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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] Thepresentinventiongenerallyrelatestoayarn
joining device having a yarn joining section that joins yarn
ends ofayarn, a yarnwinding machine, and a yarn joining
method.

2. Description of the Related Art

[0002] Yarn winding machines thatinclude a yarn join-
ing section that makes a discontinuous yarn continuous
are known in the art.

[0003] Japanese Patent Application Laid-open No.
2000-290839 discloses a yarn joining method including,
when yarn breakage occurs in a spinning device, pulling
ayarn end (parent yarn) wound around a package, con-
veying the yarn end to a spinning section, and performing
piecing. The yarn joining performed in this yarn joining
method does not include joining one yarn end to another
yarn end, instead, compressed air is blown on the parent
yarn when the parent yarn is conveyed to the spinning
section thereby absorbing slack of the parent yarn.
[0004] Japanese Patent Application Laid-open No.
2013-067475 discloses a spinning machine (yarn wind-
ingmachine) including ayarn joining device that performs
the yarn joining with a method that is different from the
one disclosed in Japanese Patent Application Laid-open
No. 2000-290839. This spinning machine includes a
winding device, a spinning device, a yarn joining device,
and a yarn route regulating member. The yarn joining
device is formed as a splicer device that forms a splicing
point by applying twists to the yarn ends by a swirling air
current. The yarn route regulating member bends a spun
yarn by being in contact with the spun yarn during the
yarn joining. The bent state of the spun yarn formed by
the yarn route regulating member is maintained until
winding of the spun yarn by the winding device is started.
[0005] When the yarn joining is performed in a state in
which the yarn is bent as disclosed in Japanese Patent
Application Laid-open No. 2013-067475, the fact that the
yarn slackens, after the yarn joining is performed, by an
amount equivalent to the amount for which the yarn was
bent cannot be avoided. If this yarn slack propagates to
the upstream or the downstream of the yarn joining de-
vice, because the movement of such a yarn becomes
unstable, the yarn may entangle with nearby parts and
the like.

SUMMARY OF THE INVENTION

[0006] Itis an object of the presentinvention to provide
ayarn joining device, a yarn winding machine, and ayarn
joining method capable of reliably removing the yarn
slack generated during the yarn joining.
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[0007] This objectis achieved by a yarn joining device
as claimed in claim 1, by a yarn winding machine as
claimed in claim 9, and a yarn joining method as claimed
in claim 11.

[0008] According to an aspect of the presentinvention,
a yarn joining device includes a yarn joining section that
performs yarn joining in a state in which a yarn is held in
a bent state; and a yarn slack removing section that re-
moves slack of the yarn positioned on a yarn joining path
that passes through the yarn joining section by applying
a force on the yarn upstream of the yarn joining section.
[0009] According to another aspect of the present in-
vention, a yarn winding machine includes a spinning de-
vice that forms a yarn by spinning; a yarn pooling device
that pools the yarn formed by the spinning device; a wind-
ing device that winds the yarn from the yarn pooling de-
vice and forms a package; a yarn joining section that
performs yarn joining at a position between the spinning
device and the winding device in a state in which the yarn
is held in a bent state; a yarn-route guiding member that
guides the yarn on a downstream side of the yarn pooling
device in a yarn route of the yarn; and a yarn slack re-
moving section that removes slack of the yarn positioned
on ayarn joining path that passes through the yarn joining
section by applying a force on the yarn upstream of the
yarn joining section but downstream of the yarn-route
guiding member.

[0010] According to still another aspect of the present
invention, a yarn joining method of joining yarn ends in-
cludes holding a yarn in a bent state; joining the yarn
ends by using a yarn joining section; and removing, after
completion of the holding, slack of the yarn that was gen-
erated by bending of the yarn in the holding on upstream
side of the yarn joining section. The above and other
objects, features, advantages and technical and indus-
trial significance of this invention will be better understood
by reading the following detailed description of presently
preferred embodiments of the invention, when consid-
ered in connection with the accompanying drawings.
[0011] The above and other objects, features, advan-
tages and technical and industrial significance of this in-
vention will be better understood by reading the following
detailed description of presently preferred embodiments
of the invention, when considered in connection with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012]

FIG. 1 is a schematic front view showing an overall
structure of a spinning machine including a yarn join-
ing device according to a first embodiment of the
present invention.

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

FIG. 3 is a side view showing a state in which a spun
yarn is caught by sucking by a yarn catching section



3 EP 3 025 996 A1 4

of the yarn joining carrier.

FIG. 4 is a side view showing a state in which the
spun yarn is guided to a yarn joining section by the
yarn catching section of the yarn joining carrier.
FIG. 5is a perspective view of the yarn joining device
when seen from obliquely above.

FIG. 6 is a side cross-sectional view showing a state
in which the yarn is held by a clamping member of
the yarn joining device.

FIG. 7 is a side cross-sectional view showing a state
in which the yarn is untwisted in the yarn joining de-
vice.

FIG. 8 is a side cross-sectional view showing a state
in which yarn ends are twisted together in the yarn
joining device.

FIG. 9is a perspective view showing a state in which
yarn slack is removed by an air injecting device and
a receiving member.

FIG. 10is a view for explaining an injection timing at
which compressed air is injected by the air injecting
device.

FIG. 11 is a perspective view showing a state in
which yarn slack is removed by a yarn shifting device
included in a yarn joining device according to a sec-
ond embodiment of the present invention.

DETAILED DESCRIPTION

[0013] Exemplary embodiments of a spinning machine
(spinning frame) 100 including a yarn joining device 20
according to a first embodiment of the present invention
will be explained below with reference to the accompa-
nying drawings. The spinning machine 100 shown in FIG.
1 includes plural spinning units (yarn winding units) 1
arranged side by side, a yarn joining carrier 2, a blower
box 3, and a motor box 4. In this specification, the terms
"upstream" and "downstream" refer to the upstream and
the downstream in a travelling direction of a fiber bundle
11 or a spun yarn 10 when the spun yarn 10 is formed
and wound in the spinning unit 1.

[0014] The motor box 4 is arranged on one side in the
direction in which the plural spinning units 1 are arranged
and it houses a common driving source for the spinning
units 1. The blower box 3 is arranged on the other side
in the direction in which the plural spinning units 1 are
arranged and the other side is the opposite side of the
side on which the motor box 4 is arranged. A blower is
housed inside the blower box 3. The blower functions as
a negative pressure source that supplies the negative
pressure to each of the spinning units 1 and the yarn
joining carrier 2. A compressor that functions as a com-
pressed air source that supplies compressed air to each
of the spinning units 1 and the yarn joining carrier 2 is
arranged at a suitable location separated from the spin-
ning machine 100. The compressed air is supplied from
the compressor to the spinning machine 100 via one or
more air pipes. One or more regulators that adjust an air
pressure of the compressed air are arranged in the blow-
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er box 3 or the motor box 4. The compressed air to be
supplied to the spinning machine 100 via the air pipes is
supplied to each of the spinning units 1 and the yarn
joining carrier 2 through the regulators. The method of
supplying the compressed air to the spinning units 1 and
the yarn joining carrier 2 is not limited to the one explained
here.

[0015] The spinning unit 1 is configured as an air spin-
ning unit that performs spinning by applying twists to the
fiber bundle 11 by the action of a swirling air current. As
shown in FIG. 2, each of the spinning units 1 mainly in-
cludes, sequentially arranged from upstream to down-
stream, a drafting device 5, a spinning device 6, a yarn
pooling device 7, and a winding device 8. In each of the
spinning units 1, the fiber bundle 11 conveyed from the
drafting device 5 is spun by the spinning device 6 thereby
forming the spun yarn 10, and the spun yarn 10 is wound
around a bobbin 81 by the winding device 8 thereby form-
ing a package 82.

[0016] The drafting device 5 includes, sequentially
from the upstream, four drafting rollers, namely, a back
roller 51, a third roller 52, a middle roller 54 with a rubber
apron belt 53 stretched thereover, and a front roller 55.
Each of the drafting rollers is rotationally driven at a pre-
determined rotation speed. Moreover, the drafting device
5includes an opposing roller arranged facing each of the
drafting rollers. The drafting device 5 transports a sliver
12, which is the raw material of the fiber bundle 11, by
nipping the sliver 12 between the drafting rollers and the
opposing rollers thereby forming the fiber bundle 11 by
stretching (drafting) the sliver 12 until a predetermined
width is obtained.

[0017] The spinning device 6 is located downstream
of the drafting device 5 and forms the spun yarn 10 by
applying twists to the fiber bundle 11 supplied from the
drafting device 5. A device that applies twists to the fiber
bundle 11 by using a swirling air current is employed as
the spinning device 6 in the present embodiment.
[0018] The yarn pooling device 7 is arranged between
the spinning device 6 and the winding device 8. The yarn
pooling device 7 includes a yarn pooling roller 71, a yarn
hooking member 72, and an electric motor 73. The elec-
tric motor 73 can rotationally drive the yarn pooling roller
71. The yarn pooling device 7 functions as a kind of a
buffer thattemporarily pools the spunyarn 10 at a position
between the spinning device 6 and the winding device 8.
[0019] The yarn pooling roller 71 is configured so as
to temporarily pool the spun yarn 10 by winding a certain
amount of the spun yarn 10 on an outer circumferential
surface thereof. The yarn hooking member 72 that can
hook the spun yarn 10 is mounted on a downstream end
portion of the yarn pooling roller 71. The yarn hooking
member 72 is supported in a rotatable manner relatively
to the yarn pooling roller 71.

[0020] A permanent magnet is attached to any one of
the yarn hooking member 72 and the yarn pooling roller
71, and a magnetic hysteresis member is attached to the
other of the yarn hooking member 72 and the yarn pooling
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roller 71. These magnetic means generate a torque
against a relative rotation of the yarn hooking member
72 with respect to the yarn pooling roller 71. Therefore,
only when a force exceeding this torque is applied on the
yarn hooking member 72 (i.e., when a tension of a pre-
determined amount or larger is applied to the spun yarn
10), the yarn hooking member 72 is rotated relatively to
the yarn pooling roller 71 whereby the spun yarn 10
wound around the yarn poolingroller 71 can be unwound.
On the other hand, when such a force is not applied to
the yarn hooking member 72, the yarn pooling roller 71
and the yarn hooking member 72 are integrally rotated
whereby the spun yarn 10 that has been wound around
the yarn pooling roller 71 is not unwound. The spun yarn
10 is pooled on the yarn pooling roller 71 when the yarn
pooling roller 71 rotates.

[0021] In this manner, the yarn pooling device 7 oper-
ates such that the unwinding amount of the spun yarn 10
increases when the yarn tension on the downstream side
increases, and the unwinding amount of the spun yarn
10 decreases when the yarn tension decreases (when
the spun yarn 10 is about to slacken). With this operation,
the yarn pooling device 7 absorbs the slack of the spun
yarn 10 and can apply an appropriate tension on the spun
yarn 10 at any given time during the yarn winding. Fur-
thermore, because the yarn hooking member 72 oper-
ates to absorb any variation of the tension applied on the
spun yarn 10 between the yarn pooling device 7 and the
winding device 8, the variation of the tension is prevented
from affecting the spun yarn 10 between the air spinning
device 6 and the yarn pooling device 7.

[0022] A yarn-route guiding member 74 that guides to
the downstream side the spun yarn 10 pulled from the
yarn pooling device 7 is arranged downstream of the yarn
pooling device 7.

[0023] The yarn-route guiding member 74 guides the
spun yarn 10, which is pulled out from an axial end of the
outer circumferential surface of the yarn pooling roller
71, such that the spun yarn 10 passes over a line that
extends from a rotation axis of the yarn pooling roller 71.
Accordingly, when the yarn hooking member 72 is rotat-
ing in a state in which it has hooked the spun yarn 10, a
substantially conical balloon 75 is formed between the
yarn pooling roller 71 and the yarn-route guiding member
74 because of the revolving of the spun yarn 10.

[0024] The winding device 8 forms the package 82 by
winding the spun yarn 10 around the bobbin 81 while
traversing the spun yarn 10. The winding device 8 in-
cludes a cradle arm 83 and a winding drum 84.

[0025] The cradle arm 83 is rotatably supported by a
support shaft 86. The cradle arm 83 is capable of rotat-
ably supporting the bobbin 81 (or the package 82) around
which the spunyarn 10is to be wound. The winding drum
84 is rotationally driven in a predetermined direction at a
constant rotational speed. By rotating the cradle arm 83
with the support shaft 86 as a center, the outer circum-
ferential surface of the supported bobbin 81 (or the pack-
age 82) can be brought into contact with or separated
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from the winding drum 84. When the outer circumferential
surface of the bobbin 81 (or the package 82) is brought
into contact with the rotationally driven winding drum 84,
the bobbin 81 (or the package 82) is rotated following the
rotation of the winding drum 84 whereby the spun yarn
10 is wound on the circumferential surface of the bobbin
81 (or the package 82).

[0026] A traversing device 85 includes a traversing
guide 87 that can hook and guide the spun yarn 10. The
traversing guide 87 is driven by a not-shown driving
means to perform reciprocating movement in a direction
that is parallel to the rotation axis of the winding drum
84. With this configuration, when the traversing guide 87
with the spun yarn 10 hooked thereby is caused to make
the reciprocating movement while the winding drum 84
is rotating, the spun yarn 10 can be wound around the
package 82 while traversing the spun yarn 10.

[0027] The winding device 8 includes a not-shown
brake mechanism that applies brake to the rotation of the
package 82. The configuration of the brake mechanism
is not particularly limited, and can include, for example,
a brake shoe that contacts a member that integrally ro-
tates with the package 82 and a pneumatic cylinder that
presses the brake shoe to this member.

[0028] A yarn quality monitoring device 9 that monitors
the quality of the spun yarn 10 is arranged between the
spinning device 6 and the yarn pooling device 7. The
yarn quality monitoring device 9 monitors the state (thick-
ness and the like) of the running spun yarn 10 by using
an optical transmission-type sensor to detect a yarn de-
fect (a place where there is an abnormality in the spun
yarn 10) in the spun yarn 10. The sensor with which the
yarn quality monitoring device 9 monitors the spun yarn
10 is not limited to the optical transmission-type sensor,
and can, for example, be an electrostatic capacitance-
type sensor. A foreign matter included in the spun yarn
10 can be detected as the yarn defect.

[0029] As shown in FIGS. 1 and 2, the yarn joining
carrier 2 includes the yarn joining device 20, a yarn catch-
ing section (a suction pipe 21 and a suction mouth 22),
and a reverse rotation mechanism 29. The yarn joining
carrier 2 includes a not-shown carrier controlling section
that controls various components of the yarn joining car-
rier 2.

[0030] The yarn joining device 20 includes a yarn join-
ing section 25 that is constructed as a splicer device that
forms a splicing point by applying twists to the yarn ends
by the swirling air current.

[0031] Inthe following explanation, the side of the yarn
joining device 20 and the yarn joining section 25 closer
to a yarn route, which is a running path of the spun yarn
10, shall be referred to as a front side and the side that
is far from the yarn path shall be referred to as a far side.
Furthermore, the direction that extends from the front
side tothe far side, or vice versa, of the yarn joining device
20 or the yarn joining section 25 shall be referred to as
a front-back direction.

[0032] As showninFIG. 3, each of the suction pipe 21
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and the suction mouth 22 is rotatable in the vertical di-
rection about a corresponding axis. Each of the suction
pipe 21 and the suction mouth 22 can catch a yarn end
by suction by generating a suction air current at tip ends
thereof.

[0033] Specifically, as showninFIG. 3, the carrier con-
trolling section rotates the suction pipe 21 and also gen-
erates a suction air current at the tip end thereof. Accord-
ingly, the suction pipe 21 catches by suction the yarn end
of the spun yarn 10 (the spun yarn 10) supplied from the
spinning device 6. Simultaneously, the carrier controlling
section rotates the suction mouth 22 and also generates
a suction air current at the tip end thereof. Accordingly,
the suction mouth 22 catches by suction the yarn end of
the spun yarn 10 (the spun yarn 10) from the package 82.
[0034] Thereafter, as shown in FIG. 4, the carrier con-
trolling section rotates the suction pipe 21 and the suction
mouth 22. As aresult, the yarn ends caught by the suction
pipe 21 and the suction mouth 22 are guided to a region
on the front side of the yarn joining section 25 (i.e., a
region on the left side in FIG. 4).

[0035] Accordingly, the spunyarn 10 fromthe package
82 and the spun yarn 10 from the spinning device 6 are
set in a path (yarn joining path) where the yarn joining
section 25 performs the yarn joining. In the following ex-
planation, the spun yarn 10 from the spinning device 6
sucked and caught by the suction pipe 21 is referred to
as a first yarn, and the spun yarn 10 from the package
82 sucked and caught by the suction mouth 22 is referred
to as a second yarn.

[0036] The reverse rotation mechanism 29 includes a
supporting arm 30 that is approachable/ retractable to-
ward the winding device 8 from the yarn joining carrier
2, and a reverse rotation roller 31 supported on a tip end
of the supporting arm 30. The reverse rotation roller 31
can be rotationally driven by a not-shown electric motor
in a direction that is opposite of the direction in which the
winding drum 84 rotates.

[0037] Subsequently, the detailed structure of the yarn
joining section 25 will be explained while referring to
FIGS. 5 and 6. FIG. 5 shows a state when the yarn joining
device 20 (yarn joining section 25) is seen from the up-
stream side.

[0038] As shown in FIGS. 5 and 6, the yarn joining
section 25 mainly includes a yarn joining nozzle 91, a
pair of guiding plates 92, a pair of yarn shifting levers 93,
a pair of yarn pressing levers 94, a pair of cutters 95, a
pair of clamping members 96, and a pair of untwisting
pipes 97.

[0039] The yarn joining nozzle 91 is arranged on the
front side of the yarn joining section 25 (i.e., on the side
closer to the yarn path that is the running path of the spun
yarn 10). A yarn joining hole 98 through which the spun
yarn 10 can pass is formed in the yarn joining nozzle 91.
An injection port for passing the compressed air to be
injected is formed inside the yarn joining hole 98. The
yarn joining nozzle 91 can generate a swirling air current
inside the yarn joining hole 98 by injecting compressed
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air from the injection port inside the yarn joining hole 98.
[0040] For example, as shown in FIG. 6, one unit of
each of the guiding plates 92, the yarn shifting levers 93,
the yarn pressing levers 94, the cutters 95, the clamping
members 96, and the untwisting pipes 97 is arranged on
each of the upstream side and the downstream side of
the yarn joining nozzle 91.

[0041] As shown in FIG. 5, two slits, a first slit 15 and
asecond slit 16, that open the front side of the yarn joining
section 25, are formed side by side in each of the two
guiding plates 92. The four slits formed in the two guiding
plates 92 are parallel to each other.

[0042] When performing yarn joining of a disconnected
spun yarn 10 in the yarn joining section 25, the first yarn
caught by the suction pipe 21 is guided into the second
slits 16 of the two guiding plates 92, and the second yarn
caught by the suction mouth 22 is guided into the first
slits 15 of the two guiding plates 92.

[0043] By inserting the first yarn into the second slits
16 and the second yarn into the first slits 15, the first yarn
and the second yarn can be guided to positions at which
the later-explained yarn shifting leaver 93 is able to shift
those yarns. In the present embodiment, the yarn joining
path, which is the path of the spun yarn 10 (yarn end)
where the yarn joining section 25 performs the yarn join-
ing, is made to pass through the yarn joining section 25
from the second slits 16 in the upstream guiding plate
92. Thus, the upstream guiding plate 92 is a member that
guides the spun yarn 10 to the yarn joining path.

[0044] The two yarn shifting levers 93 are rotatable si-
multaneously in two directions about an axis arranged
on the side of the yarn joining nozzle 91. The two direc-
tions are a direction (closing direction) from where the
levers enter between the two guiding plates 92 and a
direction (opening direction) from where the levers come
out from between the two guiding plates 92. FIG. 5 shows
a state in which the yarn shifting levers 93 have been
rotated in the opening direction, and FIG. 6 shows a state
in which the yarn shifting levers 93 have been rotated in
the closing direction.

[0045] By rotatingthe yarn shiftinglevers 93 inthe clos-
ing direction, the first yarn is pushed in the interior of the
second slits 16 and the second yarn is pushed in the
interior of the first slits 15. By further rotating in the closing
direction, as shown in FIG. 6, the yarn shifting levers 93
can guide the first yarn and the second yarn into the yarn
joining hole 98.

[0046] Because spaces are formed between the yarn
joining nozzle 91 and each of the guiding plates 92, each
of the yarn shifting levers 93 enters into the correspond-
ing space (toward the interior of the yarn joining section
25) when rotated in the closing direction. In this process,
the first yarn and the second yarn shifted by the pair of
the yarn shifting levers 93 are bent, as shown in FIG. 6,
in a V-shape in the spaces between the yarn joining noz-
zle 91 and each of the guiding plates 92.

[0047] The two yarn pressing levers 94 are, as shown
in FIG. 5, simultaneously rotatable about an axis ar-



9 EP 3 025 996 A1 10

ranged near the rotation axis of the yarn shifting levers
93. Each of the two yarn pressing levers 94, when the
yarn joining nozzle 91 performs the yarn joining, rotates
in the closing direction and respectively presses the first
yarn and the second yarn thereby positioning the first
yarn and the second yarn.

[0048] One cutter 95 is arranged on a surface, which
facesthe yarn joining nozzle 91, of each of the two guiding
plates 92. Each of the cutters 95 can cut the spun yarn
10. Specifically, the cutter 95 arranged on the upstream
guiding plate 92 can cut the second yarn that has entered
the first slits 15 and the cutter 95 arranged on the down-
stream guiding plate 92 can cut the first yarn that has
entered the second slits 16.

[0049] One clamping member 96 is arranged on a sur-
face, which is on the opposite side of the surface that
facesthe yarn joining nozzle 91, of each of the two guiding
plates 92. Each of the clamping members 96 includes a
movable member 96a and a non-movable member 96b.
One pair of the movable member 96a and the non-mov-
able member 96b is arranged across the first slits 15.
Other pair of the movable member 96a and the non-mov-
able member 96b is arranged across the second slits 16.
The movable members 96a can be switched between a
state in which they are pressed against and are in contact
with the non-movable members 96b and a state in which
they are separated from the non-movable members 96b.
[0050] Each of the clamping members 96 clamps and
holds the spun yarn 10, so that the spun yarn 10 does
not move, by causing the movable member 96a to press
against the non-movable member 96b in a state in which
the spun yarn 10 is sandwiched between the movable
member 96a and the non-movable member 96b. Specif-
ically, the clamping member 96 arranged on the up-
stream guiding plate 92 clamps and holds the first yarn
that has entered the second slits 16. And, the clamping
member 96 arranged on the downstream guiding plate
92 clams and holds the second yarn that has entered the
firstslits 15. The hold on the spun yarn 10 can be released
by causing the movable members 96a and the non-mov-
able members 96b to move apart.

[0051] Each of the two untwisting pipes 97 is an elon-
gated cylinder arranged such that the longitudinal direc-
tion thereof is parallel to the longitudinal direction of the
other untwisting pipe 97 and also parallel to the front-
back direction of the yarn joining section 25. The two
untwisting pipes 97 are arranged side by side extending
in a direction that is substantially parallel to the running
direction of the yarn. One end of each of the untwisting
pipes 97 opens in front of the yarn joining section 25. An
air injection hole is formed in each of the untwisting pipes
97. By injecting compressed air inside the untwisting
pipes 97 from the air injection holes, it is possible to gen-
erate an air current that flows toward the far end (an op-
posite end with respect to the yarn path) of each of the
untwisting pipes 97.

[0052] The yarn shifting levers 93, the yarn pressing
levers 94, the cutters 95, the clamping members 96, and
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the like, forexample, are caused to operate in conjunction
with each other with a cam mechanism. Accordingly, the
later-explained yarn joining work can be performed
smoothly.

[0053] Subsequently, the yarn joining work performed
by the yarn joining device 20 will be explained while re-
ferring to FIGS. 3 to 8.

[0054] When yarn breakage or yarn disconnection oc-
curs in a particular spinning unit 1 due to some reason,
first, the package 82 is separated from the winding drum
84, and the rotation of the package 82 is stopped by op-
erating the brake mechanism. Furthermore, the spun
yarn 10 that has been pooled on the yarn pooling roller
71 of the particular spinning unit 1 is completely removed
by a not-shown removing device leading to a state in
which no spun yarn 10 is present on the yarn pooling
roller 71.

[0055] Then, the spinning unit 1 requests the yarn join-
ing carrier 2 to perform the yarn joining work. In response
to this request, the yarn joining carrier 2 travels to the
spinning unit 1 and stops.

[0056] When the yarn joining carrier 2 arrives at the
spinning unit 1, as shown in FIG. 3, the carrier controlling
section rotates the suction pipe 21 and the suction mouth
22 to respectively suck and catch the first yarn and the
second yarn.

[0057] Atthistime, as showninFIG. 3, the carrier con-
trolling section causes the reverse rotation roller 31 of
the reverse rotation mechanism 29 to come in contact
with the package 82, and drives the reverse rotation roller
31 inthe direction thatis opposite of the direction in which
the winding drum 84 rotates. Accordingly, the package
82 is rotated in the opposite direction (which may be re-
ferred to as an unwinding direction in the below expla-
nation) that is opposite of the winding direction that is the
direction in which the bobbin 81 (or the package 82) is
rotated when the spun yarn 10 is wound around the bob-
bin 81 (or the package 82). In this state, the spun yarn
10 presents on the surface of the package 82 is sucked
with the suction mouth 22 to draw the spun yarn 10 from
the package 82.

[0058] After the suction pipe 21 and the suction mouth
22 have sucked and caught the spun yarn 10, as shown
in FIG. 4, the carrier controlling section causes the suc-
tion pipe 21 and the suction mouth 22 to rotate so that
the caughtfirst yarn and the caught second yarn are guid-
ed to the front side of the yarn joining section 25.
[0059] Thereafter, the yarn joining operation by the
yarn joining section 25 (yarn joining device 20) is started.
To be more specific, as shown in FIG. 6, the yarn joining
section 25 causes the pair of the yarn shifting levers 93
to rotate and come in contact with the spun yarn 10 there-
by inserting the spun yarn 10 into the yarn joining hole
98 of the yarn joining nozzle 91. The yarn joining section
25, in the state shown in FIG. 6, holds the spun yarn 10
(the first yarn and the second yarn) with the pair of the
clamping members 96.

[0060] Substantially simultaneously with this, the rota-
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tion in the unwinding direction of the package 82 by the
reverse rotation roller 31 is stopped. Moreover, after the
spun yarn 10 is held by the pair of the clamping members
96, the spun yarn 10 (first yarn) is hooked by a suitable
means on the yarn hooking member 72 of the yarn pool-
ing device 7, and pooling of the spun yarn 10 on the yarn
pooling roller 71 is started.

[0061] Subsequently, the carrier controlling section
starts injection of the compressed air into the pair of the
untwisting pipes 97. Accordingly, an air current that flows
toward the back side of the yarn joining section 25 is
generated inside each of the untwisting pipes 97 whereby
a suction air current is generated at the opening of each
of the untwisting pipes 97. Around this time, the carrier
controlling section operates the pair of the cutters 95 and
cuts the first yarn at a point between the suction pipe 21
and the yarn joining section 25 and cuts the second yarn
at a point between the suction mouth 22 and the yarn
joining section 25, respectively. The two yarn ends gen-
erated by these cuttings are sucked by the untwisting
pipes 97 and drawn into the interior of the untwisting pipes
97. As shown in FIG. 7, twists of each of the yarn ends
are released by the action of the air current presentinside
each of the untwisting pipes 97.

[0062] When untwisting of each of the yarn ends is
completed, the carrier controlling section stops the injec-
tion of the compressed air into each of the untwisting
pipes 97. Furthermore, the carrier controlling section, by
further bending the spun yarn 10 by using the pair of the
yarn shifting levers 93 and the pair of the yarn pressing
levers 94, draws each of the untwisted yarns from each
of the untwisting pipes 97. The two yarn ends drawn from
the pair of the untwisting pipes 97 are set in the yarn
joining hole 98 of the yarn joining nozzle 91, as shown
in FIG. 8, in mutually overlapping manner. While the first
yarn and the second yarn have been held by the pair of
the yarn pressing levers 94 in this manner, the yarn join-
ing section 25 injects the compressed air into the yarn
joining hole 98. As aresult, a swirling current is generated
in the yarn joining hole 98 whereby twists are applied to
the fibers constituting each of the yarn ends. The yarn
end of the first yarn and the yarn end of the second yarn
are entangled by the twisting and a splicing point is
formed.

[0063] The yarn joining section 25 according to the
present embodimentincludes a not-shown splicing-point
length adjusting device that can adjust a shifting amount
(in other words, the degree of bending of the spun yarn
10 during the yarn joining work) by which the spun yarn
10 is to be shifted by the pair of the yarn shifting levers
93. The splicing-pointlength adjusting device can change
the length of the splicing point by adjusting the length by
which the yarn ends overlap in the yarn joining hole 98
by adjusting the shifting amount of the yarn shifting levers
93.

[0064] Once the splicing point is formed, the carrier
controlling section stops the injection of the air into the
yarn joining hole 98. Furthermore, the carrier controlling
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section causes the hold on the spun yarn 10 by the pair
of the clamping members 96 to be released, and causes
the regulation of the yarn route by the pair of the yarn
shifting levers 93 and the pair of the yarn pressing levers
94 to be released. With this, the yarn joining operation
performed by the yarn joining section 25 is completed.
[0065] At aboutthe same time, the outer circumferen-
tial surface of the package 82 is made to contact with the
rotating winding drum 84. Accordingly, the rotation of the
package 82 is started and the winding of the spun yarn
10 is resumed.

[0066] As explained above, when performing the yarn
joining in the yarn joining section 25, the spun yarn 10 is
bent by using the pair of the yarn shifting levers 93 and
the pair of the yarn pressing levers 94 (see FIG. 6). When
the bending is released after completion of the yarn join-
ing work, the spun yarn 10 may slacken.

[0067] As explained above, at this point in time, the
pooling of the spun yarn 10 on the yarn pooling roller 71
has already been resumed. Accordingly, in the state in
which the hold on the spun yarn 10 by the pair of the
clamping members 96 has been released, if it is tempo-
rarily assumed that the slack propagates to the upstream,
the spun yarn 10 greatly swings in a region between the
yarn-route guiding member 74 and the yarn pooling roller
71 whereby the balloon 75 shown in FIG. 4 inflates in a
radial direction thereof.

[0068] If the diameter of the balloon 75 becomes ex-
cessively large because the slack that propagates from
the yarn joining device 20is large, for example, undesired
situations where the spun yarn 10 comes off from the
yarn hookingmember 72, the spunyarn 10 wound around
the outer circumferential surface of the yarn pooling roller
71 is disordered, or the balloon 75 (spun yarn 10) gets
entangled with the nearby parts may occur. As a result,
the winding of the spun yarn 10 may be interrupted.
[0069] The yarn joining device 20 according to the
present embodiment further includes, as shown in FIGS.
5and 6, an airinjecting device 61 and areceiving member
62 arranged upstream of the yarn joining section 25. The
air injecting device 61 can inject the compressed air to-
ward the spun yarn 10 (in other words, the spun yarn 10
present in the yarn joining path) that is passing through
the second slit 16 formed in the upstream guiding plate
92. Accordingly, the spun yarn 10 on which the hold by
the pair of the clamping members 96 has been released
is pushed upstream of the yarn joining section 25 by a
blow of the air current whereby the slack of the spun yarn
10 is removed so that it does not propagate further up-
stream.

[0070] This will be explained in detail below. The air
injecting device 61 is arranged on a surface, of the sur-
faces of the upstream guiding plate 92 among the two
guiding plates 92 arranged in the yarn joining section 25,
that faces on the opposite side of the side on which the
yarn joining nozzle 91 is arranged. An air pipe 64 is con-
nected to the air injecting device 61, and the air pipe 64
is connected to a compressed air source. A not-shown
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electromagnetic valve is arranged between the com-
pressed air source and the air injecting device 61, and
by controlling opening and closing of this valve, the carrier
controlling section can switch between supply and non-
supply of the compressed air to the air injecting device
61. One or more nozzles (air injection holes) 63 are
formed in the air injecting device 61. Compressed air can
be injected from the nozzles 63 on the spun yarn 10 that
is inserted in the second slits 16. As a result, a force of
the air current acts on the portion (a portion upstream of
the yarn joining section 25) of the spun yarn 10 (first yarn)
upstream of the second slits 16.

[0071] The receiving member 62 is arranged on the
upstream clamping member among the two clamping
members 96 of the yarn joining section 25. Specifically,
the receiving member 62 is supported by the movable
member 96a of the upstream clamping member 96. The
receiving member 62 and the air injecting device 61 are
arranged so that the second slit 16 is located therebe-
tween (in other words, the yarn joining path is located
therebetween). In other words, the air injecting device 61
is arranged on one side and the receiving member 62 is
arranged on the other side of the yarn joining path (sec-
ondslit 16). The receiving member 62 and the airinjecting
device 61 are arranged such that, not only the second
slit 16 is arranged therebetween, but both of the first slit
15 and the second slit 16 are arranged therebetween.
[0072] The receiving member 62 is a plate-shaped
member. The receiving member 62 is arranged on the
movable member 96a at a position close to the second
slit 16 in the upstream guiding plate 92 and perpendicu-
larly to the upstream guiding plate 92. Accordingly, the
receiving member 62 receives near the second slit 16
the majority of the compressed air injected by the air in-
jecting device 61. When the spun yarn 10 inserted in the
second slit 16 is pushed by the compressed air, the spun
yarn 10 comes in contact with the receiving member 62
and is guided by the receiving member 62.

[0073] An end portion on the front side of the receiving
member 62 is bent suitably away from the open side of
the second slit 16. Accordingly, it is possible to prevent
the spun yarn 10 from getting hooked on the receiving
member 62 when entering the second slit 16.

[0074] In the yarn joining device 20 according to the
present embodiment, as shown in FIGS. 5 and 9, the
direction of the nozzles 63 of the air injecting device 61
from which the compressed air is injected is inclined to
the receiving member 62 (second slit 16), and the air
injected from the nozzles 63 in the direction indicated
with a chain-line arrow strikes obliquely on the receiving
member 62. With this configuration, the spun yarn 10
inserted into the second slit 16 and the air injecting device
61 do not interfere with each other. Moreover, the air that
strikes on the receiving member 62 can be diverted to
the back side of the yarn joining device 20.

[0075] The surface of the receiving member 62 is flat,
and because the compressed air strikes obliquely on this
surface, as shown in FIG. 9, an air current that is sub-
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stantially laminar can be easily formed near the surface
of the receiving member 62. Accordingly, the spun yarn
10 upstream of the second slit 16 is effectively pushed
toward the back side in a direction that is substantially
parallel to the second slit 16 because of the air current
flowing on the surface of the receiving member 62, and
in this process, the spun yarn 10 is elongated and ex-
panded. As a result, it is possible to suitably absorb the
slack of the spun yarn 10 that was generated by the bend-
ing of the spun yarn 10 during the yarn joining work.
[0076] According to the present embodiment, as ex-
plained above, because the degree of bending of the
spun yarn 10 during the yarn joining can be adjusted by
using the splicing-point length adjusting device, the
amount of the slack of the yarn may differ depending on
the situation. However, in the present embodiment, the
slack of the spunyarn 10 is removed by pushing the spun
yarn 10 with the injected air. Therefore, regardless of the
amount of the slack, it is possible to flexibly remove the
slack of the yarn.

[0077] The configuration is not limited to the one in
which the air injecting device 61 and the receiving mem-
ber 62 are mounted on the yarn joining device 20, and
they can be arranged at a desired position in the spinning
unit 1 downstream of the yarn-route guiding member 74
but upstream of the yarn joining device 20.

[0078] As showninFIG. 10, the carrier controlling sec-
tion causes the air injecting device 61 to start injection
of the compressed air after the start of the yarn joining
operation but before the completion of the yarn joining
operation. Particularly, the timing of starting the injection
of the compressed air is before the clamping members
96 release the hold on the spun yarn 10. Accordingly, at
the moment the clamping members 96 release the hold
on the spun yarn 10, the slack of the spun yarn 10 can
be absorbed by the action of the air current injected by
the air injecting device 61. As a result, the slack of the
spun yarn 10 can be suitably removed before it propa-
gates to the yarn pooling device 7 on the upstream (or
downstream) side. Because the slack of the spun yarn
10 is removed by pushing the spun yarn 10 with the air
current, winding of the spun yarn 10 can be started
smoothly, without exerting any resistance on the running
of the joined spun yarn 10.

[0079] The timing at which the air injecting device 61
starts the injection of the air can be set to a desired time
point that is after the start of the yarn joining operation
(after the clamping members 96 have started the hold)
but before the clamping members 96 have released the
hold. However, from the viewpoint of energy saving, it is
preferable to start the injection at a timing immediately
before the clamping members 96 release the hold.
[0080] The injection of the air by the air injecting device
61 is stopped after the winding by the winding device 8
has started. The timing of stopping the injection of the air
can be any desirable timing as long as it is after the dis-
appearance of the slack of the spun yarn 10 in the portion
which has been pushed by the air current accompanying
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the resumption of the winding by the winding device 8.
The injection of the air can be stopped when a desired
condition is satisfied, forexample, when a predetermined
time has elapsed from the start of the winding of the spun
yarn 10, or when the rotational speed of the package 82
has reached a predetermined speed.

[0081] As explained above, along with the resumption
of the winding by the winding device 8, the slack of the
spun yarn 10 in the portion which has been pushed by
the air current disappears. Because the spun yarn 10 is
pushed by using only the air current, and not by using a
mechanical part, possibility of yarn breakage is almost
nil. The duration of time for which the air is to be injected
by the air injecting device 61 can be changed depending
on spinning conditions (e.g., a yarn count of the spun
yarn to be formed by the spinning).

[0082] When the winding device 8 starts winding the
spun yarn 10, tension is applied to the spun yarn 10 be-
tween the package 82 and the yarn-route guiding mem-
ber 74 whereby the spun yarn 10 naturally comes off the
second slits 16. That is, the spun yarn 10 exits from the
yarn joining section 25 (yarn joining path) and returns to
the original yarn route (yarn route shown in FIG. 2).
Thereafter, if there is a request from another spinning
unit 1, the yarn joining carrier travels to and performs the
yarn joining work in that spinning unit 1.

[0083] As explained above, the yarn joining device 20
according to the present embodiment includes the yarn
joining section 25 and the air injecting device 61. The
yarn joining section 25 performs the yarn joining on the
spun yarn 10 that has been held in the bent state. The
airinjecting device 61 removes the slack of the spun yarn
10 positioned on the yarn joining path, which passes
through the yarn joining section 25, by applying a force
on the spun yarn 10 upstream of the yarn joining section
25.

[0084] The spinning machine 100 according to the
present embodiment includes the spinning device 6, the
yarn pooling device 7, the winding device 8, the yarn
joining section 25, the yarn-route guiding member 74,
and the air injecting device 61. The spinning device 6
spins the fiber bundle 11 and forms the spun yarn 10.
The yarn pooling device 7 pools the spun yarn 10 formed
by the spinning device 6. The winding device 8 winds the
spun yarn 10 from the yarn pooling device 7 and forms
the package 82. The yarn joining section 25, at a position
between the spinning device 6 and the yarn pooling de-
vice 7, performs the yarn joining on the spun yarn 10 that
has been held in the bent state. The yarn-route guiding
member 74 guides the spun yarn 10 downstream of the
yarn pooling device 7 in the yarn path of the spun yarn
10. The air injecting device 61 removes the slack of the
spun yarn 10 positioned on the yarn joining path, which
passes through the yarn joining section 25, by applying
a force on the spun yarn 10 in a region upstream of the
yarn joining section 25 but downstream of the yarn-route
guiding member 74.

[0085] With this configuration, after performing the
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yarn joining in the yarn joining section 25, the slack of
the spun yarn 10, which occurs when the spun yarn 10
that was held in the bent state is released, can be re-
moved by the air injecting device 61. Accordingly, an in-
fluence of the slack of the spun yarn 10 on devices (par-
ticularly, on the yarn pooling device 7) upstream or down-
stream of the yarn joining section 25 can be avoided.
Accordingly, after performing the yarn joining, winding of
the spun yarn 10 can be resumed smoothly in the spin-
ning machine 100.

[0086] In the yarn joining device 20 and the spinning
machine 100 according to the present embodiment, the
air injecting device 61 applies a force on the spun yarn
10 by injecting air on the spun yarn 10.

[0087] With this configuration, the slack of the spun
yarn 10 can be removed by pushing the spun yarn 10
with the injected air. Furthermore, because the slack of
the spun yarn 10 is removed by applying the force of the
air current on the spun yarn 10, even if the amount of the
slack of the spun yarn 10 varies depending on the cir-
cumstances, the slack of the spun yarn 10 can be flexibly
removed without causing yarn breakage or the like.
[0088] The joining device 20 and the spinning machine
100 according to the present embodiment further include
the receiving member 62 that receives the air injected by
the air injecting device 61. The air injecting device 61 is
arranged on one side and the receiving member 62 is
arranged on the other side of the yarn joining path.
[0089] With this configuration, the air injecting device
61 and the receiving member 62 do not interfere with the
spun yarn 10. The slack of the spun yarn 10 can be suit-
ably removed by the action of air current, formed as a
result of receiving the air at the receiving member 62, on
the spun yarn 10.

[0090] In the yarn joining device 20 and the spinning
machine 100 according to the present embodiment, the
receiving member 62 is a plate-shaped member. The air
injecting device 61 injects the air on the spun yarn 10
from the nozzles 63 that are oriented obliquely to the
receiving member 62.

[0091] Accordingly, because the air injected by the air
injecting device 61 strikes obliquely on the plate-shaped
receiving member 62, a laminar air current can be easily
formed near the surface of the receiving member 62.
Therefore, because it is possible to push the spun yarn
10 with the air current so as to elongate and expand, the
slack of the spun yarn 10 can be more appropriately re-
moved without causing defects such as warping in the
spun yarn 10. Because the receiving member 62 has a
simple shape, it is possible to reduce the manufacturing
cost.

[0092] The joining device 20 and the spinning machine
100 according to the present embodiment further in-
cludes the guiding plates 92 that guide the spun yarn 10
toward the yarn joining path. The air injecting device 61
is fixed to the guiding plates 92.

[0093] Accordingly, the air current generated by the air
injecting device 61 can be reliably applied to the spun
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yarn 10 positioned in the yarn joining path (more specif-
ically, the spun yarn 10 positioned in the second slit 16
formed in the upstream guiding plate 92). Because it is
not necessary to specifically prepare a place for fixing
the air injecting device 61, the yarn joining device 20 (the
spinning machine 100) can be configured in a rational
and compact manner.

[0094] In the spinning machine 100 according to the
present embodiment, the yarn pooling device 7 includes
the yarn pooling roller 71 and the yarn hooking member
72. The yarn pooling roller 71 temporarily pools the spun
yarn 10 by winding around the outer circumferential sur-
face thereof. The spun yarn 10 drawn from the yarn pool-
ing roller 71 is hooked on the yarn hooking member 72.
[0095] Because the slack of the spun yarn 10 that oc-
curs during the yarn joining can be removed by the air
injecting device 61, interruption of the winding that may
happen by release of the spun yarn 10 from the yarn
hooking member 72 due to the presence of the slack of
the spun yarn 10 can be prevented. Accordingly, the
winding of the joined spun yarn 10 can be resumed further
smoothly.

[0096] In the spinning machine 100 according to the
present embodiment, the air injecting device 61 starts
the injection of the air after the start of the yarn joining
operation by the yarn joining section 25 but before the
completion of the yarn joining operation.

[0097] With this configuration, because the air current
can be applied on the spun yarn 10 from a point in time
before the completion of the yarn joining operation, the
slack of the spun yarn 10 can be reliably removed before
the slack of the spun yarn 10 generated during the yarn
joining propagates to the upstream yarn pooling device 7.
[0098] In the spinning machine 100 according to the
present embodiment, the yarn joining section 25 further
includes the clamping members 96 capable of switching
between a state in which the spun yarn 10 is held and a
state in which the spun yarn 10 is released. The air in-
jecting device 61 starts the injection of the air before the
clamping members 96 release the hold on the spun yarn
10.

[0099] With this configuration, the slack of the spun
yarn 10 can be further reliably removed before the slack
of the spun yarn 10 generated during the yarn joining
propagates to the upstream yarn pooling device 7.
[0100] Inthe yarn joining device 20 (spinning machine
100) according to the presentembodiment, the yarn ends
of the spun yarn 10 are joined with a yarn joining method
explained below. This yarn joining method includes a
yarn holding step, a yarn joining step, and a yarn slack
removing step. At the yarn holding step, the spun yarn
10 is held in a bent state. At the yarn joining step, the
yarn ends of the spun yarn 10 are joined by the yarn
joining section 25. Atthe yarn slack removing step, which
is performed after the yarn holding step, the slack of the
spun yarn 10 that was generated by the bending of the
spun yarn 10 in the yarn holding step is removed on the
upstream side of the yarn joining section 25.
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[0101] With this process, after performing the yarn join-
ing in the yarn joining section 25, the slack of the spun
yarn 10, which occurred when the spun yarn 10 that was
held in the bent state is released, is removed at the yarn
slack removing step. Accordingly, an influence of the
slack of the spun yarn 10 on devices upstream or down-
stream of the yarn joining section 25 can be avoided.
Accordingly, the winding and the like of the spun yarn 10
can be performed smoothly after performing the yarn join-
ing.

[0102] A yarn joining device 20 according to a second
embodiment of the present invention is explained below
with reference to FIG. 11. In the explanation of the
present embodiment, elements that are identical or sim-
ilar to those of the above-explained embodiment are in-
dicated by the same reference symbols in the drawings
and redundant explanation thereof is omitted.

[0103] In the yarn joining device 20 according to the
present embodiment, in place of the air injecting device
61 and the receiving member 62, a yarn shifting device
61x is used as a yarn slack removing section to remove
the slack of the spun yarn 10.

[0104] The yarnshifting device 61xincludes an electric
motor 610, a shaft member 611, and a rod-shaped mem-
ber 612. The electric motor 610 rotationally drives the
shaft member 611. The rod-shaped member 612 is an
elongated cylindrical member with one end fixed to the
shaft member 611. A spring 613, which is a thin and elon-
gated coil, is arranged near the portion where the rod-
shaped member 612 is connected to the shaft member
611. The spring 613, has a linear shape when not de-
formed, but deforms by bending when a certain force is
applied to the rod-shaped member 612.

[0105] When inserting the first yarn and the second
yarn in the second slit 16 and the first slit 15 respectively
in order to perform the yarn joining work by the yarn join-
ing device 20, the electric motor 610 causes the rod-
shaped member 612 to retract to a not-shown position.
When the yarn joining section 25 completes the yarn join-
ing operation, the electric motor 610 causes the rod-
shaped member 612 to move from a position represented
with a solid line to a position represented with a chain
line at a timing that is immediately before the clamping
members 96 release the clamp on the spun yarn 10. Be-
cause of this, the slack of the spun yarn 10 can be re-
moved on the upstream side of the yarn joining section
25 by pushing the spun yarn 10 with the rod-shaped
member 612 to the back side from the yarn joining path.
[0106] Inthe presentembodiment, although the stroke
with which the rod-shaped member 612 is rotated by the
electric motor 610 in order to shift the spun yarn 10 by
being in contact with the spun yarn 10 is constant, the
amount of the slack of the spun yarn 10 may vary as
explained above. However, when the force that acts on
the rod-shaped member 612 as a counterforce due to
pushing of the spun yarn 10 by the rod-shaped member
612 becomes large, the spring 613 that is in the linear
state appropriately deforms, whereby the rod-shaped
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member 612 is practically pushed back. Accordingly, be-
cause it is possible to press the spun yarn 10 by the rod-
shaped member 612 with an appropriate force regardless
of the size of the slack of the spun yarn 10, it is possible
to avoid yarn breakage and the like.

[0107] After the winding of the spun yarn 10 by the
winding device 8 is resumed, the electric motor 610 ro-
tates in a reverse direction at a suitable timing whereby
the rod-shaped member 612 releases the pushing state
of the spun yarn 10. Accompanying the start of winding
of the spun yarn 10 by the winding device 8, the slack of
the spun yarn 10 in the portion that was pushed by the
rod-shaped member 612 disappears, and the spun yarn
10 may push back the rod-shaped member 612. Howev-
er, in the present embodiment, because the spring 613
deforms in response to the pushing back of the rod-
shaped member 612 by the spun yarn 10, no yarn break-
age occurs in the part of the rod-shaped member 612.
[0108] In the present embodiment, the amount by
which the rod-shaped member 612 shifts the spun yarn
10 is automatically adjusted by the spring 613 depending
on the tension applied on the spun yarn 10. Therefore,
when compared with the configuration of the Patent Doc-
ument 2, the configuration of the present embodiment
enables reduction in the resistance against the running
of the spun yarn 10 at the time of resumption of the wind-
ing of the spun yarn 10 by the winding device 8.

[0109] As explained above, in the yarn joining device
20 according to the presentembodiment, the yarn shifting
device 61x contacts the spun yarn 10 and shifts the spun
yarn 10 from the yarn joining path.

[0110] Accordingly, a simple configuration for remov-
ingthe slack ofthe spunyarn 10 can be realized. Because
the configuration involves removing the slack by making
the rod-shaped member 612 contact with the spun yarn
10, the slack of the spun yarn 10 can be surely removed
and the movement of the spun yarn 10 becomes stable.
[0111] Exemplary embodiments of the present inven-
tion are explained above. The structure explained above
however can be modified as follows.

[0112] The configuration is not limited to the one in
which the air injecting device 61 or the yarn shifting device
61x is arranged in the yarn joining device 20, and the air
injecting device 61 or the yarn shifting device 61x can be
arranged in the spinning unit 1 as far as it is arranged
upstream of the yarn joining section 25 but downstream
of the yarn-route guiding member 74. For example, the
air injecting device 61 can be attached to a casing of a
not-shown waxing device arranged downstream of the
yarn-route guiding member 74 of the spinning unit 1.
[0113] The configuration is not limited to the one in
which the yarn joining device 20 is arranged in the yarn
joining carrier 2, and one yarn joining device can be ar-
ranged in each of the spinning units 1.

[0114] The spinning machine 100 can include, instead
of the spinning unit 1 having a configuration shown in the
FIG. 2, a spinning unit that winds, with respect to a height
direction, on an upper side the spun yarn spun on a lower
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side.

[0115] The positional relationship between the air in-
jecting device 61 and the receiving member 62 is not
limited to the one shown in FIG. 5 and the like. For ex-
ample, the airinjecting device 61 and the receiving mem-
ber 62 can be arranged such that the air injected by the
air injecting device 61 directly strikes the receiving mem-
ber 62. Alternatively, the air can be injected parallel to
the receiving member 62. The positional relationship be-
tween the air injecting device 61 and the receiving mem-
ber 62 with respect to the yarn joining path can be inter-
changed. Moreover, the receiving member 62 can be
omitted.

[0116] It is not necessary that the receiving member
62 is a plate-shaped member, and the receiving member
62 can be, for example, a block-shaped member. The
end on the front side of the receiving member 62 can be
formed straight instead of bending it.

[0117] The configuration of the yarn shifting device 61x
can be changed so that the spring is arranged inside the
shaft member 611. The spring 613 can be omitted, and
instead, elasticity can be imparted to the entire rod-
shaped member 612. The configuration in which the rod-
shaped member 612 (the shaft member 611) is driven
with the electric motor 610 can be replaced with a con-
figuration in which the rod-shaped member 612 (the shaft
member 611) is driven with the cam that is used to drive
the yarn shifting lever 93 and the like.

[0118] As the yarn slack removing section, a yarn trap
that removes the slack of the spun yarn 10 by sucking
the spun yarn 10 can be arranged instead of the air in-
jecting device 61 and the yarn shifting device 61x.
[0119] The yarnjoining device 20 (the yarn joining sec-
tion 25) can be of any type as long as it performs the yarn
joining in a state in which the spun yarn 10 is held in a
bent state. For example, the splicer-type yarn joining de-
vice (the yarn joining section) can be replaced with a
mechanical knotter.

[0120] According to one aspect of the present inven-
tion, a yarn joining device includes a yarn joining section
and a yarn slack removing section. The yarn joining sec-
tion performs yarn joining in a state in which a yarn is
held in a bent state. The yarn slack removing section
removes slack of the yarn positioned on a yarn joining
path that passes through the yarn joining section by ap-
plying a force on the yarn upstream of the yarn joining
section.

[0121] Accordingly, after performing the yarn joining,
because the slack of the yarn, which occurs when the
yarn that was held in the bent state is released, can be
removed by the yarn slack removing section, aninfluence
of the slack of the yarn on devices upstream or down-
stream of the yarn joining device can be avoided. Ac-
cordingly, after performing the yarn joining, winding of
the yarn can be resumed smoothly in such a winding
machine that includes the yarn joining device.

[0122] Inthe above yarn joining device, it is preferable
that the yarn slack removing section includes an air in-
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jecting device that injects air on the yarn.

[0123] Accordingly, the slack of the yarn can be re-
moved by pushing the yarn with the injected air. Further-
more, because the slack of the yarn is removed by ap-
plying the force of air current on the yarn, even if the
amount of the slack of the yarn varies depending on the
circumstances, the slack of the yarn can be flexibly re-
moved without causing yarn breakage or the like.
[0124] It is preferable that the yarn joining device fur-
ther includes a receiving member that receives the air
injected by the air injecting device. Moreover, it is pref-
erable that the air injecting device is arranged on one
side and the receiving member is arranged on other side
of the yarn joining path.

[0125] Accordingly, a configuration in which the air in-
jecting device and the receiving member do not interfere
with the yarn can be realized. The slack of the yarn can
be suitably removed by the action of air current, formed
as a result of receiving the air at the receiving member,
on the yarn.

[0126] In the yarn joining device, it is preferable that
the receiving member is a plate-shaped member, and
that the air injecting device injects the air on the yarn from
an air injection hole that is arranged obliquely to the re-
ceiving member.

[0127] Accordingly, because the air injected by the air
injecting device strikes obliquely on the plate-shaped re-
ceiving member, a laminar air current can be easily
formed near the surface of the receiving member. There-
fore, because it is possible to push the yarn with the air
current so as to elongate and expand, the slack of the
yarn can be more appropriately removed without causing
defects such as warping in the yarn. Because the receiv-
ing member has a simple configuration, it is possible to
reduce the manufacturing cost.

[0128] It is preferable that the yarn joining device fur-
ther includes a yarn guiding member that guides the yarn
to the yarn joining path, and that the air injecting device
is fixed to the yarn guiding member.

[0129] Accordingly, the air current generated by the air
injecting device can be reliably applied to the yarn posi-
tioned in the yarn joining path. Moreover, because it is
not necessary to specifically prepare a place for fixing
the air injecting device, the yarn joining device can be
configured in a rational and compact manner.

[0130] Inthe yarn joining device, the yarn slack remov-
ing section can include a yarn shifting device that comes
in contact with the yarn and shifts the yarn from the yarn
joining path.

[0131] Accordingly, the configuration of the yarn slack
removing section can be simplified. Moreover, because
the configuration involves removing the slack by making
the yarn slack removing section contact with the yarn,
the slack of the yarn can be surely removed and the
movement of the yarn becomes stable.

[0132] According to another aspect of the present in-
vention, a yarn winding machine includes a spinning de-
vice, a yarn pooling device, a winding device, a yarn join-
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ing section, a yarn-route guiding member, and a yarn
slack removing section. The spinning device formsayarn
by spinning. The yarn pooling device pools the yarn
formed by the spinning device. The winding device winds
the yarn from the yarn pooling device and forms a pack-
age. The yarn joining section performs yarn joining at a
position between the spinning device and the winding
device in a state in which the yarn is held in a bent state.
The yarn-route guiding member guides the yarn on a
downstream side of the yarn pooling device in a yarn
route of the yarn. The yarn slack removing section re-
moves slack of the yarn positioned on a yarn joining path
that passes through the yarn joining section by applying
a force on the yarn upstream of the yarn joining section
but downstream of the yarn-route guiding member.
[0133] Accordingly, after performing the yarn joining,
because the slack of the yarn, which occurs when the
yarn that was held in the bent state is released, can be
removed by the yarn slack removing section, aninfluence
ofthe slack of the yarn on devices (including the upstream
yarn pooling device) upstream or downstream of the yarn
joining section can be avoided. Accordingly, after per-
forming the yarn joining, winding of the yarn can be
smoothly resumed.

[0134] Intheyarn winding machine, itis preferable that
the yarn pooling device includes a yarn pooling roller and
a yarn hooking member. It is preferable that the yarn
pooling roller pools the yarn by being wound around an
outer circumferential surface thereof. Itis preferable that
the yarn hooking member hooks the yarn that is pulled
from the yarn pooling roller.

[0135] Because the slack ofthe yarn thatoccurs during
the yarn joining can be removed by the yarn slack re-
moving section, interruption of the winding that may hap-
pen by release of the yarn from the yarn hooking member
due to the presence of the slack of the yarn can be pre-
vented. Accordingly, the winding of the joined yarn can
be resumed further smoothly.

[0136] Intheyarn winding machine, itis preferable that
the yarn slack removing section includes an air injecting
device that injects air on the yarn.

[0137] With this configuration, the slack of the yarn can
be removed by pushing the yarn with the injected air.
Furthermore, because the slack of the yarn is removed
by applying the force of the air current on the yarn, even
if the amount of the slack of the yarn varies depending
on the circumstances, the slack of the yarn can be flexibly
removed.

[0138] It is preferable that the yarn winding machine
further includes a receiving member that receives the air
injected by the air injecting device. Moreover, it is pref-
erable that the air injecting device is arranged on one
side and the receiving member is arranged on other side
of the yarn joining path.

[0139] Accordingly, a configuration in which the air in-
jecting device and the receiving member do not interfere
with the yarn can be realized. The slack of the yarn can
be suitably removed by the action of air current, formed
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as a result of receiving the air at the receiving member,
on the yarn.

[0140] It is preferable that the yarn winding machine
further includes a yarn guiding member that guides the
yarn to the yarn joining section. Moreover, itis preferable
that the air injecting device is fixed to the yarn guiding
member.

[0141] Accordingly, the air current generated by the air
injecting device can be reliably applied to the yarn posi-
tioned in the yarn joining path. Moreover, because it is
not necessary to specifically prepare a place for fixing
the air injecting device, the yarn winding machine (sur-
rounding the yarn joining section) can be configured in a
rational and compact manner.

[0142] Inthe yarn winding machine, itis preferable that
the air injecting device injects the air after the yarn joining
section has started a yarn joining operation but before
the yarn joining operation is completed.

[0143] Accordingly, because the air current can be ap-
plied on the yarn from a point in time before the comple-
tion of the yarn joining operation, the slack of the yarn
can be reliably removed before the slack of the yarn gen-
erated during the yarn joining operation propagates to
the upstream yarn pooling device.

[0144] Inthe yarn winding machine, itis preferable that
the yarn joining section includes a clamping member ca-
pable of switching between a state where the clamping
member holds the yarn and a state where the clamping
member releases the hold on the yarn. Moreover, the air
injecting device starts injection of the air before the
clamping member releases the hold on the yarn.
[0145] Accordingly, because the air current can be ap-
plied on the yarn from a point in time before the clamping
member releases the hold on the yarn, the slack of the
yarn can be further reliably removed before the slack of
the yarn generated during the yarn joining operation
propagates to the upstream yarn pooling device.
[0146] According to still another aspect of the present
invention, a yarn joining method includes holding, joining,
and removing. The holding includes holding a yarn in a
bent state. The joining includes joining yarn ends of the
yarn by using a yarn joining section. The removing in-
cludes removing, after completion of the holding, slack
of the yarn that was generated by bending of the yarn in
the holding on upstream side of the yarn joining section.
[0147] Accordingly, after performing the yarn joining in
the yarn joining section, because the slack of the yarn,
which occurs when the yarn that was held in the bent
state is released, can be removed at the removing, an
influence of the slack of the yarn on devices upstream or
downstream of the yarn joining section can be avoided.
Accordingly, after performing the yarn joining, winding of
the yarn can be started smoothly.

[0148] In the above explanation, the meaning of "plu-
ral" also includes "a predetermined number of".

[0149] Although the invention has been explained with
respect to specific embodiments for a complete and clear
disclosure, the appended claims are not to be thus limited
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but are to be construed as embodying all modifications
and alternative constructions that may occur to one
skilled in the art that fairly fall within the basic teaching
herein set forth.

Claims
1. A yarn joining device comprising:

ayarn joining section (25) configured to perform
yarn joining in a state in which a yarn (10) is held
in a bent state; and

a yarn slack removing section (61;61x) config-
ured to remove slack of the yarn (10) positioned
on a yarn joining path that passes through the
yarn joining section (25) by applying a force on
the yarn (10) upstream of the yarn joining section
(25).

2. Theyarnjoining device as claimedin Claim 1, where-
in the yarn slack removing section (61) includes an
air injecting device (61) configured to inject air on
the yarn (10).

3. Theyarnjoining device as claimed in Claim 2, further
comprising a receiving member (62) configured to
receive the air injected by the air injecting device
(61), and
the air injecting device (61) is arranged on one side
and the receiving member (62) is arranged on other
side of the yarn joining path.

4. Theyarnjoining device as claimedin Claim 3, where-
in
the receiving member (62) is a plate-shaped mem-
ber, and
the air injecting device (61) is configured to inject the
air on the yarn (10) from an air injection hole (63)
that is arranged obliquely to the receiving member
(62).

5. The yarn joining device as claimed in any one of
Claims 2to 4, further comprising a yarn guiding mem-
ber (92) that guides the yarn (10) to the yarn joining
path, and
the airinjecting device (61) is fixed to the yarn guiding
member (92).

6. The yarn joining device as claimed in any one of
Claims 2 to 5, wherein the air injecting device (61)
is configured to inject the air after the yarn joining
section (25) has started a yarn joining operation but
before the yarn joining operation is completed.

7. The yarn joining device as claimed in any one of
Claims 2 to 6, wherein the yarn joining section (25)
includes a clamping member (96) configured to
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switch between a state where the clamping member
(96) holds the yarn (10) and a state where the clamp-
ing member (96) releases the hold on the yarn (10),
and

the air injecting device (61) is configured to start in-
jection of the air before the clamping member (96)
releases the hold on the yarn (10).

Theyarn joining device as claimed in Claim 1, where-
in the yarn slack removing section (61x) includes a
yarn shifting device (61x) configured to come in con-
tact with the yarn (10) and shifts the yarn (10) from
the yarn joining path.

A yarn winding machine comprising:

a spinning device (6) configured to form a yarn
(10) by spinning;

a yarn pooling device (7) configured to pool the
yarn (10) formed by the spinning device (6);
awinding device (8) configured to wind the yarn
(10) from the yarn pooling device (7) and forms
a package (82);

a yarn joining device as claimed in any one of
Claims 1 to 7; wherein the yarn joining section
(25) is configured to perform yarn joining at a
position between the spinning device (6) and the
winding device (8); and

a yarn-route guiding member (74) configured to
guide the yarn (10) on a downstream side of the
yarn pooling device (7) in a yarn route of the
yarn (10);

wherein the yarn slack removing section
(61;61x) is configured to apply the force on the
yarn (10) upstream of the yarn joining section
(25) but downstream of the yarn-route guiding
member (74).

10. The yarn winding machine as claimed in Claim 9,

1.

wherein the yarn pooling device (7) includes

ayarn pooling roller (71) configured to pool the yarn
(10) by being wound around an outer circumferential
surface thereof; and

a yarn hooking member (72) configured to hook the
yarn (10) that is pulled from the yarn pooling roller
(71).

A yarn joining method of joining yarn ends compris-
ing:

holding a yarn (10) in a bent state;

joining the yarn ends by using a yarn joining sec-
tion (25); and

removing, after, completion of the holding, slack
of the yarn (10) that was generated by bending
of the yarn (10) in the holding on upstream side
of the yarn joining section (25).
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