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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The presentinvention relates to a hairiness re-
ducing device that removes hairs protruding out of a sur-
face of the yarn when the yarn fed from a yarn feeding
bobbin is wound on a winding unit, and to a yarn winding
device that includes the hairiness reducing device.

2. Description of the Related Art

[0002] Generally, when a yarn winding device such as
an automatic winder winds a yarn fed from a yarn feeding
bobbin to form a package, because the yarn touches a
guiding portion or the like while the yarn unwound from
the yarn feeding bobbin is being wound, hairiness arising
in the wound yarn cannot be avoided. Examples of con-
ventional techniques for controlling occurrence of such
hairiness include a hairiness suppressing device in an
automatic winder disclosed in Japanese published un-
examined application No. 2001-139231 and a hairiness
control device disclosed in Japanese published unexam-
ined application No. 2002-348042.

[0003] The hairiness suppressing device disclosed in
Japanese published unexamined application No.
2001-139231 includes a yarn passage, through which a
yarn passes, and a nozzle unit having holes, through
which air is jetted to produce a swirl flow in the yarn pas-
sage. By jetting air into the yarn passage, the yarn is
ballooned causing yarn hairs protruding from the yarn to
be entangled with the yarn and suppressed. On the other
hand, the hairiness control device disclosed in Japanese
published unexamined application No. 2002-348042 in-
cludes a plurality of friction disks that is rotated to apply
false twisting onto a running yarn, thereby causing yarn
hairs protruding from a surface of the yarn to be entangled
with fibers that form the yarn. Each of these devices is
capable of suppressing hairiness that arises while a yarn
unwound from a yarn feeding bobbin is wound in a pack-
age form.

[0004] Meanwhile, such yarn winding devices typically
include, as ameans that allows smooth running and wind-
ing of the yarn, a tension applying device (tension device)
that applies a tension on a running yarn. Such a device
is described in Japanese published unexamined appli-
cation No. 2001-139231.

[0005] The hairiness suppressing device disclosed in
Japanese published unexamined application No.
2001-139231 requires not only air and the nozzle unit for
causing a yarn to swivel but also an air supply unit (in-
cluding an air passage, and a compressor that serves as
an air supply source). To obtain sufficient hairiness sup-
pression effect, it is necessary to arrange at least near
an inlet or an outlet of the yarn passage a twisting stop-
ping unit that practically prevents twisting of the yarn
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caused by the swirl flow from propagating atleasttowards
the inlet or the outlet of the yarn passage. This arrange-
ment inevitably results in more air consumption and an
increase in complexity in device configuration and mech-
anism.

[0006] Inthe hairiness control device disclosed in Jap-
anese published unexamined application No.
2002-348042, itis necessary to arrange the friction disks
in a predetermined state to apply false twisting onto a
running yarn. Additionally, it is necessary to arrange a
plurality of driving shafts for driving the friction disks, and
a rotation-driving device (such as a motor) that drives the
disks by rotating the driving shafts. Hence, the hairiness
control device disclosed in Japanese published unexam-
ined application No. 2002-348042 is also disadvanta-
geous in being complicated in device configuration and
mechanism.

[0007] Meanwhile, when ayarn is wound as discussed
above, protruding hairs of various lengths, from protrud-
ing hairs equal to or shorter than 1 millimeter (mm) to
protruding hair equal to or longer than 10 mm, are pro-
duced. Some users demand yarns that particularly have
less quantity of relatively longer hairs that are equal to
or longer than 3 mm. However, conventional hairiness
suppressing devices and the like are not configured to
suppress the amount of such relatively longer protruding
hairs that are equal to or longer than 3 mm with emphasis
onsuch protruding hairs, and therefore have insufficiently
responded to the user's demand.

SUMMARY OF THE INVENTION

[0008] Itis an object of the present invention to provide
a hairiness reducing device capable of removing protrud-
ing hairs (in particular, relatively longer protruding hairs
that are equal to or longer than 3 mm; the same applies
hereinafter), that are produced when a yarn fed from a
yarn feeding bobbin is wound to form a package, with a
relatively simple configuration and mechanism, and a
yarn winding device (automatic winder or the like) includ-
ing the hairiness reducing device. It is another object of
the present invention to provide a yarn winding device or
the like that is capable of removing protruding hairs, that
are produced when a yarn fed from a yarn feeding bobbin
is wound to form a package, with a relatively simple con-
figuration and mechanism, and furthermore, capable of
storing removed protruding hairs (fluff) at one location to
facilitate fluff-removal operation to be performed later. It
is still another object of the present invention to provide
a yarn winding device or the like that is capable of re-
moving protruding hairs, that are produced when a yarn
fed from a yarn feeding bobbin is wound to form a pack-
age, with a relatively simple configuration and mecha-
nism, and furthermore, that is easy to perform adjustment
necessary for fluff removal. It is still another object of the
present invention to provide a yarn winding device and
the like capable of removing protruding hairs, that are
produced when a yarn fed from a yarn feeding bobbin is
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wound to form a package, with a relatively simple con-
figuration and mechanism, and furthermore, capable of
applying a tension of a magnitude appropriate for both
removal of protruding hairs and winding of a running yarn.
It is still another object of the present invention to provide
a yarn winding device or the like that is capable of re-
moving protruding hairs that are produced when a yarn
fed from a yarn feeding bobbin is wound to form a pack-
age, with a relatively simple configuration and mecha-
nism, and furthermore, that includes a smaller number
of driving sources than that of an automatic winder or the
like that includes a conventional hairiness suppressing
device, thereby achieving cost reduction corresponding
to the reduced number of the driving sources.

[0009] To accomplish the objects, hairiness reducing
device and yarn winding device according to aspects of
the presentinvention are configured as described below.
[0010] Accordingtoan aspectofthe presentinvention,
a hairiness reducing device includes a plurality of pairs
of press-contact members that are arranged along ayarn
path, along which a yarn that is wound on a winding unit
runs. Each pair of the press-contact members is formed
by a first press-contact member and a second press-
contact member arranged with the yarn path interposed
therebetween. At least one of a set of first press-contact
members and a set of second press-contact members
that form the pairs of press-contact members includes a
moving mechanism for moving one of the set of first
press-contact members and the set of second press-con-
tact members relative to remaining one of the set of first
press-contact members and the set of second press-con-
tact members. Each of the first press-contact members
includes a first yarn contacting portion, each of the sec-
ond press-contact members includes a second yarn con-
tacting portion, and the first yarn contacting portions and
the second yarn contacting portions retain the yarn by
sandwiching the yarn. The first yarn contacting portion
in each pair of press-contact members is a protrusion
thatis arcuate along the yarn path. The second yarn con-
tacting portion in each pair of press-contact members is
a protrusion that is arcuate along the yarn path.

[0011] According to another aspect of the present in-
vention, a hairiness reducing device includes a plurality
of pairs of press-contact members that are arranged
along a yarn path, along which a yarn that is wound on
a winding unit runs. Each pair of the press-contact mem-
bers is formed by a first press-contact member and a
second press-contact member arranged with the yarn
path interposed therebetween. At least one of a set of
first press-contact members and a set of second press-
contact members that form the pairs of press-contact
members includes a moving mechanism for moving one
of the set of first press-contact members and the set of
second press-contact members relative to remaining one
of the set of first press-contact members and the set of
second press-contact members. Each of the first press-
contact members includes a first yarn contacting portion,
each of the second press-contact members includes a
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second yarn contacting portion, and the first yarn con-
tacting portions and the second yarn contacting portions
retain the yarn by sandwiching the yarn. The first yarn
contacting portion in each pair of press-contact members
is a protrusion that is arcuate along the yarn path. The
second yarn contacting portion in each pair of press-con-
tact members is a flat surface along the yarn path.
[0012] Other features, elements, processes, steps,
characteristics and advantages of the present invention
will become more apparent from the following detailed
description of preferred embodiments of the present in-
vention with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013]

FIG. 1is an elevation view illustrating an overall con-
figuration of a yarn winding device according to a
first embodiment of the present invention;

FIG. 2 is a longitudinal cross-sectional view illustrat-
ing a configuration of and around a hairiness reduc-
ing device provided in the yarn winding device;
FIG. 3is a plan view illustrating a state where a mov-
able gate member and a movable press-contact el-
ement are at an operating position;

FIG. 4 is a plan view illustrating a state where the
movable gate member and the movable press-con-
tact element are at a standby position;

FIG. 5 is a side view as viewed along an arrow C of
FIG. 4;

FIG. 6 is a cross-sectional view taken along a line
A-A of FIG. 2;

FIG. 7 is a cross-sectional view taken along a line
B-B of FIG. 2;

FIGS. 8A and 8B illustrate a pair of press-contact
elements (press-contact members and the like) ac-
cording to a second embodiment of the present in-
vention where FIG. 8Ais an elevation view as viewed
from facing surfaces of the press-contact elements
and FIG. 8B is a longitudinal cross-sectional view;
FIGS. 9A and 9B illustrate a pair of press-contact
elements (press-contact members and the like) ac-
cording to a third embodiment of the present inven-
tion where FIG. 9A is an elevation view as viewed
from facing surfaces of the press-contact elements
and FIG. 9B is a longitudinal cross-sectional view;
Each of FIGS. 10A to 10E illustrates a pair of press-
contact elements according to Comparative Exam-
ple of the present invention where FIG. 10A illus-
trates Comparative Example 1, FIG. 10B illustrates
Comparative Example 2, FIG. 10C illustrates Com-
parative Example 3, FIG. 10D illustrates Compara-
tive Example 4, and FIG. 10E illustrates Comparative
Example 5; and

FIG. 11 is atable illustrating results of tests conduct-
ed to verify effects of the present invention.
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DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0014] Exemplary embodiments of the present inven-
tion are explained below in detail with respect to the ac-
companying drawings.

First Embodiment

[0015] FIGS. 1 to 7 illustrate a yarn winding device 1
(automatic winder) according to a first embodiment of the
present invention. As illustrated in FIG. 1, the yarn wind-
ing device 1 includes a rectangular-box-shaped main
body frame 2. A bobbin support unit 3, an unwinding as-
sisting device 4, a tension applying unit 5, a tension sen-
sor 6, a yarn joining device 7, a slab catcher 8, a winding
unit 9 and the like are arranged on a left-hand side, in
FIG. 1, of the main body frame 2 along a yarn path, which
extends vertically upward, of a yarn Y so that the yarn Y
fed from a yarn feeding bobbin B supported by the bobbin
support unit 3 is wound to form a package P. The tension
applying unit 5 includes, in addition to a tension device
10, a hairiness reducing device 11 that is one feature of
the present invention.

[0016] The unwinding assisting device 4 reduces an
increase in tension, which increases as a remaining yarn
amount on the yarn feeding bobbin B decreases, on the
yarn Y, thereby assisting unwinding of the yarn Y from
the yarn feeding bobbin B. The tension device 10 of the
tension applying unit 5 applies a predetermined tension
(which will be described later) on the yarn Y fed and de-
livered from the yarn feeding bobbin B. The tension sen-
sor 6, provided in the yarn path of the yarn Y at a position
downstream of the tension applying unit 5, measures a
tension on the yarn Y and outputs a measured value. As
the tension sensor 6, a sensor that measures a tension
on the yarn Y laid across two fixed rods and a movable
rod could be used. The movable rod is located between
the fixed rods and the yarn Y exerts a force on the mov-
able rod.

[0017] When the slab catcher 8 detects a yarn defect,
the yarn joining device 7 cuts the yarn Y to remove a
defective portion of the yarn Y and splices a lower yarn
coming from the yarn feeding bobbin B to an upper yarn
going to the package P. For this splicing, a relay pipe 12
that catches the lower yarn and passes the caught lower
yarn to the yarn joining device 7 and a suction mouth 13
that catches the upper yarn and passes the caught upper
yarn to the yarn joining device 7 are assembled onto the
main body frame 2 in a manner that allows each of the
relay pipe 12 and the suction mouth 13 to swing. The
yarn Y is introduced into the tension device 10 in a proc-
ess where the relay pipe 12 passes the lower yarn to the
yarn joining device 7. The winding unit 9 includes a tra-
versing drum 14 that causes the yarn Y to travel across
(traverse) a predetermined width range and a cradle 16
that supports a winding core 15 of the package P.
[0018] Asillustratedin FIGS. 2and 3, a pair of an upper
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plate-like bracket 18 and a lower plate-like bracket 19 is
attached to the tension applying unit 5, on one side of an
auxiliary frame 17 fixed to the main body frame 2. The
upper plate-like bracket 18 and the lower plate-like brack-
et 19 are separated by a predetermined distance. In ad-
dition to the tension device (tension applying device) 10
and the hairiness reducing device 11 that is the feature
ofthe presentinvention, a pair of an upper swinging mem-
ber 20 and a lower swinging member 21, a driving mech-
anism (moving mechanism) 22, and a box-shaped casing
23, which has an opening in its back surface, that belong
to the tension device 10 and the hairiness reducing de-
vice 11 are arranged between the brackets 18 and 19.
An introducing groove 24 and an introducing groove 25
elongated in a front-to-rear direction of FIG. 3 are formed
in the bracket 18 and the bracket 19, respectively, with
openings of the introducing grooves 24 and 25 at front
edges of the brackets 18 and 19. The lower yarn caught
by the relay pipe 12 is guided from a frontward position
relative to the tension device 10 by the introducing
grooves 24 and 25 and introduced into a gap between a
movable gate member 27 and a fixed gate member 26
situated at a standby position that will be described later.
Thus, an upper end of the lower yarn is passed on to the
yarn joining device 7.

[0019] Asillustratedin FIGS. 2to 4, the tension device
10 includes the comb-like fixed gate member 26, the
comb-like movable gate member 27, the lower swinging
member 21 discussed above, the driving mechanism 22
discussed above, and the casing 23. The driving mech-
anism 22 can move the movable gate member 27 to
switch its positions between an operating position (the
position illustrated in FIG. 3) and the standby position
(the position illustrated in FIG. 4). When the movable
gate member 27 is at the operating position, the movable
gate member 27 cooperates with the fixed gate member
26 to pinch the yarn Y therebetween, thereby applying
tension on the yarn Y, whereas, when the movable gate
member 27 is at the standby position, the movable gate
member 27 is separated from the fixed gate member 26
to be ready for receiving the yarn Y introduced into the
gap between the movable gate member 27 and the fixed
gate member 26. Meanwhile, the tension device 10 in-
cludes an open-close sensor (not shown) that detects
the current position of the movable gate member 27. Spe-
cifically, the open-close sensor detects whether the mov-
able gate member 27 is at the operating position or at
the standby position.

[0020] Asillustrated in FIGS. 2to 4, 6, and 7, the fixed
gate member 26 fixed to an outer surface of a right side
wall (on the right-hand side in FIGS. 2 to 4, 6, and 7) of
the casing 23 includes a plurality of (in the illustrated ex-
ample, four) horizontal fixed comb teeth 28 that are hor-
izontally arranged. Each of the fixed comb teeth 28 in-
cludes a rounded front-end portion for smooth introduc-
tion of the yarn Y, and at a rear portion, a semicircular
projecting portion 29 for preventing the yarn Y from mov-
ing rearward.
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[0021] AsillustratedinFIG. 6, the lower swinging mem-
ber 21 is substantially L-shaped as viewed from above.
The lower swinging member 21 includes a central boss
31 thatis pivotally supported on a spindle 30. The spindle
30 is fixed to the lower bracket 19. This configuration
allows the lower swinging member 21 to pivot about the
spindle 30. A first end of the lower swinging member 21
is configured as an attaching portion 32 for attaching the
movable gate member 27. A second end, or the other
end, of the lower swinging member 21 is configured as
an operated portion 33 that is swung by a first lever 67
or a second lever 68. The first lever 67 and the second
lever 68 will be described later.

[0022] The movable gate member 27 includes a plu-
rality of (in the illustrated example, three) horizontal mov-
able comb teeth 34 provided on the attaching portion 32
of the lower swinging member 21. The movable comb
teeth 34 and the fixed comb teeth 28 are arranged in a
staggered manner. Each of the movable comb teeth 34
includes a curved portion at a position lateral to the pro-
jecting portion 29 of a corresponding one of the fixed
comb teeth 28. When the curved portions of the movable
comb teeth 34 and the curved portions of the fixed comb
teeth 28 cooperate with each other to pinch the yarn Y
therebetween, the curved shape of the movable comb
teeth 34 prevents the yarn Y from moving forward. When
the movable gate member 27 is at the operating position,
the movable gate member 27 cooperates with the fixed
gate member 26 to pinch the yarn Y therebetween and
apply tension on the yarn Y, whereas when the movable
gate member 27 is at the standby position, the movable
gate member 27 is separated from the fixed gate member
26 to be ready for receiving the yarn Y introduced into
the gap between the movable gate member 27 and the
fixed gate member 26.

[0023] The hairiness reducing device 11 provided in
the tension applying unit 5 is discussed below.

[0024] Asillustratedin FIGS. 2, 3, and 7, the hairiness
reducing device 11 includes a pair of press-contact ele-
ments 40 and 41 arranged to face each other across the
yarn path of the yarn Y that is wound on the winding unit
9, the upper swinging member 20, and the driving mech-
anism 22. The driving mechanism 22 is shared by the
hairiness reducing device 11 and the tension device 10
discussed above.

[0025] In the first embodiment, each of the press-con-
tact elements 40 and 41 is made of ceramics and is rec-
tangular as viewed from the side of facing surfaces (the
side where the yarn Y is pinched) of the press-contact
elements 40 and 41 as illustrated in FIG. 2. Each of the
press-contact elements 40 and 41 includes a plate-like
portion. The plate-like portion of the press-contact ele-
ment 40 is referred to as a first plate member 42, while
the plate-like portion of the press-contact element 41 is
referred to as a second plate member 43. Two pairs of
press-contact portions 44, 45, 46, and 47 are provided
on the facing surfaces of the press-contact elements 40
and 41. Specifically, the press-contact portions 44 and
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46, which form an upper pair, are provided along upper
edges of the facing surfaces, while the press-contact por-
tions 45 and 47, which form a lower pair, are provided
along lower edges of the facing surfaces. The upper and
lower pairs of press-contact portions 44, 45, 46, and 47
extend in a direction orthogonal to the yarn path of the
yarn Y. The upper and the lower pairs of press-contact
portions are separated from each other by a predeter-
mined distance in a direction along the yarn path (a ver-
tical direction in FIG. 2). Yarn contacting portions 48, 49,
50, and 51 are formed on facing surfaces of the press-
contact portions 44, 45, 46, and 47, respectively. In the
first embodiment, each of the yarn contacting portions
48, 49, 50, and 51 is a protrusion that is arcuate along
the yarn path of the yarn Y as viewed in a direction or-
thogonal to the sheet plane of FIG. 2. The protrusions
are identical in shape. Screw through holes 52 for fixing
the press-contact element 40 to the casing 23 illustrated
in FIG. 2 and screwing the press-contact element 41 to
a connecting unit 55 illustrated in FIG. 7 are defined in
the plate members 42 and 43. The screw through holes
52in the plate member 42 are located between the press-
contact portions (first press-contact members) 44 and
45, while the screw through holes 52 in the plate member
43 are located between the press-contact portions (sec-
ond press-contact members) 46 and 47. In the first em-
bodiment, the plate member 42 provided in the press-
contact element 40 and the press-contact portions 44
and 45 are made of the same material (in the first em-
bodiment, ceramics) in one piece, while the plate mem-
ber 43 provided in the press-contact element 41 and the
press-contact portions 46 and 47 are made of the same
material (in the first embodiment, ceramics) in one piece.
These elements can be formed as separate members
and/or of material other than ceramics.

[0026] In the first embodiment, among the press-con-
tact elements 40 and 41, the press-contact element 40
functions as a fixed press-contact element 40, while the
press-contact element 41 functions as a movable press-
contact element 41. The fixed press-contact element 40
is fixed with screws 53 to an upper portion of the outer
surface of the right side wall of the casing 23, on which
the fixed gate member 26 is provided, with the first plate
member 42 therebetween. As illustrated in FIGS. 2, 3,
and 7, the movable press-contact element 41 is attached
to the connecting unit 55 that is attached to an attaching
portion 54 of the upper swinging member 20. The con-
necting unit 55 includes a first connecting member 56
fixed to the attaching portion 54 of the upper swinging
member 20, a second connecting member 58 swingably
coupled to the first connecting member 56, and a con-
necting shaft 59 that connects the first connecting mem-
ber 56 and the second connecting member 58 together.
The movable press-contact element 41 is fixed to the
second connecting member 58 with screws 57. The con-
necting shaft 59 extends parallel to the spindle 30 that
supports the swinging members 20 and 21 and the like
discussed above. The second connecting member 58
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and the movable press-contact element 41 attached to
the second connecting member 58 are pivotable in one
piece about the connecting shaft 59.

[0027] The upper swinging member 20 has a configu-
ration similar to that of the lower swinging member 21.
Asiillustrated in FIGS. 3 and 7, the upper swinging mem-
ber 20 is substantially L-shaped as viewed from above.
The upper swinging member 20 includes a central boss
60 that is pivotally supported on the spindle 30 that is
fixed to the lower bracket 19. This configuration allows
the upper swinging member 20 to pivot about the spindle
30. Afirstend of the upper swinging member 20 is formed
as the attaching portion 54 for the first connecting mem-
ber 56, while a second end, or the other end, of the upper
swinging member 20 is formed as an operated portion
61 to be swung by the first lever 67 or the second lever
68 similar to the lower swinging member 21.

[0028] The driving mechanism 22 drives the movable
gate member 27 and the movable press-contact element
41 with a single driving source. As illustrated in FIG. 3,
the driving mechanism 22 includes a first actuator (driving
source) 65 for opening/closing the movable gate member
27 and the movable press-contact element 41 to thereby
effect switching between an open position and a closed
position (the standby position and the operating position),
a second actuator (driving source) 66 for adjusting tor-
ques of the upper and lower swinging members 20 and
21 and also torques at the movable gate member 27 and
the movable press-contact element 41, the first lever 67
and the second lever 68 each pivotally supported on the
spindle 30, a first tie rod 70 that is coupled at a first end
to afirst end of the first lever 67 and coupled at a second
end to a rotary shaft 69 of the first actuator 65, and a
second tie rod 72 that is coupled at a first end to a first
end (pivot end) of the second lever 68 and coupled at a
second end to a rotary shaft 71 of the second actuator
66. For example, each of the first actuator 65 and the
second actuator 66 is a rotary solenoid.

[0029] As illustrated in FIGS. 3 and 5 to 7, first oper-
ating portions 73 causing the upper and lower swinging
members 20 and 21 to pivot for switching between the
open position and the closed position of the movable gate
member 27 and the movable press-contact element 41
are provided at an upper portion and a lower portion of
the first lever 67 on a first-end side of the first lever 67.
A second operating portion 74 is provided at a bottom
portion of the first lever 67 on a second-end side of the
first lever 67. When the first lever 67 is pivoted about the
spindle 30 counterclockwise in FIG. 4 to move the mov-
able gate member 27 and the movable press-contact el-
ement 41 from the standby position illustrated in FIG. 4
to the operating position illustrated in FIGS. 3 and 6, the
second operating portion 74 abuts on a second end of
the second lever 68, causing the second lever 68 to also
pivot counterclockwise in FIG. 4 about the spindle 30.
[0030] The second lever 68, which is forged in a sub-
stantial L-shape as viewed from above, includes a boss
75, which is supported on the spindle 30 at a portion on
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a third-end side. An upper operating portion 76 and a
lower operating portion 77 that correspond to the upper
swinging member 20 and the lower swinging member
21, respectively, are provided at an upper portion and a
lower portion, respectively, of the second lever 68 on the
second-end side (see FIG. 5). The upper and lower op-
erating portions 76 and 77 are arranged at vertical posi-
tions so that the upper and lower operating portions 76
and 77 face the operated portions 61 and 33 of the upper
and lower swinging members 20 and 21, respectively.
Elastic members (in the illustrated example, rubber) 78
and 79 are attached, respectively, to a facing surface of
the operating portion 76 and a facing surface of the op-
erating portion 77, the facing surfaces facing each other.
A coupling unit 80 extending parallel to the operating por-
tions 76 and 77 as viewed from above is provided on the
second lever 68 at a position between the upper and
lower operating portions 76 and 77. The first end of the
second tie rod 72 is coupled to a distal end portion of the
coupling unit 80. In a state where the movable gate mem-
ber 27 and the movable press-contact element 41 are at
the operating position illustrated in FIG. 3, when the sec-
ond actuator 66 causes the second lever 68 to pivot coun-
terclockwise in FIG. 3 about the spindle 30 via the second
tie rod 72, the upper and lower operating portions 76 and
77 press the operated portions 61 and 33 on the upper
and lower swinging members 20 and 21 with the elastic
members therebetween. In contrast, when the second
lever 68 is pivoted clockwise in FIG. 3, pressure exerted
by the operating portions 76 and 77 is eased or released.
Thus, the second actuator 66 can adjust torques of the
upper and lower swinging members 20 and 21, and also
a tension on the yarn Y and a force (nip force on the yarn
Y) exerted by the press-contactelement41ontheyarn.
[0031] As each of the elastic members 78 and 79 at-
tached to the upper and lower operating portions 76 and
77 of the second lever 68, itis desirable to use a member
that appropriately achieves its purpose. More specifical-
ly, when the operated portions 61 and 33 are pressed
against the upper and lower swinging members 20 and
21 with the elastic members 78 and 79 therebetween,
the elastic member 78 should preferably achieve, at the
upper swinging member 20, a torque appropriate for ten-
sion application performed by the movable gate member
27, while the elastic member 79 should preferably
achieve, at the lower swinging member 21, a torque ap-
propriate for removal of protruding hairs performed by
the press-contact element 41.

[0032] The first actuator 65 and the second actuator
66 are driven under control by a control device 83 (see
FIG. 1) that controls various units in the yarn winding
device (automatic winder) 1. To open the movable gate
member 27 and the movable press-contact element 41,
rotary motive power of the first actuator 65 is transmitted
to the movable press-contact element 41 and the mov-
able gate member 27 via the movable press-contact el-
ement 41, the movable gate member 27, the upper and
lower swinging members 20 and 21, and the like. When
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the first actuator 65 is actuated from the state illustrated
in FIGS. 3, 6, and 7, the first lever 67 pivots about the
spindle 30 clockwise in FIGS. 3, 6, and 7, thereby moving
the movable press-contact element41 and movable gate
member 27 for switching from the operating position il-
lustrated in FIGS. 3, 6, and 7 to the standby position
illustrated in FIG. 4.

[0033] To close the movable gate member 27 and the
movable press-contact element 41, rotary motive power
exerted by the first actuator 65 is transmitted to the mov-
able press-contact element 41 and the movable gate
member 27 via the first tie rod 70, the first lever 67, the
second lever 68, the upper and lower swinging members
20 and 21, and the like. When the first actuator 65 is
actuated from the state illustrated in FIG. 4, the first lever
67 pivots about the spindle 30 counterclockwise in FIG.
4. This causes the second operating portion 74 of the
first lever 67 to abut on the second end of the second
lever 68, which in turn pivots about the spindle 30. When
the second lever 68 has pivoted in this way, the elastic
members 79 and 78 arranged on the second lever 68
abut on the operated portions 61 and 33 of the upper and
lower swinging members 20 and 21, causing the swing-
ing members 20 and 21 to also pivot about the spindle
30. Thus, the movable press-contact element 41 and the
movable gate member 27 move to switch from the stand-
by position to the operating position.

[0034] When the movable press-contact element 41
and the movable gate member 27 have reached the op-
erating position, the second actuator 66 is driven. Rotary
motive power of the second actuator 66 is transmitted to
the movable press-contact element 41 and the movable
gate member 27 via the second tie rod 72, the second
lever 68, the upper and lower swinging members 20 and
21, and the like to perform more subtle adjustment of the
operating position of the movable press-contact element
41 and the movable gate member 27. As a result, as
illustrated in FIGS. 2 and 6, the movable comb teeth 34
and the fixed comb teeth 28 are staggered in a predeter-
mined arrangement. The yarn Y is pinched between the
comb teeth 28 and 34 producing zigzag bent portions in
theyarnY.Atensionis applied onthe yarnY by africtional
force produced at the bent portions of the yarn Y. As
illustrated in FIGS. 2 and 7, the yarn Y is also pinched
between the yarn contacting portion (first yarn contacting
portion) 49, which is the arcuate protrusion of the fixed
press-contact element 40, and the yarn contacting por-
tion (second yarn contacting portion) 51, which is the
arcuate protrusion of the movable press-contact element
41. Protruding hairs are plucked from a surface of the
yarn Y because the surface of the running yarn Y is
rubbed against the yarn contacting portions 49 and 51
where the yarn Y has been pinched.

[0035] The control device 83 adjusts a voltage (electric
current) applied on the second actuator 66 depending on
the tension value output from the tension sensor 6 to
control the torques at the movable press-contact element
41 and the movable gate member 27 so that an appro-
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priate tensionis applied onthe yarn Y, and an appropriate
force, or pressure, is exerted by the first and second yarn
contacting portions 49 and 51 on the yarn Y. The control
device 83 adjusts the tension on the yarn Y by controlling
driving of the second actuator 66 depending on the ten-
sion value output from the tension sensor 6.

[0036] In the yarn winding device 1 configured as dis-
cussed above, when the yarn Y is run upward as shown
in FIG. 1, in a state where the movable gate member 27
and the movable press-contact element 41 are at the
operating position, in order that the yarn Y fed from the
yarn feeding bobbin B supported by the bobbin support
unit 3 is wound on the winding unit 9 to form the package
P, the yarn Y is wound on the winding unit 9 under a
tension of a predetermined magnitude that is applied by
the tension device 10. While the yarn Y is being wound
in this way, the yarn Y contacts a guiding portion and the
like. Accordingly, protruding hairs of various lengths, from
short protruding hairs equal to or shorter than 1 mm to
long protruding hairs equal to or longer than 10 mm, are
produced on the surface of the yarn Y that has passed
through the tension device 10.

[0037] After passing through the tension device 10, the
yarn Y with the protruding hairs passes through the hair-
iness reducing device 11 arranged above the tension de-
vice 10. While the yarn Y passes through the hairiness
reducing device 11, relatively longer protruding hairs
equal to or longer than 3 mm are removed from the yarn
Y as discussed below. The yarn Y that runs along the
yarn path is pinched between the yarn contacting por-
tions 49 and 51 of the pair of the press-contact elements
40 and 41 provided in the hairiness reducing device 11.
When the yarn Y in the pinched state passes through a
nip between the yarn contacting portions 49 and 51, a
frictional force is applied to the protruding hairs on the
surface of the yarn Y to remove the protruding hairs by
plucking the protruding hairs.

[0038] In this removal, if the force (nip force) exerted
on the yarn Y in the nip between the yarn contacting
portions 49 and 51 is too strong, the surface of the yarn
Y is roughened, which adversely produces the protruding
hairs. Moreover, if the contact area with the yarn Y is
larger, a distance, over which the surface of the yarn Y
is rubbed, increases, which also adversely produces the
protruding hairs. Tensions of the same magnitude are
applied onthe yarn'Y by the first actuator 65 via the lower
swinging member 21 and the movable gate member 27.
Moreover, forces of the same magnitude are exerted on
the yarn Y via the upper swinging member 20 and the
movable press-contact element 41 for removal of pro-
truding hairs.

[0039] However,iftheyarnY is pinched between point-
ed protrusions, a contact area where contact with the
yarn Y to be made is considerably small, causing the
pressure (nip force) to be concentrated on the contact
area. The thus-concentrated strong force roughens the
yarn and adversely produces the protruding hairs. When
anincrease in an amount of the protruding hairs resulting
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from such production of protruding hairs is greater than
a decrease in an amount of the protruding hairs resulting
from protruding-hair plucking, a total amount of the pro-
truding hairs disadvantageously increases. If the contact
area with the yarn is too large, concentration of the pres-
sure (nip force) will not occur. In such a case, a force of
a magnitude necessary for plucking the protruding hairs
cannot be obtained. Furthermore, the larger the contact
area where contact with the yarn Y is to be made, the
longer the distance, over which the surface of the yarn
Y is rubbed. This results in an increase in the amount of
protruding hairs. A difference between the decrease in
the amount of the protruding hairs due to the protruding-
hair plucking and the increase in the amount due to the
production of the protruding hairs is measured as a re-
sultant amount of the protruding hairs. However, when a
hairiness reducing unit has a flat contact area where con-
tact with a yarn is to be made, sufficient hairiness reduc-
ing effect will not be obtained.

[0040] In contrast, in the hairiness reducing device 11
configured as discussed above, each of the upper first
and second yarn contacting portions 48 and 50 and the
lower first and second yarn contacting portions 49 and
51 of the pair of press-contact elements 40 and 41 that
are arranged with the yarn path interposed therebetween
is the arcuate protrusion extending orthogonal to the yarn
path of the yarn Y and configured to pinch the yarn Y
between the facing protrusions. With this configuration,
although a direct contact between the facing arcuate pro-
trusions is a curved-surface-to-curved-surface contact,
a contact between the protrusions and the yarn Y that
passes through the nip, in the state of being pinched be-
tween the protrusions in the direction orthogonal to the
protrusions, is a line contact that is close to a point con-
tact. When the yarn Y pinched between the arcuate pro-
trusions that are placed at the two, or upper and lower,
positions separated by a predetermined distance is run
in such a line-contact state close to a point-contact state,
in spite that the contact area where contact with the yarn
Y is to be made is relatively small, concentration of the
pressure (nip force) does not occur in contrast to a con-
figuration where a yarn is pinched between the pointed
protrusions. The relatively small contact area where a
contact with the yarn Y is to be made not only provides
a plucking force of a required magnitude but also pre-
vents an increase in the amount of the protruding hairs,
which can occur when the distance, over which the sur-
face of the yarn Y is rubbed, is elongated. In addition,
long protruding hairs are more readily plucked off from a
yarn than short protruding hairs because a larger friction-
al force is applied on the long protruding hairs when the
yarn passes through the nip between the arcuate protru-
sions. Thus, the hairiness reducing device 11 discussed
above and the yarn winding device 1 including the hair-
iness reducing device 11 are each capable of removing
or suppressing relatively longer protruding hairs (protrud-
ing hairs equal to or longer than 3 mm) produced on the
yarn Y being wound to form the package P.
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[0041] The pair of press-contact elements 40 and 41
of the first embodiment is simple in configuration and
configured such that the two pairs, or the upper and lower
pairs, of the press-contact portions (press-contact mem-
bers) 44, 45, 46, and 47 extending in the direction or-
thogonal to the yarn path are provided on and along the
upper edges and the lower edges of the plate members
42 and 43, which are rectangular as viewed from the
facing surfaces of the plate members 42 and 43. Hence,
the press-contact elements 40 and 41 can be manufac-
tured relatively easily. The hairiness reducing device 11
can be configured to temporarily store fluff in space be-
tween the two pairs, or the upper and lower pairs, of the
press-contact portions (press-contact members) 44, 45,
46, and 47 so that the fluff is sucked by a suction device
or the like provided in the yarn winding device 1.

Second Embodiment

[0042] FIGS. 8A and 8B are diagramsiillustrating a pair
of press-contact elements 85 and 86 according to a sec-
ond embodiment of the present invention. Each of the
press-contact elements 85 and 86 includes a plate-like
portion that is circular as viewed from a side of facing
surfaces (the side where the press-contact elements 85
and 86 contact a yarn) of the press-contact elements 85
and 86. The plate-like portion of the press-contact ele-
ment 85 is referred to as a first plate member 87, while
the plate-like portion of the press-contact element 86 is
referred to as a second plate member 88. A ring-shaped
press-contact portion (press-contact member) 89 and a
ring-shaped press-contact portion (press-contact mem-
ber) 90 are provided facing each other on the press-con-
tact element 85 and the press-contact element 86, re-
spectively, along rims of the facing surfaces. Yarn con-
tacting portions 91 and 92 that come into contact with a
yarn to retain the yarn are formed on the facing surfaces
of the press-contact portions 89 and 90. Each of yarn
contacting portions 91 and 92 includes a protrusion that
is arcuate in a cross section of the press-contact element
85 or the press-contact element 86 taken along a radial
direction. The screw through holes 52 for fixing the press-
contact element 85 to the casing 23 illustrated in FIG. 2
and the press-contact element 86 to the connecting unit
55 illustrated in FIG. 7 are formed in central portions of
the plate members 87 and 88 of the press-contact ele-
ments 85 and 86.

[0043] With this configuration, a running yarn can be
pinched between the yarn contacting portion 91, which
is the arcuate protrusion of the press-contact element
85, and the yarn contacting portion 92, which is also the
arcuate protrusion of the press-contact element 86; fur-
thermore, the yarn is pinched at two positions, or upper
and lower positions, separated by a predetermined dis-
tance. Hence, similar to the first embodiment, it is possi-
ble to run a yarn in a state where the yarn makes a point
contact against the yarn contacting portions 91 and 92.
This leads to effective removal or suppression of rela-
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tively longer protruding hairs (protruding hairs equal to
or longer than 3 mm) produced on a yarn being wound
to form a package. The press-contact elements 85 and
86 can be fabricated easily because they are simple in
configuration. It is also possible to store fluff in a space
S between the pair of press-contact elements 85 and 86.

Third Embodiment

[0044] FIGS. 9A and 9B are diagrams illustrating a pair
of press-contact elements 93 and 94 according to a third
embodiment of the present invention. In the third embod-
iment, the press-contact element 93, which is one of the
pair of press-contact elements 93 and 94, is identical with
the press-contact element 85 according to the second
embodiment in configuration. Corresponding parts and
elements are denoted by like reference numerals. Note
that the configuration of the other one, or the press-con-
tact element 94, differs from that according to the second
embodiment. Specifically, although the press-contact el-
ement 94 of the third embodiment includes a press-con-
tact portion (second press-contact member) 95 that faces
the yarn path, a yarn contacting portion (second yarn
contacting portion) 96 provided on the press-contact por-
tion 95 is a flat surface along the yarn path. More specif-
ically, a rim of an end surface, on a side of the yarn con-
tacting portion 96, of the press-contact portion (second
press-contact member) 95 that faces the yarn path is
chamfered, by which an arcuate chamfered portion 97 is
formed. A surface of the portion surrounded by the cham-
fered portion 97 is flat. The flat surface portion immedi-
ately inside the chamfered portion 97 is the second yarn
contacting portion 96. The press-contact elements 93
and 94 are configured to pinch a yarn between the second
yarn contacting portion 96, which is the flat surface, and
the yarn contacting portion (first yarn contacting portion)
91, which is the arcuate protrusion on the press-contact
element 93. Also in the third embodiment, the screw
through holes 52 for fixing the press-contact element 93
to the casing 23 illustrated in FIG. 2 and the press-contact
element 94 to the connecting unit 55 illustrated in FIG. 7
are defined in central portions of the plate member 87
and a plate member 98 of the press-contact elements 93
and 94.

[0045] With this configuration, it is possible to pinch a
running yarn between the yarn contacting portion (first
yarn contacting portion) 91, which is the arcuate protru-
sion, and the yarn contacting portion (second yarn con-
tacting portion) 96, which is the flat surface. Therefore,
it is possible to run a yarn in a state where the yarn is
making a point contact relative to the first yarn contacting
portion 91. In this state, the yarn is making a surface
contact relative to the second yarn contacting portion 96;
however, the yarn is in a point-contact state relative to
the first yarn contacting portion 91. Accordingly, a fric-
tional force at a portion where the point contact is made
plucks and removes protruding hairs from the surface of
the yarn. Furthermore, the press-contact elements 93
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and 94 can be fabricated easily because of simple con-
figuration.

[0046] Each of FIGS. 10A to 10E illustrates a pair of
press-contact elements 100 and 101 according to Com-
parative Examples 1to 5 of the presentinvention. InCom-
parative Example 1 illustrated in FIG. 10A, each of yarn
contacting portions 102 of the pair of press-contact ele-
ments 100 and 101 is a flat surface. In Comparative Ex-
ample 2 illustrated in FIG. 10B, a press-contact portion
(press-contact member) 104 of the press-contact ele-
ment 100, which is one of the pair of press-contact ele-
ments 100 and 101, includes, as does the press-contact
element 86 of the second embodiment, upper and lower
yarn contacting portions 105, which are arcuate protru-
sions, while yarn contacting portions 106, which corre-
spond to the yarn contacting portions 105, of the other
press-contactelement 101 are formed as arcuate recess-
es conforming to the arcuate protrusions. In Comparative
Example 3 illustrated in FIG. 10C, yarn contacting por-
tions 107, which are arcuate protrusions, are provided at
upper two positions and lower two positions (four posi-
tions in total) on each of facing surfaces of the pair of
press-contact elements 100 and 101 so as to face each
other. In Comparative Example 4 illustrated in FIG. 10D,
a yarn contacting portion 108 of the press-contact ele-
ment 100, which is one of the pair of press-contact ele-
ments 100 and 101, is aflat surface, while yarn contacting
portions 109 of the other press-contact element 101 are
saw-teeth-like protrusions havingflat distal ends. In Com-
parative Example 5 illustrated in FIG. 10E, yarn contact-
ing portions 109 of each of the pair of press-contact el-
ements 100 and 101 are saw-teeth-like recesses having
flat distal ends. Any one of the press-contact elements
100 and 101 illustrated in FIGS. 10A to 10E is circular
(round) as viewed from facing surfaces of the press-con-
tact elements 100 and 101.

Experiment

[0047] To verify the advantages of the present inven-
tion, a protruding-hair removal experiment was conduct-
ed on the first to third embodiments and Comparative
Examples 1 to 5. FIG. 11 presents a result of the test.
The test was carried out by using, as a press-contact
element, the press-contact element according to each of
the embodiments and Comparative Examples, and the
yarn winding device according to the first embodiment
other than the press-contact element. Under such a con-
dition as discussed above, the yarn fed from a yarn feed-
ing bobbin was wound to form a package. An amount of
protruding hairs on a yarn on the yarn feeding bobbin
and an amount of protruding hairs on a yarn wound on
the package were measured to determine hairiness-in-
crease suppression ratio. FIG. 11 is a table of a result of
the test. The greater the numerical values (ratio by which
an increase in hairiness is suppressed) in the table, the
more effectively the hairiness is suppressed.

[0048] FIG. 11 demonstrates that when any one of the
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press-contact elements according to the first to third em-
bodiments is used, production of protruding hairs of each
one of the lengths is suppressed as compared to a con-
figuration where the press-contact element according to
any one of Comparative Examples 1 to 5 is used. This
hairiness suppression effect is remarkable for protruding
hairs of which lengths are 2 mm to 15 mm.

[0049] Each of the first press-contact members in-
cludes a first yarn contacting portion, each of the second
press-contact members includes a second yarn contact-
ing portion, and the first yarn contacting portions and the
second yarn contacting portions retain the yarn by sand-
wiching the yarn. In each pair of the press-contact mem-
bers, the first yarn contacting portion is a protrusion that
is arcuate along the yarn path, while the second yarn
contacting portion is a protrusion arcuate along the yarn
path or a flat surface extending along the yarn path. The
second yarn contacting portion is preferably an arcuate
protrusion and is identical with the first yarn contacting
portion in shape. The "protrusion that is arcuate along
the yarn path" means such a protrusion whose outline
on a cross section of the press-contact member, includ-
ing the yarn contacting portions and the yarn path, taken
along the yarn path is arcuate on a side facing the yarn
path.

[0050] More specifically, the hairiness reducing device
could further include a first plate member and a second
plate member that are arranged with the yarn path inter-
posed therebetween, and the first press-contact mem-
bers are arranged on a plate surface of the first plate
member, while the second press-contact members are
arranged on a plate surface of the second plate member.
At least one of the first plate member and the second
plate member should preferably be swingably supported
on a side of a plate surface opposite from the plate sur-
face where corresponding ones of the first press-contact
members and the second press-contact members are
arranged.

[0051] The number of positions where the pairs of
press-contact members are arranged can be two, three,
or four. It is preferable to arrange the pairs of press-con-
tact members at two positions to achieve particularly ef-
fective hairiness reduction. If the number of positions is
one, the hairiness reduction effect may be insufficient,
whereas if the number of positions is equal to or greater
than five, protruding hairs can adversely increase.
[0052] Itis preferable to arrange the first press-contact
members extending in a direction orthogonal to the yarn
path on the first plate member at two positions separated
by a predetermined distance in a direction along the yarn
path, and to arrange the second press-contact members
extending in the direction orthogonal to the yarn path on
the second plate member at two positions separated by
a predetermined distance in the direction along the yarn
path.

[0053] The press-contact members could be ring
shaped as viewed from the yarn path.

[0054] A shape of the first plate member on which the
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first press-contact members are arranged and the sec-
ond plate member on which the second press-contact
members are arranged could be identical. The term
"identical in shape" means that, for example, as viewed
from the yarn path that is pinched between the press-
contact members, external shapes (outlines) of the plate
members are identical (e.g., same rectangles, same cir-
cles, or the like).

[0055] According to another aspect of the present in-
vention, a yarn winding device includes a bobbin support
unit that supports a yarn feeding bobbin; a winding unit
that winds a yarn fed from the yarn feeding bobbin sup-
ported on the bobbin support unit to form a package; and
any one of the hairiness reducing devices discussed
above.

[0056] The yarn winding device according to the
present invention further includes a tension applying de-
vice, which applies a tension on the yarn that is wound
on the winding unit, and a control device that controls the
tension applied by the tension applying device and the
hairiness reducing device. It is desirable that the yarn
winding device includes a driving mechanism that drives
with a single driving source the tension applying device
and the hairiness reducing device mounted on a one-
piece frame.

[0057] The hairiness reducing device according to still
another aspect of the presentinventionincludes the pairs
of press-contact members, on which the yarn contacting
portions are formed, that are arranged along the yarn
path, along which a yarn that is wound on the winding
unit runs. Each of the pairs of press-contact members
includes the first press-contact member and the second
press-contact member that are arranged with the yarn
path interposed therebetween. At least one of the set of
first press-contact members and the set of second press-
contact members that form the pairs of press-contact
members includes the moving mechanism for moving
one of the sets relative to remaining one of the sets. This
makes it possible to pinch a running yarn between the
yarn contacting portions on the pairs of press-contact
members. Accordingly, it is possible to apply a frictional
force to protruding hairs on a surface of the yarn, thereby
removing the protruding hairs by plucking the protruding
hairs.

[0058] When applying the frictional force, if the force,
or pressure, or the nip force, exerted on the yarn pinched
between the yarn contacting portions is too strong, the
surface of the yarn is roughened, which adversely pro-
duces protruding hairs; if a contact area where a contact
with the yarn is to be made is large, the distance, over
which the surface of the yarn is rubbed, increases, which
also adversely produces protruding hairs. The tension
applied on the yarn is constant. The force exerted on the
yarn to remove protruding hairs is also constant. How-
ever, forexample, whenthe yarnis nipped between point-
ed protrusions, a contact area where contact with the
yarn is to be made is considerably small, causing a pres-
sure (nip force) to concentrate onto the contact area. This
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strong force concentrated on a small area roughens the
yarn and disadvantageously produces protruding hairs.
When an increase in an amount of the protruding hairs
resulting from such production of protruding hairs is
greater than a decrease in an amount of the protruding
hairs resulting from protruding-hair plucking, a total
amount of the protruding hairs disadvantageously in-
creases. If the contact area where a contact with the yarn
is to be made is too large, concentration of the pressure
(nip force) will not occur. In such a case, a force with a
magnitude necessary for plucking the protruding hairs
cannot be obtained. Furthermore, the larger the contact
area where a contact with the yarn is to be made, the
longer the distance, over which the surface of the yarn
is rubbed. This leads to an increase in the amount of the
protruding hairs. A difference between the decrease in
the amount of the protruding hairs due to the protruding-
hair plucking and the increase in the amount of the pro-
truding hairs due to the production of the protruding hairs
is measured as aresultantamount of the protruding hairs.
However, when a hairiness reducing unit has a flat con-
tact area where a contact with a yarn is to be made, suf-
ficient hairiness reducing effect will not be obtained.
[0059] Incontrast, in the hairiness reducing device ac-
cording to still another aspect of the present invention,
each of the first yarn contacting portions formed on the
first press-contact members of the pairs of press-contact
members is a protrusion that is arcuate along the yarn
path, while each of the second yarn contacting portions
formed on the second press-contact members of the
pairs of press-contact members is a flat surface along
the yarn path or a protrusion that is arcuate along the
yarn path. Accordingly, at least the first yarn contacting
portions (and the second yarn contacting portions in a
configuration where the second yarn contacting portions
are the protrusions that are arcuate along the yarn path)
make a point contact with a running yarn. When the yarn
is caused to run through a nip between the yarn contact-
ing portions, at least in the yarn contacting portions that
are arcuate protrusions, in spite that a contact areawhere
a contact with the yarn Y is to be made is relatively small,
concentration of the pressure (nip force) does not occur
in contrast to a configuration where a yarn is pinched
between the pointed protrusions. The relatively small
contact area where a contact with the yarn Y is to be
made not only provides a plucking force of a required
magnitude but also prevents an increase in the amount
of the protruding hairs, which can occur when the dis-
tance, over which the surface of the yarn is rubbed, is
elongated. Furthermore, long protruding hairs are more
readily plucked off from a yarn than short protruding hairs
because a larger frictional force is applied on the long
protruding hairs when the yarn passes through the nip
between the arcuate protrusions.

[0060] Thus, the hairiness reducing device according
to still another aspect of the present invention is capable
of removing or suppressing relatively longer protruding
hairs (protruding hairs equal to or longer than 3 mm) pro-
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duced on the yarn being wound to form a package.
[0061] Inayarn winding device including the hairiness
reducing device, in which the second yarn contacting por-
tions are also arcuate protrusions, a running yarn is to
be pinched between the arcuate protrusions and the pro-
trusions on the yarn path. This makes it possible to ap-
propriately concentrate pressure on surfaces of the ar-
cuate protrusions, thereby removing relatively longer
protruding hairs without further producing protruding
hairs. When the second yarn contacting portions are ar-
cuate protrusions that are identical in shape with the first
yarn contacting portions, a yarn is to be pinched between
the identical protrusions. This facilitates finding a portion
on which nip stress concentrates, thereby making an ad-
justment of the nip force and the like for optimum hairi-
ness reduction (suppression) easy.

[0062] The hairiness reducing device according to still
another aspect of the present invention includes the first
plate member, on which the first press-contact members
are arranged, and the second plate member, on which
the second press-contact members are arranged, ar-
ranged with the yarn path interposed therebetween. At
least one of the first plate member and the second plate
member is swingably supported on a side of a plate sur-
face opposite from the plate surface where correspond-
ing one of the first press-contact members and the sec-
ond press-contact members are provided. In this hairi-
ness reducing device, the press-contact members are
provided on the plate member that swings. Accordingly,
a stress exerted for removal of the protruding hairs is
equally distributed to the press-contact members. This
causes the press-contact members to exert an equal ef-
fect for removal of the protruding hairs.

[0063] When the hairiness reducing device is config-
ured such that the first press-contact members extending
in the direction orthogonal to the yarn path are arranged
on the first plate member at two positions separated by
a predetermined distance in the direction along the yarn
path, and the second press-contact members extending
in the direction orthogonal to the yarn path are arranged
on the second plate member at two positions separated
by a predetermined distance in the direction along the
yarn path, fluff can be stored in a space between the
press-contact members. Furthermore, the press-contact
members can be fabricated easily because of simple con-
figuration.

[0064] Shaping each of the press-contact members as
a portion of a ring-shaped member is also advantageous
in terms of manufacturing because this makes the press-
contact members simple in configuration.

[0065] When the first plate member on which the first
press-contact members are arranged, and the second
plate member on which the second press-contact mem-
bers are arranged, are identical in shape, a yarn is
pinched between the identical protrusions. This facili-
tates finding a portion on which nip stress concentrates,
thereby making the adjustment easy.

[0066] The yarn winding device according to still an-
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other aspect of the present invention includes the bobbin
support unit that supports the yarn feeding bobbin, the
winding unit that winds a yarn fed from the yarn feeding
bobbin supported on the bobbin support unit to form a
package, the tension applying device that applies a ten-
sion on the yarn that is wound on the winding unit, and
the control device that controls tension application, which
is performed by the tension applying device, and the hair-
iness reducing device. This makes it possible for the con-
trol unit to control tension application by the tension ap-
plying device, application of force or pressure by the hair-
iness reducing device for removal of protruding hairs,
and tension application by the tension applying device
and the hairiness reducing device. Accordingly, tension
application appropriate for hairiness reduction and yarn
winding can be achieved.

[0067] When the yarn winding device is configured
such that the tension applying device and the hairiness
reducing device are mounted on the one-piece frame,
attachment and detachment of the tension applying de-
vice and the hairiness reducing device to and from the
yarn winding device are facilitated because attachment
and detachment can be performed integrally with the
frame member as a unit. Driving the tension applying
device and the hairiness reducing device with the single
driving source in a sharing manner reduces the number
of driving sources as compared to a configuration where
the tension applying device and the hairiness reducing
device are driven individually by different driving sources.
Hence, cost reduction by the reduced number of driving
sources can be achieved.

[0068] While the presentinvention has been described
with respect to preferred, embodiments thereof, it will be
apparent to those skilled in the art that the disclosed in-
vention may be modified in numerous ways and may as-
sume many embodiments other than those specifically
set out and described above. Accordingly, it is intended
by the appended claims to cover all modifications of the
present invention that fall within the true spirit and scope
of the present invention.

Claims

1. A hairiness reducing device for removing protruding
hairs that are produced on a surface of a yarn when
the yarn fed from a yarn feeding bobbin is wound on
a winding unit, the hairiness reducing device com-
prising:

a plurality of pairs of press-contact members ar-
ranged along a yarn path, along which the yarn
that is wound on the winding unit runs, each of
the pairs of press-contact members being
formed by a first press-contact member and a
second press-contact member arranged along
the yarn path with the yarn path interposed ther-
ebetween, wherein
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at least one of a set of first press-contact mem-
bers and a set of second press-contact mem-
bers that form the pairs of press-contact mem-
bers includes a moving mechanism for moving
one of the set of first press-contact members
and the set of second press-contact members
relative to remaining one of the set of first press-
contact members and the set of second press-
contact members,

each of the first press-contact members in-
cludes a first yarn contacting portion, each of
the second press-contact members includes a
second yarn contacting portion, and thefirstyarn
contacting portions and the second yarn con-
tacting portions retain the yarn by sandwiching
the yarn,

the first yarn contacting portion in each pair of
press-contact members is a protrusion that is
arcuate along the yarn path, and

the second yarn contacting portion in each pair
of press-contact members is a protrusion that is
arcuate along the yarn path.

A hairiness reducing device for removing protruding
hairs that are produced on a surface of a yarn when
the yarn fed from a yarn feeding bobbin is wound on
a winding unit, the hairiness reducing device com-
prising:

a plurality of pairs of press-contact members ar-
ranged along a yarn path, along which the yarn
that is wound on the winding unit runs, each of
the pairs of press-contact members being
formed by a first press-contact member and a
second press-contact member arranged along
the yarn path with the yarn path interposed ther-
ebetween, wherein

at least one of a set of first press-contact mem-
bers and a set of second press-contact mem-
bers that form the pairs of press-contact mem-
bers includes a moving mechanism for moving
one of the set of first press-contact members
and the set of second press-contact members
relative to remaining one of the set of first press-
contact members and the set of second press-
contact members,

each of the first press-contact members in-
cludes a first yarn contacting portion, each of
the second press-contact members includes a
second yarn contacting portion, and thefirstyarn
contacting portions and the second yarn con-
tacting portions retain the yarn by sandwiching
the yarn,

the first yarn contacting portion in each pair of
press-contact members is a protrusion that is
arcuate along the yarn path, and

the second yarn contacting portion in each pair
of press-contact members is a flat surface along
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the yarn path.

The hairiness reducing device according to Claim 1,
wherein the second yarn contacting portion is iden-
tical with the first yarn contacting portion in shape.

The hairiness reducing device according to any one
of Claims 1 to 3, further comprising:

afirst plate member and a second plate member
that are arranged with the yarn path interposed
therebetween, wherein

the first press-contact members are arranged
on a plate surface of the first plate member,
the second press-contact members are ar-
ranged on a plate surface of the second plate
member, and

at least one of the first plate member and the
second plate member is swingably supported
on a side of a plate surface of one of the first
plate member and the second plate member op-
posite from the plate surface where correspond-
ing ones of the first press-contact members and
the second press-contact members are ar-
ranged.

The hairiness reducing device according to Claim 4,
wherein number of positions where the pairs of
press-contact members are arranged is any one of
two, three, and four.

The hairiness reducing device according to Claim 4,
wherein

the first press-contact members extending in a di-
rection orthogonal to the yarn path are arranged on
the first plate member at two positions separated by
a predetermined distance in a direction along the
yarn path, and

the second press-contact members extending in the
direction orthogonal to the yarn path are provided on
the second plate member at two positions separated
by the predetermined distance in the direction along
the yarn path.

The hairiness reducing device according to Claim 4,
wherein each press-contact member is a portion of
a ring-shaped member.

The hairiness reducing device according to Claim 6
or 7, wherein the first plate member on which the
first press-contact members are arranged and the
second plate member on which the second press-
contact members are arranged are identical in
shape.

A yarn winding device comprising:

a bobbin support unit that supports a yarn feed-
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ing bobbin;

a winding unit that winds a yarn fed from the
yarn feeding bobbin supported on the bobbin
support unit to form a package; and

the hairiness reducing device according to any
one of Claims 1 to 8.

10. Theyarnwindingdevice according to Claim 9, further

1.

comprising

a tension applying device that applies a tension on
the yarn that is wound on the winding unit; and

a control device that controls the tension applied by
the tension applying device, and the hairiness reduc-
ing device.

The yarn winding device according to Claim 10, fur-
ther comprising:

a frame member that supports the tension ap-
plying device and the hairiness reducing device;
and

a driving mechanism that drives the tension ap-
plying device and the hairiness reducing device
with a single driving source.
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