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Description
Technical Field

[0001] The present invention relates to a counter-ro-
tating axial flow fan for use to cool the inside of an electric
device and the like.

Background Art

[0002] Japanese Unexamined Patent Application
Publication No. 2004-278370 (Patent Document 1) and
US Patent No. 7,156,611 (Patent Document 2) each dis-
close a counter-rotating axial flow fan including a housing
including a housing main body having defined therein an
air channel having a suction port at one end in an axial
direction and a discharge port at the other end in the axial
direction, and a motor support frame disposed at a center
portion of the air channel. In the counter-rotating axial
flow fan, afirstimpeller rotated by a first motor is disposed
in a first space in the housing between the motor support
frame and the suction port. Also, a second impeller ro-
tated by a second motor is disposed in a second space
in the housing between the motor support frame and the
discharge port. The first impeller rotates in the opposite
direction to the second impeller. In the counter-rotating
axial flow fan, the housing includes a first split housing
unit and a second split housing unit coupled to each other
by a coupling structure. The first split housing unit in-
cludes a first housing main body half portion including a
first cylindrical air channel half portion having defined
therein a main portion of the first space, and a first support
frame half portion which is one of two pieces obtained
by splitting the motor support frame along an imaginary
reference split plane extending in a radial direction per-
pendicular to the axial direction. The second split housing
unit includes a second housing main body half portion
including a second cylindrical air channel half portion
having defined therein a main portion of the second
space, and a second support frame half portion which is
the other of the two pieces obtained by splitting the motor
support frame along the imaginary reference split plane.

[Patent Document 1] Japanese Unexamined Patent
Application Publication No. 2004-278370
[Patent Document 2] US Patent No. 7,156,611

Summary of Invention

Technical Problem

[0003] In the counter-rotating axial flow fan according
to the related art, however, vibration increases in a plu-
rality of rotational speed ranges (resonance ranges) as
the rotational speeds of the first and second motors are
increased. If the counter-rotating axial flow fan is used
within any of such rotational speed ranges with increased
vibration, the counter-rotating axial flow fan may produce
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significant vibration, which may result in significant noise.
[0004] An object of the present invention is to provide
a counter-rotating axial flow fan in which vibration gen-
eration may be reduced more than ever in a wide rota-
tional speed range.

Solution to Problem

[0005] The presentinvention provides a counter-rotat-
ing axial flow fan including a housing, a first impeller, a
first motor, a second impeller, and a second motor. The
housing includes a housing main body having defined
therein an air channel having a suction port at one end
in an axial direction and a discharge port at the other end
in the axial direction, and a motor support frame disposed
at a center portion of the air channel. The first impeller
is disposed in a first space defined in the housing be-
tween the motor support frame and the suction port, and
includes a plurality of blades. The first motor includes a
first rotary shaft to which the firstimpeller is fixed to rotate
the first impeller in a first rotational direction in the first
space. The second impeller is disposed in a second
space defined in the housing between the motor support
frame and the discharge port, and includes a plurality of
blades. The second motor includes a second rotary shaft
to which the second impeller is fixed to rotate the second
impeller in a second rotational direction opposite the first
rotational direction in the second space.

[0006] The motor support frame includes a support
frame main body located at the center portion of the air
channel and a plurality of webs disposed between the
support frame main body and the housing main body at
predetermined intervals in a circumferential direction of
the rotary shafts to couple the support frame main body
and the housing main body.

[0007] The housing includes a first split housing unit
and a second split housing unit coupled to each other by
a mechanical coupling structure. The first split housing
unit includes a first housing main body half portion in-
cluding a first cylindrical air channel half portion having
the suction port at one end and having defined therein a
main portion of the first space, and a first support frame
half portion which is one of two pieces obtained by split-
ting the motor support frame along a split plane extending
in a radial direction perpendicular to the axial direction.
The second split housing unit includes a second housing
main body half portion including a second cylindrical air
channel half portion having the discharge port at one end
and having defined therein a main portion of the second
space, and a second support frame half portion which is
the other of the two pieces obtained by splitting the motor
support frame along the split plane.

[0008] The coupling structure adopted in the present
invention includes a plurality of engaging portions inte-
grally formed with the first housing main body half portion
and disposed at intervals in the circumferential direction,
and a plurality of engaged portions integrally formed with
the second housing main body half portion and disposed
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at intervals in the circumferential direction to be engaged
with the plurality of engaging portions. The coupling
structure and the first and second split housing units are
configured such that an opposed surface of the first sup-
port frame half portion and an opposed surface of the
second support frame half portion entirely contact each
other when the plurality of engaging portions and the plu-
rality of engaged portions are completely engaged with
each other. The phrase "opposed surfaces entirely con-
tact each other" as used herein means that opposed sur-
faces contact each other through a large number of point
contacts as seen from a microscopic point of view.
[0009] In the present invention, in particular, a soft
cushioning member is disposed between the first support
frame half portion and the second support frame half por-
tion, the cushioning member being compressed when
the plurality of engaging portions and the plurality of en-
gaged portions are completely engaged with each other.
A plurality of independent air bubbles are dispersed in
the soft cushioning member adopted in the present in-
vention. The independent air bubbles may include not
only individual air bubbles but also large independent air
bubbles formed by incorporating a plurality of air bubbles.
When such a cushioning member is used, it is possible
to generally suppress an increase in vibration over a wide
rotational speed range from a low rotational speed range
to a high rotational speed range. Specific preferred em-
bodiments of the soft cushioning member with a plurality
of independent air bubbles dispersed therein include an
acrylic foam sheet. If an acrylic foam sheet is used as
the soft cushioning member, the thickness of the acrylic
foam sheet is preferably not less than 0.4 mm and not
more than 0.8 mm. If the thickness of the acrylic foam
sheetisless than 0.4 mm, the thickness of the cushioning
member itself is too small to provide a sufficient vibration
absorption effect. If the thickness of the acrylic foam
sheet is more than 0.8 mm, it is necessary to separately
provide a gap in which the acrylic foam sheet is to be
disposed between the first support frame half portion and
the second support frame half portion. However, provid-
ing such a gap is not preferred because it changes the
resonance frequencies of vibration and thus complicates
measures taken against the vibration.

[0010] The specific soft cushioning member used in
the present invention also serves a function of reducing
vibration produced between the first support frame half
portion and the second support frame half portion. As a
result, according to the present invention, it is possible
to generally suppress anincrease in vibration over awide
rotational speed range from a low rotational speed range
to a high rotational speed range compared to the related
art.

[0011] The soft cushioning member may be entirely
disposed between the first support frame half portion and
the second support frame half portion.

[0012] The first and second split housing units may be
formed from a synthetic resin material, or may be formed
from a metal material such as aluminum.
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Brief Description of Drawings

[0013]

Fig. 1 is an exploded cross-sectional view of a half
portion of a counter-rotating axial flow fan according
to an embodiment of the present invention.

Fig. 2is an exploded perspective view of the counter-
rotating axial flow fan according to the embodiment
of the present invention.

Figs. 3A and 3B are graphs showing the results of
vibration measurements performed to verify the ef-
fect of the present invention.

Figs. 4A and 4B are graphs showing the results of
vibration measurements performed to verify the ef-
fect of the present invention.

Fig. 5 is a graph showing the detailed results of vi-
bration measurements performed to verify the effect
of the present invention.

Description of Embodiments

[0014] An embodiment of the present invention will be
described in detail below with reference to the drawings.
Fig. 1is an exploded cross-sectional view of a half portion
of a counter-rotating axial flow fan according to an em-
bodiment of the present invention. Fig. 2 is an exploded
perspective view of the counter-rotating axial flow fan.
As shown in the drawings, the counter-rotating axial flow
fan according to the embodiment includes a housing 1,
a first motor 3, a first impeller 5, a second motor 7, and
a second impeller 9. The first impeller 5 is disposed in a
first space S1 defined in the housing 1 between a motor
support frame (23, 53) to be discussed later and a suction
port 11a, and includes a plurality of blades 6. The first
motor 3 includes a first rotary shaft 4 to which the first
impeller 5 is fixed to rotate the first impeller 5 in a first
rotational direction in the first space S 1. The second
impeller 9 is disposed in a second space S2 defined in
the housing 1 between the motor support frame (23, 53)
and the discharge port 13b, and includes a plurality of
blades 10. The second motor 7 includes a second rotary
shaft 8 to which the second impeller 9 is fixed to rotate
the second impeller 9 in a second rotational direction
opposite the first rotational direction in the second space
S2.

[0015] The housing 1 is configured by assembling a
first split housing unit 11 and a second split housing unit
13 via a coupling structure. The first split housing unit 11
is formed from a synthetic resin material or a metal ma-
terial such as aluminum. As shown in Fig. 1, the first split
housing unit 11 includes a first housing main body half
portion 15 and a first support frame half portion 17 inte-
grally formed with each other. The first housing main body
half portion 15 includes first and second flange portions
19 and 20 and a first cylindrical air channel half portion
21. The first flange portion 19 includes first to fourth cor-
ners 19a to 19d arranged in a circumferential direction
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of the rotary shaft 4 (hereinafter simply referred to as
"circumferential direction") arranged on a common axis
A of the first and second motors 3 and 7. The first flange
portion 19 includes the suction port 11a at one end in the
direction of the common axis A. Four hole portions 19e
are respectively formed at the four corners of the first
flange portion 19 (the first to fourth corners 19a to 19d)
to serve as engaged portions for use in forming a coupling
structure with the second splithousing unit 13. The details
of the shape of the hole portions 19e and the details of
the engagement relationship between the hole portions
19e and the hook portions 49 forming engaging portions
to be discussed later are the same as the relationship
between hole portions and hook portions forming a cou-
pling structure disclosed in Japanese Unexamined Pat-
ent Application Publication No. 2004-278370 (US Patent
No. 7,156,611), and therefore are not described herein.
The second flange portion 20 is formed with through
holes 20a through which mounting members for mount-
ing the counter-rotating axial flow fan to an electric device
are to be inserted. The first and second flange portions
19 and 20 are integrally formed with both ends of the first
cylindrical air channel half portion 21. The first cylindrical
air channel half portion 21 extends in an axial direction
of the rotary shafts 4 and 8 (hereinafter simply referred
to as "axial direction") arranged on the common axis A.
[0016] The first support frame half portion 17 includes
a first support frame main body half portion 23 to which
the first motor 3 is fixed and three first web half portions
25. The first support frame main body half portion 23
includes a circular plate portion 23b having a cylindrical
boss portion 23a at a center portion thereof, and a pe-
ripheral wall portion 23c extending in the axial direction
from the outer peripheral portion of the circular plate por-
tion 23b. A first metallic bearing holder 27 made of brass
is fixedly fitted in the boss portion 23a. A base plate 29
of a stator of the first motor 3 is disposed to block a space
surrounded by the circular plate portion 23b and the pe-
ripheral wall portion 23c. A stator core 33 including a
plurality of winding portions 31 is fitted with the bearing
holder 27.

[0017] Thethreefirstweb half portions 25 are disposed
between the peripheral wall portion 23c of the first support
frame main body half portion 23 and an inner peripheral
surface of the first housing main body half portion 15 at
predetermined intervals in the circumferential direction
to couple the first support frame main body half portion
23 and the first housing main body half portion 15.
[0018] A cup-shaped member 35 made of a magneti-
cally permeable material is fixed to one end of the rotary
shaft 4 to support the impeller 5 including the plurality of
blades 6. A plurality of permanent magnets 37 are fixed
to the inner peripheral portion of the cup-shaped member
35.

[0019] The second split housing unit 13 is also formed
from a synthetic resin material or a metal material such
as aluminum. As shown in Fig. 1, the second split housing
unit 13 includes a second housing main body half portion
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39 and a second support frame half portion 41 integrally
formed with each other. The second housing main body
half portion 39 includes first and second flange portions
43 and 45 and a second cylindrical air channel half portion
47. The first flange portion 43 includes four corners,
namely first to fourth corners 43a to 43d, arranged in a
circumferential direction of the rotary shaft 8 (hereinafter
simply referred to as "circumferential direction") arranged
on the common axis A of the first and second motors 3
and 7. Four hook portions 49 and four projections 51 are
respectively integrally formed with the four corners of the
first flange portion 43 (the first to fourth corners 43a to
43d) to serve as engaging portions for use in forming a
coupling structure with the first split housing unit 11. The
details of the engagement relationship of the hook por-
tions 49 and the projections 51 with the hole portions 19e
are the same as the relationship between hole portions
and hook portions forming a coupling structure disclosed
in Japanese Unexamined Patent Application Publication
No. 2004-278370. As disclosed in Japanese Unexam-
ined Patent Application Publication No. 2004-278370
(US PatentNo. 7,156,611), the hook portions 49 are part-
ly fitted in the hole portions 19e, and the second split
housing unit 13 is rotated by a predetermined angle about
the common axis A. Then, the projections 51 are fitted
in fitting recesses (not shown) formed in an end surface
of the first flange portion 19 of the first split housing unit
11. As a result, the second split housing unit 13 is pre-
vented from rotating. Also, engagement between the
hook portions 49 and edge portions around the hole por-
tions 19e prevents the second split housing unit 13 from
separating from the first split housing unit 11 in the axial
direction. The second flange portion 45 is formed with
through holes 45a through which mounting members for
mounting the counter-rotating axial flow fan to an electric
device are to be inserted. The first and second flange
portions 43 and 45 are integrally formed with both ends
of the second cylindrical air channel half portion 47. The
second cylindrical air channel half portion 47 extends in
the axial direction (the axial direction of the rotary shafts
4 and 8 arranged on the common axis A).

[0020] The second support frame half portion 41 in-
cludes a second support frame main body half portion
53 to which the second motor 7 is fixed and three second
web half portions 55. The second support frame main
body half portion 53 includes a circular plate portion 53b
having a cylindrical boss portion 53a at a center portion
thereof, and a peripheral wall portion 53c extending in
the axial direction from the outer peripheral portion of the
circular plate portion 53b. A second metallic bearing hold-
er 57 made of brass is fixedly fitted in the boss portion
53a. A base plate 59 of a stator of the second motor 7 is
disposed to block a space surrounded by the circular
plate portion 53b and the peripheral wall portion 53c. A
stator core 63 including a plurality of winding portions 61
is fitted with the bearing holder 57.

[0021] The three second web half portions 55 are dis-
posed between the peripheral wall portion 53¢ of the sec-
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ond support frame main body half portion 53 and aninner
peripheral surface of the second housing main body half
portion 39 at predetermined intervals in the circumferen-
tial direction to couple the second support frame main
body half portion 53 and the second housing main body
half portion 39. Of the three web half portions 55, one
web half portion has a groove 55A formed for receiving
lead wires.

[0022] A cup-shaped member 65 made of a magneti-
cally permeable material is fixed to one end of the rotary
shaft 8 to support the impeller 9 including the plurality of
blades 10. A plurality of permanent magnets 67 are fixed
to the inner peripheral portion of the cup-shaped member
65.

[0023] Inthe embodiment, the firstand second support
frame half portions 17 and 41 are assembled to form the
motor support frame (23, 53). In other words, the firstand
second support frame half portions 17 and 41 are formed
by splitting the motor support frame (23, 53) into two piec-
es along a split plane extending in a radial direction per-
pendicular to the axial direction in which the common
axis A extends. With this configuration of the embodi-
ment, the coupling structure and the first and second split
housing units 11 and 13 are configured such that an op-
posed surface of the first support frame half portion 17
and an opposed surface of the second support frame half
portion 41 entirely contact each other when the four en-
gaging portions (the four hook portions 49) and the four
engaged portions (the four hole portions 19e) are com-
pletely engaged with each other.

[0024] In the embodiment, a soft disk-like cushioning
member 71 with a plurality of independent air bubbles
dispersed therein is disposed between the first support
frame half portion 17 and the second support frame half
portion 41, specifically between the circular plate portion
23b of the first support frame main body half portion 23
and the circular plate portion 53b of the second support
frame main body half portion 53. As the soft cushioning
member 71, preferably, an acrylic foam sheet may be
used. The cushioning member 71 is disposed as it is
compressed with the four hook portions 49 forming the
plurality of engaging portions and the four hole portions
19e forming the plurality of engaged portions completely
engaged with each other. When the cushioning member
71 with a plurality of independent air bubbles dispersed
therein is compressed, the cushioning member 71 pro-
duces a restoring force substantially evenly from its en-
tirety to return from a compressed state to an original
state. The restoring force acts in a direction to release
the engagement between the plurality of engaging por-
tions (the four hook portions 49) and the plurality of en-
gaged portions. As a result, the coupling force between
the plurality of engaging portions (the four hook portions
49) and the plurality of engaged portions (the edge por-
tions around the four hole portions 19e) is strengthened,
which prevents generation of a large gap between the
first and second split housing units 11 and 13 which will
cause vibration therebetween, and to reduce vibration
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that is actually produced. The cushioning member 71 al-
so serves a function of absorbing vibration produced be-
tween the first support frame half portion 17 and the sec-
ond support frame half portion 41 to reduce such vibra-
tion. As a result, according to the present invention, it is
possible to generally suppress an increase in vibration
within a wide rotational speed range compared to the
related art.

[0025] In the above embodiment, the soft cushioning
member 71 is disposed only between the circular plate
portion 23b of the first support frame main body half por-
tion 23 and the circular plate portion 53b of the second
support frame main body half portion 53 to obtain favo-
rable results. However, an enhanced vibration suppres-
sion effect is obtained by disposing a soft cushioning
member also between the first web half portions 25 and
the second web half portions 55.

[0026] Vibration measurement tests were performed
as described below to verify the effect of the present in-
vention. Figs. 3 to 5 are each a graph showing the results
of vibration measurement tests. In the vibration meas-
urement tests, the vibration acceleration (m/s2) at a
measurement location M1 (a portion of the first flange
portion 43 of the second split housing unit 13) in the cir-
cumferential direction and the vibration acceleration
(m/s2) at a measurement location M2 (near a through
hole 20a of the second flange portion 20 of the first split
housing unit 11) at the discharge port in the axial direction
were measured, and the obtained vibration accelerations
(m/s2) were synthesized and plotted on a graph. Fig. 3A
is a graph showing the results of measuring the relation-
ship between the rotational speed (the rotational speed
of the second motor rotating at high speeds) and the vi-
bration acceleration of vibration produced when the
present invention is applied to a counter-rotating axial
flow fan available from the applicant (Sanyo Denki Co.,
Ltd.) under the product number 9CRA0412P5J03, and
when the present invention is not applied thereto. In Fig.
3A, X indicates changes in vibration acceleration of a
counter-rotating axial flow fan provided with a soft cush-
ioning member 71 (Embodiment 1), and Y indicates
changes in vibration acceleration of a counter-rotating
axial flow fan provided with no cushioning member 71
(Comparative Example 1). As the soft cushioning mem-
ber, a cushioning member commercially available from
Sumitomo 3M Limited under the product name Y-4615
was used. From the measurement results, it is found that
generation of vibration was suppressed in a wide rota-
tional speed range from a low rotational speed range to
a high rotational speed range by using the cushioning
member.

[0027] Fig. 3B is a graph showing the results of meas-
uring the relationship between the rotational speed (the
rotational speed of the second motor rotating at high
speeds) and the vibration acceleration of vibration pro-
duced when the present invention is applied to another
type of counter-rotating axial flow fan also available from
the applicant (Sanyo Denki Co., Ltd.) but under a different
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product number 9CRA0412P4J03 and of different di-
mensions from the counter-rotating axial flow fan used
in Fig. 3A, and when the present invention is not applied
thereto. In Fig. 3B, X indicates changes in vibration ac-
celeration of a counter-rotating axial flow fan provided
with a cushioning member 71 (Embodiment 2), and Y
indicates changes in vibration acceleration of a counter-
rotating axial flow fan provided with no cushioning mem-
ber 71 (Comparative Example 2). The soft cushioning
member used was the same as that used in Fig. 3A. Also
from the measurement results of these embodiments, it
is found that generation of large vibration was significant-
ly suppressed in a wide rotational speed range from a
low rotational speed range to a high rotational speed
range by using the cushioning member.

[0028] Fig. 4Ais a graph showing the results of meas-
uring the relationship between the rotational speed (the
rotational speed of the second motor rotating at high
speeds) and the vibration acceleration of vibration pro-
duced when the present invention is applied to a counter-
rotating axial flow fan produced by and available from a
manufacturer other than the applicant, and when the
present invention is not applied thereto. In Fig. 4A, X
indicates changes in vibration acceleration of a counter-
rotating axial flow fan provided with a cushioning member
71 (Embodiment 3), and Y indicates changes in vibration
acceleration of a counter-rotating axial flow fan provided
with no cushioning member 71 (Comparative Example
3). The cushioning member used was the same as that
used in Fig. 3A. From the measurementresults, itis found
that generation of vibration was generally suppressed
through the entire rotational speed range by using the
cushioning member.

[0029] Like Fig. 4A, Fig. 4B is a graph showing the
results of measuring the relationship between the rota-
tional speed (the rotational speed of the second motor
rotating at high speeds) and the vibration acceleration of
vibration produced when the present invention is applied
to another type of counter-rotating axial flow fan pro-
duced by and available from a manufacturer other than
the applicant, and when the present invention is not ap-
plied thereto. In Fig. 4B, X indicates changes in vibration
acceleration of a counter-rotating axial flow fan provided
with a cushioning member 71 (Embodiment 4), and Y
indicates changes in vibration acceleration of a counter-
rotating axial flow fan provided with no cushioning mem-
ber 71 (Comparative Example 4). The cushioning mem-
ber used was the same as that used in Fig. 3A. From the
measurement results, it is found that generation of vibra-
tion was generally suppressed through the entire rota-
tional speed range by using the cushioning member.
[0030] As a result of the above vibration measure-
ments (Figs. 3 and 4), it was found that favorable results
were obtained by using an acrylic-foam cushioning mem-
ber with independent air bubbles. Further, a preferable
thickness range of the acrylic-foam cushioning member
was confined and it was verified whether or not materials
other than the acrylic foam were suitable for use as the
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cushioning member. Fig. 5 is a graph showing the results
of measuring the relationship between the rotational
speed (the rotational speed of the second motor rotating
at high speeds) and the vibration acceleration of vibration
produced by the same counter-rotating axial flow fan as
in Fig. 3 under the same measurement conditions as in
Fig. 3, where the thickness of the acrylic foam sheet was
changed, a cushioning member made of a material other
than the acrylic foam was used, no cushioning member
was used, and a gap was positively provided in place of
a cushioning member.

[0031] InFig. 5, the "dotted line" indicates changes in
vibration acceleration of a counter-rotating axial flow fan
provided with the soft cushioning member 71 formed by
an acrylic foam sheet having a thickness of 0.4 mm (Em-
bodiment 5). The "broken line" indicates changes in vi-
bration acceleration of a counter-rotating axial flow fan
provided with the cushioning member 71 formed by an
acrylic foam sheet having a thickness of 0.8 mm (Em-
bodiment 6). The "thick solid line" indicates changes in
vibration acceleration of a counter-rotating axial flow fan
provided with no cushioning member 71 (Comparative
Example 5). The "thick broken line" indicates changes in
vibration acceleration of a counter-rotating axial flow fan
provided with a gap of 0.2 mm positively provided be-
tween the first support frame main body half portion 23
and the second support frame main body half portion 53
(Comparative Example 6). The normal "solid line" indi-
cates changes in vibration acceleration of a counter-ro-
tating axial flow fan provided with a cushioning member
formed by an aluminum sheet having a thickness of 0.46
mm (Comparative Example 7). The "dash and dot line"
indicates changes in vibration acceleration of a counter-
rotating axial flow fan provided with a cushioning member
formed by a plastic sheet having a thickness of 0.5 mm
(Comparative Example 8).

[0032] The measurement results are described below.
When no cushioning member was used (Comparative
Example 5), a plurality of resonance points (peaks) ap-
peared in the vibration acceleration. In particular, a very
high peak was exhibited in the vibration acceleration in
a high rotational speed range around 14000 [rpm]. When
an aluminum sheet was used as the cushioning member
(Comparative Example 7) and when a plastic sheet was
used as the cushioning member (Comparative Example
8), the plurality of resonance points (peaks) in the vibra-
tion acceleration in a high rotational speed range were
slightly decreased. However, the resonance point (peak)
in the vibration acceleration around 14000 [rpm] re-
mained relatively high, although it was not as high as
when no cushioning member 71 was used (Comparative
Example 5).

[0033] In contrast, when an acrylic foam sheet having
a thickness of 0.4 mm was used as the cushioning mem-
ber 71 (Embodiment 5), the plurality of peaks in the vi-
bration acceleration in a high rotational speed range were
decreased, and in addition, the peak in the vibration ac-
celeration around 14000 [rpm] was reduced by 40% with
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respect to when no cushioning member 71 was used
(Comparative Example 5), and reduced by 30% with re-
spect to when an aluminum sheet and a plastic sheet
were used as the cushioning member 71 (Comparative
Examples 7 and 8). Also, when an acrylic foam sheet
having a thickness of 0.8 mm was used as the cushioning
member 71 (Embodiment 6), the plurality of peaks in the
vibration acceleration in a high rotational speed range
were decreased, and in addition, the peak in the vibration
acceleration around 14000 [rpm] was reduced by 60%
with respect to when no cushioning member 71 was used
(Comparative Example 5), and reduced by 50% with re-
spect to when an aluminum sheet and a plastic sheet
were used as the cushioning member 71 (Comparative
Examples 7 and 8). When an acrylic foam sheet having
a thickness of 0.8 mm was used (Embodiment 6), the
peak in the vibration acceleration around 14000 [rpm]
was reduced by 30% with respectto when an acrylicfoam
sheet having a thickness of 0.4 mm was used (Embodi-
ment 5).

[0034] When a gap of 0.2 mm was provided without
using a cushioning member (Comparative Example 6),
a peak higher than the highest peak that appeared when
no cushioning member 71 was used (Comparative Ex-
ample 5) was exhibited in the vibration acceleration
around 12000 [rpm] although no high peak was exhibited
in the vibration acceleration around 14000 [rpm]. More-
over, the number of peaks in the vibration acceleration
that were relatively high was increased compared to
when no cushioning member 71 was used (Comparative
Example 5). Consequently, it is found that generation of
vibration cannot be reduced in a wide rotational speed
range from a low rotational speed range to a high rota-
tional speed range by simply providing a gap with no
cushioning member disposed therein, although vibration
can be suppressed in a high rotational speed range by
transferring high peaks in the vibration acceleration to a
lower rotational speed range (by causing a shift phenom-
enon).

[0035] Ascanbe seen fromthe above results, itis pos-
sible to not only suppress significant vibration that is pro-
duced in a high rotational speed range but also generally
suppress an increase in vibration over a wide rotational
speed range by setting the thickness of the acrylic foam
sheet used as the cushioning member 71 in a range from
0.4 mm to 0.8 mm. If the thickness of the acrylic foam
sheetis less than 0.4 mm, itis expected that the thickness
of the cushioning member itself is too small to provide a
necessary and sufficient vibration absorption effect. If the
thickness of the acrylic foam sheet is more than 0.8 mm,
it is necessary to separately provide a gap in which the
thick acrylic foam sheet is to be disposed between the
first support frame half portion and the second support
frame half portion. Itis not preferable to positively provide
a gap because the effect of the shift phenomenon, as
discussed earlier when a gap of 0.2 mm was provided,
appears.

[0036] Intheabove embodiment, the cushioningmem-
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ber 71 is disposed only between the circular plate portion
23b of the first support frame main body half portion 23
and the circular plate portion 53b of the second support
frame main body half portion 53. However, it is a matter
of course that the cushioning member 71 may also be
disposed between the first web half portions 25 and the
second web half portions 55.

Industrial Applicability

[0037] According to the presentinvention, a soft cush-
ioning member with a plurality of independent air bubbles
dispersed therein is disposed between a first support
frame half portion and a second support frame half por-
tion, the cushioning member being compressed when a
plurality of engaging portions and a plurality of engaged
portions are completely engaged with each other. There-
fore, it is possible to generally suppress an increase in
vibration over a wide rotational speed range compared
to the related art.

Claims
1. A counter-rotating axial flow fan comprising:

a housing including a housing main body having
defined therein an air channel having a suction
port at one end in an axial direction and a dis-
charge port at the other end in the axial direction,
and a motor support frame disposed at a center
portion of the air channel;

a first impeller disposed in a first space defined
in the housing between the motor support frame
and the suction port and including a plurality of
blades;

a first motor including a first rotary shaft to which
the firstimpeller is fixed to rotate the firstimpeller
in a first rotational direction in the first space;

a second impeller disposed in a second space
defined in the housing between the motor sup-
port frame and the discharge port and including
a plurality of blades; and

a second motor including a second rotary shaft
to which the second impeller is fixed to rotate
the second impeller in a second rotational direc-
tion opposite the first rotational direction in the
second space,

the motor support frame including a support
frame main body located at the center portion
of the air channel and a plurality of webs dis-
posed between the support frame main body
and the housing main body at predetermined
intervals in a circumferential direction of the ro-
tary shafts to couple the support frame main
body and the housing main body,

the housing including a first split housing unit
and a second split housing unit coupled to each
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other by a mechanical coupling structure,

the first split housing unitincluding afirst housing
main body half portion including a first cylindrical
air channel half portion having the suction port
at one end and having defined therein a main
portion of the first space, and a first support
frame half portion which is one of two pieces
obtained by splitting the motor support frame
along a split plane extending in a radial direction
perpendicular to the axial direction,

the second split housing unit including a second
housing main body half portion including a sec-
ond cylindrical air channel half portion having
the discharge port at one end and having defined
therein a main portion of the second space, and
a second support frame half portion which is the
other of the two pieces obtained by splitting the
motor support frame along the split plane,

the coupling structure including a plurality of en-
gaging portions integrally formed with the first
housing main body half portion of the first split
housing unit and disposed at intervals in the cir-
cumferential direction, and a plurality of en-
gaged portions integrally formed with the sec-
ond housing main body half portion of the sec-
ond split housing unit and disposed at intervals
in the circumferential direction to be engaged
with the plurality of engaging portions,

the coupling structure and the first and second
split housing units being configured such that an
opposed surface of the first support frame half
portion and an opposed surface of the second
support frame half portion entirely contact each
otherwhen the plurality of engaging portions and
the plurality of engaged portions are completely
engaged with each other,

the first support frame half portion including a
first support frame main body half portion to
which the first motor is fixed and a plurality of
first web half portions, and

the second support frame half portion including
a second support frame main body half portion
to which the second motor is fixed and a plurality
of second web half portions,

wherein a soft cushioning member with a plural-
ity of independent air bubbles dispersed therein
is disposed between the first support frame main
body half portion and the second support frame
main body half portion, the cushioning member
being compressed when the plurality of engag-
ing portions and the plurality of engaged portions
are completely engaged with each other.

2. A counter-rotating axial flow fan comprising:

a housing including a housing main body having
defined therein an air channel having a suction
port at one end in an axial direction and a dis-
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charge port at the other end in the axial direction,
and a motor support frame disposed at a center
portion of the air channel;

a first impeller disposed in a first space defined
in the housing between the motor support frame
and the suction port and including a plurality of
blades;

a first motor including a first rotary shaft to which
the firstimpeller s fixed to rotate the firstimpeller
in a first rotational direction in the first space;

a second impeller disposed in a second space
defined in the housing between the motor sup-
port frame and the discharge port and including
a plurality of blades; and

a second motor including a second rotary shaft
to which the second impeller is fixed to rotate
the second impeller in a second rotational direc-
tion opposite the first rotational direction in the
second space,

the motor support frame including a support
frame main body located at the center portion
of the air channel and a plurality of webs dis-
posed between the support frame main body
and the housing main body at predetermined
intervals in a circumferential direction of the ro-
tary shafts to couple the support frame main
body and the housing main body,

the housing including a first split housing unit
and a second split housing unit coupled to each
other by a mechanical coupling structure,

the first split housing unitincluding afirst housing
main body half portion including a first cylindrical
air channel half portion having the suction port
at one end and having defined therein a main
portion of the first space, and a first support
frame half portion which is one of two pieces
obtained by splitting the motor support frame
along a split plane extending in a radial direction
perpendicular to the axial direction,

the second split housing unit including a second
housing main body half portion including a sec-
ond cylindrical air channel half portion having
the discharge port atone end and having defined
therein a main portion of the second space, and
a second support frame half portion which is the
other of the two pieces obtained by splitting the
motor support frame along the split plane,

the coupling structure including a plurality of en-
gaging portions integrally formed with the first
housing main body half portion of the first split
housing unit and disposed at intervals in the cir-
cumferential direction, and a plurality of en-
gaged portions integrally formed with the sec-
ond housing main body half portion of the sec-
ond split housing unit and disposed at intervals
in the circumferential direction to be engaged
with the plurality of engaging portions, and

the coupling structure and the first and second
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split housing units being configured such that
opposed surfaces of the firstand second support
frame half portions entirely contact each other
when the plurality of engaging portions and the
plurality of engaged portions are completely en-
gaged with each other,

wherein a soft cushioning member with a plural-
ity of independent air bubbles dispersed therein
is disposed between the first support frame half
portion and the second support frame half por-
tion, the cushioning member being compressed
when the plurality of engaging portions and the
plurality of engaged portions are completely en-
gaged with each other.

The counter-rotating axial flow fan according to claim
2, wherein

the first support frame half portion includes a first
support frame main body half portion to which the
first motor is fixed,

the second support frame half portion includes a sec-
ond support frame main body half portion to which
the second motor is fixed, and

the cushioning member is disposed between the first
support frame main body half portion and the second
support frame main body half portion.

The counter-rotating axial flow fan according to claim
1 or 2, wherein

the first and second split housing units are formed
from a synthetic resin material.

The counter-rotating axial flow fan according to claim
1 or 2, wherein
the first and second split housing units are formed
from aluminum.

The counter-rotating axial flow fan according to claim
1 or 2, wherein

the cushioning member is an acrylic foam sheet with
a thickness of not less than 0.4 mm and not more
than 0.8 mm.
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