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Description
TECHNICAL FIELD

[0001] The present invention mainly relates to a yarn
cutting control device capable of adjusting a cutting po-
sition for cutting a yarn by using a cutting device.

BACKGROUND ART

[0002] In ayarn winding device adapted to wind a yarn
into a package while traversing the yarn, when the yarn
is cut depending on detection of a yarn defect, etc., a
configuration of a yarn cutting at a timing excluding the
timing when the yarn is positioned near a traverse return
position has been conventionally known. Patent Docu-
ment 1 discloses an automatic winder as this kind of yarn
winding device.

[0003] The automatic winder of Patent Document 1 is
an automatic winder for rewinding a yarn into a package
while traversing the yarn and for cutting a yarn depending
on detection of a yarn defect. The automatic winder in-
cludes a detection mean adapted to detect a traverse
movement of the yarn and a control mean for which a
cutting timing of the yarn depending on detection of the
yarn defect is controlled based on a detection signal of
the detection mean. The control mean is adapted to con-
trol a yarn cutting depending on detection of the yarn
defectatatimingwhentheyarnis positioned in atraverse
area, within a range excluding a position near a traverse
return position on at least one end face side of the pack-
age, based on the detection signal of the detection mean.
[0004] Accordingtothe above-described configuration
of Patent Document 1, when a current position of the
yarn is located near the traverse return position, delay of
a timing of cutting the yarn can prevent the yarn from
being dropped off an end face of the package (hereinaf-
ter, may be referred to as "an end face drop (end miss-

ing)").
PRIOR-ART DOCUMENTS
PATENT DOCUMENTS

[0005]
4042271

Patent Document 1: Japanese Patent Number

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0006] The detection mean in the above-described
Patent Document 1 includes a plurality of position detec-
tion sensors that is an optical sensor constituted by a
light emitting elementand a light receiving element. Each
of the plurality of position detection sensors is arranged
in the middle of a travel path of a yarn which travels from
a yarn monitoring device to a package (in a traverse re-
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gion). Each of the plurality of position detection sensors
directly detects a timing when the yarn is positioned near
a traverse return position by detecting a moment when
the yarn passes as a moment when the light is blocked.
Therefore, in order to appropriately control a timing of
cutting the yarn, each of the position detection sensors
needs to be mounted to an accurate position.

[0007] However, it may have been difficult to mount
each position detection sensor at the accurate position
in the traverse area, due to an influence of an assembly
error that is occurred when each position detection sen-
sor is mounted to a support bracket and a mounting error
that is occurred when the support bracket is mounted to
an appropriate position of an automatic winder. Once
each position detection sensor is mounted to a predeter-
mined position, in general, such position of each position
detection sensor is not changed. Therefore, it has been
difficult to flexibly change a traverse position (range) in
which a yarn cutting is prohibited depending on physical
properties of the yarn and the like. Furthermore, in order
to control a timing of cutting the yarn with the above-
described configuration, a detection signal that is detect-
ed by the detection mean needs to be input to a control
mean adapted to control operation of the entire automatic
winder, and ayarn defect detection signal thatis detected
by a slab catcher (yarn monitoring device) also needs to
be input to the control mean. Therefore, a signal com-
munication between components is complicated, and it
is difficult to simplify a configuration for control. In the
above-described points, there is room for improvement
in the configuration in the above-described Patent Doc-
ument 1.

[0008] The present invention has been made in view
of the circumstances described above, and an object of
the present invention is to simplify a configuration of a
yarn cutting control device capable of adjusting a cutting
position where the yarn is cut by using a cutting device
depending on a traverse position of the yarn.

MEANS FOR SOLVING THE PROBLEMS AND EF-
FECTS THEREOF

[0009] Problems to be solved by the present invention
are as described above, and next, means for solving the
problems and effects thereof will be described.

[0010] According to the first aspect of the present in-
vention, a yarn cutting control device with the following
configuration is provided. That is, the yarn cutting control
device controls operation of a cutting device for cutting
ayarnthatis wound into a package while being traversed.
The yarn cutting control device includes a yarn speed
detection section, a traverse position estimation section,
and a cutting position adjustment section. The yarn
speed detection section detects a yarn speed in which a
yarn travels. The traverse position estimation section es-
timates a traverse position of the yarn based on the yarn
speed that is detected by the yarn speed detection sec-
tion. The cutting position adjustment section adjusts a
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cutting position where the cutting device cuts the yarn
depending on the traverse position of the yarn that is
estimated by the traverse position estimation section.
[0011] Accordingly, an end face drop (end missing) of
the yarn can be prevented by adjusting the cutting posi-
tion where the cutting device is operated to cut the yarn
depending on the traverse position of the yarn, for exam-
ple, by not cutting the yarn at a position where the end
face drop of the yarn may be occurred. Since the traverse
position estimation section estimates the traverse posi-
tion of the yarn based on the yarn speed that is detected
by the yarn speed detection section, a simple configura-
tion can be realized as compared with a case of a con-
figuration having a sensor which directly detects the
traverse position of the yarn.

[0012] In the yarn cutting control device, the cutting
position adjustment section preferably adjusts a traveling
distance of the yarn at a time of operating the cutting
device such that the cutting device is operated after a
traverse position is moved to a center side in a traverse
region in a case that the traverse position of the yarn is
located at an end portion of the traverse region of the
package. The term "an end portion of the traverse region
ofthe package"as used herein means the traverse region
of the package, specifically a region that is closer to an
end face of the package.

[0013] Accordingly, the end face drop of the yarn can
be prevented by a simple control to increase the traveling
distance of the yarn when the cutting device is operated.
[0014] In the yarn cutting control device, the traverse
position estimation section estimates the traverse posi-
tion based on characteristics of the yarn speed that is
detected by the yarn speed detection section.

[0015] Accordingly, the cutting position where the yarn
is cut can be adjusted to an appropriate position with a
simple configuration, as compared with a case of a con-
figuration in which the traverse position is directly detect-
ed by a position sensor or the like that is arranged in the
traverse region.

[0016] The yarn cutting control device is preferably
configured as follows. That is, the package has a cone
shape whose diameter increases from one end to the
other end in an axial direction. The traverse position es-
timation section estimates the traverse position based
on the traveling distance of the yarn when an extremal
value appears in a process of periodically increasing and
decreasing the yarn speed that is detected by the yarn
speed detection section.

[0017] Accordingly, the traverse position can be ap-
propriately estimated by utilizing periodic increase and
decrease in the yarn speed when the yarn is wound to
form the package having the cone shape.

[0018] The yarn cutting control device is preferably
configured as follows. That is, the traverse position esti-
mation section includes a yarn speed smoothing section
adapted to smooth data indicating periodic change in the
yarn speed that is detected by the yarn speed detection
section. The traverse position estimation section esti-
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mates the traverse position based on the traveling dis-
tance of the yarn when an extremal value appears in a
process of periodically increasing and decreasing the
yarn speed after the yarn speed smoothing section
smooths the data.

[0019] Accordingly, since errors caused by afine irreg-
ular fluctuation which occurs in the yarn speed can be
suppressed, the traverse position can be accurately es-
timated.

[0020] In the yarn cutting control device, the yarn
speed smoothing section preferably smooths the data
indicating periodic change in the yarn speed by a moving-
average method.

[0021] Accordingly, points of a moving average are ap-
propriately defmed, and thereby tendency of increase
and decrease in the yarn speed which appears depend-
ing on the traverse position can be favorably grasped
while suppressing the errors caused by the fine irregular
fluctuation occurring in the yarn speed. As a result, the
traverse position can be accurately estimated. The yarn
speed can be also smoothed with a simple calculation.

[0022] In the yarn cutting control device, the traverse
position estimation section preferably estimates the
traverse position of the yarnbased on a traveling distance
between at least two latest yarn travel positions where a
local maximal value of the yarn speed appears or a
traveling distance between at least two latest yarn travel
positions where a local minimal value of the yarn speed
appears.

[0023] Accordingly, the traverse position of the yarn
can be appropriately estimated based on the traveling
distance of the yarn. With reference to the traveling dis-
tance of the yarn when the local maximal value or the
local minimal value appears in the yarn speed, a cycle
of increase and decrease in the yarn speed can be easily
and clearly grasped, and thereby the traveling distance
of the yarn corresponding to one cycle (one traverse) of
increase and decrease in the yarn speed can be accu-
rately obtained. Furthermore, the traveling distance of
the yarn corresponding to one traverse may be changed
as increasing a diameter of the package. However, in
this configuration, since the traverse position of the yarn
is estimated based on, for example, the yarn traveling
distance in one cycle of the latest increase and decrease
in the yarn speed, an estimation accuracy of the traverse
position can be stabilized.

[0024] The yarn cutting control device is preferably
configured as follows. That is, the yarn cutting control
device includes a prohibition determination section
adapted to determine whether or not the cutting device
can be operated and to output a command signal for in-
structing a cutting device operation command section to
operate or not to operate the cutting device, based on
the traverse position of the yarn that is estimated by the
traverse position estimation section. The prohibition de-
termination section determines whether or not the cutting
device can be operated based on a traverse traveling
distance that is a traveling distance of the yarn that is
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detected during a latest one cycle of increase and de-
creaseinthe yarn speed, a prohibited range representing
a range where a yarn cutting is prohibited in one cycle
of traverse with reference to a traveling distance of the
yarn when the local maximal value or the local minimal
value of the yarn speed appears, and a traveling distance
of the yarn that is detected from a latest yarn travel po-
sition where the local maximal value or the local minimal
value of the yarn speed appears to the current position.
[0025] Accordingly, whether or not the cutting device
can be operated is appropriately and easily determined
by detecting the traveling distance where the yarn has
traveled from the latest yarn travel position at which the
local maximal value/local minimal value of the yarn speed
appeared to the current position, and checking whether
or not this traveling distance is within a range of the
traveling distance where the yarn cutting is prohibited in
the prohibited range. This can prevent the end face drop
of the yarn. Furthermore, the traveling distance of the
yarn corresponding to one cycle of traverse is changed
as increasing the diameter of the package, however, in
this configuration, whether or not the cutting device can
be operated is determined based on the traveling dis-
tance of the yarn in the latest one cycle in which the yarn
speed increases and decreases. Therefore, the end face
drop of the yarn can be stably prevented without being
affected by an increase in the package diameter. The
cutting device operation command section is preferably
configured to output an operation command signal to the
cutting device and to cause the cutting device to be op-
erated.

[0026] The yarn cutting control device is preferably
configured as follows. That is, the yarn cutting control
device is configured to change a length of a cutting pro-
hibition traverse range that is a range where the yarn
cutting is prohibited at an end portion of the traverse re-
gion of the package. The cutting position adjustment sec-
tion adjusts the traveling distance of the yarn when the
cutting device is operated such that the cutting device is
operated after the traverse position of the yarn is moved
and deviated from the cutting prohibition traverse range
in a case that the traverse position that is estimated in
the traverse position estimation section is within the cut-
ting prohibition traverse range when a yarn cutting signal
requiring the yarn cutting is input to the yarn cutting con-
trol device.

[0027] Accordingly, since the cutting device is operat-
ed to cut the yarn after delaying until the yarn reaches a
position deviated from the cutting prohibition traverse
range, the end face drop of the yarn can be surely pre-
vented. Since the length of the cutting prohibition traverse
range can be changed by software, an operator can flex-
ibly change the length of the cutting prohibition traverse
range in consideration of physical properties of the yarn,
etc. This can improve convenience.

[0028] According to a second aspect of the present
invention, a yarn monitoring device with the following
configuration is provided. That is, the yarn monitoring
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device includes the yarn cutting control device, and fur-
ther includes a yarn defect detection section adapted to
detect a defect of the yarn. When the yarn defect is de-
tected, the yarn defect detection section outputs a yarn
defect detection signal as the yarn cutting signal requiring
the yarn cutting, to the yarn cutting control device, upon
detection of the defect of the yarn.

[0029] Accordingly, when the yarn defect detection
section detects the yarn defect, the yarn can be cut by a
cutter at the traveling distance of the yarn that is adjusted
such that the end face drop of the yarn does not occur.
[0030] The yarn monitoring device preferably includes
the cutting device.

[0031] Accordingly, communication of control signals
from detection of the yarn defect to operation of the cut-
ting device is easily completed in the yarn monitoring
device, which can simplify a configuration.

[0032] Inthe yarn monitoring device, the cutting device
is preferably a cutter.

[0033] Accordingly, the yarn can be cut with a simple
configuration.
[0034] The yarn winding device is preferably config-

ured as follows. That is, the yarn winding device includes
ayarn feed part and a package forming part. A yarn feed
bobbin is supported in the yarn feed part. The package
forming part winds a yarn of the yarn feed bobbin in the
yarn feed part to form the package. The yarn monitoring
device is arranged between the yarn feed part and the
package forming part.

[0035] Accordingly, the yarn winding device with a sim-
ple configuration that is less likely to occur the end face
drop of the yarn.

[0036] The yarn winding device is preferably config-
ured as follows. That is, the yarn winding device includes
awinding drum, a yarn joining device, and a control sec-
tion. The winding drum comes in contact with the package
and drives the package to rotate in order to wind the yarn
from the yarn feed part into the package. The yarn joining
device performs a yarn joining between the yarn from the
yarn feed part and the yarn from the package forming
partwhen the cutting device has operated to cut the yarn.
The control section controls the yarn winding device. The
control section controls the winding drum such that the
package is reversed until the yarn is pulled out of the
package over a length longer than or equal to the
traveling distance of the yarn from a yarn position when
the defect of the yarn has detected in the yarn defect
detection section to a position where the cutting device
is operated to cut the yarn, and then causes the yarn
joining device to perform yarn joining operation.

[0037] That s, in the yarn winding device having the
above-described yarn monitoring device, even if the yarn
monitoring device detects the yarn defect, a timing of the
operation of the cutting device may be delayed in order
to prevent the end face drop. In this respect, according
to the present configuration, even if the yarn is addition-
ally wound into the package for the delayed length in the
operation of the cutting device, the yarn joining device
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performs the yarn joining operation after a sufficient
length of the yarn including the additional length is pulled
out of the package. Therefore, the yarn defect that is
detected by the yarn monitoring device can be surely
removed.

BRIEF DESCRIPTION OF THE DRAWINGS
[0038]

[Fig. 1] A side view of a winder unit according to one
embodiment of the present invention.

[Fig. 2] A front elevational view of the winder unit.
[Fig. 3] A block diagram showing a configuration of
a yarn monitoring device included in the winder unit.
[Fig. 4] A block diagram showing a configuration of
a traverse position estimation section and a cutting
position adjustment section.

[Fig. 5]

(a) A graph showing data of periodic change in
a yarn speed before smoothing.

(b) A graph showing data of periodic change af-
ter smoothing by a moving-average method.

[Fig. 6] A graph explaining a process to calculate a
reference position to be estimated that the yarn is
located at an end portion of a traverse region of a
package and a distance interval for calculating a lat-
est traverse traveling distance, by using data indi-
cating periodic change in the yarn speed.

[Fig. 7] A drawing explaining a cutting prohibition
traverse range that is set in the end portion of the
traverse region of the package.

[Fig. 8] A drawing explaining a prohibition traverse
ratio that is calculated based on the cutting prohibi-
tion traverse range.

[Fig. 9] A flowchart showing a process performed by
a traverse position estimation section and a cutting
position adjustment section in order to adjust a po-
sition of a yarn cutting.

[Fig. 10] A flowchart showing a process performed
by a unit control section.

EMBODIMENT FOR CARRYING OUT THE INVENTION

[0039] Next, a configuration of a yarn monitoring de-
vice having a yarn cutting control device and an automatic
winder having the yarn monitoring device according to
one embodiment of the present invention will be de-
scribed with reference to drawings. Fig. 1 is a side view
of a winder unit 10 according to one embodiment of the
present invention. Fig. 2 is a front elevational view of the
winder unit 10.

[0040] The winder unit 10 as a yarn winding device
shown in Fig. 1 and Fig. 2 winds a spun yarn 20 (here-
inafter, may be referred to as a "yarn".) that is unwound
from a yarn feed bobbin 21 onto a wound bobbin 22 while
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traversing the spun yarn 20, and then forms a package
30 with a predetermined length and a predetermined
shape (in this embodiment, with a cone shape whose
diameter increases as approaching from one end to the
other end). The automatic winder of this embodiment in-
cludes the plurality of winder units 10 arranged side by
side, and a machine control device (not shown) arranged
at one end in a direction where the plurality of winder
units 10 is arranged side by side.

[0041] Each of the winder units 10 includes an unit
frame 11 provided on one side in left or right in a front
view as shown in Fig. 1, and a winding unit body 16 pro-
vided on a side of the unit frame 11. The winding unit
body 16 mainly includes a package forming part 31 and
ayarn feed part 28. The package forming part 31 is also
referred to as a winding part.

[0042] The yarn feed part 28 supports the yarn feed
bobbin 21 in which the yarn 20 is wound, in a substantially
upright position. The yarn feed bobbin 21 of this embod-
iment is supplied to a supporting part of the yarn feed
part 28 by a magazine type feed device 9 shown in Fig.
1, for example. A feed type of the yarn feed bobbin 21 is
not limited to the magazine type. For example, the yarn
feed bobbin 21 is supplied by a tray type feed device.
[0043] The package forming part 31 is adapted to wind
the yarn of the yarn feed bobbin 21 in the yarn feed part
28 and form the package 30. Specifically, the package
forming part 31 includes a cradle 23 for rotatably sup-
porting a wound bobbin 22, and a winding drum 24 for
traversing the yarn 20 and causing the wound bobbin 22
to be driven. The cradle 23 is configured to be swung in
a direction close to or away from the winding drum 24.
Accordingly, even if the diameter of the package 30 in-
creases as being wound the yarn 20 onto the package
30, the package 30 can be stably driven in rotation by
the winding drum 24. As shown in Fig. 2, a traverse 27
with a spiral shape (helix shape) is formed on an outer
circumferential surface of the winding drum 24. The wind-
ing drum 24 is rotated in a state that the yarn 20 is posi-
tioned inside the traverse groove 27, and thereby the
yarn 20 is traversed.

[0044] The winding drum 24 that is arranged opposite
to the wound bobbin 22 is driven in rotation and thereby
the wound bobbin 22 is accordingly rotated. The yarn 20
is traversed by the traverse groove 27 and also wound
into a circumference of the wound bobbin 22 being ro-
tated. The winding drum 24 is connected to an output
shaft of a drum drive motor 53. The operation of the drum
drive motor 53 is controlled by a motor control section
54. The motor control section 54 performs controls to
drive and stop the drum drive motor 53 in response to a
control signal from the unit control section 50.

[0045] A rotation sensor 42 for detecting a rotation an-
gle of the winding drum 24 is mounted to the winding
drum 24. The rotation sensor 42 is electrically connected
to the unit control section 50.

[0046] Inthe winding unit body 16, an unwinding assist
device 12, a tension applying device 13, a yarn joining
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device 14, and a yarn monitoring device 15 are arranged
in this order from the yarn feed part 28 side, in a yarn
travel path between the yarn feed part 28 and the pack-
age forming part 31.

[0047] The unwinding assist device 12 assists an un-
winding of the yarn 20 from the yarn feed bobbin 21 by
lowering a restricting member 40 which overlies a core
tube in conjunction with the unwinding of the yarn 20 from
the yarn feed bobbin 21. The restricting member 40
comes in contact with a balloon that is formed above the
yarn feed bobbin 21 by swinging the yarn 20 that is un-
wound from the yarn feed bobbin 21. The restricting
member 40 accordingly applies an appropriate tension
to the balloon, and thereby assists the unwinding of the
yarn.

[0048] The tension applying device 13 applies a pre-
determined tension to the traveling yarn 20. Forexample,
a gate type in which a movable comb is arranged relative
to a fixed comb is used as the tension applying device
13. The movable comb can be driven in rotation by a
rotary type solenoid such that the combs are broughtinto
an engaged state with each other or a released state.
The tension applying device 13 applies a predetermined
tension to the yarn 20 to be wound, and thereby the qual-
ity of the package 30 can be improved.

[0049] The yarn monitoring device 15 detects a defect
of the yarn 20 (hereinafter, may be referred to as "yarn
defect") by monitoring the traveling yarn 20. If the yarn
defect has found, the yarn monitoring device 15 cuts the
yarn 20 at an appropriate timing when the end face drop
does not occur. As shown in Fig. 1 to Fig. 3, the yarn
monitoring device 15 mainly includes two uneven yarn
sensors 43, 44, a cutter 46, and a control section 45.
Each of the two uneven yarn sensors 43, 44 constituted
by, for example, a light emitting element and a light re-
ceiving element detects the thickness of the yarn 20 by
the amount of light (light receiving amount) that is re-
ceived in the light receiving element. Both signals from
the uneven yarn sensors 43, 44 are processed in the
control section 45, which can detect the yarn defect and
also detect the speed of the yarn 20 (hereinafter, may be
referred to as "yarn speed".) which travels in the yarn
monitoring device 15. Furthermore, the control section
45 controls a traveling distance of the yarn 20 at a time
of cutting the yarn 20 by estimating a traverse position
of the yarn 20 based on the yarn speed that is detected
as described above, and outputting a cutter operation
command signal (cutting device operation command sig-
nal) S3 for operating the cutter (cutting device) 46 de-
pending on the traverse position of the yarn 20. A detailed
configuration of the yarn monitoring device 15 will be de-
scribed later.

[0050] Theyarnjoiningdevice 14 performsyarn joining
between a lower yarn in the yarn feed part 28 (yarn feed
bobbin21) side and an upper yarn in the package forming
part 31 (package 30) side at a time of cutting the yarn
due to detection of the yarn defect by the yarn monitoring
device 15, orin a case of yarn breakage during unwinding
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from the yarn feed bobbin 21. A mechanical device, a
device using fluid such as compressed air or the like can
be used as the yarn joining device 14.

[0051] Aloweryarn guide pipe (first yarn capture guide
member) 25 for capturing and guiding a lower yarn on
the yarn feed part 28 side, and an upper yarn guide pipe
(second yarn capture guide member) 26 for capturing
and guiding the upper yarn on the package forming part
31 side are provided in a lower side and an upper side
of the yarn joining device 14. A suction port 23 is formed
at a tip of the lower yarn guide pipe 25. A suction mouth
34 is formed at a tip of the upper yarn guide pipe 26. In
this embodiment, a width in a left-right direction (a width
in a longitudinal direction) of the suction mouth 34 is set
to the length similar to the width in the left- right direction
(the width on the outer circumferential surface) of the
package 30. An appropriate negative pressure source is
connected to the lower yarn guide pipe 25 and the upper
yarn guide pipe 26 respectively. This makes a suction
flow act on the suction port 32 and the suction mouth 34.
[0052] In this configuration, at a time of yarn cutting or
yarn breakage, the suction port 32 of the lower yarn guide
pipe 25 captures the lower yarn at a position shown in
Fig. 1 and Fig. 2, and then the lower yarn guide pipe 25
is driven in rotation upward around a shaft 33. Thereby,
the lower yarn is guided to the yarn joining device 14. At
substantially the same time, the upper yarn guide pipe
26 is driven in rotation upward from a position shown in
the drawings around the shaft 35, and the suction mouth
34 captures the upper yarn unwound from the package
30 that is reversed by the drum drive motor 53. Subse-
quently, the upper yarn guide pipe 26 is rotated down-
ward around the shaft 35, and thereby the upper yarn is
guided to the yarn joining device 14. Thus, joining be-
tween the lower yarn and the upper yarn (yarn joining)
is performed by the yarn joining device 14.

[0053] Next, a configuration of the yarn monitoring de-
vice 15 will be detailedly described with reference to Fig.
2 and Fig. 3.

[0054] As shown in Fig. 3 and the like, the yarn moni-
toring device 15 includes two uneven yarn sensors 43,
44, a cutter 46, and a control section 45. The control
section 45 is configured as a small computer with hard-
ware such as CPU, RAM, ROM etc. The ROM stores
various kinds of software including a control program and
the like. Collaboration of the hardware and the software
allows the control section 45 to function as a yarn defect
detection section 47 and a cutting control section (yarn
cutting control device) 49, etc.

[0055] As shown in Fig. 2, the first uneven yarn sensor
43 and the second uneven yarn sensor 44 are arranged
side by side at an appropriate interval in a yarn traveling
direction. In this embodiment, the uneven yarn sensors
43, 44 are constituted as a light emitting element and a
light receiving element. The light receiving element re-
ceives the light emitted from the light emitting element
and detects the light receiving amount. In this configura-
tion, when the thickness of the traveling yarn 20 is
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changed, the light receiving amount of the uneven yarn
sensors 43, 44 is changed. Therefore, unevenness of
the thickness of the yarn 20 (yarn unevenness) can be
detected. As shown in Fig. 3, output signals (uneven yarn
signals S1, S2) of the uneven yarn sensors 43, 44 are
input to the control section 45 after A/D conversion. More
specifically, the uneven yarn signals S1 and S2 are input
to a yarn speed detection section 48 of the cutting control
section 49 included in the control section 45. The uneven
yarn signal S1 from the first uneven yarn sensor 43 that
is arranged downstream of the second uneven yarn sen-
sor 44 is input to the yarn defect detection section 47
included in the control section 45. However, instead of
this input, the uneven yarn signal S2 from the second
uneven yarn sensor 44 that is arranged upstream of the
first uneven yarn sensor 43 may be input to the yarn
defect detection section 47 included in the control section
45. Alternatively, instead of these inputs, both the uneven
yarn signal S1 from the first uneven yarn sensor 43 and
the uneven yarn signal S2 from the second uneven yarn
sensor 44 may be input to the yarn defect detection sec-
tion 47 included in the control section 45.

[0056] The cutter 46 is arranged in a position where
the cutter 46 can enter into and retract from a yarn path.
The cutter 46 is driven by a drive mechanism (notshown).
A cutter operation command signal (cutting device oper-
ation command signal) S3 for operating the cutter 46 is
input to the drive mechanism from the control section 45
(cutting control section 49) shown in Fig. 3. Thereby, the
drive mechanism is immediately driven and the cutter 46
that is located at a retracted position can enter into the
yarn path and cut the yarn 20. The above-described drive
mechanism can be constituted by a solenoid, for exam-
ple. In this case, the above-described cutter operation
command signal S3 can be a solenoid drive signal.
[0057] The yarn defect detection section 47 detects
the defect of the yarn 20 which requires cutting and re-
moving the yarn 20 (for example, a defect in which the
thickness of the yarn 20 is less than a threshold) based
on the uneven yarn signal S1 from the first uneven yarn
sensor 43 that is arranged in a downstream side, and
outputs a yarn defect detection signal S4 indicating that
the yarn defecthas detected, to the cutting control section
49. When the yarn defect detection section 47 deter-
mines the presence or absence of the yarn defect, a yarn
speed V that is input from the yarn speed detection sec-
tion 48, which will be described later, is also considered.
[0058] Here, when the yarn monitoring device 15 de-
tects the yarn defect, the yarn monitoring device 15 cuts
the yarn 20 by the cutter 46 in order to remove a portion
having the yarn defect. Therefore, the yarn defect detec-
tion signal S4 that is output by the yarn defect detection
section 47 is a signal substantially requiring cutting the
yarn 20 (yarn cutting signal).

[0059] The cutting control section 49 controls opera-
tions of the cutter 46 based on the yarn defect detection
signal S4 that is input from the yarn defect detection sec-
tion 47. The cutting control section 49 includes the yarn
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speed detection section 48, a traverse position estima-
tion section 60, a cutting position adjustment section 70,
and a cutter operation command section (cutting device
operation command section) 52.

[0060] The yarn speed detection section 48 calculates
the amount of temporal deviation by comparing the un-
even yarn signal S1 from the first uneven yarn sensor 43
that is arranged in a downstream side with the uneven
yarn signal S2 from the second uneven yarn sensor 44
that is arranged in an upstream side, and thereby can
calculate (detect) the yarn speed V based on the calcu-
lated amount of temporal deviation and an interval of the
first and second uneven yarn sensors 43, 44. The yarn
speed V that is detected by the yarn speed detection
section 48 is output to the traverse position estimation
section 60. Simultaneously, the yarn speed detection
section 48 generates a pulse signal S5 which changes
in a time corresponding to a time at which the yarn 20
travels for a fixed length (for example, 1mm) based on
the detected yarn speed V, and outputs the pulse signal
S5 to the traverse position estimation section 60.
[0061] The traverse position estimation section 60 es-
timates the current traverse position of the yarn 20 based
on the yarn speed V and the pulse signal S5 which are
input from the yarn speed detection section 48. A signal
indicating the estimated traverse position (a traverse po-
sition signal S6) is output to the cutting position adjust-
ment section 70.

[0062] The cutting position adjustment section 70 de-
termines whether or not there is a high possibility that
the end face drop occurs if the yarn cutting by the cutter
46 is performed at the current yarn position, based on
the traverse position signal S6 that is input from the
traverse position estimation section 60. Based on such
determination result, the cutting position adjustment sec-
tion 70 outputs a cutting prohibition signal S7 indicating
that cutting of the yarn 20 is prohibited, or a cutting per-
mission signal S8 indicating that cutting of the yarn 20 is
permitted, to the cutter operation command section 52.
The cutting prohibition signal S7 and the cutting permis-
sion signal S8 are command signals for commanding op-
eration or non-operation of the cutter 46, the command
signals in which the prohibition determination section 72
of the cutting position adjustment section 70 outputs to
the cutter operation command section 52.

[0063] When the yarn defect detection signal S4 is in-
put from the yarn defect detection section 47, the cutter
operation command section 52 checks the contents of
the signal that is input from the cutting position adjust-
ment section 70 at that time. If the cutting permission
signal S8 is inputto the cutter operation command section
52, the cutter operation command section 52immediately
outputs the cutter operation command signal S3 to the
cutter 46. On the other hand, when the cutting prohibition
signal S7 isinputto the cutter operation command section
52 at a time when the yarn defect detection signal S4 is
input, the cutter operation command section 52 waits (de-
lays) until the signal to be input is switched from the cut-
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ting prohibition signal S7 to the cutting permission signal
S8, and outputs the cutter operation command signal S3
to the cutter 46. In such configuration, the control section
45 (cutting control section 49) of the yarn monitoring de-
vice 15 can cut the yarn 20 at a cutting position that is
appropriately adjusted so that the end face drop does
not occur if the yarn defect has found.

[0064] Next, configurations of the traverse position es-
timation section 60 and the cutting position adjustment
section 70 will be detailedly described with reference to
Fig. 4 to Fig. 8. Fig. 4 is a block diagram showing a con-
figuration of the traverse position estimation section 60
and the cutting position adjustment section 70. Fig. 5 is
a graph showing data of periodic change in the yarn
speed V, and data of periodic change after smoothing.
Fig. 6 is a graph explaining a process to calculate a ref-
erence position Ps to be estimated thatthe yarnis located
at an end portion of a traverse region of the package 30
and a distance interval for calculating a latest traverse
traveling distance L, by using data indicating the periodic
change inthe yarn speed V. Fig. 7 is a drawing explaining
a cutting prohibition traverse range that is set in the end
portion of the traverse region of the package 30. Fig. 8
is a drawing explaining a prohibition traverse ratio that is
calculated based on the cutting prohibition traverse
range.

[0065] As shown in Fig. 4, the traverse position esti-
mation section 60 includes a data smoothing section
(yarn speed smoothing section) 61, a return position es-
timation section 62, a reference position detection sec-
tion 63, a latest traverse traveling distance calculation
section 64, and a current traverse ratio calculation sec-
tion 65, etc.

[0066] The data smoothing section 61 is adapted to
smooth the data indicating the periodic change in the
yarn speed V by calculating a moving average of the yarn
speed V that is received from the yarn speed detection
section 48. That is, the data (raw data) indicating the
periodic change in the yarn speed V that is received from
the yarn speed detection section 48 drastically, finely and
irregularly changed as shown in Fig. 5 (a), and therefore
it is difficult to grasp overall features of the change in the
yarn speed V. There are various reasons in such situa-
tion, but one of the reasons is that the yarn 20 that is
entered and traversed in the traverse groove 27 of the
winding drum 24 behaves in a complicated way depend-
ing on a shape and the like of the traverse groove 27.
Therefore, in the data smoothing section 61 of the
traverse position estimation section 60, the data indicat-
ing the periodic change in the yarn speed V is smoothed
by the moving-average method. This makes it easy to
grasp periodic increase and decrease tendency of the
yarn speed V, as shownin Fig. 5 (b). The moving average
points are suitably defined so that the periodic increase
and decrease tendency of the yarn speed V can be ap-
propriately grasped while suppressing the above-de-
scribed irregular change in the yarn speed V.

[0067] Thereturn position estimation section 62 shown
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in Fig. 4 is adapted to estimate a return position that is a
position at which the traverse position of the yarn 20 is
returned at the end portion in the traverse region of the
package 30, based on the data indicating the periodic
change in the yarn speed V. Specifically, in the package
30 having a cone shape as in this embodiment, it has
known that the yarn speed V indicates a local maximal
value when the traverse position of the yarn 20 is located
in a large diameter end of the package 30. In this em-
bodiment, by utilizing such indication, as shown in Fig.
6, a travel position at which the yarn speed V reaches
the maximum in the data of the yarn speed V is estimated
as a position at which the traverse position of the yarn
20 has located in the large diameter end of the package
30 (the other end), that is, a return position.

[0068] Areference position detection section 63 shown
in Fig. 4 is adapted to detect the travel position of the
yarn 20 at which the yarn speed V most recently reaches
the maximum (in other words, the latest return position
in the large diameter side of the package), as a reference
position Ps, based on the data indicating the periodic
change in the yarn speed V. The reference position Ps
is used as a reference position, when estimating a dis-
tance where the yarn 20 has traveled to the traverse po-
sition which appears next.

[0069] The latest traverse traveling distance calcula-
tion section 64 detects the position of the yarn 20 at which
the yarn speed V most recently reaches the maximum
at a position before the reference position Ps, based on
the data indicating the periodic change in the yarn speed
V, and calculates a distance where the yarn 20 has
traveled between such detected position and the refer-
ence position Ps, as the traveling distance of the yarn 20
per one latest traverse. In the following description, the
traveling distance of the yarn 20 per one traverse may
be referred to as a "traverse traveling distance". In other
words, the traverse traveling distance can be also re-
ferred to as a traveling distance equivalent to one cycle
of increase and decrease in the yarn speed V. The latest
traverse traveling distance L can be accurately calculated
by counting the pulse signal S5 input from the yarn speed
detection section 48 between the latest at least two travel
positions of the yarn 20 at which the local maximum value
appears in the data indicating the periodic change in the
yarn speed V shown in Fig. 6.

[0070] The currenttraverse ratio calculation section 65
calculates a current traverse ratio in which the current
traverse position of the yarn 20 is indicated by a traverse
ratio. The traverse ratio means a ratio of the distance
where the yarn 20 has traveled from a certain position
(in this embodiment, the reference position Ps that is a
position estimated that the yarn 20 is positioned in the
traverse end portion on the large diameter side) to the
current position.

[0071] The currenttraverse ratio calculation section 65
is adapted to calculate the distance where the yarn 20
has traveled from the reference position Ps to the current
position by counting the pulse signal S5 that is input from
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the yarn speed detection section 48. Next, the current
traverse ratio calculation section 65 calculates the cur-
rent traverse ratio by dividing the calculated traveling dis-
tance by the latest traverse traveling distance L that is
calculated by the latest traverse traveling distance cal-
culation section 64.

[0072] The current traverse ratio takes values gener-
ally from 0to 1 (from 0% to 100% in percentage) as shown
in Fig. 8, and increases from 0 to 1 as the yarn 20 is
traversed. When the current traverse ratio reaches 1 (i.e.,
when one traverse is completed), the current traverse
ratio returns to 0 and again increases to reach 1. The
current traverse ratio is a ratio indicating that the current
position of the yarn 20 corresponds to which position in
aprocess in which the yarn 20 reciprocates once by being
traversed, based on the position of the yarn 20 when the
yarn 20 is positioned in the traverse end portion on the
large diameter side (in other words, the traveling distance
of the yarn 20 when the yarn speed V indicates the local
maximal value) as a reference (0). Therefore, it can be
said that the current traverse ratio substantially indicates
the current traverse position of the yarn 20. The obtained
value of the currenttraverse ratiois output as the traverse
position signal S6, from the current traverse ratio calcu-
lation section 65 to the cutting position adjustment sec-
tion 70.

[0073] The cutting position adjustment section 70 in-
cludes a prohibition traverse ratio calculation section 71
and a prohibition determination section 72.

[0074] The prohibition traverse ratio calculation sec-
tion 71 is adapted to calculate a prohibition traverse ratio
representing a range of the traveling distance where the
yarn cutting is prohibited among the above-described
traverse traveling distances, as a traverse ratio. The
above-described prohibition traverse ratio is determined
based on a range of the traverse position (cutting prohi-
bition traverse range) where the yarn cutting with the cut-
ter 46 is prohibited, the range in which the operator pre-
sets by using a cutting prohibition traverse range setting
section (not shown). The cutting prohibition traverse
range setting section can be configured as an input key
(not shown) included in the above-described machine
control device.

[0075] Fig. 7 shows a setting example of the above-
described cutting prohibition traverse range. In this ex-
ample, in order to prevent a cause of the end face drop
by performing the yarn cutting on both ends of the pack-
age 30 and its vicinity (the end portion in the traverse
region of the package 30), the traverse position from the
end face on the small diameter side to 5mm and the
traverse position from the end face on the large diameter
side to 5mm in a traverse width direction are set as the
cutting prohibition traverse range. However, the length
of the cutting prohibition traverse range (5mm from the
small diameter side, 5mm from the large diameter side)
is an example. For example, the operator operates the
above-described cutting prohibition traverse range set-
ting section (input key), and thereby the length may be

10

15

20

25

30

35

40

45

50

55

appropriately changed to 10mm, 15mm, 20mm, 25mm,
or 30mm, etc.

[0076] The above-described length of the cutting pro-
hibition traverse range is preferably set in consideration
of physical properties and the like of the yarn 20. For
example, it is conceivable that the length in the cutting
prohibition traverse range is set short if the yarn 20 has
a physical property in which the end face drop is less
likely to be occurred, and the length in the cutting prohi-
bition traverse range is set long if the yarn 20 has a phys-
ical property in which the end face drop is likely to be
occurred. When the length in the cutting prohibition
traverse range is long, operation of the cutter 46 is greatly
delayed. Thereby, the amount of waste yarn isincreased.
Then, it is preferable to set the length of the cutting pro-
hibition traverse range, in consideration of reduction of
the waste yarn.

[0077] The prohibition traverse ratio calculation sec-
tion 71 calculates the prohibition traverse ratio based on
the winding number of the traverse groove 27 in the wind-
ing drum 24, etc., in response to the length in the cutting
prohibition traverse range that is set as described above.
The prohibition traverse ratio represents a range of the
traveling distance where the cutting of the yarn 20 is pro-
hibited (a range indicated by hatching in Fig. 8), as a ratio
with respect to the traveling distance of the yarn 10 for
one traverse. The prohibition traverse ratio is determined
in consideration of an error of estimate in which the
traverse position estimation section 60 estimates the
traverse position, in anticipation of an appropriate mar-
gin. Furthermore, considering that a certain time lag oc-
curs from a time when the cutter operation command
signal S3 is output to the cutter 46 to a time when the
cutter 46 actually cuts the yarn 20, the range of the
traveling distance in which the yarn cutting is prohibited
in the prohibition traverse ratio is offset so that start and
end of cutting prohibition are slightly advanced.

[0078] Hereafter, as shown in Fig. 8, the traverse ratio
will be represented as a percentage, and will be de-
scribed that the prohibition traverse ratio corresponding
to "5mm from the end face on the small diameter side"
that is the length in the cutting prohibition traverse range
has calculated to be 45% to 60%, and the prohibition
traverse ratio corresponding to "5mm from the end face
on the large diameter side" thatis the length in the cutting
prohibition traverse range has calculated to be 85% to
100% and 0% to 3%.

[0079] The prohibition determination section 72 shown
in Fig. 4 determines whether or not the current traverse
ratio is within the range from the start of prohibition to the
end of the prohibition in the above-described prohibition
traverse ratio (0% to 3%, 45% to 60%, or 85% to 100%),
based on the traverse position signal S6 that is input from
the traverse position estimation section 60. The prohibi-
tion determination section 72 outputs the cutting prohi-
bition signal S7 to the cutter operation command section
52 when the current traverse ratio is in the range of the
prohibition traverse ratio, and otherwise outputs the cut-
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ting permission signal S8 to the cutter operation com-
mand section 52.

[0080] Next, process performed by the traverse posi-
tion estimation section 60 and the cutting position adjust-
ment section 70 of the yarn monitoring device 15 in order
to perform the yarn cutting at an appropriate traveling
distance will be described with reference to Fig. 9. Fig.
9 is a flowchart showing a process performed by the
traverse position estimation section 60 and the cutting
position adjustment section 70 in order to adjust a posi-
tion of the yarn cutting.

[0081] Firstly, based on the length of the preset cutting
prohibition traverse range shown in Fig. 7, on the basis
of the distance (traverse traveling distance) where the
yarn 20 has traveled during one traverse, the prohibition
traverse ratio calculation section 71 included in the cut-
ting position adjustment section 70 calculates the prohi-
bition traverse ratio representing a range of the traveling
distance where the yarn cutting is prohibited, as the
traverse ratio (step S101 in Fig. 9). This can obtain the
prohibition traverse ratio (0% to 3%, 45% to 60%, or 85%
to 100%) shown in Fig. 8.

[0082] Next, the data smoothing section 61 included
in the traverse position estimation section 60 calculates
the moving average in the yarn speed V that is obtained
from the yarn speed detection section 48, and creates
data indicating the periodic change in the yarn speed V
after smoothing as shown in Fig. 5 (b) (step S102 in Fig.
9).

[0083] Next, the return position estimation section 62
estimates the traveling distance of the yarn 20 where the
yarn speed V indicates the local maximal value as shown
in Fig. 6 in the data indicating the periodic change in the
yarn speed V, as the traveling distance (return position)
of the yarn 20 when the traverse position of the yarn 20
is located in the end (other end) on the large diameter
side of the package 30. As shown in Fig. 5 (b), although
it is conceivable that the yarn speed V indicates the local
maximum value even in a position other than the return
position, the traveling distance when the traverse position
of the yarn 20 is located on the large diameter side can
be estimated to some extent in advance based on the
last obtained return position and the traverse traveling
distance. Therefore, the local maximal value which ap-
pears in its vicinity can be used. Even when the plurality
of local maximal values appears during one stroke, the
return position estimation section 62 may merely use the
local maximal value exceeding the preset or calculated
threshold value among such plurality of local maximal
values. That s, the return position estimation section 62
may merely use the local maximal value (predetermined
local maximal value) which meets a predetermined con-
dition. In the return positions which are estimated by the
return position estimation section 62, the return position
closest to the current position of the yarn 20 is detected
as the reference position Ps (step S103 in Fig. 9). The
return position which appears once before the reference
position Ps is used as a boundary of a distance interval
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forwhich the latest traverse traveling distance calculation
section 64 calculates the latest traverse traveling dis-
tance L, together with the reference position Ps (step
S104). Specifically, in the step S103, the reference po-
sition detection section 63 detects the return position
closest to the current position as the reference position
Ps.Inthe step S104, the latest traverse traveling distance
calculation section 64 calculates the latest traverse
traveling distance L by counting the pulse signal S5 that
isinputfrom the yarn speed detection section 48 between
the two return positions closest to the current position.
[0084] The return position estimation section 62 esti-
mates the return position based on the data indicating
the periodic change in the yarn speed V after smoothing
by the moving-average method, as described above.
Therefore, since the return position estimation section
62 is less likely to be affected by the fine irregular fluctu-
ation occurring in the yarn speed V, the return position
can be estimated with high accuracy.

[0085] Next, the current traverse ratio calculation sec-
tion 65 calculates the traveling distance of the yarn 20
from the reference position Ps to the current position of
the yarn 20 by counting the pulse signal S5 that is input
from the yarn speed detection section 48, and obtains
the current traverse ratio shown in Fig. 8 by dividing the
obtained traveling distance by the latest traverse
traveling distance L (step S105 in Fig. 9).

[0086] Next, the prohibition determination section 72
included in the cutting position adjustment section 70 ex-
amines whether or not the current traverse ratio that is
obtained in the step S105 is within the range of the pro-
hibition traverse ratio (0% to 3%, 45% to 60%, or 85% to
100%) in which the prohibition traverse ratio calculation
section 71 calculates in the step S101 (step S106). When
the current traverse ratio is within the range of the pro-
hibition traverse ratio, the cutting prohibition signal S7 is
output to the cutter operation command section 52 (step
S107), and otherwise the cutting permission signal S8 is
output to the cutter operation command section 52 (step
S108). After that, in either case, the process returns to
the step S102 and repeats the above-described process-
es.

[0087] As described above, the current traverse ratio
substantially indicates the current traverse position. The
prohibition traverse ratio calculation section 71 is a ratio
calculated by converting the length in the cutting prohi-
bition traverse range in Fig. 7 into the traverse ratio.
Therefore, it can be said that the above-described step
S106 is to substantially determine whether or not the es-
timated current traverse position is within the cutting pro-
hibition traverse range.

[0088] According to a flow shown in Fig. 9, the cutting
position adjustment section 70 repeatedly performs a
process in which the signal that is output to the cutter
operation command section 52 is switched between the
cutting prohibition signal S7 and the cutting permission
signal S8 in response to a change of the current traverse
position that is estimated in the traverse position estima-
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tion section 60, in one cycle of traverse as a unit.
[0089] Here, in acase where the yarn defect detection
signal S4 accompanying with detection of the yarn defect
detected by the yarn defect detection section 47 is input,
the cutter operation command section 52 shown in Fig.
3 immediately outputs the cutter operation command sig-
nal S3 to a driving mechanism of the cutter 46 when the
cutting permission signal S8 is input from the cutting po-
sition adjustment section 70. On the other hand, even
when the above-described yarn defect detection signal
S4 is input, and when the cutting prohibition signal S7 is
input from the cutting position adjustment section 70, the
cutter operation command section 52 waits until the cut-
ting permission signal S8 is input from the cutting position
adjustment section 70 and then outputs the cutter oper-
ation command signal S3 to the driving mechanism of
the cutter 46. Accordingly, since the traveling distance
of the yarn to be cut by the cutter 46 is adjusted (extend-
ed) as necessary, the yarn 20 can be cut at a position
where there is no risk of the end face drop.

[0090] Next, controls performed by the unit control sec-
tion 50 will be described with reference to Fig. 10. Fig.
10 is a flowchart showing a process performed by the
unit control section 50.

[0091] The unit control section 50 generally drives the
winding drum 24 to normally rotate the package 30 and
winds the yarn 20 into the package 30 (step S201). Mean-
while, the unit control section 50 monitors whether or not
a signal indicating that the yarn 20 has cut is input from
the control section 45 of the yarn monitoring device 15
to the unit control section 50 (step S202).

[0092] When the signal indicating that the yarn 20 has
cut is input from the yarn monitoring device 15 accom-
panying with detection of the yarn defect by the yarn mon-
itoring device 15, the unit control section 50 controls the
drum drive motor 53 to reverse the winding drum 24 in
order to draw out a region including the yarn defect that
is wound into the package 30 (step S203). Here, the con-
trol section 45 of the yarn monitoring device 15 calculates
the traveling distance of the yarn 20 from a position of
the yarn 20 when the defect of the yarn 20 is detected in
the yarn defect detection section 47 to a position of the
yarn 20 when the cutter operation command section 52
operates the cutter 46 to cut the yarn 20, by counting the
pulse signal S5 that is output by the yarn speed detection
section 48, for example, and then outputs to the unit con-
trol section 50. In the step S203, the unit control section
50 reverses the package 30 until the yarn 20 having a
length that is obtained by adding an appropriate margin
to the length calculated as described above is unwound
from the package 30. At this time, the unit control section
50 obtains a rotation angle of the winding drum 24 from
the rotation sensor 42 and calculates the length of the
yarn 20, and thereby monitors reversal of the winding
drum 24 so that the yarn 20 having a sufficient length
including a portion of the detected yarn defect can be
surely unwound from the package 30.

[0093] When the yarn 20 is pulled beyond the length
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in which the yarn defect can be removed, the unit control
section 50 controls that the drum drive motor 53 is
stopped, and that the upper yarn and the lower yarn are
joined together by the yarn joining device 14 (step S204).
Aregion including the above-described yarn defectin the
upper yarn that is pulled out is removed as waste yarn
in a process of yarn joining by the yarn joining device 14.
After that, the process returns to the step S201, and wind-
ing of the yarn 20 is resumed.

[0094] In the winder unit 10 of this embodiment, when
the yarn monitoring device 15 has detected the yarn de-
fect and operation of the cutter 46 has delayed in order
to prevent the end face drop, the yarn 20 is additionally
wound into the package 30 for delay of cutting of the yarn
20. In this respect, according to control of Fig. 10, after
the yarn 20 having the sufficientlength including a portion
that is additionally wound is unwound by reversal of the
package 30, joining operation by the yarn joining device
14 is performed. Therefore, the yarn defect can be surely
removed and yarn joining can be performed.

[0095] As described above, in this embodiment, the
cutting control section 49 included in the yarn monitoring
device 15 controls operations of the cutter 46 for cutting
the yarn 20 thatis wound into the package 30 while being
traversed. The cutting control section 49 includes the
yarn speed detection section 48, the traverse position
estimation section 60, and the cutting position adjustment
section 70. The yarn speed detection section 48 detects
the yarn speed V in which the yarn 20 travels. The
traverse position estimation section 60 estimates the
traverse position of the yarn 20 based on the yarn speed
V that is detected by the yarn speed detection section
48. The cutting position adjustment section 70 adjusts a
cutting position where the cutter 46 cuts the yarn 20 de-
pending on the traverse position of the yarn 20 that is
estimated in the traverse position estimation section 60.
[0096] Accordingly, the end face drop of the yarn 20
can be prevented by adjusting the cutting position where
the cutter 46 is operated to cut the yarn 20 depending on
the traverse position of the yarn 20, for example, by not
cutting the yarn 20 at a position where the end face drop
of the yarn 20 may be occurred. Since the traverse po-
sition estimation section 60 estimates the traverse posi-
tion of the yarn 20 based on the yarn speed V that is
detected by the yarn speed detection section 48, a simple
configuration can be realized as compared with a case
of a configuration having a sensor which directly detects
the traverse position of the yarn.

[0097] In the cutting control section 49 of this embod-
iment, the cutting position adjustment section 70 adjusts
the traveling distance of the yarn 20 when the cutter 46
is operated, such that the cutter 46 is operated after a
traverse position is moved to a center side in a traverse
region when the traverse position of the yarn 20 is located
at the end portion of the traverse region of the package
30.

[0098] Accordingly, the end face drop of the yarn 20
can be prevented with a simple control to increase the
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traveling distance of the yarn 20 when the cutter 46 is
operated.

[0099] In the cutting control section 49 of this embod-
iment, the traverse position estimation section 60 esti-
mates the traverse position based on characteristics of
the yarn speed V that is detected by the yarn speed de-
tection section 48.

[0100] Accordingly, the cutting position where the yarn
20 is cut can be adjusted to an appropriate position with
a simple configuration, as compared with a case of a
configuration in which the traverse position is directly de-
tected by a position sensor or the like that is arranged in
the traverse region.

[0101] In this embodiment, the package 30 formed by
the winder unit 10 which winds the yarn 20, has a cone
shape whose diameter increases from one end to the
other end in an axial direction. The traverse position es-
timation section 60 included in the cutting control section
49 estimates the traverse position based on the traveling
distance of the yarn 20 when an extremal value (local
maximal value) appears in a process of periodically in-
creasing and decreasing the yarn speed V that is detect-
ed by the yarn speed detection section 48.

[0102] Accordingly, the traverse position can be ap-
propriately estimated by utilizing periodic increase and
decrease in the yarn speed V when the yarn 20 is wound
to form the package 30 having the cone shape.

[0103] In the cutting control section 49 of this embod-
iment, the traverse position estimation section 60 in-
cludes the data smoothing section 61 adapted to smooth
the data indicating the periodic change in the yarn speed
V that is detected by the yarn speed detection section
48. The traverse position estimation section 60 estimates
the traverse position based on the traveling distance of
the yarn 20 when the extremal value (local maximal val-
ue) appears in a process of periodically increasing and
decreasing the yarn speed V after the data smoothing
section 61 smooths the data.

[0104] Accordingly, since errors caused by a fine irreg-
ular fluctuation which occurs in the yarn speed V can be
suppressed, the traverse position can be accurately es-
timated.

[0105] In the cutting control section 49 of this embod-
iment, the data smoothing section 61 smooths the data
indicating the periodic change in the yarn speed V by the
moving-average method.

[0106] Accordingly, points of a moving average are ap-
propriately defmed, and thereby tendency of increase
and decrease in the yarn speed V which appears de-
pending on the traverse positions can be appropriately
grasped while suppressing the errors caused by the fine
irregular fluctuation occurring in the yarn speed V. As a
result, the traverse position can be accurately estimated.
The yarn speed V can be also smoothed with a simple
calculation.

[0107] In the cutting control section 49 of this embod-
iment, the traverse position estimation section 60 esti-
mates the traverse position of the yarn 20 based on the

10

15

20

25

30

35

40

45

50

55

12

traveling distance (latest traverse traveling distance L)
during at least two latest timings at which the local max-
imal value of the yarn speed V has appeared.

[0108] Accordingly, the traverse position of the yarn 20
can be appropriately estimated based on the traveling
distance of the yarn 20. With reference to the traveling
distance of the yarn 20 when the local maximal value
appears in the yarn speed V, a cycle of increase and
decrease in the yarn speed V can be easily and clearly
grasped, and thereby the yarn traveling distance corre-
sponding to one cycle (one traverse) of increase and de-
crease in the yarn speed V can be accurately obtained.
Furthermore, the traveling distance of the yarn 20 corre-
sponding to one traverse may be changed as increasing
the diameter of the package 30. However, in this embod-
iment, since the traverse position of the yarn 20 is esti-
mated based on, for example, the traveling distance of
the yarn 20 (latest traverse traveling distance L) in one
cycle of the latest increase and decrease in the yarn
speed V, an estimation accuracy of the traverse position
can be stabilized.

[0109] The cutting control section 49 of this embodi-
ment includes the prohibition determination section 72
adapted to determine whether or not the cutter 46 can
be operated and to output a command signal for instruct-
ing the cutter operation command section 52 to operate
or not to operate the cutter 46, based on the traverse
position of the yarn 20 that is estimated by the traverse
position estimation section 60. The prohibition determi-
nation section 72 determines whether or not the cutter
46 can be operated based on a prohibited range repre-
senting a range (0% to 3%, 45% to 60%, 85% to 100%)
in which the yarn cutting is prohibited in one cycle of
traverse, and a traveling distance of the yarn 20 detected
from the latest yarn travel position (reference position)
where the local maximal value of the yarn speed V has
appeared to the current position, with reference to a
traveling distance (latest traverse traveling distance L)
of the yarn 20 that has detected during the latest one
cycle of increase and decrease in the yarn speed V, and
atraveling distance ofthe yarn 20 when the local maximal
value of the yarn speed V has appeared.

[0110] Accordingly, whether or not the cutter 46 can
be operated is appropriately and easily determined by
detecting the traveling distance where the yarn 20 has
traveled from the latest travel position of the yarn 20 at
which the local maximal value of the yarn speed V has
appeared to the current position, and checking whether
or not such traveling distance is within a range of the
traveling distance where the yarn cutting is prohibited in
the prohibited range. This can prevent the end face drop
of the yarn 20. Furthermore, the traveling distance of the
yarn 20 corresponding to one traverse is changed as
increasing the diameter of the package 30, however, in
this embodiment, whether or not the cutter 46 can be
operated is determined based on the traveling distance
(latest traverse traveling distance L) of the yarn 20 in the
latest one cycle in which the yarn speed V increases and
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decreases. Therefore, the end face drop of the yarn 20
can be stably prevented without being affected by an
increase in the diameter of the package 30.

[0111] The cutting control section 49 of this embodi-
ment is configured to change the length of the cutting
prohibition traverse range (see Fig. 7) that is a range
where the yarn cutting is prohibited at the end portion of
the traverse region of the package 30. In a case that the
traverse position that is estimated in the traverse position
estimation section 60 is within the cutting prohibition
traverse range when the yarn defect detection signal S4
isinput, the cutting position adjustment section 70 adjusts
the traveling distance of the yarn 20 when the cutter 46
is operated such that the cutter 46 is operated after the
traverse position of the yarn 20 is moved and deviated
from the cutting prohibition traverse range.

[0112] Accordingly, since the cutter 46 is operated to
cut the yarn 20 after delaying (after traveling the yarn 20)
until the traverse position of the yarn 20 reaches a posi-
tion deviated from the cutting prohibition traverse range,
the end face drop of the yarn 20 can be surely prevented.
Since the length of the cutting prohibition traverse range
can be changed by software, the operator can appropri-
ately change the length of the cutting prohibition traverse
range in consideration of physical properties of the yarn
20, etc. This can improve convenience.

[0113] The yarn monitoring device 15 of this embodi-
ment includes the above-described yarn cutting control
section 49, and further includes the yarn defect detection
section 47 adapted to detect a defect of the yarn 20.
When the defect of the yarn 20 is detected, the yarn defect
detection section 47 outputs the yarn defect detection
signal S4 as an operation signal of the cutter 46 to the
yarn cutting control section 49.

[0114] Accordingly, when the yarn defect detection
section 47 detects the defect of the yarn 20, the yarn 20
can be cut by the cutter 46 at the traveling distance of
the yarn 20 that is adjusted such that the end face drop
of the yarn 20 does not occur.

[0115] The yarn monitoring device 15 of this embodi-
ment includes a cutting device (in this embodiment, the
cutter 46).

[0116] Accordingly, communication of control signals
from detection of the defect of the yarn 20 to operation
of the cutter 46 is easily completed in the yarn monitoring
device 15, which can simplify a configuration.

[0117] In the yarn monitoring device 15 of this embod-
iment, the cutting device is the cutter 46.

[0118] Accordingly, the yarn 20 canbe cutwith asimple
configuration.

[0119] The winder unit 10 of this embodiment includes
the above-described yarn monitoring device 15, and fur-
ther includes the yarn feed part 28 and the package form-
ing part 31. The yarn feed bobbin 21 is supported in the
yarn feed part 28. The package forming part 31 winds
the yarn 20 of the yarn feed bobbin 21 in the yarn feed
part 28, to form the package 30. The yarn monitoring
device 15 is arranged between the yarn feed part 28 and
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the package forming part 31.

[0120] Accordingly, the winder unit 10 with a simple
configuration that is less likely to occur the end face drop
of the yarn 20.

[0121] The winder unit 10 of this embodiment includes
the winding drum 24, the yarn joining device 14, and the
unit control section 50. The winding drum 24 comes in
contact with the package 30 and drives the package 30
to rotate in order to wind the yarn 20 from the yarn feed
part 28 into the package 30. The yarn joining device 14
performs yarn joining operation between the yarn 20 from
the yarn feed part 28 and the yarn 20 from the package
forming part 31 when the cutter 46 was operated to cut
the yarn 20. The control section 45 controls the winder
unit 10. The control section 45 controls the winding drum
24 such that the package 30 is reversed until the yarn 20
is pulled out of the package 30 over a length longer than
or equal to the traveling distance of the yarn 20 from a
position of the yarn 20 when the defect of the yarn 20 is
detected in the yarn defect detection section 47 to a po-
sition where the cutter 46 is operated to cut the yarn 20,
and then causes the yarn joining device 14 to perform
yarn joining operation.

[0122] That s, in the winder unit 10 having the above-
described yarn monitoring device 15, even when the yarn
defect detection section 47 detects the defect of the yarn
20, a timing of the operation of the cutter 46 may be de-
layed for preventing the end face drop. In this respect,
according to the configuration of this embodiment, even
when the yarn 20 is additionally wound into the package
30 for the length delayed in the operation of the cutter
46, the yarn joining device 14 performs the yarn joining
operation after the sufficient length of the yarn 20 includ-
ing the additional length is pulled out of the package 30.
Therefore, the defect of the yarn 20 that is detected by
the yarn defect detection section 47 can be surely re-
moved.

[0123] While a preferred embodiment of the present
invention has been described above, the above-de-
scribed configuration can be modified, for example, as
follows.

[0124] Inthe above-described embodiment, the return
position estimation section 62 estimates that the traverse
position of the yarn 20 is located at the large diameter
end (the other end) of the package 30, with a traveling
distance of the yarn 20 when the yarn speed V reaches
the local maximal value in the data of the yarn speed V.
However, instead of the above, the return position esti-
mation section 62 may estimate that the traverse position
of the yarn 20 is located at the small diameter end (one
end) of the package 30, with a traveling distance of the
yarn 20 when the yarn speed V reaches the local minimal
value. In this case, the latest traverse traveling distance
L can be calculated by counting the pulse signal S5 that
isinputfrom the yarn speed detection section 48 between
at least two latest travel positions of the yarn 20 where
the local minimal value of the yarn speed V appears. The
plurality of local minimal values may appear in one
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traverse stroke. However, in such case, the return posi-
tion estimation section 62 may merely use the local min-
imal value (predetermined local minimal value) that sat-
isfies a predetermined condition among the plurality of
local minimal values.

[0125] Intheabove-described embodiment, the cutting
prohibition traverse range where the yarn cutting by the
cutter 46 is prohibited can be changed by the operator
using the cutting prohibition traverse range setting sec-
tion. However, the cutting prohibition traverse range may
not be changed. Alternately, instead of the above, the
cutting prohibition traverse range may be automatically
changeable depending on a winding condition of the yarn
20, the yarn speed V, physical properties of the yarn 20,
the type of yarn defect, and the like.

[0126] When the irregular fluctuation occurred in the
yarn speed V thatis detected by the yarn speed detection
section 48 is small, the data smoothing section 61 may
be omitted.

[0127] In the above-described embodiment, although
the shape of the package 30 is a cone shape, this is not
limited thereto. For example, instead of the cone shape,
the package may have a cheese shape. In this case, the
traverse position estimation section 60 can estimate the
traverse position by detecting the tendency of change in
the yarn speed in one traverse caused by, for example,
a configuration of a traverse groove that is formed in the
winding drum for driving the cheese-shaped package.
[0128] In the above-described embodiment, the pack-
age 30 comes in contact with the winding drum 24 that
is driven in rotation. Thereby, the package 30 is driven
in rotation and then the yarn 20 is wound. However, an
aspect in which the yarn 20 is wound into the package
30 is not limited to the above-described configuration.
For example, instead of the above-described configura-
tion, the package may be driven directly by a motor. In-
stead of traversing of the yarn 20 by the traverse groove
27 of the winding drum 24, the yarn may be traversed by
reciprocatingly driving the traverse guide.

[0129] Adjustmentof an operation position of the cutter
46 is not limited to the yarn cutting due to detection of
the yarn defect detected by the yarn defect detection sec-
tion 47, and can be applied to various yarn cutting, for
example, when the cutter 46 is used to cut the yarn 20
by a forced cutting command signal that is input from the
unit control section 50 to the yarn monitoring device 15.
[0130] Inthe above-described embodiment, as shown
in Fig. 2, the width in the left-right direction (longitudinal
direction width) of the suction mouth 34 is approximately
equal to that of the package 30 (width of an outer circum-
ferential surface). However, instead of the above, the
width in the longitudinal direction of the suction mouth
(its suction port) can be configured narrower than the
width of the outer circumferential surface of the package.
In this case, it is desirable to set the cutting prohibition
traverse range such that a width in the traverse width,
especially in an area which allows the yarn cutting is ap-
proximately same as the width in the longitudinal direc-
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tion of the suction mouth. Specifically, for example, when
the width of the suction mouth in the longitudinal direction
is 3 inches, and when the width (traverse width) on the
outer circumferential surface of the package 30 is 6 inch-
es, the length from each of the ends to 1.5 inches (ap-
proximately 38mm) is set as the cutting prohibition
traverse range. With this configuration, even when the
width in the longitudinal direction of the suction mouth
(its suction port) is small, the yarn end can be suctioned
and captured with a short notting time. As such, when
the width in the longitudinal direction of the suction mouth
(its suction port) is narrowed, there is an advantage in
which the energy (negative pressure) required to suction
and capture the upper yarn with the suction mouth can
be reduced.

[0131] Inthe above-described embodiment, the cutter
46 is included in the yarn monitoring device 15, however,
this is not limited thereto. The cutter may be provided
separately from the yarn monitoring device.

[0132] Intheabove-described embodiment,the cutting
device is the cutter 46, however, this is not limited thereto.
The cutting device may be any device capable of sepa-
rating one yarn 20 into two yarns.

[0133] Intheabove-described embodiment,the cutting
position adjustment section 70 outputs either the cutting
permission signal S8 or the cutting prohibition signal S7
to the cutter operation command section 52, however,
this is not necessarily limited thereto. For example, in-
stead of the above, the cutting position adjustment sec-
tion 70 may output only the cutting permission signal S8,
and the cutter operation command section 52 may de-
termine that cutting is prohibited while the cutting per-
mission signal S8 is not output.

[0134] In the above-described embodiment, the yarn
20 is traversed by being driven the winding drum 24 in
rotation, however, this is not limited thereto. For example,
instead of the above, the yarn 20 may be traversed by a
traverse arm. In this case, since the irregular fluctuation
in the yarn speed V is reduced, data smoothing may be
omitted.

[0135] The yarn speed V may be detected in a place
other than the yarn monitoring device 15.

[0136] In the above-described embodiment, the pro-
hibited range where cutting of the yarn 20 is prohibited
in the calculated traverse ratio is set, however, this is not
limited thereto. Without calculating the traverse ratio, the
traveling distance of the yarn 20 where cutting of the yarn
20 is prohibited is directly calculated and set as the pro-
hibited range.

[0137] In the above-described embodiment, control is
performed based on the traveling distance of the yarn
20, and the yarn 20 is cut at the traveling distance where
the end face drop is less likely to occur. In such control,
there is an advantage in which it is not necessary to con-
sider the change in the yarn speed V. However, instead
of the above, the control may be performed based on the
cutting timing of the yarn 20, and then the yarn 20 may
be cut at a timing when the end face drop is less likely
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to occur.

[0138] The traverse traveling distance may be calcu-
lated by calculating the traveling distance between each
of the latest three or more times of the travel positions of
the yarn 20 where the local maximal value of the yarn
speed V appears, and by taking an average of each cal-
culated traveling distance. Alternatively, the traverse
traveling distance may be calculated by calculating the
traveling distance between each of the latest three or
more times of the travel positions of the yarn 20 where
the local minimal value of the yarn speed V appears, and
by taking an average of each traveling distance.

DESCRIPTION OF THE REFERENCE NUMERALS
[0139]

15  yarn monitoring device

20 yarn
30 package
46  cutter

47  yarn defect detection section
48  yarn speed detection section

52  cutter operation command section (cutting device
operation command section)

60 traverse position estimation section

70  cutting position adjustment section

Claims

1. A yarn cutting control device which controls an op-
eration of a cutting device for cutting a yarn that is
wound into a package while being traversed com-
prising:

ayarn speed detection section adapted to detect
a yarn speed in which a yarn travels;

a traverse position estimation section adapted
to estimate a traverse position of the yarn based
on the yarn speed that is detected by the yarn
speed detection section; and

a cutting position adjustment section adapted to
adjust a cutting position where the cutting device
cuts the yarn depending on the traverse position
of the yarn that is estimated by the traverse po-
sition estimation section.

2. Theyarn cutting control device according to claim 1,
wherein
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the cutting position adjustment section adjusts a
traveling distance of the yarn at a time of operating
the cutting device such that the cutting device is op-
erated after the traverse positionis movedto a center
side in a traverse region in a case that the traverse
position of the yarn is located at an end portion of
the traverse region of the package.

The yarn cutting control device according to claim 1
or 2, wherein

the traverse position estimation section estimates
the traverse position based on characteristics of the
yarn speed that is detected by the yarn speed de-
tection section.

The yarn cutting control device according to claim 1
or 2, wherein

the package has a cone shape whose diameter in-
creases from one end to the other end in an axial
direction,

the traverse position estimation section estimates
the traverse position based on the traveling distance
of the yarn when an extremal value appears in a
process of periodically increasing and decreasing
the yarn speed that is detected by the yarn speed
detection section.

The yarn cutting control device according to claim 4,
wherein

the traverse position estimation section includes a
yarn speed smoothing section adapted to smooth
data indicating periodic change in the yarn speed
that is detected by the yarn speed detection section,
the traverse position estimation section estimates
the traverse position based on the traveling distance
of the yarn when an extremal value appears in a
process of periodically increasing and decreasing
the yarn speed after the yarn speed smoothing sec-
tion smooths the data.

The yarn cutting control device according to claim 5,
wherein

the yarn speed smoothing section smooths the data
indicating periodic change in the yarn speed by a
moving-average method.

The yarn cutting control device according to any one
of claims 4 to 6, wherein

the traverse position estimation section estimates
the traverse position of the yarn based on a traveling
distance between at least two latest yarn travel po-
sitions where alocal maximal value of the yarn speed
appears or a traveling distance between at least two
latest yarn travel positions where a local minimal val-
ue of the yarn speed appears.

The yarn cutting control device according to claim 7
further comprising:
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a prohibition determination section adapted to
determine whether or not the cutting device can
be operated and to output a command signal for
instructing a cutting device operation command
section to operate or not to operate the cutting
device, based on the traverse position of the
yarn that is estimated by the traverse position
estimation section, wherein

the prohibition determination section deter-
mines whether or not the cutting device can be
operated based on a traverse traveling distance
that is a traveling distance of the yarn that is
detected during a latest one cycle of increase
and decrease in the yarn speed, a prohibited
range representing a range where a yarn cutting
is prohibited in one cycle of traverse with refer-
ence to a traveling distance of the yarn when
the local maximal value or the local minimal val-
ue of the yarn speed appears, and a traveling
distance of the yarn that is detected from a latest
yarn travel position where the local maximal val-
ue or the local minimal value of the yarn speed
appears to the current position.

The yarn cutting control device according to any one
of claims 1 to 8, wherein

a length of a cutting prohibition traverse range that
is a range where the yarn cutting is prohibited at an
end portion of the traverse region of the package is
changeable,

the cutting position adjustment section adjusts the
traveling distance of the yarn when the cutting device
is operated such that the cutting device is operated
after the traverse position of the yarn is moved and
deviated from the cutting prohibition traverse range
in a case that the traverse position that is estimated
in the traverse position estimation section is within
the cutting prohibition traverse range when a yarn
cutting signal requiring the yarn cutting is input to the
yarn cutting control device.

A yarn monitoring device including the yarn cutting
control device according to any one of claims 1to 9,
further comprising:

ayarn defect detection section adapted to detect
a defect of the yarn, wherein

the yarn defect detection section outputs a yarn
defect detection signal as the yarn cutting signal
requiring the yarn cutting, to the yarn cutting con-
trol device, upon detection of the defect of the
yarn.

The yarn monitoring device according to claim 10,
wherein

the cutting device is provided.

The yarn monitoring device according to claim 11,
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wherein
the cutting device is a cutter.

13. A yarn winding device including the yarn monitoring

device according to any one of claims 10 to 12 com-
prising:

a yarn feed part in which a yarn feed bobbin is
supported; and

a package forming part adapted to wind a yarn
of the yarn feed bobbin in the yarn feed part to
form a package, wherein

the yarn monitoring device is arranged between
the yarn feed part and the package forming part.

14. The yarn winding device according to claim 13 com-

prising:

a winding drum which comes in contact with the
package and drives the package to rotate in or-
der to wind the yarn from the yarn feed part into
the package;

ayarn joining device which performs a yarn join-
ing operation between the yarn from the yarn
feed part and the yarn from the package forming
part when the cutting device has operated to cut
the yarn; and

a control section which controls the yarn winding
device, wherein

the control section controls the winding drum
such that the package is reversed until the yarn
is pulled out of the package over a length longer
than or equal to the traveling distance of the yarn
from a yarn position when the defect of the yarn
has detected in the yarn defect detection section
toa position where the cutting device is operated
to cut the yarn, and then causes the yarn joining
device to perform the yarn joining operation.
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Fig.7
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Fig.8
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