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(57) A pneumatic spinning device includes a fiber
guide (101) and a spindle (102). The fiber guide (101)
has a linear first passage (111) through which a fiber
bundle passes. The spindle (102) has a second passage
(122 through which the fiber bundle having passed
through the first passage (111) is guided. An inner sur-

face of the first passage (111) has a flat plane portion

(151) arranged along the first direction in which the first
passage (111) extends between an upstreamend (111a)
and a downstream end (111b) of the first passage (111).
The interval (S1) in the second direction between the
downstream end (151a) of the plane portion (151) and
the center (122b) of the upstream end (122a) of the sec-
ond passage (122) is equal to or greater than 0.8 mm
and equal to or less than 3.4 mm.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to a pneumatic
spinning device and a pneumatic spinning machine in-
cluding the same.

2. Description of the Related Art

[0002] Conventionally, there is known a pneumatic
spinning device that twists fibers by the action of whirling
airflow formed in a spinning chamber and forms a spun
yarn. Japanese Patent Laid-Open No. 2003-268636
(Patent Document 1) discloses a device for producing a
spun yarn from a staple fiber bundle as this type of pneu-
matic spinning device. Japanese Unexamined Patent
Publication No. 2004-509243 (Patent Document 2) dis-
closes a device that produces a spun yarn from a fiber
sliver as this type of pneumatic spinning device.

[0003] The device of Patent Document 1 includes a
fiber guide element having a fiber-guiding surface and a
spindle having a yarn guide passage. The fiber-guiding
surface includes a direction-changing position. The di-
rection-changing position causes the directional change
of the staple fiber bundle when the staple fiber bundle is
guided by the fiber-guiding surface. The fiber-guiding sur-
face ends atafiber passing edge. The spindle is arranged
downstream of this fiber passing edge. The yarn guide
passage of the spindle has an inlet opening facing the
fiber passing edge. A fluid device for forming a swirl flow
around the inlet opening is provided between the fiber
guide element and the inlet opening. With this configu-
ration, when the fluidic device generates a swirl flow
around the inlet opening or the spindle, the generated
swirl flow can cause a free fiber end of the staple fiber
bundle to be positioned around the inlet opening. The
free fiber end performs a relative rotation motion about
the inlet opening and thus the staple fiber bundle. Ac-
cordingly, the device forms a spun yarn from the staple
fiber bundle.

[0004] The device of Patent Document 2 includes a
fiber conveyance element having a fiber-guiding surface
and a spindle having a yarn guide channel. A fiber outlet
edge is arranged at an end of the fiber-guiding surface
in the conveyance direction. An intake port of the yarn
guide channel is arranged in close proximity to the fiber
outlet edge. Patent Document 2 describes that a set dis-
tance between an imaginary plane parallel to a center
line of the yarn guide channel including the fiber outlet
edge and the center line is preferably a value within the
order range of 10 to 30% of the diameter of the intake
port. With this configuration, the device guides the fibers
to the fiber-guiding surface and, from there, into the intake
port of the yarn guide channel. Then, the device gener-
ates a vortex airflow around the intake port of the yarn
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guide channel, and causes the vortex airflow to swirl a
free rear end of the fibers whose front end is already
positioned in the yarn guide channel, thereby producing
ayarn.

BRIEF SUMMARY OF THE INVENTION

[0005] A fiber bundle used as a raw material for spun
yarn is composed of a multitude of fibers. When the fiber
bundle is introduced into the spinning chamber for pneu-
matic spinning, focusing on each fiber, a downstream
end positioned downstream in the travelling direction of
the fiber is twisted into a twisted core portion (twisted by
swirling of the reversal portion described later), and pro-
vided as a fixed end. On the other hand, an upstream
end positioned upstream of the fibers in the travelling
direction is a free end, and the upstream end separates
so as to open from the core portion when entering the
spinning chamber and reverses the direction of the end.
This reversal portion is subjected to action of the whirling
airflow, whereby each fiber is wound around the core
portion. In this manner, pneumatic spinning is performed.
[0006] The pneumatic spinning device is desired to in-
crease spinning speed. With an increase in spinning
speed, the time in which the fiber bundle is subjected to
the action of the whirling airflow in the spinning chamber
becomes shorter. Therefore, in order to realize high-
speed spinning while sufficiently twisting the fibers, it is
necessary to reliably reverse the free end portion of the
fibers in the spinning chamber (in other words, increase
the amount of the fibers to be reversed). On the other
hand, when the amount of the reversed fibers increases,
the twist tends to propagate from the reversed fibers to
the fibers upstream of the reversed fibers in the travelling
direction. The fibers in which the twist has propagated
are not sufficiently reversed even if subjected to the ac-
tion of the whirling airflow. Therefore, it has been difficult
to perform stable spinning at high speed.

[0007] In the configuration of Patent Document 1, in
case the spinning speed is high, when the swirl flow caus-
es the free fiber end to perform relative rotation motion,
the twist propagates to the staple fiber bundle positioned
on the fiber-guiding surface side, whereby the relative
rotation motion of the free fiber end is highly likely to
become unstable.

[0008] In Patent Document 2, in case the spinning
speed is high, when the vortex airflow causes the free
rear end of the fibers to rotate, the twist propagates to
the fibers on the fiber-guiding surface side, whereby the
rotation of the free rear end of the fibers is highly likely
to become unstable. Patent Document 2 discloses that
direction-changing and guiding of the fibers along the
fiber outlet edge prevents twist propagation, but the effect
is unknown for spinning at high speed.

[0009] An object of the present invention lies in that in
a pneumatic spinning device, when fibers are twisted by
whirling airflow, propagation of the twist to the fibers po-
sitioned upstream of the twisted fibers in the travelling
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direction is effectively reduced.

[0010] According to a first aspect of the presentinven-
tion, a pneumatic spinning device configured as follows
is provided. That is, this pneumatic spinning device
twists, by whirling airflow, the fibers passing through the
spinning chamber and forms a yarn. The pneumatic spin-
ning device includes a fiber guiding section and a hollow
guide shaft body. The fiber guiding section has a first
passage through which a fiber bundle passes. The hollow
guide shaft body has a second passage through which
the fiber bundle having passed through the first passage
is guided, and the hollow guide shaft body is provided so
as to face the fiber guiding section across the spinning
chamber. The first passage is provided so as to extend
linearly. The second passage is provided so as to extend
along a shaft center of the hollow guide shaft body with
the shaft center as a center. A downstream end where
the first passage opens into the spinning chamber and
an upstream end where the second passage opens into
the spinning chamber are arranged with an interval in the
direction of the shaft center of the hollow guide shaft
body. Aninner surface of the first passage has aflat plane
portion on the side close to the shaft center of the hollow
guide shaft body. An angle of a linear portion obtained
by cutting the plane portion with any plane perpendicular
to a first direction in which the first passage extends with
respect to the first direction is constant between an up-
stream end and a downstream end of the first passage.
The plane portion is arranged to deviate with respect to
the shaft center of the hollow guide shaftbody in a second
direction perpendicular to the direction of the shaft center
of the hollow guide shaft body. The interval in the second
direction between the downstream end of the plane por-
tion and the shaft center of the hollow guide shaft body
is equal to or greater than 0.8 mm and equal to or less
than 3.4 mm.

[0011] Accordingly, the fiber bundle having been sup-
plied to the first passage is restrained by coming into
contact with the flat plane portion before reaching the
spinning chamber. Since the plane portion is arranged
to deviate with respect to the shaft center of the hollow
guide shaft body, when the fiber bundle is appropriately
bentbetween the first passage and the second passage,
the fiber bundle is pressed well with respective to the
plane portion. Therefore, even when the fiber bundle is
twisted by the whirling airflow in the spinning chamber,
itis possible to effectively reduce propagation of the twist
to the upstream in the travelling direction. Thus, since
the fibers are not twisted upstream of the spinning cham-
ber, separation and reversal of the fibers in the spinning
chamber can be performed satisfactorily. As a result,
spinning can be stably performed.

[0012] In the pneumatic spinning device described
above, the interval in the second direction between the
downstream end of the plane portion and the shaft center
of the hollow guide shaft body is preferably equal to or
greater than 0.9 mm and equal to or less than 1.5 mm.

[0013] Accordingly, since the fiber bundle can be ap-
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propriately bent between the first passage and the sec-
ond passage, the propagation of the twist described
above can be particularly effectively reduced.

[0014] In the pneumatic spinning device described
above, the plane portion is preferably arranged at a po-
sition where the plane portion and an opening formed by
the second passage in the spinning chamber do not ap-
pear to overlap each other when viewed in the first direc-
tion.

[0015] Accordingly, since the fiber bundle can be reli-
ably bent between the first passage and the second pas-
sage, propagation of the twist to the upstream can be
reduced well.

[0016] In the pneumatic spinning device described
above, in a cross-sectional shape of the first passage
when the fiber guiding section is cut with a plane perpen-
dicular to the first direction, provided that a distance in a
direction orthogonal to the linear portion corresponding
to the plane portion between the linear portion and a con-
tour on the opposite side of the linear portion across the
first passage is called a gap length, the gap length is
preferably constant over the entire longitudinal direction
of the linear portion, or the gap length at the longitudinal
center of the linear portion is larger than the gap length
at longitudinal ends.

[0017] Accordingly, the fiber bundle can pass smoothly
while being restrained by the plane portion in the first
passage.

[0018] In the pneumatic spinning device described
above, the cross-sectional shape of the first passage is
preferably a quadrangle shape or a D shape.

[0019] Accordingly, a simple configuration of the first
passage can be realized.

[0020] In the pneumatic spinning device described
above, the length of the plane portion in the first direction
is preferably equal to or greater than 3 mm and equal to
or less than 12 mm.

[0021] Accordingly, the plane portion can reliably exert
the restraining action on the fiber bundle.

[0022] In the pneumatic spinning device described
above, the plane portion is preferably arranged so as to
be in parallel to the shaft center direction of the hollow
guide shaft body or to be inclined at an angle of equal to
or less than 10° with respect to the direction of the shaft
center of the hollow guide shaft body.

[0023] Accordingly, the fiber bundle can be guided in
the first passage well to the spinning chamber.

[0024] The pneumatic spinning device described
above preferably has the following configuration. Thatis,
the downstream end of the plane portion is positioned in
the first passage and upstream of the downstream end
of the first passage. The inner surface of the first passage
has the plane portion and a downstream portion that is
inclined or curved with respect to the plane portion and
extends from the downstream end of the plane portion
to the downstream end of the first passage towards the
upstream end of the second passage. The length of the
plane portion in the first direction is equal to or greater



5 EP 3 792 381 A1 6

than half the length of the first passage in the first direc-
tion.

[0025] Accordingly, the fiber bundle can be guided in
the first passage well to the spinning chamber.

[0026] In the pneumatic spinning device described
above, the passage area of the first passage when the
fiber guiding section is cut with a plane perpendicular to
the first direction is preferably equal to or greater than 4
mm?2 and equal to or less than 7 mm2.

[0027] Accordingly, the fiber bundle can pass through
the first passage well.

[0028] In the pneumatic spinning device described
above, the interval in the first direction between the down-
stream end of the first passage and the upstream end of
the second passage is preferably equal to or greater than
0.3 mm and equal to or less than 7 mm.

[0029] Accordingly, the fiber bundle can be guided well
to the second passage. When the fiber bundle is guided
to the second passage, the fibers can be reliably reversed
and swirled by the whirling airflow in the spinning cham-
ber.

[0030] In the pneumatic spinning device described
above, the interval in the first direction between the down-
stream end of the first passage and the upstream end of
the second passage can be equal to or greater than 1.1
mm and equal to or less than 2.5 mm.

[0031] Accordingly, the fibers can be reliably reversed
and swirled in the spinning chamber even if the spinning
speed is high.

[0032] In the pneumatic spinning device described
above, the interval in the first direction between the down-
stream end of the first passage and the upstream end of
the second passage can be equal to or greater than 4.2
mm and equal to or less than 7 mm.

[0033] In this case, spinning can be performed while
the fibers are reversed well.

[0034] The pneumatic spinning device described
above preferably has the following configuration. That is,
the pneumatic spinning device includes a casing having
a spinning nozzle through which air can pass and ar-
ranged so as to form the spinning chamber together with
the fiber guiding section and the hollow guide shaft body.
The casing has an inner surface facing the spinning
chamber. The inner surface of the casing is circular when
viewed in a direction along the shaft center of the hollow
guide shaft body. An inner diameter of the casing in the
inner surface portion is equal to or greater than 3 mm
and equal to or less than 9 mm.

[0035] Accordingly, spinning can be performed well.
[0036] The pneumatic spinning device described
above preferably has the following configuration. That is,
the hollow guide shaft body is formed with a passage
hole through which air can pass. The passage hole opens
into the second passage.

[0037] Accordingly, air can be supplied to the second
passage through the passage hole such that the fiber
bundle can travel through the second passage.

[0038] In the pneumatic spinning device described
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above, a plurality of the passage holes are preferably
provided around the second passage.

[0039] Accordingly, airflow can act on the fiber bundle
in the second passage in a well-balanced manner.
[0040] According to a second aspect of the present
invention, a pneumatic spinning machine configured as
follows is provided. That is, this pneumatic spinning ma-
chine includes the pneumatic spinning device described
above. This pneumatic spinning machine includes a first
catching device, a winding device, a second catching de-
vice, and a yarn joining device. The first catching device
catches a yarn formed by the pneumatic spinning device
at the time of yarn discharge spinning. The winding de-
vice winds the yarn formed by the pneumatic spinning
device. The second catching device catches the wound
yarn. The yarn joining device joins the yarn caught by
the first catching device and the yarn caught by the sec-
ond catching device.

[0041] Thus, in the pneumatic spinning machine that
performs yarn discharge spinning, even when the fibers
are twisted by the whirling airflow, it is possible to effec-
tively reduce propagation of the twist to the fibers located
upstream of the twisted fibers in the travelling direction.

BRIEF DESCRIPTION OF THE DRAWINGS
[0042]

FIG. 1 is a front view illustrating the overall configu-
ration of a pneumatic spinning machine including a
pneumatic spinning device according to an embod-
iment of the present invention;

FIG. 2 is a side view of a spinning unit and a yarn
joining cart;

FIG. 3 is a partial cross-sectional view illustrating a
configuration of the spinning device;

FIG. 4 is a partially enlarged view of FIG. 3;

FIG. 5 is a perspective view illustrating a positional
relationship between a first passage and a second
passage formed in the spinning device;

FIGS. 6A and 6B are views illustrating a cross-sec-
tional shape of the first passage;

FIGS. 7A and 7B are views illustrating another ex-
ample of the cross-sectional shape of the first pas-
sage;

FIG. 8 is a partial cross-sectional view illustrating
another example of the configuration of the pneu-
matic spinning device; and

FIG. 9 is a partial cross-sectional view illustrating
another example of the configuration of the pneu-
matic spinning device.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0043] Next, apneumatic spinning machine 1including
a pneumatic spinning device 23 according to an embod-
iment of the present invention will be described with ref-
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erence to FIGS. 1 and 2.

[0044] As illustrated in FIG. 1, the pneumatic spinning
machine 1 includes a blower box 3, a motor box 5, a
plurality of spinning units 7, and a yarn joining cart 9. The
plurality of spinning units 7 are arranged in a predeter-
mined direction.

[0045] In the blower box 3, a blower 11 that functions
as a negative pressure source is arranged.

[0046] In the motor box 5, a drive source (not illustrat-
ed), a central control section 13, a display section 15,
and an operation section 17 are arranged. The drive
source provided in the motor box 5 includes a motor com-
monly used by the plurality of spinning units 7.

[0047] The central control section 13 intensively man-
ages and controls each section of the pneumatic spinning
machine 1. As illustrated in FIG. 2, the central control
section 13 is connected via a signal line not illustrated to
a unit control section 19 included in each spinning unit
7. While in the present embodiment, each spinning unit
7 includes the unit control section 19, a predetermined
number (e.g., two or four) of spinning units 7 may share
one unit control section 19.

[0048] Thedisplay section 15 candisplay, forexample,
setting contents for the spinning units 7 and/or informa-
tion regarding the state of each spinning unit 7. When
the display section 15 is constituted with a touch-screen
display, the display section 15 and the operation section
17 may be integrally configured.

[0049] Each spinning unit 7 mainly includes a draft de-
vice 21, the pneumatic spinning device 23, a yarn accu-
mulating device 25, and a winding device 27 arranged in
order from upstream to downstream. The "upstream" and
"downstream" here mean upstream and downstream in
the travelling direction of a sliver 32, a fiber bundle 34,
and a spun yarn 30 at the time of winding of the spun
yarn (yarn) 30.

[0050] The draft device 21 is provided in a vicinity of
an upper end of a frame 36 included in the pneumatic
spinning machine 1. As illustrated in FIG. 2, the draft
device 21 includes four draft roller pairs. The four draft
roller pairs are a back roller pair 41, a third roller pair 43,
a middle roller pair 45, and a front roller pair 47, which
are arranged in order from upstream to downstream. The
middle roller pair 45 is provided with an apron belt 49 for
each roller.

[0051] By sandwiching and conveying the sliver 32
supplied from a sliver case notillustrated between rollers
of each draft roller pair, the draft device 21 stretches
(drafts) the sliver 32 to a predetermined fiber amount (or
thickness) to form the fiber bundle 34. The fiber bundle
34 formed by the draft device 21 is supplied to the pneu-
matic spinning device 23.

[0052] By applying whirling airflow to the fiber bundle
34 formed by the draft device 21, the pneumatic spinning
device 23 twists the fiber bundle 34 to form the spun yarn
30. The detailed configuration of the pneumatic spinning
device 23 will be described later.

[0053] The yarn accumulating device 25 is supplied
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with the spun yarn 30 formed by the pneumatic spinning
device 23. As illustrated in FIG. 2, the yarn accumulating
device 25 includes a yarn accumulating roller 53 and a
motor 55.

[0054] The yarn accumulating roller 53 is rotationally
driven by the motor 55. The yarn accumulating roller 53
winds the spun yarn 30 around its outer peripheral sur-
face and temporarily accumulates the spun yarn 30. By
rotating at a predetermined rotation speed with the spun
yarn 30 wound around the outer peripheral surface there-
of, the yarn accumulating roller 53 pulls out the spun yarn
30 from the pneumatic spinning device 23 at a predeter-
mined speed and conveys it to the downstream.

[0055] As described above, the yarn accumulating de-
vice 25 can temporarily accumulate the spun yarn 30 on
the outer peripheral surface of the yarn accumulating roll-
er 53, and hence functions as a kind of buffer for the spun
yarn 30. Accordingly, it is possible to eliminate a defect
(such as slackening of the spun yarn 30) caused by dif-
ference between the spinning speed in the pneumatic
spinning device 23 and the winding speed (travel speed
of the spun yarn 30 to be wound on a package 73 de-
scribed later) for some reason.

[0056] A yarn monitoring device 59 is provided be-
tween the pneumatic spinning device 23 and the yarn
accumulating device 25. The spun yarn 30 formed by the
pneumatic spinning device 23 passes through the yarn
monitoring device 59 before being accumulated in the
yarn accumulating device 25.

[0057] The yarn monitoring device 59 monitors the
quality of the traveling spun yarn 30 by an optical sensor
and detects a yarn defect included in the spun yarn 30.
The yarn defect can be, for example, an abnormality in
the thickness of the spun yarn 30 or a foreign substance
contained in the spun yarn 30. When detecting a yarn
defect in the spun yarn 30, the yarn monitoring device
59 transmits a yarn defect detection signal to the unit
control section 19. The yarn monitoring device 59 may
monitor the quality of the spun yarn 30 by using, for ex-
ample, a capacitance sensor instead of the optical sen-
sor. Instead of these examples, or in addition to these
examples, the yarn monitoring device 59 may be config-
ured tomeasure tension of the spun yarn 30 as the quality
of the spun yarn 30.

[0058] Upon receiving the yarn defect detection signal
from the yarn monitoring device 59, the unit control sec-
tion 19 cuts the spun yarn 30 by stopping the driving of
the pneumatic spinning device 23 and/or the draft device
21. That is, the pneumatic spinning device 23 functions
as a cutting section that cuts the spun yarn 30 when the
yarn monitoring device 59 detects a yarn defect. The
spinning unit 7 may be provided with a cutter for cutting
the spun yarn 30.

[0059] The winding device 27 includes a cradle arm
61, a winding drum 63, and a traverse guide 65. The
cradle arm 61 is swingably supported about a supporting
shaft 67 and can rotatably support a bobbin 71 (that is,
the package 73) for winding the spun yarn 30. By rotating
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in a state of being in contact with the outer peripheral
surface of the bobbin 71 or the package 73, the winding
drum 63 rotationally drives the package 73 in the winding
direction. While reciprocating the traverse guide 65 by a
driving means not illustrated, the winding device 27
drives the winding drum 63 by an electric motor not illus-
trated. Accordingly, the winding device 27 winds the spun
yarn 30 around the package 73 while traversing the spun
yarn 30.

[0060] As illustrated in FIG. 1, on the frame 36 of the
pneumatic spinning machine 1, arail 81 is arranged along
a direction in which the plurality of spinning units 7 are
arranged. The yarn joining cart 9 is configured to be ca-
pable of traveling on the rail 81. Accordingly, the yarn
joining cart 9 can move with respect to the plurality of
spinning units 7. The yarn joining cart 9 travels to the
spinning unit 7 where yarn breakage or yarn cutting has
occurred, and performs yarn joining work for the spinning
unit 7.

[0061] As illustrated in FIG. 1, the yarn joining cart 9
includes travel wheels 83, a yarn joining device 85, a
suction pipe (first catching device) 87, and a suction
mouth (second catching device) 89. The yarn joining cart
9 further includes a cart control section 91 illustrated in
FIG. 2.

[0062] The suction pipe 87 can catch the spun yarn 30
formed by the pneumatic spinning device 23 at the time
of yarn discharge spinning. Specifically, by generating a
suction airflow at the tip of the suction pipe 87, the suction
pipe 87 can suck and catch the spun yarn 30 discharged
from the pneumatic spinning device 23.

[0063] The suction mouth 89 can catch the spun yarn
30 wound around the package 73 of the winding device
27. Specifically, by generating a suction airflow at the tip
of the suction mouth 89, the suction mouth 89 can suck
and catch the spun yarn 30 from the package 73 sup-
ported by the winding device 27.

[0064] By swinging in a state in which the spun yarn
30 is caught, for example, the suction pipe 87 and the
suction mouth 89 guide the spun yarn 30 to a position
where the spun yarn 30 can be introduced into the yarn
joining device 85.

[0065] The yarn joining device 85 joins the spun yarn
30 from the pneumatic spinning device 23 and the spun
yarn 30 from the package 73. In the present embodiment,
the yarn joining device 85 is a splicer device that twists
yarn ends together by whirling airflow. The yarn joining
device 85 is not limited to the splicer device described
above, and for example, a mechanical knotter and the
like can be adopted.

[0066] The cart control section 91 (see FIG. 2) is con-
figured as a known computer having a central processing
unit (CPU), aread only memory (ROM), arandom access
memory (RAM), and the like that are not illustrated. By
controlling the operation of each section included in the
yarn joining cart 9, the cart control section 91 controls
the yarn joining work performed by the yarn joining cart 9.
[0067] Next, the configuration of the pneumatic spin-
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ning device 23 will be described in detail with reference
to FIG. 3.

[0068] As illustrated in FIG. 3, the pneumatic spinning
device 23 includes a fiber guide (fiber guiding section)
101, aspindle (hollow guide shaftbody) 102, and a nozzle
block (casing) 103.

[0069] A fiber guide 101 has a first passage 111
through which the fiber bundle 34 can pass. The first
passage 111 is connected to a spinning chamber 113 for
performing pneumatic spinning. The fiber guide 101 is
supplied with the fiber bundle 34 formed by the draft de-
vice 21. The fiber bundle 34 is introduced into the first
passage 111 of the fiber guide 101 from its upstream end
111a, and is guided to the spinning chamber 113 through
a downstream end 111b.

[0070] The fiber guide 101 includes a body 115 formed
in a block shape. The body 115 is arranged such that its
upstream end surface 115a faces the draftdevice 21 and
its downstream end surface 115b faces the spindle 102.
The first passage 111 is composed of a hole 117 formed
so as to penetrate the body 115. The hole 117 is arranged
so as to extend linearly from the upstream end surface
115a to the downstream end surface 115b of the body
115. Hereinafter, the direction in which the first passage
111 extends may be referred to as the first direction. In
the present embodiment, the first direction is parallel to
a shaft center 108 of the spindle 102 described below.
[0071] The fiber guide 101 constitutes a part of the
spinning chamber 113. Specifically, the spinning cham-
ber 113 is formed by arranging the downstream end sur-
face 115b of the body 115 to face an internal space of
the nozzle block 103 described later.

[0072] The spindle 102 is arranged downstream with
respect to the fiber guide 101. The spindle 102 is formed
in an elongated round bar shape along the travelling di-
rection of the fiber bundle 34. The spindle 102 is arranged
such that its upstream end surface 102a faces the fiber
guide 101 across the spinning chamber 113.

[0073] The spindle 102 has a second passage 122
through which the fiber bundle 34 having passed through
the first passage 111 is guided. The second passage 122
is connected to the spinning chamber 113. The second
passage 122 is composed of a circular hole 126 formed
in the spindle 102. The second passage 122 extends
linearly inside the spindle 102 along the longitudinal di-
rection of the spindle 102. An upstream end 122a of the
second passage 122 opens into the upstream end sur-
face 102a of the spindle 102. The center of the second
passage 122 coincides with the shaft center 108 of the
spindle 102.

[0074] A conical taper portion 124 is formed on the
outer peripheral surface of the upstream end of the spin-
dle 102. The taper portion 124 is provided so that the
outer diameter becomes smaller from the downstream
to the upstream.

[0075] The spindle 102 constitutes a part of the spin-
ning chamber 113. Specifically, the spinning chamber
113 is formed by arranging the outer peripheral surface
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of the taper portion 124 in the internal space of the nozzle
block 103. The upstream end surface 102a of the spindle
102 is arranged at an appropriate interval with respect
to the body 115 of the fiber guide 101.

[0076] The spinning chamber 113 is composed of a
space surrounded by the downstream end surface 115b
ofthe body 115 of the fiber guide 101, the outer peripheral
surface of the taper portion 124 of the spindle 102, and
an inner surface 103a of the nozzle block 103 described
later.

[0077] The upstream end 122a of the second passage
122 is arranged at an appropriate interval with respect
to the downstream end 111b of the first passage 111 in
the travelling direction of the fiber bundle 34. The spinning
chamber 113 described above is configured to include a
portion with this interval.

[0078] The downstream end 111b of the first passage
111 and the upstream end 122a of the second passage
122 open into the spinning chamber 113. In the present
embodiment, the opening surface of the downstream end
111b of the first passage 111 and the opening surface
of the upstream end 122a of the second passage 122
are substantially parallel. In the body 115, the surface
(downstream end surface 115b) at which the down-
stream end 111b of the first passage 111 opens is a flat
surface facing the spinning chamber 113 and is perpen-
dicular to the shaft center 108 of the spindle 102.
[0079] The opening area of the downstream end 111b
of the first passage 111 is substantially the same as or
the same as a passage area of the first passage 111.
The passage area refers to an area of a cross section of
the passage cut with a plane perpendicular to the longi-
tudinal direction. The opening area of the upstream end
122a ofthe second passage 122is substantially the same
as or the same as a passage area of a portion of the
second passage 122 corresponding to the taper portion
124.

[0080] Aftercomingoutfromthe downstreamend111b
of the first passage 111, the fiber bundle 34 enters the
upstream end 122a of the second passage 122 via the
spinning chamber 113. The fiber bundle 34 passes
through the second passage 122 and is sent out to the
outside of the pneumatic spinning device 23.

[0081] The nozzle block 103 is arranged downstream
of the fiber guide 101. The nozzle block 103 is arranged
so as to cover the spindle 102. Between the nozzle block
103 and the spindle 102, a gap is formed in the radial
direction of the spindle 102.

[0082] Acircularholeisformedinthe nozzle block 103.
A shaft center of the circular hole coincides with the shaft
center 108 of the spindle 102. The inner surface 103a of
the nozzle block 103 is formed to have a circular shape
when viewed in the direction of the shaft center 108 of
the spindle 102.

[0083] The nozzle block 103 has the spinning nozzle
131 through which air can pass. The pneumatic spinning
device 23 can ejectair (compressed air) from the spinning
nozzle 131 into the spinning chamber 113. The spinning
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nozzle 131 is formed as a through hole extending in a
direction inclined with respect to the shaft center 108 of
the spindle 102. One longitudinal end of the spinning noz-
zle 131 is connected to a compressed air supplying sec-
tion not illustrated, and the other longitudinal end opens
into the spinning chamber 113. When compressed air is
jetted from the spinning nozzle 131 into the spinning
chamber 113, whirling airflow is generated in the spinning
chamber 113.

[0084] In the present embodiment, a plurality of the
spinning nozzles 131 are formed in the nozzle block 103.
The plurality of spinning nozzles 131 are arranged at
equal intervals in the circumferential direction. However,
the number of the spinning nozzles 131 is not limited,
and it is sufficient that one or more spinning nozzles 131
are arranged.

[0085] The spindle 102 has an auxiliary nozzle (pas-
sage hole) 135 through which air can pass. The pneu-
matic spinning device 23 can eject air (compressed air)
from the auxiliary nozzle 135 to the second passage 122.
The auxiliary nozzle 135 is formed as a through hole ex-
tending in a direction perpendicular to the shaft center
108 of the spindle 102. One longitudinal end of the aux-
iliary nozzle 135 is connected to the compressed air sup-
plying section not illustrated, and the other longitudinal
end opens into the second passage 122.

[0086] A plurality of the auxiliary nozzles 135 are pro-
vided around the second passage 122. The plurality of
auxiliary nozzles 135 are arranged at equal intervals in
the circumferential direction.

[0087] Whencompressedairis jetted from the auxiliary
nozzle 135 to the second passage 122, whirling airflow
is generated in the second passage 122. When viewed
in a direction along the shaft center 108 of the spindle
102, the direction of this whirling airflow is opposite to
the direction of the whirling airflow generated by the jet-
ting of compressed air from the spinning nozzle 131.
[0088] The pneumatic spinning device 23 can perform
two types of spinning, one is normal spinning and the
other is yarn discharge spinning. The normal spinning is
spinning performed while winding the spun yarn 30 down-
stream of the pneumatic spinning device 23. The yarn
discharge spinning is a temporary spinning performed at
the stage before the normal spinning, and is started in a
state where the spun yarn 30 is not discharged to the
downstream of the pneumatic spinning device 23. The
yarn discharge spinning is sometimes called self-spin-
ning because the pneumatic spinning device 23 performs
spinning only by applying whirling airflow.

[0089] When the pneumatic spinning device 23 per-
forms yarn discharge spinning, compressed air is jetted
from the auxiliary nozzle 135 before the spinning nozzle
131. Since the second passage 122 is formed so that the
passage area increases towards downstream, the whirl-
ing airflow flowing downstream is formed in the second
passage 122 by the jetting of the compressed air from
the auxiliary nozzle 135. When the fiber bundle 34 is sup-
plied from the draft device 21 to the pneumatic spinning
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device 23 in this state, the fiber bundle 34 is guided from
the first passage 111 through the spinning chamber 113
to the second passage 122. Due to the action of the whirl-
ing airflow formed by the jetting of the compressed air
from the auxiliary nozzle 135, a portion of the fiber bundle
34 passing through the second passage 122 is twisted
for some extent.

[0090] Subsequently,the compressed airis jetted from
the spinning nozzle 131, and whirling airflow is formed
in the spinning chamber 113. This whirling airflow acts
on a portion of the fiber bundle 34 passing through the
spinning chamber 113.

[0091] Hereinafter, the behavior of the fibers will be
described by focusing on the portion of the fiber bundle
34 passing through the spinning chamber 113. The
downstream end of the fibers in the travelling direction
constituting such portion of the fiber bundle 34 is twisted
into and fixed to the core portion of the fiber bundle 34
inside the second passage 122. On the other hand, since
the upstream end in the travelling direction is not twisted,
this free end is separated so as to open from the core
portion by the whirling airflow in the spinning chamber
113, and swirls in the state where the direction is reversed
along the outer peripheral surface of the taper portion
124. Accordingly, the fibers wind around the core portion,
and the fiber bundle 34 is twisted. The spun yarn 30 thus
formed travels downstream by the whirling airflow formed
by the compressed air jetted from the auxiliary nozzle
135, and is discharged from the pneumatic spinning de-
vice 23.

[0092] Inthe normal spinning, the jetting of air from the
auxiliary nozzle 135 is not performed. In the normal spin-
ning, the spun yarn 30 is wound downstream of the pneu-
matic spinning device 23, thereby realizing travel of the
spun yarn 30 in the pneumatic spinning device 23. The
principle of the normal spinning is basically the same as
that of the yarn discharge spinning, and the fiber bundle
34 is twisted by applying the whirling airflow formed by
the spinning nozzle 131.

[0093] Next, the configuration of the pneumatic spin-
ning device 23 will be described in more detail with ref-
erence to FIGS. 4 and 5 and the like.

[0094] Asillustrated in FIGS. 4 and 5, in the fiber guide
101, a plane portion 151 is formed on a part of the inner
surface of the first passage 111. In FIG. 5, the plane
portion 151 is illustrated by being emphasized by hatch-
ing. Among the inner surface of the first passage 111,
the plane portion 151 is arranged on a side closer to the
shaft center 108 of the spindle 102.

[0095] The plane portion 151 is arranged along the first
direction from the upstream end 111ato the downstream
end 111b of the first passage 111. A downstream end
151a of the plane portion 151 constitutes a part of the
contour of the opening formed in the spinning chamber
113 by the first passage 111.

[0096] The plane portion 151 has a flat shape without
twist. In other words, the angle of the linear portion ob-
tained by cutting the plane portion 151 with any plane

10

15

20

25

30

35

40

45

50

55

perpendicular to the first direction with respect to the first
direction is constant from the upstream end to the down-
stream end 151a of the plane portion 151.

[0097] The plane portion 151 is arranged to deviate (to
be displaced) with respect to the shaft center 108 of the
spindle 102 in the direction perpendicular to the direction
of the shaft center 108 of the spindle 102. Hereinafter,
the direction perpendicular to the direction of the shaft
center 108 of the spindle 102 may be referred to as the
second direction.

[0098] Regarding the size of the above deviation, an
interval S1 in the second direction between the down-
stream end 151a of the plane portion 151 and a center
122b of the upstream end 122a of the second passage
122, i.e., interval S1 in the second direction between the
downstream end 151a of the plane portion 151 and the
shaft center 108 of the spindle 102 is equal to or greater
than 0.8 mm and equal to or less than 3.4 mm.

[0099] In the pneumatic spinning device 23 of the
present embodiment, a known needle-shaped member
is not arranged in the spinning chamber 113.

[0100] As a result of an experiment using the pneu-
matic spinning device 23, as long as the above-men-
tioned interval S1 is equal to or greater than 0.8 mm and
equal to or less than 3.4 mm, the pneumatic spinning
device 23 was able to continuously form the spun yarn
30 even if the pneumatic spinning device 23 does not
include a known needle-shaped member when spinning
is performed at a high spinning speed such as 400 m/min,
or even 450 m/min for example. On the other hand, when
the interval S1 was less than 0.8 mm, the pneumatic spin-
ning device 23 was not able to stably form the spun yarn
30 continuously. When the interval S1 was greater than
3.4 mm, the pneumatic spinning device 23 was not able
to perform spinning.

[0101] Therefore, when the above-mentioned interval
S1 is equal to or greater than 0.8 mm and equal to or
less than 3.4 mm, the pneumatic spinning device 23 can
perform yarn discharge spinning. On the other hand,
when the interval S1 is less than 0.8 mm or more than
3.4 mm, the pneumatic spinning device 23 is not able to
perform yarn discharge spinning.

[0102] The interval S1is magnitude (length) of the dis-
tance in which the plane portion 151 is arranged to de-
viate with respect to the shaft center 108 of the spindle
102. If the interval S1 is too small, bending of a travelling
path of the fiber bundle 34 becomes loose, and hence
the force with which the fiber bundle 34 is pressed against
the plane portion 151 upstream of the spinning chamber
113 becomes weak. As a result, the restraint of the fiber
bundle 34 becomes insufficient, and the twist of the fiber
bundle 34 in the spinning chamber 113 propagates to
the fiber bundle 34 located in the first passage 111. The
fibers of the fiber bundle 34 having been weakly twisted
by the propagation of the twist from downstream is not
sufficiently separated and reversed even if subjected to
the action of the whirling airflow in the spinning chamber
113 after passing through the first passage 111. There-
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fore, it is difficult to apply twists to the fiber bundle 34
well. On the other hand, if the interval S1 is too large, the
inclination of the path of the fiber bundle 34 in the spinning
chamber 113 becomes too much, and it is sometimes
difficult to apply well the whirling airflow to the fiber bundle
34. Accordingly, setting the interval S1 within the above
range is preferable.

[0103] The interval S1 can be set arbitrarily as long as
it is equal to or greater than 0.8 mm and equal to or less
than 3.4 mm. However, in consideration of stably per-
forming high-speed spinning, the interval S1 is preferably
equal to or greater than 0.9 mm and equal to or less than
1.5 mm, and more preferably 1 mm.

[0104] The plane portion 151 is arranged at a position
where the plane portion 151 and the opening formed by
the second passage 122 in the spinning chamber 113 do
not appear to overlap each other when viewed in the first
direction. As illustrated in FIG. 4, the plane portion 151
is arranged outside with respect to an edge of the second
passage 122 (on the side far from the shaft center 108
of the spindle 102). However, the plane portion 151 may
be arranged at a position where the plane portion 151
and the second passage 122 appear to overlap each
other when viewed in the first direction.

[0105] Inthepresentembodiment, asillustratedin FIG.
6A, the cross-sectional shape of the first passage 111
when the fiber guide 101 is cut with a plane perpendicular
to the firstdirection is a quadrangle having a linear portion
corresponding to the plane portion 151 as one side. Spe-
cifically, the quadrangle of the cross-sectional shape is
an elongated rectangle, and all four corners are rounded
in an arc shape. The linear portion described above cor-
responds to one of the long sides of the rectangle. When
considering a line segment connecting a point bisecting
the linear portion and the shaft center 108 of the spindle
102, this line segment and the linear portion are perpen-
dicular.

[0106] The cross-sectional shape is line symmetric
with respect to the above line segment. Therefore, in the
cross-sectional shape, in the direction orthogonal to the
linear portion corresponding to the plane portion 151, pro-
vided that the distance between the linear portion and
the contour on the opposite side of the linear portion
across the first passage 111 is called a gap length G, the
gap length G is constant over the entire longitudinal di-
rection of the linear portion (G1 = G2 = G3) .

[0107] As an alternative embodiment, as illustrated in
FIG. 6B, the cross-sectional shape may be a D shape
formed by a linear portion formed by the plane portion
151 and an arcuate portion continuous with the linear
portion. In this cross-sectional shape, the gap length G
at the longitudinal center of the linear portion is larger
than the gap length G at both longitudinal ends (G1 >
G2, G1 > G3).

[0108] As illustrated in FIG. 7A, the cross-sectional
shape of the first passage 111 may be a quadrangle with-
out rounded corners. As illustrated in FIG. 7B, the cross-
sectional shape of the first passage 111 may be a trian-

10

15

20

25

30

35

40

45

50

55

gle.

[0109] Inthe presentembodiment, asillustratedin FIG.
4, alength L1 of the plane portion 151 in the first direction
is equal to or greater than 3 mm and equal to or less than
12 mm.

[0110] An inner diameter D1 of the nozzle block 103
(strictly speaking, the inner diameter of the portion of the
nozzle block 103 surrounding the taper portion 124) is
equal to or greater than 3 mm and equal to or less than
9 mm.

[0111] In the configurations illustrated in FIGS. 3 to 5,
the plane portion 151 is arranged parallel to the shaft
center 108 of the spindle 102. However, as an alternative
embodiment, as illustrated in FIG. 8, the plane portion
151 may be arranged to be inclined at an angle 61 equal
to or less than 10° with respect to the shaft center 108
of the spindle 102. Although FIG. 8 illustrates an example
of inclination to one side, the plane portion 151 may be
arranged to be inclined at the angle 61 equal to or less
than 10 degrees towards a side opposite to the example
of FIG. 8.

[0112] As an alternative embodiment, as illustrated in
FIG. 9, the downstream end 151a of the plane portion
151 may be arranged upstream relative to the down-
stream end 111b of the first passage 111 in the travelling
direction of the fiber bundle 34.

[0113] In order to ensure the restraint of the fiber bun-
dle 34, the length L1 of the plane portion 151 in the first
direction is preferably half or more of a length L2 of the
first passage 111 in the first direction.

[0114] In the configuration of FIG. 9, a downstream
portion 161 is formed in the vicinity of the downstream
end 111b on the inner surface of the first passage 111.
The downstream portion 161 is inclined with respect to
the plane portion 151, and linearly extends from the
downstream end 151a of the plane portion 151 to a part
of the downstream end 111b of the first passage 111
(position constituting a part of the contour of the down-
stream opening of the first passage 111). The plane por-
tion 151 and the downstream portion 161 are connected
in a polygonal line shape as illustrated by a connection
portion 165in FIG. 9, butmay be connected by a smoothly
curve (e.g., in an arc shape). The downstream portion
161 may be formed into a smooth curved surface shape
instead of a flat surface.

[0115] The upstream end of the plane portion 151 may
be arranged so as to be located downstream relative to
the upstream end 111a of the first passage 111 in the
travelling direction of the fiber bundle 34. In this case, as
illustrated by the chain line in FIG. 9, an upstream portion
162 is formed in the vicinity of the upstream end 111a on
the inner surface of the first passage 111. The upstream
portion 162 is inclined with respect to the plane portion
151 and linearly extends from the upstream end 111a of
the first passage 111 to the upstream end of the plane
portion 151. The upstream end of the upstream portion
162 constitutes a part of the contour of the opening of
the upstream end 111a of the first passage 111. The
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upstream end of the upstream portion 162 is arranged
so as to be located away from the fiber bundle 34 passing
through the first passage 111, compared with the con-
nection portion between the upstream portion 162 and
the plane portion 151. The plane portion 151 and the
upstream portion 162 may be connected in a polygonal
line shape, or may be connected by a smooth curve. The
upstream portion 162 may be formed in a smooth curved
surface shape instead of a flat surface.

[0116] Regarding the width of the passage through
which the fiber bundle 34 passes, the cross-sectional ar-
ea (passage area) of the first passage 111 when the fiber
guide 101 is cut with a plane perpendicular to the first
direction is equal to or greater than 4 mm?2 and equal to
or less than 7 mm2,

[0117] In the present embodiment, an interval S2 in
the direction of the shaft center 108 of the spindle be-
tween the downstream end 111b of the first passage 111
and the upstream end 122a of the second passage 122
is equal to or greater than 0.3 mm and equal to or less
than 7 mm. The interval S2 can be made, for example,
equal to or greater than 1.1 mm and equal to or less than
2.5 mm, or can be made equal to or greater than 4.2 mm
and equal to or less than 7 mm.

[0118] As described above, the pneumatic spinning
device 23 of the present embodiment twists by the whirl-
ing airflow the fiber passing through the spinning cham-
ber 113, thereby forming the spun yarn 30. The pneu-
matic spinning device 23 includes the fiber guide 101 and
the spindle 102. The fiber guide 101 has the first passage
111 through which the fiber bundle 34 passes. The spin-
dle 102 has the second passage 122 through which the
fiber bundle 34 having passed through the first passage
111 is guided, and the spindle 102 is provided so as to
face the fiber guide 101 across the spinning chamber
113. The first passage 111 is provided so as to extend
linearly. The second passage 122 is provided so as to
extend along the shaft center 108 of the spindle 102 with
the shaft center 108 as a center. The downstream end
111b where the first passage 111 opens into the spinning
chamber 113 and the upstream end 122a where the sec-
ond passage 122 opens into the spinning chamber 113
are arranged at the interval S2 in the direction of the shaft
center 108 of the spindle 102. The inner surface of the
first passage 111 has the flat plane portion 151 on the
side close to the shaft center 108 of the spindle 102. The
angle of the linear portion obtained by cutting the plane
portion 151 with any plane perpendicular to the first di-
rection in which the first passage 111 extends with re-
spect to the first direction is constant between the up-
stream end 111a and the downstream end 111b of the
first passage 111. The plane portion 151 is arranged to
deviate with respect to the shaft center 108 of the spindle
102 in the second direction perpendicular to the direction
of the shaft center 108 of the spindle 102. The interval
S1 in the second direction between the downstream end
151a of the plane portion 151 and the shaft center 108
of the spindle 102 is equal to or greater than 0.8 mm and
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equal to or less than 3.4 mm.

[0119] Accordingly, the fiber bundle 34 to be supplied
to the first passage 111 is restrained by coming into con-
tact with the flat plane portion 151 before reaching the
spinning chamber 113. Since the plane portion 151 is
arranged to deviate with respect to the shaft center 108
of the spindle 102, when the fiber bundle 34 is appropri-
ately bent between the first passage 111 and the second
passage 122, the fiber bundle 34 is pressed well with
respective to the plane portion 151. Therefore, even
when the fiber bundle 34 is twisted by the whirling airflow
in the spinning chamber 113, it is possible to effectively
reduce propagation of the twist to the upstream in the
travelling direction. Thus, since the fibers are not twisted
upstream of the spinning chamber 113, separation and
reversal of the fibers in the spinning chamber 113 can
be performed satisfactorily. As a result, spinning can be
stably performed.

[0120] In the pneumatic spinning device 23 of the
present embodiment, the interval S1 in the second direc-
tion between the downstream end 151a of the plane por-
tion 151 and the shaft center 108 of the spindle 102 is
equal to or greater than 0.9 mm and equal to or less than
1.5 mm.

[0121] In this case, the propagation of the twist de-
scribed above can be particularly effectively reduced.
[0122] In the pneumatic spinning device 23 of the
present embodiment, the plane portion 151 is arranged
at a position where the plane portion 151 and the opening
formed by the second passage 122 in the spinning cham-
ber 113 do not appear to overlap each other when viewed
in the first direction.

[0123] Accordingly since the fiber bundle 34 can be
reliably bent between the first passage 111 and the sec-
ond passage 122, propagation of the twist to the up-
stream can be reduced well.

[0124] In the pneumatic spinning device 23 of the
present embodiment, the cross-sectional shape of the
first passage 111 when the fiber guide 101 is cut with a
plane perpendicular to the first direction can be formed
into the shape illustrated in FIGS. 6A or 6B, for example.
In the cross-sectional shape illustrated in FIG. 6A, pro-
vided that the distance in the direction orthogonal to the
linear portion corresponding to the plane portion 151 be-
tween the linear portion and the contour on the opposite
side of the linear portion across the first passage 111 is
called the gap length G, the gap length G is constant over
the entire longitudinal direction of the linear portion (G1
= G2 = G3). In the cross-sectional shape illustrated in
FIG. 6B, the gap length G at the longitudinal center of
the linear portion corresponding to the plane portion 151
is larger than the gap length G at the longitudinal ends
of the linear portion (G1 > G2, G1 > G3) .

[0125] Accordingly, the fiber bundle 34 can pass
smoothly while being restrained by the plane portion 151
in the first passage 111.

[0126] Inthe pneumatic spinning device 23, the cross-
sectional shape of the first passage 111 is a quadrangle
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shape or a D shape.

[0127] Accordingly, a simple configuration of the first
passage 111 can be realized.

[0128] Inthe pneumatic spinning device 23, the length
L1 of the plane portion 151 in the first direction is equal
to or greater than 3 mm and equal to or less than 12 mm.
[0129] Accordingly, the plane portion 151 can reliably
exert the restraining action on the fiber bundle 34.
[0130] In the pneumatic spinning device 23 of the
present embodiment, the plane portion 151 is arranged
to be parallel to the shaft center 108 of the spindle 102
or to be inclined at the angle 61 equal to or less than 10°
with respect to the shaft center 108 of the spindle 102.
[0131] Accordingly, the fiber bundle 34 can be guided
in the first passage 111 well to the spinning chamber 113.
[0132] In the pneumatic spinning device 23 of the al-
ternative embodiment of FIG. 9, the downstream end
151a of the plane portion 151 is positioned upstream the
downstream end 111b of the first passage 111. The inner
surface of the first passage 111 has the plane portion
151 and the downstream portion 161. The downstream
portion 161 is inclined or curved with respect to the plane
portion 151 and extends from the downstream end 151a
of the plane portion 151 to the downstream end 111b of
the first passage 111. The length L1 of the plane portion
151 in the first direction is half or more of the length L2
of the first passage 111 in the first direction.

[0133] Accordingly, the fiber bundle 34 can be guided
well by the first passage 111 into the spinning chamber
113.

[0134] In the pneumatic spinning device 23 of the
present embodiment, the cross-sectional area (passage
area) of the first passage 111 when the fiber guide 101
is cut with a plane perpendicular to the first direction is
equal to or greater than 4 mmZ2 and equal to or less than
7 mm2,

[0135] Accordingly, the fiber bundle 34 can pass
through the first passage 111 well.

[0136] In the pneumatic spinning device 23 of the
present embodiment, the interval S2 in the direction of
the shaft center 108 of the spindle 102 between the down-
stream end 111b of the first passage 111 and the up-
stream end 122a of the second passage 122 is equal to
or greater than 0.3 mm and equal to or less than 7 mm.
[0137] Accordingly, the fiber bundle 34 can be guided
well to the second passage 122. When the fiber bundle
34 is guided to the second passage 122, to the fibers can
be reliably reversed and swirled by the whirling airflow in
the spinning chamber 113.

[0138] In the pneumatic spinning device 23 of the
present embodiment, the interval S2 can be equal to or
greater than 1.1 mm and equal to or less than 2.5 mm.
[0139] Accordingly, the fibers can be reliably reversed
and swirled in the spinning chamber 113 even if the spin-
ning speed is high.

[0140] In the pneumatic spinning device 23 of the
present embodiment, the interval S2 can be equal to or
greater than 4.2 mm and equal to or less than 7 mm.
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[0141] In this case, spinning can be performed while
the fibers are reversed well.

[0142] The pneumatic spinning device 23 of the
present embodiment includes the nozzle block 103. The
nozzle block 103 has the spinning nozzle 131 through
which air can pass and arranged so as to form the spin-
ning chamber 113 together with the fiber guide 101 and
the spindle 102. The nozzle block 103 has an inner sur-
face facing the spinning chamber 113. The inner surface
of the nozzle block 103 is circular when viewed in a di-
rection along the shaft center 108 of the spindle 102. The
inner diameter D1 of the nozzle block 103 in this inner
surface portion is equal to or greater than 3mm and equal
to or less than 9 mm.

[0143] Accordingly, spinning can be performed well.
[0144] In the pneumatic spinning device 23 of the
present embodiment, the spindle 102 is provided with
the auxiliary nozzle (passage hole) 135 through which
air can pass. The auxiliary nozzle 135 opens into the
second passage 122.

[0145] Accordingly, air can be supplied from the aux-
iliary nozzle 135 to the second passage 122 such that
the fiber bundle 34 can travel through the second pas-
sage 122. Therefore, it is possible to reliably perform the
yarn discharge spinning.

[0146] In the pneumatic spinning device 23 of the
present embodiment, the plurality of auxiliary nozzles
135 are provided around the second passage 122.
[0147] Accordingly, airflow can be acted upon the fiber
bundle 34 in the second passage 122 in a well-balanced
manner, and the fiber bundle 34 can be delivered down-
stream.

[0148] The pneumatic spinning machine 1 of the
present embodiment includes the pneumatic spinning
device 23. The pneumatic spinning machine 1 further
includes the suction pipe 87, the winding device 27, the
suction mouth 89, and the yarn joining device 85. The
suction pipe 87 catches the spun yarn 30 formed by the
pneumatic spinning device 23 at the time of yarn dis-
charge spinning. The winding device 27 winds, around
the package 73, the spun yarn 30 formed by the pneu-
matic spinning device 23. The suction mouth 89 catches
the spun yarn 30 wound around the package 73. The
yarn joining device 85 joins the spun yarns 30 caught by
the suction pipe 87 and the suction mouth 89.

[0149] Thus, in the pneumatic spinning machine 1,
which performs yarn discharge spinning, even when the
fibers are twisted by the whirling airflow, it is possible to
effectively reduce propagation of the twist to the fibers
located upstream of the twisted fibers in the travelling
direction.

[0150] While the preferred embodiment of the present
invention has been described above, the structure de-
scribed above can be modified as below. The above em-
bodiment and the following modifications may be com-
bined as appropriate.

[0151] The pneumatic spinning device (pneumatic
spinning machine) may be configured to bring the spun
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yarn into a continuous state by piecing after the spun
yarn becomes in a divided state. The piecing is a method
of bringing the spun yarn into a continuous state by send-
ing back, to the pneumatic spinning device, the spunyarn
from the package, and then restarting the draft by the
draft device and the spinning by the pneumatic spinning
device. The nozzle (passage hole) through which air is
jetted for piecing may be formed in the hollow guide shaft
body. That is, the auxiliary nozzle 135 described above
may be configured as such a nozzle by forming the di-
rection of the nozzle to be different from that of the above
embodiment. When piecing is performed, the yarn joining
device can be omitted.

[0152] The size, shape, and the like of the first passage
111 can be changed as appropriate. For example, the
cross-sectional shape of the first passage 111 may be
an asymmetrical shape in place of the line symmetrical
shape illustrated in FIGS. 6A, 6B, 7A and 7B.

[0153] Aslong as the angle of the linear portion corre-
sponding to the plane portion 151 with respect to the first
direction is constant, the cross-sectional shape obtained
by cutting the first passage 111 with any plane perpen-
dicular to the first direction may not be uniform.

[0154] The auxiliary nozzle 135 may be omitted in the
spindle 102.

[0155] Although the inner surface 103a of the nozzle
block 103 is configured to have a cylindrical shape, it may
include a taper shape widening towards downstream
and/or a step formed on the inner surface 103a.

[0156] Although the fiber guide 101 and the nozzle
block 103 are illustrated as separate members in the
drawings, they may be formed by one member.

[0157] The configuration to draw the spun yarn 30 from
the pneumatic spinning device 23 is not limited to the
yarn accumulating device 25, and may be a deliveryroller
pair. In this case, at least any of the yarn accumulating
device 25, a slack tube using suction airflow, and a me-
chanical compensator may be provided downstream of
the delivery roller pair.

[0158] The configuration related to yarn joining may be
provided in each spinning unit 7 instead of the yarn joining
cart 9.

[0159] The "yarn" includes at least the spun yarn 30
and a roving yarn.

[0160] The downstream end surface 115b of the body
115 may not be a flat surface. For example, at least one
protrusion projecting towards the spindle 102 may be
formed on the downstream end surface 115b. This pro-
trusion may have any shape and size. When the surface
of the projection end of the protrusion is substantially
connected to the downstream end 111b of the first pas-
sage 111, the height of the surface of the projection end
can be used as a reference (one end) of the interval S2
described above.

[0161] A concave and/or a recess may be formed on
a part or entirety of the downstream end surface 115b.
The concave and/or the recess can be realized by form-
ing elongated linear grooves and/or curved grooves, for
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example. When the concave and/or the recess are con-
nected to the downstream end 111b of the first passage
111, the average height of the concave and/or the recess
at the connection portion may be used as a reference of
the interval S2 described above.

[0162] In consideration of the above teachings, it is ob-
vious that the present invention can have many modifi-
cations and variations. Therefore, it should be under-
stood that within the scope of the appended claims, the
present invention can be carried out by the method other
than as described herein.

Claims

1. A pneumatic spinning device (23) that forms a yarn
(30) by twisting, by whirling airflow, fibers passing
through a spinning chamber (113), the pneumatic
spinning device (23) comprising:

a fiber guiding section (101) having a first pas-
sage (111) through which a fiber bundle (34)
passes; and

a hollow guide shaft body (102) that has a sec-
ond passage (122) through which the fiber bun-
dle (34) having passed through the first passage
(111) is guided, and that is provided so as to
face the fiber guiding section (101) across the
spinning chamber (113), wherein

the first passage (111) is provided so as to ex-
tend linearly,

the second passage (122) is provided so as to
extend along a shaft center (108) of the hollow
guide shaft body (102) with the shaft center
(108) as a center,

a downstream end (111b) where the first pas-
sage (111) opens into the spinning chamber
(113) and an upstream end (122a) where the
second passage (122) opens into the spinning
chamber (113) are arranged with aninterval (S1)
in a direction of the shaft center (108) of the hol-
low guide shaft body (102),

an inner surface of the first passage (111) has
a flat plane portion (151) on a side close to the
shaft center (108) of the hollow guide shaft body
(102),

an angle of a linear portion obtained by cutting
the plane portion (151) with any plane perpen-
dicular to a first direction in which the first pas-
sage (111) extends with respect to the first di-
rection is constant between an upstream end
(111a) and the downstream end (111b) of the
first passage (111),

the plane portion (151) is arranged to deviate
with respect to the shaft center (108) of the hol-
low guide shaft body (102) in a second direction
perpendicular to a direction of the shaft center
(108) of the hollow guide shaft body (102), and
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aninterval (S1) in the second direction between
a downstream end (151a) of the plane portion
(151) and the shaft center (108) of the hollow
guide shaftbody (102) is equal to or greater than
0.8 mm and equal to or less than 3.4 mm.

The pneumatic spinning device (23) as claimed in
claim 1, wherein the interval (S1) in the second di-
rection between the downstream end (151a) of the
plane portion (151) and the shaft center (108) of the
hollow guide shaft body (102) is equal to or greater
than 0.9 mm and equal to or less than 1.5 mm.

The pneumatic spinning device (23) as claimed in
claim 1 or 2, wherein the plane portion (151) is ar-
ranged at a position where the plane portion (151)
and an opening formed by the second passage (122)
in the spinning chamber (113) do not appear to over-
lap each other when viewed in the first direction.

The pneumatic spinning device (23) as claimed in
any one of claims 1 to 3, wherein in a cross-sectional
shape of the first passage (111) when the fiber guid-
ing section (101) is cut with a plane perpendicular to
the first direction, provided that a distance in a direc-
tion orthogonal to a linear portion corresponding to
the plane portion (151) between the linear portion
and a contour on an opposite side of the linear portion
across the first passage (111) is called a gap length
(G), a gap length (G) is constant over an entire lon-
gitudinal direction of the linear portion, or a gap
length (G1) at a longitudinal center of the linear por-
tion is larger than a gap length (G2; G3) at a longi-
tudinal end.

The pneumatic spinning device (23) as claimed in
claim 4, wherein a cross-sectional shape of the first
passage (111) is a quadrangle shape or a D shape.

The pneumatic spinning device (23) as claimed in
any one of claims 1 to 5, wherein a length of the
plane portion (151) in the first direction is equal to or
greater than 3 mm and equal to or less than 12 mm.

The pneumatic spinning device (23) as claimed in
any one of claims 1 to 6, wherein the plane portion
(151) is arranged so as to be in parallel to the direc-
tion of the shaft center (108) of the hollow guide shaft
body (102) or to be inclined at an angle (61) equal
to or less than 10° with respect to the direction of the
shaft center (108) of the hollow guide shaft body
(102).

The pneumatic spinning device (23) as claimed in
claim 6, wherein

the downstream end (151a) of the plane portion
(151) is positioned in the first passage (111) and up-
stream of the downstream end (111b) of the first pas-
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sage (111),

an inner surface of the first passage (111) has the
plane portion (151), and

a downstream portion (161) inclined or curved with
respectto the plane portion (151) and extending from
the downstream end (151a) of the plane portion
(151) to the downstream end (111b) of the first pas-
sage (111), and

a length (L1) of the plane portion (151) in the first
direction is equal to or greater than half a length (L2)
of the first passage (111) in a first direction.

The pneumatic spinning device (23) as claimed in
any one of claims 1 to 8, wherein a passage area of
the first passage (111)when the fiber guiding section
(101) is cut with a plane perpendicular to the first
direction is equal to or greater than 4 mm?2 and equal
to or less than 7 mm2.

The pneumatic spinning device (23) as claimed in
any one of claims 1 to 9, wherein an interval (S2) in
the first direction between a downstream end (111b)
of the first passage (111) and an upstream end
(122a) of the second passage (122) is equal to or
greater than 0.3 mm and equal to or less than 7 mm.

The pneumatic spinning device (23) as claimed in
claim 10, wherein theinterval (S2) in the firstdirection
between the downstream end (111b) of the first pas-
sage (111) and the upstream end (122a) of the sec-
ond passage (122) is equal to or greater than 1.1
mm and equal to or less than 2.5 mm.

The pneumatic spinning device (23) as claimed in
claim 10, wherein the interval (S2) in the firstdirection
between the downstream end (111b) of the first pas-
sage (111) and the upstream end (122a) of the sec-
ond passage (122) is equal to or greater than 4.2
mm and equal to or less than 7 mm.

The pneumatic spinning device (23) as claimed in
any one of claims 1 to 12, comprising:

a casing (103) having a spinning nozzle (131)
through which air can pass and arranged so as
toform the spinning chamber (113) together with
the fiber guiding section (101) and the hollow
guide shaft body (102), wherein

the casing (103) has an inner surface facing the
spinning chamber (113),

the inner surface of the casing (103) is circular
when viewed in a direction along the shaft center
(108) of the hollow guide shaft body (102), and
an inner diameter of the casing (103) in the inner
surface portion is equal to or greater than 3 mm
and equal to or less than 9 mm.

The pneumatic spinning device (23) as claimed in
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any one of claims 1 to 13, wherein the hollow guide
shaft body (102) is formed with a passage hole (135)
through which air can pass, and the passage hole
(135) opens into the second passage (122),
wherein a plurality of the passage holes (135) are
preferably provided around the second passage
(122).

A pneumatic spinning machine (1) including the
pneumatic spinning device (23) as claimed in any
one of claims 1 to 14, comprising:

a first catching device (87) adapted to catch a
yarn (30) formed by the pneumatic spinning de-
vice (23) at a time of yarn discharge spinning;
a winding device (27) adapted to wind a yarn
(30) formed by the pneumatic spinning device
(23);

a second catching device (89) adapted to catch
a wound yarn (30); and

a yarn joining device (85) adapted to join the
yarn (30) caught by the first catching device (87)
and the yarn (30) caught by the second catching
device (89).
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