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(57)  Anobjectofthe presentinvention is to effectively
suppress discharge sound of air discharged from a cy-
clone separator.

A discharge sound suppressor 60 is provided to
suppress discharge sound of air discharged from an
airdischarge unit 50 of a cyclone separator 30 configured
to separate fiber waste from air and to discharge (i) the
separated fiber waste into a fiber waste recovery contain-
er and (ii) the air separated from the fiber waste from the
air discharge unit 50. The discharge sound suppressor
60 includes a main body portion 64 which is substantially
cylindrical in shape and in which a passage space Sf is
formed to extend from one end portion to the other end
portion of the main body portion 64 in a flow direction, and
one end portion of the main body portion 64 is connected
to the air discharge unit 50. In the main body portion 64,
stagnation spaces Ss are formed outside of the passage
space Sf in a direction orthogonal to the flow direction,
aligned in the flow direction, and have at least two stag-
nation spaces Ss with different capacities.

FIBER WASTE RECOVERY DEVICE AND FALSE-TWIST TEXTURING MACHINE
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Description
BACKGROUND OF THE INVENTION

[0001] The present invention relates to: a fiber waste
recovery device configured to separate and collect fiber
waste from air; and a false-twist texturing machine in-
cluding the fiber waste recovery device.

[0002] A known false-twist texturing machine is con-
figured to false-twist a yarn supplied from a yarn supply
package, to wind the yarn by using a winding device, and
to form a wound package. Patent Literature 1 (Japanese
Laid-Open Patent Publication No. 2024-52577) dis-
closes a fiber waste recovery device which sucks a yarn
kept supplied and collects the yarn as fiber waste when
yarn threading is performed in a false-twist texturing
machine or when package replacement is performed in
a winding device. Such a fiber waste recovery device
includes: a fiber waste transfer pipe (pipe) in which fiber
waste sucked through a suction part flows along with air;
afiberwaste collector configured to collect the fiber waste
sent through the fiber waste transfer pipe; and a cyclone
separator which is provided between the fiber waste
transfer pipe and the fiber waste collector and which is
configured to separate the fiber waste sent through the
fiber waste transfer pipe from the air. The cyclone se-
parator is configured to send the fiber waste separated
from the air to the fiber waste collector, and to discharge
the air separated from the fiber waste to the outside from
an air discharge unit. As such, because the fiber waste
separated from the air is sent to the fiber waste collector,
the size of the fiber waste collector is decreased as
compared to a case where the fiber waste is collected
without being separated from the air.

SUMMARY OF THE INVENTION

[0003] The above-described fiber waste recovery de-
vice makes discharge sound of air discharged from the
cyclone separator. To suppress the deterioration of a
working environment, it is required to effectively sup-
press such discharge sound of air.

[0004] Anobjectofthe presentinventionis to provide a
fiber waste recovery device and a false-twist texturing
machine which are configured to effectively suppress the
discharge sound of air discharged from the cyclone se-
parator while separation capability of the cyclone separa-
tor is maintained.

[0005] According to a first aspect of the invention, a
fiber waste recovery device includes: a pipe in which fiber
waste flows along with air; a fiber waste collector config-
ured to collect the fiber waste sent through the pipe; and a
cyclone separator which is provided between the pipe
and the fiber waste collector and which is configured to
separate the fiber waste from the air sent through the pipe
and to discharge the separated fiber waste into the fiber
waste collector. The cyclone separator includes an air
discharge unit provided with an opening allowing the air
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separated from the fiber waste to flow out, a discharge
sound suppressor being provided to suppress discharge
sound of the air discharged from the air discharge unit.
The discharge sound suppressor includes a tubular por-
tion which is a tubular member provided with a passage
space extending from one end portion to the other end
portion of the tubular portion in a flow direction, and the
one end portion of the tubular portion is connected to the
air discharge unit. Furthermore, stagnation spaces are
formed outside of the passage space in a direction ortho-
gonal to the flow direction of the tubular portion and
include a first stagnation space and a second stagnation
space which are aligned in the flow direction and which
have different capacities.

[0006] The "tubular member" indicates a hollow and
long member. Examples of the "tubular member" include
a so-called "cylindrical member" which is hollow and
which extends along one direction. The "tubular member"
may be partially or entirely curved.

[0007] The cross-sectional area of the passage space
in the direction orthogonal to the flow direction is equal to
the area of an inflow port allowing the air to flow into the
tubular portion from the cyclone separator.

[0008] In the present invention, the discharge sound
suppressor is configured to allow a part of the air flowing
from the air discharge unit of the cyclone separator to
stagnate in the tubular portion by means of the stagnation
spaces so as to decrease the flow rate of the air flowing in
the passage space of the tubular portion. This attenuates
an energy of the air so as to suppress the discharge
sound of the air discharged from the cyclone separator.
As a result of diligent investigation, the present inventor
concluded that the capacity of the stagnation spaces has
relationship with the frequency of sound to be sup-
pressed. The present invention makes it possible to
suppress sounds of different frequencies by means of
the first stagnation space and the second stagnation
space which have different capacities. It is therefore
possible to effectively suppress the discharge sound of
air.

[0009] According to a second aspect of the invention,
the fiber waste recovery device of the first aspect is
arranged such that the tubular portion includes protru-
sions which protrude from an inner wall surface of the
tubular portion, which extend in a direction intersecting
with the flow direction, and which are aligned in the flow
direction, each of the stagnation spaces is defined by two
of the protrusions and a part of the inner wall surface
between these two of the protrusions, and these two of
the protrusions are adjacent in the flow direction.
[0010] This achieves the stagnation spaces allowing
the air to stagnate, with a relatively simple structure.
[0011] According to a third aspect of the invention, the
fiber waste recovery device of the second aspect is ar-
ranged such that an upstream surface of each of the
protrusions extends from the inner wall surface toward a
downstream side in the flow direction.

[0012] In the presentinvention, as detailed below with
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reference to figures, the air flowing from the cyclone
separator is guided by upstream surfaces of the protru-
sions in the flow direction so as to easily flow into the
stagnation spaces. Therefore, because a larger amount
of the air is taken into the stagnation spaces, the dis-
charge sound of air is further effectively suppressed.
[0013] Accordingtoafourth aspectoftheinvention, the
fiber waste recovery device of the second or third aspect
is arranged such that, among the protrusions, an interval
between two protrusions defining the first stagnation
space is different from an interval between two protru-
sions defining the second stagnation space.

[0014] In the present invention, the first stagnation
space and the second stagnation space have different
capacities with a relatively simple structure.

[0015] According to a fifth aspect of the invention, the
fiber waste recovery device of any one of the second to
fourth aspects is arranged such that the first stagnation
space is provided at one part of the tubular portion, the
second stagnation space is provided at another part of
the tubular portion, and the cross-sectional area of the
internal space of the tubular portion in the direction
orthogonal to the flow direction is different among the
one part and another part of the tubular portion.

[0016] In the present invention, the cross-sectional
area of the internal space of the tubular portion partially
varies so that the first stagnation space and the second
stagnation space have different capacities.

[0017] According to a sixth aspect of the invention, the
fiber waste recovery device of any one of the second to
fifth aspects is arranged such that the each of the protru-
sions is shaped notto overlap the inner wall surface when
viewed in a direction orthogonal to the inner wall surface
in the tubular portion.

[0018] In the presentinvention, as detailed below with
reference to the figures, the protrusions are shaped so
that the protrusions are formed with a relatively-simple
mold when the tubular portion is formed by mold proces-
sing.

[0019] According to a seventh aspect of the invention,
the fiber waste recovery device of any one of the first to
sixth aspectsis arranged such that the capacity of the first
stagnation space is larger than the capacity of the second
stagnation space, and the first stagnation space is pro-
vided upstream of the second stagnation space in the
flow direction.

[0020] When stagnation spaces with different capaci-
ties are provided in the tubular portion, the air easily flows
from the cyclone separator into a stagnation space with a
large capacity. Therefore, in the flow direction, when a
stagnation space with a small capacity is located on the
upstream side (the near side) while a stagnation space
with a large capacity is located on the downstream side
(the far side), the air flows from the cyclone separator into
the stagnation space with a large capacity on the far side
rather than the stagnation space with a small capacity on
the near side. In this case, the stagnation space with a
small capacity is not effectively utilized. In the present
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invention, because the first stagnation space whose
capacity is larger than the capacity of the second stagna-
tion space is located upstream of the second stagnation
space in the flow direction, the air flows from the cyclone
separator into the first stagnation space on the near side
atfirstand then flows into the second stagnation space on
the far side. Because each stagnation space is effectively
utilized, the discharge sound of air is further effectively
suppressed.

[0021] According to an eighth aspect of the invention,
the fiber waste recovery device of the seventh aspect is
arranged such that, in the flow direction, each adjacent
two of the stagnation spaces are aligned so that the
capacity of upstream one of the each adjacent two of
the stagnation spaces is equal to or larger than the
capacity of downstream one of the each adjacent two
of the stagnation spaces.

[0022] Inthe presentinvention, the stagnation spaces
are aligned in descending order of capacity so that a
stagnation space having a larger capacity is provided
upstream of a stagnation space having a smaller capacity
in the flow direction. The air flows from the air discharge
unit into the nearest (upstream) one of the stagnation
spaces at first and then flows into far (other) stagnation
spaces in order. Therefore, because all the stagnation
spaces are effectively utilized, the discharge sound of air
is further effectively suppressed.

[0023] According to a ninth aspect of the invention, a
false-twist texturing machine includes the fiber waste
recovery device according to any one of the first to eighth
aspects.

[0024] The present invention makes it possible to ef-
fectively suppress the discharge sound of air discharged
from the cyclone separator.

BRIEF DESCRIPTION OF THE DRAWINGS
[0025]

FIG. 1 schematically shows an example of a false-
twist texturing machine functioning as a textile ma-
chine in which a fiber waste recovery device is pro-
vided.

FIG. 2 schematically shows an example of a fiber
waste recovery device of an embodiment of the
present invention.

FIG. 3 is a perspective view of an example of a
cyclone separator.

FIG. 4 is a perspective view of an example of the
cyclone separator to which a discharge sound sup-
pressor is attached.

FIG. 5 is a cross section of the discharge sound
suppressor and its surroundings on a plane parallel
to an up-down direction.

FIGs. 6(a) and 6(b) are provided for explaining a
process of forming a part used for a main body of the
discharge sound suppressor. FIG. 6(a) is a perspec-
tive view of the part, and FIG. 6(b) is a cross section
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of the part.

FIG. 7 is provided for explaining a principle of sup-
pression of discharge sound.

FIG. 8 is a table showing conditions of a comparison
testbetween Example 1 and Comparative Examples
1 to 8.

FIG. 9 is a graph showing noise measurement re-
sults of discharge sound suppressors of Example 1
and Comparative Examples 1 to 8.

FIG. 10is atable showing conditions of a comparison
test between Examples 1 to 6.

FIG. 11 is a graph showing noise measurement
results of discharge sound suppressors of Examples
1to 6.

FIG. 12 is a cross section of a discharge sound
suppressor of a modification on a plane parallel to
the up-down direction.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0026] The following will describe a preferred embodi-
ment of the present invention with reference to figures.
Hereinafter, assume that a fiber waste recovery device of
the presentinvention is provided in a false-twist texturing
machine. The fiber waste recovery device of the present
invention is applicable to a textile machine other than the
false-twist texturing machine.

(False-Twist Texturing Machine)

[0027] To begin with, the following will describe the
overall structure of a false-twist texturing machine 101
with reference to FIG. 1. For the sake of convenience, an
up-down direction on the sheet of FIG. 1 will be used as
an up-down direction (a vertical direction in which the
gravity acts) of the false-twist texturing machine 101. A
left-right direction on the sheet of FIG. 1 will be used as a
left-right direction of the false-twist texturing machine
101. A direction perpendicular to the sheet of FIG. 1 will
be used as a front-rear direction of the false-twist textur-
ing machine 101. The left-right direction and the front-
rear direction are along a horizontal direction. The left-
right direction is orthogonal to the front-rear direction.
[0028] For example, the false-twist texturing machine
101 is formed as a textile machine configured to false-
twist a thermoplastic synthetic fiber such as polyester or
polyamide so as to impart crimp to the fiber, and to
produce a processed yarn with high elasticity. The
false-twist texturing machine 101 mainly includes: ayarn
supplying unit 103 for supplying yarns Y; a processing
unit 105 configured to false-twist the yarns Y supplied
from the yarn supplying unit 103; and a winding unit 107
configured to wind the yarns Y processed by the proces-
sing unit 105 onto winding bobbins Bw.

[0029] The yarn supplying unit 103 includes a yarn
supply creel 104 holding yarn supply packages Ps,
and is configured to supply the yarns Y to the processing
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unit 105. The following components are provided in the
processing unit 105 in this order from an upstream side in
a yarn running direction in which the yarns Y run: a first
feed roller 108; a shifter guide 109; a first heater 110; a
cooler 111; a false-twisting device 106; a second feed
roller 112; an interlace nozzle 113; a second heater 114; a
third feed roller 115; and an oiling roller 116. The winding
unit 107 includes winding devices 117. Each winding
device 117 is configured to wind a yarn Y processed by
the processing unit 105, so as to form a wound package
Pw.

[0030] The false-twist texturing machine 101 includes
main frame 102 spaced apart from the yarn supply creel
104 inthe left-right direction. The mainframe 102 extends
in the up-down direction. Various devices forming the
second heater 114 of the processing unit 105, the winding
unit 107, etc. are attached to the main frame 102. The
main frame 102 is opposite to the yarn supply creel 104 in
the left-right direction. A space between the main frame
102 and the yarn supply creel 104 is a working space So
for an operator to perform operation such as yarn thread-
ing, etc. for each device.

[0031] The first feed roller 108 is provided above the
working space So. The first heater 110 is provided above
the working space So and the first feed roller 108. The
cooler 111 is provided on the main frame 102 side of the
first heater 110 provided above the working space So.
The first heater 110 and the cooler 111 are provided
above the working space So to extend obliquely upward
away from the main frame 102. The shifter guide 109 is
provided between the feed roller 108 and the first heater
110 in the up-down direction, and used for introducing the
yarns Y into the first heater 110 and the cooler 111 at the
time of yarn threading to the false-twist texturing machine
101.

[0032] The false-twisting device 106 and the second
feed roller 112 are provided above the main frame 102.
The interlace nozzle 113 is provided above the main
frame 102 and below the false-twisting device 106 and
the second feed roller 112. The second heater 114, the
third feed roller 115, and the oiling roller 116 are provided
at the main frame 102. Each device forming the winding
unit 107 is attached to the main frame 102 on the working
space So side. As each device is laid out in this way, yarn
paths from the yarn supplying unit 103 to the winding unit
107 are formed to surround the working space So.
[0033] Inthe winding unit 107, the winding devices 117
are provided to form four stages along the up-down
direction. The winding devices 117 are aligned in the
front-rear direction on each of the first to fourth stages.
A sucking unit 15 which is able to suck and hold ayarn Y
supplied from a yarn supply package Ps is provided in the
vicinity of each winding device 117.

[0034] In the false-twist texturing machine 101, the
yarns Y supplied from the yarn supply packages Ps
are sent to a downstream side in the yarn running direc-
tion by the first to third feed rollers (108, 112, 115). Each
yarn feeding speed is set so that the yarn feeding speed
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of the second feed roller 112 is faster than that of the first
feed roller 108. The yarns Y are therefore drawn between
the first feed roller 108 and the second feed roller 112.
Furthermore, each yarn feeding speed is set so that the
yarn feeding speed of the third feed roller 115 is slower
than that of the second feed roller 112. The yarns Y are
therefore relaxed between the second feed roller 112 and
the third feed roller 115.

[0035] The yarns Y having been drawn between the
first feed roller 108 and the second feed roller 112 are
twisted and sent by the false-twisting device 106 which is,
e.g., a friction-disc twister. The twist formed by the false-
twisting device 106 propagates to the first feed roller 108,
and the yarns Y having been twisted and drawn are
heated by the first heater 110 and then cooled by the
cooler 111 so that the twistis set. The yarns Y having been
twisted and thermally set pass through the false-twisting
device 106, and are then unwound before reaching the
second feed roller 112.

[0036] On the yarns Y having been drawn and false-
twisted in this way, interlacing portions are properly
formed by the interlace nozzle 113 and thus the yarns
Y are bundled. After that, the yarns Y are subjected to
relaxation heat treatment by the second heater 114, and
wound onto the winding bobbins Bw by the winding
devices 117 via the oiling roller 116. When a wound
package Pw formed by winding a yarn Y onto a winding
bobbin Bw is fully wound, this wound package Pw is
detached from a winding device 117 by the operator. A
new winding bobbin Bw is then attached to this winding
device 117 by the operator, and the yarn Y restarts being
wound onto the winding bobbin Bw. When the replace-
ment of the wound package Pw is performed, the yarn Y
kept supplied from the yarn supply package Ps is tem-
porarily stored in a sucking unit 15. Because of this, there
is no need to cut the yarn Y at the time of replacement of
the wound package Pw, and the false-twist texturing
machine 101 can continue the operation.

[0037] The fiber waste recovery device of the present
embodiment is provided and used in the above-de-
scribed false-twist texturing machine 101. The following
will describe a fiber waste recovery device of the present
embodiment.

(Summary of Fiber Waste Recovery Device)

[0038] When the replacement of the wound package
Pw is performed in the winding device 117 as described
above, or when the yarn threading is performed in the
false-twist texturing machine 101, each yarn Y kept sup-
plied from a yarn supply package Ps is stored in a sucking
unit 15. A fiber waste recovery device 1 is used for
collecting each yarn Y kept supplied from the yarn supply
package Ps, as fiber waste from the sucking unit 15. In
addition to relatively-short fiber wastes, the "fiber waste"
includes: fiber wastes formed of the relatively-short fiber
wastes; and relatively-long yarn wastes. The following
will describe the schematic structure of the fiber waste

10

15

20

25

30

35

40

45

50

55

recovery device 1 with reference to FIG. 2.

[0039] As shown in FIG. 2, the fiber waste recovery
device 1 mainly includes: pipes 11; a single fiber waste
recovery container 13 shared by the pipes 11; cyclone
separators 30 provided for the respective pipes 11; and
discharge sound suppressors 60 provided for the respec-
tive cyclone separators 30. Ineach pipe 11,ayarn’Y (fiber
waste) sucked by a sucking unit 15 flows along with air.
The fiber waste recovery container 13 is configured to
collect fiber waste sent through each pipe 11. Each
cyclone separator 30 is provided between a correspond-
ing pipe 11 and the fiber waste recovery container 13.
Each cyclone separator 30 is configured to separate fiber
waste from air sent through a pipe 11, and to discharge
the separated fiber waste to the fiber waste recovery
container 13. Each discharge suppressor 60 is provided
for suppressing discharge sound when air separated
from fiber waste is discharged to the outside from a
cyclone separator 30. The fiber waste recovery container
13 is equivalent to a "fiber waste collector" of the present
invention.

[0040] Each pipe 11 is, e.g., hollow and cylindrical in
shape. The pipes 11 are provided to correspond to the
stages formed by the winding devices 117 aligned in the
up-down direction of the false-twist texturing machine
101. The fiber waste recovery device 1 of the present
embodiment is used in the false-twist texturing machine
101 in which the winding devices 117 forming the four
stages are provided, and includes four pipes 11. Each
pipe 11 is provided to extend in the front-rear direction. In
the front-rear direction, one end portion (a rear end por-
tion shown in FIG. 2) of each pipe 11 is closed while the
other end portion (a front end portion shown in FIG. 2) of
each pipe 11 is connected to the cyclone separator 30.
[0041] As shown in FIG. 2, branched tubes 16 are
branched from each pipe 11. Base end portions of the
branched tubes 16 branched from each pipe 11 are
aligned in a longitudinal direction (front-rear direction)
of the pipe 11. A sucking unit 15 is provided at a leading
end portion of each branched tube 16. That is, each pipe
11is provided with sucking units 15 through the branched
tubes 16. The sucking units 15 provided at each pipe 11
are the above-described sucking units 15 provided near
the respective winding devices 117 on a stage corre-
sponding to the pipe 11. To the pipe 11, each branched
tube 16 is connected while being obliquely inclined. To be
more specific, each branched tube 16 is provided so that
its leading end portion at which a sucking unit 15 is
provided is positioned rearward of its base end portion
connected to the pipe 11.

[0042] Each branched tube 16 is able to inject com-
pressed air supplied from a compressed-air supply
source (notillustrated) into the branched tube 16. In each
branched tube 16, the compressed air is injected toward
the pipe 11 side from an intermediate portion of the
branched tube 16. The compressed air injected in the
branched tube 16 generates an airflow to send fiber
waste in the branched tube 16 toward the pipe 11 side.



9 EP 4 818 093 A1 10

As aresult, an airflow is generated in the pipe 11 to send
the fiber waste toward the cyclone separator 30 side
(forward in FIG. 2). Such airflows allow each sucking unit
15 to suck a yarn Y and to send the yarn Y to a cyclone
separator 30 as fiber waste.

(Cyclone Separator)

[0043] The following will describe the structure of each
cyclone separator 30 with reference to FIG. 3. The cy-
clone separator 30 is configured to separate air which
includes fiber waste and which is sent through each pipe
11, into (i) fiber waste and (ii) clean air having been
separated from the fiber waste. The fiber waste sepa-
rated from the air is discharged into the fiber waste
recovery container 13 (see FIG. 2). The clean air having
been separated from the fiber waste is discharged from
an air discharge unit 50. The cyclone separator 30 is not
configured to completely separate the air from the fiber
waste. The fiber waste having been separated from the
air also includes some air. Therefore, not only fiber waste
but also not-separated air is discharged into the fiber
waste recovery container 13 along with the fiber waste.
[0044] When the cyclone separator 30 is provided, the
fiber waste is discharged in a ball form. This suppresses
the percentage of fiber waste relative to the capacity of
the fiber waste recovery container 13. Furthermore,
when (i) the cyclone separator 30 is configured to sepa-
rate the fiber waste from the air and (ii) the air having been
separated from the fiber waste is discharged from the air
discharge unit 50, the air sent to the fiber waste recovery
container 13 is decreased so as to suppress the percen-
tage of air relative to the capacity of the fiber waste
recovery container 13. Because of this, the size of the
fiber waste recovery container 13 is decreased as com-
pared to a case where there is no cyclone separator 30.
[0045] As shown in FIG. 3, the cyclone separator 30
mainly includes: a main body portion 32; a tapered por-
tion 42 provided below the main body portion 32; a fiber
waste discharge portion 46 configured to discharge fiber
waste separated from air into the fiber waste recovery
container 13 (see FIG. 2); and the air discharge unit 50
configured to discharge the air having been separated
from the fiber waste.

[0046] The mainbody portion 32 extends along the up-
down direction, and is cylindrical in shape. Both ends of
the main body portion 32 are open. A pipe 11 is connected
to an upper end portion of the main body portion 32. The
pipe 11 is connected to the main body portion 32 so that
the longitudinal direction of the pipe 11 is along an inner
circumferential surface of the main body portion 32. With
this arrangement, air which includes fiber waste and
which is sent to the main body portion 32 through the
pipe 11 flows in a circumferential direction along the inner
circumferential surface of the main body portion 32.
Therefore, the fiber waste included in the air is sent
downward while rotating in the circumferential direction
along the inner circumferential surface of the main body
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portion 32 because of the centrifugal force, i.e., by means
of the centrifugal separation. The air having been sepa-
rated from the fiber waste flows out through an upper end
opening of the main body portion 32.

[0047] The tapered portion 42 extends along the up-
down direction, and is circular frustum in shape. Both end
portions of the tapered portion 42 are open. In the tapered
portion 42, the diameter of an upper end portion is larger
than that of a lower end portion. That is, when viewed
from the front, the tapered portion 42 tapers from its upper
end portion toward the lower end portion. The inner
diameter of the upper end portion of the tapered portion
42 has the same length as that of the main body portion
32. The upper end portion of the tapered portion 42 is
connected to the lower end portion of the main body
portion 32. The inside of the main body portion 32 com-
municates with that of the tapered portion 42.

[0048] The fiber waste discharge portion 46 is cylind-
rical in shape. Both ends of the fiber waste discharge
portion 46 are open. The fiber waste discharge portion 46
extends downward from the lower end portion of the
tapered portion 42. The inner diameter of the fiber waste
discharge portion 46 has the same length as that of the
lower end portion of the tapered portion 42. The inside of
the tapered portion 42 communicates with that of the fiber
waste discharge portion 46. The lower end portion of the
fiber waste discharge portion 46 is connected to the fiber
waste recovery container 13 (see FIG. 2).

[0049] The air discharge unit 50 extends along the up-
down direction, and is cylindrical in shape. Both ends of
the air discharge unit 50 are open. A lower end portion of
the air discharge unit 50 is provided with a flange portion
51. The shape of an outer circumference of the flange
portion 51 is circular, and has substantially the same
diameter as the main body portion 32. The air discharge
unit 50 is connected to the upper end portion of the main
body portion 32 at an edge portion of the flange portion 51
so as to be concentric with the main body portion 32. The
inside of the main body portion 32 communicates with
that of the air discharge unit 50. Air separated from fiber
waste by the main body portion 32 is sent to the air
discharge unit 50, and flows out through an upper end
opening 50a. As described later, the discharge sound
suppressor 60 (see FIG. 2) is attached to the air dis-
charge unit 50, and the air sent to the air discharge unit 50
is discharged to the outside via the discharge sound
suppressor 60.

[0050] In the cyclone separator 30, air including fiber
waste is sent to the main body portion 32 through the pipe
11. Inthisregard, the fiber waste included in the airis sent
downward along the inner circumferential surface of the
main body portion 32 because of the centrifugal separa-
tion, and this fiber waste is further sent toward the fiber
waste discharge portion 46 along aninner circumferential
surface of the tapered portion 42. The fiber waste sent
toward the fiber waste discharge portion 46 is discharged
to the fiber waste recovery container 13 (see FIG. 2) from
the fiber waste discharge portion 46. As such, air which
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includes fiber waste and which is sent through the pipe 11
is separated from the fiber waste, and the separated fiber
waste is collected by the fiber waste recovery container
13. Meanwhile, the air having been separated from the
fiber waste is sent to the air discharge unit 50 from the
main body portion 32 and discharged to the outside via
the later-described discharge sound suppressor 60.

(Discharge Sound Suppressor)

[0051] The following will describe the structure of each
discharge sound suppressor 60 with reference to FIG. 5.
As shown in FIG. 4 and FIG. 5, the discharge sound
suppressor 60 is attached to an air discharge unit 50 of a
cyclone separator 30. The discharge sound suppressor
60 is configured to prevent fiber waste from being dis-
charged to the outside from the cyclone separator 30, and
to suppress discharge sound of air discharged from the
cyclone separator 30. The discharge sound suppressor
60 mainly includes an attaching portion 61 and a main
body portion 64.

[0052] The attaching portion 61 extends along the up-
down direction, and is cylindrical in shape. The outer
diameter of the attaching portion 61 is slightly smaller
than the inner diameter of the air discharge unit 50. The
attaching portion 61 is fitted into the air discharge unit 50.
The attaching portion 61 may be engaged with an outer
surface of the air discharge unit 50. When the attaching
portion 61 is fitted into the air discharge unit 50, a gap
between the attaching portion 61 and the air discharge
unit 50 is preferably as small as possible. In the up-down
direction, the length of the attaching portion 61 is sub-
stantially the same as that of the air discharge unit 50. As
shown in FIG. 5, when the attaching portion 61 is fitted
into the air discharge unit 50, an upper end portion of the
attaching portion 61 is positioned at an upper end portion
of the air discharge unit 50. Furthermore, a lower end
portion of the attaching portion 61 is positioned at a lower
end portion of the air discharge unit 50. Air flowing toward
the air discharge unit 50 from the main body portion 32 of
the cyclone separator 30 flows into the attaching portion
61 of the discharge sound suppressor 60 provided inside
the air discharge unit 50.

[0053] As shown in FIG. 5, a shielding cover 62 is
attached to the lower end portion of the attaching portion
61. The shielding cover 62 is provided for suppressing
fiber waste having missed a downward flow along the
inner circumferential surface of the main body portion 32
of the cyclone separator 30, from being discharged to the
outside via the air discharge unit 50. The shielding cover
62 is configured to partially block a passage from the air
discharge unit 50 to the outside. The shielding cover 62 is
provided with holes 62a penetrating the cover in the up-
down direction. The shielding cover 62 is configured to
block the discharge of fiber waste to the outside while
allowing the discharge of air to the outside from the air
discharge unit 50. The flange portion 63 is provided at the
upper end portion of the attaching portion 61. The shape
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of an outer circumference of the flange portion 63 is
circular. The diameter of the outer circumference of the
flange portion 63 is larger than that of the air discharge
unit 50.

[0054] The main body portion 64 extends along the up-
down direction, and is substantially cylindrical in shape.
The length of the main body portion 64 along the up-down
direction will be referred to as the entire length L. The
main body portion 64 is equivalent to a "tubular portion" of
the present invention. The main body portion 64 has
substantially the same diameter as the flange portion
63. The lower end portion of the main body portion 64
is connected to the edge portion of the flange portion 63
so as to be concentric with the attaching portion 61. The
inside of the attaching portion 61 communicates with that
of the main body portion 64. The internal space of the
main body portion 64 is connected to that of the air
discharge unit 50 at the lower end portion of the main
body portion 64. With this arrangement, air flows from the
cyclone separator 30 into the main body portion 64 via the
attaching portion 61 (air discharge unit 50) and then flows
from the lower end portion to upper end portion of the
main body portion 64. That is, a flow direction of air in the
main body portion 64 (hereinafter, this will be simply
referred to as the "flow direction") is an upward direction.
An upper end of the attaching portion 61 is an inflow port
66a allowing air to enter the main body portion 64 from the
cyclone separator 30. An upper end of the main body
portion 64 is an outflow port 66b allowing air to flow out of
the main body portion 64 to the outside.

[0055] Inthe mainbody portion 64, a passage space Sf
(indicated by dashed linesin FIG. 5)is formed to extend in
the flow direction. The passage space Sf extends from
the inflow port 66a to the outflow port 66b. The cross-
sectional area of the passage space Sf in a direction
orthogonal to the flow direction is equal to the area of the
inflow port 66a. When viewed from above, the passage
space Sfentirely overlaps the inflow port 66a. In the main
body portion 64, stagnation spaces Ss (Ss1, Ss2, Ss3,
Ss4, and Ss5 in FIG. 5) are formed so that a part of air
flowing into the main body portion 64 from the cyclone
separator 30 stagnates. The stagnation spaces Ss will be
detailed later.

[0056] As shown in FIG. 5, the main body portion 64
includes protrusions 65 protruding from an inner wall
surface 64a of the main body portion 64. Each protrusion
65 is formed by partially denting a side wall of the main
body portion 64 inward. Each protrusion 65 extends
along the circumferential direction of the main body por-
tion 64. That is, each protrusion 65 extends in a direction
intersecting with the flow direction. Each protrusion 65
extends over the entire circumference of the main body
portion 64, and is annular in shape. Each protrusion 65
may not extend over the entire circumference of the main
body portion 64, but may be partitioned into plural parts in
the circumferential direction of the main body portion 64.
The protrusions 65 are aligned in the flow direction. In the
present embodiment, five protrusions 65 are aligned in
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the flow direction.

[0057] Each protrusion 65 is provided outside the pas-
sage space Sf in a direction orthogonal to the flow direc-
tion. In the present embodiment, apexes of the protru-
sions 65 aligned in the flow direction are provided on a
straight line (line indicated by a dashed line in FIG. 6)
which extends along the flow direction and which passes
through an edge of the inflow port 66a. That is, when
viewed from above, the apexes of the protrusions 65
overlap the edge of the inflow port 66a. The apexes of
the protrusions 65 may be spaced apart from the edge of
the inflow port 66a when viewed from above.

[0058] A space is defined by each two protrusions 65
adjacent in the flow direction and a part of the inner wall
surface 64a between these two protrusions 65. This
space functions as a stagnation space Ss. Another space
is defined by the most upstream (lowermost) one of the
protrusions 65 in the flow direction, the flange portion 63,
and a part of the inner wall surface 64a between this
protrusion 65 and the flange portion 63. This space also
functions as a stagnation space Ss. That is, the flange
portion 63 functions as a "protrusion" of the present
invention. In the present embodiment, five stagnation
spaces Ss are aligned in the flow direction. Each stagna-
tion space Ssis provided outside the passage space Sfin
a direction orthogonal to the flow direction. Hereinafter,
these five stagnation spaces Ss will be referred to as a
stagnation space Ss1, a stagnation space Ss2, a stagna-
tion space Ss3, a stagnation space Ss4, and a stagnation
space Ss5 in this order from the upstream side in the flow
direction. In FIG. 5, the stagnation spaces Ss are indi-
cated with polka-dot hatching.

[0059] The stagnation spaces Ss include at least two
stagnation spaces Ss with different capacities. At least
two stagnation spaces Ss with different capacities are
equivalent to a "first stagnation space" and a "second
stagnation space" in the present invention. In the flow
direction of the stagnation spaces Ss of the present
embodiment, each two adjacent stagnation spaces Ss
are aligned so that the capacity of the upstream stagna-
tion space Ss is equal to or larger than that of the down-
stream stagnation space Ss. In the example of a pair of
the stagnation spaces Ss2 and Ss3 adjacent in the flow
direction, the capacity of the upstream stagnation space
Ss2 is equal to or larger than that of the downstream
stagnation space Ss3 in the flow direction. That is, the
stagnation spaces Ss are aligned in descending order of
capacity so that a stagnation space Ss having a larger
capacity is provided upstream of a stagnation space Ss
having a smaller capacity in the flow direction.

[0060] Assume that an interval between the flange
portion 63 and a protrusion 65 which define the stagna-
tion space Ss1is d1, aninterval between two protrusions
65 defining the stagnation space Ss2 is d2, an interval
between two protrusions 65 defining the stagnation
space Ss3 is d3, an interval between two protrusions
65 defining the stagnation space Ss4 is d4, and an
interval between two protrusions 65 defining the stagna-
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tion space Ss5 is d5. In this regard, the relationship
between these intervals is d1 = d2 = d3 = d4 = d5.
At least two of the intervals d1, d2, d3, d4, and d5 are
different from each other. The inner diameter of the main
body portion 64 is constant, except its parts provided with
the protrusions 65. In other words, the cross-sectional
area of the internal space of the main body portion 64 in a
direction orthogonal to the flow direction is constant ex-
cept its parts with the protrusions 65. That is, in the
present embodiment, an interval between two protru-
sions 65 defining each stagnation space Ss (an interval
between the flange portion 63 and a protrusion 65 in
regard to the stagnation space Ss1) is adjusted so that
at least two of the stagnation spaces Ss have different
capacities.

[0061] An upstream surface of each protrusion 65 in
the flow direction is a lower surface 65a, and extends
from the inner wall surface 64a toward the downstream
side inthe flow direction. Thatis, in the lower surface 65a,
a leading end portion on the leading end side of the
protrusion 65 is provided downstream of a base end
portion connected to the inner wall surface 64a in the
flow direction. Meanwhile, a downstream surface of each
protrusion 65 in the flow direction is an upper surface 65b
and extends in a direction orthogonal to the flow direction
(up-down direction). That is, the upper surface 65b is
orthogonal to the inner wall surface 64a.

[0062] As shown in FIG. 5, the length between the
upstream end and downstream end of the lower surface
65a of each protrusion 65 in the flow direction will be
referred to as the length da. The length da is equal among
the protrusions 65. An angle between the lower surface
65a of each protrusion 65 and the inner wall surface 64a
will be referred to as the angle 6. The angle 0 is equal
among the lower surfaces 65a of the protrusions 65.
[0063] The discharge sound suppressor 60 is made of,
e.g., resin. The discharge sound suppressor 60 is formed
by injection molding. The main body portion 64 is formed
as plural parts divided in the circumferential direction, by
the injection molding. For example, two parts 64p which
are substantially semi-cylindrical in shape as shown in
FIG. 6(a) and FIG. 6(b) are formed by the injection
molding and joined so as to form the main body portion
64. In the injection molding, each part 64p is demolded in
a direction (demolding direction) perpendicular to a vir-
tual plane P whichis parallel to an adhesion surface with a
corresponding part 64p. That is, the demolding direction
is orthogonal to the flow direction of the main body portion
64 of the discharge sound suppressor 60 which is a
finished product. FIG. 6(a) and FIG. 6(b) indicate the
demolding direction by arrows.

[0064] The shape of each protrusion 65 is able to
demold a part 64p. That is, as shown in FIG. 5, when
viewed in a direction (indicated by an arrow in FIG. 5)
orthogonal to the inner wall surface 64a in the main body
portion 64, each protrusion 65 is shaped not to overlap
both parts of the inner wall surface 64a immediately on
both sides of this protrusion 65 in the flow direction. For
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example, when viewed in a direction orthogonal to the
inner wall surface 64a in the main body portion 64, a
protrusion 165 indicated by dotted lines in FIG. 5 overlaps
an downstream part of the inner wall surface 64a imme-
diately on the downstream side of this protrusion 165 in
the flow direction. The shape of the protrusion 165 makes
it impossible to demold each part 64p in the direction
indicated by arrows in FIG. 6(a) and FIG. 6(b).

[0065] The following will describe a principle of sup-
pression of discharge sound in each discharge sound
suppressor 60 with reference to FIG. 7. Most of air flowing
into the main body portion 64 of the discharge sound
suppressor 60 from a cyclone separator 30 flows along
the flow direction in the passage space Sf as indicated by
a bold arrow in FIG. 7. A part of the air flowing into the
main body portion 64 flows into the stagnation spaces Ss
as indicated by small arrows in FIG. 7.

[0066] The air flowing into the main body portion 64
tends to flow into a stagnation space Ss with a large
capacity. In the present embodiment, the stagnation
spaces Ss are aligned in descending order of capacity
so that a stagnation space Ss having a larger capacity is
provided upstream of a stagnation space Ss having a
smaller capacity in the flow direction. With this arrange-
ment, a part of the air flowing into the main body portion
64 flows into the nearest (most upstream) one of the
stagnation spaces Ss at first and then flows into far
(other) stagnation spaces Ss in order.

[0067] When a part of the air flowing toward the stag-
nation spaces Ss hits a lower surface 65a of one protru-
sion 65, this part of the air is guided downward in the flow
direction along the lower surface 65a so as to flow into a
stagnation space Ss provided immediately above this
protrusion 65.

[0068] The stagnation spaces Ss allow a part of the air
flowing into the main body portion 64 of the discharge
sound suppressor 60 from the air discharge unit 50 of the
cyclone separator 30, to stagnate in the main body por-
tion 64. As such, the flow rate of air flowing along the flow
direction in the passage space Sf is decreased by dis-
turbing the flow of the air. That is, this attenuates an
energy of the air flowing in the main body portion 64.
As such, when discharge sound is generated as air is
discharged from the cyclone separator 30 through the
outflow port 66b of the main body portion 64, the dis-
charge sound is suppressed.

(Comparison Test 1)

[0069] The present inventor performed a comparison
test between a case (Example 1) with a discharge sound
suppressorincluding stagnation spaces Ss atleast two of
which have different capacities as in the present embodi-
ment and cases (Comparative Examples 1 to 8) with a
discharge sound suppressor including stagnation
spaces Ss which all have the same capacity. In each of
the discharge sound suppressors of Example 1 and
Comparative Examples 1 to 8, the inner diameter of a
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main body portion in which the stagnation spaces Ss are
formed is constant. That is, in Example 1, an interval
between two protrusions defining each stagnation space
Ss is adjusted so that at least two stagnation spaces Ss
have different capacities. The inner diameter of the main
body portion of the discharge sound suppressor is equal
among Example 1 and Comparative Examples 1 to 8.
[0070] Atable of FIG. 8 shows conditions of the above-
described comparison test. Intervals each of which is
provided between two protrusions defining each stagna-
tion space Ss will be referredtoasd1,d2, ..., dn (see FIG.
5) in order from the interval corresponding to the most
upstream one of the stagnation spaces Ss in the flow
direction. In this regard, the "n" indicates the number of
the stagnation spaces Ss formed in each discharge
sound suppressor. That is, in Example 1, there are five
stagnation spaces Ss. Furthermore, d1is 30 mm, d2is 26
mm, d3 is 26 mm, d4 is 18 mm, and d5 is 18 mm. In
Comparative Example 1, there are four stagnation
spaces Ss, and each ofd1tod4is 30 mm. In Comparative
Example 2, there are five stagnation spaces Ss, and each
ofd1tod5is 26 mm. In Comparative Example 3, there are
four stagnation spaces Ss, and each of d1 to d4 is 26 mm.
In Comparative Example 4, there are six stagnation
spaces Ss, and each ofd1tod6is 22 mm. In Comparative
Example 5, there are five stagnation spaces Ss, and each
ofd1tod5is 22 mm. In Comparative Example 6, there are
seven stagnation spaces Ss, and each of d1 to d7 is 18
mm. In Comparative Example 7, there are six stagnation
spaces Ss, and each ofd1tod6is 18 mm. In Comparative
Example 8, there are eight stagnation spaces Ss, and
eachofd1tod8is 14 mm. The entire length L (see FIG. 5)
of the main body portion in which each stagnation space
Ss is formed is 141 mm in Example 1, 139 mm in Com-
parative Example 1, 153 mm in Comparative Example 2,
123 mm in Comparative Example 3, 159 mm in Com-
parative Example 4, 133 mm in Comparative Example 5,
157 mm in Comparative Example 6, 135 mm in Com-
parative Example 7, and 147 in Comparative Example 8.
[0071] FIG. 9 shows noise measurement results of
Example 1 and Comparative Examples 1 to 8 when each
discharge sound suppressor is used in the operation of a
fiber waste recovery device. As shownin FIG. 9, the noise
measurementresults were 73 dbin Example 1,73.5dbin
Comparative Example 1, 73.5 db in Comparative Exam-
ple 2, 73.3 db in Comparative Example 3, 73.4 db in
Comparative Example 4, 73.6 db in Comparative Exam-
ple 5, 73.4 db in Comparative Example 6, 73.6 db in
Comparative Example 7, and 73.4 db in Comparative
Example 8. Thatis, the measurement result of Example 1
in which the stagnation spaces Ss include stagnation
spaces Ss with different capacities is lower than the
measurement results of Comparative Examples 1 to 8
in which the stagnation spaces Ss have all the same
capacity by 0.3 to 1.6 db.
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(Comparison Test 2)

[0072] A comparison test was also performed for dis-
charge sound suppressors (Examples 1 to 6) including
stagnation spaces Ss with three types of capacities, i.e.,
large, medium, and small capacities. The order of align-
ment of stagnation spaces Ss of three types is different
among the discharge sound suppressors of Examples 1
to 6. In each Example, there are one stagnation space Ss
with the "large" capacity, two stagnation spaces Ss with
the "medium" capacity, and two stagnation spaces Ss
with the "small" capacity. There are five stagnation
spaces Ss in total. In each of the discharge sound sup-
pressors of Examples 1 to 6, the inner diameter of a main
body portion in which the stagnation spaces Ss are
formed is constant. That is, an interval between two
protrusions defining each stagnation space Ss is ad-
justed so that the stagnation spaces Ss of three types
have different capacities. The inner diameter of the main
body portion of the discharge sound suppressor is equal
among Examples 1 to 6.

[0073] A table of FIG. 10 shows conditions of the
above-described comparison test. Example 1 is de-
scribed above. In Example 2, d1 and d2 are 26 mm, d3
is 30 mm, and d4 and d5 are 18 mm. In Example 3, d1 is
30 mm, d2 and d3 are 18 mm, and d4 and d5 are 26 mm.
In Example 4, d1 and d2 are 26 mm, d3 and d4 are 18 mm,
and d5is 30 mm. In Example 5, d1 and d2 are 18 mm, d3
is 30 mm, and d4 and d5 are 26 mm. In Example 6, d1 and
d2 are 18 mm, d3 and d4 are 26 mm, and d5is 50 mm. In
Examples 1 to 6, the entire length L (see FIG. 5) of the
main body portion in which the stagnation spaces Ss are
formed is 141 mm.

[0074] FIG. 11 shows noise measurement results of
Examples 1 to 6 when each discharge sound suppressor
is used in the operation of a fiber waste recovery device.
Asshownin FIG. 11, the noise measurementresults were
73 db in Example 1, 73.1 db in Example 2, 73.3 db in
Example 3, 73.4 db in Example 4, 73.4 db in Example 5,
and 73.4 db in Example 6. In Example 1, the stagnation
spaces Ss are aligned in descending order of capacity so
that a stagnation space Ss having a larger capacity is
provided upstream of a stagnation space Ss having a
smaller capacity in the flow direction. The noise measure-
ment result of this Example 1 is the lowest.

(Characteristics of Embodiment)

[0075] As described above, the fiber waste recovery
device 1 of the present embodiment includes: the pipes
11 inwhich fiber waste flows along with air; the fiber waste
recovery container 13 configured to collect the fiber
waste sent through the pipes 11; and each cyclone
separator 30 which is provided between a pipe 11 and
the fiber waste recovery container 13 and which is con-
figured to separate the fiber waste from the air sent
through the pipe 11 and to discharge the separated fiber
waste into the fiber waste recovery container 13. Each
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cyclone separator 30 includes an air discharge unit 50 in
which an opening 50a allowing the air separated from the
fiber waste to flow out is formed. The fiber waste recovery
device 1 further includes each discharge sound suppres-
sor 60 configured to suppress discharge sound of air
discharged from the air discharge unit 50. Each dis-
charge sound suppressor 60 includes a main body por-
tion 64 which is substantially cylindrical in shape and in
which a passage space Sf is formed to extend from one
end portion (lower end portion) to the other end portion
(upper end portion) of the main body portion 64 in the flow
direction. In this regard, the one end portion of the main
body portion 64 is connected to the air discharge unit 50.
In the main body portion 64, stagnation spaces Ss are
formed outside of the passage space Ss in a direction
orthogonal to the flow direction. These stagnation spaces
Ss are aligned in the flow direction, and include at least
two stagnation spaces Ss with different capacities.
[0076] With the above-described arrangement, the
discharge sound suppressor 60 is configured to allow
a part of air flowing from the air discharge unit 50 of the
cyclone separator 30 to stagnate in the main body portion
64 by means of the stagnation spaces Ss so as to
decrease the flow rate of the air flowing in the passage
space Sf of the main body portion 64. This attenuates an
energy of the air so as to suppress the discharge sound of
the air discharged from the cyclone separator 30.
Furthermore, the stagnation spaces Ss with different
capacities suppress sounds of different frequencies. It
is therefore possible to effectively suppress the dis-
charge sound of air. Because the stagnation spaces
Ss are provided outside of the passage space Sf, the
passage of air from the air discharge unit 50 of the
cyclone separator 30 is secured. It is therefore possible
to maintain the separation capability of the cyclone se-
parator 30 without preventing the discharge of air from
the air discharge unit 50 of the cyclone separator 30.
[0077] In the fiber waste recovery device 1 of the pre-
sent embodiment, the main body portion 64 includes the
protrusions 65 and the flange portion 63 which protrude
from the inner wall surface 64a of the main body portion
64, which extend in a direction intersecting with the flow
direction, and which are aligned in the flow direction.
Each stagnation space Ss is defined by two protrusions
65 (or a protrusion 65 and the flange portion 63) adjacent
in the flow direction and a part of the inner wall surface
64a between these two protrusions 65 (or between a
protrusion 65 and the flange portion 63). This achieves
the stagnation spaces Ss allowing air to stagnate, with a
relatively simple structure.

[0078] In the fiber waste recovery device 1 of the pre-
sent embodiment, the lower surface 65a which is an
upstream surface of each protrusion 65 in the flow direc-
tion extends from the inner wall surface 64a toward the
downstream side in the flow direction. With this arrange-
ment, air flowing from the cyclone separator 30 is easily
guided by the lower surface 65a of the protrusion 65 so as
to flow into each stagnation space Ss. Therefore, be-
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cause a larger amount of air is taken into each stagnation
space Ss, the discharge sound of air is further effectively
suppressed.

[0079] In the fiber waste recovery device 1 of the pre-
sent embodiment, the stagnation spaces Ss include at
least two stagnation spaces Ss between which an inter-
val of two protrusions 65 (or a protrusion 65 and the flange
portion 63) defining each stagnation space Ss s different.
As such, an interval of two protrusions 65 (or a protrusion
65 and the flange portion 63) defining each stagnation
space Ss varies so that at least two stagnation spaces Ss
have different capacities with a relatively simple struc-
ture.

[0080] In the fiber waste recovery device 1 of the pre-
sent embodiment, each protrusion 65 is shaped not to
overlap the inner wall surface 64a when viewed in a
direction orthogonal to the inner wall surface 64a in the
main body portion 64. With this arrangement, each pro-
trusion 65 is shaped so that the protrusion 65 is formed
with a relatively simple mold when the main body portion
64 is formed by mold processing.

[0081] Inthe flow direction of the stagnation spaces Ss
of the fiber waste recovery device 1 of the present em-
bodiment, each two adjacent stagnation spaces Ss are
aligned so that the capacity of the upstream stagnation
space Ssis equal to or larger than that of the downstream
stagnation space Ss. When stagnation spaces Ss with
different capacities are provided in the main body portion
64, air easily flows from the cyclone separator 30 into a
stagnation space Ss with a large capacity. Therefore, in
the flow direction, when a stagnation space Ss with a
small capacity is located on the upstream side (the near
side) while a stagnation space Ss with a large capacity is
located on the downstream side (the far side), air flows
from the cyclone separator 30 into the stagnation space
Ss with a large capacity on the far side rather than the
stagnation space Ss with a small capacity on the near
side. In this case, the stagnation space Ss with a small
capacity is not effectively utilized. In the present embodi-
ment, the stagnation spaces Ss are aligned in descend-
ing order of capacity so that a stagnation space Ss having
a larger capacity is provided upstream of a stagnation
space Ss having a smaller capacity in the flow direction.
With this arrangement, the air flows from the cyclone
separator 30 into the nearest (upstream) one of the
stagnation spaces Ss at first and then flows into far
(other) stagnation spaces Ss in order. Because each
stagnation space Ss is effectively utilized, the discharge
sound of air is further effectively suppressed.

[0082] The embodiment of the present invention is
described hereinabove. However, the specific structure
of the present invention shall not be interpreted as to be
limited to the above described embodiment. The scope of
the present invention is defined not by the above embo-
diment but by claims set forth below, and shall encom-
pass the equivalents in the meaning of the claims and
every modification within the scope of the claims.
[0083] In the embodiment above, each main body
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portion 64 extends along one direction (up-down direc-
tion) and is cylindrical in shape. However, the disclosure
is not limited to this. The cross sectional shape of the main
body portion 64 may be polygonal. When the main body
portion 64 is cylindrical in shape, each discharge sound
suppressor 60 may be provided so that the main body
portion 64 extends in a direction other than the up-down
direction. The main body portion 64 may be differently
arranged as long as it is a hollow, long, and tubular
member. That is, the main body portion 64 may be
partially or entirely curved. For example, the main body
portion 64 may be flexible so that it can be curved and
located according to the alignment of devices and facil-
ities.

[0084] In the embodiment above, the passage space
Sfis formed in the main body portion 64 so as to extend
along the up-down direction. However, the disclosure is
not limited to this. When the main body portion 64 is
curved, the passage space Sfis also accordingly curved.
[0085] In the embodiment above, each protrusion 65
extends along the circumferential direction of the main
body portion 64. However, the disclosure is not limited to
this. The protrusion 65 may obliquely extend relative to
the circumferential direction.

[0086] In the embodiment above, the protrusion 65 is
formed by partially denting the side wall of the main body
portion 64. However, the disclosure is not limited to this.
For example, the protrusion 65 may be formed by thick-
ening a part of the side wall of the main body portion 64.
[0087] In the embodiment above, the lower surface
65a of the protrusion 65 extends from the inner wall
surface 64a toward the downstream side in the flow
direction. However, the disclosure is not limited to this.
The lower surface 65a may extend from the inner wall
surface 64a toward the upstream side in the flow direc-
tion, or may extend in a direction orthogonal to the inner
wall surface 64a.

[0088] In the embodiment above, the upper surface
65b of the protrusion 65 extends in a direction orthogonal
to the inner wall surface 64a. However, the disclosure is
not limited to this. The upper surface 65a may extend
from the inner wall surface 64a toward the downstream
side or the upstream side in the flow direction.

[0089] In the embodiment above, an interval of two
protrusions 65 (or a protrusion 65 and the flange portion
63) defining each stagnation space Ss varies so that at
least two stagnation spaces Ss have different capacities.
However, the disclosure is not limited to this. Thatis, ina
discharge sound suppressor 260 of a modification of FIG.
12,d11,d12, d13, d14, and d15 are equal intervals each
of which is formed between two protrusions 265 (or a
protrusion 265 and a flange portion 263) defining each
stagnation space Ss11, Ss12, Ss13, Ss14, Ss15.
[0090] Theinnerdiameter of a main body portion 264 of
the discharge sound suppressor 260 is not constant. In
the inner diameter of the main body portion 264, assume
that the inner diameter of a part with the stagnation space
Ss11is D1, thatof a part with the stagnation space Ss12is
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D2, that of a part with the stagnation space Ss13 is D3,
that of a part with the stagnation space Ss14 is D4, and
that of a part with the stagnation space Ss15is D5. In this
regard, the relationship between these inner diameters is
D1=D2=D3 =D4 =D5. Atleasttwo of D1, D2, D3, D4,
and D5 are different from each other. That is, the stagna-
tion spaces Ss are provided at parts of the main body
portion 264, and the cross-sectional area of the internal
space of the main body portion 264 in a direction ortho-
gonal to the flow direction is different among at least two
of these parts of the main body portion 264.

[0091] The outerdiameter ofthe main body portion 264
of this modification is constant. That is, at least two parts
of the main body portion 264 have different inner dia-
meters, and the thickness of a side wall of the main body
portion 264 is different among at least two parts of the
main body portion 264. That is, the thickness of the side
wall of the main body portion 264 is larger at its part with a
small inner diameter than at its part with a large inner
diameter. The thickness of the side wall of the main body
portion 264 may be constant. In this case, at least two
parts of the main body portion 264 have different inner
diameters, and the outer diameter of the main body
portion 264 is different among at least two parts of the
main body portion 264.

[0092] Assuch,inthis modification, the cross-sectional
area of the internal space of the main body portion 264 of
the discharge sound suppressor 260 in a direction ortho-
gonal to the flow direction is adjusted so that at least two
of the stagnation spaces Ss have different capacities.
Alternatively, at least two of the stagnation spaces Ss
may have different capacities by adjusting both (i) an
interval between two protrusions 265 (or a protrusion 265
and the flange portion 263) defining each stagnation
space Ss and (ii) the cross-sectional area of the internal
space of the main body portion 264 in a direction ortho-
gonal to the flow direction.

[0093] Inthe embodimentabove, each protrusion65is
shaped not to overlap the inner wall surface 64a when
viewed in a direction orthogonal to the inner wall surface
64ain the main body portion 64. However, the disclosure
is not limited to this. That is, each protrusion 65 may be
shaped to overlap the inner wall surface 64a when
viewed in the direction orthogonal to the inner wall sur-
face 64a in the main body portion 64.

[0094] Inthe embodiment above, the discharge sound
suppressor 60 is made of resin and formed by the injec-
tion molding. However, the material and manufacturing
method of the discharge sound suppressor 60 are not
limited to those. For example, the discharge sound sup-
pressor 60 may be made of metal. The discharge sound
suppressor 60 may be formed of plural parts made of
different materials.

[0095] In the embodiment above, the stagnation
spaces Ss are aligned in descending order of capacity
so that a stagnation space Ss having a larger capacity is
provided upstream of a stagnation space Ss having a
smaller capacity in the flow direction. However, the dis-
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closure is not limited to this. In this regard, the discharge
sound suppressor 60 may be differently arranged as long
as itis provided with two stagnation spaces Ss which are
aligned in the flow direction and which have different
capacities. These two stagnation spaces Ss are prefer-
ably aligned so that one stagnation space Ss with alarger
capacity is provided upstream of the other stagnation
space Ss with a smaller capacity in the flow direction.
However, the alignment of these two stagnation spaces
Ss is not particularly limited.

[0096] In the embodiment above, the shielding cover
62 is attached to the lower end portion of the attaching
portion 61 of the discharge sound suppressor 60. How-
ever, the disclosure is not limited to this. In thisregard, the
shielding cover 62 may be differently arranged as long as
it is provided on a passage from the air discharge unit 50
of the cyclone separator 30 to the outside. That is, for
example, the shielding cover 62 may be attached to the
upper end portion of the attaching portion 61. Alterna-
tively, the shielding cover 62 may be attached to the air
discharge unit 50 of the cyclone separator 30.

Claims

1. Afiber waste recovery device (1) comprising: a pipe
(11) in which fiber waste flows along with air;

a fiber waste collector (13) configured to collect
the fiber waste sent through the pipe (11); and
a cyclone separator (30) which is provided be-
tween the pipe (11) and the fiber waste collector
(13) and which is configured to separate the fiber
waste from the air sent through the pipe (11) and
to discharge the separated fiber waste into the
fiber waste collector (13),

the cyclone separator (30) including an air dis-
charge unit (50) provided with an opening (50a)
allowing the air separated from the fiber waste to
flow out,

a discharge sound suppressor (60, 260) being
provided to suppress discharge sound of the air
discharged from the air discharge unit (50),
the discharge sound suppressor (60, 260) in-
cluding a tubular portion (64, 264) which is a
tubular member provided with a passage space
(Sf) extending from one end portion to the other
end portion of the tubular portion (64, 264) in a
flow direction, the one end portion of the tubular
portion (64, 264) being connected to the air
discharge unit (50),

stagnation spaces (Ss) being formed outside of
the passage space (Sf) in a direction orthogonal
to the flow direction of the tubular portion (64,
264), and

the stagnation spaces (Ss) including a first stag-
nation space and a second stagnation space
which are aligned in the flow direction and which
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have different capacities.

The fiber waste recovery device (1) according to
claim 1, wherein, the tubular portion (64, 264) in-
cludes protrusions (65, 265) which protrude from an
inner wall surface (64a) of the tubular portion (64,
264), which extend in a direction intersecting with the
flow direction, and which are aligned in the flow
direction,

each of the stagnation spaces (Ss) is defined by two
of the protrusions (65, 265) and a part of the inner
wall surface (64a) between these two of the protru-
sions (65, 265), and these two of the protrusions (65,
265) are adjacent in the flow direction.

The fiber waste recovery device (1) according to
claim 2, wherein, an upstream surface of each of
the protrusions (65) extends from the inner wall sur-
face (64a) toward a downstream side in the flow
direction.

The fiber waste recovery device (1) according to
claim 2 or 3, wherein, among the protrusions (65),
aninterval between two protrusions (65) defining the
first stagnation space is different from an interval
between two protrusions (65) defining the second
stagnation space.

The fiber waste recovery device (1) according to any
one of claims 2 to 4, wherein, the first stagnation
space is provided at one part of the tubular portion
(264), the second stagnation space is provided at
another part of the tubular portion (264), and the
cross-sectional area of the internal space of the
tubular portion (264) in the direction orthogonal to
the flow direction is different among the one part and
another part of the tubular portion (264).

The fiber waste recovery device (1) according to any
one of claims 2 to 5, wherein, the each of the protru-
sions (65, 265) is shaped not to overlap the inner wall
surface (64a) when viewed in a direction orthogonal
to the inner wall surface (64a) in the tubular portion
(64, 264).

The fiber waste recovery device (1) according to any
one of claims 1 to 6, wherein, the capacity of the first
stagnation space is larger than the capacity of the
second stagnation space, and the first stagnation
space is provided upstream of the second stagnation
space in the flow direction.

The fiber waste recovery device (1) according to
claim 7, wherein, in the flow direction, each adjacent
two of the stagnation spaces (Ss) are aligned so that
the capacity of upstream one of the each adjacent
two of the stagnation spaces (Ss) is equal to or larger
than the capacity of downstream one of the each
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adjacent two of the stagnation spaces (Ss).

9. Afalse-twist texturing machine (101) comprising the

fiber waste recovery device (1) according to any one
of claims 1 to 8.
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