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(54) YARN WINDER

(57)  An object of the present invention is to shorten
the time required by a start process of starting the winding
of a new type of a yarn.

An automatic winder 1 includes a yarn winding unit
2 and a doffing device 3. The yarn winding unit 2 includes
a yarn storage device 30 and a yarn joining device 22.
The yarn storage device 30 is provided between a yarn
supply section 10 and a yarn winding section 40 in a yarn
running direction, and configured to temporarily store a
yarn Y. The yarn joining device 22 is provided between
the yarn supply section 10 and the yarn storage device
30 in the yarn running direction. A doffing device 3 in-
cludes a seed yarn supplier 55 which is able to supply a
seed yarn Ys from a seed yarn bobbin Bs in the start
process. The seed yarn supplier 55 is able to guide the
seed yarn Ys from the seed yarn bobbin Bs to the yarn
joining device 22 via the yarn storage device 30.
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Description
BACKGROUND OF THE INVENTION

[0001] The presentinvention relates to a yarn winder.
[0002] Patent Literature 1 (Japanese Laid-Open Pat-
ent Publication No. 2018-65659) discloses an automatic
winder (hereinafter, the yarn winder) including yarn wind-
ing units and a doffing device (hereinafter, the service
unit). Each yarn winding unit is configured to form a pack-
age by winding a yarn supplied from a yarn supplying
bobbin onto a winding bobbin. Each yarn winding unit
includes a yarn storage device and a yarn joining device.
The yarn storage device is configured to temporarily store
the yarn running toward the winding bobbin. The yarn
joining device is configured to perform yarn joining for
the yarn disconnected between the yarn supplying bob-
bin and the yarn storage device in a yarn running direc-
tion. The service unitis able to perform an auxiliary proc-
ess for each yarn winding unit. Examples of the auxiliary
process include a start process of finishing the winding
of one type of a yarn having been wound and starting the
winding of another type of a yarn in order to change the
type of a yarn to be wound in each yarn winding unit. To
be more specific, the service unit pulls a new type of a
seed yarn out from a seed yarn bobbin and threads the
seed yarn to a new winding bobbin. Subsequently, the
yarn winding unit winds a small part of the seed yarn to
the new winding bobbin so as to form a starter package.
The service unit then pulls the seed yarn out from the
starter package, and transfers the seed yarn to a position
where the seed yarn can be guided to the yarn joining
device. After that, the seed yarn guided to the yarn joining
device is joined with a yarn pulled out from a new yarn
supplying bobbin.

SUMMARY OF THE INVENTION

[0003] There have recently been demands for further
improvement in production efficiency of the yarn winder.
When the starter package is formed as described above,
the start process of starting the winding of a new type of
a yarn takes time.

[0004] An object of the present invention is to shorten
the time required by a start process of starting the winding
of a new type of a yarn.

[0005] According to a first aspect of the invention, a
yarn winder comprises: a yarn winding unit including a
winding section configured to form a package by winding
a yarn pulled out from a yarn supply section onto a take
up tube; and a service unit which is able to perform one
or more types of predetermined processes for the yarn
winding unit. The yarn winding unit further includes: a
yarn storage device which is provided between the yarn
supply section and the winding section in a yarn running
direction and which is configured to temporarily store the
yarn, the yarn running in the yarn running direction; and
ayarn joining device which is provided between the yarn
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supply section and the yarn storage device in the yarn
running direction and which is configured to join one part
of the yarn provided on the yarn supply section side with
the other part of the yarn provided on the yarn storage
device side. In this regard, the one or more types of the
predetermined processes include a startprocess of caus-
ing the winding section to start winding of the yarn, the
service unit includes a seed yarn supplier which is able
to supply a seed yarn from a seed yarn bobbin in the start
process, the seed yarn is to be joined with the yarn pulled
out from the yarn supply section, and the seed yarn sup-
plier is also able to guide the seed yarn from the seed
yarn bobbin to the yarn joining device via the yarn storage
device.

[0006] This aspect of the present invention makes it
possible to guide the seed yarn directly to the yarn joining
device via the yarn storage device, instead of forming a
starter package. With this arrangement, the time required
by the start process is shortened.

[0007] According to a second aspect of the invention,
the yarn winder of the first aspect is arranged such that
the service unit further includes a wound yarn breakage
dealing section which is able to perform a wound yarn
breakage dealing process as one of the one or more
types of the predetermined processes in a case where
wound yarn breakage occurs so that the yarn is discon-
nected between the package and the yarn storage device
in the yarn running direction, the wound yarn breakage
dealing process is a process of removing one part of the
yarn stored in the yarn storage device, pulling out the
other part of the yarn wound onto the package, and guid-
ing the other part of the yarn wound onto the package to
the yarn joining device via the yarn storage device.
[0008] In the present invention, the disconnection of
the yarn between the package and the yarn storage de-
vice in the yarn running direction indicates that the yarn
is unintentionally disconnected because of any trouble.
According to this aspect of the present invention, the
service unit is configured to perform the start process
and the wound yarn breakage dealing process respec-
tively as the one or more types of the predetermined proc-
esses (plural types of predetermined processes). It is
therefore possible to deal with various situations in the
yarn winding unit including the yarn storage device and
to further facilitate the automation of the yarn winder.
[0009] According to a third aspect of the invention, the
yarn winder of the second aspect is arranged such that
the yarn storage device includes a yarn storage roller
which includes an outer circumferential surface and
which is able to store the yarn wound onto the outer cir-
cumferential surface, the yarn is temporarily wound onto
the outer circumferential surface, the wound yarn break-
age dealing section is able to cut, in a predetermined
cutting direction, a yarn layer including the yarn wound
onto the outer circumferential surface and to remove the
yarnlayer. The cutting direction is an orthogonal direction
thatis orthogonal to a circumferential direction of the yarn
storage roller.
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[0010] According to this aspect of the present inven-
tion, the yarn remaining on the yarn storage roller is easily
removed by cutting and removing the yarn layer.
[0011] According to a fourth aspect of the invention,
the yarn winder of the third aspect is arranged such that
the outer circumferential surface is provided with a
groove extending along the cutting direction, and the
wound yarn breakage dealing section includes a cutting
section which is able to cut the yarn layer while at least
partially entering the inside of the groove.

[0012] According to this aspect of the present inven-
tion, a part of the yarn layer is provided at the same po-
sition as the groove in the circumferential direction of the
yarn storage roller. With this arrangement, this part of
the yarn layer is reliably and easily cut by the cutting
section entering the inside of the groove. Furthermore,
this allows the cutting section to avoid making contact
with the outer circumferential surface of the yarn storage
roller, and thus the damage to the outer circumferential
surface is reliably prevented.

[0013] According to a fifth aspect of the invention, the
yarn winder of the fourth aspect is arranged such that
the cutting section includes: a main body; fixed blades
which are fixed to the main body and which are able to
be aligned in the cutting direction; and movable blades
which are able to be aligned in the cutting direction and
to reciprocate in the cutting direction with respect to the
fixed blades.

[0014] According to this aspect of the present inven-
tion, the yarn layer is reliably and easily cut under the
same principle as a pair of hair clippers provided for cut-
ting hair.

[0015] According to a sixth aspect of the invention, the
yarn winder of any one of the third to fifth aspects further
comprises: a detection section which is able to detect the
yarn layer; and a controller. Furthermore, the controller
is configured to use a detection result of the detection
section and to cause the wound yarn breakage dealing
section to cut the yarn layer only in a region where the
yarn layer is detected in the cutting direction.

[0016] According to this aspect of the present inven-
tion, the yarn layer is cut in the minimum region. There-
fore, the time required by cutting of the yarn layer is short-
ened as compared to a case where the yarn layer is cut
across the entire region where the yarn layer may be
formed in the cutting direction.

[0017] According to a seventh aspect of the invention,
the yarn winder of any one of the third to sixth aspects
is arranged such that the yarn storage device further in-
cludes a tension ring which is provided to surround the
outer circumferential surface and which is able to apply
tension to the yarn unwound from the yarn storage roller,
and the wound yarn breakage dealing section further in-
cludes a separation section which is able to space at
least a part of the tension ring apart from the outer cir-
cumferential surface.

[0018] According to this aspect of the present inven-
tion, the yarn gripped between the tension ring and the
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outer circumferential surface is easily removed. This also
allows the wound yarn breakage dealing section to avoid
unintentionally making contact with the tension ring in a
case where the yarn wound onto the yarn storage roller
is cut and removed. It is therefore possible to prevent the
wound yarn breakage dealing section from causing the
damage to the tension ring.

[0019] According to an eighth aspect of the invention,
the yarn winder of any one of the first to seventh aspects
is arranged such that the yarn winding unit further in-
cludes: a cradle which is able to rotatably hold the take
up tube; and a guide mechanism configured to thread a
part of the yarn to the yarn storage device and then to
guide the part of the yarn to the yarn joining device in a
case where the yarn is disconnected between the pack-
age and the yarn storage device in the yarn running di-
rection, the part of the yarn being provided on the side
opposite to the yarn supply section with respect to the
yarn storage device in the yarn running direction, and the
service unit further includes: a first guide section which
is able to guide the seed yarn pulled out from the seed
yarn bobbin, to the guide mechanism; and a second guide
section which is able to guide the yarn for which yarn
joining is performed by the yarn joining device, toward
the cradle.

[0020] According to this aspect of the present inven-
tion, in the start process, the seed yarn is directly guided
to the yarn joining device by the first guide section and
the guide mechanism. The yarn is then guided to the
vicinity of the take up tube by the second guide section.
[0021] According to a ninth aspect of the invention, the
yarn winder of the eighth aspect is arranged such that
the service unit further includes: a stopper section whose
state is switchable between a permissive state of permit-
ting the seed yarn to be pulled out from the seed yarn
bobbin and a prohibited state of forbidding the seed yarn
to be pulled out from the seed yarn bobbin; and a yarn
path change section which is able to change the length
of a yarn path between the yarn joining device and the
stopper section from a first length to a second length,
which is larger than the first length, in a state in which
the yarn supplied from the yarn supply section is joined
with the seed yarn, and the second guide section is able
to cut an intermediate part of the yarn on the yarn path,
whose length is changed from the first length to the sec-
ond length, so that a part of the cut yarn is provided on
the yarn joining device side and to hold the part of this
cut yarn.

[0022] In the start process, when (i) the type of the
seed yarn is different from that of the yarn which is newly
supplied from the yarn supply section and (ii) the seed
yarnis included in the package, the grade of the package
may be decreased. Assume that the yarn supplied from
the yarn supply section is joined with the seed yarn. In
this case, according to this aspect of the present inven-
tion, (i) the pull-out of the seed yarn from the seed yarn
bobbin is forbidden by the stopper section and (ii) the
length of the yarn path between the yarn joining device
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and the stopper section is still changeable. This makes
it possible to pull out a part of the yarn, which is provided
on the yarn joining device side and which includes the
yarn supplied from the yarn supply section. This part of
the yarn provided on the yarn joining device side is suf-
ficiently pulled out so that only the yarn supplied from the
yarn supply section is cut and held by the second guide
section. As a result, only the yarn supplied from the yarn
supply section is threaded to the new take up tube. This
prevents the seed yarn from being included in the pack-
age. Itistherefore possible to avoid the decrease in grade
of the package even in a case where the type of the seed
yarn is different from that of the yarn which is newly sup-
plied from the yarn supply section.

[0023] According to atenth aspect of the invention, the
yarn winder of the ninth aspect further comprises a con-
troller. In this regard, the controller is configured to per-
form: in the start process, a first guide process of con-
trolling the first guide section to guide the seed yarn to
the guide mechanism; a prohibitive process of changing
the state of the stopper section to the prohibited state
after the first guide process; a yarn path change process
of controlling the yarn path change section to change the
length of the yarn path from the first length to the second
length in a case where the state of the stopper section
is the prohibited state; and a second guide process of
controlling the second guide section to hold and guide a
part of the yarn provided on the yarn joining device side
to the cradle after the yarn path change process.
[0024] According to this aspect of the present inven-
tion, the start process is automatically performed by the
controller.

[0025] According to an eleventh aspect of the inven-
tion, the yarn winder of any one of the first to tenth aspects
is arranged such that the winding section includes a cra-
dle which is able to rotatably hold the take up tube, the
service unit further includes a yarn guide section which
is able to guide a part of the yarn provided on the yarn
supply section side in the yarn running direction to the
winding section in a case where yarn threading is per-
formed for a new take up tube to be held by the cradle,
the yarn winder further includes: a switching section
which is able to switch the state of the cradle between a
grip state of gripping both ends of the take up tube and
a detached state of canceling grip of the take up tube;
and a controller, and the controller is configured to: in the
yarn threading, before the take up tube is attached to the
cradle after (i) the state of the cradle is switched to the
detached state and (ii) the package is detached from the
cradle, control the yarn guide section to guide the yarn
to a gap position where a gap is formed between the take
up tube and the cradle; and after the take up tube is at-
tached to the cradle, control the switching section to
switch the state of the cradle back to the grip state from
the detached state.

[0026] According to this aspect of the present inven-
tion, the yarn Y is sandwiched between the new take up
tube and the cradle so as to be fixed to the take up tube
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(i.e., the yarn threading is performed). In this regard,
when the yarn is guided to the gap position after the new
take up tube is attached to the cradle, the yarn may un-
successfully enter the gap. According to this aspect of
the present invention, before the new take up tube is
attached to the cradle, the yarn is guided to the gap po-
sition through a large space. It is therefore possible to
improve the success rate of the yarn threading.

[0027] According to a twelfth aspect of the invention,
the yarn winder of any one of the first to eleventh aspects
is arranged such that the service unit is a doffing device
which is able to perform a doffing process of replacing a
completed package with an empty take up tube in the
yarn winding unit as another of the one or more types of
the predetermined processes.

[0028] According to this aspect of the present inven-
tion, the doffing device is configured to perform the doff-
ing process as another the one or more types of the pre-
determined processes. This further facilitates the auto-
mation of the yarn winder. Because the doffing device is
able to perform various processes, the yarn winder in-
cludes a smaller number of apparatuses as compared to
a case where an apparatus is independently provided
from the doffing device in order to perform a predeter-
mined process.

BRIEF DESCRIPTION OF THE DRAWINGS
[0029]

FIG. 1 is a front view of an automatic winder of an
embodiment.

FIG. 2 is a side view which schematically shows a
yarn winding unit.

FIG. 3 is a front view of a winding section of the yarn
winding unit.

FIG. 4 is a block diagram of an electric configuration
of the automatic winder.

FIG. 5 shows a doffing device viewed from the yarn
winding unit side in a front-rear direction.

Each of FIGs. 6(a) and 6(b) illustrates the details of
a multifunction arm.

Each of FIGs. 7(a) and 7(b) illustrates the details of
a seed yarn supplier.

Each of FIGs. 8(a) to 8(c) illustrates the details of a
stored yarn remover.

FIG. 9 is a flowchart of steps of a doffing process.
Each of FIGs. 10(a) to 10(c) schematically illustrates
the operation of the multifunction arm.

Each of FIGs. 11(a) to 11(c) schematically illustrates
the operation of fixing a yarn to a take up tube.
FIG. 12 is a flowchart of steps of a start process.
FIG. 13 is a flowchart of steps of a lower yarn pull-
out process.

Each of FIGs. 14(a) to 14(f) schematically illustrates
the operation of a start processing section.

Each of FIGs. 15(a) to 15(f) schematically illustrates
the operation of the start processing section.
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FIG. 16 is a flowchart of steps of a stored yarn re-
moval process.

Each of FIGs. 17(a) to 17(f) schematically illustrates
the operation of the stored yarn remover.

Each of FIGs. 18(a) to 18(e) schematically illustrates
the operation of the stored yarn remover.

FIG. 19is a flowchart of steps of an upper yarn guide
process.

Each of FIGs. 20(a) to 20(f) schematically illustrates
the upper yarn guide process.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0030] The following will describe an embodiment of
the present invention. As shown in FIG. 1, a direction in
which yarn winding units 2 described later are aligned
will be referred to as a left-right direction for the sake of
convenience. Furthermore, a direction in which the grav-
ity works will be referred to as an up-down direction. A
direction orthogonal to both the left-right direction and
the up-down direction will be referred to as a front-rear
direction. A direction in which each later-described yarn
Y runs will be referred to as a yarn running direction.

[Automatic Winder]

[0031] The following will outline an automatic winder 1
(a yarn winder of the present invention) of the present
embodiment, with reference to FIG. 1. FIG. 1 is a front
view of the automatic winder 1. As shown in FIG. 1, the
automatic winder 1 includes the yarn winding units 2, a
doffing device 3 (a service unit of the present invention),
a bobbin supplier 4, and a machine controller 5.

[0032] Each yarn winding unit 2 is configured to form
a package P by winding a yarn Y, which is pulled out from
a yarn supplying bobbin B, onto a take up tube Q (see
FIG. 2). The yarn winding units 2 are aligned in the left-
right direction.

[0033] The doffing device 3 is provided above the yarn
winding units 2. The doffing device 3 is movable in the
left-right direction. The doffing device 3 is configured to
perform various processes for each yarn winding unit 2.
The details of the doffing device 3 will be given later.
[0034] The bobbin supplier4 is able to supply yarn sup-
plying bobbins B to the yarn winding units 2. The bobbin
supplier 4 is configured to supply a conveyance tray T
supporting a yarn supplying bobbin B for a lower portion
of each winding unit 2.

[0035] For example, the machine controller 5 is pro-
vided to the left of the yarn winding units 2. The machine
controller 5 is electrically connected to a unit controller
2a of each yarn winding unit 2 and a doffing controller 3a
of the doffing device 3 (see FIG. 4), and configured to
communicate with these controllers.

[Yarn Winding Unit]

[0036] The following will describe the structure of each
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yarn winding unit 2 with reference to FIG. 2 and FIG. 3.
FIG. 2 is a side view which schematically shows one yarn
winding unit 2. The right side of the sheet of FIG. 2 will
be referred to as the front side in the front-rear direction,
and the left side thereof will be referred to as the rear
side in the front-rear direction. FIG. 3 is a front view of a
later-described winding section 40.

[0037] As shown in FIG. 2, the yarn winding unit 2 in-
cludes a yarn supply section 10, a yarn processing sec-
tion 20, a yarn storage device 30, and the winding section
40. The yarn supply section 10 is able to supply a yarn
Y wound onto a yarn supplying bobbin B. The yarn
processing section 20 is able to perform various proc-
essesforthe yarnY supplied from the yarn supply section
10. The yarn storage device 30 is able to temporarily
store the yarn Y processed by the processing section 20.
The winding section 40 is able to form a package P by
pulling the yarn Y out from the yarn storage device 30
and winding the yarn Y onto a take up tube Q. The yarn
supply section 10, the yarn processing section 20, the
yarn storage device 30, and the winding section 40 are
aligned in this order. In this regard, the yarn supply sec-
tion 10 is the lowest in position while the winding section
40 is the highest in position.

(Yarn supply section)

[0038] As shown in FIG. 2, the yarn supply section 10
includes a yarn unwinding assisting device 11. The yarn
unwinding assisting device 11 is configured to assist the
unwinding of the yarn Y from the yarn supplying bobbin
B. To be more specific, the yarn unwinding assisting de-
vice 11 is configured to restrict, by means of an adjusting
cylinder 12, a balloon which is a bulge formed at the time
of unwinding of the yarn Y from the yarn supplying bobbin
B. The adjusting cylinder 12 is configured to move down-
ward as the amount of the yarn Y wound on the yarn
supplying bobbin B decreases, so as to keep the size of
the bulge to be constant.

(Yarn Processing Section)

[0039] AsshowninFIG.2,the yarn processing section
20 includes an upper yarn capturing section 21, a yarn
joining device 22, a lower yarn capturing section 23, a
tensioner 24, and a yarn monitoring device 25. The upper
yarn capturing section 21, the yarn joining device 22, the
lower yarn capturing section 23, the tensioner 24, and
the yarn monitoring device 25 are aligned in this order
from the upstream side to the downstream side in the
yarn running direction. Hereinafter, the upstream side in
the yarn running direction may be simply referred to as
the upstream side. Furthermore, the downstream side in
the yarn running direction may be simply referred to as
the downstream side. When the yarn Y is disconnected
between the yarn supply section 10 and the winding sec-
tion 40, one part of the disconnected yarn Y is provided
on the yarn supply section 10 side (the lower side, i.e.,
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the upstream side) and may be referred to as a lower
yarn. Furthermore, the other part of the disconnected
yarn Y is provided on the winding section 40 side (the
upper side, i.e., the downstream side) and may be re-
ferred to as an upper yarn.

[0040] The upper yarn capturing section 21 is config-
ured to capture and guide the upper yarn (i.e., a part of
the yarn Y provided above the yarn joining device 22 and
below the yarn storage device 30 in this case) to the yarn
joining device 22. For example, the upper yarn capturing
section 21 is provided immediately below the yarn joining
device 22. The upper yarn capturing section 21 is con-
nected to an unillustrated negative pressure source.
When the upper yarn is joined with the lower yarn, the
upper yarn capturing section 21 sucks, captures, and
guides the upper yarn to the yarn joining device 22.
[0041] The yarn joining device 22 is configured to per-
formyarn joining for the disconnected yarn Y. To be more
specific, when the yarn Y is disconnected between the
yarn supply section 10 and the yarn storage device 30,
the yarn joining device 22 is able to join the upper yarn
(a part of the yarn Y provided on the yarn storage device
30 side) with the lower yarn (a part of the yarn Y provided
on the yarn supply section 10 side). In other words, the
yarn joining device 22 is able to join one part of the yarn
Y with the other part of the yarn Y. In this regard, the one
part of the yarn Y is provided on the yarn supply section
10 side, and the other part of the yarn Y is provided on
the yarn storage device 30 side. Examples of the case
where the yarn Y is disconnected between the yarn sup-
ply section 10 and the yarn storage device 30 include (i)
a case where the yarn monitoring device 25 detects a
yarn defect and cuts the yarn Y, (ii) a case where the
yarn Y is broken between the yarn supplying bobbin B
and the package P, and (iii) a case where the yarn sup-
plying bobbin B is replaced. The yarn joining device 22
is provided behind a yarn path where the yarn Y runs.
The yarn joining device 22 is configured to join yarn ends
of the upper and lower yarns with each other in a case
where the yarn ends thereof are guided to the yarn joining
device 22 by the upper yarn capturing section 21 and the
lower yarn capturing section 23. For example, a splicer
using fluid such as compressed air, etc. or a mechanical
knotter is used as the yarn joining device 22.

[0042] The lower yarn capturing section 23 is config-
ured to capture and guide the lower yarn (i.e., a part of
the yarn Y provided below the yarn joining device 22 in
this case) to the yarn joining device 22. The lower yarn
capturing section 23 is a cylindrical member whose lead-
ing end portion is provided with an opening. The lower
yarn capturing section 23 is connected to an unillustrated
negative pressure source. The lower yarn capturing sec-
tion 23 is rotatable by a drive section(not illustrated) so
that the opening provided at the leading end portion of
the lower yarn capturing section 23 is movable between
(i) a position (indicated by full lines in FIG. 2) provided
downstream (above) the adjusting cylinder 12 and (ii) a
position (indicated by two-dot chain lines in FIG. 2) pro-
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vided downstream (above) the yarn joining device 22.
The leading end portion of the lower yarn capturing sec-
tion 23 is also provided with a clamp lid closing this open-
ing. As this clamplid is closed, the sucked yarnis clamped
at the same time as suction is stopped. When the leading
end portion of the lower yarn capturing section 23 is pro-
vided immediately downstream of the adjusting cylinder
12, the lower yarn capturing section 23 sucks and cap-
tures the yarn end of the lower yarn sent from the yarn
supplying bobbin B by a later-described assistance blow-
ing sending section 13. As the leading end portion of the
lower yarn capturing section 23 is moved to the down-
stream side of the yarn joining device 22 while the yarn
end ofthe lower yarnis captured, the lower yarn capturing
section 23 guides this yarn end to the yarn joining device
22.

[0043] The assistance blowing sending section 13 is
provided immediately below the conveyance tray T sup-
porting the yarn supplying bobbin B. The assistance
blowing sending section 13 is provided for pulling a yarn
end of a yarn Y (the lower yarn) out from a new yarn
supplying bobbin B onto which this yarn Y is wound in a
case where this yarn supplying bobbin B is supplied to
the yarn supply section 10. To be more specific, the con-
veyance tray T and the yarn supplying bobbin B are hol-
low. The assistance blowing sending section 13 is able
to eject the compressed air into the internal space of the
conveyance tray T and that of yarn supplying bobbin B.
The ejected compressed air blows off and sends the yarn
end of the lower yarn upward (toward the lower yarn cap-
turing section 23 side). When (i) the yarn end of the lower
yarn is blown off and sent upward and (ii) the leading end
portion of the lower yarn capturing section 23 is provided
downstream of the adjusting cylinder 12, the yarn end of
the lower yarn is captured by the lower yarn capturing
section 23.

[0044] Thetensioner 24 is able to apply predetermined
tension to the running yarn Y. The tensioner 24 may be
a so-called gate-type device including fixed comb teeth
(not illustrated) whose positions are fixed and movable
comb teeth (not illustrated) which are movable with re-
spect to the fixed comb teeth. Alternatively, the tensioner
24 may be a so-called disc-type device including a disc
(notillustrated) applying a resistance force due to friction
to the yarn Y.

[0045] The yarn monitoring device 25 is able to detect
a defect included in the yarn Y (a yarn defect) and to cut
the yarn Y. The yarn monitoring device 25 includes a
monitoring section 25a and a cutter 25b. The monitoring
section 25a is able to monitor, e.g., the thickness of the
yarn Y by means of a sensor. The cutter 25b is able to
cut the yarn Y on the yarn path. When the monitoring
section 25a detects a yarn defect, the yarn monitoring
device 25 immediately cuts the yarn Y by means of the
cutter 25b.

[0046] The yarn processing section 20 further in-
cludes, e.g., an upper yarn blowing sending section 27
and a yarn guiding member 28. The upper yarn blowing
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sending section 27 is a substantially cylindrical member.
The upper yarn blowing sending section 27 is provided
immediately upstream of the yarn storage device 30. The
upper yarn blowing sending section 27 is configured to
eject the compressed air so as to blow off the yarn end
of the upper yarn (a part of the yarn Y provided on the
yarn storage device 30 side) toward the upper yarn cap-
turing section 21.

[0047] The yarn guiding member 28 is a pipe-shaped
member which extends roughly in the up-down direction
and in which the yarn Y passes. An inlet section from
which the yarn Y enters is formed at an upper end portion
of the yarn guiding member 28, and an outlet section
from which the yarn Y exits is formed at a lower end
portion thereof. This inlet section and this outlet section
extend at leastin the front-rear direction. An intermediate
part of the yarn guiding member 28 protrudes forward as
compared to the inlet section and the outlet section, and
extends in the up-down direction. With this arrangement,
the yarn guiding member 28 is provided to bypass the
yarn monitoring device 25, the tensioner 24, the yarn
joining device 22, etc. Both ends of the yarn guiding mem-
ber 28 in its longitudinal direction are respectively pro-
vided with openings. The upper one of these openings
opposes an outlet port of the upper yarn blowing sending
section 27. The lower one of these openings opposes
the upper yarn capturing section 21. A rear part of the
yarn guiding member 28 is provided with a slit (not illus-
trated) extending overthe entire length of the yarn guiding
member 28 in its longitudinal direction. After passing
through the inside of the yarn guiding member 28 in the
longitudinal direction of the yarn guiding member 28, the
yarn'Y comes out of the yarn guiding member 28 through
this slit.

[0048] The upper yarn blowing sending section 27 is
configured to capture and blow off the yarn end of the
upper yarn to the inside of the yarn guiding member 28.
After passing through the yarn guiding member 28 in its
longitudinal direction, the yarn Y is sucked and captured
by the upper yarn capturing section 21. At this time, the
upper yarn which is sucked and captured is pulled rear-
ward so as to come out of the slit of the yarn guiding
member 28. Because of this, the upper yarn is guided to
the yarn joining device 22.

(Yarn Storage Device)

[0049] As shown in FIG. 2, the yarn storage device 30
is provided between the yarn processing section 20 and
the winding section 40 in the yarn running direction. The
yarn storage device 30 is configured to pull the yarn Y
out from the yarn supply section 10, and able to tempo-
rarily store the pulled-out yarn Y. The yarn storage device
30 is able to supply the stored yarn Y to the winding sec-
tion 40 side. The yarn storage device 30 makes it possible
to suppress the variation of tension of the yarn Y unwound
from the yarn supplying bobbin B, from propagating to
the winding section 40 side. This suppresses the varia-
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tion of tension of the yarn Y supplied to the winding sec-
tion 40. Itis therefore possible to form the package P with
good quality. The yarn Y is temporarily stored by the yarn
storage device 30. With this arrangement, while yarn join-
ing is performed, the winding section 40 keeps winding
the yarn Y.

[0050] The yarnstoragedevice 30includes ayarn stor-
age roller 31 and aroller drive motor 32. The yarn storage
roller 31 is, e.g., a roughly cylindrical member. The axial
direction, radial direction, and circumferential direction
of the yarn storage roller 31 are substantially orthogonal
to one another. The yarn storage roller 31 includes an
outer circumferential surface 31a onto which the yarn Y
can be wound. The yarn Y is wound onto the outer cir-
cumferential surface 31a so as to be temporarily stored.
The yarnY wound onto the yarn storage roller 31 is pulled
out downward via, e.g., a pull-out guide 35. The roller
drive motor 32 is able to rotationally drive the yarn storage
roller 31. The roller drive motor 32 is able to cause the
yarn storage roller 31 to rotate in a direction in which the
yarnY is wound onto the yarn storage roller 31 (i.e., rotate
normally). The roller drive motor 32 is also able to cause
the yarn storage roller 31 to rotate in an opposite direction
to the direction in which the yarn Y is wound onto the
yarn storage roller 31 (i.e., rotate reversely).

[0051] A partoftheyarn is provided upstream of the
yarn storage device 30, and the yarn storage roller 31 is
configured to apply tension to this part of the yarn Y by
rotating normally while the yarn'Y is wound onto the yarn
storage roller 31. With this arrangement, the yarn Y is
unwound from the yarn supplying bobbin B and wound
onto the outer circumferential surface 31a. Hereinafter,
in the yarn storage roller 31, one side is close to the roller
drive motor 32 as compared to the other side and will be
referred to as the base end side while the other side will
be referred to as the leading end side.

[0052] A tension ring 33 is attached to a leading end
portion of the outer circumferential surface 31a of the
yarn storage roller 31. The tension ring 33 is annularly
formed of, e.g., an elastic member (such as rubber). The
tension ring 33 is attached so as to surround the outer
circumferential surface 31a in the circumferential direc-
tion of the yarn storage roller 31. The tension ring 33 is
pressed onto the outer circumferential surface 31a by an
elastic force (a biasing force) which is directed inward in
the radial direction of the yarn storage roller 31 (herein-
after, this will be simply referred to as the radial direction).
The yarn Y passes through the inside of the tension ring
33 inthe radial direction. A friction force between the yarn
Y and the tension ring 33 applies a resistance force to
the yarn Y pulled out from the yarn storage roller 31.
Because of this, the yarn Y is suitably tensioned and re-
liably unwound from the yarn storage roller 31.

[0053] A groove 31b is formed on the outer circumfer-
ential surface 31a of the yarn storage roller 31. The
groove 31b extends along the axial direction of the yarn
storage roller 31 (hereinafter, this will be simply referred
to as the axial direction). The groove 31b is formed across
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an attaching position of the tension ring 33 in the axial
direction. A part of the groove 31b intersects with the
tension ring 33, and a biasing member 36 is housed at
this part of the groove 31b. The biasing member 36 is
biased radially outward by an unillustrated spring. The
biasing member 36 is provided at a position where the
biasing member 36 can be pressed radially inward by a
later-describe yarn threading nozzle 34. When the bias-
ing member 36 is pressed radially inward, there is a gap
between the tension ring 33 and the biasing member 36.
This gap allows the yarn Y to go through the inside of the
tension ring 33 in the radial direction.

[0054] As shown in FIG. 2, the yarn storage device 30
further includes a guide mechanism 6. When (i) the yarn
Y is disconnected between the package P and the yarn
storage device 30 and (ii) one part of the yarn Y is farther
from the yarn supply section 10 as compared to the other
part of the yarn Y, the guide mechanism 6 threads this
one part of the yarn Y to the yarn storage device 30 and
then guides this one part of the yarn Y to the yarn joining
device 22. In this regard, when one part of the yarn Y is
farther from the yarn supply section 10 as compared to
the other part of the yarn Y, this one part of the yarn Y is
provided on the package P side or the later-described
seed yarn bobbin Bs side. The guide mechanism 6 in-
cludesthe yarn threading nozzle 34, the upper yarn blow-
ing sending section 27 (described above), the yarn guid-
ing member 28 (described above), and the upper yarn
capturing section 21 (described above).

[0055] The yarn threading nozzle 34 includes, e.g., a
substantially U-shaped groove. The yarn threading noz-
zle 34 is provided in the vicinity of the yarn storage roller
31. One end portion of the yarn threading nozzle 34 op-
poses the leading end portion of the outer circumferential
surface 31a ofthe yarn storage roller 31. The yarn thread-
ing nozzle 34 is structured so that the compressed air
flows from the other end portion to one end portion of the
U-shaped groove. This generates an airflow flowing to-
ward the other end portion of the yarn threading nozzle
34 (an end portion of the yarn threading nozzle 34 far
from the yarn storage roller 31) so that the yarn Y is
sucked by the yarn threading nozzle 34. The sucked yarn
Y is blown out from one end portion of the yarn threading
nozzle 34 (an end portion of the yarn threading nozzle
34 on the yarn storage roller 31 side). For example, a
linear actuator (not illustrated) including an air cylinder
or a motor allows the yarn threading nozzle 34 to move
toward or away from the outer circumferential surface
31a of the yarn storage roller 31. After being threaded to
the yarn storage roller 31 via the yarn threading nozzle
34, the yarn Y comes out of a mouth of the U-shaped
groove. As a result, the yarn Y comes out of the yarn
threading nozzle 34.

[0056] The following will describe the operation of the
guide mechanism 6. As the yarn threading nozzle 34
moves toward the outer circumferential surface 31a while
one end portion of the yarn threading nozzle 34 opposes
the biasing member 36, the biasing member 36 is
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pressed radially inward by the yarn threading nozzle 34.
Because of this, a gap is generated between the tension
ring 33 and the biasing member 36. In this state, when
(i) the yarn Y is provided in the vicinity of the other end
portion of the yarn threading nozzle 34 and (ii) the com-
pressed air flows from the other end portion to one end
portion of the yarn threading nozzle 34, the yarn Y passes
through the above-described gap. After passing through
this gap, the yarn Y is guided by the airflow flowing in the
groove 31b from the leading end side (the winding section
40 side) to the base end side (the yarn supply section 10
side) and threaded to the yarn storage roller 31. After
being threaded to the yarn storage roller 31 from the lead-
ing end side toward the base end side, one yarn end of
the yarn Y is sucked by the upper yarn blowing sending
section 27, blown toward the yarn guiding member 28,
and captured by the upper yarn capturing section 21. As
aresult, the yarn Y is guided to the yarn joining device 22.

(Winding Section)

[0057] AsshowninFIG.2andFIG. 3, the winding sec-
tion 40 includes a cradle 41, a traversing drum 42, and
atraverse guide 43. The winding section 40 is configured
to traverse the yarn Y by means of the traversing drum
42 and the traverse guide 43 while causing the take up
tube Q attached to the cradle 41 to rotate by means of
the traversing drum 42. This allows the winding section
40 to form the package P by winding the yarn Y onto the
take up tube Q.

[0058] The cradle 41 rotatably supports the take up
tube Q. The cradle 41 is able to cause the outer circum-
ferential surface of the package P to make contact with
that of the traversing drum 42. The cradle 41 includes a
pair of arms 41a and a pair of holders 41b (see FIG. 3).
The pair of the arms 41a are spaced apart from each
other in the left-right direction. The pair of the arms 41a
are swingable about, e.g., the left-right direction which is
a swing axis direction. The pair of the holders 41b are
able to grip both end portions of the take up tube Q in
the left-right direction. The pair of the holders 41b are
respectively provided inside the pair of the arms 41a in
the left-right direction, and rotatably attached to the pair
of the arms 41a. For example, right one of the holders
41b is movable along the rotational axis direction of the
take up tube Q. The right one of the holders 41b is mov-
able between a grip position where the right holder 41b
can grip the take up tube Q and a distanced position
where the right holder 41b is spaced apart from the take
up tube Q. With this arrangement, the state of the cradle
41 is switchable between a grip state in which the cradle
41 can grip both ends of the take up tube Q and a de-
tached state in which the grip of the take up tube Q is
canceled.

[0059] The traversing drum 42 is configured to cause
the package P (or the take up tube Q) to be passively
rotated by rotating while being in contact with the outer
circumferential surface of the package P (or the take up
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tube Q). The traversing drum 42 is rotationally driven by,
e.g., an unillustrated motor. The traversing drum 42 is
able to rotate so that the yarn Y is wound onto the take
up tube Q (i.e., rotate normally). The traversing drum 42
is also able to rotate so that the yarn Y is pulled out from
the package P (i.e., rotate reversely). A traversing groove
42ais formed on the outer circumferential surface of the
traversing drum 42. The traversing groove 42a makes it
possible to traverse the yarn Y in the left-right direction
in a predetermined traverse region (see the yarn Y shown
in FIG. 3).

[0060] The traverse guide 43 is configured to guide the
yarn Y traversed by the traversing drum 42 in the left-
right direction and to prevent the yarn Y from being lifted
forward. The traverse guide 43 is provided in front of the
traversing drum 42. For further details of the traverse
guide 43, see Japanese Laid-Open Patent Publication
No. 2018-65659, for example.

[0061] For example, a yarn detection sensor 44 which
is able to detectthe yarn'Y is attached to a left end portion
of the traverse guide 43. The yarn detection sensor 44
is a reflective optical sensor including, e.g., a light emit-
ting element and a light receiving element. For example,
when the yarn 'Y is detected by the yarn detection sensor
44 at predetermined cycles, it is determined that travers-
ing of the yarn Y is properly performed.

(Unit Controller)

[0062] As shown in FIG. 4, each yarn winding unit 2
includes the unit controller 2a. The unit controller 2a in-
cludes, e.g., a CPU, a ROM, a RAM, etc. The unit con-
troller 2a is configured to control the operation of each
componentofthe yarn supply section 10, processing sec-
tion 20, yarn storage device 30, and winding section 40.
Each unit controller 2a is able to communicate with the
machine controller 5.

[Doffing Device]

[0063] The following will describe the structure of the
doffing device 3 with reference to FIG. 4 to FIG. 8(c).
FIG. 4 is a block diagram of an electric configuration of
the automatic winder 1. FIG. 5 shows the doffing device
3 viewed from the yarn winding unit 2 side (i.e., the rear
side) in the front-rear direction. It should be noted that
the left-right direction of FIG. 5 is reverse to that on the
sheet of FIG. 5. The other figures will be described later.
[0064] The doffing device 3 is configured to operate in
cooperation with each yarn winding unit 2, and able to
perform plural types of processes (predetermined proc-
esses) for the yarn winding unit 2. The plural types of the
predetermined processes include a doffing process, a
start process, and a wound yarn breakage dealing proc-
ess. Each of the doffing process, the start process, and
the wound yarn breakage dealing process is equivalent
to one of one or more types of predetermined processes
ofthe presentinvention. The doffing process is a process
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of replacing a completed package P with a new empty
take up tube Q in one yarn winding unit 2. The start proc-
ess is a process of preparing a new type of ayarn Y to
be wound by the winding section 40. The start process
is also performed in a type change process of changing
the type of the yarn Y wound by the winding section 40.
That is, the start process may be performed as a part of
the type change process. The wound yarn breakage
dealing process is a process of removing one part of the
yarn'Y and guiding the other part of the yarn Y to the yarn
joining device 22 in a case where wound yarn breakage
(this may be referred to as an upper yarn breakage) oc-
curssothatthe yarnY is disconnected between the pack-
age P and the yarn storage device 30 in the yarn running
direction. In this regard, one part thereof is stored in the
yarn storage device 30, and the other part thereof is the
upper yarn and wound onto the package P. The details
of each process will be given later.

[0065] AsshowninFIG.5,the doffing device 3includes
a doffing section 7 which is able to perform the doffing
process, a start processing section 8 which is able to
perform the start process, and a wound yarn breakage
dealing section 9 which is able to perform the wound yarn
breakage dealing process. For example, some constitu-
ent features are shared between the doffing section 7,
the start processing section 8, and the wound yarn break-
age dealing section 9. For example, the doffing device 3
is structured as described below in order to shorten the
time required by the start process.

[0066] As shown in FIG. 5, for example, the doffing
device 3 further includes a housing 50, a multifunction
arm51, achucker 52, a cradle opener 53, a suction mouth
54, a seed yarn supplier 55, a vertical guide lever 56, a
yarn skipping lever 57, and a stored yarn remover 58. In
this regard, the doffing section 7 includes the multifunc-
tion arm 51, the chucker 52, and the cradle opener 53.
The cradle opener 53 is equivalent to a switching section
of the present invention. Furthermore, the start process-
ing section 8 includes the multifunctionarm 51, the chuck-
er 52, the cradle opener 53, the seed yarn supplier 55,
the vertical guide lever 56, and the yarn skipping lever
57. A combination of the vertical guide lever 56 and the
yarn skipping lever 57 is equivalent to a first guide section
of the present invention. The multifunction arm 51 is
equivalentto ayarn guide section of the presentinvention
and a second guide section thereof. In addition to that,
the wound yarn breakage dealing section 9 includes the
suction mouth 54, the vertical guide lever 56, the yarn
skipping lever 57, and the stored yarn remover 58.
[0067] The housing 50 is, e.g., a box-shaped member
which is long in the up-down direction. An opening is
provided on a rear surface of the housing 50. The multi-
function arm 51, the chucker 52, the cradle opener 53,
the suction mouth 54, the seed yarn supplier 55, the ver-
tical guide lever 56, the yarn skipping lever 57, and the
stored yarn remover 58 are housed in or attached the
housing 50.
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(Multifunction Arm)

[0068] The following will describe the multifunction arm
51 with reference to FIG. 5 to FIG. 6(b). Each of FIGs.
6(a) and 6(b) illustrates the details of the multifunction
arm 51. FIG. 6(a) shows the multifunction arm 51 viewed
from behind. FIG. 6(b) shows the multifunction arm 51
viewed from above. The multifunction arm 51 is used in
the doffing process and the start process. The multifunc-
tion arm 51 includes, e.g., an arm section 61, a guide
section 62, and a clamp cutter section 63. The multifunc-
tion arm 51 is able to guide and/or to cut and hold the
yarn Y in various situations by driving the guide section
62 and the clamp cutter section 63 which are attached
to the arm section 61.

[0069] AsshowninFIG.5to FIG. 6(b), the arm section
61 includes, e.g., a first arm member 64 and a second
arm member 65. The first arm member 64 extends at
leastin, e.g., the up-down direction. For example, an up-
per end portion of the first arm member 64 is supported
by a right end portion of the housing 50 via a swing shaft
64a extending in the left-right direction. The first arm
member 64 is swung about the swing shaft 64a by, e.g.,
a first arm drive section 101 (see FIG. 4) including an
unillustrated motor. The second arm member 65 extends
atleastin, e.g., the left-right direction. A right end portion
of the second arm member 65 is attached to the first arm
member 64 via a swing shaft 65a extending at least in,
e.g., the up-down direction. The second arm member 65
is swung about the swing shaft 65a by, e.g., a second
arm drive section 102 (see FIG. 4) including an unillus-
trated motor. For example, the guide section 62 and the
clamp cutter section 63 are attached to a left end portion
(leading end portion) of the second arm member 65.
[0070] The guide section 62 is able to guide the yarn
Y. The guide section 62 includes a base member 66 (see
FIG. 6(b)) and a guide member 67. The base member
66 is attached to the second arm member 65 via a swing
shaft 66a extending at least in, e.g., the up-down direc-
tion. The base member 66 is swung about the swing shaft
66a by, e.g., a guide drive section 103 (see FIG. 4) in-
cluding an unillustrated motor. The guide member 67
bends the yarn Y to guide the yarn Y along a predeter-
mined yarn path. The guide member 67 is fixed to, e.g.,
a leading end portion of the base member 66. As shown
in FIGs. 6(a) and 6(b), the guide member 67 includes,
e.g., a first hooking portion 67a and a second hooking
portion 67b. For example, the first hooking portion 67a
is provided below a later-described clamp cutter 69. For
example, the second hooking portion 67b is provided
above the clamp cutter 69.

[0071] The clamp cutter section 63 includes, e.g., a
link mechanism 68 and the clamp cutter 69. The link
mechanism 68 is attached to, e.g., the base member 66.
The link mechanism 68 is included in, e.g., a swing drive
section 104 (see FIG. 4) including an unillustrated air
cylinder. The swing drive section 104 is configured to
swing the clamp cutter 69 at least in the front-rear direc-
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tion. The clamp cutter 69 is able to cut and hold the yarn
Y. The clamp cutter 69 includes an unillustrated cutter
configured to cut the yarn Y and an unillustrated clamp
configuredtohold the yarn Y. Forexample, the link mech-
anism 68 allows the clamp cutter 69 to swing at least in
the front-rear direction. The clamp cutter 69 is configured
to cut the yarn Y substantially at the same time as to hold
ayarn end of the cut yarn Y (specifically, to cut the yarn
Y after holding the yarn Y) by means of, e.g., a clamp
cutter drive section 105 (see FIG. 4) including an unillus-
trated air cylinder.

[0072] In the multifunction arm 51 structured as de-
scribed above, the guide section 62 and the clamp cutter
section 63 are movable in a relatively-large area. The
guide section 62 and the clamp cutter section 63 are mov-
able together by means of the first arm drive section 101
and the second arm drive section 102. The guide section
62 and the clamp cutter section 63 are able to move in-
dependently from each other by means of the guide drive
section 103 and the swing drive section 104. The guide
member 67 is moved by the guide drive section 103 so
as to change the relative position of the yarn path with
respect to the clamp cutter 69. With this arrangement,
the yarn Y hooked by the first hooking portion 67a and
the second hooking portion 67b is positioned at or moved
away from a position where the yarn Y can be cut and
held by, e.g., the clamp cutter 69. The clamp cutter sec-
tion 63 is able to be moved close to or spaced apart from
the guide member 67 by the swing drive section 104.

(Chucker)

[0073] The chucker 52 (see FIG. 5) is used in the doff-
ing process and the start process. The chucker 52 is pro-
vided at, e.g., the center of the housing 50 in the left-right
direction. The chucker 52 is rotated about, e.g., a shaft
52a extending in the left-right direction by a chucker drive
section 106 (see FIG. 4) including an unillustrated motor.
A leading end portion of the chucker 52 is provided with
a chucking portion 52b which is able to grip the take up
tube Q. For example, the chucker 52 takes an empty take
up tube Q out from an unillustrated stocker provided at
an upper end portion of the automatic winder 1, grips the
take up tube Q by means of the chucking portion 52b,
and rotates downward. As a result, the empty take up
tube Q is provided between the pair of the arms 41a.

(Cradle Opener)

[0074] The cradle opener 53 (see FIG. 5) is used in
the doffing process and the start process. The cradle
opener 53 is provided in the vicinity of, e.g., the right end
portion of the housing 50. The cradle opener 53 is driven
by an opener drive section 107 (see FIG. 4) including a
suitable driving source such as an air cylinder or a motor.
The cradle opener 53 is configured to perform various
operations such as swing and rotation so as to operate
an unillustrated cradle lever provided at the cradle 41.
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For example, as the cradle lever is operated, the right
arm 41a and the right holder 41b which are included in
the cradle 41 are open or closed. This allows (i) the pack-
age P to be detached from the cradle 41 and (ii) the empty
take up tube Q to be attached to the cradle 41.

(Suction Mouth)

[0075] The suction mouth 54 (see FIG. 5) is configured
to suck and hold a yarn end of the yarn Y (upper yarn)
wound onto the package P in the wound yarn breakage
dealing process. The suction mouth 54 is provided rough-
ly at the same position as the package P in the up-down
direction. A rear end of the suction mouth 54 is provided
with a suction port 54a extending in the left-right direction.
The suction mouth 54 is movable between a standby
position and a near position which is closer to the yarn
winding unit 2 than the standby position is in the front-
rear direction. The suction mouth 54 is moved between
the standby position and the near position by a mouth
drive section 108 (see FIG. 4). The suction mouth 54 is
connected to an unillustrated negative pressure source.
The suction mouth 54 is able to suck and hold the yarn
Y by means of negative pressure generated at the suction
port 54a by the negative pressure source. A mouth cutter
54b which is able to cut the yarn Y is provided in the
vicinity of (immediately below), e.g., a right end portion
of the suction mouth 54. The mouth cutter 54b is driven
by, e.g., a mouth cutter drive section 109 (see FIG. 4)
including an unillustrated air cylinder. A leading end of
the suction mouth 54 is provided with a contact sensor
(not illustrated). The detection of the contact sensor al-
lows the mouth drive section 108 to cause and adjust the
suction mouth 54 to stop at the near position which is
suitable to suck and hold a yarn end of the yarn Y (upper
yarn) wound onto the package P. Instead of the contact
sensor, a distance sensor configured to detect the dis-
tance between two objects in a contactless manner may
be provided. This contact sensor may be configured to
detect the near position of the suction mouth 54 only at
the first time of positional adjustment of the suction mouth
54 so that, thereafter, the near position of the suction
mouth 54 is calculated based on the diameter of the pack-
age P calculated based on how long the yarn Y is wound
onto the package P.

(Seed Yarn Supplier)

[0076] The following will describe the seed yarn sup-
plier 55 with reference to FIG. 5 and FIGs. 7(a) and 7(b).
Each of FIGs. 7(a) and 7(b) illustrates the details of the
seed yarn supplier 55. FIG. 7(a) is an enlarged view of
the seed yarn supplier 55 shown in FIG. 5. FIG. 7(b)
shows the seed yarn supplier 55 viewed from the left side
in the left-right direction. The seed yarn supplier 55 is
able to supply a new type of a yarn Y (hereinafter, this
will be referred to as the seed yarn Ys) in the start proc-
ess. The type of the seed yarn Ys is preferably the same
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as, e.g., that of the yarn Y wound onto a new yarn sup-
plying bobbin B. In the present embodiment, however,
the type of the seed yarn Ys may be different from that
of the yarn Y wound onto the new yarn supplying bobbin
B. The seed yarn supplier 55 includes a seed yarn bobbin
supporter 71, a seed yarn blowing nozzle 72, a seed yarn
guide pipe 73, a seed yarn suction 74, a seed yarn clamp
cutter 75, and a stopper section 76 (see FIG. 7(b)).
[0077] The seed yarn bobbin supporter 71 is provided
in the vicinity of, e.g., the right end portion of the housing
50. The seed yarn bobbin supporter 71 supports a bobbin
onto which the seed yarn Ys is wound (hereinafter, this
will be referred to as the seed yarn bobbin Bs) to be, e.g.,
substantially horizontal. The seed yarn bobbin Bs is pro-
vided in the housing 50 to extend in the left-right direction.
[0078] The seed yarn blowing nozzle 72 is configured
to blow (guide) the seed yarn Ys, e.g., upward. The seed
yarn blowing nozzle 72 is provided in the vicinity of, e.g.,
a left end portion of the housing 50. The seed yarn blow-
ing nozzle 72 includes, e.g., an ejection port (not illus-
trated) provided for ejecting the compressed air upward.
The ejection port opposes an inlet of seed yarn guide
pipe 73.

[0079] The seed yarn guide pipe 73 is configured to
guide a leading end portion of the seed yarn Ys, which
is blown by the seed yarn blowing nozzle 72, toward the
seed yarn suction 74. The seed yarn guide pipe 73 is a
bent pipe-shaped member. Both ends of the seed yarn
guide pipe 73 in its longitudinal direction are respectively
provided with openings. In this regard, the seed yarn Ys
enters the seed yarn guide pipe 73 from one opening
(inlet) provided to oppose the ejection port of the seed
yarnblowing nozzle 72. For example, the seed yarn guide
pipe 73 extends roughly upward and rearward as com-
pared to this inlet. The seed yarn Ys comes out from the
seed yarn guide pipe 73 from the other opening (outlet)
oriented, e.g., downward. In the vicinity of this outlet, a
curved surface 73a (see FIG. 7(b)) is provided to be
curved so that, e.g., the blown seed yarn Ys is guided
downward and forward.

[0080] The seed yarn suction 74 is able to suck and
capture a yarn end of the seed yarn Ys. The seed yarn
suction 74 includes, e.g., a suction port which is open on
the rear side in the front-rear direction. For example, this
suction port is provided below and in front of the outlet
of the seed yarn guide pipe 73. The suction port is con-
nected to an unillustrated negative pressure source. The
seed yarn suction 74 is configured to suck and capture
(see FIG. 7(a)) the seed yarn Ys coming out from the
outlet of the seed yarn guide pipe 73, by means of neg-
ative pressure. After being captured and sucked by the
seed yarn suction 74, the seed yarn Ys is cut and held
(see FIG. 7(b)) by, e.g., the seed yarn clamp cutter 75.
[0081] The seed yarn clamp cutter 75 is able to cutand
hold the seed yarn Ys. The seed yarn clamp cutter 75 is
provided on the yarn path to the suction port of the seed
yarn suction 74 from the outlet of the seed yarn guide
pipe 73. The seed yarn clamp cutter 75 includes an un-
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illustrated cutter configured to cut the seed yarn Ys and
an unillustrated clamp configured to hold the seed yarn
Ys. The seed yarn clamp cutter 75 is driven by, e.g., a
clamp cutter drive section 110 (see FIG. 4) including an
unillustrated air cylinder. The seed yarn clamp cutter 75
is configured to cut the seed yarn Ys substantially at the
same time as to hold a yarn end of the cut seed yarn Ys.
In this regard, one yarn end of the cut seed yarn Ys is
provided on the seed yarn bobbin Bs side and held by
the seed yarn clamp cutter 75 (see FIG. 7(b)). The other
yarn end of the cut seed yarn Ys is provided on the side
opposite to the seed yarn bobbin Bs side and sucked and
removed by the seed yarn suction 74.

[0082] The stopper section 76 (see FIG. 7(b)) is con-
figured to permit and forbid the seed yarn Ys to be pulled
out from the seed yarn bobbin Bs. Assume that, e.g., a
part of the seed yarn Ys is provided between the ejection
port of the seed yarn blowing nozzle 72 and the inlet of
the seed yarn guide pipe 73. In this case, the stopper
section 76 is able to grip this part of the seed yarn Ys.
The stopper section 76 includes, e.g., a fixed member
76a, a movable member 76b, and an air cylinder 76c.
The fixed member 76a is provided in front of, e.g., the
ejection port of the seed yarn blowing nozzle 72 and the
inlet of the seed yarn guide pipe 73. For example, the
movable member 76b opposes the fixed member 76a in
the front-rear direction. The air cylinder 76c¢ is configured
to, e.g., transfer the movable member 76b in the front-
rear direction. The movable member 76b is movable be-
tween a distanced position (indicated by full lines in FIG.
7(b)) and a sandwiching position (indicated by broken
lines in FIG. 7(b)) by, e.g., a stopper drive section 111
(see FIG. 4) including the air cylinder 76¢. The distanced
position is a position where the movable member 76b is
spaced apart from the fixed member 76a. The movable
member 76b at the distanced position enables to pull the
seed yarn Ys out from the seed yarn bobbin Bs. The
sandwiching position is a position where the movable
member 76b is in contact with the fixed member 76a so
as to sandwich the seed yarn Y's with the fixed member
76a. Assume that a part of the seed yarn Ys is provided
between the seed yarn bobbin Bs and the stopper section
76. In this case, the movable member 76b at the sand-
wiching position prohibits to pull out this part of the seed
yarn Ys from the seed yarn bobbin Bs. As such, the state
of the stopper section 76 is switchable between a per-
missive state of permitting the seed yarn Y's to be pulled
out from the seed yarn bobbin Bs and a prohibitive state
of forbidding the seed yarn Ys to be pulled out from the
seed yarn bobbin Bs.

(Vertical Guide Lever)

[0083] The vertical guide lever 56 is used in the start
process and the wound yarn breakage dealing process.
The vertical guide lever 56 is used mainly for pulling the
yarn Y downward. The vertical guide lever 56 is config-
ured to exert various functions depending on a situation
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(as detailed later). As shown in FIG. 5, for example, the
vertical guide lever 56 is provided in the vicinity of the
suction mouth 54 and the seed yarn supplier 55. The
vertical guide lever 56 is provided immediately behind,
e.g., the housing 50. The vertical guide lever 56 is rotat-
able about a rotational shaft 56a extending at least in the
front-rear direction. The rotational shaft 56a is provided
in the vicinity of the yarn skipping lever 57 in the up-down
direction. The vertical guide lever 56 is rotated by, e.g.,
a vertical guide lever drive section 112 (see FIG. 4) in-
cluding an unillustrated motor. The vertical guide lever
drive section 112 is able to cause the vertical guide lever
56 to rotate clockwise and counterclockwise when
viewed behind. A leading end portion of the vertical guide
lever 56 is provided with a first hooking portion 56b and
a second hooking portion 56¢. When the vertical guide
lever 56 viewed from behind rotates counterclockwise,
the first hooking portion 56b is able to hook the yarn Y.
When the vertical guide lever 56 viewed from behind ro-
tates clockwise, the second hooking portion 56¢ is able
to hook the yarn Y.

(Yarn Skipping Lever)

[0084] The yarn skipping lever 57 is used in the start
process and the wound yarn breakage dealing process.
The yarn skipping lever 57 is swingable about, e.g., a
swing shaft 57a extending in the left-right direction. As
shown in FIG. 5, for example, the swing shaft 57a is pro-
vided at a lower end portion of the doffing device 3. The
yarn skipping lever 57 is swung by, e.g., a yarn skipping
lever drive section 113 (see FIG. 4) including an unillus-
trated motor. A leading end portion of the yarn skipping
lever 57 is provided with a yarn picking portion 57b in
order to pick up the yarn Y. The yarn skipping lever 57
is configured to pick up the yarn'Y, which is pulled down-
ward by the vertical guide lever 56, by means of the yarn
picking portion 57b and to guide this yarn Y to the other
end portion of the yarn threading nozzle 34 of the yarn
storage device 30. The yarn picking portion 57b is mov-
able between a standby position to pick up the yarn Y
and an introduction position provided behind the standby
position. The introduction position is a position to guide
the yarn Y picked up by the yarn picking portion 57b to
the other end portion of the yarn threading nozzle 34.

(Stored Yarn Remover)

[0085] The following will describe the stored yarn re-
mover 58 with reference to FIG. 5 and FIGs. 8(a) to 8(c).
Each of FIGs. 8(a) to 8(c) illustrates the details of the
stored yarn remover 58. FIG. 8(a) shows the stored yarn
remover 58 viewed in a predetermined direction orthog-
onal to the up-down direction. FIG. 8(b) shows the stored
yarn remover 58 viewed at a different angle from FIG. 8
(a). FIG. 8 (c)illustrates alater-described hooking section
82 (separation section of the present invention). The
stored yarn remover 58 is used in the wound yarn break-
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age dealing process. The stored yarn remover 58 is able
to remove one part of the yarn Y in a case where the yarn
Y is unintentionally disconnected between the yarn stor-
age device 30 and the winding section 40 in the yarn
running direction. In this regard, one part of the yarn Y
(hereinafter, this will be referred to as the stored yarn) is
wound onto the yarn storage device 30. The stored yarn
remover 58 includes a stored yarn suction 81, the hooking
section 82, and a cutting section 83.

[0086] The stored yarn suction 81 is able to suck and
capture the stored yarn wound onto the yarn storage roll-
er 31. The stored yarn suction 81 is able to suck and
remove the cut stored yarn. The stored yarn suction 81
includes a suction port 81a (see FIG. 8(b)) and a cutter
81b. The suction port 81a and the cutter 81b are provided
at a leading end portion of the stored yarn suction 81.
The stored yarn suction 81 is connected to an unillustrat-
ed negative pressure source via, e.g., a flexible hose 81c
which is deformable. The stored yarn suction 81 is able
to suck the stored yarn by means of negative pressure
generated at the suction port 81a by the negative pres-
sure source. The cutter 81b is provided in the vicinity of
the suction port 81a. The cutter 81b is able to cut the
stored yarn which is sucked and captured by the suction
port 81a.

[0087] The stored yarn suction 81 is moved freely to
some degree in the front-rear, left-right, and up-down di-
rections by, e.g., a stored yarn remover drive section 114
(see FIG. 4) and a suction drive section 115 (see FIG.
4). The stored yarn remover drive section 114 is config-
ured to transfer the stored yarn suction 81, the hooking
section 82, and the cutting section 83 together. The suc-
tion drive section 115 is configured to transfer the stored
yarn suction 81 independently from the hooking section
82 and the cutting section 83.

[0088] The hooking section 82 is configured to space
a part of the tension ring 33 apart from the outer circum-
ferential surface 31a of the yarn storage roller 31. The
stored yarn remover drive section 114 (see FIG. 4) allows
the hooking section 82 to move together as the stored
yarn suction 81. As shown in FIG. 8(c), the hooking sec-
tion 82 includes, e.g., a rotating plate 82a and a hook
82b. The rotating plate 82a is rotatable about, e.g., a
rotational shaft 82c which is substantially parallel to a
thickness direction of the rotating plate 82a. The hook
82b is provided for hooking the tension ring 33. The hook
82b is fixed to the rotating plate 82a, and rotatable to-
gether as the rotating plate 82a. The hooking section 82
is rotatable between a standby position (indicated by full
linesin FIG. 8(c)) and a pulling position (indicated by two-
dot chain lines in FIG. 8(c)). The hooking section 82 is
rotated by a hooking drive section 116 (see FIG. 4) in-
cluding an unillustrated motor.

[0089] The cutting section 83 (see FIG. 8(a) and FIG.
8(b)) is able to cut a yarn layer (a later-described yarn
layer Yr) including the stored yarn wound onto the outer
circumferential surface 31a of the yarn storage roller 31.
The cutting section 83 is movable together as the stored
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yarn suction 81 by means of the stored yarn remover
drive section 114 (see FIG. 4). For example, the cutting
section 83 includes a main body 83a, fixed blades 83b,
movable blades 83c (see FIG. 8(b)), and a stored yarn
sensor 83d (see FIG. 8(a); detection section of the
presentinvention). The main body 83a supports the fixed
blades 83b, movable blades 83c, and the stored yarn
sensor 83d. The main body 83a can be moved in a di-
rection (hereinafter, this will be simply referred to as the
orthogonal direction; see FIG. 18(a)) which is substan-
tially parallel to the axial direction of the yarn storage
roller 31 (see FIG. 2) by, e.g., a cutting drive section 117
(see FIG. 4) including an unillustrated motor. The cutting
drive section 117 is preferably able to reciprocate the
main body 83a in the radial direction of the yarn storage
roller 31 while transferring the main body 83a in the or-
thogonal direction. Such the cutting drive section 117
may be achieved by, e.g., a suitable cam mechanism
(not illustrated) using a single driving source (not illus-
trated). Alternatively, driving sources (notillustrated) may
be provided for moving the main body 83a as described
above.

[0090] The fixed blades 83b are fixed to, e.g., the main
body 83a. Each fixed blade 83b extends in a predeter-
mined extending direction with respect to the main body
83a. The fixed blades 83b are aligned in a direction (here-
inafter, this will be simply referred to as the arrangement
direction; see FIG. 8(b)) orthogonal to the extending di-
rection. The fixed blades 83b can be aligned in the or-
thogonal direction. In other words, the arrangement di-
rection may be substantially parallel to the orthogonal
direction.

[0091] The movable blades 83c are aligned in the ar-
rangement direction in the same manner as the fixed
blades 83b. Each movable blade 83c extends in a direc-
tion substantially parallel to the extending direction of the
fixed blades 83b. The movable blades 83c are adjacent
to the fixed blades 83b in a direction (the left-right direc-
tion on the sheet of FIG. 8(b)) orthogonal to both the
extending direction and the arrangementdirection. In oth-
er words, the movable blades 83c can be provided to be
adjacent to the fixed blades 83b in the circumferential
direction of the yarn storage roller 31. The movable
blades 83c can be reciprocated in the orthogonal direc-
tion by, e.g., the cutting drive section 117. With this ar-
rangement, the stored yarn sandwiched between the
fixed blades 83b and the movable blades 83c is efficiently
cut under the same principle as a pair of hair clippers
provided for cutting hair. The fixed blades 83b and the
movable blades 83c are able to at least partially enter
the inside of the groove 31b of the yarn storage roller 31
in the radial direction of the yarn storage roller 31 (see
FIG. 2).

[0092] The stored yarn sensor 83d is able to detect a
yarn layer. The stored yarn sensor 83d is, e.g., a known
reflective optical sensor. The stored yarn sensor 83d may
be fixed to, e.g., the main body 83a.
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(Doffing Controller)

[0093] AsshowninFIG.4,thedoffingdevice 3includes
the doffing controller 3a (a controller of the present in-
vention). The doffing controller 3a includes, e.g., a CPU,
a ROM, and a RAM. The doffing controller 3a is able to
communicate with the machine controller 5. The doffing
controller 3a is configured to control the sections of the
doffing device 3 based on instructions from the machine
controller 5.

[Each Process Performed by Automatic Winder]

[0094] In the automatic winder 1 structured as de-
scribed above, the yarn winding unit 2 is configured to
operate in cooperation with the doffing device 3 so that
the doffing process, the start process, and the wound
yarn breakage dealing process are automatically per-
formed without human intervention. The following will de-
scribe each of these processes.

(Doffing Process)

[0095] The following will describe the doffing process
with reference to FIG. 9to FIG. 11(c). FIG. 9is a flowchart
of steps of the doffing process. Each of FIG. 10(a) to FIG.
10 (c) is a side view of the multifunction arm 51 and its
surroundings, and schematically illustrates the operation
of the multifunction arm 51. Each of FIG. 11(a) to FIG.
11(c) is a front view of the cradle 41 and its surroundings,
and schematically illustrates the operation of fixing the
yarn Y to the take up tube Q.

[0096] Forexample, as a predetermined amount of the
yarn Y is wound onto the take up tube Q in one yarn
winding unit 2, the unit controller 2a of this yarn winding
unit 2 determines that the formation of the package P is
completed. At this time, the unit controller 2a stops the
rotation of the traversing drum 42 and that of the yarn
storage roller 31. To be more specific, the unit controller
2a decelerates the traversing drum 42 while determining
whether the yarn detection sensor 44 detects the yarn
Y. For example, as the yarn Y reaches a right end of the
traverse region (see FIG. 3), the unit controller 2a stops
the rotation of the traversing drum 42. This also stops
the rotation of the package P. At this time, the yarn Y is
still connected between the package P and the yarn stor-
age device 30.

[0097] When the formation of the package P is com-
pleted, the unit controller 2a outputs a signal to request
the doffing process. The machine controller 5 transmits
this signal to the doffing controller 3a. As such, the unit
controller 2a is configured to cooperate with the doffing
controller 3a via, e.g., the machine controller 5. In ac-
cordance with this signal, the doffing controller 3a trans-
fers the doffing device 3 to a position in front of the above-
described yarn winding unit 2 and starts the doffing proc-
ess described below.

[0098] The doffing controller 3a suitably controls, e.g.,
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the first arm drive section 101 and the second arm drive
section 102 (see FIG. 4) to transfer the multifunction arm
51 from a predetermined standby position. To be more
specific, the doffing controller 3a transfers the guide
member 67 and the clamp cutter 69 (see FIG. 10(a)) to
a cutting holding position to cut and hold the yarn Y. For
example, the cutting holding position is provided in the
vicinity of a right end portion of the traverse guide 43 in
the left-right direction and immediately above the
traverse guide 43.

[0099] Subsequently, the doffing controller 3a controls
the clamp cutter drive section 105 (see FIG. 4) to cause
the clamp cutter 69 to cutand hold the yarn'Y (step S101;
see FIG. 10 (b)). One part of the yarn Y (lower yarn) is
then provided on the yarn storage device 30 side and
held by the clamp cutter 69. After that, the unit controller
2a causes the traversing drum 42 to rotate normally so
thatthe other partofthe yarn Y is wound onto the package
P. In this regard, the other part of the yarn Y (upper yarn)
is provided on the winding section 40 side.

[0100] After the upper yarn has been wound onto the
package P, the doffing controller 3a causes the doffing
device 3 to perform the operation of detaching the pack-
age P from the cradle 41 (step S102). To be more specific,
the doffing controller 3a controls the opener drive section
107 (see FIG. 4) to cause the cradle opener 53 to operate
the cradle lever of the cradle 41. This causes the pair of
the arms 41a to be open in the left-right direction (be in
the above-described detached state) and, for example,
to swing upward and rearward (swing away from the doff-
ing device 3 in the front-rear direction). The package P
is then released from the pair of the holders 41b and
detached fromthe cradle 41 by, e.g., its own weight. After
that, the package P having been detached from the cradle
41 is discharged to an unillustrated discharge port. The
pair of the arms 41a are moved downward and forward
(moved to a position immediately above the traversing
drum 42) while being in the detached state.

[0101] Forexample, after the pair of the arms 41a have
been moved to a position immediately above the travers-
ing drum 42, the doffing controller 3a performs yarn
threading for a new take up tube Q (i.e., a take up tube
Qtobe newly held by the cradle 41). Inthe yarn threading,
to begin with, the doffing controller 3a transfers the clamp
cutter 69 to the vicinity of the cradle 41 (step S103). To
be more specific, the doffing controller 3a controls the
swing drive section 104 to swing the clamp cutter 69 up-
ward and rearward with respect to the guide member 67
(see FIG. 10(c)). Because of this, before the new take
up tube Q is attached to the cradle 41, the clamp cutter
69 guides the yarn Y to a gap position (see FIG. 11(a))
where a gap is formed between the new take up tube Q
and the cradle 41. That s, the yarn Y extending between
the guide member 67 and the clamp cutter 69 is provided
at a position where the yarn Y can be sandwiched be-
tween the take up tube Q and the right holder 41b. In
other words, the multifunction arm 51 is able to guide a
part of the yarn Y to the winding section 40 in a case
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where yarn threading is performed for a new take up tube
Q to be held by the cradle 41. This part of the yarn is
provided on the yarn supply section 10 side in the yarn
running direction.

[0102] Subsequently, the doffing controller 3a controls
the chucker drive section 106 to drive the chucker 52.
The chucker 52 takes an empty take up tube Q out from
an unillustrated stocker by means of the chucking portion
52b, and attaches this take up tube Q to the cradle 41
(step S104) .

[0103] Subsequently, the doffing controller 3a causes
that the yarn Y held by the clamp cutter 69 is fixed to the
take up tube Q and that then a bunch winding is formed
(step S105). The bunch winding is a yarn layer which is
formed on the take up tube Q and which is out of the
traverse region. The bunch winding is used for continu-
ously unwinding the yarn Y from plural packages P in a
later step. The following will describe specific steps of
the step S105. The doffing controller 3a causes the cradle
opener 53 to operate the cradle lever again so that the
state of the cradle 41 is switched to the grip state from
the detached state. Because of this, the right arm 41a
and the right holder 41b are moved leftward (see FIG.
11(b)). As a result, the yarn Y is sandwiched by the take
up tube Q and the holders 41b and fixed to the take up
tube Q. After that, the doffing controller 3a causes that
the take up tube Q is released from the chucker 52. The
doffing controller 3a also causes that the yarn Y is re-
leased from the clamp cutter 69. Subsequently, the doff-
ing controller 3a suitably controls the first arm drive sec-
tion 101, the second arm drive section 102, and the guide
drive section 103 (see FIG. 4) to transfer the guide mem-
ber 67 slightly leftward. In this state, as the unit controller
2a causes the traversing drum 42 to rotate normally,
bunch winding A (see FIG. 11(c)) is formed. The yarn
threading is performed by such steps S103 to S105.
[0104] Finally, the doffing controller 3a transfers the
multifunction arm 51 back to the standby position, and
the unit controller 2a causes the traversing drum 42 and
the yarn storage roller 31 to rotate normally. This restarts
the winding of the yarn Y (step S106).

(Start Process)

[0105] Thefollowingwilldescribe the start process with
reference to FIG. 12 to FIG. 15(f). FIG. 12 is a flowchart
of steps of the start process. FIG. 13 is a flowchart of
steps of the lower yarn pull-out process (described later)
which is a step included in the start process. Each of FIG.
14(a) to FIG. 15(f) schematically illustrates the operation
of the start processing section 8. Each of FIG. 14(a), FIG.
14(c), FIG. 14(e), FIG. 14(f), FIG. 15(a), FIG. 15(c), and
FIG. 15(e) shows the seed yarn supplier 55 and/or its
surroundings viewed from left to right. Each of FIG. 14(b),
FIG. 14(d), FIG. 15(b), FIG. 15(d), and FIG. 15(f) shows
the seed yarn supplier 55 and/or its surroundings viewed
from behind. It should be noted that, hereinafter, a direc-
tion of rotation of the vertical guide lever 56 (a clockwise
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or counterclockwise direction) is a direction of the rotation
of the vertical guide lever 56 viewed from behind.
[0106] In aninitial state, the package P has been de-
tached from the cradle 41. However, the package P may
not be detached from the cradle 41 in the initial state, but
may be detached from the cradle 41 immediately before
later-described yarn threading to the take up tube Q. In
the seed yarn supplier 55, the seed yarn Ys pulled out
from the seed yarn bobbin Bs has been guided to the
seed yarn clamp cutter 75 through the seed yarn guide
pipe 73 and held by the seed yarn clamp cutter 75 (see
FIG. 7(b)). The vertical guide lever 56 extends at least
upward. A new type of the yarn Y (lower yarn) supplied
from the yarn supplying bobbin B may be captured by
the lower yarn capturing unit 23 in advance. Alternatively,
the lower yarn may be captured by the lower yarn cap-
turing unit 23 in parallel to the start process. The state of
the stopper section 76 is the permissive state. In this
state, as the seed yarn Ys is pulled, the seed yarn Ys is
further pulled out from the seed yarn bobbin Bs.

[0107] To begin with, the doffing controller 3a pulls out
the seed yarn Ys by means of the multifunction arm 51
(step S201 shown in FIG. 12). To be more specific, the
doffing controller 3a suitably controls the first arm drive
section 101, the second arm drive section 102, and the
guide drive section 103 (see FIG. 4) to hook the seed
yarn Ys by means of the guide member 67 and to pull
this seed yarn Ys out rearward (see FIG. 14(a) and FIG.
14(b)). Because of this, a yarn path of the seed yarn Ys
between the guide member 67 and the seed yarn clamp
cutter 75 intersects with a movement track of the first
hooking portion 56b of the vertical guide lever 56.
[0108] Subsequently, the doffing controller 3a trans-
fers the seed yarn Ys downward by means of the vertical
guide lever 56 (step S202). To be more specific, the doff-
ing controller 3a controls the vertical guide lever drive
section 112 (see FIG. 4) to cause the vertical guide lever
56 to make approximately a half turn counterclockwise
(seeFIG. 14(c)and FIG. 14(d)). Because of this, the seed
yarn Ys is pulled downward. While being pulled down-
ward by the vertical guide lever 56, the seed yarn Ys is
picked up by, e.g., the yarn picking portion 57b (indicated
by two-dot chain lines in FIG. 14(e)) at the standby po-
sition.

[0109] Subsequently, the doffing controller 3a trans-
fers the seed yarn Ys to the vicinity of the yarn threading
nozzle 34 by means of the yarn skipping lever 57 (step
S203) . To be more specific, the doffing controller 3a con-
trols the yarn skipping lever drive section 113 (see FIG.
4) to transfer the yarn picking portion 57b from the stand-
by position (indicated by two-dot chain linesin FIG. 14(e))
to the introduction position (indicated by full lines in FIG.
14(e)). Because of this, the seed yarn Ys is guided to the
vicinity of the other end portion of the yarn threading noz-
zle 34. That is, in the start process, the seed yarn Ys is
guided to the guide mechanism 6 by the vertical guide
lever 56 and the yarn skipping lever 57 (afirst guide proc-
ess of the present invention).
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[0110] Subsequently, the doffing controller 3a controls
the clamp cutter drive section 110 (see FIG. 4) to release
the seed yarn Ys from the seed yarn clamp cutter 75
(step S204; see FIG. 14(f)). The released seed yarn Ys
then passes through the guide mechanism 6 including
the yarn threading nozzle 34, is captured by the upper
yarn capturing section 21, guided by the yarn joining de-
vice 22, and set to be a yarn joining preparation state
(step S205). The principle by which the seed yarn Ys is
guided to the yarn joining device 22 by the guiding mech-
anism 6 is the same as the principle by which the yarn Y
is guided to the yarn joining device 22 by the guiding
mechanism 6 (described above). As such, the doffing
device 3 is able to guide the seed yarn Ys to the yarn
joining device 22 in the start process. If the yarn joining
is performed in this state, a joint between the seed yarn
Ys and the lower yarn (hereinafter, this will be simply
referred to as the joint) is provided in the vicinity of the
yarn joining device 22.

[0111] Subsequently, the doffing controller 3a controls
the stopper drive section 111 to set the stopper section
76 (see FIG. 7(b)) in the prohibitive state. Because of
this, the seed yarn Ys is forbidden to be pulled out from
the seed yarn bobbin Bs (step S206; a prohibitive process
of the present invention). In this state, the doffing con-
troller 3a performs the lower yarn pull-out process (step
S207). To put it simply, the lower yarn pull-out process
is performed for pulling the joint downstream and remov-
ing the seed yarn Ys joined with the lower yarn. With this
arrangement, only a new type of the yarn'Y supplied from
the yarn supplying bobbin B is wound onto a new take
up tube Q, and the seed yarn Ys is prevented from being
included in a new package P. Such a process is espe-
cially effective in a case where, e.g., the type of the seed
yarn Ys is different from that of the lower yarn.

[0112] The following will detail the lower yarn pull-out
process with reference to FIG. 13 and FIG. 15(a) to FIG.
15(f). To begin with, the doffing controller 3a transfers
the vertical guide lever 56 to a preparation position (step
S301 shown in FIG. 13). To be more specific, the doffing
controller 3a controls the vertical guide lever drive section
112 (see FIG. 4) to cause the vertical guide lever 56 to,
e.g., make approximately a half turn clockwise (see FIG.
15 (a) and FIG. 15(b)). Because of this, the vertical guide
lever 56 is provided at a position to extend upward (prep-
aration position) . When the step S301 is performed, the
yarn path of the seed yarn Ys is far from the movement
track of the vertical guide lever 56 (see FIG. 15(a)). Be-
cause of this, the vertical guide lever 56 does notinterfere
with the seed yarn Ys.

[0113] Inthe presentembodiment, as an example, the
doffing controller 3a performs the step S301 after the
step S206. However, a timing to perform the step S301
is not limited to this. For example, the step S301 may be
performed after the above-described step S204 and be-
fore the step S206. In the step S301, the vertical guide
lever 56 may rotate counterclockwise.

[0114] The doffing controller 3a then transfers the
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guide member 67 of the multifunction arm 51 to a prede-
termined pull-out possible position (step S302). To be
more specific, the doffing controller 3a suitably controls
the first arm drive section 101, the second arm drive sec-
tion 102, and the guide drive section 103 (see FIG. 4) to
transfer the guide member 67 so that the yarn path of
the seed yarn Ys intersects with the movement track of
the second hooking portion 56¢ of the vertical guide lever
56 (see FIG. 15(c) and FIG. 15(d)). After that, the unit
controller 2a controls the yarn joining device 22 to join
the seed yarn Y's with the lower yarn (step S303) . In this
step, the yarn Y supplied from the yarn supply section
10 is joined with the seed yarn Ys, and the length of the
yarn path between the yarn joining device 22 and the
stopper section 76 is a predetermined first length.
[0115] Subsequently, the doffing controller 3a causes
the vertical guide lever 56 to rotate so that the lower yarn
is pulled out (step S304). To be more specific, the doffing
controller 3a controls the vertical guide lever drive section
112 (see FIG. 4) to cause the vertical guide lever 56 to
make approximately a half turn clockwise (see FIG. 15(e)
and FIG. 15(f)). Because of this, the yarn Y is hooked
and pulled out by the second yarn hooking portion 56¢.
At this time, the stopper section 76 forbids the seed yarn
Y's to be pulled out from the seed yarn bobbin Bs. Mean-
while, it is not forbidden to pull the yarn Y (lower yarn)
out from the yarn supplying bobbin B. Because of this,
the lower yarn is pulled out upward (indicated by an up-
ward arrow in FIG. 15(e) and FIG. 15(f)). In other words,
the lower yarn is pulled out by changing the length of the
yarn path between the yarn joining device 22 and the
stopper section 76 to be a second length which is larger
than the first length. As such, the length of this yarn path
is changed from the first length to the second length by
the vertical guide lever 56 (a yarn path change process
of the present invention) in a state in which the yarn Y
supplied from the yarn supply section 10 is joined with
the seed yarn Ys. The vertical guide lever 56 is equivalent
to a yarn path change section of the present invention.
[0116] Subsequently, the doffing controller 3a deter-
mines whether to further pull out the lower yarn (step
S305). Whether to further pull out the lower yarn is de-
termined based on, e.g., whether the seed yarn Ys which
has been subjected to the step S303 once or plural times
so as to be joined with the lower yarn is reliably prevented
from being wound onto the new take up tube Q. To be
more specific, whether to further pull out the lower yarn
may be determined based on whether the yarn path
change process has been performed predetermined
times. Alternatively, it may be determined based on a
difference between how long the lower yarn should be
pulled out and how long the lower yarn has been actually
pulled out (e.g., a value obtained by multiplying the
number of executions of the yarn path change process
by a value obtained by subtracting the second length
from the first length). When the seed yarn Ys may be
wound onto the new take up tube Q, the doffing controller
3a determines to further pull out the lower yarn (Yes in
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S305) . In this case, the doffing controller 3a causes the
vertical guide lever 56 to slightly rotate counterclockwise
so that the seed yarn Ys is loosened (step S306). The
doffing controller 3a preferably causes the vertical guide
lever 56 to rotate so that the second hooking portion 56¢
is provided in the vicinity of the seed yarn suction 74. The
loosened seed yarn Ys is then sucked by the seed yarn
suction 74 as the doffing controller 3a drives the seed
yarn suction 74 (step S307). The seed yarn suction 74
is used not only for preparing the seed yarn Ys in the
seed yarn supplier 55, but also for removing an unnec-
essary part of the seed yarn Ys in the lower yarn pull-out
process. A suction force of the seed yarn suction 74 caus-
esthe yarnY to be tensioned again. After that, the vertical
guide lever 56 is caused to rotate in a state in which the
seed yarn clamp cutter 75 is closed. As a result, the lower
yarn is further pulled out. Subsequently, the doffing con-
troller 3a performs the determination of the step S305
again. The joint can be sucked by, e.g., the seed yarn
suction 74 by pulling out the lower yarn the required
number of times. That is, a part of the seed yarn Ys is
completely removed. This part thereof is joined with the
lower yarn. After having pulled out the lower yarn the
required number of times, the doffing controller 3a finish-
es the pull-out of the lower yarn (NO in S305). This makes
it possible to proceed to a step next to the lower yarn
pull-out process.

[0117] Atfterthe lower yarn pull-out process, the doffing
controller 3a performs yarn threading to the new take up
tube Q (step S208 shown in FIG. 12). More specifically,
to begin with, the doffing controller 3a causes the clamp
cutter 69 to cut and hold the yarn Y. Because of this, the
clamp cutter 69 cuts an intermediate part of the yarn Y
and holds one part of the cut yarn Y. This one part thereof
is provided on the yarn joining device 22 side. This one
part of the yarn Y includes only the yarn Y supplied from
the yarn supplying bobbin B. The other part of the cut
yarn 'Y is provided on the seed yarn bobbin Bs side, and
sucked and removed by the seed yarn suction 74. After
that, the doffing controller 3a performs the same steps
as the above-described steps S103 to S106 (see FIG.
9). In other words, after the yarn path change process,
the multifunction arm 51 guides the one part of the yarn
Y provided on the yarn joining device 22 side to the cradle
41 (a second guide process of the present invention) and
performs the yarn threading to the take up tube Q. In
other words, the multifunction arm 51 holds and guides
the one part of the yarn Y to the cradle 41 after the yarn
path change process. The one part of the yarn Y is pro-
vided on the yarn joining device 22 side to the cradle 41.
As such, the start process is completed.

(Wound yarn breakage Dealing Process)

[0118] The following will describe the wound yarn
breakage dealing process with reference to FIG. 16 to
FIG. 20(f). The wound yarn breakage is disconnection of
the yarn Y between the yarn storage device 30 and the
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package P in the yarn running direction, due to any trou-
ble. The wound yarn breakage dealing process is roughly
divided into two processes (the stored yarn removal proc-
ess and the upper yarn guide process). The stored yarn
removal process is a process of removing the yarn Y
(stored yarn) stored in the yarn storage device 30. The
upper yarn guide process is a process of pulling the yarn
Y (upper yarn) out from the package P and guiding this
yarn Y to the yarn joining device 22. In other words, the
wound yarn breakage dealing process is a process of
removing one part of the yarn Y, pulling out the other part
of the yarn Y, and guiding the other part of the yarn Y to
the yarn joining device 22 via the yarn storage device 30.
In this regard, the one part of the yarn Y is stored in the
yarn storage device 30, and the other part of the yarn Y
is wound onto the package P. In the wound yarn breakage
dealing process, for example, the stored yarn removal
process is performed first, and the upper yarn guide proc-
ess is performed next. FIG. 16 is a flowchart of steps of
the stored yarn removal process. Each of FIG. 17(a) to
FIG. 18(e) schematically illustrates the operation of the
stored yarn remover 58. Each of FIG. 17(a) to FIG. 18(e)
shows the yarn storage roller 31 and its surroundings
viewed from left to right. FIG. 19 is a flowchart of steps
of the upper yarn guide process. Each of FIG. 20(a) to
FIG. 20(f) schematically illustrates the upper yarn guide
process. Each of FIG. 20(a), FIG. 20(c), FIG. 20(e), and
FIG. 20(f) shows the yarn Y (upper yarn) pulled out from
the package P and its surroundings viewed from left to
right. Each of FIG. 20(b) and FIG. 20(d) shows the upper
yarn and its surroundings viewed from behind.

(Stored Yarn Removal Process)

[0119] The following will describe the stored yarn re-
moval process. In an initial state, the yarn Y has been
disconnected between the yarn storage device 30 and
the package P in the yarn running direction. The yarn
storage device 30 and the winding section 40 have been
stopped. When the wound yarn breakage occurs, a
downstream end portion of the yarn Y (hereinafter, this
will be referred to as the stored yarn) stored in the yarn
storage device 30 may be loosened. It is very difficult to
join a yarn end of the loosened stored yarn again with a
yarn end of the yarn Y provided on the package P side.
If this yarn joining is successfully performed, the loos-
ened yarn Y may be entangled in, e.g., the yarn storage
device 30 so thatthe yarn winding unit 2 does not properly
operate. The stored yarn removal process is therefore
necessary in a case where the wound yarn breakage
occurs. In the doffing process, because the multifunction
arm 51 operates so that the yarn Y stored in the yarn
storage device 30 is not loosened, the stored yarn re-
moval process is unnecessary.

[0120] To begin with, the doffing controller 3a controls
the stored yarn remover drive section 114 (see FIG. 4)
to cause the entire stored yarn remover 58 to approach
the yarn storage roller 31 (step S401 shown in FIG. 16).
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To be more specific, the doffing controller 3a transfer the
stored yarn suction 81 to, e.g., the vicinity of the tension
ring 33 (see FIG. 17(a)).

[0121] Subsequently, the doffing controller 3a causes
the stored yarn suction 81 to suck the stored yarn. At the
same time, the unit controller 2a causes the yarn storage
roller 31 to rotate reversely (step S402; see FIG. 17(b)).
To be more specific, a part of the stored yarn is loosened
in the vicinity of the tension ring 33 and sucked by the
stored yarn suction 81. This part thereof is close to the
yarn end thereof. In this state, as the yarn storage roller
31 rotates reversely, the loosened yarn Y is wound onto
the yarn storage roller 31 again while being tensioned to
some degree (see FIG. 17(b)). After that, as the yarn
storage roller 31 further rotates reversely, the yarn end
of the stored yarn is separated from the stored yarn suc-
tion 81 (see FIG. 17(c)). At this time, the stored yarn is
wound onto the yarn storage roller 31 roughly in the same
state as before the wound yarn breakage. Furthermore,
the groove 31b is provided at, e.g., the lower end portion
of the yarn storage roller 31 and prepared for the next
operation of the stored yarn remover 58.

[0122] Subsequently, the doffing controller 3a causes
the hooking section 82 to pull the tension ring 33 (step
S403; see FIG. 17(d)). To be more specific, the doffing
controller 3a causes the rotating plate 82a and the hook
82b to rotate, e.g., substantially 90 degrees by means of
the hooking drive section 116 so that the hooking section
82 moves from the standby position to the pulling posi-
tion. At this time, the hook 82b temporarily enters, e.g.,
the groove 31b so as to smoothly enter the inside of the
tension ring 33 in the radial direction thereof. Because
of such operation of the hooking section 82, the tension
ring 33 is hooked by the hook 82b, and a part of the
tension ring 33 is pulled radially outward of the yarn stor-
ageroller31.Inotherwords, the tension ring 33 is partially
lifted up from the outer circumferential surface 31a of the
yarn storage roller 31. This causes a part of the tension
ring 33 in the circumferential direction of the yarn storage
roller 31 to have no force of pressing the stored yarn onto
the outer circumferential surface 31a. In this state, as the
yarn storage roller 31 rotates normally as described later,
the stored yarn smoothly follows the stored yarn suction
81.

[0123] While the hooking section 82 is provided at the
pulling position, the doffing controller 3a causes the
stored yarn suction 81 to suck and capture the yarn end
of the stored yarn. After that, the unit controller 2a causes
the yarn storage roller 31 to rotate normally (step S404;
see FIG. 17(e)). Because of this, a part of the stored yarn
is sucked by the stored yarn suction 81. This part thereof
is loosened on the downstream side of the tension ring
33 in the yarn running direction. After the yarn storage
roller 31 has rotated normally for a while, the doffing con-
troller 3a causes the cutter 81b to cut the yarn Y in the
vicinity of the tension ring 33 (step S405; see FIG. 17(f)).
Because of this, a part of the stored yarn is mostly sucked
and removed. This part thereof is provided downstream
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of the tension ring 33.

[0124] Subsequently, the doffing controller 3a trans-
fers the stored yarn suction 81 and the cutting section 83
so that the cutting section 83 cuts layers of stored yarn
(yarn layers Yr; see FIG. 18(a), etc.; step S406). To be
more specific, for example, while controlling the cutting
drive section 117 to transfer the stored yarn suction 81
and the cutting section 83, the doffing controller 3a con-
trols the cutting drive section 117 to drive the cutting sec-
tion 83 (see FIG. 18(a) to FIG. 18(c)). Because of this,
while moving toward the base end side in the axial direc-
tion of the yarn storage roller 31, the cutting section 83
repeatedly reciprocates in the radial direction of the yarn
storageroller 31 (i.e., partially enters and exits the groove
31b). The movable blades 83c also reciprocate in the
orthogonal direction (see FIG. 18(a)) with respect to the
fixed blades 83b. Because of such operation of the cutting
section 83, all stored yarn layers Yr are cut in the axial
direction (orthogonal direction) of the yarn storage roller
31. The cut yarn layers Yr are sucked and removed by
the stored yarn suction 81. The doffing controller 3a pref-
erably uses, e.g., a detection result of the stored yarn
sensor 83d and drives the stored yarn suction 81 and the
cutting section 83 in the orthogonal direction and only in
aregion where the yarn layers Yr are detected. After that,
the doffing controller 3a transfers the stored yarn suction
81 and the cutting section 83 back to the leading end
side in the axial direction of the yarn storage roller 31
(see FIG. 18(d)).

[0125] Subsequently, for example, the doffing control-
ler 3a suitably controls the hooking section 82 to further
pull the tension ring 33 radially outward of the yarn stor-
age roller 31 (step S407). The doffing controller 3a trans-
fers the stored yarn suction 81 to the vicinity of the tension
ring 33 again (see FIG. 18(d)). In this state, the unit con-
troller 2a causes the yarn storage roller 31 to rotate nor-
mally or reversely (see FIG. 18(e)). Because of this, yarn
waste is sucked and removed even in a case where the
yarn waste slightly remains in the vicinity of the tension
ring 33 (step S408). As such, the stored yarn removal
process is completed.

(Upper Yarn Guide Process)

[0126] The following will describe the upper yarn guide
process. To begin with, the doffing controller 3a controls,
e.g., the mouth drive section 108 to transfer the suction
mouth 54 to the near position (step S501 in FIG. 19; in-
dicated by two-dot chain lines in FIG. 20(a)). In cooper-
ation with the unit controller 2a, the doffing controller 3a
then causes (i) the traversing drum 42 to rotate reversely
and (ii) the suction mouth 54 to suck and pull out the
upper yarn (step S502). Subsequently, the doffing con-
troller 3a transfers the suction mouth 54 to the standby
position (step S503; indicated by full lines in FIG. 20(a);
see FIG. 20(b)). Because of this, the yarn path of the
upperyarn between the package P and the suction mouth
54 intersects with the movement track of the first hooking
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portion 56b of the vertical guide lever 56.

[0127] Subsequently, the doffing controller 3a causes
the vertical guide lever 56 to rotate, e.g., counterclock-
wise so that the upper yarn is hooked by the first hooking
portion 56b and moves downward (step S504; see FIGs.
20(c)and 20(d)). Because of this, the upper yarn is further
pulled out downward from the package P. While being
pulled by the vertical guide lever 56, the upper yarn is
guided to a position where the upper yarn can be cut by
the mouth cutter 54b (see FIG. 20(d)). Furthermore, for
example, while being pulled downward by the vertical
guide lever 56, the upper yarn is picked up by the yarn
picking portion 57b at the standby position (indicated by
two-dot chain lines in FIG. 20(e)).

[0128] Subsequently, the doffing controller 3a trans-
fers the upper yarn to the vicinity of the yarn threading
nozzle 34 by means of the yarn skipping lever 57 (step
S505; indicated by full lines in FIG. 20(e)). Because of
this, the upper yarn is guided to the vicinity of the other
end portion of the yarn threading nozzle 34. Subsequent-
ly, the doffing controller 3a controls the mouth cutter drive
section 109 (see FIG. 4) to cause the mouth cutter 54b
to cut the upper yarn (step S506). Because of this, the
upper yarn is guided to the yarn joining device 22 via the
guide mechanism 6 (see FIG. 20(f)). The principle by
which the upper yarn is guided to the yarn joining device
22 by the guiding mechanism 6 is the same as the prin-
ciple by which the yarn Y is guided to the yarn joining
device 22 by the guiding mechanism 6 (described
above). After that, the unit controller 2a controls the yarn
joining device 22 to join the upper yarn with the lower
yarn (step S507). Furthermore, the unit controller 2a
causes the traversing drum 42 and the yarn storage roller
31 torotate normally. This restarts the winding of the yarn
Y (step S508). As such, the upper yarn guide process
and the wound yarn breakage dealing process are com-
pleted.

[0129] Asdescribed above, the seed yarn Ysisdirectly
guided to the yarn joining device 22 in the start process.
With this arrangement, the time required by the start proc-
ess is shortened as compared to a case where the for-
mation of a starter package is necessary.

[0130] The doffing device 3 makes it possible to per-
formthe start process and the wound yarn breakage deal-
ing process as plural types of the predetermined proc-
esses. Itis therefore possible to deal with various situa-
tions in the yarn winding unit 2 including the yarn storage
device 30 and to further facilitate the automation of the
automatic winder 1.

[0131] In the wound yarn breakage dealing process,
the wound yarn breakage dealing section 9 is able to cut
and remove each yarn layer Yr in the orthogonal direc-
tion. By cutting the yarn layer Yr, the yarn Y remaining
on the yarn storage roller 31 is easily removed.

[0132] The groove 31b is formed on the outer circum-
ferential surface 31a of the yarn storage roller 31. With
this arrangement, a part of the yarn layer Yr is provided
at the same position as the groove 31b in the circumfer-
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ential direction of the yarn storage roller 31. The cutting
section 83 is able to at least partially enter the inside of
the groove 31b. This allows the cutting section 83 to re-
liably and easily cut this part of the yarn layer Yr. This
also allows the cutting section 83 to avoid making contact
with the outer circumferential surface 31a of the yarn stor-
age roller 31, and thus the damage to the outer circum-
ferential surface 31a is reliably prevented.

[0133] The cutting section 83 includes the fixed blades
83b and the movable blades 83c. With this arrangement,
the yarn layer Yr is reliably and easily cutunder the same
principle as a pair of hair clippers provided for cutting hair.
[0134] The doffing controller 3a is configured to use a
detection result of the stored yarn sensor 83d and to drive
the stored yarn remover 58 only in a region where the
yarn layer Yr is detected. With this arrangement, the yarn
layer Yr is cut in the minimum region. Therefore, the time
required by cutting of the yarn layer Yr is shortened as
compared to a case where the yarn layer Yris cut across
the entire region where the yarn layer Yr may be formed
in the orthogonal direction.

[0135] The stored yarn remover 58 of the wound yarn
breakage dealing section 9 includes the hooking section
82 configured to space at least a part of the tension ring
33 apart from the outer circumferential surface 31a. With
this arrangement, the yarn'Y gripped between the tension
ring 33 and the outer circumferential surface 31ais easily
removed. This also allows the stored yarn remover 58 to
avoid unintentionally making contact with the tension ring
33 in a case where the stored yarn wound onto the yarn
storage roller 31 is cut and removed. It is therefore pos-
sible to prevent the stored yarn remover 58 from causing
the damage to the tension ring 33.

[0136] The yarn winding unit 2 includes the guide
mechanism 6. The doffing device 3 includes the vertical
guide lever 56, the yarn skipping lever 57, and the mul-
tifunction arm 51. In the start process, the seed yarn Ys
is directly guided to the yarn joining device 22 by the
vertical guide lever 56, the yarn skipping lever 57, and
the guide mechanism 6. The yarn Y is then guided to the
vicinity of the take up tube Q by the multifunction arm 51.
[0137] Evenwhen (i) the yarnY supplied from the yarn
supply section 10 is joined with the seed yarn Ys and (ii)
the pull-out of the seed yarn Ys from the seed yarn sup-
plier 55 is forbidden by the stopper section 76, the length
of the yarn path between the yarn joining device 22 and
the stopper section 76 is changeable by the vertical guide
lever 56. This makes it possible to pull out a part of the
yarn Y, which is provided on the yarn joining device 22
side and which includes the yarn Y supplied from the
yarn supply section 10. This part of the yarn Y provided
on the yarn joining device 22 side is sufficiently pulled
out so that only the yarn Y supplied from the yarn supply
section 10 is cut and held by the multifunction arm 51.
As aresult, only the yarn Y supplied from the yarn supply
section 10 is threaded to the new take up tube Q. This
prevents the seed yarn Ys from being included in the
package P. Itis therefore possible to avoid the decrease
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in grade of the package P even in a case where the type
of the seed yarn Ys is different from that of the yarn Y
supplied from the yarn supply section 10.

[0138] The doffing controller 3a is configured to per-
form the first guide process, the prohibitive process, the
yarn path change process, and the second guide proc-
ess. With this arrangement, the start process is automat-
ically performed.

[0139] Before the new take up tube Q is attached to
the cradle 41 after the package P is detached from the
cradle 41, the multifunction arm 51 guides the yarn Y to
the gap position where the gap is formed between the
new take up tube Q and the cradle 41. Furthermore, after
the new take up tube Q is attached to the cradle 41, the
cradle 41 is transferred back to the grip state from the
detached state. As a result, before the new take up tube
Qs attached to the cradle 41, the yarn Y is guided to the
gap position through alarge space. ltis therefore possible
to improve the success rate of the yarn threading.
[0140] The doffing device 3 is configured to perform
the doffing process as one type of a predetermined proc-
ess. This further facilitates the automation of the auto-
matic winder 1. Because the doffing device 3 is able to
perform various processes, the automatic winder 1 in-
cludes a smaller number of apparatuses as compared to
a case where an apparatus is independently provided
from the doffing device 3 in order to perform a predeter-
mined process.

[0141] The following will describe modifications of the
above-described embodiment. The members identical
with those in the embodiment above will be denoted by
the same reference numerals and the explanations there-
of are not repeated.

(1) Inthe embodiment above, the vertical guide lever
56 is able to perform the yarn path change process.
However, the disclosure is not limited to this. A yarn
path change section (not illustrated) which is able to
perform the yarn path change process may be pro-
vided instead of the vertical guide lever 56.

(2) In the embodiment above, the yarn path change
process is performed plural times in the start proc-
ess. However, the disclosure is not limited to this.
The doffing controller 3a may be configured to per-
form the yarn path change process only once in the
start process. Alternatively, the doffing controller 3a
may not be configured to perform the yarn path
change process. In this case, the seed yarn supplier
55 may not include the stopper section 76.

(3) In the embodiment above, in the doffing process
and the start process, the doffing controller 3a guides
the yarn Y to the gap position by means of the mul-
tifunction arm 51 before the new take up tube Q is
attached to the cradle 41. However, the disclosure
is not limited to this. The doffing controller 3a may
control the multifunction arm 51 to guide the yarn Y
to the gap position before the new take up tube Q is
attached to the cradle 41, only in the doffing process
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or in the start process. Alternatively, the doffing con-
troller 3a may control the multifunction arm 51 to
guide the yarn Y to the gap position after the new
take up tube Q is attached to the cradle 41. That is,
in the embodiment above, when the yarn threading
to the new take up tube Q is performed, the doffing
controller 3a guides the yarn Y to the gap position
before the new take up tube Q is attached to the
cradle 41. However, the disclosure is not limited to
this.

(4) In the embodiment above, the doffing device 3
includes the cradle opener 53. However, the disclo-
sure is not limited to this. For example, a mechanism
equivalent to the cradle opener 53 may be provided
in the yarn winding unit 2.

(5) The embodiment above has detailed how the
doffing device 3 is arranged to perform the start proc-
ess. However, the start process may be differently
performed. For example, a mechanism (known lin-
ear slider or rack-and-pinion mechanism) configured
to linearly guide the seed yarn Ys to the guide mech-
anism 6 may be provided instead of the vertical guide
lever 56 and the yarn skipping lever 57.

(6) Inthe embodiment above, the stored yarn remov-
er 58 includes the hooking section 82. However, the
disclosure is not limited to this. For example, the yarn
storage device 30 may not include the tension ring
33. In this case, the hooking section 82 may not be
provided. Furthermore, the steps S402 to S405 and
the step S408 (see FIG. 16) may not be performed
in the stored yarn removal process of this case.

(7) In the embodiment above, the cutting section 83
includes the stored yarn sensor 83d. Alternatively,
for example, the stored yarn sensor 83d may be at-
tached to the stored yarn suction 81. Alternatively,
the stored yarn remover 58 may not include the
stored yarn sensor 83d. In this case, for example,
the yarn layer Yr may be cut across the entire region
where the yarn layer Yr is formed in the orthogonal
direction.

(8) In the embodiment above, the cutting section 83
includes the fixed blades 83b and the movable
blades 83c. However, the disclosure is not limited to
this. The cutting section 83 may include, e.g., a
known pair of scissors or a cutter.

(9) In the embodiment above, the cutting section 83
is able to at least partially enter the inside of the
groove 31b. However, the disclosure is not limited
to this. For example, a groove (not illustrated) may
be provided independently from the groove 31b so
that the cutting section 83 can at least partially enter
this groove. Alternatively, such grooves (including
the groove 31b) may not be provided in the yarn stor-
age roller 31. In this case, for example, a protrusion
(not illustrated) protruding radially outward of the
yarn storage roller 31 may be provided instead of
the groove. With this arrangement, a gap may be
formed between the outer circumferential surface
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31a and the yarn layer Yr. This allows the cutting
section 83 to avoid unintentionally making contact
with the outer circumferential surface 31a as much
as possible by setting a target position in the vicinity
of this gap and transferring the cutting section 83 to
the target position.

(10) In the embodiment above, the cutting section
83 is configured to cut the yarn layer Yr in the or-
thogonal direction. However, the disclosure is not
limited to this. For example, the yarn winding unit 2
and the doffing device 3 may be structured so that
the cutting section 83 cuts the yarn layer Yr in a di-
rection tilted from the orthogonal direction.

(11) In the embodiment above, the wound yarn
breakage dealing process is entirely performed with-
out human intervention. However, the disclosure is
not limited to this. For example, the stored yarn re-
moval process may be performed by an operator. In
this case, the doffing device 3 may not include the
stored yarn remover 58.

(12) In the embodiment above, the doffing device 3
includes the multifunction arm 51. However, the dis-
closure is not limited to this. For example, instead of
the multifunction arm 51, a mechanism disclosed in
Japanese Laid-Open Patent Publication No.
2018-65659 may be used to cut and hold the yarn Y.
(13) In the embodiment above, the doffing controller
3a s configured to control the doffing device 3. How-
ever, the disclosure is not limited to this. For exam-
ple, the machine controller 5 may be configured to
directly control the doffing device 3. In this case, the
machine controller 5 is equivalent to the controller
of the present invention.

(14) In the embodiment above, the start processing
section 8 and the guide mechanism 6 are configured
to guide the seed yarn Y's directly to the yarn joining
device 22 in cooperation. However, the disclosure
is not limited to this. A starter package disclosed in
Japanese Laid-Open Patent Publication No.
2018-65659 may be formed by using the start
processing section 8. Alternatively, the doffing de-
vice 3 may include a start processing section (not
illustrated) which is able to form this starter package
only. In this case, the wound yarn breakage dealing
section 9 preferably includes the stored yarn remov-
er 58. That is, the labor required by the wound yarn
breakage dealing process is reduced by automati-
cally performing the entire wound yarn breakage
dealing process with use of the wound yarn breakage
dealing section 9.

(15) In the embodiment above, the doffing device 3
is able to perform the doffing process, the start proc-
ess, and the wound yarn breakage dealing process
as the types of the predetermined processes. How-
ever, the disclosure is not limited to this. The doffing
device 3 may be able to perform, e.g., only the doffing
process and the start process. Alternatively, the doff-
ing device 3 may be able to perform only the doffing
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process and the wound yarn breakage dealing proc-
ess. Alternatively, a service unit (not illustrated)
which is able to perform one or more of the start
process and the wound yarn breakage dealing proc-
ess may be performed independently from the doff-
ing device 3 configured to perform the doffing proc-
ess. When such a service unit is provided, the auto-
matic winder 1 may not include the doffing device 3.
(16) In the embodiment above, the operation of the
cutting section 83 makes it possible to cut all stored
yarn layers Yr in the axial direction (orthogonal di-
rection) of the yarn storage roller 31. However, when
only a lower end part of each stored yarn layer Yr
has a defect, only this lower end part of each stored
yarn layer Yr may be cut and then sucked and re-
moved by the stored yarn suction 81. In this case, a
defective part of the yarn Y is also removed along
with this lower end part thereof that is cut and re-
moved. Furthermore, when a part of the yarn Y is
still included in this remaining part of the yarn layer
Yr, a lower end of this part of the yarn Y may be
captured by the upper yarn blowing sending section
27, blown out into the yarn guiding member 28, and
sucked and captured by the upper yarn capturing
section 21. As such, when (i) one part of the yarn Y
is included in the remaining part of the yarn layer Yr
and (ii) the other part of the yarn Y is provided on
the yarn supply section 10 side, this one part of the
yarn Y may be guided to the yarn joining device 22
as the upper yarn and joined with the other part of
theyarn Y (lower yarn) so as to continue the winding
of the yarn Y.

(17) The present invention is applicable not only to
the automatic winder 1 but also to various yarn wind-
ers each including a yarn winding unit (notillustrated)
including a yarn storage device (not illustrated) con-
figured to temporarily store the yarn Y.

[0142] An object of the present invention is to shorten
the time required by a start process of starting the winding
of a new type of a yarn.

[0143] An automatic winder 1 includes a yarn winding
unit 2 and a doffing device 3. The yarn winding unit 2
includes a yarn storage device 30 and a yarn joining de-
vice 22. The yarn storage device 30 is provided between
a yarn supply section 10 and a yarn winding section 40
in a yarn running direction, and configured to temporarily
store a yarn Y. The yarn joining device 22 is provided
between the yarn supply section 10 and the yarn storage
device 30 in the yarn running direction. A doffing device
3includes a seed yarn supplier 55 which is able to supply
a seed yarn Ys from a seed yarn bobbin Bs in the start
process. The seed yarn supplier 55 is able to guide the
seed yarn Ys from the seed yarn bobbin Bs to the yarn
joining device 22 via the yarn storage device 30.
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Claims

A yarn winder (1) comprising: a yarn winding unit (2)
including a winding section (40) configured to form
a package (P) by winding a yarn (Y) pulled out from
a yarn supply section (10) onto a take up tube (Q);
and a service unit (3) which is able to perform one
or more types of predetermined processes for the
yarn winding unit (2),

the yarn winding unit (2) further including:

ayarn storage device (30) which is provided be-
tween the yarn supply section (10) and the wind-
ing section (40) in a yarn running direction and
which is configured to temporarily store the yarn
(Y), the yarn (Y) running in the yarn running di-
rection; and

ayarn joining device (22) which is provided be-
tween the yarn supply section (10) and the yarn
storage device (30) in the yarn running direction
and which is configured to join one part of the
yarn (Y) provided on the yarn supply section (10)
side with the other part of the yarn (Y) provided
on the yarn storage device (30) side,

the one or more types of the predetermined
processes including a start process of causing
the winding section (40) to start winding of the
yarn (Y),

the service unit (3) including a seed yarn supplier
(55) which is able to supply a seed yarn (Ys)
from a seed yarn bobbin (Bs)in the start process,
the seed yarn (Ys) being to be joined with the
yarn Y pulled out from the yarn supply section
(10), and

the seed yarn supplier (55) being also able to
guide the seed yarn (Ys) from the seed yarn bob-
bin (Bs) to the yarn joining device (22) via the
yarn storage device (30).

The yarn winder (1) according to claim 1, wherein,
the service unit (3) further includes a wound yarn
breakage dealing section (9) which is able to perform
a wound yarn breakage dealing process as one of
the one or more types of the predetermined proc-
esses in a case where wound yarn breakage occurs
so that the yarn (Y) is disconnected between the
package (P) and the yarn storage device (30) in the
yarn running direction, and the wound yarn breakage
dealing process is a process of removing one part
ofthe yarn (Y) stored in the yarn storage device (30),
pulling out the other part of the yarn (Y) wound onto
the package (P), and guiding the other part of the
yarn (Y) to the yarn joining device (22) via the yarn
storage device (30).

The yarn winder (1) according to claim 2, wherein,
the yarn storage device (30) includes a yarn storage
roller (31) which includes an outer circumferential
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surface (31a) and which is able to store the yarn (Y)
wound onto the outer circumferential surface (31a),
the yarn (Y) is temporarily wound onto the outer cir-
cumferential surface (31a),

the wound yarn breakage dealing section (9) is
able to cut, in a predetermined cutting direction,
a yarn layer (Yr) including the yarn (Y) wound
onto the outer circumferential surface (31a) and
to remove the yarn layer (Yr) ;

wherein the predetermined cutting direction is
an orthogonal direction that is orthogonal to a
circumferential direction of the yarn storage roll-
er (31).

The yarn winder (1) according to claim 3, wherein,
the outer circumferential surface (31a) is provided
with a groove (31b) extending along the cutting di-
rection, and

the wound yarn breakage dealing section (9) in-
cludes a cutting section (83) which is able to cut the
yarn layer (Yr) while at least partially entering the
inside of the groove (31b).

The yarn winder (1) according to claim 4, wherein,
the cutting section (83) includes:

a main body (83a);

fixed blades (83b) which are fixed to the main
body (83a) and which are able to be aligned in
the orthogonal direction; and

movable blades (83c) which are able to be
aligned in the cutting direction and to reciprocate
in the cutting direction with respect to the fixed
blades (83b).

6. The yarn winder (1) according to any one of claims

3 to 5, further comprising: a detection section (83d)
which is able to detect the yarn layer (Yr); and

a controller (3a), wherein,

the controller (3a) is configured to use a detec-
tion result of the detection section (83d) and to
cause the wound yarn breakage dealing section
(9) to cut the yarn layer (Yr) only in a region
where the yarn layer (Yr) is detected in the cut-
ting direction.

The yarn winder (1) according to any one of claims
3 to 6, wherein, the yarn storage device (30) further
includes a tension ring (33) which is provided to sur-
round the outer circumferential surface (31a) and
which is able to apply tension to the yarn (Y) un-
wound from the yarn storage roller (31), and

the wound yarn breakage dealing section (9) further
includes a separation section (82) which is able to
space at least a part of the tension ring (33) apart
from the outer circumferential surface (31a).
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8. The yarn winder (1) according to any one of claims a prohibitive process of changing the state of
1 to 7, wherein, the yarn winding unit (2) further in- the stopper section (76) to the prohibited state
cludes: after the first guide process;

a yarn path change process of controlling the

a cradle (41) which is able to rotatably hold the % yarn path change section (56) to change the
take up tube (Q); and length of the yarn path from the first length to
a guide mechanism (6) configured to thread a the second length in a case where the state of
part of the yarn (Y) to the yarn storage device the stopper section (76) is the prohibited state;
(30) and then to guide the part of the yarn (Y) to and
the yarn joining device (22) in a case where the 70 a second guide process of controlling the sec-
yarn (Y) is disconnected between the package ond guide section (51) to hold and guide a part
(P) and the yarn storage device (30) in the yarn of the yarn (Y) provided on the yarn joining de-
running direction, the part of the yarn (Y) being vice (22) side to the cradle (41) after the yarn
provided on the side opposite to the yarn supply path change process.
section (10) with respect to the yarn storage de- 75
vice (30) in the yarn running direction, and 11. The yarn winder (1) according to any one of claims
the service unit (3) further includes: 1 to 10, wherein, the winding section (40) includes
a cradle (41) which is able to rotatably hold the take
a first guide section (56, 57) which is able up tube (Q),
to guide the seed yarn (Ys) pulled out from 20
the seed yarn bobbin (Bs), to the guide the service unit (3) further includes a yarn guide
mechanism (6); and section (51) which is able to guide a part of the
a second guide section (51) which is able yarn (Y) provided on the yarn supply section (10)
to guide the yarn (Y) for which yarn joining side in the yarn running direction to the winding
is performed by the yarn joining device (22), 25 section (40) in a case where yarn threading is
toward the cradle (41). performed for a new take up tube (Q) to be held
by the cradle (41),
9. The yarn winder (1) according to claim 8, wherein, the yarn winder (1) further includes: a switching
the service unit (3) further includes: section (53) which is able to switch the state of
30 the cradle (41) between a grip state of gripping
a stopper section (76) whose state is switchable both ends of the take up tube (Q) and a detached
between a permissive state of permitting the state of canceling grip of the take up tube (Q);
seed yarn (Ys) to be pulled out from the seed and
yarn bobbin (Bs) and a prohibited state of for- a controller (3a), and
bidding the seed yarn (Ys) to be pulled out from 35 the controller (3a) is configured to: in the yarn
the seed yarn bobbin (Bs); and threading,
a yarn path change section (56) which is able to before the take up tube (Q) is attached to the
change the length of a yarn path between the cradle (41) after (i) the state of the cradle (41)
yarn joining device (22) and the stopper section is switched to the detached state and (ii) the
(76) from a first length to a second length, which 40 package (P) is detached from the cradle (41),
is larger than the first length, in a state in which control the yarn guide section (51) to guide the
the yarn (Y) supplied from the yarn supply sec- yarn (Y) to a gap position where a gap is formed
tion (10) is joined with the seed yarn (Ys), and between the take up tube (Q) and the cradle
the second guide section (51) is able to cut an (41); and
intermediate partoftheyarn (Y)ontheyarnpath, 45 after the take up tube (Q) is attached to the cra-
whose length is changed from the first length to dle (41), control the switching section (53) to
the second length, so that a part of the cut yarn switch the state of the cradle (41) back to the
(Y) is provided on the yarn joining device (22) grip state from the detached state.
side and to hold the part of this cut yarn (Y).
50 12. The yarn winder (1) according to any one of claims
10. Theyarnwinder(1)accordingto claim9, further com- 1 to 11, wherein, the service unit (3) is a doffing de-
prising a controller (3a), wherein, vice (3) which is able to perform a doffing process
the controller (3a) is configured to perform: of replacing a completed package (P) with an empty
take up tube (Q) in the yarn winding unit (2) as an-
in the start process, 55 other of the one or more types of the predetermined
a first guide process of controlling the first guide processes.

section (56, 57) to guide the seed yarn (Ys) to
the guide mechanism (6);
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