10

15

20

25

METHOD OF MANUFACTURING HOLLOW BLADE AND
HOLLOW BLADE MANUFACTURED BY THE METHOD

[Technical Field]

This invention relates to a method of manufacturing a
hollow blade and a hollow blade manufactured by the method.

| [Background Art]

Fig. 7 shows one of procedures in a conventionally
typical method of manufacturing a hollow blade. Figs. 8 and
9 each show an essential part of a hollow blade 50 manufactured
by the conventional method.

In the conventional method of manufacturing a hollow
blade, a first blade body 51 with a recessed part 53 and a
second blade body 52 formed so as to close the recessed part
53 are first put together. Then, the first and second blade
bodies 51, 52 are joined by welding by means of a ultrasonic
welding device thereby forming the hollow blade 50 internally
provided with a hollow‘part 56 composed of a part of the
recessed part 53.

In this case, the first blade body 51 is provided with
a shelf surface 54 formed at an outer periphery of the recessed
part 53. An outer peripheral part of the back face 52b of the
second blade body 52 is laid on the shelf surface 54 of the
first blade body 51 so that the second'blade body 52 is faced
with the first blade body 51 in a partly contact state. An
outer peripheral end surface 51b between the shelf surface
54 and the surface 5la of the first blade body 51 is opposed

to an outer peripheral end surface 52c of the second blade
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body 52 with a set space left, thereby c;eating a clearance
59 between both the outer peripheral end surfaces 51b, 52c.

In the state that the first and second blade bodies 51,
52 are faced with each other in a contact state, a horn 60
of the ultrasonic welding device is moved down from above the
clearance 59. Thus, the end surface 60a of the horn 60 is
located at a position of crossing the first and second blade
bodies 51, 52 interposing the clearance 59 therebetween and
comes into contact with both the blade bodies 51, 52 while
pressing them. In this state, ultrasonic vibrations are
applied to the blade bodies 51, 52 by the horn 60 in its
pressing direction (direction of arrows a-b of Fig. 7).

Frictional heat resulting from the wultrasonic
vibrations is produced between the shelf surface 54 of the
first blade body 51 and the puter'peripheral.part of the back
féce 52b of the second blade body 52 which come into
face-to-face contact with each other, and is also produced
between each of the surfaces 5la, 52a of the first and second
blade bodies 51, 52 and the end surface 60a of the horn 60
which come into face-to-face contact with each other.

If frictional heat produced due to contact between resin
materials is compared with frictional heat produced due to
contact between metal and resin, the former has a higher
temperature. Accordingly, resin is more readily melted at a
parf where the back face 52b of the second blade body 52 is
laid on the shelf surface 54 of the first blade body 51, so

that a resin melting part 55 shown in Fig. 8 or a first resin
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melting part 55A shown in Fig. 9 is produced. The first and
second blade bodies 51, 52 are joined to each other through
the resin melting part 55 or the first resin melting part 55A.

On the other hand, on each of the surfaces 5la, 52a of
the first and second blade bodies 51; 52, resin is softened
through the application of pressure and ultrasonic vibrations
by the horn 60 so that a circular impression 58 along the shape
of the horn 60 is produced. As shown in Fig. 8, when the
pressing force of the horn 60 is set smaller so as to reduce
the depth of the impression 58 as small as possible, an amount
of melting resin producéd by the formation of the impression
58 is decreased. As a result, an amount of flow of the melting
resin into the clearance 59 1s also decreased so that the
clearance 59 is substantially kept in its original state.

On the contrary, when the pressing force of the horn 60
is increased, the depth of the impression 55 becomes 1ai:~ger
as shown in Fig. 9, so that the amount of melting resin produced
accompanying the formation of the impression 58 is increased.
As a result, a part of the melting resin flows into the
clearance 59 so that a second resin melting part _558 is formed
at an upper portion of the clearance 59. The second resin
melting part 55B joins the first and second blade bodies 51,
52 to each other.

The joint strength between the first and second blade
bodies 51, 52 is mainly ensured by the resin melting part 55
(in the case of Fig. 8) or the first resin melj:ing part 55A

(in the case of Fig. 9). However, when both the blade bodies
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51, 52 are also joined to each other through the second resin
melting part 55B as shown in Fig. 9, the joint strength between
both the blade bodies 51, 52 is increased, which is preferable
in point of joint strength.

- Problems to be solved -

Since the joint strength between the first and second
blade bodies 51, 52 is mainly ensured by the resin melting
part 55 (in the case of Fig. 8) or the first resin melting
part 55A (in the case of Fig. 9) as mentioned above, the resin
melting parts 55, 55A must be surely formed in order to ensure'
reliability on the manufacture of the hollow blade 50. In other

words, it is necessary to check, in a quality inspection after

the manufacture, that the parts in question have been

subjected to welding by the ultrasonic welding device.

In this case, a particular need for mass production of
the hollow blade 50 is that the quality inspection can be made
with efficiency and reliability.

However, since the resin melting parts 55, 55A are
located inside the hollow blade 50, the inspector cannot make
a direct visual check of them from outside. Therefore, in order
to perform the quality inspection of the hollow blade 50 with
efficiency and reliability, it is necessary that a wvisual
check of the resin melting parts 55, 55A can be made by the
inspector even though it is in an indirect manner.

In the case of the hollow blade 50 manufactured by the
conventional manufacturing method, the impression 58 can be

an object of the visual check.
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Next, a consideration will be given to the hollow blade
50 manufactured by the conventional manufacturing method
shown in Figs. 8 and 9. |

In the hollow blade 50 shown in Fig. 8, the depth of the
impression 58 produced on the surfaces 5la, 52a of the first
and second blade bodies 51, 52 is reduced as small as possible.
Accordingly, when the quality inspection is performed through
a visual check of the impression 58, it is difficult to
recognize the impression 58 and, in some cases, it may be
difficult to judge whether a welding work has been made or
not. Accordingly, the above-mentioned hollow blade 50 has a
problem in point of efficiency and reliability of the quality
inspection. |

In the hollow blade 50 shown in Fig. 9, since the depth

of the impression 58 is large, a visual check of the impression

58 can be made with ease and reliability, which makes the

hollow blade 50 of this case seem preferable in point of

efficiency and reliability of the quality inspection. Further,
since the second resin melting part 55B is formed at the upper
portion of the clearance 59, the hollow blade 50 of this case
has an advantage in its increased joint strength.

However, when an impeller is formed of the hollow blades
50 with such an impression 58 having a large depth, it can
be considered that large noise is produced at the position
of the impression 58 in association with the rotation of the
impeller, which is not preferable.

In addition, the formation of such an impression 58
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having a large depth squeezes a part of melting resin out of
the impression 58 in a radial direction, thereby forming a
swelling 57 around the impression 58. Since the swelling 57
results in production of noise if it 1s left, it is required
to be removed. This increases the number of manufacturing
steps, which is an undesired effect.

The present invention has been made in wview of the
foregoing problems and therefore, has its object of providing
a hollow blade on which an inspection for a joint work can
be performed with efficiency and reliability through a visual
check from outside while the smoothness of the blade sufface
is maintained and providing a method of manufacturing the
hollow blade.

[Disclosuré of Invention]

To solve the above problems, the present invention takes
the following measures.

A first invention premises a method of manufacturing a
hollow blade whereby £first and second resin-made blade bodies
formed by injection molding are put together and are joined
by welding by means of an ultrasonic welding dévice to form
a hollow blade internally provided with a hollow part.

First, in injection-molding the first and second blade
bodies, respective convex parts swelling from respective
surfaces of the first and second blade bodies are formed at
positions contiguous with and opposed to each other when both
the blade bodies are put together.

Next, in joining the first and second blade bodies to
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each other by the ultrasonic welding device, a horn of the
ultrasonic welding device is placed at a position of crossing
both the convex parts to come into contact with the top
surfaces of the convex parts while pressing them at the same
time and in this state the ultrasonic welding device is
operated.

Then, contact surfaces of the first and second blade
bodies which extend in a direction approximately orthogonal
to a direction of putting together both the blade bodies are
welded at their portions corresponding to a pressing direction
of the horn, and concurrently, both the convex parts are
deformed by melting under pressure through the horn to trickle
melting resin of both the convex parts into a clearance between
the fifst and second blade bodies so that both the blade bodies
are welded in a manner of forming a bridge therebetween,
thereby joining both the blade bodies into one piece to form
a hollow blade.

A second invention is so composed that in the first
invention, an amount of deformation of each of the convex parts
through the application of pressure by the horn is set at a
value approximately identical to the height of the convex
part.

A third invention premises a hollow blade in which first
and second blade bodies are put together to .form a hollow part
therebetween.

The first and second blade bodies in a state of being

put together are joined by welding at their contact parts and
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their opposed parts forming a clearance created when the first
and second blade bodies are put together.

A fourth invention is so composed that in the third
invention, a welded part at the clearance between the first
and second blade bodies is formed such that the surface thereof
is approximately flush with the surfaces of the first and
second blade bodies.

- Effects of the Invention -

According to the first to fourth inventions above-
mentioned, the following effects can be obtained.

According to the first invention, respective convex
parts are provided on respective surfaces of the first and_
second blade bodies in injection-molding both the blade bodies,
the first and second blade bodies are welded at their contact
parts, and melting resin of both the convex parts are
concurrently trickled into a clearance between the first and
second blade bodies so that both the blade bodies are welded.
Accordingly, a joint work can be verified by a visual check
of the deformation of the convex parts.

In detail, in joining the first and second blade bodies
to each other by the ultrasonic welding device, cohv'ex parts
previously provided on the first and second blade bodies are
deformed under pressure. Accordingly, after the hollow blade
is manufactured, a visual check is made on the state of
deformation of the convex parts as compared with the state
of the convex parts before manufacturing the hollow blade,

thereby verifying that a joint work by means of the ultrasonic
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welding device has been performed.

In other words, a resin melting part is surely formed
on the contact surfaces of the first and second blade bodies
inside the hollow blade, and the joint of both the blade bodies
through the resin melting part can be verified with ease and
reliability. As a result, a post-manufacturing quality
inspection of the hollow blade can secure efficiency and
reliability.

Further, the convex parts are melted and the melting
resin thereof is trickled into the clearance between the first
and second blade bodies by the horn, so that a resin melting
part is formed in the shape of a bridge between both the blade
bodies. Thereby, the first and second blade bodies are also
joined at an upper portion of the clearance through the resin
melting part, which further increases joint strength.

According to the second invention, since an amount of
deformation of each of the convex parts through the
application of pressure by the horn is set at a value
approximately identical to the height of the convex part, the
blade surface has no unevenness when the convex parts are
deformed under pressure, which maintains the excellent
smoothness of the blade surface.

According to the third invention, since the first and

second blade bodies in a state of being put together are joined

by welding at their contact parts and their opposed parts
forming a clearance created when the first and second blade

bodies are put together, the joint strength between both the
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blade bodies is higher as compared with the case that both
the blade bodies are joined by welding only at their contact
parts, which increases the reliability in using the blade.

According to the fourth invention, since a welded part
at the clearance between the first and second blade bodies
is formed such that the surface thereof is approximately £flush
with the surfaces of the first and second blade bodies, noise
when an impeller formed of the first and second blade bodies
is run can be reduced to a minimum in contrast to the
conventional case that an impression is left on the blade
surface, thereby realizing a quiet run of the impeller.

[ﬂrief Description of Drawings]

Fig. 1 is a plan view showing a hollow blade manufactured
by a manufacturing method of this invention.

Fig. 2 is a cross-sectional view taken on line II-II of
Fig. 1.

Fig. 3 is an enlarged view of a part Il of Fig. 2.

Fig. 4 is a view taken in the direction of arrows IV
-V of f‘ig. 3-.

Fig. 5 is a cross-sectional view showing a process of
manufacturing the hollow blade.

Fig. 6 is a view taken in the direction of arrows VI
-Vl of Fig. 5.

‘Fig. 7 is a cross-sectional view showing a conventional
method of manufacturing a hollow blade.

Fig. 8 is a cross-sectional view showing a hollow blade

manufactured by the conventional manufacturing method.

10 .
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Fig. 9 is a cross-sectional view showing a hollow blade

manufactured by the conventional manufacturing method.
[Best Mode for Carrying Out the Invention]

Below, a detailed description is made about an
embodiment of the present invention with reference to the
drawings.

Fig. 1 shows a hollbw blade 1 manufactured by a
manufacturing method of the present invention. Fig. 2 shows
a sectional form of the hollow blade 1.

A plurality of such hollow blades 1 are fixed to a boss
7 thereby forming an impeller. As shown in Figs. 1 and 2, the
hollow blade 1 is formed into a plane having an approximate
trapeziform outline and is internally provided with a hollow
part 5 extending along the plane. The hollow blade 1 is
manufactured by putting together £first and second blade bodies
2, 3 and joining them.

The first blade body 2 is previously formed into a set
shape by injection molding with the use of a resin material
prior to a joint work below-mentioned. The shape is as follows:
as shown in Figs. 1 and 2, the first blade body 2 is formed
into a plane having an aéproximate trapeziform outliné; the
surface 2a of the first blade body 2 forms the back face 1f
of the hollow blade 1; and the back face 2b of the first blade
body 2 is provided with an approximate trapeziform recessed
part 4 which is rece;ssed on the surface la side along the
outline of the first blade body 2.

As shown in Figs. 3 and 5, a peripheral edge of the

11
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recessed part 4 is provided with a shelf surface 22 which is
located slightly above the bottom of the recessed part 4 and
extends ai(mg the plane of the first blade body 2, aﬁd is
provided with an outer peripheral end surface 21 rising along
the outer peripheral edge of the shelf surface 22. The first
blade body 2 has an integrally-molded blade fixing part 11
which serves as a part for fixing the first blade body 2 to
the boss 7.

Similarly to the first blade body 2, the second blade
body 3 is previously formed into a set shape by injection
molding with the use of a resin material prior to the joint
work. The shape is as follows: as shown in Figs. 1 and .2, the
second blade body 3 is fitted on the recessed part 4 of the
first blade body 2 so as to cover it and is joined to the
peripheral edge of the recessed part 4; the second blade body
3 is formed into a plane having an approximate trapeziform
outline so as to bonform to the outline of the receésed part
4; and the surface 3a of the second blade body 3 forms a part
of the surface le qf the hollow blade 1.

In a state that the second blade body 3 is fitted on the
recessed part 4 of the first blade body 2 and the first and
second blade bodies 2, 3 are put together (See Figs. 1 and
2), the outer peripheral part of the back face 3b of the second
blade body 3 comes into face-to-face contact with the shelf
surface 22 provided on the recessed part 4 of the first blade
body 2. Thus, the shelf surface 22 of the recessed part 4 of

the first blade body 2 and the outer peripheral part of the

12
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back face 3b of the second blade body 3 form a contact surface
and a contact part, respectively. Further, in the above state
thaf both the blade bodies 2, 3 are put together, the outer
peripheral end surface 21 of the recessed part 4 is opposed
to an outer peripheral end surface 31 of the second blade body
3 with a set space left therebetween. Furthermore, between
both the outer peripheral end surfaces 21 and 31, an annular
clearance 10 is formed so as to extend along the outline of
the recessed part 4.

Further, the first and second blade bodies 2, 3 are
provided with convex parts 23, 32 characterized in the présent
invention, respéctively.

As shown in PFPigs. 5 and 6, the convex part 23 has an
approximate half columnar shape and is formed on the back face
2b of the first blade body 2 which forms a part of the surface
le of the hollow blade 1. A plurality of the convex parts 23
are provided along the peripheral edge of the recessed part
4. The convex parts 23 are integrally formed with the first
blade body 2 in such a manner as to swell parts of the first
blade body 2 to a set height when the first blade body 2 is
injection-molded. In this embodiment, seven convex parts 23
are provided as shown in Fig. 1.

On the other hand, as shown in Figs. 5 and 6, the convex
part 32 has an approximate half columnar shape, similarly to
the convex part 23, and is formed on the surface 3a of the
second blade body 3 which forms a part of the surface le of

the hollow blade 1. A plurality of the convex parts 32 are

13
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provided along the peripheral edge of the recessed part.4.

As shown in Fig. 1, the positions where the convex parts
32, 32, .. of the second blade body 3 are to be formed are set
to correspond to the positions of the convex parts 23, 23,
«~ 0f the first blade body 2, respectively. The convex parts
32 are integrally formed with the second blade body 3 in such
a manner as to swell parts of the second blade body 3 to a
set height when the second blade body 3 is injection-molded.

Thus, as shown in Fig. 1, the convex parts 23, 23, .. of
the first blade body 2 are contiguous with and opposed to the
convex parts 32, 32, .. of the second blade body 3, respectively,
when the first and second blade bodies 2, 3 are put together.

In the state that the convex parts 23 are opposed to the
convex parts 32, respectively, the first and second blade
bodies 2, 3 which are put together are subjected to a joint
work by means of an ultrasonic welding device thereby forming
both the blade bodies 2, 3 into one piece. This formation of
a one-piece structure provides a hollow blade 1 internally

provided with the hollow part 5 formed of the recessed p'art

4.

- Joint Work -

Next, a descript:i_.on will be given to the joint work by
means 6f the ultrasonic welding device.

As shown in Fig. 5, a horn 16 attached to an oscillator
15 of the ultrasonic welding device is placed above a pair
of the convex parts 23, 32. The end of the horn 16 is made

contact with the top surfaces of the convex parts 23, 32 and

14
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a specified pressing force is applied to the convex parts 23,
32. In this state, ultra sonic vibrations in a direction of
applying the pressing force (direction of arrows a-b of Fig.
5) are given to the convex parts 23, 32 through the horn 16.
Through the application éf ulti‘asonic vibrations, frictional
heat occurs at an interface between the shelf surface 22 of
the first blade body 2 and the outer peripheral part of the
back face 3b of the second blade 3 so that the interface is
melted thereby forming a first resin melting part 41 as shown
in Fig. 3. Through the first resin melting part 41, the first
and second blade bodies 2, 3 are joined in the vicinity of
a lower end of the clearance 10.

Meanwhile, frictional heat also occurs between each of
the- convex parts 23, 32 and the horn 16, so that the convex
parts 23, 32 are melted. Melting resin thus obtained trickles
into an upper part of the clearance 10 by the capillary action
of the cleara_nce 10 and the pressing action of the horn 16.
Thus, as shown in Figs . 3 and 4, a bridge-~like second resin
melting part 42 is formed at the upper part of the clearance
10 so as to cross the outer peripheral end surface 21 of the
first blade body 2 and the outer peripheral end surface 31
of the second blade body 3. Through the second resin melting
part 42, the first and second blade bodies 2, 3 are joined
at the upper part of the clearance 10.

-.Effects -

As mentioned so far, according to this embodiment, since

the £first and second blade bodies 2, 3 are joined to each other
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in the vicinity of the lower end of the clearance 10 as well
as at the upper part of the clearance 10, joint strength can
be increased as compared with the case that both the blade
bodies 2, 3 are joined only in the vicinity of the lower end
of the clearance 10. Further, when an impeller is produced
with the use of such a hollow blade 1 formed of both the blade
bodies 2 and 3, operational reliability can be ensured.

In the present embodiment, an amount of deformation of
each of the convex parts 23, 32 through the_application of
pressure by the horn 16 is set at a value approximately
identical to the height of the convex part 23, 32. Accordingly,
as shown in Fig. 3, when the joint work is completed, no
impression of the convex parts 23, 32 is left on the surface
le of the hollow blade 1 and an apprbximate flush surface is
formed from the back face 2b of the first blade body 2 to the
surface 3a of the second blade body 3, thereby ensuring
excellent smoothness. As a result, when. én impeller 1is
produced with 1_:he use of the hollow blade 1, noise production
during the running of the impel;er can be reduced as compared
with the conventional case that an impression due to the joint
work is left on the blade surface, thereby realizing a quiet
run of the impeller. |

-Further, the hollow blade 1 manufactured according to
the present embodiment is subjected to a post-manufacturing
quality inspection in which the joiﬁt state of the first and
second blade bodies 2, 3 is verified. In the hollow blade 1

of the present embodiment, the convex parts 23, 32 having been

16
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formed on the first and second blade bodies 2, 3.prior to the
joint work are eliminated by deformation undér pressure during
the joint work. Accordingly, in the quality inspection, an
inspector can check the state of the first resin melting part
41 inside the hollow blade 1 with ease and reliability through
a visual check for the convex parts 23, 32 from outside. Thus,
the joint state can be verified with ease and reliability
thereby ensuring efficiency and reliability of the quality
inspection.
[Industrial Applicability]

As described so far, according to a method of
manufacturing a hollow blade of the invention and a hollow
blade manufactured by the method, the joint state can be
readily verified and high joint strength can be obtained. Such

a hollow blade is suitable for use in a low-noise impeller.
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Claiﬁs

1. A method of manufacturing a hollow blade whereby first and
second resin-made blade bodies (2, 3) formed by injection
molding are put together and are joined by welding by means
of an ultrasonic welding device to form a hollow blade (1)=
internally provided with a hollow part (5), comprising the
steps of:

in injection-molding the first and second blade bodies
(2, 3), forming respective convex parts(23, 32) swelling from
respective surfaces (2b, 3a) of the first and second blade
bodies (2, 3) at positions contiguous with and opposed to each
other when both the blade bodies (2, 3) are put together:;

placing a horn (16) of the ultrasonic welding device at
a position that the horn (16) crosses both the convex parts
(23, 32) to come into contact with the top surfaces of the
convex parts (23, 32) while pressing them at the same time
and then, in this state, operating the ultrasonic welding
device; and

welding contact éurfaces of the first and second blade
bodies (2, 3) which extend in a direction approximately
orthogonal to a direction of putting together both the blade
bodies (2, 3) at their pbrtions corresponding to a pressing
directlion of the horn (16), and concurrently deforming both
the convex parts (23, 32) by melting under pressure through
the horn (16) to trickle melting resin of both the convex parts

(23, 32) into a clearance (10) between the first and second
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blade bodies (2, 3) so that both the blade bodies (2, 3) are
welded in a manner of forming a bridge therebetween, thereby
joining both the blade bodies (2, 3) into one piece to form
a hollow blade (1).

2. Amethod of manufacturing a hollow blade according to Claim
1, wherein

an amount of deformation of each of the coﬁvex parts (23,
32) through the application of pressure by the horn (16) is
set at a value approximately identical to the height of the

convex part (23, 32).

3. A hollow blade in which first and second blade bodies (2,
3) are put together to form a hollow part (5) therebetween,
wherein

the first and second blade bodies (2, 3) in a state of
being put together are joined by welding at their contact parts
and their opposed parts forming a clearance dreated when the

first and second blade bodies (2, 3) are put together.

4. A hollow blade according to Claim 3, wherein

a welded part at the _clearance between the first and
second blade bodies (2, 3) is formed such that the surface
thereof is approximately flush with the surfaces (2b, 3a) of

the first and second blade bodies (2, 3).
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