EP 3 808 690 A1

(19) Europdisches

: Patentamt

European
Patent Office

Office européen
des brevets

(11) EP 3 808 690 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
21.04.2021 Bulletin 2021/16

(21) Application number: 20200349.7

(22) Date of filing: 06.10.2020

(51) IntClL:

B65H 67/08 (2006-01)

(84) Designated Contracting States:
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB

GRHRHUIEISITLILTLULVMC MKMT NL NO

PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME

Designated Validation States:
KH MA MD TN

(30) Priority: 16.10.2019 JP 2019189619
(71) Applicant: Murata Machinery, Ltd.

Kyoto-shi,
Kyoto 601-8326 (JP)

(72) Inventors:

« TERAO, Yuho
Kyoto-shi, 612-8686 (JP)

« MURAYAMA, Kenichi
Kyoto, 612-8686 (JP)

« YAMAMOTO, Atsushi
Kyoto, 612-8686 (JP)

« UEYAMA, Shota
Kyoto, 612-8686 (JP)

(74) Representative: Zimmermann, Tankred Klaus

Schoppe, Zimmermann, Stockeler
Zinkler, Schenk & Partner mbB
Patentanwilte

Radlkoferstrasse 2

81373 Miinchen (DE)

(54) YARN WINDING DEVICE AND YARN CATCHING METHOD

(57)  Whenayarn (12) thatis being wound by a wind-
ing section (2) is disconnected, an upper-yarn catching
pipe (5) of an automatic winder (100) sucks and catches
the yarn (12) from a package (20). A unit controller (50)
controls a package driving motor. After the upper-yarn
catching pipe (5) starts to suck an upper yarn, the unit
controller (50) causes a driving section to perform a for-

ward-backward reciprocal driving that starts from a for-
ward driving in which the package (20) is rotated forward
in a winding direction of the yarn (12) and a backward
driving in which the package (20) is rotated in a direction
opposite to the winding direction for a rotation amount
that is larger than the rotation amount in the forward driv-

ing.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The presentinvention relates to a yarn winding
device and a yarn catching method.

2. Description of the Related Art

[0002] A yarn winding device that forms a package by
winding a yarn is known in the art. Japanese Patent No.
4277227 discloses an automatic winder that is a type of
yarn winding device.

[0003] In the automatic winder disclosed in Japanese
PatentNo.4277227, awinding unitforms awinding pack-
age by unwinding a spun yarn from a yarn supplying bob-
bin and rewinding a predetermined amount of the yarn
on the winding package. When forming a package, if the
yarn supplied from the yarn supplying bobbin breaks mid-
way, in the winding unit, at the winding package side, the
cut yarn is sucked and caught by a suction mouth and
guided to a yarn joining device, and yarn joining is per-
formed by a yarn joining device. In this process, the suc-
tion mouth sucks and catches the yarn on the package
side and pulls the yarn end from the winding package
(so-called end finding).

[0004] When the suction mouth sucks and catches the
yarn on the winding package side, the winding package
is rotated in a forward direction (winding direction) for a
predetermined number of rotations (or a predetermined
time), and then the winding package is rotated in a back-
ward direction of the forward direction. Japanese Patent
No. 4277227 does not particularly explain a relationship
between a rotation amount of the winding package in the
forward direction when the suction mouth is near the
winding package and the rotation amount of the winding
package in the backward direction in the same state.
[0005] Whenthe yarnbreakage occursbetweenayarn
supplying bobbin side and a winding package during yarn
rewinding, the technique (automatic winder) disclosed in
Japanese Patent No. 4277227 assumes that, when a
winding package is caused to rotate in the forward direc-
tion while the suction mouth is near the winding package
and then caused to rotate in the backward direction, the
suction mouth can suck and catch the yarn by the end
partofthe yarninstead of the middle part. However, some
yarns have a large amount of fluff, and in such yarns, the
yarn on the winding package may firmly stick to the sur-
face of the package due to the heavy fluff. In such a case,
for example, when the winding package is simply caused
to rotate in the forward and the backward directions and
the suction is applied to the end of the yarn, sticking of
the yarn on the winding package could not be eliminated,
and thus the yarn could not be caught. When this hap-
pens, because an unwinding operation to manually un-
wind the yarn on the winding package side by an operator
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becomes necessary, efforts of the operator increase.
Moreover, because the forming of the winding package
by the winding unit must be stopped until the operator
performs the unwinding operation, the operating efficien-
cy is lowered.

SUMMARY OF THE INVENTION

[0006] The present invention has been made in view
of the above circumstances. It is an object of the present
invention to provide a technique that can perform catch-
ing of a yarn of a package efficiently.

[0007] An object of the present invention is as men-
tioned above, and the means to achieve the object and
the advantageous effect thereof will be explained below.
[0008] According to one aspect of the present inven-
tion, a yarn winding device includes a winding section
that forms a package by winding a yarn; a driving section
that causes the package to drive rotatably and is capable
of switching a rotation direction of the package between
a forward rotation direction in which the package is ro-
tated in a winding direction of the yarn and a backward
rotation direction in which the package is rotated in an
opposite direction of the winding direction of the yarn; a
yarn catching section that sucks and catches the yarn
from the package when the yarn that is being wound by
the winding sectionis disconnected; and a control section
that controls the driving section, wherein when the yarn
catching section starts sucking the yarn on the package
side, the control section causes the driving section to
perform a forward-backward reciprocal driving that in-
cludes a forward driving in which the package is rotated
at a first angle in the forward rotation direction and a
backward driving in which the package is rotated at a
second angle that is larger than a rotation angle amount
in the forward driving.

[0009] According to another aspect of the present in-
vention, a yarn catching method includes winding a yarn
to form a package, and catching by drawing the yarn from
the package to perform yarn joining when the yarn is
disconnected during winding, wherein in the catching, a
forward-backward reciprocal driving that includes a for-
ward driving in which the package is rotated in a yarn
winding direction and a backward driving in which the
package is rotated in an opposite direction of the yarn
winding direction for a rotation amount larger than that
in the forward driving is performed multiple times.
[0010] The above and other objects, features, advan-
tages and technical and industrial significance of this in-
vention will be better understood by reading the following
detailed description of presently preferred embodiments
of the invention, when considered in connection with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]
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FIG. 1 is a schematic front view showing an overall
configuration of an automatic winder according to a
first embodiment of the present invention.

FIG. 2 is a front view and a block diagram showing
a schematic configuration of a winder unit.

FIG. 3 is a side view showing a state in which a yarn
end on a package side is guided to a yarn joining
device when the yarn in the winder unit is discon-
nected.

FIG. 4 is a flowchart showing processes performed
by the winder unit when forming a package.
FIGS.5Ato 5C are enlarged side views for explaining
an effect of a forward-backward reciprocal driving of
the package.

FIG. 6 is a timing chart showing an example of a
rotation control of the package executed in the wind-
er unit.

FIG. 7 is a front view and a block diagram showing
a schematic configuration of an automatic winder ac-
cording to a second embodiment of the present in-
vention.

DETAILED DESCRIPTION

[0012] Exemplary embodiments of the present inven-
tion are explained below with reference to the accompa-
nying drawings. FIG. 1 is a schematic front view showing
an overall configuration of an automatic winder 100 ac-
cording to a first embodiment of the present invention.
[0013] Theautomaticwinder(yarnwinding device) 100
shown in FIG. 1 includes a plurality of winder units 10
that is arranged side by side, a blower box 70, a main
control device 80, and a doffing device 90.

[0014] Anot-shownblower is arranged inside the blow-
er box 70. The blower functions as a negative pressure
source to supply negative pressure via a not-shown blow-
er duct to each winder unit 10.

[0015] The main control device 80 includes one or
more operation keys (operation section) 81 and a display
(alarm unit, notification section) 82. The main control de-
vice 80 can communicate with each of the winder units
10. An operator of the automatic winder 100 can input a
predetermined setting value or select an appropriate con-
trol method by operating the operation keys 81. Accord-
ingly, the plurality of the winder units 10 can be centrally
controlled. The main control device 80 also controls op-
eration of the doffing device 90. The display 82 can dis-
play information such as the winding status of a yarn 12
in each winder unit 10 and details of an error that may
have occurred.

[0016] When the package 20 in the winder unit 10 is
fully wound (a state in which a specific amount of the
yarn 12 is wound), the doffing device 90 travels to the
position of such awinder unit 10, removes the fully wound
package 20 from the winder unit 10, and sets an empty
winding bobbin 22 in the winder unit 10.

[0017] Next, a configuration of the winder unit 10 will
be explained with reference to FIGS. 2 and 3. FIG. 2 is
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a front view and a block diagram showing a schematic
configuration of the winder unit 10. FIG. 3 is a side view
of a state in which a yarn end is guided to a yarn joining
device 3 when the yarn 12 in the winder unit 10 is dis-
connected.

[0018] AsshowninFIG.2,eachwinderunit10includes
a winding unit main body 40, which includes a yarn sup-
plying section 1 and a winding section 2, and a unit con-
troller (control section) 50. The winder unit 10 unwinds
the yarn 12 from a yarn supplying bobbin 11, which is
supplied to the yarn supplying section 1, and winds the
yarn 12 onto the winding bobbin 22, while traversing the
yarn 12, to form the package 20. In the following expla-
nation, rotation of the package 20 in a winding direction,
adirection in which the package 20 is rotated when wind-
ing the yarn 12 on the package 20, is referred to as "for-
warddriving", and rotation of the package 20 in adirection
opposite to the forward direction (backward direction) is
referred to as "backward driving".

[0019] The unit controller 50 includes, for example, a
CPU and a ROM. A computer program, a control table,
and the like to control various components of the winding
unit main body 40 are stored in the ROM. The CPU ex-
ecutes the computer program stored in the ROM.
[0020] The yarn supplying section 1 supports the yarn
supplying bobbin 11 placed on a not-shown transport tray
at apredetermined position and unwinds the yarn 12 from
the yarn supplying bobbin 11. When all the yarn 12 is
unwound from the yarn supplying bobbin 11, the yarn
supplying section 1 discharges the empty yarn supplying
bobbin 11 and receives a new yarn supplying bobbin 11
from a not-shown yarn supplying bobbin supplying de-
vice. The yarn supplying section 1 is not limited to the
transport tray type as explained above, and can be, for
example, a magazine type yarn supplying section that
supplies the yarn 12 by supporting a yarn supplying bob-
bin supplied from a magazine ata predetermined position
and unwinds the yarn 12.

[0021] The winding section 2 is provided in an upper
part of the winding unitmain body 40. The winding section
2 includes a cradle 21 that is capable of holding the wind-
ing bobbin 22, a winding drum (traverse drum) 23 that
traverses the yarn 12 and rotates the winding bobbin 22,
and a first motor (driving section) 29 that rotationally
drives the winding drum 23. A helical-shaped traverse
groove 27 is formed on the outer peripheral surface of
the winding drum 23. When the first motor 29 rotates the
winding drum 23, the yarn 12 unwound from the yarn
supplying bobbin 11 in the yarn supplying section 1 is
wound around the winding bobbin 22 at a fixed width
while being traversed via the traverse groove 27. Accord-
ingly, the package 20 having a fixed winding width and
a predetermined length (or a predetermined weight) can
be formed. In this configuration, the first motor 29 is op-
erative to rotate the package 20 and to switch the rotation
directions of the package 20.

[0022] In the winder unit 10, an unwinding assisting
device 13, a tension applying device 14, a lower-yarn
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catching pipe 4, the yarn joining device 3, a yarn moni-
toring device 19, and an upper-yarn catching pipe (yarn
catching section) 5 are arranged on a yarn running path
between the yarn supplying section 1 and the winding
section 2.

[0023] The unwinding assisting device 13 includes a
regulating member 13a capable of coving a core tube of
the yarn supplying bobbin 11. The regulating member
13a is substantially cylindrical in shape and is arranged
so as to come into contact with a balloon formed on an
upper portion of a yarn layer of the yarn supplying bobbin
11. The balloon is a portion formed when the yarn 12
unwound from the yarn supplying bobbin 11 is swayed
by a centrifugal force.

[0024] By causing the regulating member 13a to con-
tact the balloon, tension is applied to the yarn 12 in the
balloon portion to prevent the yarn 12 from being swayed
excessively. Accordingly, the yarn 12 can be caused to
unwind appropriately from the yarn supplying bobbin 11.
[0025] The tension applying device 14 applies a pre-
determined tension to the travelingyarn 12. Inthe present
embodiment, the tension applying device 14 has a gate-
type structure in which movable comb teeth are arranged
with respectto fixed comb teeth. The movable comb teeth
are biased such that the comb teeth engage with each
other.

[0026] By causing the yarn 12 to bend and pass be-
tween the comb teeth in the engaged state, an appropri-
ate tension is applied to the yarn 12 and the quality of
the package 20 can be improved. However, the tension
applying device 14 is notlimited to the gate-type structure
explained above and can have, for example, a disc-type
structure.

[0027] When the yarn 12 positioned between the yarn
supplying section 1 and the winding section 2 is discon-
nected due to some reason (such as yarn breakage or
yarn disconnection), the lower-yarn catching pipe 4 can
suck and catch the yarn 12 (yarn end) on the yarn sup-
plying bobbin side and guide the yarn 12 to the yarn join-
ing device 3.

[0028] Specifically, the lower-yarn catching pipe 4 is
rotatable around a pipe shaft 41. A suction port 42 is
formed at a tip end of the lower-yarn catching pipe 4. An
appropriate negative pressure source is connected to the
lower-yarn catching pipe 4 to generate a suction current
at the suction port 42.

[0029] In this configuration, when the yarn 12 is dis-
connected, the suction port 42 of the lower-yarn catching
pipe 4 catches a lower yarn of the yarn 12 that is on the
yarn supplying section side at a position shown by a dou-
ble-dashed line in FIG. 3. Subsequently, the lower-yarn
catching pipe 4 rotates upward around the pipe shaft 41
to guide the lower yarn to the yarn joining device 3.
[0030] Whenthe yarn 12 is disconnected as explained
above, the yarn joining device 3 joins the yarn 12 (yarn
end) on the yarn supplying section side and the yarn 12
(yarn end) on the winding section side. In the present
embodiment, the yarn joining device 3 is configured as
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a splicer device that twists yarn ends together by a swirl-
ing airflow generated by compressed air. However, the
yarn joining device 3 is not limited to the splicer device,
and for example, a disc-type splicer or a mechanical yarn
knotting device such as a knotter can be used as a yarn
joining device.

[0031] The yarn monitoring device 19 detects a yarn
defect by monitoring the thickness and the like of the
traveling yarn 12 with an appropriate sensor. Moreover,
the yarn monitoring device 19 also detects yarn break-
age, that is, detects presence of the yarn 12 on the yarn
running path. A cutter 24 that allows immediate cutting
of the yarn 12 when the yarn monitoring device 19 detects
the yarn defect is provided near the yarn monitoring de-
vice 19.

[0032] When the yarn 12 is disconnected as explained
above, the upper-yarn catching pipe 5 sucks and catches
the yarn 12 (yarn end) on the winding section side, and
guides the caught yarn 12 to the yarn joining device 3.
[0033] Specifically, the upper-yarn catching pipe 5 is
rotatable around a shaft 51. A suction mouth 52 is formed
at a tip end of the upper-yarn catching pipe 5. The blower
duct explained above is connected to the upper-yarn
catching pipe 5, and a suction current can be generated
at the suction mouth 52.

[0034] The suction mouth 52 is formed in an elongated
shape so as to include a winding width of the package
20. With such a configuration, the suction current can be
applied to the outer peripheral surface of the package 20
across the entire winding width direction.

[0035] A not-shown shutter member is arranged be-
tween the suction mouth 52 of the upper-yarn catching
pipe 5 and the blower duct. The opening / closing of the
shutter member is controlled by the unit controller 50. By
causing the shuttermemberto open/close, the operation
of the shutter member can be switched between gener-
ation / stopping of the suction currentin the suction mouth
52.

[0036] An output shaft of a second motor 62 is con-
nected to the upper-yarn catching pipe 5. The second
motor 62 is electrically connected to the unit controller
50. By controlling the second motor 62, the unit controller
50 can start / stop the rotation of the second motor 62,
or can change the rotation direction thereof.

[0037] Accordingly, when the yarn 12 is disconnected,
the suction mouth 52 of the upper-yarn catching pipe 5
catches the upper yarn of the yarn 12 that is on the wind-
ing section side at an upper-yarn catching position shown
by the double-dashed line in FIG. 3. Subsequently, the
upper-yarn catching pipe 5 rotates around the shaft 51
to the yarn joining position shown by a solid line in FIG.
3 to guide the upper yarn to the yarn joining device 3.
[0038] A yarn detecting sensor (detecting section) 53
is provided in the winder unit 10. The yarn detecting sen-
sor 53 detects whether the upper-yarn catching pipe 5
has caught the yarn. Specifically, the yarn detecting sen-
sor 53 detects whether the yarn (yarn end) is present
inside the upper-yarn catching pipe 5. The yarn detecting
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sensor 53 is electrically connected to the unit controller
50. The yarn detecting sensor 53 can be configured as,
forexample, an optical sensor. The yarn detecting sensor
53 is arranged near the winding section 2. The yarn de-
tecting sensor 53 is configured as the optical sensor that
is known in the art, and includes a not-shown light emit-
ting unit and a not-shown light receiving unit. A part of
the upper-yarn catching pipe 5 is formed as a transparent
member through which the light can be pass. When the
upper-yarn catching pipe 5 is in the upper-yarn catching
position, the light emitting unit of the yarn detecting sen-
sor 53 canirradiate light into the upper-yarn catching pipe
5 through the transparent member. When the yarn 12 is
present inside the upper-yarn catching pipe 5, the light
receiving unit of the yarn detecting sensor 53 can receive
the light reflected from the yarn 12. It is possible to omit
the yarn detecting sensor 53. In that case, the suction
mouth 52 is lowered once to cause the yarn monitoring
device 19 to detect whether the upper-yarn catching pipe
5 has caught the yarn. In such a configuration, the yarn
monitoring device 19 functions as the detecting section
that detects whether the yarn is present inside the yarn
catching section of the upper-yarn catching pipe 5.
[0039] Accordingtothe configuration explained above,
the winder unit 10 can form the package 20 by winding
the yarn 12 around the winding bobbin 22.

[0040] Next, while referring to FIGS. 2 and 3, an oper-
ation performed by the winder unit 10 when the yarn 12
between the yarn supplying section 1 and the winding
section 2 is disconnected will be explained up to a step
in which the disconnected yarn 12 is joined and the wind-
ing is resumed.

[0041] In the winder unit 10, when the yarn 12 is dis-
connected, a yarn end of the disconnected yarn 12 that
is on the package side (winding section side) is wound
on the package 20 that is rotating by inertia. The reasons
for such a disconnection of the yarn 12 include the yarn
12 being automatically cut by the cutter 24 when the yarn
monitoring device 19 detects a yarn defect, the yarn 12
is cut due to incidentally generated significant tension,
andthe like. However, the reasons are not limited thereto.
In the following explanation, the yarn end on the package
side is referred to as an upper yarn end.

[0042] The unit controller 50 sends a drive signal to
the second motor 62 and causes the upper-yarn catching
pipe 5 to rotate upward such that the suction mouth 52
approaches the package 20, thereby causing the upper-
yarn catching pipe 5 to move up to the upper-yarn catch-
ing position shown by the double-dashed line in FIG. 3.
As aresult, the suction mouth 52 of the upper-yarn catch-
ing pipe 5 moves to a position in which the upper-yarn
catching pipe 5 is substantially facing the surface of the
package 20 but separated therefrom by a predetermined
distance.

[0043] When the suction mouth 52 reaches the upper-
yarn catching position, the unit controller 50 sends a drive
signal to the first motor 29 to cause the package 20 to
rotate in a backward direction of the yarn winding direc-
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tion, that is, in the yarn unwinding direction (backward
driving). Moreover, the unit controller 50 causes the up-
per-yarn catching pipe 5 to generate the suction air cur-
rent in the suction mouth 52. Accordingly, the upper yarn
end can be unwound from the package 20 by the sucking
action of the suction mouth 52 and the backward driving
of the package 20. When the upper yarn end on the sur-
face of the package 20 crosses a portion of the package
20 that faces the suction mouth 52, the upper yarn is
sucked into the upper-yarn catching pipe 5 by the action
of the suction air current. On the one hand, when the
upperyarn end is not unwound from the package 20 even
after performing the catching operation in which the pack-
age 20 is caused to perform the backward driving and
the upper yarn end is sucked and caught, the backward
driving of the package 20 is stop temporarily. The back-
ward driving is then performed again and the catching
operation by the upper-yarn catching pipe 5 is performed
in the same manner as explained above. When the upper
yarn end is not unwound from the package 20 even after
the package 20 is caused to perform the backward driving
and the catching operation by the upper-yarn catching
pipe 5 is performed for a predetermined number of times,
the unit controller 50 causes the package 20 to perform
reciprocal rotation movement at least one time and the
catching operation by the upper-yarn catching pipe 5 is
performed in the same manner as explained above. De-
tails of the reciprocal rotation movement will be explained
later.

[0044] On the other hand, the yarn end of the discon-
nected yarn 12 on the yarn supplying bobbin side (the
yarn supplying section side) is caught by the suction air
currentgenerated atthe tip end of the lower-yarn catching
pipe 4. In the following explanation, the yarn end on the
yarn supplying bobbin side is referred to as a lower yarn
end.

[0045] After the upper yarn end and the lower yarn end
are caught, the unit controller 50 sends a drive signal to
the second motor 62 to cause the upper-yarn catching
pipe 5 to pivot downward as shown by an upper thick
arrow in FIG. 3. Furthermore, the unit controller 50 caus-
es the lower-yarn catching pipe 4 to pivot upward as
shown by a lower thick arrow in FIG. 3. Accordingly, the
upper yarn end caught by the upper-yarn catching pipe
5 and the lower yarn end caught by the lower-yarn catch-
ing pipe 4 are guided to the yarn joining device 3.
[0046] Then, the yarn joining device 3 performs yarn
joining of the upper yarn end and the lower yarn end.
Once the yarn 12 becomes continuous between the yarn
supplying section 1 and the winding section 2, the unit
controller 50 controls the first motor 29 so as to cause
the package 20 to drive forward and resumes the winding
of the yarn 12.

[0047] Next,the operation performed by the winder unit
10 during the winding process will be explained in detail
while referring to FIG. 4. FIG. 4 is a flowchart showing
processes performed by the winder unit 10 when forming
the package 20.
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[0048] When the winding process in which the yarn 12
is wound on the package 20 is performed, the unit con-
troller 50 determines whether the yarn 12 on the yarn
running path between the yarn supplying section 1 and
the winding section 2 is disconnected (Step S101). In the
present embodiment, the unit controller 50 determines
whether the yarn 12 is disconnected depending on
whether a signal that indicates that the yarn 12 is present
on the yarn running path is received from the yarn mon-
itoring device 19. Moreover, when the yarn monitoring
device 19 detects the yarn defect and the yarn 12 is cut
by the cutter 24, the unit controller 50 determines that
the yarn 12 is disconnected upon receiving a cut signal
from the cutter 24.

[0049] When it is determined that the yarn 12 is not
disconnected (No at Step S101), the unit controller 50
causes the package 20 to drive forward at a predeter-
mined winding speed (rotation speed of the package 20
when winding the yarn) (Step S108). In other words,
winding of the yarn 12 is performed so as to form the
package 20.

[0050] On the other hand, when it is determined that
the yarn 12 is disconnected (Yes at Step S101), the unit
controller 50 starts a process in which the upper-yarn
catching pipe 5 catches the upper yarn end (catching
process) (Step S102).

[0051] Specifically, the operation performed to catch
the yarn is explained below. The unit controller 50 con-
trols the first motor 29 so as to immediately stop the ro-
tation of the package 20. Subsequently, the unitcontroller
50 causes the upper-yarn catching pipe 5 to start pivoting
upward. As a result, the suction mouth 52 reaches the
upper-yarn catching position shown by the double-
dashed line in FIG. 3. Furthermore, the unit controller 50
opens the shutter member arranged on a path that con-
nects the upper-yarn catching pipe 5 and the blower duct
when the upper-yarn catching pipe 5 starts to pivot up-
ward. The suction mouth 52 of the upper-yarn catching
pipe 5 can apply the suction current to the surface of the
package 20 at the upper-yarn catching position in which
the suction mouth 52 is near the surface of the package
20.

[0052] Furthermore, the unit controller 50 sends a sig-
nal to the first motor 29 to cause the package 20 to start
the backward driving. The unit controller 50 causes the
package 20 to perform the backward driving for a prede-
termined rotation amount when the upper-yarn catching
pipe 5 is rotated upward. The package 20 is caused to
perform the backward driving in a state in which the suc-
tion mouth 52 is caused to apply the suction current on
the surface of the package 20, thereby prompting the
unwinding of the upper yarn and the suction of the upper
yarn end by the suction mouth 52.

[0053] There could be a case in which even when the
package 20 is caused to perform the backward driving
for a predetermined rotation amount, the upper yarn end
is not caught by the upper-yarn catching pipe 5. In such
a case, after temporarily stopping the backward driving
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of the package 20, the unit controller 50 causes the pack-
age 20 to perform the backward driving again and at-
tempts catching of the upper yarn end by the upper-yarn
catching pipe 5. The unit controller 50 repeats the at-
tempts of catching of the upper yarn end by causing the
package 20 to perform the backward driving until the
number of attempts reaches a predetermined upper limit
value. The upper limit value can be appropriately deter-
mined, and the value can be one attempt or more than
one attempt.

[0054] The unitcontroller 50 monitors atan appropriate
timing a signal received from the yarn detecting sensor
53 each time an attempt to catch the upper yarn end is
performed. When a signal that indicates the presence of
the yarn inside the upper-yarn catching pipe 5 is received
from the yarn detecting sensor 53, the unit controller 50
immediately terminates the process performed at Step
S102 even if the process is midway because it is not
necessary to attempt to catch the upper yarn end any-
more.

[0055] Subsequently, the unitcontroller 50 determines
whether the upper yarn end is successfully caught by the
upper-yarn catching pipe 5 (Step S103). Such a deter-
mination can be performed based on a yarn detection
signal that is received from the yarn detecting sensor 53.
[0056] When it is determined that the upper yarn end
is successfully caught by the upper-yarn catching pipe 5
(Yes at Step S103), the unit controller 50 causes the yarn
joining device 3 to perform yarn joining (Step S104). Spe-
cifically, the unit controller 50 rotates the upper-yarn
catching pipe 5 in a downward direction while continuing
the backward rotation of the package 20 and guides the
upper yarn end to the yarn joining device 3. Moreover,
the unit controller 50 guides the lower yarn to the yarn
joining device 3 by rotating the lower-yarn catching pipe
4 upward around the pipe shaft 41. In such a state, the
upper yarn and the lower yarn are joined by the yarn
joining device 3. Almost at the same time as that of the
yarnjoining, the unit controller 50 closes the shutter mem-
ber arranged on a path that connects the upper-yarn
catching pipe 5 and the blower duct so as to stop the
suction current in the suction mouth 52.

[0057] Whenitisdeterminedthatthe upper-yarncatch-
ing pipe 5 has failed to catch the upper yarn end even
after a predetermined number of attempts are performed
(No at Step S103), the unit controller 50 sends a signal
to the first motor 29 so as to terminate the backward
driving of the package 20 and start a forward-backward
reciprocal driving of the package 20 (Step S105). As a
cause of the failure in catching the yarn, for example, the
upper yarn end is being firmly stuck to the surface of the
package 20 because of a lot of fluff on the yarn and the
like can be considered; however, the cause is not limited
thereto.

[0058] First, the unit controller 50 causes the package
20 to perform the forward driving. After causing the pack-
age 20 to rotate for a predetermined first rotation amount,
the unit controller 50 switches the rotation direction of
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the package 20 and causes the package 20 to perform
the backward driving for a predetermined second rotation
amount.

[0059] Atthis step, when performing the forward-back-
ward reciprocal driving, the unit controller 50 controls ro-
tation time, rotation speed, and the like of the package
20, and sets the second rotation amount (the rotation
amount of the package 20 in the backward driving) larger
than the first rotation amount (the rotation amount of the
package 20 in the forward driving). As long as the rotation
amount in the backward driving is larger than the rotation
amount in the forward driving, the specific rotation time,
specific rotation speed, and the like can be set as desired.
[0060] In such a manner, in the present embodiment,
during one forward-backward reciprocal driving, the ro-
tation amount in the backward driving is larger than the
rotation amountin the forward driving. Consequently, the
upper yarn is shaken with a larger stroke when the pack-
age 20 is rotated backward than that when it is rotated
forward, thereby generating a change in stimulus for the
upper yarn. Moreover, in addition to the suction current
applied by the suction mouth 52 to the upper yarn from
various positions within the scope of the forward-back-
ward reciprocal driving, the suction mouth 52 can be
caused to apply the suction current to the upper yarn in
an asymmetrical form that is biased toward the backward
driving side (that is, the side that prompts unwinding of
the upper yarn) . As a result, it is possible to obtain an
untangling effect by applying a unique stimulus to the
upper yarn. Accordingly, sticking of the yarn can be elim-
inated at a high probability even when the upper yarn is
firmly stuck to the surface of the package 20, and the
upper yarn end can be caught by the upper-yarn catching
pipe 5.

[0061] Anexample shown in FIG. 5A will be explained
below. In FIG. 5A, fluff occurs in the middle portion of the
upper yarn, and such a fluff portion gets stuck to the sur-
face of the package 20. For convenience of explanation,
the fluff portion is indicated with a small square mark in
FIGS. 5A to 5C. In a state shown in FIG. 5A, a part of
the upper yarn that is on the tip end side than the fluff
portion attached to the surface of the package 20 is
sucked by the suction mouth 52 that is in the upper-yarn
catching position. However, because the fluff portion is
firmly stuck, the fluff portion cannot be peeled from the
surface of the package 20 even by the suction current
applied by the suction mouth 52. In FIG. 5A, the upper
yarn is bent around the position of the fluff portion that is
above the suction mouth 52.

[0062] When the package 20 is caused to perform the
backward driving from such a state, the fluff portion
moves toward the suction mouth 52. In FIG. 5B, a state
in which the forward driving is completed and the fluff
portion is substantially facing the suction mouth 52 is
shown. The bending occurred in the upper yarn extends
during the movement of the fluff portion. Consequently,
because most of the upper yarn on the tip end side than
the position of the fluff on the upper yarn is sucked by
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the suction mouth 52, the suction current can pull the
upper yarn with a stronger force.

[0063] When the package 20 is caused to perform the
backward driving from the state shown in FIG. 5B, the
fluff portion moves again in a direction away from the
suction mouth 52. The upper yarn attempts to bend again
around the fluff portion; however, because the suction
mouth 52 has already sucked the upper yarn up to near
the fluff portion, the upper yarn is strongly pulled by the
action of the suction current. Therefore, by moving the
fluff portion, a strong force is applied to the fluff portion
via the upper yarn from the surface of the package 20 in
a direction in which the yarn is peeled from the package
20 (that is, the direction in which the upper yarn is un-
wound). Moreover, because the rotation amount in the
backward driving is larger than the rotation amountin the
forward driving of the package 20, the strong peeling
force is applied to the fluff portion over a long moving
stroke of the fluff portion. As a result, as shown in FIG.
5C, the fluff portion can be peeled from the package 20
with a high probability and sucked into the upper-yarn
catching pipe 5.

[0064] In the present embodiment, the first rotation
amount is set to a rotation amount that is equal to or less
than the amount of one rotation of the package 20. In
other words, the rotation amount of the package 20 in
the forward driving during the forward-backward recipro-
cal driving is equal to or less than 360 degrees. The sec-
ond rotation amount can be equal to or less than the
amount of one rotation of the package 20 or can be higher
than the amount of one rotation of the package 20.
[0065] Moreover, in the forward-backward reciprocal
driving, the unit controller 50 controls the rotation speed
of the package 20 so as to be slower than the winding
speed of the yarn 12 when forming the package 20. The
rotation speed of the package 20 in the forward-backward
reciprocal driving can be the same for the forward driving
and the backward driving, or can be different for the for-
ward driving and the backward driving.

[0066] A scenario in which the upper yarn end is not
caught by the upper-yarn catching pipe 5 even when the
package 20 is caused to perform the forward-backward
reciprocal driving as explained above can be thought. In
such a case, the unit controller 50 causes the package
20 to perform the forward-backward reciprocal driving
again and attempts to perform the catching of the upper
yarn end by the upper-yarn catching pipe 5. The unit con-
troller 50 repeats the attempt to catch the upper yarn end
by performing the forward-backward reciprocal driving of
the package 20 till the number of attempts reaches a
predetermined upper limit value. The upper limit value
can be stipulated appropriately.

[0067] The unit controller 50 monitors a signal that is
input from the yarn detecting sensor 53 at an appropriate
timing each time an attempt to catch the upper yarn end
is performed. When a signal that indicates the presence
of the yarn inside the upper-yarn catching pipe 5 is re-
ceived from the yarn detecting sensor 53, the unit con-
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troller 50 immediately terminates the process performed
at Step S105 even when the process is midway because
it is not necessary to attempt to catch the upper yarn end
anymore.

[0068] When the upper limit value for the number of
attempts of catching the upper yarn end is set to two or
more and the yarn detecting sensor 53 does not detect
the upper yarn end in one forward-backward reciprocal
driving, the package 20 is caused to perform the forward-
backward reciprocal driving (repetitive reciprocal driving)
at least twice.

[0069] As explained above, in one round of the for-
ward-backward reciprocal driving, the rotation amount in
the backward driving is larger than that in the forward
driving of the package 20. Therefore, each time the for-
ward-backward reciprocal driving is performed, the pack-
age 20 is caused to perform the backward driving for a
differential amount between the rotation amounts in driv-
ing in both directions as a result. In other words, when
the repetitive reciprocal driving of the package 20 is per-
formed, the position of the upper yarn against the suction
mouth 52 shifts to the backward rotation side each time
one round of the forward-backward reciprocal driving is
performed. Consequently, because the stimulus that the
upper yarn receives from the suction current of the suc-
tion mouth 52 becomes diverse, sticking of the upper
yarn to the surface of the package 20 can be eliminated
more effectively. Furthermore, even when the difference
in the amount of rotations in both directions during one
round of the forward-backward reciprocal driving is small,
the package 20 can be effectively caused to perform the
backward driving by a significant rotation amount (for ex-
ample, amount of 10 rotations) by causing the backward
driving to accumulate by repeating the forward-backward
reciprocal driving multiple times. In such a manner, the
suction current from the suction mouth 52 can be applied
to the entire package 20 by simply repeating the forward-
backward reciprocal driving of the package 20 till the up-
peryarn is successfully caught, and the untangling action
on the upper yarn can be iteratively obtained with varia-
tions. As a result, because the upper yarn that was firmly
stuck and had to be removed manually by an operator in
the conventional configuration can be automatically elim-
inated and the upper yarn can be caught with the present
configuration, labor-saving efforts can be realized.
[0070] The upper limit value of the number of attempts
for catching the upper yarn end (that is, the limit value
relating to the number of the forward-backward reciprocal
driving attempts) can be appropriately stipulated and can
be set to, for example, 100 attempts. It is desirable that
the upper limit value is set so that the backward driving
amount of the package 20 accumulated because of the
forward-backward reciprocal driving is equal to at least
one round. Accordingly, because the suction mouth 52
can be caused to act on the entire outer periphery of the
package 20, probability of catching the upper yarn end
can be improved.

[0071] Subsequently, the unit controller 50 determines
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whether the upper yarn end is successfully caught by the
upper-yarn catching pipe 5 (Step S106). The process
performed at Step S106 is the same as the process per-
formed at Step S103. When it is determined that the up-
per yarn end is successfully caught by the upper-yarn
catching pipe 5 (Yes at Step S106), the unit controller 50
causes the yarn joining device 3 to perform yarn joining
(Step S104).

[0072] Whenitis determinedthatthe upper-yarncatch-
ing pipe 5 has failed to catch the upper yarn end (No at
Step S106) after performing the predetermined number
of attempts, the unit controller 50 causes the display 82
of the main control device 80 to display an alarm and
then stops the operation (Step S107). By stopping the
forward-backward reciprocal driving when the upper-
yarn catching pipe 5 fails to catch the upper yarn suc-
cessively for a certain number of times, unnecessary ro-
tation of the package 20 can be avoided and energy sav-
ing can be realized. Moreover, by displaying the alarm
on the display 82, the operator can be prompted to man-
ually peel off the upper yarn end that is firmly attached
to the surface of the package 20.

[0073] Aftertheyarnisjoined by the yarn joining device
3, the unit controller 50 sends a drive signal to the first
motor 29 and causes the package 20 to drive forward.
Consequently, the yarn 12 is wound around the package
20 (Step S108).

[0074] Subsequently, for example, when another ab-
normality occurs in the winder unit 10 which requires
winding of the yarn 12 to be stopped, or when an instruc-
tion to stop the winder unit 10 is given by the operator
(Yes at Step S109), the unit controller 50 terminates the
process. When such a state does not occur (No at Step
S109), the unit controller 50 repeatedly executes Steps
S101 to S108 explained above.

[0075] Next, operation of the winder unit 10 in the wind-
ing process will be explained with reference to the timing
chart shown in FIG. 6. FIG. 6 shows a timing chart show-
ing an example of a rotation control of the package 20 in
the winder unit 10.

[0076] Whenthe yarn 12is disconnected, the unit con-
troller 50 controls the first motor 29 so as to immediately
stop the rotation of the package 20.

[0077] AttimetOshowninFIG. 6, the unit controller 50
causes the upper-yarn catching pipe 5 to pivot upward.
As a result, at time t1, the suction mouth 52 reaches the
upper-yarn catching position.

[0078] At time t1, the unit controller 50 sends a signal
to the first motor 29 to start the backward driving of the
package 20. The backward driving of the package 20 is
performed till a predetermined time has elapsed from
time t1. In FIG. 6, an example in which catching of the
upper yarn end by performing the backward driving of
the package 20 is attempted at each of times t1, t2, and
t3, and the yarn catching fails in all attempts is shown.
[0079] Inthe example shown in FIG. 6, the upper limit
value for the attempts of catching of the upper yarn end
by performing the backward driving of the package 20 is
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set to 3. Because the number of attempts has reached
the upper limit, at time t4, the unit controller 50 sends a
signal to the first motor 29 to start the forward-backward
reciprocal driving of the package 20. The forward-back-
ward reciprocal driving of the package 20 is performed
repeatedly as shown at times t4, t5, t6, ... till the upper
yarn end is successfully caught.

[0080] The unitcontroller 50 monitors whetherthe yarn
is successfully caught from time t4 onwards. In the ex-
ample shown in FIG. 6, a case in which it is determined
for the first time that the upper yarn end is successfully
caught at time t50 as a result of repeated forward-back-
ward reciprocal driving of the package 20 for 40 times or
more is shown. After continuing the backward rotation of
the package 20 till an appropriate time that is after time
t50, the unit controller 50 sends a signal to the first motor
29 to stop the driving of the package 20. Moreover, at
time t50, the unit controller 50 causes the upper-yarn
catching pipe 5 to pivot downward. As a result, the suction
mouth 52 reaches the yarn joining position at time t51.
Then, yarn joining is performed in the yarn joining device
3.

[0081] Attime t52 at which the yarn joining is complet-
ed, the unit controller 50 sends a signal to the first motor
29 to start the forward driving of the package 20. Accord-
ingly, the yarn winding is performed.

[0082] A speed at which the package 20 is caused to
perform the forward-backward reciprocal driving can be
constant from the beginning to the end of the repetitive
reciprocal driving, or can be changed midway. For ex-
ample, after time t7 at which an attempt to catch the yarn
by performing the forward-backward reciprocal driving of
the package 20 fails three consecutive times, the unit
controller 50 can once again perform the forward-back-
ward reciprocal driving so as to cause the package 20 to
perform the forward driving and the backward driving at
a rotation speed lower than that of the package 20 at the
Lime of the initial forward-backward reciprocal driving
(fromtime t4 totime t7). As aresult, the forward-backward
reciprocal driving speed of the package 20 reduces grad-
ually. When catching of the upper yarn fails, it is suspect-
ed that the upper yarn is firmly stuck on the surface of
the package 20, and the action of the suction current of
the suction mouth 52 on the upper yarn can be strength-
ened by reducing the rotation speed at which the forward-
backward reciprocal driving is performed and the prob-
ability of successfully catching the upper yarn can be
improved.

[0083] Inthe presentembodiment, when such forward-
backward reciprocal driving of the package 20 is per-
formed, the unit controller 50 notifies, by using the display
82 of the main control device 80, that the package 20 is
caused to perform the forward-backward reciprocal driv-
ing. Such natification can be realized by, for example,
displaying an appropriate message on the display 82;
however, the mode of notification is not limited to such
method. The operator can find out about a change in the
status (yarn disconnection and countermeasures there-
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of) at an early stage based on the contents displayed on
the display 82.

[0084] As explained above, the automatic winder 100
according to the present embodiment includes the wind-
ing section 2, the first motor 29, the upper-yarn catching
pipe 5, and the unit controller 50. The winding section 2
forms the package 20 by winding the yarn 12. The first
motor 29 drives the package 20 to rotate and allows
switching of the rotation direction of the package 20 be-
tween the forward rotation direction in which the package
20 is rotated in the winding direction of the yarn and the
backward rotation direction in which the package 20 is
rotated in the opposite direction of the winding direction.
When the yarn 12 that is being wound by the winding
section 2 is disconnected, the upper-yarn catching pipe
5 sucks and catches the yarn end from the package 20.
The unit controller 50 controls the first motor 29. Once
the upper-yarn catching pipe 5 starts the suction of the
upper yarn, the unit controller 50 causes the package 20
to perform the forward-backward reciprocal driving that
starts from the forward driving that includes the forward
driving in which the package 20 is rotated in the winding
direction of the yarn 12 and the backward driving in which
the package 20 is rotated in the opposite direction of the
winding direction of the yarn 12 for a rotation amount that
is larger than that in the forward driving till the yarn end
is successfully caught by upper yarn end catching oper-
ation.

[0085] Accordingly, by causing the package 20 to per-
form the forward-backward reciprocal driving, a satisfac-
tory stimulus can be applied to the upper yarn by the
catching action of the upper-yarn catching pipe 5 and the
like. Moreover, because the package 20 is caused to
perform the backward driving for the rotation amount that
is larger than that in the forward driving in the forward-
backward reciprocal driving, an asymmetrical stimulus
can be applied to the upper yarn by the upper-yarn catch-
ing pipe 5 and prompting of yarn unwinding can be ex-
pected. Therefore, even when the upper yarn is firmly
stuck to the surface of the package 20, sticking of the
upper yarn can be easily eliminated and the upper yarn
can be caught efficiently.

[0086] In the winder unit 10 according to the present
embodiment, the unit controller 50 causes the package
20 to perform the repetitive reciprocal driving in which
the forward-backward reciprocal driving is repeated mul-
tiple times as and when needed.

[0087] Accordingly, because an opportunity to elimi-
nate sticking of the yarn can be secured multiple times,
catching of the upper yarn can be facilitated. Moreover,
because the package 20 is caused to perform the back-
ward driving gradually each time one round of the for-
ward-backward reciprocal driving is completed, a more
diverse stimulus can be applied to the upper yarn by the
upper-yarn catching pipe 5 (suction mouth 52) and the
upper-yarn catching pipe 5 can be caused to act on a
wider area of the outer periphery of the package 20.
[0088] Moreover,inthe winder unit 10 according to the
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present embodiment, by the cumulation of the forward-
backward reciprocal driving, the unit controller 50 can
cause the package 20 to perform the forward-backward
reciprocal driving for two times or more till the backward
driving completes at least one round from a starting point
of the first forward-backward reciprocal driving of the
package 20.

[0089] Accordingly, by performing the repetitive recip-
rocal driving, the upper-yarn catching pipe 5 can be
caused to act on an entire outer periphery of the package
20.

[0090] Moreover, in the automatic winder 100 accord-
ing to the present embodiment, the unit controller 50 can
be configured so as to perform the forward-backward re-
ciprocal driving of the package 20 again by lowering the
rotation speed of the package 20 in the forward and the
backward directions after the package 20 is caused to
perform the repetitive reciprocal driving at least once and
the upper-yarn catching pipe 5 fails to catch the upper
yarn.

[0091] In such a case, because the rotation speed in
the forward-backward reciprocal driving in the repetitive
reciprocal driving lowers automatically under a state in
which catching of the upper yarn seems difficult, the prob-
ability of catching the upper yarn can be improved on a
subsequent operation.

[0092] Moreover in the automatic winder 100 accord-
ing to the present embodiment, the unit controller 50 can
be configured so as to perform the forward-backward re-
ciprocal driving of the package 20 again by lowering the
rotation speed of the package 20 in the forward and the
backward directions after the forward-backward recipro-
cal driving is performed at least once during the repetitive
reciprocal driving and the upper-yarn catching pipe 5 fails
to catch the upper yarn.

[0093] In such a case, because the rotation speed in
the forward-backward reciprocal driving lowers automat-
ically under a state in which catching of the upper yarn
seems difficult, the probability of catching the upper yarn
can be improved on a subsequent operation.

[0094] In the automatic winder 100 according to the
present embodiment, the rotation speed at which the
package 20 is driven forward and backward when the
unit controller 50 performs the repetitive reciprocal driv-
ing of the package 20 (Step S105) is slower than the
rotation speed of the package 20 when the yarn 12 is
wound to form the package 20 (Step S108).

[0095] Accordingly, the upper-yarn catching pipe 5 can
be caused to act effectively on the package 20 to catch
the upper yarn.

[0096] In the automatic winder 100 according to the
presentembodiment, the rotation amount of the package
20 in the forward driving included in one round of the
forward-backward reciprocal driving in the repetitive re-
ciprocal driving is equal to or less than the amount of one
rotation.

[0097] Accordingly, because the rotation amountofthe
forward-backward reciprocal driving of the package 20
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is comparatively small, vibration and the like occurring
from the automatic winder 100 can be reduced.

[0098] Moreover, the automatic winder 100 according
to the present embodiment includes the yarn detecting
sensor 53 that detects whether the yarn is present inside
the upper-yarn catching pipe 5. The unit controller 50
causes the yarn detecting sensor 53 to detect whether
the yarn is present inside the upper-yarn catching pipe
5 at the same as when the upper-yarn catching pipe 5 is
caused to perform the repetitive reciprocal driving, and
when it is determined that the yarn is successfully caught
by the upper-yarn catching pipe 5 based on a detection
result of the yarn detecting sensor 53, the repetitive re-
ciprocal driving is caused to terminate. Moreover, even
when it is determined that the yarn is not caught by the
upper-yarn catching pipe 5 based on the detection result
of the yarn detecting sensor 53, the unit controller 50
determines that the upper-yarn catching pipe 5 has failed
to catch the yarn when the limiting value for the number
of the forward-backward reciprocal driving attempts stip-
ulated beforehand is reached and causes the repetitive
reciprocal driving to terminate.

[0099] Accordingly, after the upper yarnis successfully
caught by the upper-yarn catching pipe 5, a subsequent
operation can be started smoothly. Moreover, when the
possibility of the upper-yarn catching pipe 5 successfully
catching the upper yarn is low, unnecessary forward-
backward reciprocal driving of the package 20 can be
prevented.

[0100] The automatic winder 100 according to the
present embodiment includes the display 82. When the
repetitive reciprocal driving is terminated because the
limiting value for the number of the forward-backward
reciprocal driving attempts is reached, the display 82
starts an alarm.

[0101] Accordingly, the operator and the like can be
immediately notified that the repetitive reciprocal driving
is terminated because the possibility of the upper-yarn
catching pipe 5 successfully catching the yarn in a sub-
sequent operation is low.

[0102] Moreover, the automatic winder 100 according
to the present embodiment includes the display 82. The
display 82 notifies that the repetitive reciprocal driving of
the package 20 is being performed.

[0103] Accordingly, the operator and the like in the vi-
cinity can easily comprehend that the repetitive reciprocal
driving of the package 20 is being performed to catch the
upper yarn.

[0104] A yarn catching method using the automatic
winder 100 (winder unit 10) according to the present em-
bodiment includes a winding process and a catching
process. In the winding process, the package 20 is
formed by winding the yarn 12. In the catching process,
when the yarn 12 is disconnected during the winding
process, the yarn 12 is caught by drawing thereof from
the package 20 to perform yarn joining. In the catching
process, the forward-backward reciprocal driving of the
package 20, which includes the forward driving of the
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package 20 in the winding direction of the yarn 12 and
the backward driving of the package 20 in the opposite
direction of the winding direction of the yarn 12 for the
rotation amount that is larger than that in the forward
driving, is performed multiple times.

[0105] Accordingly, even when the upper yarnis firmly
stuck to the surface of the package 20, such sticking can
be easily eliminated, and the upper yarn can be caught
efficiently.

[0106] Next, an automatic winder 100 according to the
second embodiment will be explained by referring to FIG.
7. FIG. 7 is a front view and a block diagram showing a
schematic configuration of a winder unit 10 of an auto-
matic winder 100 according to the second embodiment.
However, in the explanation of the second embodiment,
portions that are identical or correspond to the embodi-
ment explained above are indicated by the same refer-
ence symbols in the drawings and explanation thereof is
omitted.

[0107] The automatic winder 100 of the present em-
bodiment differs in that, instead of the winding section 2
in which the winding drum 23 includes the traverse
groove 27, each of the winder units 10 according to the
present embodiment includes a winding section 2x that
includes a traversing device 123. In other words, the
winding section 2x includes a cradle 121 on which the
winding bobbin 22 can be mounted, a contact roller 122,
and the traversing device 123.

[0108] The cradle 121 removably holds the winding
bobbin 22 (package 20). The cradle 121 is capable of
rotating (pivoting) on the front side and the back side of
the winder unit 10. An increase in a yarn layer diameter
of the package 20 because of the winding of the yarn 12
around the winding bobbin 22 can be absorbed by the
rotation of the cradle 121. In other words, even when the
yarn layer diameter of the package 20 changes because
of the winding of the yarn 12, the surface of the package
20 can be caused to appropriately come into contact with
the contact roller 122.

[0109] The cradle 121 includes a package driving mo-
tor (driving section) 125 that is constituted by, for exam-
ple, a servo motor. The winding section 2x causes the
winding bobbin 22 to drive rotationally by using the pack-
age driving motor 125 and winds the yarn 12 onto the
surface of the winding bobbin 22 (or the surface of the
package 20).

[0110] When the winding bobbin 22 is supported in the
cradle 121, a rotating shaft of the package driving motor
125 is linked to the winding bobbin 22 so as to prevent
the relative rotation (so called direct drive type). The
package driving motor 125 is electrically connected to
the unit controller 50. By controlling the package driving
motor 125, the unit controller 50 can cause the rotation
of the package driving motor 125 to start / stop, and can
change the rotation direction and the rotation speed.
[0111] The contact roller 122 is rotatable and capable
of coming into contact with the surface of the winding
bobbin 22 or the surface of the package 20 from below.
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The contact roller 122 can support at least a part of the
weight of the winding bobbin 22 or the package 20.
[0112] The traversing device 123 includes a traverse
arm 131 and a traverse driving motor 132. The traverse
arm 131 is rotatable and can hold the yarn 12 at the tip
thereof. The traverse driving motor 132 drives the
traverse arm 131. The traverse driving motor 132 is elec-
trically connected to the unit controller 50. By linking the
unit controller 50 to the package driving motor 125 and
causing the traverse driving motor 132 to drive recipro-
cally, the yarn 12 that is wound onto the package 20 can
be traversed at a predetermined traverse angle.

[0113] Exemplary embodiments of the present inven-
tion are explained above. The configurations explained
above can, however, be modified as explained below.
[0114] In the embodiments explained above, after the
yarn 12 is disconnected, the package 20 is driven back-
ward before the package 20 is caused to perform the
reciprocal movement; however, such backward driving
of the package 20 can be omitted. In other words, after
the yarn 12 is disconnected, the package 20 can be im-
mediately caused to perform the reciprocal movement.
[0115] Whether to perform the forward driving first or
whether to perform the backward driving first in the re-
ciprocal movement of the package 20 can be selected
as desired.

[0116] An attempt to catch the upper yarn end by the
upper-yarn catching pipe 5 while causing the package
20 to rotate for an appropriate rotation amount in an ap-
propriate direction can be performed once or multiple
times between the backward driving of the package 20
shown from time t1 to t4 in FIG. 6 and the repetitive re-
ciprocal driving of the package 20 shown from time t4
onwards in FIG. 6. For example, the forward driving and
the backward driving of the package 20 as disclosed in
Japanese Patent No. 4277227 can be performed before
time t4. When causing the upper-yarn catching pipe 5 to
acton the surface of the package 20, instead of the upper
yarn, a state in which only the middle part of the slackened
upper yarn is sucked by the suction mouth 52 may occur.
Such state can be eliminated by performing rotation of
the package 20 as disclosed in Japanese Patent No.
4277227. Attempting to catch the upper yarn end by the
repetitive reciprocal driving from time t4 onwards in FIG.
6 may take a long time to successfully catch the upper
yarn end and reduce the operating efficiency of the wind-
er unit 10. Consequently, attempting to catch the upper
yarn end by causing the package 20 to rotate in various
manners before shifting to the repetitive reciprocal driving
of the package 20 is beneficial.

[0117] Instead of the number of times the reciprocal
movement is performed, a limit value of the repetitive
reciprocal driving of the package 20 can be defined based
on the time elapsed from the start of the repetitive recip-
rocal driving.

[0118] Instead of the display 82, the state in which re-
ciprocal movement of the package 20 is being performed
can be notified via, for example, a lamp that is separately
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provided on the main control device 80. Such a notifica-
tion can be configured so as to cause lamps, buzzers,
and the like of each winder unit 10 to operate. Similarly,
the alarm explained at Step S107 of FIG. 4 can be real-
ized by any appropriate method other than the display 82.
[0119] Inthe second embodiment, a lift-up mechanism
that can cause the cradle 21 to rotate and cause the
package 20 to separate from the contact roller 122 can
be provided in the winding section 2x, and it can be con-
figured such that, when the lift-up mechanism causes the
package 20 to lift-up so as to separate from the contact
roller 122, the unit controller 50 causes the package 20
to perform the reciprocal movement.

[0120] Inthe embodiments explained above, the upper
limit value of the number of attempts for catching the
upper yarn end (limiting value relating to the number of
times reciprocal movement) is explained as, forexample,
100; however, the upper limit value is not limited to such
avalue. For example, the upper limit value of the number
of attempts for catching the upper yarn end can be set
to 50 and the same operation can be repeated in two
sets. Because the continuous attempts to catch the upper
yarn end are interrupted when the upper limit value is
divided in sets, a stimulus can be applied in a subsequent
set by using a reciprocal movement that is different than
that used in the previous set. Accordingly, increase in
the success rate of catching the upper yarn can be ex-
pected.

[0121] Considering the explanation provided above, it
is obvious that the present invention is capable of many
modifications and variations. Therefore, it is to be under-
stood that the present invention can be implemented in
other ways and manners than those explained in the
present specification within the scope of the patent
claims.

[0122] According to one aspect of the present inven-
tion, a yarn winding device having the below configura-
tion is provided. That is, the yarn winding device includes
a winding section, a driving section, a yarn catching sec-
tion, and a control section. The winding section forms a
package by winding a yarn. The driving section causes
the package to drive rotatably and is capable of switching
a rotation direction of the package between a forward
rotation direction in which the package is rotated in a
winding direction of the yarn and a backward rotation
direction in which the package is rotated in an opposite
direction of the winding direction of the yarn. The yarn
catching section sucks and catches the yarn from the
package when the yarn that is being wound by the wind-
ing section is disconnected. The control section controls
the driving section. When the yarn catching section starts
sucking the yarn on the package side, the control section
causes the driving section to perform a forward-backward
reciprocal driving that includes a forward driving in which
the package is rotated at a first angle in the forward ro-
tation direction and a backward driving in which the pack-
age is rotated at a second angle that is larger than a
rotation angle amount in the forward driving.
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[0123] With this configuration, by causing the package
to perform a forward-backward reciprocal driving, a sat-
isfactory stimulus to the yarn on the package side can
be applied by the catching action of the yarn catching
section and the like. Moreover, in the forward-backward
reciprocal driving, because the package is caused to per-
form the backward driving for a rotation amount that is
larger than that in the forward driving, an asymmetrical
stimulus can be applied to the yarn on the package side
by the yarn catching section and the like, and it can be
expected thatthe yarn unwindingis prompted. Therefore,
even when the yarn is firmly stuck to the surface of the
package, such sticking of yarn can be easily eliminated
and the yarn on the package side can be caught efficient-
ly.

[0124] Inthe aboveyarnwinding device, itis preferable
that the control section causes the driving section to per-
form a repetitive reciprocal driving in which the forward-
backward reciprocal driving is repeated multiple times.
[0125] With this configuration, because an opportunity
to eliminate the sticking of the yarn can be secured mul-
tiple times, catching of the yarn on the package side can
be facilitated. Moreover, because the package is caused
to perform the backward driving gradually each time the
forward-backward reciprocal driving completes one
round, more diverse stimuli can be applied to the yarn
on the package side by the yarn catching section and the
yarn catching section can act on a wider area of the outer
periphery of the package.

[0126] Inthe aboveyarnwinding device, itis preferable
that the control section causes the driving section to per-
form the repetitive reciprocal driving by repeating the for-
ward-backward reciprocal driving of the package for at
least one round of the backward rotation from the time
the forward-backward reciprocal driving starts.

[0127] With this configuration, because the repetitive
reciprocal driving is performed, the yarn catching section
can be caused to act on the entire outer periphery of the
package.

[0128] Inthe aboveyarnwinding device, itis preferable
that, after causing the package to perform the repetitive
reciprocal driving at least for one round and the yarn
catching section has failed to catch the yarn, the control
section causes the package to perform the repetitive re-
ciprocal driving again by lowering the speed at which the
package is caused to perform the forward driving and the
backward driving.

[0129] With this configuration, because the rotation
speed in the forward-backward reciprocal driving in the
repetitive reciprocal driving lowers automatically under a
state in which catching of the yarn seems difficult, the
probability of the yarn being caught in a subsequent op-
eration can be improved.

[0130] Inthe aboveyarnwindingdevice, itis preferable
that, after causing the package to perform the repetitive
reciprocal driving at least for one round in the repetitive
reciprocal driving and the yarn catching section has failed
to catch the yarn, the control section causes the package
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to perform the forward-backward reciprocal driving again
by lowering the speed at which the package is caused
to perform the forward driving and the backward driving.
[0131] With this configuration, because the rotation
speed in the forward-backward reciprocal driving lowers
automatically under a state in which catching of the yarn
seems difficult, the probability of the yarn being caught
in a subsequent operation can be improved.

[0132] Inthe above yarnwinding device, itis preferable
that, the speed at which the package is caused to perform
the forward driving and the backward driving when the
control section causes the driving section to perform the
repetitive reciprocal driving is slower than a rotation
speed of the package when the package is formed by
winding the yarn.

[0133] With this configuration, the yarn catching sec-
tion can be caused to act effectively on the package to
catch the yarn on the package side.

[0134] Inthe above yarnwinding device, itis preferable
that, the rotation angle amount of the package in the for-
ward driving included in one round of the forward-back-
ward reciprocal driving in the repetitive reciprocal driving
is equal to or less than one rotation.

[0135] With this configuration, because the rotation an-
gle amount of the forward-backward reciprocal driving of
the package is relatively small, vibration and the like gen-
erated from the yarn winding device can be reduced.
[0136] It is preferable that the above yarn winding de-
vice has following configuration. That s, the yarn winding
device includes a detecting section that detects whether
the yarn is present inside the yarn catching section. The
control section causes the detecting section to implement
a detection operation to detect whether the yarn is
present inside the yarn catching section alongside with
implementation of the repetitive reciprocal driving, and
causes the repetitive reciprocal driving to terminate when
it is determined that the yarn is successfully caught by
the yarn catching section based on a detection result of
the detecting section. Even when it is determined that
the yarn is not caught by the yarn catching section based
on a detection result of the detecting section, the control
section determines that the yarn catching section has
failed to catch the yarn when the number of times the
forward-backward reciprocal driving can be performed
or the time elapsed from the start of the repetitive recip-
rocal driving reaches a limit value set beforehand, and
causes the repetitive reciprocal driving to terminate.
[0137] With this configuration, once the yarn on the
package side is successfully caught by the yarn catching
section, a subsequent operation can be started smoothly.
Moreover, when the possibility of the yarn catching sec-
tion successfully catching the yarn is low, unnecessary
forward-backward reciprocal driving of the package can
be prevented.

[0138] Itis preferable that the above yarn winding de-
vice has following configuration. That s, the yarn winding
device includes an alarm unit. The alarm unit generates
an alarm when the repetitive reciprocal driving is termi-
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nated because the number of times the forward-back-
ward reciprocal driving can be performed, or the time
elapsed from the start of the repetitive reciprocal driving
reaches the limit value.

[0139] With this configuration, the operator and the like
can be promptly notified that the repetitive reciprocal driv-
ingis terminated because the possibility of the yarn catch-
ing section successfully catching the yarn hereafter is
low.

[0140] Itis preferable that the above yarn winding de-
vice includes a notification section that notifies that the
repetitive reciprocal driving of the package is being per-
formed.

[0141] With this configuration, it can be easily compre-
hended that the repetitive reciprocal driving is being per-
formed to catch the yarn on the package side.

[0142] Inthe aboveyarnwinding device, itis preferable
thatthe winding sectionincludes a winding drum on which
a helical-shaped traverse groove is formed on the outer
peripheral surface that causes the package to rotate by
coming into contact with the outer periphery of the pack-
age, and the driving section causes the package to rotate
by causing the winding drum to drive.

[0143] Because the package is caused to rotate by the
winding drum on which a helical-shaped traverse groove
is formed on the outer circumferential surface, misalign-
ment between the rotation of the package and the tra-
versing does not occur even when the driving section is
caused to perform the forward-backward reciprocal driv-
ing.

[0144] According to another aspect of the present in-
vention, a yarn catching method is provided. The yarn
catching method includes winding and catching. The
winding includes winding a yarn to form a package. The
catching includes catching by drawing the yarn from the
package to perform yarn joining when the yarn is discon-
nected during winding. In the catching, a forward-back-
ward reciprocal driving that includes a forward driving in
which the package is rotated in a yarn winding direction
and a backward driving in which the package is rotated
in an opposite direction of the yarn winding direction for
a rotation amount larger than that in the forward driving
is performed multiple times.

[0145] With this configuration, by causing the package
to perform a forward-backward reciprocal driving, a sat-
isfactory stimulus to the yarn on the package side can
be applied by the yarn catching section and like. More-
over, in the forward-backward reciprocal driving, be-
cause the package is caused to perform the backward
driving for the rotation amount that is larger than that in
the forward driving, an asymmetrical stimulus can be ap-
plied to the yarn on the package side by the yarn catching
section and the like, and it can be expected that the yarn
unwinding is prompted. Furthermore, multiple opportu-
nities to eliminate the sticking of the yarn by performing
the forward-backward reciprocal driving can be secured.
Therefore, even when the yarn is firmly stuck to the sur-
face of the package, such sticking of the yarn can be
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easily eliminated and the yarn on the package side can
be caught efficiently.

[0146] Inthe above explanation, the meaning of "a plu-
rality of" also includes "a predetermined number of".
[0147] Although the invention has been explained with
respect to specific embodiments for a complete and clear
disclosure, the appended claims are not to be thus limited
but are to be construed as embodying all modifications
and alternative constructions that may occur to one
skilled in the art that fairly fall within the scope of the
claims.

Claims
1. A vyarn winding device (100) comprising:

a winding section (2; 2x) configured to form a
package (20) by winding a yarn;

a driving section (29; 125) configured to cause
the package (20) to drive rotatably and being
capable of switching a rotation direction of the
package (20) between a forward rotation direc-
tion in which the package (20) is rotated in a
winding direction of the yarn and a backward
rotation direction in which the package (20) is
rotated in an opposite direction of the winding
direction of the yarn;

a yarn catching section (5) configured to suck
and catch the yarn from the package (20) when
the yarn that is being wound by the winding sec-
tion (2; 2x) is disconnected; and

a control section (50) configured to control the
driving section (29; 125), wherein

when the yarn catching section (5) starts sucking
the yarn on the package side, the control section
(50) is configured to cause the driving section
(29; 125) to perform a forward-backward recip-
rocal driving that includes a forward driving in
which the package (20) is rotated at a first angle
in the forward rotation direction and a backward
driving in which the package (20) is rotated at a
second angle that is larger than a rotation angle
amount in the forward driving.

2. The yarn winding device (100) as claimed in Claim
1, wherein the control section (50) is configured to
cause the driving section (29; 125) to perform a re-
petitive reciprocal driving in which the forward-back-
ward reciprocal driving is repeated multiple times.

3. The yarn winding device (100) as claimed in Claim
2, wherein the control section (50) is configured to
cause the driving section (29; 125) to perform the
repetitive reciprocal driving by repeating the forward-
backward reciprocal driving of the package (20) for
at least one round of the backward rotation from the
time the forward-backward reciprocal driving starts.
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4.

The yarn winding device (100) as claimed in Claim
3, wherein, after causing the package (20) to perform
the repetitive reciprocal driving at least for one round
and the yarn catching section (5) has failed to catch
the yarn, the control section (50) is configured to
cause the package (20) to perform the repetitive re-
ciprocal driving again by lowering the speed at which
the package (20) is caused to perform the forward
driving and the backward driving.

The yarn winding device (100) as claimed in Claim
3, wherein, after causing the package (20) to perform
the repetitive reciprocal driving at least for one round
in the repetitive reciprocal driving and the yarn catch-
ing section (5) has failed to catch the yarn, the control
section (50) is configured to cause the package (20)
to perform the forward-backward reciprocal driving
again by lowering the speed at which the package
(20) is caused to perform the forward driving and the
backward driving.

The yarn winding device (100) as claimed in any one
of Claims 2 to 5, wherein the speed at which the
package (20) is caused to perform the forward driv-
ing and the backward driving when the control sec-
tion (50) causes the driving section (29; 125) to per-
form the repetitive reciprocal driving is slower than
a rotation speed of the package (20) when the pack-
age (20) is formed by winding the yarn.

The yarn winding device (100) as claimed in any one
of Claims 2 to 6, wherein the rotation angle amount
of the package (20) in the forward driving included
inone round of the forward-backward reciprocal driv-
ing in the repetitive reciprocal driving is equal to or
less than one rotation.

The yarn winding device (100) as claimed in any one
of Claims 2 to 7, comprising a detecting section (53)
configured to detect whether the yarn is present in-
side the yarn catching section (5), wherein

the control section (50) is configured to cause the
detecting section (53) to implement a detection op-
eration to detect whether the yarn is present inside
the yarn catching section (5) alongside with the im-
plementation of the repetitive reciprocal driving, and
to cause the repetitive reciprocal driving to terminate
when it is determined that the yarn is successfully
caught by the yarn catching section (5) based on a
detection result of the detecting section (53), and
evenwhenitis determined that the yarn is not caught
by the yarn catching section (5) based on a detection
result of the detecting section (53), the control sec-
tion (50) is configured to determine that the yarn
catching section (5) has failed to catch the yarn when
the number of times the forward-backward reciprocal
driving is performed or the time that elapses from
the start of the repetitive reciprocal driving reaches
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a limit value set beforehand, and to cause the repet-
itive reciprocal driving to terminate.

The yarn winding device (100) as claimed in Claim
8, comprising an alarm unit (82) configured to gen-
erate an alarm when the repetitive reciprocal driving
is terminated because the number of times the for-
ward-backward reciprocal driving is performed, or
the time that elapses from the start of the repetitive
reciprocal driving reaches the limit value.

The yarn winding device (100) as claimed in any one
of Claims 2 to 9, comprising a notification section
(82) configured to notify that the repetitive reciprocal
driving of the package (20) is being performed.

The yarn winding device (100) as claimed in any one
of Claims 1 to 9, wherein the winding section (2) in-
cludes a winding drum (23) on which a helical-
shaped traverse groove is formed on the outer pe-
ripheral surface that causes the package (20) to ro-
tate by coming into contact with the outer periphery
of the package (20), and the driving section (29) is
configured to cause the package (20) to rotate by
causing the winding drum (23) to drive.

A yarn catching method comprising:

winding a yarn to form a package (20), and
catching the yarn from the package (20) to per-
form yarn joining when the yarn is disconnected
during the winding, wherein

during the catching, a forward-backward recip-
rocal driving that includes a forward driving in
which the package (20) is rotated in a yarn wind-
ing direction and a backward driving in which
the package (20) is rotated in an opposite direc-
tion of the yarn winding direction for a rotation
amount larger than that in the forward driving is
performed multiple times.
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