
tions of the rivets 171 are not limited thereto and may be
changed in various ways according to the size of the fan
100 or the shape of the shroud 120.
[0079] After Step S71, a step of bonding the blade 130
to the shroud 120 or the main plate 110 may be imple-
mented. This bonding may be implemented by resistance
welding or laser welding. Step S72 is one example of
resistance welding and the blade 130 is bonded to the
shroud 120 and the main plate 110 by spot welding. Spot
welding may be implemented at a plurality of points be-
tween the front edge to the rear edge on the shroud bond-
ing surface portions 143 and 153 or the main plate bond-
ing surface portions 144 and 154.
[0080] Spot welding leaves indentations or welding
beads in a surface of a base metal. Since the welding
beads are formed in a significantly confined range due
to the characteristics of spot welding and, thus, cause
less flow resistance and no increase in the weight of a
base metal, the welding beads have substantially no neg-
ative effect on balancing of the fan.

(8) Post Treatment Step S80: This is a step for post
treatment of a surface of the centrifugal fan 100 after
completion of assembly of the main plate 110, the
shroud 120 and the blade 130. Paint may be applied
to the surface. In this case, a paint layer may increase
corrosion resistance and seal coupling regions be-
tween members.

Claims

1. A method of manufacturing a centrifugal fan, the
method comprising the steps of:

(a) cutting a metal sheet to form a positive pres-
sure surface forming member and a negative
pressure surface forming member respectively
configuring a positive pressure surface and a

negative pressure surface;
(b) pressing the positive pressure surface form-
ing member and the negative pressure surface
forming member to form a first curved surface
portion configuring the positive pressure surface
and a second curved surface portion configuring
the negative pressure surface;
(c) trimming the positive pressure surface form-
ing member provided with the first curved sur-
face portion and the negative pressure surface
forming member provided with the second
curved surface portion to form a shroud bonding
surface portion and a main plate bonding sur-
face portion;
(d) bending the shroud bonding surface portion
and the main plate bonding surface portion;
(e) bonding the positive pressure surface form-
ing member and the negative pressure surface
forming member to each other; and
(f) bonding the shroud bonding surface portion
and a shroud to each other and bonding the main
plate bonding surface portion and a main plate
to each other in a bonded state of the positive
pressure surface forming member and the neg-
ative pressure surface forming member.

2. The method according to claim 1, wherein the first
curved surface portion and the second curved sur-
face portion define different shapes of curved sur-
faces.

3. The method according to claim 1, wherein, in the
step (c), trimming is implemented such that an upper
edge and a lower edge of each of the positive pres-
sure surface forming member and the negative pres-
sure surface forming member are bent independent-
ly of a front edge of each forming member in the step
(d).

4. The method according to claim 3, wherein the step
(e) includes:

bonding front edges of the respective forming
members to each other; and
bonding rear edges of the respective forming
members to each other.

5. The method according to claim 4, wherein at least
one of bonding between the front edges of the re-
spective forming members and bonding between the
rear edges of respective forming members is imple-
mented by resistance welding.

6. The method according to claim 5, wherein the resist-
ance welding is implemented at a plurality of posi-
tions aligned in a line from the shroud to the main
plate in a state in which the front edges or the rear
edges of the respective forming members come into
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contact with each other.

7. The method according to claim 6, wherein the resist-
ance welding is spot welding.

8. The method according to claim 6, wherein the resist-
ance welding is projection welding, and
wherein the method further comprises the step of
forming protrusions at any one of the positive pres-
sure surface forming member and the negative pres-
sure surface forming member so as to protrude to-
ward the other one.

9. The method according to claim 8, wherein the pro-
trusion forming step includes forming the protrusions
at a plurality of positions, aligned in a line from the
shroud to the main plate, on at least one of the front
edge and the rear edge of any one of the positive
pressure surface forming member and the negative
pressure surface forming member.

10. The method according to claim 9, wherein the step
(e) includes simultaneously melting the protrusions.

11. The method according to claim 1, further comprising
the step of processing a rivet hole in at least one of
the shroud bonding surface portion and the main
plate bonding surface portion,
wherein the step (f) includes fastening a rivet through
the rivet hole to couple at least one of the shroud
bonding surface portion and the main plate bonding
surface portion to the shroud or the main plate.

12. The method according to claim 11, wherein the step
(f) includes bonding each of the shroud bonding sur-
face portion and the main plate bonding surface por-
tion to the shroud or the main plate in a fastened
state of the rivet.

13. The method according to claim 12, wherein bonding
between the shroud bonding surface portion and the
shroud or bonding between the main plate bonding
surface portion and the main plate is implemented
by resistance welding.

14. The method according to claim 13, wherein the re-
sistance welding is spot welding implemented at a
plurality of positions aligned in a line from the front
edge to the rear edge of each forming member.

15. The method according to claim 1, further comprising
the step of repeatedly implementing the step (b) after
the step (d).
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