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(54) Yarn winding machine and yarn winding method

(57) An automatic winder (10) includes a traverse de-
vice (27), a correction width setting section, and a
traverse control section (46). The traverse device (27)
traverses a yarn to be wound into a package (30). The
correction width setting section sets an end correction
width for correcting a predetermined target traverse
stroke dependent on a predicted package winding diam-
eter. The traverse control section (46) controls the
traverse device (27) so as to traverse the yarn under a
traverse width determined in accordance with the end
correction width that has been set by the correction width
setting section.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention mainly relates to a yarn
winding machine that winds a yarn around a winding bob-
bin while traversing the yarn.

2. Description of the Related Art

[0002] A yarn winding machine that includes a traverse
device for traversing a yarn has been conventionally
known. The traverse device includes a yarn guide, a
traverse arm, and a driving device. The yarn guide makes
contact with a yarn to traverse the yarn. The traverse arm
supports the yarn guide. The driving device drives the
traverse arm. By reciprocating (i.e., by swinging) the
traverse arm by the driving device, a yarn can be wound
into a package while being traversed.
[0003] Winding a yarn in the above-described method
may cause a phenomenon (i.e., a bulge winding) in which
a package is formed with lateral sides of the package
being bulged. A yarn in inter-layers of the package is
compressed by tightening force of yarn on an outer di-
ameter portion of the package and repulsion force gen-
erated from a winding tube. Then, the yarn protrudes
from end faces of the package, which causes such a
phenomenon.
[0004] Japanese Unexamined Patent Application
Publication No. H09-71367 discloses a yarn winding
method for preventing occurrence of such a bulge wind-
ing. In such a yarn winding method, a winding width can
be narrowed by winding a yarn with a winding angle in-
creased to a greater angle, which makes it possible to
prevent occurrence of the bulge winding.
[0005] However, when the yarn is wound with the wind-
ing angle increased to a greater angle, the traverse de-
vice is required to operate rapidly for rapidly traversing
the yarn. Accordingly, a major load acts upon the driving
device for performing a traversing operation, causing an
increase in power consumption. Further, when winding
the yarn at a high speed, in case the winding angle is
increased, performance limitation of the driving device
may be exceeded. Consequently, there were cases in
which the above-described method could not be used.

SUMMARY OF THE INVENTION

[0006] It is an object of the present invention to provide
a yarn winding machine having a simple structure capa-
ble of preventing occurrence of a bulge winding.
[0007] This object is achieved by a yarn winding ma-
chine according to claim 1, and by a method according
to claim 8.
[0008] According to a first aspect of the present inven-
tion, the yarn winding machine includes a yarn traversing

device, a correction width setting section, and a control
section. The yarn traversing device traverses a yarn to
be wound into a package. The correction width setting
section sets an end correction width for correcting a pre-
determined target traverse width dependent on or in ac-
cordance with a predicted package winding diameter
(e.g. a respective end correction width is associated with
a respective package winding diameter). The control sec-
tion controls the yarn traversing device so as to traverse
the yarn under a traverse width determined in accord-
ance with the end correction width that has been set by
the correction width setting section.
[0009] That is, the size of a bulge which occurs on a
lateral side of the package when the package has been
fully wound depends on a distance from a central axis of
a winding tube or a distance from the surface of the wind-
ing tube. Each of these distances is regarded as the pre-
dicted package winding diameter, and the traverse width
of the yarn traversing device is narrowed in accordance
with an appropriate end correction width associated with
the predicted package winding diameter. Since a width
to be corrected from an edge of the package can be set,
occurrence of a bulge winding can be prevented, for ex-
ample. Further, occurrence of a bulge winding or the like
has been conventionally prevented by increasing a tra-
versing speed to increase a winding angle; however, in
the above-described structure, it is not necessary to in-
crease a traversing speed. Accordingly, load acting on
the driving source of the yarn traversing device can be
reduced, and energy consumption of the yarn winding
machine can be reduced.
[0010] The yarn winding machine includes a standard
diameter setting section and a package diameter acquir-
ing section. The standard diameter setting section sets
the predicted package winding diameter as a standard
diameter. The package diameter acquiring section ac-
quires a package diameter, which is a wound diameter
of the package. When the package diameter acquired by
the package diameter acquiring section is the standard
diameter, the control section controls the yarn traversing
device so as to traverse the yarn under a traverse width
determined in accordance with the end correction width
that has been set dependent on or in accordance with
the standard diameter (e.g. one end correction width is
associated with the standard diameter).
[0011] Accordingly, the package diameter can be ac-
quired with great accuracy in real-time by the package
diameter acquiring section. Then, when the package di-
ameter which is kept being acquired becomes equal to
the preset standard diameter, the traverse width of the
yarn traversing device is narrowed in accordance with
the end correction width associated with such a standard
diameter. Consequently, occurrence of a bulge winding
can be prevented effectively.
[0012] The yarn winding machine further includes a
correction width calculating section. The correction width
calculating section can calculate an end correction width
for a package diameter other than the set standard di-
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ameter in accordance with the set standard diameter and
the end correction width associated with such a standard
diameter. When a package diameter acquired by the
package diameter acquiring section is a package diam-
eter other than the set standard diameter, the control
section controls the yarn traversing device so as to
traverse the yarn under a traverse width determined in
accordance with the end correction width calculated by
the correction width calculating section. Accordingly, just
by setting a certain number of standard diameters and
end correction widths associated with such standard di-
ameters, the yarn traversing device can be controlled in
accordance with appropriate end correction widths for an
entire range of the package diameter that changes from
start of a winding operation until an end of the winding
operation.
[0013] In the yarn winding machine, the standard di-
ameter setting section includes a smaller-diameter por-
tion standard diameter setting section and a larger-diam-
eter portion standard diameter setting section. The small-
er-diameter portion standard diameter setting section
sets a standard diameter of a smaller-diameter portion
of a cone winding package. The larger-diameter portion
standard diameter setting section sets a standard diam-
eter of a larger-diameter portion of the cone winding pack-
age. The correction width setting section includes a
smaller-diameter portion correction width setting section
and a larger-diameter portion correction width setting
section. The smaller-diameter portion correction width
setting section sets an end correction width of the small-
er-diameter portion of the cone winding package depend-
ent on or in accordance with the standard diameter set
by the smaller-diameter portion standard diameter set-
ting section (e.g. one end correction width is associated
with the standard diameter set by the smaller-diameter
portion standard diameter setting section) . The larger-
diameter portion correction width setting section sets an
end correction width dependent on or in accordance with
the standard diameter set by the larger-diameter portion
standard diameter setting section (e.g. one end correc-
tion width is associated with the standard diameter set
by the larger-diameter portion standard diameter setting
section).
[0014] That is, in the cone winding package, differenc-
es in changes of winding density or the like cause differ-
ences between the shape of a bulge winding which oc-
curs on a lateral side of the larger-diameter portion and
the shape of a bulge winding which occurs on a lateral
side of the smaller-diameter portion. According to the
above-described structure, a different end correction
width can be set for each of the smaller-diameter portion
and the larger-diameter portion; therefore, even in the
cone winding package, occurrence of a bulge winding or
the like can be prevented effectively.
[0015] In the yarn winding machine, in accordance with
the larger-diameter portion standard diameter set by the
larger-diameter portion standard diameter setting section
and the end correction width of the larger-diameter por-

tion set by the larger-diameter portion correction width
setting section, the smaller-diameter portion standard di-
ameter setting section automatically sets the standard
diameter of the smaller-diameter portion and the smaller-
diameter portion correction width setting section auto-
matically sets the end correction width of the smaller-
diameter portion. Accordingly, just by setting the stand-
ard diameter and the end correction width for the larger-
diameter portion, the standard diameter and the end cor-
rection width for the smaller-diameter portion are auto-
matically set. As a result, time and effort for setting a
standard diameter and an end correction width can be
reduced.
[0016] In the yarn winding machine, in accordance with
the smaller-diameter portion standard diameter set by
the smaller-diameter portion standard diameter setting
section and the end correction width of the smaller-diam-
eter portion set by the smaller-diameter portion correction
width setting section, the larger-diameter portion stand-
ard diameter setting section automatically sets the stand-
ard diameter of the larger-diameter portion and the larg-
er-diameter portion correction width setting section au-
tomatically sets the end correction width of the larger-
diameter portion. Accordingly, just by setting the stand-
ard diameter and the end correction width for the smaller-
diameter portion, the standard diameter and the end cor-
rection width for the larger-diameter portion are automat-
ically set. As a result, time and effort for setting a standard
diameter and an end correction width can be reduced.
[0017] The yarn winding machine includes a winding
tube supporting section and a winding tube angle setting
section. The winding tube supporting section rotatably
supports a winding tube around which the yarn is wound
to form the package. The winding tube angle setting sec-
tion sets an angle of the winding tube to be supported by
the winding tube supporting section. The standard diam-
eter setting section sets the standard diameter in accord-
ance with the angle of the winding tube set by the winding
tube angle setting section. The correction width setting
section sets the end correction width in accordance with
the angle of the winding tube set by the winding tube
angle setting section.
[0018] That is, since change of the angle of the winding
tube causes the shape of the package to change, the
size of a bulge which occurs on a lateral side of the pack-
age also changes. According to the above-described
structure, the standard diameter and the end correction
width are set in accordance with the angle of the winding
tube; therefore, occurrence of a bulge winding or the like
can be prevented effectively.
[0019] According to a second aspect of the present
invention, a yarn winding method includes a setting step,
a package diameter acquiring step, and a controlling
step. The setting step is a step of setting a standard di-
ameter and an end correction width, which corrects a
predetermined target traverse width, with respect to a
package, and storing the set standard diameter and the
end correction width. The package diameter acquiring
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step is a step of acquiring a package diameter, which is
a wound diameter of the package. The controlling step
is a step of controlling a yarn traversing device, which
traverses a yarn, in accordance with an end correction
width associated with the acquired package diameter.
[0020] That is, the size of a bulge which occurs on a
lateral side of the package when the package is fully
wound depends on a distance from a central axis of the
winding tube or a distance from the surface of the winding
tube. According to the above-described method, a
traverse width of the yarn traversing device is narrowed
in accordance with an appropriate end correction width
associated with the package diameter which gradually
increases during a winding operation, which makes it
possible to form the package while preventing occur-
rence of a bulge winding or the like.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021]

Fig. 1 is a schematic view illustrating an automatic
winder according to an embodiment of the present
invention.
Fig. 2 is a block diagram illustrating a main structure
of the automatic winder.
Fig. 3 is a schematic view and a block diagram illus-
trating a schematic structure of a winder unit.
Fig. 4 is a schematic view illustrating a structure of
a traverse device.
Fig. 5 is a schematic view illustrating a cross-sec-
tional shape of a package of when a bulge winding
occurs.
Fig. 6 is a flowchart illustrating an example of a proc-
ess that prevents occurrence of the bulge winding.
Fig. 7 is a graph illustrating an example of setting of
a standard diameter and an end correction width.
Fig. 8 is a block diagram illustrating a main structure
of an automatic winder according to a first variation.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0022] Next, an embodiment of the present invention
will be described. First, by referring to Fig. 1 and Fig. 2,
a description will be made on an overall structure of an
automatic winder 1 according to the present embodi-
ment. As illustrated in Fig. 1, the automatic winder (a yarn
winding machine) 1 includes a plurality of winder units
10 which are arranged next to one another, an automatic
doffing device 60, and a machine setting device 90 as
main components.
[0023] Each of the winder units 10 winds a yarn 20,
which is unwound from a yarn supplying bobbin 21, into
a package 30 while traversing the yarn 20 by a traverse
device (a yarn traversing device) 27.
[0024] When the package 30 is fully wound in a winder
unit 10, the automatic doffing device 60 travels to the

position of the such a winder unit 10. Then, the automatic
doffing device 60 collects the fully-wound package 30
and supplies an empty bobbin to the winder unit 10. A
machine controlling section 94 illustrated in Fig. 1 and
Fig. 2 performs a control operation relating to the entire
automatic winder 1 including the automatic doffing device
60.
[0025] The machine setting device 90 includes a set-
ting section 91 and a display section 92 as main compo-
nents. An operator operates the setting section 91 to input
a prescribed setting value or to choose an appropriate
control method. Accordingly, the setting section 91 can
carry out setting for each of the winder units 10. The
display section 92 is configured capable of displaying a
yarn winding state in the each of the winder units 10,
troubles generated in the each of the winder units 10, or
the like.
[0026] Next, by referring to Fig. 3, the structure of each
of the winder units 10 will be described specifically. Each
of the winder units 10 includes a winding unit main body
16 and a unit control section 50 as main components.
[0027] For example, the unit control section 50 in-
cludes a Central Processing Unit (CPU), a Random Ac-
cess Memory (RAM), a Read Only Memory (ROM), an
Input-Output (I/O) port, and a communication port. A pro-
gram for controlling each structure of the winding unit
main body 16 is recorded in the ROM. Various compo-
nents of the winding unit main body 16 (which will be
described later) and the machine setting device 90 are
connected to the I/O port and the communication port.
Accordingly, the unit control section 50 is configured ca-
pable of communicating control information.
[0028] The winding unit main body 16 includes a yarn
unwinding assisting device 12, a tension applying device
13, a splicer device 14, and a clearer (a yarn quality meas-
uring device) 15, which are arranged along a yarn trav-
elling path between the yarn supplying bobbin 21 and a
contact roller 29 and in this order from a yarn supplying
bobbin 21 side.
[0029] The yarn unwinding assisting device 12 in-
cludes a restricting member 40 covering a core tube of
the yarn supplying bobbin 21. The yarn unwinding as-
sisting device 12 lowers the restricting member 40 ac-
companying unwinding of the yarn from the yarn supply-
ing bobbin 21 in order to assist unwinding of the yarn
from the yarn supplying bobbin 21. The restricting mem-
ber 40 makes contact with a balloon formed in an upper
portion of the yarn supplying bobbin 21, which has been
formed by rotation and centrifugal forth of the yarn un-
wound from the yarn supplying bobbin 21, and appropri-
ately adjusts the size of such a balloon in order to assist
unwinding of the yarn. In the vicinity of the restricting
member 40, a sensor (not illustrated in the drawings) for
detecting a chase portion of the yarn supplying bobbin
21 is provided. When the sensor detects lowering of the
chase portion, the restricting member 40 is lowered by
an air cylinder (not illustrated in the drawings), for exam-
ple, accompanying the lowering of the chase portion.
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[0030] The tension applying device 13 applies prede-
termined tension to the travelling yarn 20. The tension
applying device 13 may be a gate-typed device in which
movable comb teeth are arranged with respect to fixed
comb teeth. The movable comb teeth can be operated
by a rotary solenoid so that the movable comb teeth and
the fixed comb teeth can be engaged with or disengaged
from one another.
[0031] When a yarn is cut after the clearer 15 detects
a yarn defect, or when a yarn breakage occurs while the
yarn is being unwound from the yarn supplying bobbin
21, or the like, the splicer device 14 splices a lower yarn
from a yarn supplying bobbin 21 side and an upper yarn
from a package 30 side. A yarn splicing device that splic-
es the upper yarn and the lower yarn may be a mechan-
ical device, a device using fluid such as compressed air,
or the like.
[0032] The clearer 15 includes a clearer head 49 and
an analyzer 52. The clearer head 49 includes a sensor
(not illustrated in the drawings) which detects the thick-
ness of the yarn 20. The analyzer 52 processes a yarn
thickness signal transmitted from such a sensor. The
clearer 15 monitors the yarn thickness signal transmitted
from the sensor in order to detect a yarn defect such as
a slub. A cutter 39 is arranged in the vicinity of the clearer
head 49. The cutter 39 cuts the yarn 20 immediately after
the clearer 15 detects a yarn defect.
[0033] A lower yarn guiding pipe 25 is provided below
the splicer device 14 to catch and guide the lower yarn
from the yarn supplying bobbin 21 to the splicer device
14. An upper yarn guiding pipe 25 is provided above the
splicer device 14 to catch and guide the upper yarn from
the package 30 to splicer device 14. The lower yarn guid-
ing pipe 25 can swing around a shaft 33. The upper yarn
guiding pipe 26 can swing around a shaft 35. A suction
opening 32 is formed at a tip end of the lower yarn guiding
pipe 25. A suction mouth 34 is provided at a tip end of
the upper yarn guiding pipe 26. Appropriate negative-
pressure sources are connected to the lower yarn guiding
pipe 25 and the upper yarn guiding pipe 26, respectively.
The winder unit 10 is configured such that suction airflow
is generated at the suction opening 32 and the suction
mouth 24 in order to suck and catch yarn ends of the
upper yarn and the lower yarn.
[0034] The winding unit main body 16 includes a cradle
(a winding tube supporting section) 23 and the contact
roller 29. The cradle 23 removably supports a winding
bobbin (a winding tube) 22. The contact roller 29 can
rotate while making contact with the surface of the wind-
ing bobbin 22 or the surface of the package 30. The wind-
ing unit main body 16 includes the arm-typed traverse
device 27 for traversing the yarn 20. The traverse device
27 is located in the vicinity of the cradle 23. In the winding
unit main body 16, the yarn 20 can be wound into the
package 30 while being traversed by the traverse device
27.
[0035] The cradle 23 can swing around a swing shaft
48. An increase in a diameter of yarn layers accompa-

nying winding of the yarn 20 around the winding bobbin
22 is absorbed by swinging of the cradle 23. As illustrated
in Fig. 3, the cradle 23 and the traverse device 27 can
form a cone-shaped package 30.
[0036] A package driving motor 41 is attached to a por-
tion where the cradle 23 grips and supports the winding
bobbin 22. The winder unit 10 winds the yarn 20 into the
package 30 by rotating the winding bobbin 22 by the
package driving motor 41. When the winding bobbin 22
is supported by the cradle 23, a motor shaft of the pack-
age driving motor 41 is connected to the winding bobbin
22 such that the motor shaft cannot relatively rotate with
respect to the winding bobbin 22 (i.e., a direct drive sys-
tem). The operation of the package driving motor 41 is
controlled by a package driving control section 42. The
package driving control section 42 controls the package
driving motor 41 to operate and stop by receiving an op-
eration signal from the unit control section 50.
[0037] An angle sensor (a package diameter acquiring
section) 44 for detecting an angle (a swing angle) of the
cradle 23 is attached to the swing shaft 48. The angle
sensor 44 is formed of a rotary encoder, for example.
The angle sensor 44 transmits an angular signal corre-
sponding to the angle of the cradle 23 to the unit control
section 50. The angle of the cradle 23 changes accom-
panying an increase in the winding diameter of the pack-
age 30. Accordingly, by detecting the swing angle of the
cradle 23 by the angle sensor 44, a package diameter of
the package 30 can be detected.
[0038] Next, by referring to Fig. 3 and Fig. 4, the
traverse device 27 will be described in details. The
traverse device 27 includes a traverse arm 28, a yarn
guide 24, and a traverse driving motor 45 as main com-
ponents. The traverse arm 28 is formed as a tapered arm
capable swinging. The yarn guide 24 is connected to a
tip end of the traverse arm 28 and is formed in a hook
shape. The traverse driving motor 45 drives the traverse
arm 28. The traverse driving motor 45 is a servomotor,
for example. A base portion of the traverse arm 28 is
fixed to a tip end of an output shaft 65 of the traverse
driving motor 45.
[0039] As illustrated in Fig. 3, the operation of the
traverse driving motor 45 is controlled by a traverse con-
trol section 46. The traverse control section 46 includes
a hardware device provided with a dedicated microproc-
essor or the like. The traverse control section 46 controls
the traverse driving motor 45 to operate and stop by re-
ceiving signals from the unit control section 50. A storing
section 71 and a correction width calculating section 72
of the traverse control section 46 will be described later.
[0040] The output shaft 62 of the traverse driving motor
45 is rotated forward and backward. Accordingly, the
traverse arm 28 is reciprocated in a direction of the length
of the package 30. Thus, the yarn guide 24 supported at
a tip end of the traverse arm 28 is reciprocatedin a circular
trajectory.
[0041] As a traverse stroke TS indicating a range of
the yarn 20 traversed by the yarn guide 24, a target
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traverse stroke is predetermined according to a shape
of a package 30 to be formed and set in the unit control
section 50.
[0042] Next, by referring to Fig. 2 through Fig. 7, a de-
scription will be made on a process to be performed by
the winding unit 10 for preventing occurrence of a bulge
winding. As illustrated in Fig. 5, a bulge winding is a phe-
nomenon in which a lateral side of a package bulges. A
yarn in inter-layers of the package is compressed by tight-
ening force of yarn on an inner diameter side and an
outer diameter side of the package, and then the yarn
protrudes from an end face of the package. The amount
of protrusion depends on a distance from a central axis
of a winding bobbin 22 or a distance from the surface of
the winding bobbin 22.
[0043] Accordingly, in the winder unit 10, the distance
from the central axis of the winding bobbin 22 is referred
to as a predicted bulge occurrence diameter (i.e., a pre-
dicted package winding diameter), and the following
processes are performed in accordance with a relation
between the predicted bulge occurrence diameter and
the amount of yarn protrusion in order to prevent the
shape of the package 30 from deteriorating.
[0044] Before starting winding of the yarn 20, an op-
erator performs various inputting and setting works to the
winder unit 10 by operating the setting section 91 provid-
ed in the machine setting device 90.
[0045] The setting section 91 is a section for setting
an end correction width which is a value to be used when
correcting the traverse width (i. e. , the traverse stroke
TS) of the traverse device 27. More specifically, the end
correction width is a value indicating how inward the
traverse stroke TS is corrected from an edge of a package
with respect the predetermined target traverse stroke.
[0046] The end correction width set by the setting sec-
tion 91 is transmitted to the traverse control section 46
via the unit control section 50. Interpolation processing
relating to the end correction width is carried out by the
correction width calculating section 72 of the traverse
control section 46. Then, the result of such processing
is stored in the storing section 71. Further, such process-
ing carried out by the correction width calculating section
72 will be described later.
[0047] As illustrated in Fig. 2, the setting section 91
includes a standard diameter setting section 81 and a
correction width setting section 85. The standard diam-
eter setting section 81 includes a larger-diameter portion
standard diameter.setting section 82 and a smaller-di-
ameter portion standard diameter setting section 83. The
correction width setting section 85 includes a larger-di-
ameter portion correction width setting section 86 and a
smaller-diameter portion correction width setting section
87. In a cone winding package, a larger-diameter portion
indicates an end portion with a larger diameter (i.e., the
right-hand side in Fig. 5). Meanwhile, in the cone winding
package, a smaller-diameter portion indicates an end
portion with a smaller diameter (i.e., the left side in Fig. 5).
[0048] First, the operator carries out setting for the larg-

er-diameter portion. The operator operates the setting
section 91 to input a predicted package winding diameter
which is a standard diameter of the larger-diameter por-
tion as a larger-diameter portion standard diameter and
further to input an end correction width value associated
with such a larger-diameter portion standard diameter.
By inputting such values, a larger-diameter portion stand-
ard diameter is set by the larger-diameter portion stand-
ard diameter setting section 82, and an end correction
width associated with such a larger-diameter portion
standard diameter is set by the larger-diameter portion
correction width setting section 86 (step S101).
[0049] The operator also carries out the above-de-
scribed operation for the smaller-diameter portion. By
carrying out such an operation, a smaller-diameter por-
tion standard diameter is set by the smaller-diameter por-
tion standard diameter setting section 83, and an end
correction width associated with such a smaller-diameter
portion standard diameter is set by the smaller-diameter
portion correction width setting section 87 (step S102).
[0050] As described above, since the end correction
width is a value indicating how inward the traverse stroke
TS is corrected from an edge of the package, the operator
can directly set a width to be corrected from the package
edge.
[0051] In the above described embodiment, the setting
for the larger-diameter portion is carried out, and then
the setting for the smaller-diameter portion is carried out.
However, the setting for the smaller-diameter portion
may be carried out first, and then the setting for the larger-
diameter portion may be carried out.
[0052] Black circles in Fig. 7 indicate examples of the
standard diameters and the end correction widths set in
the above-described manner. The longitudinal axis in Fig.
7 indicates a package diameter in the center of an axial
direction of a package. The horizontal axis in Fig. 7 indi-
cates an end correction width. In the example, four larger-
diameter portion standard diameters and four smaller-
diameter portion standard diameters are set, and an end
correction width for each of all the standard diameters
are set. Specifically, as four larger-diameter portion
standard diameters, a winding tube diameter, 100 mm,
150 mm, and a fully-wound diameter are set. Meanwhile,
as respective end correction widths associated with the
four larger-diameter portion standard diameters, 0 mm,
1.0 mm, 0.7 mm, and 0 mm are set. In the same manner,
as four smaller-diameter portion standard diameters, the
winding tube diameter, 120 mm, 170 mm, and the fully-
wound diameter are set. Meanwhile, as respective end
correction widths associated with the four smaller-diam-
eter portion standard diameters, 0 mm, 2.0 mm, 1.5 mm,
and 0 mm are set. These numerical values just indicate
an example; therefore, different values may be appropri-
ately set depending on a package to be wound.
[0053] The line graph illustrated in Fig. 7 is displayed
in a display section 92 of the machine setting device 90,
for example. Accordingly, the operator can visually con-
firm settings for a standard diameter and an end correc-
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tion width. Further, by confirming the line graph, the op-
erator can intuitively imagine the shape of a package to
be formed through processing carried out in the present
embodiment. Therefore, a package can be easily formed
in a shape demanded by the operator. Further, the op-
erator can select whether or not to display a line graph
such as the line graph illustrated in Fig. 7.
[0054] The standard diameters set as described above
(i.e., the four standard diameters set per each of the larg-
er-diameter portion and the smaller-diameter portion)
and the respective end correction widths associated with
such standard diameters are transmitted to the correction
width calculating section 72. The correction width calcu-
lating section 72 is a section for approximating an end
correction width for wound diameters other than such
standard diameters. That is, although respective end cor-
rection widths are set for the above-described set stand-
ard diameters, end correction widths are not set for val-
ues other than the above-described set standard diam-
eters. Therefore, by carrying out interpolation process-
ing, such an end correction width that has not been set
is determined (step S103).
[0055] As an example of the interpolation processing,
a method (so-called a linear interpolation) may be adopt-
ed in which a line graph such as the line graph illustrated
in Fig. 7 is made by connecting dots each indicating a
relation between a standard diameter and an end cor-
rection width (i.e., four dots for each of the larger-diam-
eter portion and the smaller-diameter portion) with a
straight line. An end correction width can be determined
for values other than the set standard diameters by such
a line graph. End correction widths can be consecutively
determined for the package diameter that changes from
the winding start until the winding end. Further, instead
of using the method for making the line graph, the present
embodiment may also adopt a method for calculating an
approximation function by an approximation method
such as a least-squares method. The relation between
standard diameters and end correction widths deter-
mined as described above is stored in the storing section
71.
[0056] Next, the operator appropriately operates the
setting section 91 of the machine setting device 90 and
each of the winder units 10 to start a winding operation
of the yarn 20 (step S104). During the winding operation
of the yarn 20, a package diameter is acquired by the
angle sensor 44 as described above, and the acquired
package diameter is transmitted to the unit control sec-
tion 50 (step S105).
[0057] The correction width calculating section 72 de-
termines an end correction width for the acquired pack-
age diameter in accordance with contents stored in the
storing section 71. The traverse control section 46 cal-
culates a value by subtracting such an end correction
width from the preset target traverse stroke. The traverse
control section 46 controls the traverse device 27 (espe-
cially the traverse driving motor 45) such that the calcu-
lated value becomes equal to the actual traverse stroke

TS (step S106).
[0058] For example, during the winding operation, sup-
pose that a result detected by the angle sensor 44 indi-
cates that the package diameter is 150 mm. In such case,
it can be determined from the line graph in Fig. 7 that the
end correction width of the larger-diameter portion and
the end correction width of the smaller-diameter portion
are respectively 0.7 mm and 1.7 mm. The traverse device
27 is controlled such that the preset traverse stroke TS
is shortened by 0.7 mm from the larger-diameter edge
and shortened 1.7 mm from the smaller-diameter edge.
[0059] When the traverse stroke TS is narrowed, the
narrowed traverse stroke TS balances with a bulge of
the package 30 that would occur due to the tightening
force of the yarn 20. Therefore, the package 30 can be
formed in an appropriate shape as illustrated by the al-
ternate long and double-short dashed line in Fig. 5.
[0060] The unit control section 50 detects whether or
not the package 30 is fully wound (step S107) . The unit
control section 50 performs the above-described control
operations (steps S105 and S106) until the package 30
is fully wound. When the package 30 is fully wound, a
winding operation ends (step S108).
[0061] Occurrence of a bulge winding has been con-
ventionally prevented by increasing a traversing speed
and increasing a winding angle. Accordingly, there were
cases where a winding angle of a package which has
been formed results being different from a winding angle
intended by an operator. That is, there were cases where
winding density of the package which has been formed
results being different from winding density intended by
the operator.
[0062] Meanwhile, in the present embodiment, the
traverse stroke TS of the traverse device 27 is narrowed
in accordance with an appropriate end correction width.
The winder unit 10 according to the present embodiment
does not increase a traversing speed in order to prevent
occurrence of a bulge winding. Accordingly, a winding
angle of a package which has been formed does not
change contrary to the intention of the operator. That is,
in the present embodiment, it is possible to prevent oc-
currence of a bulge winding and also form a package
with winding density intended by the operator.
[0063] As described above, the automatic winder 1 ac-
cording to the present embodiment includes the traverse
device 27, the correction width setting section 85, and
the traverse control section 46. The traverse device 27
traverses a yarn to be wound into the package 30. The
correction width setting section 85 sets the end correction
width for correcting the predetermined target traverse
stroke by associating with the predicted bulge occurrence
diameter. The traverse control section 46 controls the
traverse device 27 so as to traverse the yarn under the
traverse stroke TS determined in accordance with the
end correction width that has been set by the correction
width setting section 85.
[0064] That is, the size of a bulge which occurs on a
lateral side of the package 30 when the package 30 has
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been formed depends on a distance from a central axis
of the winding bobbin 22 or a distance from the surface
of the winding bobbin 22 (i.e., depends on the predicted
bulge occurrence diameter). Accordingly, since the
traverse stroke TS of the traverse device 27 is narrowed
in accordance with an appropriate end correction width
associated with the predicted bulge occurrence diame-
ter, occurrence of a bulge winding can be prevented.
[0065] The automatic winder 1 according to the
present embodiment includes the standard diameter set-
ting section 81, the correction width setting section 85,
and the angle sensor 44. The standard diameter setting
section 81 sets the predicted bulge occurrence diameter
as the standard diameter. The angle sensor 44 acquires
the package diameter, which is a wound diameter of the
package 30. When the package diameter acquired by
the angle sensor 44 is the standard diameter, the traverse
control section 46 controls the traverse device 27 so as
to traverse the yarn under the traverse stroke TS deter-
mined in accordance with an end correction width that
has been set by being associated with such a standard
diameter.
[0066] Accordingly, the package diameter can be ac-
quired with great accuracy in real-time by the angle sen-
sor 44. When the package diameter which is kept being
acquired becomes equal to the preset standard diameter,
the traverse stroke TS of the traverse device 27 is nar-
rowed in accordance with the end correction width asso-
ciated with such a standard diameter. Consequently, oc-
currence of a bulge winding can be prevented effectively.
[0067] The automatic winder 1 according to the
present embodiment includes the correction width calcu-
lating section 72. The correction width calculating section
72 can calculate an end correction width for a package
diameter other than the set standard diameter in accord-
ance with the set standard diameter and an end correc-
tion width associated with such a standard diameter.
When the package diameter acquired by the angle sen-
sor 44 is a package diameter other than the set standard
diameter, the traverse control section 46 controls the
traverse device 27 so as to traverse the yarn under the
traverse stroke TS determined in accordance with the
end correction width calculated by the correction width
calculating section 72.
[0068] Accordingly, just by setting a certain number of
standard diameters and end correction widths associat-
ed with such standard diameters, the correction width
calculating section 72 can form a line graph capable of
obtaining end correction widths for package diameters
other than the standard diameter. By controlling the
traverse device 27 in accordance with the line graph, an
appropriate end correction width can be applied to an
entire range of the package diameter that changes during
from start of a winding operation until and end of the
winding operation. Consequently, occurrence of a bulge
winding can be prevented effectively. Further, since an
operator is not required to set an end correction width for
every single package diameter, the operator can easily

perform a setting operation.
[0069] In the automatic winder 1 according to the
present embodiment, the standard diameter setting sec-
tion 81 includes the smaller-diameter portion standard
diameter setting section 83 and the larger-diameter por-
tion standard diameter setting section 82. The smaller-
diameter portion standard diameter setting section 83
sets the standard diameter of the smaller-diameter por-
tion of the cone winding package. The larger-diameter
portion standard diameter setting section 82 sets the
standard diameter of the larger-diameter portion of the
cone winding package. The correction width setting sec-
tion 85 includes the smaller-diameter portion correction
width setting section 87 and the larger-diameter portion
correction width setting section 86. The smaller-diameter
portion correction width setting section 87 sets the end
correction width of the smaller-diameter portion of the
cone winding package by associating with the standard
diameter of the smaller-diameter portion. The larger-di-
ameter portion correction width setting section 86 sets
the end correction width of the larger-diameter portion of
the cone winding package by associating with the stand-
ard diameter of the larger-diameter portion.
[0070] That is, in the cone winding package, differenc-
es in changes of winding density or the like cause differ-
ences between a shape of a bulge winding which occurs
on a lateral side of the larger-diameter portion of the cone
winding package and a shape of a bulge winding which
occurs on a lateral side of the smaller-diameter portion.
According to the above-described structure, a different
end correction width can be set for each of the smaller-
diameter portion and the larger-diameter portion; there-
fore, even in the cone winding package, occurrence of a
bulge winding can be prevented effectively.
[0071] Next, by referring to Fig. 8, a first variation of
the above-described embodiment will be described. In
the following description on the variations of the above-
described embodiment, like reference numerals are used
in the drawings for elements that are the same or similar
to those of the above-described embodiment, and de-
scription thereof is omitted.
[0072] In the first variation, a setting section 91 of a
machine setting device 90 includes a winding tube angle
setting section 89 capable of setting an angle of a winding
bobbin 22. By setting the angle of the winding bobbin 22
in the winding tube angle setting section 89, a standard
diameter and an end correction width associated with
such an angle are set with respect to each of winding
units 10. Further, the angle of the winding bobbin 22 in-
dicates an angle formed by a central axis of the winding
bobbin 22 and an outline of the winding bobbin 22 when
the winding bobbin 22 is seen from a lateral side. General
automatic winders normally use winding bobbins 22 with
an angle of 3.30 degrees or an angle of 5.57 degrees.
[0073] In the first variation, the correction width calcu-
lating section 72 is not provided. This is because when
the winding tube angle setting section 89 sets the stand-
ard diameter and the end correction width, a relation is
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not discretely set but is consecutively set.
[0074] As described above, the automatic winder 1 ac-
cording to the first variation includes the cradle 23 and
the winding tube angle setting section 89. The cradle 23
rotatably supports the winding bobbin 22 around which
a yarn is wound to form a package 30. The winding tube
angle setting section 89 can set the angle of the winding
bobbin 22. A standard diameter setting section 81 sets
the standard diameter in accordance with the angle of
the winding bobbin 22 set by the winding tube angle set-
ting section 89. A correction width setting section 85 sets
the end correction width in accordance with the angle of
the winding bobbin 22 set by the winding tube angle set-
ting section 89.
[0075] That is, change of the angle of the winding bob-
bin 22 causes the shape of the package 30 to change.
Consequently, the size of a bulge which is occurs on a
lateral side of the package 30 also changes. According
to the above-described structure, the standard diameter
and the end correction width are set in accordance with
the angle of the winding bobbin 22; therefore, occurrence
of a bulge winding can be prevented effectively.
[0076] Next, a second variation will be described. An
automatic winder according to the second variation in-
cludes a correction width calculating section 72 that au-
tomatically calculates a standard diameter and an end
correction width for a smaller-diameter portion when a
standard diameter and an end correction width with re-
spect to a larger-diameter portion are set. Various meth-
ods can be used as such a calculating method. For ex-
ample, a method can be used in which a predicted bulge
of a package is calculated in accordance with the ratio
between a larger diameter and a smaller diameter and
the size of such a bulge is set as an end correction width.
[0077] As described above, in an automatic winder 1
according to the second variation, in accordance with the
standard diameter of the larger-diameter portion set by
the larger-diameter portion standard diameter setting
section 82 and the end correction width of the larger-
diameter portion set by the larger-diameter portion cor-
rection width setting section 86, the smaller-diameter por-
tion standard diameter setting section 83 automatically
sets the standard diameter of the smaller-diameter por-
tion, and the smaller-diameter portion correction width
setting section 87 automatically sets the end correction
width of the smaller-diameter portion. Accordingly, just
by setting the standard diameter and the end correction
width with respect to the larger-diameter portion, the
standard diameter and the end correction width with re-
spect to the smaller-diameter portion can be automati-
cally set. As a result, time and effort for setting a standard
diameter and an end correction width can be reduced.
[0078] Next, a third variation will be described. In an
automatic winder 1 according to the third variation, in
accordance with a standard diameter of a smaller-diam-
eter portion set by the smaller-diameter portion standard
diameter setting section 83 and an end correction width
of the smaller-diameter portion set by the smaller-diam-

eter portion correction width setting section 87, the larger-
diameter portion standard diameter setting section 82
automatically sets a standard diameter of a larger-diam-
eter portion, and the larger-diameter portion correction
width setting section 86 automatically sets an end cor-
rection width of the larger-diameter portion. Accordingly,
just by setting the standard diameter and the end correc-
tion width with respect to the smaller-diameter portion,
the standard diameter and the end correction width with
respect to the larger-diameter portion can be automati-
cally set. As a result, time and effort for setting a standard
diameter and an end correction width can be reduced.
[0079] While a preferred embodiment and variations
of the present invention have been described, the above-
described structures can be further modified as follows.
[0080] In the above-described embodiment, the end
correction width is set so as to be associated with the
predicted bulge occurrence diameter. However, the end
correction width may be set to be associated with a pre-
dicted package winding diameter other than the predicted
bulge occurrence diameter. Accordingly, also for purpos-
es than prevention of bulge winding, when the operator
sets a width to be corrected from an edge of a package,
the operator can intuitively carry out the setting.
[0081] In the above-described embodiment, the oper-
ator manually sets a standard diameter and an end cor-
rection width. However, such a structure may be replaced
with a structure in which the standard diameter and the
end correction width are automatically set according to
package information that has been set by the machine
setting device 90 or the like.
[0082] In the above-described embodiment, an end
correction width is changed according to the package
diameter acquired by the angle sensor 44. However, for
example, such a structure may be replaced with a struc-
ture in which the end correction width is changed accord-
ing to a period of time that has elapsed from the start of
a winding operation. In such a case, by setting a relation
between the period of time that has elapsed and the end
correction width in accordance with a relation between
the predicted bulge occurrence diameter and the end cor-
rection width, it possible to eliminate the necessity for
setting a standard diameter.
[0083] The winder unit 10 can form packages of vari-
ous shapes (such as a cheese-shaped package and a
tapered package) other than a cone-shaped package.
[0084] In the winder unit 10 according to the above-
described embodiment and variations, a yarn is traversed
by the arm-type traverse device 27. However, such a
structure can be replaced with a traverse device that is
driven and reciprocated by a belt.
[0085] In the above-described embodiment and vari-
ations, the package driving control section 42 and the
traverse control section 46 are described as components
that are provided separately from the unit control section
50. However, such a structure can be replaced with a
structure in which the unit control section 50 includes at
least one of the package driving control section 42 and
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the traverse control section 46.
[0086] In the above-described embodiment and vari-
ations, the package driving motor 41 drives the package
30. However, such a structure can be replaced with a
structure in which an appropriate driving device drives
the contact roller 29 so as to drive and rotate the package
30.
[0087] In the above-described embodiment and vari-
ations, the angle sensor 44 acquires a package diameter.
However, such a structure can be replaced with a struc-
ture in which the package diameter is calculated by de-
tecting a rotational speed of the contact roller 29.
[0088] In the above-described embodiment and vari-
ations, the angle sensor 44 is formed as a rotary encoder.
However, the angle sensor 44 can be replaced with an
analog-type sensor such as a potentiometer.
[0089] In the above-described embodiment and vari-
ations, the traverse driving motor 45 is formed as a ser-
vomotor. However, the servomotor can be replaced with
an appropriate driving device such as a step motor and
a voice coil motor.
[0090] In the above-described embodiment and vari-
ations, the machine setting device 90 includes the setting
section 91 for setting a standard diameter, an end cor-
rection width, an angle of the winding tube, or the like.
Alternatively, each of the winder units 10 may include the
setting section 91. However, it is advantageous for the
machine setting device 90 to include the setting section
91 since the setting for a plurality of winder units can be
carried out at once.
[0091] In the above-described embodiment and vari-
ations, a distance that is twice as long as a distance from
a center portion of the winding bobbin 22 in an axial di-
rection to the surface of a package is set as a standard
diameter. However, in place of such a distance, a dis-
tance (a yarn layer length) from the surface of the winding
bobbin 22 to the surface of the package can be set as
the standard diameter.
[0092] The above-described embodiment and varia-
tions are not limited to an automatic winder, and can also
be applied widely to a yarn winding machine in which a
yarn is wound while being traversed by the traverse de-
vice.

Claims

1. A yarn winding machine, comprising:

a yarn traversing device (27) adapted to traverse
a yarn to be wound into a package,
a correction width setting section (85) adapted
to set an end correction width for correcting a
predetermined target traverse width dependent
on a predicted package winding diameter, and
a control section (46) adapted to control the yarn
traversing device (27) so as to traverse the yarn
under a traverse width determined in accord-

ance with the end correction width that has been
set by the correction width setting section (85).

2. The yarn winding machine according to claim 1, fur-
ther comprising:

a standard diameter setting section (81) adapt-
ed to set the predicted package winding diam-
eter as a standard diameter, and
a package diameter acquiring section (44)
adapted to acquire a package diameter, which
is a wound diameter of the package,
wherein, when the package diameter acquired
by the package diameter acquiring section (44)
is the standard diameter, the control section (46)
is adapted to control the yarn traversing device
(27) so as to traverse the yarn under a traverse
width determined in accordance with the end
correction width that has been set dependent on
the standard diameter.

3. The yarn winding machine according to claim 2, fur-
ther comprising:

a correction width calculating section (72) adapt-
ed to calculate an end correction width for a
package diameter other than the set standard
diameter in accordance with the set standard
diameter and the end correction width associat-
ed with such standard diameter,
wherein, when a package diameter acquired by
the package diameter acquiring section (44) is
a package diameter other than the set standard
diameter, the control section (46) is adapted to
control the yarn traversing device (27) so as to
traverse the yarn under a traverse width deter-
mined in accordance with the end correction
width calculated by the correction width calcu-
lating section (72).

4. The yarn winding machine according to claim 2 or
claim 3, wherein
the standard diameter setting section (81) includes:

a smaller-diameter portion standard diameter
setting section (83) adapted to set a standard
diameter of a smaller-diameter portion of a cone
winding package, and
a larger-diameter portion standard diameter set-
ting section (82) adapted to set a standard di-
ameter of a larger-diameter portion of the cone
winding package, and the correction width set-
ting section (85) includes:

a smaller-diameter portion correction width
setting section (87) adapted to set an end
correction width of the smaller-diameter
portion of the cone winding package de-
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pendent on the standard diameter set by
the smaller-diameter portion standard di-
ameter setting section (83), and
a larger-diameter portion correction width
setting section (86) adapted to set an end
correction width of the larger-diameter por-
tion of the cone winding package dependent
on the standard diameter set by the larger-
diameter portion standard diameter setting
section (82).

5. The yarn winding machine according to claim 4,
wherein, in accordance with the larger-diameter por-
tion standard diameter set by the larger-diameter
portion standard diameter setting section (82) and
the end correction width of the larger-diameter por-
tion set by the larger-diameter portion correction
width setting section (86), the smaller-diameter por-
tion standard diameter setting section (83) is adapt-
ed to automatically set the standard diameter of the
smaller-diameter portion and the smaller-diameter
portion correction width setting section (87) is adapt-
ed to automatically set the end correction width of
the smaller-diameter portion.

6. The yarn winding machine according to claim 4,
wherein, in accordance with the smaller-diameter
portion standard diameter set by the smaller-diam-
eter portion standard diameter setting section (83)
and the end correction width of the smaller-diameter
portion set by the smaller-diameter portion correc-
tion width setting section (87), the larger-diameter
portion standard diameter setting section (82) is
adapted to automatically set the standard diameter
of the larger-diameter portion and the larger-diame-
ter portion correction width setting section (86) is
adapted to automatically set the end correction width
of the larger-diameter portion.

7. The yarn winding machine according to claim 2, fur-
ther comprising:

a winding tube supporting section (23) adapted
to rotatably support a winding tube around which
the yarn is wound to form the package, and
a winding tube angle setting section (89) adapt-
ed to set an angle of the winding tube to be sup-
ported by the winding tube supporting section
(23),
wherein the standard diameter setting section
(81) is adapted to set the standard diameter in
accordance with the angle of the winding tube
set by the winding tube angle setting section
(89), and
the correction width setting section (85) is adapt-
ed to set the end correction width in accordance
with the angle of the winding tube set by the
winding tube angle setting section (89).

8. A yarn winding method comprising:

a setting step (S101, S102) of setting a standard
diameter and an end correction width, which cor-
rects a predetermined target traverse width, with
respect to a package, and storing the set stand-
ard diameter and the end correction width,
a package diameter acquiring step (S105) of ac-
quiring a package diameter, which is a wound
diameter of the package, and
a controlling step (S106) of controlling a yarn
traversing device (27), which traverses a yarn,
in accordance with an end correction width as-
sociated with the acquired package diameter.
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