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(54) YARN WINDING MACHINE, PACKAGE AND METHOD FOR MANUFACTURING A PACKAGE

(57) A winder unit (10) includes a package driving
motor (41) adapted to rotationally drive a package (30),
a traverse device (70) adapted to traverse a yarn (20) to
be wound into the package (30), and a creeping control
section (78x) and a creeping rate switching section (50x)
adapted to control the traverse device (70) to perform
creeping. In the winder unit 10, after a first yarn layer is

formed by winding the yarn (20) into the package (30)
while performing the creeping under a normal creeping
rate, a second yarn layer is formed by winding the yarn
(20) into the package (30) while performing the creeping
under a winding end creeping rate that is lower than the
normal creeping rate.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a yarn winding
machine, a package, and a method for manufacturing
the package.

2. Description of the Related Art

[0002] As a conventional yarn winding machine, there
is known a yarn winding machine including a package
driving section adapted to rotationally drive a package,
and a traverse device adapted to traverse a yarn to be
wound around the package, as described in Japanese
Unexamined Patent Publication No. 2007-230708 (Pat-
ent Document 1), for example. In the yarn winding ma-
chine described in Patent Document 1, creeping is pro-
hibited at start of winding of the package, and the creep-
ing is started when a current diameter of the package
becomes equal to or greater than a set diameter.
[0003] In the yarn winding machine, for example, gen-
eration of a saddle bag of the package may be prevented
by performing creeping. However, a low density portion
may be formed in a surface layer of the package by the
creeping, thus downgrading outer appearance and a
hand feeling (touch) of the package.

BRIEF SUMMARY OF THE INVENTION

[0004] It is an object of the present invention to provide
a yarn winding machine capable of preventing a low den-
sity portion from being formed in a surface layer portion
of a package while preventing generation of a saddle bag
of the package, a package, and a method for manufac-
turing the package.
[0005] A yarn winding machine according to the
present invention includes a package driving section
adapted to rotationally drive a package; a traverse device
adapted to traverse a yarn to be wound into the package;
and a control section adapted to control the traverse de-
vice to perform creeping, wherein after a first yarn layer
is formed by winding the yarn into the package while per-
forming the creeping under a first creeping rate, a second
yarn layer is formed by winding the yarn into the package
while performing the creeping under a second creeping
rate that is lower than the first creeping rate.
[0006] According to such a yarn winding machine, the
creeping is performed to prevent the generation of the
saddle bag of the package, and in the surface layer por-
tion of the package, the creeping rate is lowered to pre-
vent the low density portion from being formed. The
creeping rate is a value obtained by dividing a creeping
amount (amount of change in traverse width in creeping)
by a traverse width before the change.
[0007] The yarn winding machine according to the

present invention may further include a creeping rate set-
ting section adapted to set the second creeping rate.
Thus, for example, when forming the second yarn layer,
the yarn can be wound while being creeped under a de-
sired second creeping rate.
[0008] A yarn winding machine according to the
present invention includes a package driving section
adapted to rotationally drive a package; a traverse device
adapted to traverse a yarn to be wound into the package;
and a control section adapted to control the traverse de-
vice to periodically perform traverse width change to re-
duce a traverse width in a pulsatile manner accompany-
ing winding of the yarn, wherein after a first yarn layer is
formed by winding the yarn into the package while peri-
odically performing the traverse width change under a
first changing ratio, a second yarn layer is formed by
winding the yarn into the package while periodically per-
forming the traverse width change under a second
changing ratio that is lower than the first changing ratio.
[0009] According to such a yarn winding machine, the
traverse width change is performed to prevent the gen-
eration of the saddle bag of the package, and in the sur-
face layer portion of the package, the changing ratio is
lowered to prevent the low density portion from being
formed. The changing ratio is an amount of change in a
traverse width per unit time in the traverse width change.
[0010] The yarn winding machine according to the
present invention may further include a timing setting
section adapted to set a timing to start forming the second
yarn layer. According to such a structure, for example,
an amount of the second yarn layer to be formed can be
adjusted to a desired amount.
[0011] In the yarn winding machine according to the
present invention, the timing setting section may be
adapted to set as the timing, a point of time when a yarn
layer thickness of the package is at least 90% and less
than 100% of a target yarn layer thickness, a point of time
when a diameter of the package is at least 90% and less
than 100% of a target package diameter, or a point of
time when a wound length of the yarn that has been
wound into the package is at least 90% and less than
100% of a target winding length. According to such a
structure, in the package, the second yarn layer is formed
from the point of time when the yarn layer thickness of
the package is at least 90% and less than 100% of the
target yarn layer thickness, the point of time when the
diameter of the package is at least 90% and less than
100% of the target package diameter, or the point of time
when the wound length of the yarn is at least 90% and
less than 100% of the target winding length.
[0012] A package according to the present invention
includes a first yarn layer formed by a yarn wound while
being creeped under a first creeping rate; and a second
yarn layer arranged on the first yarn layer and formed by
the yarn wound while being creeped under a second
creeping rate that is lower than the first creeping rate.
[0013] According to such a package, similarly to the
above-described operation effect, the generation of the
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saddle bag of the package is prevented by the creeping,
and in the surface layer portion of the package, the creep-
ing rate is lowered to prevent the low density portion from
being formed.
[0014] A package according to the present invention
includes a first yarn layer formed by a yarn wound while
traverse width change reducing a traverse width in a pul-
satile manner being periodically performed under a first
changing ratio accompanying winding of the yarn; and a
second yarn layer arranged on the first yarn layer and
formed by the yarn wound while the traverse width
change being periodically performed under a second
changing ratio that is lower than the first changing ratio.
[0015] According to such a package, similarly to the
above-described operation effect, the generation of the
saddle bag of the package is prevented by the traverse
width change, and in the surface layer portion of the pack-
age, the changing ratio of the traverse width is lowered
to prevent the low density portion from being formed.
[0016] In the package according to the present inven-
tion, the yarn of an uppermost layer in the second yarn
layer may be arranged at an equal pitch. In this case, a
package with satisfactory outer appearance and hand
feeling can be provided.
[0017] In the package according to the present inven-
tion, the first yarn layer may be formed by one of random
winding, step precision winding, and precision winding,
and the second yarn layer may be formed by one of step
precision winding and precision winding. In this case, a
package with satisfactory outer appearance and hand
feeling can be provided.
[0018] A method for manufacturing a package accord-
ing to the present invention manufactures a package by
winding the yarn into the package by the above-de-
scribed yarn winding machine. Also in this method for
manufacturing the package, similarly to the above-de-
scribed operation effect, the generation of the saddle bag
of the package is prevented, and in the surface layer
portion of the package, the low density portion can be
prevented from being formed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

FIG. 1 is a schematic view of an automatic winder
including a winder unit according to one embodi-
ment;
FIG. 2 is a schematic view and a block diagram il-
lustrating a schematic configuration of the winder
unit;
FIG. 3 is a left side view illustrating, in an enlarged
manner, proximity of a traverse device of the winder
unit;
FIGS. 4A and 4B are views describing creeping by
the winder unit;
FIG. 5 is a chart view illustrating an example of an
operation of the winder unit; and

FIGS. 6A to 6C are views describing a package man-
ufactured by the winder unit.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0020] Preferred embodiments of the present invention
will be hereinafter described in detail with reference to
the drawings. In the drawings, the same reference nu-
merals are denoted for the same or corresponding por-
tions, and redundant description will be omitted.
[0021] First, with reference to FIG. 1, an overall con-
figuration of an automatic winder 1 including a winder
unit (yarn winding machine) 10 of the present embodi-
ment will be described. In the present specification, "up-
stream" and "downstream" respectively refer to upstream
and downstream in a travelling direction of a yarn at the
time of yarn winding.
[0022] As illustrated in FIG. 1, the automatic winder 1
includes a plurality of winder units 10 arranged side by
side, an automatic doffing device 80, and a machine con-
trol device 90 as main components. Each winder unit 10
is configured to wind a yarn 20 unwound from a yarn
supplying bobbin 21 while traversing the yarn 20 to form
a package 30. "Traverse" refers to applying reciprocal
motion to the yarn being wound. The package 30 is a
cross-wound package.
[0023] When the package 30 is fully wound in each
winder unit 10, the automatic doffing device 80 travels to
a position of the winder unit 10, discharges the fully-
wound package 30 from the winder unit 10, and supplies
an empty bobbin to the relevant winder unit 10.
[0024] The machine control device 90 includes a set-
ting section 91 and a display section 92. The setting sec-
tion 91 enables an operator to input a predetermined set
value or select an appropriate control method to carry
out setting with respect to each winder unit 10. The dis-
play section 92 is configured to be able to display winding
status of the yarn 20 in each winder unit 10, content of
trouble that occurred, and the like. The display section
92 may be configured by a touch panel, and the setting
section 91 may be included in the display section 92.
[0025] Next, with reference to FIG. 2, a description will
be specifically made on a configuration of the winder unit
10. Each of the winder units 10 includes a winding unit
main body 16 and a unit control section 50, as main com-
ponents.
[0026] The unit control section 50 is configured to in-
clude, for example, a Central Processing Unit (CPU), a
Random Access Memory (RAM), a Read Only Memory
(ROM), an Input-Output (I/O) port, and a communication
port. The ROM stores a program for controlling each sec-
tion of the winding unit main body 16. Each section of
the winding unit main body 16 (details are described later)
and the machine control device 90 are connected to the
I/O port and the communication port. The unit control
section 50 is thus configured to be able to communicate
the control information and the like. The unit control sec-
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tion 50 thus can control the operation of each section of
the winding unit main body 16.
[0027] The winding unit main body 16 includes a yarn
unwinding assisting device 12, a tension applying device
13, a yarn joining device 14, and a yarn monitoring device
15 arranged in this order from the upstream on a yarn
travelling path between the yarn supplying bobbin 21 and
a contact roller 29. A yarn supplying section 11 is ar-
ranged at a lower part of the winding unit main body 16.
The yarn supplying section 11 is configured to be able
to hold the yarn supplying bobbin 21, which has been
conveyed by a bobbin conveying system (not illustrated),
at a predetermined position.
[0028] The yarn unwinding assisting device 12 assists
unwinding of the yarn 20 from the yarn supplying bobbin
21 by lowering a regulating member 40 covering a core
tube of the yarn supplying bobbin 21 accompanying the
unwinding of the yarn 20 from the yarn supplying bobbin
21. The regulating member 40 is brought into contact
with a balloon of the yarn 20 formed at an upper part of
the yarn supplying bobbin 21 by rotation and a centrifugal
force of the yarn 20 unwound from the yarn supplying
bobbin 21 to control the balloon of the yarn 20 to an ap-
propriate size, thus assisting the unwinding of the yarn
20. A sensor (not illustrated) for detecting a chase portion
of the yarn supplying bobbin 21 is arranged in proximity
to the regulating member 40. When this sensor detects
lowering of the chase portion, the yarn unwinding assist-
ing device 12 lowers the regulating member 40 by an air
cylinder (not illustrated), for example, following the low-
ering of the chase portion.
[0029] The tension applying device 13 applies a pre-
determined tension on the travelling yarn 20. The tension
applying device 13 may be a gate-type tension applying
device in which movable comb teeth are arranged with
respect to fixed comb teeth. The movable comb teeth are
swung by a rotary solenoid so that the movable comb
teeth are engaged with or released from the fixed comb
teeth. A disc-type tension applying device, for example,
may be adopted instead of the gate-type tension applying
device 13 described above.
[0030] The yarn joining device 14 joins a lower yarn
from the yarn supplying bobbin 21 and an upper yarn
from the package 30 after the yarn monitoring device 15
detects a yarn defect and cuts the yarn 20, after yarn
breakage occurs during unwinding of the yarn 20 from
the yarn supplying bobbin 21, and the like. The yarn join-
ing device 14 may be a mechanical-type knotter, or a
splicer that uses fluid such as compressed air.
[0031] The yarn monitoring device 15 includes a head
49 provided with a sensor (not illustrated) for detecting
a thickness of the yarn 20, and an analyzer 52 for
processing a yarn thickness signal from the sensor. The
yarn monitoring device 15 is configured to detect a yarn
defect such as slub by monitoring the yarn thickness sig-
nal from the sensor. A cutter 39 is provided in proximity
to the head 49 or in the head 49, and immediately cuts
the yarn 20 when the yarn monitoring device 15 detects

the yarn defect.
[0032] A lower yarn catching member 25 adapted to
catch a yarn end of the lower yarn and guide the yarn
end to the yarn joining device 14 is arranged below the
yarn joining device 14. An upper yarn catching member
26 adapted to catch a yarn end of the upper yarn and
guide the yarn end to the yarn joining device 14 is ar-
ranged above the yarn joining device 14. The lower yarn
catching member 25 includes a lower yarn pipe arm 33,
and a lower yarn suction port 32 formed at a distal end
of the lower yarn pipe arm 33. The upper yarn catching
member 26 includes an upper yarn pipe arm 36, and an
upper yarn suction port 35 formed at a distal end of the
upper yarn pipe arm 36.
[0033] The lower yarn pipe arm 33 is configured to be
swingable with a shaft 34 as a center. The upper yarn
pipe arm 36 is configured to be swingable with a shaft
37 as a center. An appropriate negative pressure source
is connected to the lower yarn pipe arm 33 and the upper
yarn pipe arm 36. The lower yarn pipe arm 33 is config-
ured to generate a suction flow at the lower yarn suction
port 32 to suck and catch the yarn end of the lower yarn.
The upper yarn pipe arm 36 is configured to generate a
suction flow at the upper yarn suction port 35 to suck and
catch the yarn end of the upper yarn. A shutter (not illus-
trated) is respectively arranged at each of a basal end
side of the lower yarn pipe arm 33 and a basal end side
of the upper yarn pipe arm 36. Each shutter is
opened/closed in accordance with a signal from the unit
control section 50. Stop and generation of the suction
flow from the lower yarn suction port 32 and the upper
yarn suction port 35 are thereby controlled.
[0034] The winding unit main body 16 includes a cradle
(holding section) 23 adapted to removably hold a winding
bobbin 22, and a contact roller 29 rotatable while making
contact with a peripheral surface of the winding bobbin
22 or a peripheral surface of the package 30. The winding
unit main body 16 includes an arm type traverse device
70 for traversing the yarn 20. The traverse device 70 is
arranged in proximity to the cradle 23. The winding unit
main body 16 can wind the yarn 20 into the package 30
while traversing the yarn 20 by the traverse device 70. A
guide plate 28 is arranged slightly upstream of a traverse
area. The guide plate 28 guides the yarn 20 located up-
stream to the traverse area. A traverse fulcrum 27 made
of ceramics is arranged further upstream of the guide
plate 28. The traverse device 70 traverses the yarn 20
in a direction indicated with an arrow in FIG. 2 with the
traverse fulcrum 27 as a center.
[0035] The cradle 23 can swing with a swing shaft 48
as the center. An increase in a diameter of the package
30 accompanying the winding of the yarn 20 around the
winding bobbin 22 can be absorbed by the swinging of
the cradle 23. The cradle 23 includes a rotation speed
sensor 24 adapted to measure the rotation speed of the
package 30.
[0036] A package driving motor (package driving sec-
tion) 41 configured by a servo motor is attached to the
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cradle 23. The package driving motor 41 rotationally
drives the winding bobbin 22 to wind the yarn 20 around
the winding bobbin 22. The package driving motor 41
rotatably drives the package 30 in forward rotation of ro-
tating the package 30 (winding bobbin 22) in a winding
direction and in reverse rotation of rotating the package
30 in an unwinding direction, which is a direction opposite
to the winding direction. A motor shaft of the package
driving motor 41 is coupled with the winding bobbin 22
so as to be relatively non-rotatable when the winding bob-
bin 22 is supported by the cradle 23 (so-called direct drive
type).
[0037] An operation of the package driving motor 41
is controlled by a package drive control section 42. The
package drive control section 42 controls the operation
and stop of the package driving motor 41 upon receiving
an operation signal from the unit control section 50. The
package driving motor 41 is not limited to the servo motor,
and various types of motors such as a step motor and
an induction motor can be adopted.
[0038] An angle sensor 44 for detecting the angle of
the cradle 23 is attached to the swing shaft 48. The angle
sensor 44 includes a rotary encoder, for example, and
transmits an angle signal corresponding to an angle of
the cradle 23 to the unit control section 50. Since the
angle of the cradle 23 changes as the diameter of the
package 30 increases, the diameter of the package 30
can be detected by detecting a swing angle of the cradle
23 with the angle sensor 44. As a configuration for de-
tecting the diameter of the package 30, a sensor using
a hall IC, an absolute type encoder, or the like can be
used instead of the angle sensor 44. As a configuration
for detecting the diameter of the package 30, an appro-
priate configuration can be used as long as the diameter
of the package 30 can be detected.
[0039] As a method for detecting the diameter of the
package 30, a detection method of detecting the diameter
of the package 30 based on, for example, a total length
of the yarn 20 wound into the package 30, a winding
speed of the yarn 20, and a type of the yarn 20 (thickness
and the like) may be used. As the method for detecting
the diameter of the package 30, a method of measuring
a time from start of winding of the yarn 20 into the package
30 may be used. Specifically, for example, the unit control
section 50 acquires the winding speed of the yarn 20 and
information on the type of the yarn 20 (thickness and the
like), and stores in advance a relationship between an
elapsed time from the start of winding of the yarn 20 and
the diameter of the package 30. The unit control section
50 thus can calculate the diameter of the package 30
based on the elapsed time.
[0040] As the method for detecting the diameter of the
package 30, a method of calculating the diameter of the
package 30 based on a travelling speed of the yarn 20
on the yarn travelling path between the yarn supplying
bobbin 21 and the contact roller 29 may be used. Spe-
cifically, the travelling speed of the yarn 20 is detected
by the yarn monitoring device 15 or a dedicated yarn

speed sensor. The unit control section 50 calculates a
winding angle based on the travelling speed and a
traverse speed of the yarn 20, and calculates a peripheral
speed of the package 30 from the winding angle and the
travelling speed. The unit control section 50 then calcu-
lates the diameter of the package 30 based on the rota-
tion speed of the package 30 and the peripheral speed
of the package 30. When detecting the diameter of the
package 30 by calculation, the configuration for detecting
the angle of the cradle 23 with the angle sensor 44 and
the like may be omitted.
[0041] As illustrated in FIGS. 2 and 3, the traverse de-
vice 70 includes a traverse driving motor 76, an output
shaft 77, and a traverse arm 74. FIG. 3 is a view seen in
an axial direction of the contact roller 29. The rotation in
the winding direction of the package 30 is a clockwise
direction in FIG. 3, and the rotation in the unwinding di-
rection of the package 30 is a counterclockwise direction
in FIG. 3.
[0042] The traverse driving motor 76 is a motor adapt-
ed to drive the traverse arm 74, and is configured by a
servo motor and the like. An operation of the traverse
driving motor 76 is controlled by a traverse control section
78. The traverse driving motor 76 may be other motors
such as a step motor or a voice coil motor. A hook-shaped
yarn guide section 73, for example, is formed at a distal
end of the traverse arm 74. The traverse arm 74 can
guide the yarn 20 by the yarn guide section 73. The
traverse arm 74 is reciprocated with the yarn 20 guided
by the yarn guide section 73, and the yarn 20 is traversed.
[0043] The traverse control section 78 is configured by
a hardware and the like by a dedicated microprocessor,
and controls the operation and stop of the traverse driving
motor 76 upon receiving a signal from the unit control
section 50. Power of the traverse driving motor 76 is
transmitted to a basal end of the traverse arm 74 via the
output shaft 77. When a rotor of the traverse driving motor
76 is forwardly/reversely rotated, the traverse arm 74 re-
ciprocates in a direction perpendicular to the plane of
drawing in FIG. 3 (left and right direction in FIG. 2 (winding
width direction of the package 30)). FIG. 3 illustrates a
state where the traverse arm 74 is located at an end of
the traverse.
[0044] The unit control section 50 transmits a drive sig-
nal to the package drive control section 42, and controls
rotational drive of the package driving motor 41. The unit
control section 50 controls a catching operation of the
lower yarn catching member 25 and the upper yarn catch-
ing member 26 (swinging of the lower yarn pipe arm 33
and the upper yarn pipe arm 36). The unit control section
50 controls the opening/closing of the shutter arranged
on the lower yarn pipe arm 33 and the upper yarn pipe
arm 36, and controls the stop and generation of the suc-
tion flow from the lower yarn suction port 32 and the upper
yarn suction port 35.
[0045] In the present embodiment, the traverse control
section 78 includes a creeping control section (control
section) 78x, and the unit control section 50 includes a
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creeping rate switching section (control section) 50x. The
creeping control section 78x controls the traverse device
70 to perform creeping. The creeping is a process of pe-
riodically changing the traverse width. Specifically, the
creeping is a process of periodically performing a change
of reducing in a pulsatile manner (temporarily) an actual
traverse width from a set traverse width with elapse of
time (the rotation of the package 30).
[0046] When forming a first yarn layer 30a by winding
the yarn 20 into the package 30 (see FIG. 6C), the creep-
ing control section 78x performs a first creeping control
of performing the creeping under a normal creeping rate
(first creeping rate). After the first creeping control is per-
formed and the first yarn layer 30a is formed, when form-
ing a second yarn layer 30b by winding the yarn 20 into
the package 30 (see FIG. 6C), the creeping control sec-
tion 78x performs a second creeping control of perform-
ing the creeping under a winding end creeping rate (sec-
ond creeping rate) that is lower than the normal creeping
rate. The winding end creeping rate may be 0%, in which
case, the creeping is not performed.
[0047] The creeping rate switching section 50x switch-
es the creeping rate of the creeping performed by the
creeping control section 78x. That is, the creeping rate
switching section 50x switches execution of the first
creeping control and the second creeping control. When
a full-package rate of the current package 30 reaches a
rate at which the creeping is set to be switched to winding
end creeping (hereinafter simply referred to as a "winding
end creeping switching full-package rate"), the creeping
rate switching section 50x transmits a winding end creep-
ing switching command to the traverse control section
78, and switches the creeping rate from the normal creep-
ing rate to the winding end creeping rate (to be described
in detail later). The full-package rate is a percentage of
the diameter of the package 30 at a certain point of time
with respect to a final target diameter of the package 30
set in advance.
[0048] FIG. 4A is a view describing the creeping per-
formed by the creeping control section 78x, and FIG. 4B
is a partially enlarged view of FIG. 4A. In FIG. 4A, a ver-
tical axis indicates time T, and a horizontal axis indicates
traverse width H. FIG. 4A illustrates a part of a path of
the yarn 20 to be wound into the package 30 in a planarly
developed manner.
[0049] As illustrated in FIG. 4A, a creeping amount is
an amount of change (reduction amount) in the traverse
width H in the creeping. A creeping time is a time during
which the traverse width H is being changed in the creep-
ing. For example, within the creeping time, the traverse
width H is reduced from the set traverse width accompa-
nying the winding of the yarn 20, and after the traverse
width H is reduced from the set traverse width by the
creeping amount, the traverse width H is increased until
it returns to the set traverse width.
[0050] The creeping rate is a value obtained by dividing
the creeping amount by the set traverse width before the
change. Lowering the creeping rate means reducing a

degree of reduction of the traverse width H (lower a de-
gree of creeping), or not reducing the traverse width H
with respect to the set traverse width. The creeping
amount becomes small within a constant creeping time
by lowering the creeping rate, and hence a reduction
amount ΔH of the traverse width H per unit time ΔT (see
FIG. 4B) becomes small.
[0051] The creeping control section 78x and the creep-
ing rate switching section 50x as described above are,
in other words, configured as below. That is, the creeping
control section 78x periodically executes the traverse
width change of reducing the traverse width H in a pul-
satile manner accompanying the winding of the yarn 20.
The creeping control section 78x periodically executes
the traverse width change under the first changing ratio
when forming the first yarn layer 30a. When forming the
second yarn layer 30b after forming the first yarn layer
30a, the creeping control section 78x periodically exe-
cutes the traverse width change under the second chang-
ing ratio that is lower than the first changing ratio. The
creeping rate switching section 50x switches the chang-
ing ratio of the traverse width change executed by the
creeping control section 78x. When a full-package rate
of the current package 30 reaches the winding end creep-
ing switching full-package rate, the creeping rate switch-
ing section 50x transmits a winding end creeping switch-
ing command to the traverse control section 78, and
switches the changing ratio from the first changing ratio
to the second changing ratio. The changing ratio is the
amount of change ΔH in the traverse width H per unit
time ΔT.
[0052] The normal creeping rate and the winding end
creeping rate are set by the setting section 91 of the ma-
chine control device 90. The setting section 91 functions
as a creeping rate setting section, and individually or col-
lectively sets the normal creeping rate and the winding
end creeping rate of each winder unit 10.
[0053] The timing to start forming the second yarn layer
30b of the package 30 is set by the setting section 91 of
the machine control device 90. The setting section 91
functions as a timing setting section, and individually or
collectively sets the timing to start forming the second
yarn layer 30b of the package 30 of each winder unit 10.
[0054] The timing to start forming the second yarn layer
30b is a point of time immediately before the end of wind-
ing of the package 30, and is a point of time at which the
full-package rate of the current package 30 has reached
the winding end creeping switching full-package rate in
the present embodiment. For example, the timing to start
forming the second yarn layer 30b may be a point of time
when a yarn layer thickness of the package 30 is at least
90% and less than 100% of a target yarn layer thickness
set in advance, specifically, a point of time when the yarn
layer thickness is 99% of the target yarn layer thickness.
For example, the timing to start forming the second yarn
layer 30b may be a point of time when a diameter of the
package 30 is at least 90% and less than 100% of a target
package diameter set in advance, specifically, a point of
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time when the diameter is 99% of the target package
diameter. The yarn layer thickness and the diameter of
the package 30 can be acquired by using the method for
detecting the diameter of the package 30 described
above. The yarn layer thickness of the package 30 can
be calculated by, for example, subtracting a diameter of
the winding bobbin 22 from the diameter of the package
30. Information related to the diameter of the winding
bobbin 22 is set in advance from the setting section 91
by the operator.
[0055] For example, the timing to start forming the sec-
ond yarn layer 30b may be a point of time when a wound
length of the yarn 20 wound into the package 30 is at
least 90% and less than 100% of a target winding length
set in advance, specifically, 99% of the target winding
length. The wound length of the yarn 20 can be detected
using a contactless photoelectric length detecting device.
A sensor for detecting a pulse for every one rotation of
the contact roller 29 may be arranged in the winder unit
10, and the wound length may be calculated by counting
the number of pulses with the unit control section 50.
[0056] The unit control section 50 controls the package
drive control section 42 and the traverse control section
78. The traverse control section 78 controls a winding
type of the yarn 20 of the first yarn layer 30a and the
second yarn layer 30b. The traverse control section 78
performs a control to form the first yarn layer 30a by at
least one of random winding, step precision winding, and
precision winding. The traverse control section 78 per-
forms a control to form the second yarn layer 30b by at
least one of step precision winding and precision winding.
[0057] The random winding is a winding type of winding
the yarn 20 into the package 30 at a constant winding
angle. In the random winding, a ratio between the winding
speed and the traverse speed of the yarn 20 is constant,
and the number of windings (number of times the pack-
age 30 rotates during the traverse for one reciprocation)
changes with the change in the diameter of the package
30. In the yarn layer formed by the random winding, hard-
ness and the density of the yarn layer can be maintained
constant.
[0058] The step precision winding is a winding type of
winding the yarn 20 into the package 30 while maintaining
the winding angle within a certain range close to a pre-
determined angle (standard winding angle) by switching
the number of windings in a step-like manner. In the step
precision winding, the following control is repeated, that
is, when the number of windings approaches a critical
number of windings in which the ribbon winding occurs,
the number of windings is changed from the state where
the number of windings is maintained within a certain
range to the state where the number of windings does
not become the critical number of windings by rapidly
changing the winding angle (traverse jump), and then the
state of the number of windings is returned to the state
where the number of windings is maintained within the
certain range. According to the step precision winding, a
ribbon winding region is not formed at all, and the yarn

20 can be wound with yarn diamonds formed by winding
the yarn 20 into the package 30 aligned (adjacent yarn
diamonds arranged at an equal pitch).
[0059] The precision winding is a winding type of main-
taining the number of windings to a constant value and
winding the yarn 20 into the package 30 regardless of a
size of the diameter of the package 30. In the precision
winding, the traverse angle is reduced with increase in
the diameter of the package 30. In the precision winding,
the ratio of an angular speed of the package 30 and an
angular speed of the traverse is constant. According to
the precision winding, the ribbon winding region is not
formed at all, and the yarn 20 can be wound with the yarn
diamonds of the package 30 aligned.
[0060] Next, a description will be made on a creeping
method (manufacturing method of the package 30) per-
formed in the winder unit 10 with reference to the flow-
chart of FIG. 5.
[0061] First, in the setting section 91 of the machine
control device 90, a winding end creeping switching full-
package rate is set (step S1). The winding end creeping
switching full-package rate can be set with the yarn layer
thickness of the package 30, the diameter of the package
30, or the wound length of the yarn 20 wound into the
package 30 as a reference, as described above. In the
setting section 91, the winding end creeping rate is set
(step S2). Steps S1 and S2 can be performed in any
order.
[0062] Next, the unit control section 50 determines
whether or not the yarn 20 is currently being wound into
the package 30 (step S3). When the yarn 20 is not cur-
rently being wound, the process ends. When the yarn 20
is currently being wound, the unit control section 50 de-
termines whether or not the package 30 is a full package
(step S4). When the package 30 is already a full package,
the winding is stopped and the process ends (step S5).
[0063] When the package 30 is not a full package, the
creeping rate switching section 50x determines whether
or not the winding end creeping switching command has
been transmitted to the creeping control section 78x (step
S6). When the winding end creeping switching command
has not been transmitted to the creeping control section
78x, the creeping rate switching section 50x determines
whether or not the current full-package rate is equal to
or greater than the winding end creeping switching full-
package rate (step S7). When the current full-package
rate is equal to or greater than the winding end creeping
switching full-package rate, the winding end creeping
switching command is transmitted to the creeping control
section 78x from the creeping rate switching section 50x
(step S8).
[0064] Upon receiving the winding end creeping
switching command (YES in step S6 or after step S8),
the creeping control section 78x sets the current creeping
rate to the winding end creeping rate (step S10). When
the current full-package rate is not equal to or greater
than the winding end creeping switching full-package rate
(NO in step S7), the current creeping rate is set to the
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normal creeping rate by the creeping control section 78x
(step S11). After step S10 or step S11, the creeping op-
eration of the traverse device 70 is updated, and the proc-
ess returns to step S3 (step S12).
[0065] As described above, the first yarn layer 30a is
formed by winding the yarn 20 into the package 30 while
performing the creeping under the normal creeping rate.
Thereafter, when the full-package rate reaches the wind-
ing end creeping switching full-package rate, the yarn 20
is wound into the package 30 while the creeping is per-
formed under the winding end creeping rate lower than
the normal creeping rate. The second yarn layer 30b is
thereby formed in the surface layer portion of the package
30.
[0066] FIG. 6A is a view illustrating a surface layer of
a package 30’ formed by performing the creeping under
the normal creeping rate without switching the creeping
rate. FIG. 6B is a view illustrating the surface layer of the
package 30 formed by the present embodiment. FIG. 6C
is a cross-sectional view illustrating the surface layer por-
tion of the package 30 formed by the present embodi-
ment. The winding type of the package 30’ is the step
precision winding.
[0067] In the package 30’, the creeping is performed
under the normal creeping rate from the start of winding
to the end of winding. In the package 30’ , the traverse
width H is greatly changed as compared to when the
creeping is performed under the winding end creeping
rate, and hence the pitch at which the yarn 20 is arranged
is greatly changed, as illustrated in FIG. 6A. Therefore,
the arranged yarn 20 overlaps or the pitch of the yarn 20
differs, and hence a low density portion exists (hard por-
tion exists) when an outer circumferential surface of the
package 30’ is touched with hand.
[0068] As illustrated in FIGS. 6B and 6C, the package
30 according to the present embodiment is manufactured
by being wound by the winder unit 10, and has the fol-
lowing configuration. The package 30 includes the first
yarn layer 30a formed by the yarn 20 wound while being
creeped under the normal creeping rate, and the second
yarn layer 30b arranged on the first yarn layer 30a and
formed by the yarn 20 wound while being creeped under
the winding end creeping rate. In other words, the pack-
age 30 includes the first yarn layer 30a formed by the
yarn 20 wound while the traverse width change being
periodically performed under the first changing ratio, and
the second yarn layer 30b arranged on the first yarn layer
30a and formed by the yarn 20 wound while the traverse
width change being periodically performed under the sec-
ond changing ratio.
[0069] The first yarn layer 30a of the package 30 is
formed by at least one of random winding, step precision
winding, and precision winding. The second yarn layer
30b of the package 30 is formed by at least one of step
precision winding and precision winding. As illustrated in
FIG. 6B, the second yarn layer 30b of the package 30 is
exposed to the outside, and a yarn (yarn diamonds of
the surface layer) 30s of an uppermost layer in the second

yarn layer 30b is arranged at an equal pitch.
[0070] Therefore, according to the winder unit 10, after
the first yarn layer 30a is formed by winding the yarn 20
into the package 30 while performing the creeping under
the normal creeping rate, the second yarn layer 30b is
formed by winding the yarn 20 into the package 30 while
performing the creeping under the winding end creeping
rate. Generation of saddle bag of the package 30 can be
prevented by performing the creeping during the winding.
The creeping rate may be set low at the second yarn
layer 30b, which is located close to the surface layer por-
tion of the full package, to prevent the low density portion
from being formed.
[0071] In other words, according to the winder unit 10,
after the first yarn layer 30a is formed by winding the yarn
20 into the package 30 while periodically performing the
traverse width change under the first changing ratio, the
second yarn layer 30b is formed by winding the yarn 20
into the package 30 while periodically performing the
traverse width change under the second changing ratio
lower than the first changing ratio. The generation of the
saddle bag of the package 30 can be prevented by per-
forming the traverse width change during the winding.
The changing ratio of the traverse width change may be
set low at the second yarn layer 30b, which is located
close to the surface layer portion of the full package, to
prevent the low density portion from being formed.
[0072] As a result, the yarn diamonds of the surface
layer portion of the package 30 are aligned to improve
outer appearance, and regardless of a difference in full-
package diameter and/or a weight of the package 30, the
surface layer portion of the package 30 at the time of full
package can be reliably wound with the aligned yarn dia-
monds. The package 30 may be, for example, a soft
wound package used for dying. In this case, the creeping
rate is basically set high in the soft wound package to
soften edge portions, and hence drawbacks at the time
of handling the package 30 are less likely to occur even
if the creeping rate is made low at the end of winding.
[0073] In the winder unit 10, the winding end creeping
rate is set by the setting section 91. Thus, the creeping
can be performed with the desired winding end creeping
rate to form the second yarn layer 30b.
[0074] In the winder unit 10, the winding end creeping
switching full-package rate, which is the timing to start
forming the second yarn layer 30b, is set by the setting
section 91. Thus, the amount of the second yarn layer
30b to be formed (yarn length and/or thickness in the
second yarn layer 30b) can be desirably adjusted.
[0075] In the winder unit 10, the point of time when the
yarn layer thickness of the package 30 is at least 90%
and less than 100% of the target yarn layer thickness,
the point of time when the diameter of the package 30 is
at least 90% and less than 100% of the target package
diameter, or the point of time when the wound length of
the yarn 20 that has been wound into the package 30 is
at least 90% and less than 100% of the target winding
length is set as the timing to start forming the second
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yarn layer 30b. In this case, the formation of the second
yarn layer 30b is not started from an early stage, and
hence the yarn layer of different density can be prevented
from becoming thick and thus forming pattern windings.
[0076] The package 30 includes the first yarn layer 30a
formed by the yarn 20 wound while being creeped under
the normal creeping rate, and the second yarn layer 30b
arranged on the first yarn layer 30a and formed by the
yarn 20 wound while being creeped under the winding
end creeping rate that is lower than the normal creeping
rate. According to the package 30, similarly to the above-
described operation effect, the creeping is performed to
prevent the generation of the saddle bag of the package
30, and in the surface layer portion located close to the
full package, the creeping rate is lowered to prevent the
low density portion from being formed.
[0077] In other words, the package 30 includes the first
yarn layer 30a formed by the yarn 20 wound while the
traverse width change being periodically performed un-
der the first changing ratio, and the second yarn layer
30b arranged on the first yarn layer 30a and formed by
the yarn 20 wound while the traverse width change being
periodically performed under the second changing ratio
that is lower than the first changing ratio. According to
the package 30, similarly to the above-described opera-
tion effect, the traverse width change is performed to pre-
vent the generation of the saddle bag of the package 30,
and in the surface layer portion located close to the full
package, the changing ratio of the traverse width change
is lowered to prevent the low density portion from being
formed.
[0078] In the package 30, the yarn 30s of the upper-
most layer in the second yarn layer 30b is arranged at
an equal pitch. In this case, a package 30 with satisfactory
outer appearance and hand feeling can be provided.
[0079] In the package 30, the first yarn layer 30a is
formed by at least one of the random winding, the step
precision winding, and the precision winding, and the
second yarn layer 30b is formed by at least one of the
step precision winding and the precision winding. In this
case, a package 30 with satisfactory outer appearance
and hand feeling can be provided. In particular, in the
package 30, the creeping or the traverse width change
is performed in the second yarn layer 30b formed by the
step precision winding or the precision winding, but the
pitch of the yarn 20 to be arranged can be prevented from
becoming uneven and the yarn diamonds can be aligned.
[0080] A method for manufacturing the package 30
winds the yarn 20 by the winder unit 10 to manufacture
the package 30. Also in this manufacturing method, sim-
ilarly to the above-described operation effect, the gener-
ation of the saddle bag of the package 30 can be pre-
vented, and the low density portion can be prevented
from being formed in the surface layer portion of the pack-
age 30.
[0081] One embodiment of the present invention has
been described above, but the present invention is not
limited to the above-described embodiment. In the

above-described embodiment, the package 30 is directly
rotationally driven by the package driving motor 41, but
in the present invention, the contact roller 29 may be
rotationally driven and the package 30 may be rotated
accompanying the rotation of the contact roller 29.
[0082] In the above-described embodiment, when
forming the second yarn layer 30b, the changing ratio
(the amount of change ΔH of the traverse width H per
unit time ΔT) of the traverse width change may be lowered
by increasing the creeping time under the condition at
which the creeping amount is constant as compared to
when forming the first yarn layer 30a.
[0083] In the above-described embodiment, when
forming the second yarn layer 30b, the number of times
to change the traverse width H per predetermined time
may be reduced (extend the period (frequency) of change
of the traverse width H) as compared to when forming
the first yarn layer 30a. In this case as well, similarly to
the above-described operation effect, the generation of
the saddle bag of the package 30 can be prevented by
the traverse width change, and the low density portion
can be prevented from being formed in the surface layer
portion.
[0084] In the above-described embodiment, in at least
one of a time before the first yarn layer 30a is formed, a
time after the second yarn layer 30b is formed, and a
period of time between the time when the first yarn layer
30a is formed and the time when the second yarn layer
30b is formed, the yarn 20 may be wound into the pack-
age 30 while performing the creeping under an N-th
creeping rate (N is an integer greater than or equal to
three), which is different from the first and second creep-
ing rates, or while performing the traverse width change
under the changing ratio different from the first and sec-
ond changing ratios. In this case, one or a plurality of N-
th yarn layers can be formed in a region located in at
least one of a radially inner side of the first yarn layer
30a, a radially outer side of the second yarn layer 30b,
and a region between the first yarn layer 30a and the
second yarn layer 30b.
[0085] In the above-described embodiment, the creep-
ing control section 78x and the creeping rate switching
section 50x are separately provided. However, the creep-
ing control section 78x and the creeping rate switching
section 50x may be provided integrally. In the above-
described embodiment, the unit control section 50, the
package drive control section 42, and the traverse control
section 78 are separately arranged, but at least one of
the package drive control section 42 and the traverse
control section 78 may be collectively (integrally) ar-
ranged within the unit control section 50. The setting sec-
tion 91 may be arranged in the unit control section 50 of
each winder unit 10, and the setting section 91 may func-
tion as the creeping rate setting section and the timing
setting section. In the above-described embodiment, the
normal creeping rate (the first creeping rate) is not nec-
essarily a constant rate, and may change depending on
the yarn layer to be formed. The second creeping rate
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merely needs to be lower than the normal creeping rate
immediately before being switched to the second creep-
ing rate.

Claims

1. A yarn winding machine (10) comprising:

a package driving section (41) adapted to rota-
tionally drive a package (30);
a traverse device (70) adapted to traverse a yarn
(20) to be wound into the package (30); and
a control section (78x) adapted to control the
traverse device (70) to perform creeping, char-
acterized in that
after a first yarn layer (30a) is formed by winding
the yarn (20) into the package (30) while per-
forming the creeping under a first creeping rate,
a second yarn layer (30b) is formed by winding
the yarn (20) into the package (30) while per-
forming the creeping under a second creeping
rate that is lower than the first creeping rate, or
while performing no creeping.

2. A yarn winding machine (10) according to claim 1,
characterized by a creeping rate setting section
(91) adapted to set the second creeping rate.

3. A yarn winding machine (10) comprising:

a package driving section (41) adapted to rota-
tionally drive a package (30);
a traverse device (70) adapted to traverse a yarn
(20) to be wound into the package (30); and
a control section (78x) adapted to control the
traverse device (70) to periodically perform
traverse width change to reduce a traverse width
in a pulsatile manner accompanying winding of
the yarn (20), characterized in that
after a first yarn layer (30a) is formed by winding
the yarn (20) into the package (30) while peri-
odically performing the traverse width change
under a first changing ratio, a second yarn layer
(30b) is formed by winding the yarn (20) into the
package (30) while periodically performing the
traverse width change under a second changing
ratio that is lower than the first changing ratio or
while performing no traverse width change.

4. The yarn winding machine (10) according to any one
of claim 1 through claim 3, characterized by a timing
setting section (91) adapted to set a timing to start
forming the second yarn layer (30b).

5. The yarn winding machine (10) according to claim
4, characterized in that the timing setting section
(91) is adapted to set as the timing, a point of time

when a yarn layer thickness of the package (30) is
at least 90% and less than 100% of a target yarn
layer thickness, a point of time when a diameter of
the package (30) is at least 90% and less than 100%
of a target package diameter, or a point of time when
a wound length of the yarn (20) that has been wound
into the package (30) is at least 90% and less than
100% of a target winding length.

6. A package (30) comprising:

a first yarn layer (30a) formed by a yarn (20)
wound while being creeped under a first creep-
ing rate; characterized by
a second yarn layer (30b) arranged on the first
yarn layer (30a) and formed by the yarn (20)
wound while being creeped under a second
creeping rate that is lower than the first creeping
rate, or wound without being creeped.

7. A package (30) comprising:

a first yarn layer (30a) formed by a yarn (20)
wound while traverse width change reducing a
traverse width in a pulsatile manner being peri-
odically performed under a first changing ratio
accompanying winding of the yarn (20); char-
acterized by
a second yarn layer (30b) arranged on the first
yarn layer (30a) and formed by the yarn (20)
wound while the traverse width change being
periodically performed under a second changing
ratio that is lower than the first changing ratio or
while no traverse width change is performed.

8. The package (30) according to claim 6 or claim 7,
characterized in that the yarn (20) of an uppermost
layer in the second yarn layer (30b) is arranged at
an equal pitch.

9. The package (30) according to any one of claim 6
through claim 8, characterized in that the first yarn
layer (30a) is formed by at least one of random wind-
ing, step precision winding, and precision winding,
and the second yarn layer (30b) is formed by at least
one of step precision winding and precision winding.

10. A method for manufacturing a package (30) by wind-
ing the yarn (20) into the package (30), character-
ized in that
after a first yarn layer (30a) is formed by winding the
yarn (20) into the package (30) while performing the
creeping under a first creeping rate, a second yarn
layer (30b) is formed by winding the yarn (20) into
the package (30) while performing the creeping un-
der a second creeping rate that is lower than the first
creeping rate, or while performing no creeping.
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11. A method for manufacturing a package (30) by wind-
ing the yarn (20) into the package (30) wherein a
traverse width change is periodically performed to
reduce a traverse width in a pulsatile manner accom-
panying winding of the yarn (20), characterized in
that
after a first yarn layer (30a) is formed by winding the
yarn (20) into the package (30) while periodically per-
forming the traverse width change under a first
changing ratio, a second yarn layer (30b) is formed
by winding the yarn (20) into the package (30) while
periodically performing the traverse width change
under a second changing ratio that is lower than the
first changing ratio or while performing no traverse
width change.
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