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(54) WINDING APPARATUS

(57)  Winding apparatus forming a package capable
of lateral unwinding without unfavorable unwinding oc-
curring. A winding apparatus 1 winds a yarn Y traversed
in a shaft direction of a bobbin Bw onto the bobbin Bw to
form a yarn supply package Ps. The winding apparatus 1
includes: a rotating unit 10 configured to rotate the bobbin
Bw; a traversing fulcrum guide 23; and a traverse device
24 configured to reciprocate a traverse guide 241 along
the shaft direction and to traverse the yarn Y with the
traversing fulcrum guide 23 as a fulcrum. During a mid-
way process from a start of the winding of the yarn Y onto
the bobbin Bw to an end of the winding, the traversing
fulcrum guide 23 is disposed on a first direction side from
a winding center, and the traverse guide 241 is recipro-
cated so that a speed to a second direction side is slower
than a speed to the first direction side.
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Description

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

[0001] The present invention relates to a winding ap-
paratus and a winding method for winding a yarn, whichis
traversed in a shaft direction of a bobbin, onto the bobbin,
to form a package.

DESCRIPTION OF THE BACKGROUND ART

[0002] Winding apparatuses have been known config-
ured to wind fibers onto bobbins to form packages. For
example, Patent Document 1 discloses a winding ma-
chine configured to form a package with excellent un-
winding properties.

(Prior Art Documents)
(Patent Documents)

[0003] Patent Document 1: Japanese Patent Applica-
tion Publication No. 2004-142944

(Problems to be Solved)

[0004] Incidentally, when unwinding the yarn from the
package, the yarn may be unwound in a shaft direction of
the bobbin (hereinafter referred to as lateral unwinding).
In this case, it can be unwound without any problem when
the package wound by the winding machine described in
Patent Document 1 is used. However, when the yarn is
laterally unwound from a symmetrical package, thereis a
risk of occurring of unfavorable unwinding due to a wind-
ing state of the package becoming irregular, during an
unwinding process.

SUMMARY OF THE INVENTION

[0005] The presentinvention has been made in view of
the above-described technical problems, and an object
thereof is to provide a winding apparatus and a winding
method for forming a package capable of suppressing an
occurrence of unfavorable unwinding during an unwind-
ing process of lateral unwinding.

(Means for Solving Problems)

[0006] A first aspect of the present invention is a wind-
ing apparatus configured to wind a yarn traversed in a
shaft direction of a cylindrical bobbin onto the bobbin to
form a package, the winding apparatus comprising:

a rotating unit configured to rotate the bobbin cen-
tering around a shaft of the bobbin;
a traversing fulcrum guide; and
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a traverse device configured to reciprocate the yarn
fed out from the traversing fulcrum guide and guided
to the bobbin between one direction side and the
other direction side of a traverse direction along the
shaft direction and to traverse the yarn with the
traversing fulcrum guide as a fulcrum, wherein

the traverse device reciprocates the yarn so that a
speed to the other direction side is slower than a
speed to the one direction side during a midway
process or an entire process from a start of the
winding of the yarn onto the bobbin to an end of
the winding thereof, and

when the yarn reciprocated by the traverse device so
that the speed to the other direction side is slower
than the speed to the one direction side, the traver-
sing fulcrum guide is disposed on the one direction
side along the shaft direction from a center in the
winding range of the bobbin.

[0007] According to the winding apparatus described
in the above-described first aspect, since the traverse
guide reciprocates so that the speed to the other direction
side is slower than the speed to the one direction side, a
traverse angle when traversing to the other direction side
is smaller than a traverse angle when traversing to one
direction side. Accordingly, when the yarn is laterally
unwound from the other direction side of the traverse
direction of the formed package, friction between the yarn
to be unwound and the yarn wound on the bobbin is
reduced, thereby suppressing an occurrence of unfavor-
able unwinding, such as the yarn being caught.

[0008] Incidentally, when the traverse guide recipro-
cates so that the speed thereof to the other direction side
is slower than the speed to the one direction side, a
winding tension of the yarn is different between the case
of traversing to the one direction side and the case of
traversing to the other direction side. When the winding
tension of the yarn is different between the case of
traversing to the one direction side and the case of
traversing to the other direction side, there is a risk that
the package is degraded and unfavorable unwinding
occurs during the unwinding process of the lateral un-
winding. Therefore, when the traverse guide is recipro-
cating so that the speed thereof to the other direction side
is slower than the speed to the one direction side, a
position of the traversing fulcrum guide is offset from a
center of the winding range of the bobbin along the shaft
direction to the one direction side of the traverse direc-
tion, thereby making it possible to make winding lengths
ofthe yarn the same between the case of traversing to the
one direction side and the case of traversing to the other
direction side of the traverse direction. In other words, the
winding tension of the yarn when traversing to the one
direction side of the traverse direction is the same as the
winding tension of the yarn when traversing to the other
direction side of the traverse direction. Accordingly, it is
possible to form a package capable of suppressing an
occurrence of unfavorable unwinding during the unwind-
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ing process of the lateral unwinding.

[0009] A second aspect of the present invention is the
winding apparatus in the above-described first aspect,
wherein it is preferable that

the traverse device reciprocates the yarn so as to be
parallel to the shaft direction of the bobbin when recipro-
cating the yarn.

[0010] According to the winding apparatus described
in the above-described second aspect, the package onto
which the yarn is wound by being reciprocated so as to be
parallel to the shaft direction of the bobbin becomes a
rectangular-shaped package, but it is possible to solve
the specific problem of unfavorable unwinding occurring
in such a rectangular-shaped package.

[0011] A third aspect of the present invention is the
winding apparatus in the above-described first or second
aspect, wherein it is preferable that

the traversing fulcrum guide is disposed at the center
in the winding range of the bobbin along the shaft
direction, and

when the yarn is reciprocated by the traverse device
so that the speed to the other direction side is slower
than the speed to the one direction side, the traver-
sing fulcrum guide is disposed on the one direction
side along the shaft direction from the center in the
winding range of the bobbin.

[0012] According to the winding apparatus described
in the above-described third aspect, it is possible to
suppress the occurrence of unfavorable unwinding while
maintaining an aesthetic appearance of the wound pack-
age.

[0013] A fourth aspect of the present invention is the
winding apparatus in the above-described first or second
aspect, wherein it is preferable that

the traverse device includes a traverse guide con-
figured to engage with the yarn fed out from the
traversing fulcrum guide and guided to the bobbin,
and to be capable of reciprocating between the one
direction side and the other direction side of the
traverse direction, and

the winding apparatus further comprises a ratio
changing unit configured to reciprocate the traverse
guide and to be capable of changing of a ratio of
moving speeds of the traverse guide between the
one direction side and the other direction side of the
traverse direction.

[0014] According to the winding apparatus described
in the above-described fourth aspect, when an outermost
diameter of the package changes as the winding of the
yarn proceeds, it is possible to change the ratio of the
moving speeds of the traverse guide between the one
direction side and the other direction side of the traverse
direction in accordance with the outermost diameter of
the package.
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[0015] A fifth aspect of the present invention is the
winding apparatus in the above-described fourth aspect,
preferably further comprising

an obtaining unit configured to obtain information
regarding a winding diameter of the package in a
process of formation, wherein

the ratio changing unit is capable of changing the
ratio of the moving speeds of the traverse guide in
accordance with the information obtained by the
obtaining unit.

[0016] According to the winding apparatus described
in the above-described fifth aspect, even when the out-
ermost diameter of the package changes as the winding
of the yarn proceeds, it is possible to move the traverse
guide at the optimal ratio between the speed to one
direction side and the speed to the other direction side.
Consequently, it is possible to form the package capable
of the lateral unwinding without unfavorable unwinding
occurring.

[0017] A sixth aspect of the present invention is the
winding apparatus in any one of the above-described first
to fifth aspects, preferably further comprising

a position changing unit configured to change a position
of the traversing fulcrum guide in the shaft direction.
[0018] According to the winding apparatus described
in the above-described sixth aspect, even when settings
of the winding speed, a winding width of the package, the
moving speed of the traverse guide or the like are differ-
ent, or even when the winding speed, the winding width of
the package, the moving speed of the traverse guide or
the like changes during the winding, it is possible to
dispose the traversing fulcrum guide at the optimal posi-
tion. Therefore, it is possible to make winding lengths of
the yarn (i.e., winding tensions of the yarn) the same
when traversing respectively to the one direction side of
the traverse direction and the other direction side of the
traverse direction, and therefore it is possible to form the
package capable of the lateral unwinding without unfa-
vorable unwinding occurring.

[0019] A seventh aspect of the present invention is the
winding apparatus in the above-described fourth or fifth
aspect, preferably further comprising

a position changing unit configured to change a
position of the traversing fulcrum guide in the shaft
direction, wherein

the position changing unit changes the position of the
traversing fulcrum guide in the shaft direction on the
basis of the ratio of the moving speeds of the traverse
guide.

[0020] According to the winding apparatus described
in the above-described seventh aspect, since the posi-
tion of the traversing fulcrum guide is changed even when
the ratio between the speed to the one direction side and
the speed to the other direction side is changed, it is
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possible to make the winding lengths of the yarn the same
when traversing respectively to the one direction side and
the other direction side of the traverse direction.

[0021] An eighth aspect of the present invention is the
winding apparatus in any one of the above-described first
to seventh aspects, wherein it is preferable that

the midway process from the start of the winding of the
yarn onto the bobbin to the end of the winding thereof is a
period from the start of winding of the yarn onto the bobbin
to a time point when a winding diameter of the package
reaches a predetermined winding diameter.

[0022] According to the winding apparatus described
in the above-described eighth aspect, when a curvature
of the package is small, the position of the traversing
fulcrum guide is made to offset, and when the curvature of
the package becomes large, the position of the traversing
fulcrum guide is at the center. When the yarn is wound
onto the package having alarge curvature in a state of the
traversing fulcrum guide being offset, a traverse angle at
a bobbin end portion on the one direction side of the
traverse direction becomes large. When the yarn is un-
wound from this package from the other direction side of
the traverse direction, friction of the yarn occurs. Accord-
ingly, by changing the position of the traversing fulcrum
guide in accordance with the curvature of the package, it
is possible to suppress friction of the yarn and to form a
high-quality package.

[0023] The winding apparatus according to the present
invention may be formed of merely the configuration
described as the winding apparatus described in the
above-described first aspect, or may be formed of freely
combining the configuration described in the above-de-
scribed first aspect with the configuration(s) described in
any of the above-described second to eighth aspects, to
the extent that consistency can be achieved. When
combining the configuration described in the above-de-
scribed first aspect with the configuration(s) described in
any of the above-described second to eighth aspects, all
or part of the configuration described in the above-de-
scribed first aspect can be combined with all or part of the
configuration(s) described in the above-described sec-
ond to eighth aspects, to the extent that consistency can
be achieved.

(Advantageous Effects of the Invention)

[0024] According to the presentinvention, itis possible
to provide a winding apparatus and a winding method for
forming a package capable of suppressing an occur-
rence of unfavorable unwinding during an unwinding
process of lateral unwinding.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025]

FIG. 1is a view illustrating a schematic configuration
of a false-twist texturing machine according to an
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embodiment.

FIG. 2is a view illustrating a schematic configuration
of a winding apparatus according to an embodiment.
FIG. 3 is a view illustrating an unwind direction of a
yarn supply package.

FIG. 4 is a view for describing parameters of simula-
tions performed to verify a winding length.

FIG. 5 is a view for describing the parameters of the
simulations performed to verify the winding length.
FIG. 6 is a view illustrating a result of a simulation
performed to verify the winding length.

FIG. 7 is a view illustrating a result of a simulation
performed to verify the winding length.

FIG. 8 is a view illustrating a result of a simulation
performed to verify the winding length.

FIG. 9 is a view illustrating a result of a simulation
performed to verify the winding length.

FIG. 10 is a view illustrating a result of a simulation
performed to verify the winding length.

FIG. 11 is a view illustrating a result of a simulation
performed to verify the winding length.

FIG. 12 is a flow chart regarding an operation of the
winding apparatus.

DESCRIPTIONS OF EMBODIMENTS OF THE IN-
VENTION

[0026] Hereinafter, embodiments for carrying out the
present invention will be described with reference to the
drawings. A winding apparatus according to the present
embodiment is an apparatus for forming a package used
for a false-twist texturing machine.

(Configuration of False-Twist Texturing Machine)

[0027] FIG. 1is a view illustrating a schematic config-
uration of a false-twist texturing machine 100 according
to the present embodiment. The false-twist texturing
machine 100 is configured to be capable of false twisting
of yarns Y made of, for example, synthetic fibers such as
nylon (polyamide fibers). The false-twist texturing ma-
chine 100 includes a yarn supplying unit 101, a false-twist
texturing unit 102, and a winding unit 103.

[0028] The yarn supplying unit 101 includes a creel
stand 101A holding a plurality of yarn supply packages
Ps. As described below, the yarn supply package Ps is
formed with a cylindrical bobbin around which the yarn' Y
is wound. The yarn supplying unit 101 unwinds theyarnY
from each of the plurality of yarn supply packages Ps. The
yarn supplying unit 101 supplies the unwound yarns Y to
the false-twist texturing unit 102.

[0029] The false-twist texturing unit 102 false-twists
the yarns Y supplied from the yarn supplying unit 101.
Specifically, the false-twist texturing unit 102 draws the
yarns Y supplied from the yarn supplying unit 101 with a
plurality of rollers to twistthe yarns Y. The yarns Y are then
cooled after being heated. Then, the false-twist texturing
unit 102 thermally sets the yarns Y while being relaxed



7 EP 4 582 364 A1 8

with the plurality of rollers to be supplied to the winding
unit 103.

[0030] The winding unit 103 winds a yarn Ys false-
twisted by the false-twist texturing unit 102 onto a bobbin
by a winding machine 103A to form a wound package Pw.
Itis to be noted that, in this specification, the yarn that has
already been false-twisted is referred to as the yarn Ys,
and the yarn that has not yet been false-twisted is re-
ferred to as the yarn .

[0031] In the present embodiment, the yarn supplying
unit 101 in the false-twist texturing machine 100 unwinds
the yarn Y in a shaft direction of the bobbin when un-
winding the yarn Y from the yarn supply package Ps.
Hereinafter, the unwinding of the yarn Y in the shaft
direction of the bobbin is referred to as lateral unwinding.
During the laterally unwinding, a winding state of the yarn
on the yarn supply package Ps may become irregular,
and/or twisting may occur, making efficient unwinding
impossible. The winding apparatus of the present embo-
diment is an apparatus for forming the optimal yarn
supply package Ps for being laterally unwound by the
yarn supplying unit 101 provided in the false-twist textur-
ing machine 100, which is an apparatus used in a pre-
process of the false-twist texturing machine 100.

(Configuration of Winding Apparatus)

[0032] FIG. 2is a view illustrating a schematic config-
uration of a winding apparatus 1 according to the present
embodiment. The winding apparatus 1 is an apparatus
for winding a traversed yarn Y onto a bobbin Bw to form a
yarn supply package Ps. The bobbin Bw in the present
embodiment is cylindrical, and at least a region on a
perimeter surface of the bobbin Bw where the yarn Y is
wound is cheese-shaped (more specifically, rectangular-
shaped) in a planar view viewed from a direction ortho-
gonal to a shaft direction.

[0033] Inthefollowing description, in the shaft direction
of the bobbin Bw held by the winding apparatus 1, a
direction from left to right on the drawing sheet of FIG.
2isreferred to as afirst direction, and a direction opposite
thereto is referred to as a second direction. Moreover, the
yarn supply package Ps formed by the winding apparatus
1 is unwound from an end portion side in the second
direction when being laterally unwound by the false-twist
texturing machine 100. The first direction corresponds to
"one direction side" of the present invention. The second
direction corresponds to "the other direction side" of the
present invention.

[0034] The winding apparatus 1 includes a rotating unit
10 configured to rotate the bobbin Bw centering around
the shaft direction, and a yarn threading apparatus 20
configured towind the yarn Y, which is traversed along the
shaft direction of the bobbin Bw, onto the bobbin Bw.
[0035] The rotating unit 10 includes a pair of cradle
arms 11, and a contact roller 12. The pair of cradle arms
11 hold both of the end portions of the bobbin Bw in the
shaft direction with bobbin holders 11A and make it
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possible to rotate the bobbin Bw via bobbin holders
11A. Although not illustrated, a hook 11B for threading
the yarn Y onto the bobbin Bw is provided on the bobbin
holder 11A holding an end portion of the bobbin Bw on the
first direction side.

[0036] As illustrated in FIG. 3, a slit S is formed along
the perimeter surface at the end portion of the bobbin Bw
on the first direction side. FIG. 3 is a view illustrating an
unwind direction of the yarn supply package Ps. The slit S
is configured so that an operator can hook the yarn Y
therethrough, for example, when threading a new bobbin
Bw or when accumulating the yarn Y after it has been
wound several times around the bobbin Bw. Moreover,
the operator connects a rear end of the yarn Y accumu-
lated in the slit S to a front end of the yarn Y wound around
the next bobbin Bw. When the yarn Y wound around the
bobbin Bw is unwound, the yarn Y is unwound from an
end portion on a side where the slit S is not formed.
[0037] At the beginning of winding the yarn Y, the
contact roller 12 rotates in a certain direction in contact
with the perimeter surface of the bobbin Bw, thereby
rotating the bobbin Bw. Moreover, in accordance with
the yarn Y being wound around the bobbin Bw, the
contact roller 12 rotates in the certain direction in contact
with the perimeter surface of the yarn supply package Ps,
thereby rotating the yarn supply package Ps. The contact
roller 12 is driven by a driving motor, which is not illu-
strated.

[0038] The yarn threading apparatus 20 includes a
yarn holding unit21, ayarn threading arm 22, atraversing
fulcrum guide 23, a traverse device 24, and a control
device 25.

[0039] The yarn holding unit 21 is configured to suck
and hold the fed yarn Y. The yarn threading arm 22
includes a yarn engagement portion 22A at a tip portion
thereof. The yarn engagement portion 22A holds the yarn
Y which is sucked and held by the yarn holding unit 21.
The yarn threading arm 22 rotates centering around a
rotational shaft 22B positioned at an end portion opposite
to the yarn engagement portion 22A. The yarn threading
arm 22 rotates centering around the rotational shaft 22B,
thereby moving the yarn engagement portion 22A closer
to or farther away from the above-described hook pro-
vided on the bobbin holder 11A. The yarn threading arm
22 threads and hooks the yarn Y onto the hook at a timing
when the yarn engagement portion 22A is close to the
hook.

[0040] The traversing fulcrum guide 23 is a guide that
feeds the yarn Y supplied from a device (e.g., a yarn feed
roller) disposed upstream, which is not illustrated, to the
bobbin Bw. The traverse device 24 described below is
interposed between the traversing fulcrum guide 23 and
the rotating unit 10, and it is configured so that the yarn Y
fed from the traversing fulcrum guide 23 is traversed by
the traverse device 24. The traversing fulcrum guide 23 is
disposed at a center in a winding range of the bobbin Bw
along the shaft direction (hereinafter referred to as the
winding center). Moreover, the traversing fulcrum guide
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23 is configured to be movable by a motor or the like, for
example, on a rail extending along the shaft direction of
the bobbin Bw so that a position thereof in the shaft
direction of the bobbin Bw can changed. The traversing
fulcrum guide 23 is moved so as to be disposed on the
firstdirection side from the winding center, during a period
from starting the winding of the yarn Y onto the bobbin Bw
until a winding diameter of the yarn supply package Ps
reaches a predetermined winding diameter. Specifically,
during a midway process from the start of the winding of
the yarn Y onto the bobbin Bw to the end of the winding,
the traversing fulcrum guide 23 is moved so as to be
disposed on the first direction side from the winding
center. Then, when ending the winding, the traversing
fulcrum guide 23 is moved so as to be disposed on the
first direction side from the winding center.

[0041] The traverse device 24 is a device that recipro-
cates the traverse guide 241 which is configured to en-
gage with the yarn Y fed out from the traversing fulcrum
guide 23 and to guide the yarn Y to the bobbin Bw, along
the shaft direction of the bobbin Bw, thereby traversing
the yarn Y with the traversing fulcrum guide 23 as a
fulcrum. The traverse device 24 used in the present
embodiment is a type called a belt traverse.

[0042] The traverse device 24 includes a traverse
guide 241, and an endless timing belt 242 for moving
the traverse guide 241.

[0043] The timing belt 242 is mounted over driven
pulleys 31 and 32 and a driving pulley 33 so as to form
a triangular shape. The driven pulleys 31 and 32 are
disposed so as to be aligned with each other along the
shaft direction of the bobbin Bw. The driving pulley 33 is
disposed on a side opposite to the rotating unit 10 in
relation to the driven pulleys 31 and 32. The driving pulley
33 is rotationally driven by a traverse guide driving motor
30. The timing belt 242 moves as the driving pulley 33
rotates.

[0044] The traverse guide 241 is supported by the
timing belt 242 so as to move together with the timing
belt 242, between the driven pulleys 31 and 32. Since the
driven pulleys 31 and 32 are disposed so as to be aligned
with each other along the shaft direction of the bobbin Bw,
the traverse guide 241 moves along the shaft direction of
the bobbin Bw as the timing belt 242 moves. The traverse
guide 241 reciprocates along the shaft direction of the
bobbin Bw as the moving direction of the timing belt 242
changes. As the traverse guide 241 reciprocates along
the shaft direction of the bobbin Bw, the yarn Y fed out
from the traversing fulcrum guide 23 is traversed with the
traversing fulcrum guide 23 as a fulcrum.

[0045] Hereinafter, traversing the yarn Y by moving the
traverse guide 241 in the first direction is referred to as
traversing in the first direction. Moreover, traversing the
yarn Y by moving the traverse guide 241 in the second
direction is referred to as traversing in the second direc-
tion.

[0046] The control device 25 is a device configured to
control the winding apparatus 1 and includes a Central
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Processing Unit (CPU), a Read Only Memory (ROM), a
Random Access Memory (RAM), and the like, and is
capable of executing various controls by the CPU reading
programs stored in the ROM into the RAM and executing
the read programs. The control device 25 includes an
obtaining unit 251, a ratio changing unit 252, a position
changing unit 253, and a drive control unit 254, as func-
tions of the CPU provided by the control device 25.
[0047] The obtaining unit 251 is configured to obtain
information regarding a winding diameter of the yarn
supply package Ps in the process of formation (herein-
after referred to as winding diameter information). The
winding diameter of the yarn supply package Ps used
herein means an outermost diameter of the yarn supply
package Ps. As an obtaining method of the winding
diameter information, for example, the obtaining unit
251 obtains the number of rotations of the bobbin Bw,
adiameter of the bobbin Bw, a diameter of the yarn Y, and
an elapsed time from the start of winding the yarn Y
around the bobbin Bw, and calculates a winding diameter
of the yarn supply package Ps on the basis of the ob-
tained information.

[0048] The ratio changing unit 252 is configured to
change a ratio between a speed at which the traverse
guide 241 moves in the firstdirection (hereinafter referred
to as a first speed) and a speed at which the traverse
guide 241 moves in the second direction (hereinafter
referred to as a second speed) on the basis of the winding
diameter information of the yarn supply package Ps
obtained by the obtaining unit 251. In other words, the
ratio changing unit 252 controls the traverse of the yarn Y
with the traversing fulcrum guide 23 as a fulcrum.
[0049] The position changing unit 253 changes a posi-
tion of the traversing fulcrum guide 23 in a shaft direction
of the bobbin Bw to adjust an offset distance on the basis
of the ratio between the first speed and the second speed
ofthe traverse guide 241. The offset distance used herein
means a distance from the winding center to the traver-
sing fulcrum guide 23 (distance along the moving direc-
tion of the traverse guide 241). The traversing fulcrum
guide 23 is configured to be movable along the shaft
direction of the bobbin Bw by a motor or the like. The
position changing unit 253 is configured to control driving
of the aforementioned motor to adjust the offset distance
in accordance with the ratio between the first speed and
the second speed of the traverse guide 241. The position
changing unit 253 allows the traversing fulcrum guide to
be disposed at an optimal position even when settings of
the winding speed, the winding width of the yarn supply
package Ps, the moving speed of the traverse guide 241,
or the like are different or even when the winding speed,
the winding width of the yarn supply package Ps, the
moving speed of the traverse guide, or the like changes
during the winding.

[0050] The drive control unit 254 controls driving of a
driving motor for rotating the contact roller 12 to control
the rotation of the bobbin Bw. Moreover, the drive control
unit 254 controls driving of a driving motor for rotating the
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yarn threading arm 22 to thread and hook the yarn Y onto
the hook by means of the yarn engagement portion 22A
of the yarn threading arm at an appropriate timing.
[0051] Furthermore, the drive control unit 254 controls
driving of the traverse guide driving motor 30 to rotate the
driving pulley 33, thereby moving the traverse guide 241
in the first direction or the second direction. When the
ratio between the first speed and the second speed is
changed by the ratio changing unit 252, the traverse
guide 241 is moved in first direction and the second
direction on the basis of this ratio. In other words, in
the present embodiment, the drive control unit 254 con-
trols not only the moving direction of the traverse guide
241 but also the first speed of moving in the first direction
and the second speed of moving in the second direction.
Specifically, when the traversing fulcrum guide 23 is
disposed at the winding center, the drive control unit
254 controls the driving of the traverse guide driving
motor 30 so that traverse guide 241 moves at the same
speed regardless of the moving direction of the traverse
guide 241. Moreover, when the traversing fulcrum guide
23 is disposed on the first direction side from the winding
center, the drive control unit 254 controls driving of the
traverse guide driving motor 30 so that the second speed
at which the traverse guide 241 moves in the second
direction is slower than the first speed at which the
traverse guide 241 moves in the first direction. By setting
the first speed and the second speed to be different from
each other, a traverse angle when traversing in the first
direction is larger than a traverse angle when traversing
in the second direction. The traverse angle used herein
means an acute angle (angle @illustrated in FIGs.4 and 5
described below) formed between a circumferential di-
rection of a bobbin Bw and the yarn Y wound around the
bobbin Bw. When the speed of the traverse guide 241 is
changed so that the second speed is slower than the first
speed, the traversing fulcrum guide 23 is disposed on the
first direction side from the winding center, and thereby it
is possible to form the yarn supply package Ps capable of
the lateral unwinding without unfavorable unwinding oc-
curring even when the settings of the winding speed, the
winding width of the package, or the like are different, or
even when the winding speed, the winding width of the
package, or the like changes during the winding.
[0052] As described above, the traversing fulcrum
guide 23 is disposed at the winding center, but is dis-
posed on the first direction side from the winding center
during the midway process from the start of the winding of
the yarn Y onto the bobbin Bw to the end of the winding. In
other words, the traversing fulcrum guide 23 is disposed
on the one direction side from the winding center when
reciprocating the yarn so that the second speed at which
the traverse guide 241 moves in the second direction is
slower than the first speed at which the traverse guide
241 moves in thefirstdirection. As described below, even
when the first speed and the second speed are different
from each other, lengths of the yarn Y wound around the
bobbin Bw (hereinafter referred to as winding lengths)
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are the same between the case of traversing in the first
direction and the case of traversing in the second direc-
tion. Consequently, winding tensions of the yarn Y are the
same between the case of traversing in the first direction
and the case of traversing in the second direction, so that
a high-quality yarn supply package Ps is formed.

(Winding Length of Yarn Y)

[0053] Below are shown results of a simulation per-
formed to verify that the winding lengths of the yarn Y are
the same between the case of traversing in the first
direction and the case of traversing in the second direc-
tion by adopting the above-described configuration into
the winding apparatus 1.

[0054] FIGs. 4 and 5 are views for describing para-
meters of the simulation performed to verify the winding
lengths. FIG. 4 is the view illustrating a case where the
traversing fulcrum guide 23 is disposed at the winding
center. FIG. 5 is the view illustrating a case where the
traversing fulcrum guide 23 is disposed on the first direc-
tion side from the winding center. (A) of each of FIGs. 4
and 5 is the view illustrating the length of the yarn Y from
the traversing fulcrum guide 23 to the traverse guide 241.
(B) of each of FIGs. 4 and 5 is the view illustrating a
perimeter surface of the bobbin Bw (or the yarn supply
package Ps) in a planar view, which illustrates the length
of the yarn Y wound around the perimeter surface. In
each of FIGs. 4 and 5, the dash-dot line P1 is a line
passing through the winding center and orthogonal to the
shaft direction of the bobbin Bw. The dashed line P2 is a
line passing through a moving track of the traverse guide
241. The traverse guide 241 shall move between the
position A and the position C on the dashed line P2.
[0055] When the yarn Y is traversed, the length of the
yarn Y from the traversing fulcrum guide 23 to the tra-
verse guide 241 (hereinafter referred to as a guide length)
changes as the traverse guide 241 moves. In (A) of each
of FIGs. 4 and 5, L1 represents the guide length when the
traverse guide 241 is positioned at the position A. L2
represents the guide length when the traverse guide 241
moves from the position A in the first direction and is
positioned at the position B. In this case, the difference
Ld1 in the guide length between the position A and the
position B can be expressed as L1-L2. In addition, the
angle O illustrated in (B) of each of FIGs. 4 and 5 is the
above-described traverse angle formed between the
circumferential direction of the bobbin Bw and the yarn
Y wound around the bobbin Bw.

[0056] Moreover, when the winding times of the yarn' Y
are the same in the case where the yarn Y is traversed
and in the case of not being traversed, the lengths of the
yarn Y wound around the bobbin Bw (or around the yarn
supply package Ps) (hereinafter referred to as a wound
length) are different from each other in both the cases. In
(B) of each of FIGs. 4 and 5, L3 represents the wound
length when the yarn Y is wound around the bobbin Bw at
the position A without traverse of the yarn Y. Moreover, L4
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represents the wound length when the traverse guide
241 is moved from the position A to the position B. In this
case, the difference Ld2 in the wound length between the
case where the yarn Y is traversed and the case of not
being traversed can be expressed as L4-L3.

[0057] A simulation is performed to verify the winding
lengths by detecting the above-mentioned difference Ld1
in the guide length and the above-mentioned difference
Ld2inthewinding length at predeterminedintervalsinthe
case where the traverse guide 241 is moved from the
position A to the position C and the case of being moved
from the position C to the position A. Below are shown
results thereof. FIGs. 6, 7, 8, 9, 10, and 11 are views
illustrating results of the simulation performed to verify
the winding lengths. FIG. 6 illustrates the result of the
simulation when the traversing fulcrum guide 23 is dis-
posed at the winding center. FIGs. 7 to 11 illustrate the
results of the simulation when the traversing fulcrum
guide 23 is disposed on the first direction side from the
winding center.

[0058] In each of FIGs. 6 to 11, the horizontal axis
represents a winding width position and the vertical axis
represents the length of the yarn. Moreover, in each of
FIGs. 610 11, (A) illustrates the results when traversing in
the first direction, and (B) illustrates the result when
traversing in the second direction. In each of FIGs. 6 to
11, the graph line (1) indicates the detected difference
Ld2 in the wound length, the graph line (2) indicates the
detected difference Ld1in the guide length, and the graph
line (3) indicates a total value of the difference Ld2 in the
wound length and the difference Ld1 in the guide length.
The winding width position used herein means a length
from a position of starting the winding to a position of the
traverse guide 241 which has moved in the first direction
orthe second direction. For example, when the winding is
started from the position A and the traverse guide 241
moves to the position B along the first direction, the length
from the position A to the position B corresponds to the
winding width position. When the winding is started from
the position C and the traverse guide 241 moves to the
position B along the second direction, the length from the
position C to the position B corresponds to the winding
width position.

[0059] In the simulation in FIG. 6, the winding width is
120 mm, a traversing fulcrum distance (distance from the
dashed line P2 to the traversing fulcrum guide 23 in FIGs.
4 and 5 (distance in the up-and-down direction of the
drawing sheet in FIGs. 4 and 5, and the same applies
below)) is 500 mm, the rotation speed of the bobbin Bw is
1000 m/min, and the speed of the traverse guide 241 is
105.1 m/min (traverse angle is 6 degrees).

[0060] In the simulation in FIG. 7, the winding width is
120 mm, an offset distance (distance from the dash-dot
line P1 to the traversing fulcrum guide 23 in FIG. 5
(distance in the right-left direction of the drawing sheet
in FIG. 5, and the same applies below)) of the traversing
fulcrum guide 23 is 9.5 mm, the traversing fulcrum dis-
tance (distance from the dashed line P2 to the traversing
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fulcrum guide 23 in FIGs. 4 and 5) is 500 mm, the rotation
speed of the bobbin Bw is 1000 m/min, the first speed of
the traverse guide 241 is 140.5 m/min (traverse angle is 8
degrees), and the second speed of the traverse guide
241 is 69.9 m/min (traverse angle is 4 degrees).

[0061] In the simulation in FIG. 8, the winding width is
120 mm, the offset distance of the traversing fulcrum
guide 23 is 14.5 mm, the traversing fulcrum distance is
500 mm, the rotation speed of the bobbin Bw is 1000
m/min, the first speed of the traverse guide 241 is 148.4
m/min (traverse angle is 9 degrees), and the second
speed of the traverse guide 241 is 52.4 m/min (traverse
angle is 3 degrees).

[0062] In the simulation in FIG. 9, the winding width is
120 mm, the offset distance of the traversing fulcrum
guide 23 is 11 mm, the traversing fulcrum distance is
500 mm, the rotation speed of the bobbin Bw is 1000
m/min, the first speed of the traverse guide 241 is 105.1
m/min (traverse angle is 6 degrees), and the second
speed of the traverse guide 241 is 17.5 m/min (traverse
angle is 1 degree).

[0063] Inthe simulationin FIG. 10, the winding width is
200 mm, the offset distance of the traversing fulcrum
guide 23 is 27 mm, the traversing fulcrum distance is
800 mm, the rotation speed of the bobbin Bw is 1000
m/min, the first speed of the traverse guide 241 is 286.7
m/min (traverse angle is 16 degrees), and the second
speed of the traverse guide 241 is 140.5 m/min (traverse
angle is 8 degrees).

[0064] Inthe simulationin FIG. 11, the winding width is
200 mm, the offset distance of the traversing fulcrum
guide 23 is 43 mm, the traversing fulcrum distance is
800 mm, the rotation speed of the bobbin Bw is 1000
m/min, the first speed of the traverse guide 241 is 324.9
m/min (traverse angle is 18 degrees), and the second
speed of the traverse guide 241 is 105.1 m/min (traverse
angle is 6 degrees).

[0065] In the case of FIG. 6, the difference Ld1 in the
guide length when traversing in the first direction is the
same as the difference Ld1 in the guide length when
traversing in the second direction, and the difference Ld2
in the guide length when traversing in the first direction is
the same as the difference Ld2 in the guide length when
traversing in the second direction. Therefore, the winding
lengths of the yarn Y are the same between the case of
traversing in the first direction and the case of traversing
in the second direction. Accordingly, since the yarn Y is
always wound around the bobbin Bw at a constant wind-
ing tension, it is possible to form a high-quality yarn
supply package Ps.

[0066] In each of the cases in FIGs. 7 to 11, the differ-
ence Ld1 in the guide length when traversing in the first
direction is different from the difference Ld1 in the guide
length when traversing in the second direction, and the
difference Ld2 in the guide length when traversing in the
first direction is different from the difference Ld2 in the
guide length when traversing in the second direction. On
the other hand, the total value of the difference Ld2 in the
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wound length and the difference Ld1 in the guide lengthis
the same between the case of traversing in the first
direction and the case of traversing in the second direc-
tion. Therefore, the winding lengths of the yarn Y are the
same between the case of traversing in the first direction
and the case of traversing in the second direction. Ac-
cordingly, since the yarn Y is always wound around the
bobbin Bw at a constant winding tension, it is possible to
form a high-quality yarn supply package Ps.

(Operation of Winding Apparatus 1)

[0067] FIG. 12is aflow chartregarding an operation of
the winding apparatus 1. The winding apparatus 1 exe-
cutes a process in the flow chart illustrated in FIG. 12 by
the CPU of the control device 25 reading a program
stored in the ROM into the RAM to be executed. More-
over, in the present embodiment, a winding method is
executed by operating the winding apparatus 1. Accord-
ingly, the description of the winding method in the present
embodiment is substituted by the following description of
the operation of the winding apparatus 1. At the time of
starting of the operation illustrated in FIG. 12, the traver-
sing fulcrum guide 23 is disposed at the winding center.
[0068] When the bobbin Bw is held by the pair of cradle
arms 11, the control device 25 causes the yarn engage-
ment portion 22A to hold the yarn Y, and rotates the yarn
threading arm 22 to thread and hook the yarn Y onto the
hook (S1). Next, the control device 25 moves the traver-
sing fulcrum guide 23 from the winding center to the first
direction side (S2). Then, the control device 25 rotates
the contactroller 12, thereby rotating the bobbin Bw (S3).
Consequently, the winding of the yarn Y onto the bobbin
Bw is started.

[0069] The control device 25 controls driving of the
traverse guide driving motor 30 to rotate the driving pulley
33, thereby controlling movement of the traverse guide
241 (S4). At this time, the control device 25 moves the
traverse guide 241 in the first direction at the first speed,
and moves the traverse guide 241 in the second direction
at the second speed (< the first speed). The control
device 25 obtains information on the winding diameter
ofthe yarn supply package Ps (S5). The control device 25
determines whether the winding diameter is equal to or
greater than a threshold value on the basis of the ob-
tained information on the winding diameter (S6). If the
winding diameter is not equal to or greater than the
threshold value (S6: NO), the control device 25 changes
the first speed and the second speed (S7) in accordance
with the obtained information on the winding diameter to
adjust the offset distance of the traversing fulcrum guide
23(S8). Then, the control device 25 executes the process
of S5 again.

[0070] If the winding diameter is equal to or greater
than the threshold value in the process of S6 (S6: YES),
the control device 25 moves the traversing fulcrum guide
23 to the winding center (S9), performs speed control to
make the speed of the traverse guide 241 the same

10

15

20

25

30

35

40

45

50

55

between the first direction and the second direction
(S10), and moves the traverse guide 241. Then, the
control device 25 waits until the winding is completed
(S11), and when the winding is completed, ends the
process illustrated in FIG. 12.

(Description of Advantageous Effects)

[0071] The winding apparatus 1 configured as de-
scribed above can form a yarn supply package Ps cap-
able of efficient unwinding when the laterally unwinding
from the end portion of the bobbin Bw in the second
direction. When performing laterally unwinding from
the yarn supply package, which is formed by winding
the yarn Y onto the bobbin Bw by using a conventional
winding apparatus, the yarn to be unwound and the yarn
wound around the bobbin Bw may be caught due to
friction therebetween, and therefore efficient unwinding
may not be performed. In particular, when unwinding in
the second direction, the yarn wound from the end portion
of the bobbin Bw in the first direction toward the end
portion in the second direction cannot be efficiently un-
wound. Therefore, in the present embodiment, when
traversing in the first direction, the traverse angle is
increased, and when traversing in the second direction,
the traverse angle is decreased. This makes it possible to
suppress the yarns from getting caught on each other
when unwinding in the second direction, thereby en-
abling efficient unwinding.

[0072] Moreover, in the present embodiment, in prin-
ciple, the traversing fulcrum guide 23 is disposed at the
winding center, and the first speed and the second speed
of the traverse guide 241 are made the same. However,
during the midway process from the start of the winding of
the yarn Y onto the bobbin Bw to the end of the winding,
the traverse guide 241 is reciprocated so that the second
speed is slower than the first speed, and the position of
the traversing fulcrum guide 23 is disposed to be offset
toward the first direction side from the winding center
within a winding range of the bobbin Bw. Consequently,
even when the first speed is different from the second
speed, itis possible to make the winding length of the yarn
Y the same between the case of traversing in the first
direction and the case of traversing in the second direc-
tion. Since the rotation speed of the bobbin Bw is con-
stant, the winding tensions of the yarn Y are the same
between the case of traversing in the first direction and
the case of traversing in the second direction. If the
winding tensions are different between the case of tra-
versing in the first direction and the case of traversing in
the second direction, there is a risk of degradation of the
yarn supply package Ps, a yarn break occurring midway,
or the like. Accordingly, the yarn Y is wound around the
bobbin Bw at a constant winding tension, thereby making
it possible to form a high-quality yarn supply package Ps.
[0073] Moreover, inthe presentembodiment, when the
winding diameter of the yarn supply package Ps be-
comes equal to or greater than the threshold value, the
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traversing fulcrum guide 23 is moved to the winding
center as in principle, and the first speed and the second
speed of the traverse guide 241 are always the same
constant speed. For example, when the yarn Y is wound
onto the yarn supply package Ps with a large curvature in
a state where the traversing fulcrum guide 23 is offset
from the winding center, the traverse angle at the end
portion on the offset side (first direction side) of the yarn
supply package Ps becomes large. In this case, when
laterally unwinding in the unwind direction (refer to FIG.
3), friction of the yarn Y occurs. Therefore, when the yarn
Y is wound onto the yarn supply package Ps with a large
curvature, the traverse angle can be reduced by dispos-
ing the position of the traversing fulcrum guide 23 at the
winding center. Consequently, it is possible to prevent
friction of the yarn Y and to form a high-quality yarn supply
package Ps.

[0074] However, during the entire process from the
start of the winding of the yarn Y onto the bobbin Bw to
the end of the winding, the traverse guide 241 may be
reciprocated so that the second speed is slower than the
first speed, and the position of the traversing fulcrum
guide 23 may be disposed to be offset toward the first
direction side from the winding center within the winding
range of the bobbin Bw. For example, it is effective in
particular when the winding diameter of the yarn supply
package at the time when the end of the winding is
smaller than the above-described threshold value.
[0075] Furthermore, in the present embodiment, it is
possible to change the traverse angle by changing the
position of the traversing fulcrum guide 23. This not only
makes it possible to make the winding length oftheyarn Y
the same between the case of traversing in the first
direction and the case of traversing in the second direc-
tion, but also makes it possible to wind the yarn Y at an
optimal traverse angle, thereby forming a yarn supply
package Ps with excellent lateral unwinding properties.

(Modified Examples)

[0076] While the embodiments of the presentinvention
have been described above, the present invention is not
limited to the above-described embodiments but can be
changed in various ways within a scope recited in the
claims. For example, the winding apparatus 1 of the
above-described embodiment is configured so that the
traverse guide 241 reciprocates controlled by the control
device 25, using the belt traverse as a traverse device.
However, instead of the belt traverse, a blade traverse, a
drum traverse, a cam traverse, or an arm traverse may be
used to change the ratio between the first speed and the
second speed of the traverse guide 241.

[0077] Moreover, inthe above embodiment, the control
device 25 is configured to have the functions of each part
by executing an installed program, but it may also be
implemented by using hardware corresponding to each
part. Alternatively, a part of the control device 25 may be
implemented by a program and the rest thereof may be
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implemented by hardware. Furthermore, each process
executed by the control device 25 may not be executed in
the order described with FIG. 12, but the order may be
changed as appropriate.

[0078] In the above-described embodiment, the ob-
taining unit 251 has been described as being configured
to calculate the winding diameter information from var-
ious pieces of information. However, the obtaining unit
251 may be configured to irradiate the yarn supply pack-
age Ps with ultrasonic waves or laser light to detect the
winding diameter of the yarn supply package Ps from
reflected light. Alternatively, the obtaining unit 251 may
be configured to capture an image of the yarn supply
package Ps with an image capture device to detect the
winding diameter of the yarn supply package Ps through
image processing. Alternatively, the obtaining unit 251
may be configured to obtain the winding diameter of the
yarn supply package Ps detected by another external
device from this external device, or may be configured to
obtain the winding diameter which is manually entered.

(Reference Numerals)

[0079]

1 Winding apparatus

10 Rotating unit

11 Cradle arm

11A Bobbin holder

12 Contact roller

20 Yarn threading apparatus
21 Yarn holding unit

22 Yarn threading arm

23 Traversing fulcrum guide
24 Traverse device

25 Control device

30 Traverse guide driving motor
31,32  Driven pulley

241 Traverse guide

242 Timing belt

251 Obtaining unit

252 Ratio changing unit
253 Position changing unit
254 Drive control unit

Bw Bobbin

Ps Yarn supply package
Y Yarn

Claims

1. Awinding apparatus (1) configured to wind ayarn (Y)
traversed in a shaft direction of a cylindrical bobbin
(Bw) onto the bobbin (Bw) to form a package (Ps),
the winding apparatus (1) comprising:

a rotating unit (10) configured to rotate the bob-
bin centering around a shaft of the bobbin (Bw);
a traversing fulcrum guide (23); and
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a traverse device (24) configured to reciprocate
the yarn (Y) fed out from the traversing fulcrum
guide (23) and guided to the bobbin (Bw) be-
tween one direction side and another direction
side of a traverse direction along the shaft direc-
tion and to traverse the yarn (Y) with the traver-
sing fulcrum guide (23) as a fulcrum, wherein
the traverse device (24) reciprocates the yarn
(Y) so that a speed to the other direction side is
slower than a speed to the one direction side
during a midway process or an entire process
from a start of the winding of the yarn (Y) onto the
bobbin (Bw)to an end of the winding thereof, and
when the yarn (Y) reciprocated by the traverse
device (24) so that the speed to the other direc-
tion side is slower than the speed to the one
direction side, the traversing fulcrum guide (23)
is disposed on the one direction side along the
shaftdirection from a centerin the winding range
of the bobbin (Bw).

The winding apparatus (1) as claimed in claim 1,
wherein

the traverse device (24) reciprocates the yarn (Y) so
as to be parallel to the shaft direction of the bobbin
(Bw) when reciprocating the yarn (Y).

The winding apparatus (1) as claimed in claim 1 or 2,
wherein

the traversing fulcrum guide (23) is disposed ata
center in a winding range of the bobbin (Bw)
along the shaft direction, and

whentheyarn (Y)is reciprocated by the traverse
device (24) so that the speed to the other direc-
tion side is slower than the speed to the one
direction side, the traversing fulcrum guide (23)
is disposed on the one direction side along the
shaftdirection from a centerin the winding range
of the bobbin (Bw).

4. Thewinding apparatus (1) as claimedin claim 1 or 2,

wherein

the traverse device (24) includes a traverse
guide (241) configured to engage with the yarn
(Y)fed out from the traversing fulcrum guide (23)
and guided to the bobbin (Bw), and to be capable
of reciprocating between the one direction side
and the other direction side of the traverse direc-
tion, and

the winding apparatus further comprises a ratio
changing unit (252) configured to reciprocate
the traverse guide (241) and to be capable of
changing of a ratio of moving speeds of the
traverse guide (24 1) between the one direction
side and the other direction side of the traverse
direction.
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5. The winding apparatus (1) as claimed in claim 4,

further comprising

an obtaining unit (251) configured to obtain in-
formation regarding a winding diameter of the
package (Ps) in a process of formation, wherein
the ratio changing unit (252) is capable of chan-
ging the ratio of the moving speeds of the tra-
verse guide (241) in accordance with the infor-
mation obtained by the obtaining unit (251).

The winding apparatus (1) as claimed in any one of
claims 1-5, further comprising

aposition changing unit (253) configured to change a
position of the traversing fulcrum guide (23) in the
shaft direction.

The winding apparatus (1) as claimed in claim 4 or 5,
further comprising

a position changing unit (253) configured to
change a position of the traversing fulcrum guide
(23) in the shaft direction, wherein

the position changing unit (253) changes the
position of the traversing fulcrum guide (23) in
the shaft direction on the basis of the ratio of the
moving speeds of the traverse guide (241).

The winding apparatus (1) as claimed in any one of
claims 1-7, wherein

the midway process from the start of the winding of
the yarn (Y) onto the bobbin (Bw) to the end of the
winding thereof is a period from the start of winding of
the yarn (Y) onto the bobbin (Bw) to a time point when
a winding diameter of the package reaches a pre-
determined winding diameter.
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