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(54)  YARN WINDER

(57)  Anobjectofthe presentinventionis to effectively
suppress a variation of tension due to the reciprocal
movement of a traverse guide.

A re-winder 1 includes a traverse unit 23 which in-
cludes a traverse guide 33 for traversing a running yarn
Y along the axial direction of a winding bobbin Bw, a
tension applying unit (winding unit 13 and yarn feeding
unit 14) configured to apply tension to the yarn Y which
is to be wound onto the winding bobbin Bw, and a con-
troller 15. The controller 15 includes a prediction infor-
mation acquisition unit (traverse control unit 53) config-
ured to obtain prediction information regarding at least
one of a predicted future position and predicted future
speed of the traverse guide 33 and a tension adjustment
unit (roller control unit 54) configured to control the yarn
feeding unit 14 based on adjustment information regard-
ing the adjustment of tension (i.e., information regarding
the number of rotations). The roller control unit 54 obtains
rotation number adjustment information corresponding
to the time point t1 in association with prediction infor-
mation corresponding to the time point t2 which is a time
point after the elapse of a predetermined time dt from the
time point t1.
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Description
BACKGROUND OF THE INVENTION

[0001] The presentinvention relates to a yarn winder.
[0002] Patent Literature 1 (W0O2020075383A1) dis-
closes a yarn winder configured to wind a running yarn
onto a bobbin, so as to form a package. Specifically, the
yarn winder includes a traverse unit having a traverse
guide for traversing the yarn along the axial direction of
the bobbin, a winding unit for rotating the bobbin, and a
roller (feed roller) for feeding the yarn to the winding unit.
Tension is applied to the yarn by the difference between
the winding speed at which the yarn is wound onto the
bobbin and the yarn feeding speed at which the yarn is
sent by the feed roller. (In other words, the yarn winder
includes a tension applying unit configured to apply ten-
sion to the yarn which is wound onto the bobbin). Be-
cause tensionis controlled to be at a predetermined value
in this way, a package with a predetermined winding den-
sity is formed in accordance with the use.

[0003] The tension which is actually applied to the yarn
may vary due to a reciprocal movement of the traverse
guide. For example, when the traverse guide is moved
from the center toward one end side in an area where
the traverse guide reciprocates in a predetermined
traverse direction, the tension may be unintentionally in-
creased because the length of a yarn path is increased
and the yarn is pulled outward by the traverse guide in
the area where the traverse guide reciprocates in the
traverse direction. Meanwhile, when the direction of the
traverse guide is switched from the outward to the inward
in the area where the traverse guide reciprocates in the
traverse direction, the tension may be unintentionally de-
creased because the length of the yarn path is decreased
and the yarn is temporarily pulled by the traverse guide
more gently than usual. This variation of tension is sup-
pressed in such a way that, for example, a controller (ten-
sion adjustment unit) such as a computer controls the
yarn feeding speed. For example, Patent Literature 2
(EP1318097B1) has proposed a means for controlling
the yarn feeding speed by using information regarding a
position of the traverse guide.

SUMMARY OF THE INVENTION

[0004] There is some time lag (delay) between acqui-
sition of information for the tension adjustment in consid-
eration of the position (and/or speed) of a traverse guide
by a tension adjustment unit and actual adjustment of
tension. The time lag is caused by, for example, the time
required for calculation performed by the tension adjust-
ment unit and the time required for the response of a
tension applying unit. Due to such a delay, for example,
when the traverse cycle is short (i.e., the movement of
the traverse guide is quick), actual tension adjustment
may not sufficiently follow a variation of tension which is
caused by the movement of the traverse guide. This may
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cause a problem in which a variation of tension is not
sufficiently suppressed. Patent Literatures 1 and 2 are
silent on the above-described time lag.

[0005] An object of the present invention is to effec-
tively suppress a variation of tension due to the reciprocal
movement of a traverse guide.

[0006] According to a first aspect of the invention, a
yarn winder configured to wind a running yarn onto a
bobbin includes: a traverse unitwhich includes a traverse
guide for traversing the yarn along an axial direction of
the bobbin; a tension applying unit configured to apply
tension to the yarn which is to be wound onto the bobbin;
and a control unit, the control unit includes: a prediction
information acquisition unit configured to obtain predic-
tion information regarding at least one of a predicted fu-
ture position and predicted future speed of the traverse
guide; and a tension adjustment unit configured to control
the tension applying unit based on adjustment informa-
tion regarding the adjustment of the tension, and the ten-
sion adjustment unit obtains the adjustment information
corresponding to a predetermined first time point in as-
sociation with the prediction information corresponding
to a second time point which is a time point after the
elapse of a predetermined time from the first time point.
[0007] In the present invention, the adjustment infor-
mation corresponding to the first time point is obtained
in association with the prediction information correspond-
ing to the second time point which is a time point after
the elapse of a predetermined time (i.e., which is a pre-
determined time later) from the first time point. In this
regard, "obtained in association with" indicates that there
is some relation (such as calculation and link) between
the adjustmentinformation corresponding to the firsttime
point and the prediction information corresponding to the
second time point. The predetermined time can be set
or determined in consideration of the above-described
time lag (delay).

[0008] This enables the tension adjustment unit to out-
put a signal at a time point earlier than the second time
point by a predetermined time. The signal is related to
the adjustment, which is supposed to be actually execut-
ed at the second time point, of the tension. Because of
this, the above-described delay is compensated, and
thus the tension is adjusted at an appropriate timing.
Therefore, the variation of the tension due to the recip-
rocal movement of the traverse guide is effectively sup-
pressed.

[0009] According to a second aspect of the invention,
the yarn winder of the first aspect is arranged such that
the predetermined time is shorter than a reciprocal cycle
of the traverse guide.

[0010] Inthe presentinvention, the predeterminedtime
is shorter than the reciprocal cycle of the traverse guide.
Because of this, it is possible to suppress the increase
in difference between a predicted position and/or predict-
ed speed of the traverse guide at the second time point
and an actual position and/or actual speed of the traverse
guide at the second time point. In this regard, the pre-
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dicted position and the predicted speed are predicted at
the first time point. The tension is therefore finely con-
trollable.

[0011] According to a third aspect of the invention, the
yarn winder of the first or second aspect further includes
a tension detection unit configured to detect the tension
applied to the yarn, and the tension adjustment unit ob-
tains the adjustment information based on a detection
result of the tension detection unit.

[0012] The tension of the yarn may be varied not only
due to the reciprocal movement of the traverse guide but
also due to other disturbance factors. By obtaining the
adjustmentinformation based on a detection result of the
tension detection unit, itis possible to perform afeedback
control so that the magnitude of the tension is close to a
predetermined target value in the present invention.
Therefore, because the variation of the tension due to
disturbance factors except the reciprocal movement of
the traverse guide is also suppressed, the tension is fur-
ther stabilized.

[0013] According to a fourth aspect of the invention,
the yarn winder of any one of the first to third aspects is
arranged such that the tension applying unit includes: a
winding unit configured to wind the yarn onto the bobbin;
and a yarn feeding unit configured to send the yarn to
the bobbin, the tension applying unit applies the tension
to the yarn by utilizing a difference between a winding
speed at which the yarn is wound onto the bobbin by the
winding unit and a yarn feeding speed at which the yarn
is sent to the bobbin by the yarn feeding unit, and the
tension adjustment unit controls the tension by controlling
the yarn feeding unit.

[0014] When the tension is applied to the yarn Y by
difference between the winding speed and the yarn feed-
ing speed, the tension can be controlled by controlling
the winding speed. However, when the tension is con-
trolled by controlling the winding speed, a winding angle
(this angle is a helix angle) of the yarn may be uninten-
tionally varied. In this case, itis further necessary to con-
trol the traverse unit in order to suppress the variation of
a helix angle. This may complicate the control. In the
present invention, because the tension is controlled by
controlling the yarn feeding speed, the control of the ten-
sionis simplified as compared to cases where the winding
unit is controlled in order to control the tension.

[0015] According to a fifth aspect of the invention, the
yarn winder of any one of the first to fourth aspects is
arranged such that the control unit changes atarget value
of the tension during the reciprocal cycle of the traverse
guide.

[0016] The controlin which the variation of the tension
is suppressed in consideration of the above-described
time lag in the present invention is especially effective in
the structure configured so that a target value of the ten-
sion is changed during the reciprocal cycle of the traverse
guide.

[0017] According to a sixth aspect of the invention, in
a traverse direction in which the traverse guide moves,
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the yarn winder of the fifth aspect is arranged such that
the control unit arranges a target value of the tension
when the traverse guide is positioned at one end in a
traverse area where the traverse guide reciprocates in
regard to the traverse direction to be lower than a target
value of the tension when the traverse guide is positioned
at a center in the traverse area.

[0018] When the tension of the yarn is high while the
traverse guide is positioned at one end side in the
traverse area, the yarn may be unintentionally pulled in-
ward in the axial direction of the bobbin at the time of
changing the direction of the traverse guide. As a result,
an amount of the yarn wound onto the inside of a target
position in the axial direction of the bobbin may be in-
creased so as to deteriorate the shape of a package. In
the present invention, the tension when the traverse
guide is positioned at one end side in the traverse area
is arranged to be low. Itis therefore possible to suppress
the yarn from being unintentionally pulled inward in the
axial direction of the bobbin at the time of changing the
direction of the traverse guide.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019]

FIG. 1 is a schematic front view of a re-winder of an
embodiment.

FIG. 2 shows an electric structure of the re-winder.
FIG. 3 shows a graph of the relationship between a
position of a traverse guide and time points and a
graph of the relationship between the speed of the
traverse guide and time points.

FIG. 4 shows a graph of the relationship between
the position of the traverse guide and time points of
a first reference example, a graph of the relationship
between the number of rotations of a feed roller and
time points of the first reference example, and a
graph of the relationship between the tension of a
yarn and time points of the first reference example.
FIG. 5 shows a graph of the relationship between
the position of the traverse guide and time points of
a second reference example, a graph of the relation-
ship between the number of rotations of the feed
roller and time points of the second reference exam-
ple, and a graph of the relationship between the ten-
sion of the yarn and time points of the second refer-
ence example.

FIG. 6 is a table showing the correspondence be-
tween a predicted position of the traverse guide, a
predicted speed of the traverse guide, and time
points.

FIG. 7 is a table showing the relationship between
the predicted position of the traverse guide at one
time point and the desired number of rotations of the
feed roller at that time point.

FIG. 8 is a table showing the relationship between a
command value regarding the number of rotations
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of the feed roller and time points in consideration of
a predetermined time lag.

FIG. 9 shows a graph of the relationship between
the position of the traverse guide of the present em-
bodiment and time points, a graph of the relationship
between the number of rotations of the feed roller of
the present embodiment and time points, and a
graph of the relationship between the tension of the
yarn of the present embodiment and time points.
FIG. 10 shows a graph of the relationship between
a position of a traverse guide of a modification and
time points, a graph of the relationship between the
number of rotations of a feed roller of the modification
and time points, and a graph of the relationship be-
tween the tension of a yarn of the modification and
time points.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0020] The following will describe an embodiment of
the present invention with reference to FIG. 1 to FIG. 9.
An up-down direction and a left-right direction shown in
FIG. 1 will be referred to as an up-down direction and a
left-right direction of a re-winder 1. A direction orthogonal
to both the up-down direction and the left-right direction
(i.e., a direction perpendicular to the plane of FIG. 1) will
be referred to as afront-rear direction. Adirectionin which
ayarn Y runs will be referred to as a yarn running direc-
tion.

(Structure of Re-Winder)

[0021] To begin with, the structure of a re-winder 1 (a
yarn winder of the present invention) of the present em-
bodiment will be described with reference to FIG. 1. FIG.
1 is a schematic front view of the re-winder 1. As shown
in FIG. 1, the re-winder 1 includes a frame 11, a yarn
supplying unit 12, a winding unit 13, a yarn feeding unit
14, and a controller 15 (a control unit of the present in-
vention). The re-winder 1 is configured to unwind a yarn
Y from a yarn supply package Ps supported by the yarn
supplying unit 12 and to re-wind the yarn Y back to a
winding bobbin Bw (a bobbin of the present invention)
by the winding unit 13, so as to form a wound package
Pw. To be more specific, the re-winder 1 is used for, for
example, re-winding the yarn Y wound on a yarn supply
package Ps in a more beautiful manner and for forming
a wound package Pw with a desired density.

[0022] The frame 11 is provided to extend in the up-
down direction. The frame 11 vertically extends on, e.g.,
an unillustrated floor. At a lower part of the frame 11, the
yarn supplying unit 12 is provided. At an upper part of
the frame 11, the winding unit 13 is provided. At an in-
termediate portion of the frame 11 in the up-down direc-
tion, the yarn feeding unit 14 is provided.

[0023] The yarn supplying unit 12 is provided at the
lower part of the frame 11. The yarn supplying unit 12 is
arranged to support the yarn supply package Ps which
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is formed by winding the yarn Y onto a yarn supplying
bobbin Bs. The yarn supplying unit 12 is therefore able
to supply the yarn Y.

[0024] The winding unit 13 is configured to form the
wound package Pw by winding the yarn Y onto the wind-
ing bobbin Bw. The winding unit 13 is provided at the
upper part of the frame 11. The winding unit 13 includes
a cradle arm 21, a winding motor 22, a traverse unit 23,
and a contact roller 24.

[0025] The cradle arm 21 is, for example, attached to
the frame 11 to be swingable. The cradle arm 21 is ar-
ranged to support the winding bobbin Bw to be rotatable
in such a way that, for example, the left-right direction is
the axial direction of the winding bobbin Bw. Forexample,
at a leading end portion of the cradle arm 21, a bobbin
holder (not illustrated) is rotatably attached to hold the
winding bobbin Bw. The winding motor 22 is a motor con-
figured to rotationally drive the bobbin holder. The wind-
ing motor 22 is, e.g., a typical stepping motor. The wind-
ing motor 22 may include arotary encoder (notillustrated)
configured to detect a rotation angle of a rotational shaft
(notillustrated) of the winding motor 22. The winding mo-
tor 22 is configured so that the number of rotations of its
rotational shaft (i.e., the number of rotations per a pre-
determined time) is variable. The winding motor 22 is
therefore able to change the winding speed at which the
yarn Y is wound onto the winding bobbin Bw (i.e., the
circumferential speed of a surface of the wound package
Pw). The winding motor 22 is electrically connected to
the controller 15 (see FIG. 2).

[0026] The traverse unit 23 is configured to traverse
the yarn Y along the axial direction of the winding bobbin
Bw (the left-right direction in the present embodiment).
The traverse unit 23 is provided immediately upstream
of the wound package Pw in the yarn running direction.
The traverse unit 23 includes a traverse motor 31, an
endless belt 32, and a traverse guide 33.

[0027] Thetraverse motor31is, e.g., atypical stepping
motor. The traverse motor 31 is configured to enable its
rotational shaft (not illustrated) to be rotated forward and
backward. The traverse motor 31 may include a rotary
encoder (not illustrated) configured to detect a rotation
angle of the rotational shaft (notillustrated) of the traverse
motor 31. The traverse motor 31 is configured so that the
number of rotations of its rotational shaft is variable. The
traverse motor 31 is electrically connected to the control-
ler 15 (see FIG. 2). The endless belt 32 is a belt member
to which the traverse guide 33 is attached. The endless
belt 32 is wound onto pulleys 34 and 35 which are sep-
arated from each other in the left-right direction and a
driving pulley 36 connected to the rotational shaft of the
traverse motor 31, and is substantially triangular in shape
when wound onto the pulleys. The endless belt 32 is re-
ciprocally driven by the traverse motor 31. The traverse
guide 33 is attached to the endless belt 32 and is provided
between the pulley 34 and the pulley 35 in the left-right
direction. The traverse guide 33 linearly and reciprocally
runs in the left-right direction as the endless belt 32 is
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reciprocally driven by the traverse motor 31 (see arrows
in FIG. 1). As a result, the traverse guide 33 traverses
the yarn Y in the left-right direction (hereinafter, this di-
rection may be referred to as a traverse direction).
[0028] The contact roller 24 makes contact with the
surface of the wound package Pw and applies a contact
pressure to the surface, so as to adjust the shape of the
wound package Pw. The contact roller 24 makes contact
with the wound package Pw and is rotated by the rotation
of the wound package Pw.

[0029] The yarn feeding unit 14 is configured to send
the yarn Y unwound from the yarn supply package Ps,
to the winding bobbin Bw. The yarn feeding unit 14 is
provided between the yarn supplying unit 12 and the
winding unit 13 in the yarn running direction. The yarn
feeding unit 14 includes a feed roller 41 and a roller drive
motor 42.

[0030] The feed roller41 is aroller onto which the yarn
Y is wound. The feed roller 41 is, e.g., a known nip roller.
The feed roller 41 is provided on a front surface of the
frame 11. The feed roller 41 is configured to rotate so
that the yarn Y is sent to the downstream side in the yarn
running direction. The feed roller 41 is rotationally driven
by the roller drive motor 42. The roller drive motor 42 is,
e.g., a typical stepping motor. The roller drive motor 42
may include a rotary encoder (not illustrated) configured
to detect a rotation angle of a rotational shaft (not illus-
trated) of the roller drive motor 42. The roller drive motor
42 is configured so that the number of rotations of its
rotational shaft is variable. The roller drive motor 42 is
therefore able to change the number of rotations of the
feedroller41 (i.e., able to change the yarn feeding speed
of the feed roller 41). The roller drive motor 42 is electri-
cally connected to the controller 15 (see FIG. 2). In the
present embodiment, tension is applied to the yarn Y by
the difference between the winding speed of the winding
unit 13 and the yarn feeding speed of the yarn feeding
unit 14. That is, the combination of the structure of the
winding unit 13 and the structure of the yarn feeding unit
14 corresponds to a tension applying unit of the present
invention. Tension generally increases as the above-de-
scribed difference between the speeds increases, and
tension generally decreases as the above-described dif-
ference between the speeds decreases.

[0031] Atalower part(onthe upstream side inthe yarn
running direction) of the yarn feeding unit 14, a yarn guide
16 is provided. The yarn guide 16 is provided, for exam-
ple, on an extension of the central axis of the yarn sup-
plying bobbin Bs. The yarn guide 16 guides the yarn Y
unwound from the yarn supply package Ps, to the down-
stream side in the yarn running direction. At an upper
part (on the downstream side in the yarn running direc-
tion) of the yarn feeding unit 14, a tension sensor 17 (a
tension detection unit of the present invention) is provid-
ed. The tension sensor 17 is configured to detect the
tension applied to the yarn Y running from the yarn feed-
ing unit 14 toward the winding unit 13. While the tension
sensor 17 is, e.g., an unillustrated contact-type sensor
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having a piezoelectric element, the disclosure is not lim-
ited to this. The tension sensor 17 is electrically connect-
ed to the controller 15 (see FIG. 2). The tension sensor
17 outputs a detection signal to the controller 15. The
tension sensor 17 functions as a fulcrum guide about
which the yarn Y is traversed by the traverse guide 33.
Avyarn guide (notillustrated) which functions as a fulcrum
guide may be provided downstream of the tension sensor
17 in the yarn running direction.

[0032] The controller 15 includes members such as
CPU, a ROM, and a RAM (a storage unit 51; see FIG.
2). The storage unit 51 stores, for example, parameters
such as an amount of the wound yarn Y, the winding
speed, and the target tension which is supposed to be
applied to the yarn Y. The controller 15 controls compo-
nents by using the CPU and a program stored in the
ROM, based on the parameters stored in the storage unit
51. The controller 15is electrically connected to the wind-
ing motor 22, the traverse motor 31, the roller drive motor
42, and the tension sensor 17 (see FIG. 2).

[0033] As described later, the controller 15 functions
as a winding control unit 52, a traverse control unit 53 (a
prediction information acquisition unit of the present in-
vention), and aroller control unit 54 (a tension adjustment
unit of the present invention; see FIG. 2). To begin with,
the controller 15 obtains winding information regarding
a target value of the number of rotations of the winding
bobbin Bw (or the winding speed of the yarn Y wound by
the winding unit 13) from the storage unit 51. The con-
troller 15 outputs a signal for controlling the torque of the
winding motor 22 to the winding motor 22, based on the
winding information. That is, the controller 15 functions
as the winding control unit 52 configured to control the
winding motor 22.

[0034] The controller 15 further obtains target traverse
information regarding a target position and target speed
of the traverse guide 33, from the storage unit 51. The
controller 15 outputs a signal for controlling the torque of
the traverse motor 31 to the traverse motor 31, based on
the target traverse information. That is, the controller 15
functions as the traverse control unit 53 configured to
control the traverse motor 31.

[0035] The controller 15 further obtains yarn feeding
information regarding the number of rotations of the feed
roller 41 (i.e., the yarn feeding speed of the yarn feeding
unit 14). The controller 15 outputs a signal for controlling
the number of rotations of the feed roller 41 (specifically,
the torque of the roller drive motor 42) to the roller drive
motor 42, based on the yarn feeding information. That
is, the controller 15 functions as the roller control unit 54
configured to control the roller drive motor 42.

[0036] Inthere-winder1arranged asdescribed above,
the yarn Y unwound from the yarn supply package Ps
runs toward the downstream side in the yarn running di-
rection. The running yarn Y is wound onto the rotating
winding bobbin Bw while being traversed in the left-right
direction (traverse direction) by the traverse guide 33.
The tension applied to the yarn Y is controlled to be close
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to a predetermined target tension mainly by adjusting the
number of rotations of the feed roller 41 (i.e., by adjusting
the yarn feeding speed of the yarn feeding unit 14). That
is, the tension of the yarn Y is controlled in such a way
that the controller 15 (roller control unit 54) adjusts the
number of rotations of the feed roller 41 based on rotation
number adjustment information (adjustment information
of the present invention) regarding the number of rota-
tions of the feed roller 41. The details of tension control
will be given later.

(Reciprocal Movement of Traverse Guide)

[0037] The reciprocal movement of the traverse guide
33 will be described with reference to FIG. 3. The topmost
graph in FIG. 3 shows the relationship between the po-
sition, in regard to the traverse direction, of the traverse
guide 33 and time points. The lowermost graph in FIG.
3 shows the relationship between the speed, in regard
to the traverse direction, of the traverse guide 33 and
time points.

[0038] In the topmost graph in FIG. 3, the horizontal
axis indicates time points whereas the vertical axis indi-
cates the position of the traverse guide 33 in regard to
the traverse direction. For convenience, a direction left-
ward of the center of an area where the traverse guide
33 reciprocates (i.e., traverse area) will be regarded as
a positive direction of the vertical axis of the graph. A
direction rightward of the center of the traverse area will
be regarded as a negative direction of the vertical axis
of the graph. The traverse guide 33 reciprocates in the
left-right direction in such a way that the traverse motor
31 is driven by the controller 15. The symbol "T" shown
in FIG. 3 indicates the cycle in which the traverse guide
33 completes a reciprocal movement once. To be more
specific, when it is at a time point of 0 in FIG. 3, the
traverse guide 33 is positioned at the center of the
traverse area. In addition to that, when it is at a time point
of T/4, the traverse guide 33 is positioned at the left end
of the traverse area. In addition to that, when it is at a
time point of T/2, the traverse guide 33 is positioned at
the center of the traverse area. In addition to that, when
it is at a time point of is 3T/4, the traverse guide 33 is
positioned at the right end of the traverse area. When
the traverse guide 33 is positioned at the center of the
traverse area, ayarn path from the fulcrum guide (tension
sensor 17 in the present embodiment) to the traverse
guide 33 is the shortest. Meanwhile, when the traverse
guide 33 is positioned at an end of the traverse area, the
yarn path is the longest.

[0039] The speed of the traverse guide 33 varies as
shown in the lowermost graph in FIG. 3. To be more
specific, when it is at a time point of T/4 in FIG. 3, the
direction of the traverse guide 33 is switched from left-
ward to rightward in the traverse area in regard to the
traverse direction. In addition to that, when it is at a time
point of 3T/4, the direction of the traverse guide 33 is
switched from rightward to leftward in the traverse area
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in regard to the traverse direction.

(Variation of Tension of Yarn due to Reciprocal Move-
ment of Traverse Guide)

[0040] The following will describe a variation of tension
due to the reciprocal movement of the traverse guide 33
with reference to FIG. 4 and FIG. 5. FIG. 4 shows a graph
of the relationship between the position of the traverse
guide 33 and time points of a first reference example, a
graph of the relationship between the number of rotations
of the feed roller 41 and time points of the first reference
example, and a graph of the relationship between the
tension of the yarn Y and time points of the first reference
example. FIG. 5 shows graphs of a second reference
example. In FIG. 4 and FIG. 5, the topmost graph shows
the relationship between the position of the traverse
guide 33 and time points. In addition to that, the graph
on the middle part in the up-down direction of the figure
shows the relationship between the number of rotations
of the feed roller 41 and time points. In addition to that,
the lowermost graph shows the relationship between the
tension of the yarn Y and time points.

[0041] The magnitude of tension of the yarnY is rough-
ly determined by the difference between the winding
speed and the yarn feeding speed as described above.
However, the tension which is actually applied to the yarn
Y may vary due to a reciprocal movement of the traverse
guide 33. For example, when the traverse guide 33 is
moved from the center toward one end side in the
traverse area in regard to the traverse direction, the ten-
sion may be unintentionally increased because the length
of the yarn path is increased and the yarn Y is pulled
outward by the traverse guide 33 in the traverse area in
regard to the traverse direction. Meanwhile, when the
direction of the traverse guide 33 is switched from the
outward to the inward at one end side in the traverse area
in regard to the traverse direction, the tension may be
unintentionally decreased because the length of the yarn
path is decreased and the yarn Y is temporarily pulled
by the traverse guide 33 more gently than usual.
[0042] In order to suppress this variation of tension,
many types of means have been proposed. As a first
reference example, there is a control means for sup-
pressing a variation of tension by reflecting a detection
result of the tension sensor 17 onto the control of the
roller drive motor 42. This control is, e.g., a typical feed-
back control. This control changes, e.g., the number of
rotations of the feed roller 41 as shown in FIG. 4, with
the result that the yarn feeding speed is also changed.
However, because this control method changes the yarn
feeding speed after tension has been actually varied, the
following problems may occur. For example, when the
traverse cycle is short (i.e., the movement of the traverse
guide is quick), the adjustment of the yarn feeding speed
may not sufficiently follow a variation of tension which is
caused by the movement of the traverse guide 33. In this
case, because a variation of tension is not sufficiently
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suppressed, the actual tension (see a solid line in the
lower most graph in FIG. 4) is different from the target
tension (see a dotted line in the lowermost graph in FIG.
4) as shown in FIG. 4.

[0043] As asecond reference example, there is a con-
trol means for adjusting the yarn feeding speed by using
information regarding the position and/or speed of the
traverse guide 33. In this control method, information re-
garding a variation of tension in accordance with the po-
sition of the traverse guide 33 is taken into consideration
for the adjustment of the yarn feeding speed. That is,
when it is predicted that the tension increases due to the
movement of the traverse guide 33, the number of rota-
tions of the feed roller 41 is controlled (see FIG. 5) so
that the yarn feeding speed increases. Meanwhile, when
it is predicted that the tension decreases, the number of
rotations of the feed roller 41 is controlled (see FIG. 5)
so that the yarn feeding speed decreases.

[0044] However, there is some time lag (delay) be-
tween when the controller 15 (roller control 54) obtains
information regarding the change in the number of rota-
tions of the feed roller 41 and when the number of rota-
tions of the feed roller 41 is actually changed. The time
lag is caused by factors such as the time required for
calculation performed by the roller control unit 54, the
inertial mass of a rotational shaft (not illustrated) of the
roller drive motor 42, and the inertial mass of the feed
roller 41. Due to such a delay, for example, when the
traverse cycle is very short (i.e., when the movement of
the traverse guide 33 is very quick), the adjustment of
the yarn feeding speed may not be completed in time.
The control means of the second reference example (see
FIG. 5) may therefore suppress a variation of tension as
compared to the means of the first reference example
(see FIG. 4), but may not sufficiently suppress a variation
of tension (see FIG. 5). In order to effectively suppress
a variation of tension due to the reciprocal movement of
the traverse guide 33, the controller 15 of the present
embodiment performs control as follows.

(Specific Method of Controlling Tension)

[0045] The following will describe a specific method in
which the controller 15 controls tension, with reference
to FIG. 6 to FIG. 9. The later-described method of con-
trolling tension is a method of controlling tension during
one cycle (above-described T) in which the traverse
guide 33 completes a reciprocal movement once, i.e.,
during a reciprocal cycle of the traverse guide 33. In this
embodiment, the target tension is constant (see a broken
line in the lowermost graph in FIG. 9). In the present
embodiment, the winding speed is substantially constant
during the reciprocal cycle of the traverse guide 33.

[0046] The storage unit51 stores, e.g., a table in which
a target position and target speed of the traverse guide
33 are associated with time. Alternatively, for example,
the controller 15 may be configured to calculate the target
position and/or the target speed as a function of time.
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Alternatively, the storage unit 51 may store a table in
which one of the target position and target speed of the
traverse guide 33 is associated with time. In this case,
based on one of the target position and target speed of
the traverse guide 33, the controller 15 may calculate the
other of these. As such, the controller 15 (traverse control
unit 53) controls the operation of the traverse motor 31
based on information regarding the target position and
target speed of the traverse guide 33.

[0047] This information regarding the target position
and target speed of the traverse guide 33 is also used
as information regarding a future position (predicted po-
sition) and future speed (predicted speed) of the traverse
guide 33 (hereinafter, this information will be referred to
as prediction information). For example, as shown in the
table of FIG. 6, x1 is a predicted position where the
traverse guide 33 is supposed to be positioned at a pre-
determined time point t1 (first time point of the present
invention). In addition to that, a predicted speed of
traverse guide 33 is v1 at the time point t1. Furthermore,
x2 and v2 are a predicted position and predicted speed
of the traverse guide 33 at a time point t2 (second time
point of the present invention) which is a time point after
the elapse of a predetermined time dt from the time point
t1. In this regard, "dt" indicates the time shorter than the
reciprocal cycle of the traverse guide 33. Likewise, x3
and v3 are a predicted position and predicted speed of
the traverse guide 33 at a time point t3 which is a time
point after the elapse of a predetermined time dt from the
time point t2.

[0048] FIG. 7 shows the relationship between a pre-
dicted position of the traverse guide 33 at one time point
and the desired number of rotations of the feed roller 41
at that time point. For example, the predicted position of
the traverse guide 33 at the time point t1 is x1 as de-
scribed above. The desired number of rotations of the
feed roller 41 is, e.g., n1 at the time point t1. The "n1"
indicates the number of rotations of the feed roller 41 in
consideration of a variation of tension of the yarn Y due
to the reciprocal movement of the traverse guide 33, and
this number is used for arranging the actual tension at
the time point t1 to be substantially identical to the target
tension. Likewise, the desired number of rotations of the
feedroller 41 is n2 at the time point t2 (predicted position
x2). In addition to that, the desired number of rotations
of the feed roller 41 is n3 at the time point t3 (predicted
position x3).

[0049] Asdescribed above, there is some time lag (de-
lay) between when the controller 15 (roller control unit
54) obtains information regarding the adjustment of the
number of rotations of the feed roller 41 (i.e., rotation
number adjustment information) and when the number
of rotations of the feed roller 41 is actually changed. As-
sume that such a time lag is substantially equal to, e.g.,
an above-described predetermined time dt. In this case,
the roller control unit 54 controls the yarn feeding unit 14
as follows. In other words, the controller 15 is set as fol-
lows on the premise that a predetermined time dt is sub-
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stantially equal to the above time lag.

[0050] The storage unit 51 stores, e.g., a function used
when a command value regarding the number of rota-
tions of the feed roller 41 (hereinafter, this value will be
referred to as a rotation number command value) is cal-
culated based on information regarding a predicated fu-
ture position and predicted future speed of the traverse
guide 33 (prediction information). This function is, e.g.,
a function with a fixed coefficient. (That is, as the same
predictioninformationis input, this function outputs a con-
stant rotation number command value). The roller control
unit 54 receives prediction information from the traverse
control unit 53, and calculates a rotation number com-
mand value with use of the function. When the roller con-
trol unit 54 calculates a rotation number command value
corresponding to the time point t1 (i.e., calculates infor-
mation regarding a control signal which is supposed to
be output at the time point t1 from the roller control unit
54 to the roller drive motor 42), the roller control unit 54
uses prediction information corresponding to the time
point t2 which is a time point after the elapse of a prede-
termined time dt from the time point t1. The prediction
information corresponding to the time point t2 is informa-
tion regarding a predicted position and predicted speed
of the traverse guide 33 at the time point t2.

[0051] To be more specific, because the traverse con-
trol unit 53 swiftly sends prediction information to the roll-
er control unit 54, the prediction information correspond-
ingtothe time pointt2 is available for calculating a rotation
number command value corresponding to the time point
t1. As a result, the rotation number command value cor-
responding to the time point t1 is calculated as n2 (see
the table of FIG. 8 and the graph on the middle part of
FIG. 9). Thatis, the roller control unit 54 obtains a rotation
number command value regarding the predicted position
x2 and predicted speed v2 of the traverse guide 33 at
the time point {2 (i.e., obtains n2), as rotation number
adjustment information corresponding to the time point
t1. In other words, the rotation number adjustment infor-
mation corresponding to the time point t1 is obtained in
association with prediction information corresponding to
the time point t2 which is a time point after the elapse of
a predetermined time dt from the time point t1.

[0052] This enables the roller control unit 54 to output
a control signal, used for adjusting the number of rota-
tions of the feed roller 41 to n2, at a time point earlier
than the time point t2 by a predetermined time dt (see
broken lines which vertically extend at the central portion
of FIG. 9). To be more specific, it is necessary to arrange
the actual number of rotations of the feed roller 41 (see
a solid line in the graph on the middle part of FIG. 9) to
be maximized when the traverse guide 33 is about to
reach an outer end in the traverse area in regard to the
traverse direction (at the time point t2 in FIG. 9). To
achieve this, a command value regarding the number of
rotations of the feed roller 41 (see a broken line in the
graph on the middle part of FIG. 9) is maximized at the
time point t1 which precedes the time point t2 by a pre-
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determined time dt. This compensates the above-de-
scribed time lag (delay), and thus the number of rotations
of the feed roller 41 is adjusted at an appropriate timing.
That is, tension is adjusted at an appropriate timing so
as to effectively suppress a variation of tension.

[0053] In this regard, the roller control unit 54 may ob-
tain a rotation number command value further in consid-
eration of a detection result of the tension sensor 17. That
is, the roller control unit 54 may finally calculate (gener-
ate) a command value regarding the number of rotations
of the feed roller 41 (to be more specific, a command
value regarding the torque of the roller drive motor 42)
based on the above-described rotation number com-
mand value and a detection result of the tension sensor
17. Because of this, a variation of tension due to distur-
bance factors except the reciprocal movement of the
traverse guide 33 is also suppressed.

[0054] As described above, rotation number adjust-
ment information corresponding to the time point t1 is
obtained in association with prediction information cor-
responding to the time point t2 which is a time point after
the elapse of a predetermined time dt from the time point
t1 (i.e., t2 is later than t1 by the predetermined time dt) .
This enables the roller control unit 54 to output a signal
at a time point which is earlier than the time point t2 by
a predetermined time dt. The signal is related to the ad-
justment, which is supposed to be executed at the time
point t2, of the number of rotations of the feed roller 41
(i.e., the adjustment of tension). Because of this, the
above-described delay is compensated, and thus tension
is adjusted at an appropriate timing. Therefore, a varia-
tion of tension due to the reciprocal movement of the
traverse guide 33 is effectively suppressed.

[0055] A predetermined time dt is shorter than the re-
ciprocal cycle of the traverse guide 33. Because of this,
it is possible to suppress the increase in difference be-
tween a predicted position of the traverse guide 33 at the
time point t2 and an actual position of the traverse guide
33 at the time point t2. In this regard, the predicted posi-
tion is predicted at the time point t1. Tension is therefore
finely controllable.

[0056] By obtaining rotation number adjustment infor-
mation based on a detection result of the tension sensor
17, it is possible to perform a feedback control so that
the tension is close to a predetermined target value.
Therefore, because a variation of tension due to distur-
bance factors except the reciprocal movement of the
traverse guide 33 is also suppressed, tension is further
stabilized.

[0057] In the present embodiment, the yarn feeding
speed of the yarn feeding unit 14 is controlled so as to
control tension. Therefore, the control of tension is sim-
plified as compared to cases where the winding unit 13
is controlled in order to control tension.

[0058] 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
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thereof are not repeated.

(1) While in the embodiment above the roller control
unit 54 calculates a rotation number command value
of the feed roller 41 with use of a function based on
prediction information, the disclosure is not limited
to this. For example, the storage unit 51 may store
a table in which time points are associated with the
following items: a rotation number command value
corresponding to the time point t1; and information
regarding a predicted position and/or predicted
speed of the feed roller 41 at the time point t2. To be
more specific, rotation number adjustment informa-
tion corresponding to the time point t1 may be a ro-
tation number command value corresponding to the
predicted position x2 and the predicted speed v2 at
the time point t2 (i.e., this value is n2; see FIG. 8).
Theroller control unit 54 may control the yarn feeding
unit 14 by obtaining such information from the stor-
age unit 51. This control is also included in "the con-
trol in which information regarding a rotation number
command value corresponding to the time point t1
is obtained in association with prediction information
corresponding to the time point t2".

(2) Alternatively, information regarding a rotation
number command value may not be clearly associ-
ated with prediction information by, e.g., a function
oratable. Thatis, as described above, itis necessary
to arrange the actual number of rotations of the feed
roller 41 (see a solid line in the graph on the middle
part of FIG. 9) to be maximized when the traverse
guide 33 is about to reach one end side in the
traverse area in regard to the traverse direction (at
the time point t2 in FIG. 9). Meanwhile, a rotation
number command value of the feed roller 41 (see a
broken line in the graph on the middle part of FIG.
9) is not maximized at the time point t2 but at the
time point t1 which precedes the time point t2 by a
predetermined time dt. Therefore, information re-
garding a rotation number command value may not
be clearly associated with prediction information as
long as the time point t1 precedes the time point t2
by a predetermined time dt. In this regard, the roller
control unit 54 outputs a control signal for arranging
the number of rotations of the feed roller 41 to be
maximum to the roller drive motor 42 at the time point
t1. This controlis also included in "the controlin which
information regarding a rotation number command
value corresponding to the time point t1 is obtained
in association with prediction information corre-
sponding to the time point t2".

(3) While in the embodiment above arotation number
command value of the feed roller 41 is obtained by,
e.g., a predetermined function (i.e., a coefficient in-
cluded in this function is fixed), the disclosure is not
limited to this. For example, this function may include
achangeable coefficient. The controller 15 may store
the following items during the formation of the wound
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package Pw: information regarding a rotation
number command value; and a detection result of
the tension sensor. The controller 15 may perform
the calculation for updating the above-described co-
efficient so as to minimize a variation of tension of
theyarnY, based on these stored sets ofinformation.
In other words, the controller 15 may be configured
to perform learning in order to obtain an optimal ro-
tation number command value, during the formation
of the wound package Pw.

(4) While in the embodiment above the target tension
oftheyarnY is constant, the disclosure is not limited
to this. The controller 15 may change a target value
of tension during the reciprocal cycle of the traverse
guide 33. To be more specific, as shown in FIG. 10,
atarget value of tension related to the traverse guide
33 positioned at one end side in the traverse area in
regard to the traverse direction may be lower than a
target value of tension related to the traverse guide
33 positioned at the center in the traverse area in
regard to the traverse direction. This brings about
the following effects. That is, when the tension of the
yarn Y is high while the traverse guide 33 is posi-
tioned at one end side in the traverse area in regard
to the traverse direction, the yarn Y may be uninten-
tionally pulled inward in the axial direction of the
winding bobbin Bw at the time of changing the direc-
tion of the traverse guide 33. As a result, an amount
of the yarn Y wound onto the inside of a target posi-
tion in the axial direction of the winding bobbin Bw
may be increased so that the shape of the wound
package Pw is collapsed. In this modification, ten-
sion is low while the traverse guide 33 is positioned
at one end side in the traverse area in regard to the
traversedirection. Itis therefore possible to suppress
the yarn Y from being unintentionally pulled inward
in the axial direction of the winding bobbin Bw at the
time of changing the direction of the traverse guide
33. As such, the control of suppressing a variation
of tension in consideration of the above-described
time lag is especially effective in the structure con-
figured so that a target value of tension is changed
during the reciprocal cycle of the traverse guide 33.
(5) While in the embodiment above a predetermined
time dt is shorter than the reciprocal cycle of the
traverse guide 33, the disclosure is not limited to this.
When the reciprocal cycle of the traverse guide 33
isvery short(i.e., the movement of the traverse guide
33 is very quick), a predetermined time dt may be
longer than the reciprocal cycle of the traverse guide
33.

(6) A predetermined time dt may be changed in ac-
cordance with a winding condition, etc. A predeter-
mined time dt may be constant from the start of form-
ing the wound package Pw to the end of forming the
wound package Pw. Alternatively, a predetermined
time dt may be suitably changed during an interval
between the start of forming the wound package Pw
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and the end of forming the wound package Pw.

(7) While in the embodiment above the re-winder 1
includes the tension sensor 17, the disclosure is not
limited to this. Even when the tension sensor 17 is
not provided, a variation of tension due to the recip-
rocal movement of the traverse guide 33 can be sup-
pressed by the above-described control.

(8) While in the embodiment above the controller 15
controls the tension of the yarn Y by controlling the
yarn feeding speed, the disclosure is not limited to
this. The controller 15 may control the tension of the
yarn Y by controlling the winding speed.

(9) While in the embodiment above tension is applied
to the yarn Y by the difference between the winding
speed and the yarn feeding speed, the structure of
the tension applying unit is not limited to this. The
re-winder 1 may include, e.g., a tension application
device (notillustrated) including a guide member (not
illustrated) configured to sandwich the yarn Y, in-
stead of the yarn feeding unit 14. With this arrange-
ment, tension is applied to the yarn Y by the friction
force generated by the guide member sandwiching
the yarn Y. The tension application device may be
configured so that the contact length at which the
yarn Y make contact with the guide member and/or
the force with which the guide member sandwiches
the yarn'Y are changeable. Such a tension applying
unitapplyingtension to the yarnY by the friction force
instead of the above-described difference between
the speeds may be provided.

(10) While in the embodiment above the traverse
guide 33 is attached to the endless belt 32, the dis-
closure is not limited to this. For example, the
traverse guide 33 may be attached to a leading end
portion of an arm that is driven in a swinging manner
(see Japanese Unexamined Patent Publication No.
2007-153554). Alternatively, the traverse guide 33
may be reciprocated by a linear motor, etc.

(11) While in the embodiment above the traverse
guide 33 is driven by a driving source which is able
to drive forward and reverse, the disclosure is not
limited to this. For example, the re-winder 1 may in-
clude a cam-type traverse unit which is driven by a
driving source that is a motor rotationally driving in
one direction.

(12) The presentinvention can be applied to not only
the re-winder 1 but also to various types of yarn wind-
ers configured to wind yarns onto bobbins.

Claims

A yarn winder (1) configured to wind a running yarn
(Y) onto a bobbin (Bw), comprising:

a traverse unit (23) which includes a traverse
guide (33) for traversing the yarn (Y) along an
axial direction of the bobbin (Bw);
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10

a tension applying unit (13, 14) configured to
apply tension to the yarn (Y) which is to be
wound onto the bobbin (Bw); and

a control unit (15),

the control unit (15) including:

a prediction information acquisition unit (53)
configured to obtain prediction information
regarding at least one of a predicted future
position and predicted future speed of the
traverse guide (33); and

a tension adjustment unit (54) configured to
control the tension applying unit (13, 14)
based on adjustment information regarding
the adjustment of the tension, and

the tension adjustment unit (54) obtaining
the adjustment information corresponding
to a predetermined first time point (t1) in as-
sociation with the prediction information
corresponding to a second time point (t2)
which is a time point after the elapse of a
predetermined time (dt) from the first time
point (t1).

The yarn winder (1) according to claim 1, wherein,
the predetermined time (dt) is shorter than a recip-
rocal cycle of the traverse guide (33).

The yarn winder (1) according to claim 1 or 2, further
comprising a tension detection unit (17) configured
to detect the tension applied to the yarn (Y), wherein,
the tension adjustment unit (54) obtains the adjust-
ment information based on a detection result of the
tension detection unit (17).

The yarn winder (1) according to any one of claims
1 to 3, wherein, the tension applying unit (13, 14)
includes:

a winding unit (13) configured to wind the yarn
(Y)onto the bobbin (Bw); and a yarn feeding unit
(14) configured to send the yarn (Y) to the bobbin
(Bw),

the tension applying unit (13, 14) applies the ten-
sion to the yarn (Y) by utilizing a difference be-
tween a winding speed at which the yarn (Y) is
wound onto the bobbin (Bw) by the winding unit
(13) and a yarn feeding speed at which the yarn
(Y)is sentto the bobbin (Bw) by the yarn feeding
unit (14), and

the tension adjustment unit (54) controls the ten-
sion by controlling the yarn feeding unit (14).

The yarn winder (1) according to any one of claims
1to 4, wherein, the control unit (15) changes a target
value of the tension during the reciprocal cycle of the
traverse guide (33).
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The yarn winder (1) according to claim 5, wherein,
in a traverse direction in which the traverse guide
(33) moves, the control unit (15) arranges a target
value of the tension when the traverse guide (33) is
positioned at one end in a traverse area where the
traverse guide (33) reciprocates in regard to the
traverse direction to be lower than a target value of
the tension when the traverse guide (33) is posi-
tioned at a center in the traverse area.
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FIG.7
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