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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The presentinvention relates to a yarn storage
roller, ayarn storage device, and a yarn winding machine.

2. Description of the Related Art

[0002] The yarn winding machine is provided with a
yarn storage roller adapted to store a yarn and the like.
The yarn is wound around an outer circumferential sur-
face of the yarn storage roller by rotating the yarn storage
roller. The yarn storage roller temporarily stores the yarn,
and hence functions as a buffer between a spinning de-
vice and a winding device.

[0003] As described in Japanese Unexamined Patent
Publication No. 2013-063839 and Japanese Unexam-
ined Patent Publication No. 2010-174421, when the yarn
breaks at downstream of the yarn storage roller, the yarn
remains on the yarn storage roller. In this case, the yarn
storage roller is reversely rotated to suck and remove the
remaining yarn with a suction device arranged at a base
of the yarn storage roller. As described in Japanese Un-
examined Patent Publication No. 2013-159467, there is
known a yarn storage roller made of a resin material
which is a non-metallic material. In such a yarn storage
roller, a base layer having nickel or copper as a main
component is formed on the resin, and a plated layer
having chromium as a main component is formed ther-
eon.

[0004] Theinventorsofthe presentinvention have con-
sidered using a roller main body made of aluminum or
aluminum alloy for a roller main body of the yarn storage
roller. If the roller main body is made of aluminum or
aluminum alloy, a torque for rotating the yarn storage
roller can be suppressed low. On the other hand, a pre-
determined hardness is required on the surface of the
yarn storage roller. This is because if the hardness of the
surface is low, flaws and the like are easily formed on
the surface, and the yarn on the yarn storage roller may
get caught at the flaws and the like.

BRIEF SUMMARY OF THE INVENTION

[0005] Itis an object of the presentinvention to provide
a yarn storage roller in which a hardness of a surface is
increased even if the roller main body made of aluminum
or aluminum alloy is used, as well as a yarn storage de-
vice and a yarn winding machine including such a yarn
storage roller.

[0006] A yarn storage roller of the present invention is
ayarn storage roller arranged in a yarn winding machine
and having a surface around which a yarn is wound, the
yarn winding machine including a yarn supplying device
adapted to supply a yarn, and a winding device adapted
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to wind the yarn supplied from the yarn supplying device
into a package; the yarn storage roller including a roller
main body containing aluminum or aluminum alloy; and
a coating layer formed on the roller main body, wherein
a Vickers hardness (Hv) of the coating layer is greater
than orequalto 550. The Vickers hardness (Hv) is smaller
than or equal to 7000. In other words, the roller main
body is made of aluminum or aluminum alloy. The roller
main body is not limited to being made of aluminum hav-
ing a purity of 100% or aluminum alloy. The Vickers hard-
ness (Hv) is a numerical value obtained through a test
method defined in JIS Z 2244, 7725 (Japanese Industrial
Standards corresponding to ISO 6507-1 to 4). The load
used for measuring the Vickers hardness was 0.01 kgf.
The Vickers hardness was measured by a Micro Vickers
Hardness Tester.

[0007] Since aluminum and aluminum alloy are light
weight, the torque when rotating the yarn storage roller
can be suppressed low. The Vickers hardness (Hv) of
the coating layer formed on the roller main body is greater
than or equal to 550, whereby the hardness of the surface
is increased, and flaws and the like are less likely to be
formed on the surface.

[0008] The Vickers hardness (Hv) of the coating layer
is greater than or equal to 700. In this case, the hardness
of the surface is further increased. The Vickers hardness
(Hv) is preferably smaller than or equal to 1500 or smaller
than or equal to 1200.

[0009] Thecoatinglayerincludes anintermediate layer
arranged on the roller main body, and a surface layer
arranged on the intermediate layer and made of a mate-
rial different from that of the intermediate layer. In this
case, the coating layer has a two-layer structure, so that
the hardness of the surface is increased.

[0010] For example, the intermediate layer is made of
non-electrolytic nickel, and the surface layer is formed
by hard chromium plating. With the arrangement of the
intermediate layer made of non-electrolytic nickel, the
surface layer formed by the hard chromium plating can
be easily formed. Since the hardness of the hard chro-
mium plating is high, the hardness of the surface is in-
creased.

[0011] For example, the intermediate layer is formed
by copper plating. Since copper is soft, even if impurities
and the like exist or irregularities are formed on the sur-
face of the roller main body, the impurities and/ or the
irregularities can be covered and hidden by the copper
plating. As a result, the intermediate layer can be made
uniform, and furthermore, the surface of the surface layer
can be made uniform.

[0012] The surface layer includes a non-electrolytic
nickel layer and a hard chromium plated layer formed on
the non-electrolytic nickel layer. The surface layer in-
cludes the non-electrolytic nickel layer, so that the hard
chromium plated layer can be easily formed thereon. The
surface of the surface layer can be made uniform by form-
ing the intermediate layer by the copper plating, and fur-
thermore, the hardness of the surface can be increased
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by arranging the hard chromium plated layer in the sur-
face layer.

[0013] Forexample, the surface layer is formed by the
nickel chromium plating. In this case, the surface of the
surface layer can be made uniform by forming the inter-
mediate layer by the copper plating, and furthermore, the
hardness of the surface is increased by forming the sur-
face layer by the nickel chromium plating.

[0014] The surface of the coating layer is a mirror sur-
face. When detecting whether or not the yarn exists on
the yarn storage roller by a reflective sensor, reflection
efficiency of the light is improved since the surface of the
coating layer is a mirror surface. Detection accuracy of
the reflective sensor is thus enhanced. Furthermore, out-
put in the reflective sensor can be reduced.

[0015] Forexample,the coatinglayerisformed by ther-
mal processing. In this case, the hardness of the coating
layer is increased by performing the thermal processing.
[0016] The thickness of the coating layer is smaller
than 25 um. Ifan impurity and the like exist on the surface
of the roller main body, a crater is likely to be formed at
a periphery of the impurity when the coating layer is
formed on the surface. The diameter of the crater can be
reduced by making the coating layer formed on the sur-
face of the roller main body thin, i.e., smaller than 25 pm.
[0017] A yarn storage device of the present invention
includes a reflective sensor adapted to detect a yarn on
the coating layer. According to such a yarn storage de-
vice, the coating layer is arranged so that the reflection
efficiency of the light at the surface of the yarn storage
roller is improved. The detection accuracy of the reflec-
tive sensor is thus enhanced. Furthermore, the outputin
the reflective sensor can be reduced.

[0018] Theyarnstorage device of the presentinvention
further includes a yarn hooking member arranged to be
relatively rotatable with respect to the yarn storage roller,
and adapted to rotate at a speed same as or different
from that of the yarn storage roller with the yarn hooked
to the yarn hooking member. Since the yarn storage de-
vice includes the yarn hooking member, a travelling
speed (entrance speed) of the yarn entering the yarn
storagerolleris constant, whereas a travelling speed (exit
speed) of the yarn exiting from the yarn storage roller
and a position (unwinding position) where the yarn exits
change. As a result, the yarn slides in a circumferential
direction of the yarn storage roller on the surface of the
yarn storage roller, and the yarn storage roller is in an
easily wearable state. However, since the hardness of
the surface of the yarn storage roller is increased, flaws
and the like are less likely to be formed on the surface
of the yarn storage roller.

[0019] Avyarnwinding machine ofthe presentinvention
includes a draft device adapted to draft a fiber bundle; a
spinning device adapted to spin the fiber bundle drafted
by the draft device to spin a yarn; the yarn storage roller
adapted to store the yarn spun by the spinning device;
and the winding device adapted to wind the yarn stored
on the yarn storage roller into a package. According to
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such a yarn winding machine, since the hardness of the
surface of the yarn storage roller is increased, flaws and
the like are less likely to be formed on the surface of the
yarn storage roller. Therefore, the yarn is prevented from
getting caught at the surface of the yarn storage roller.
Furthermore, since the roller main body contains alumi-
num or aluminum alloy, the torque when rotating the yarn
storage roller can be reduced.

[0020] According to the present invention, the hard-
ness of the surface of the yarn storage roller is increased
even if the roller main body made of aluminum or alumi-
num alloy is used, and flaws and the like are less likely
to be formed on the surface.

BRIEF DESCRIPTION OF THE DRAWINGS
[0021]

FIG. 1isafrontview of a spinning machine according
to one embodiment of the present invention;

FIG. 2is a side view of a spinning unit of the spinning
machine of FIG. 1;

FIG. 3is aperspective viewillustrating a yarn storage
roller in FIG. 2;

FIG.4A s a cross-sectional viewillustrating a coating
layer of the yarn storage roller of the first embodi-
ment;

FIG.4Bis a cross-sectional view llustrating a coating
layer of a yarn storage layer of a second embodi-
ment;

FIG. 5 is a cross-sectional view illustrating a coating
layer of a yarn storage roller of a third embodiment;
FIG. 6A is a cross-sectional view describing a case
where an impurity exist on the roller main body; and
FIG. 6B is a cross-sectional view describing a crater
formed when the impurity exist on the roller main
body.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0022] Embodiments of the present invention will be
hereinafter described with reference to the drawings. The
same reference numerals are denoted on the same com-
ponents in the description of the drawings, and the re-
dundant description will be omitted.

[0023] As illustrated in FIG. 1, a spinning machine
(yarn winding machine) 1 includes a plurality of spinning
units 2, a yarn joining cart 3, a blower box 4, and a motor
box 5. The plurality of spinning units 2 are arranged in a
line, and each spinning unit 2 produces a yarn Y and
winds the yarn Y into a package P. The yarn joining cart
3 performs a yarn joining operation in the spinning unit
2 in which the yarn Y is cut. The blower box 4 accommo-
dates a blower and the like for generating a suction air-
flow, a whirling airflow, or the like at each section of the
spinning unit 2. The motor box 5 accommodates a motor
and the like for supplying power to each section of the
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spinning unit 2.

[0024] In the following description, upstream in a trav-
elling direction of a sliver S, a fiber bundle F, and the yarn
Y is simply referred to as "upstream in the travelling di-
rection", and downstream in the travelling direction is sim-
ply referred to as "downstream in the travelling direction".
A side where a travelling path of the yarn Y is located
with respect to the yarn joining cart 3 is simply referred
to as "front side", and the opposite side is simply referred
to as "back side".

[0025] As illustrated in FIGS. 1 and 2, each spinning
unit 2 includes a draft device 6, a pneumatic spinning
device (spinning device, yarn supplying device) 7, a yarn
monitoring device 8, a tension sensor 9, a yarn storage
device 50, a waxing device 11, and a winding device 12
in this order from the upstream in the travelling direction.
These devices are directly or indirectly supported by a
machine frame 13 such thatthe upstreamin the travelling
direction is the upper side in a machine height direction
(i.e., downstream in the travelling direction is the lower
side in the machine height direction).

[0026] The draft device 6 drafts the sliver S including
a natural fiber such as cotton or the like, a synthetic fiber,
or another fiber to produce the fiber bundle F. The draft
device 6 includes a back roller pair 61, a third roller pair
62, a middle roller pair 64 provided with an apron belt 63
on each roller, and a front roller pair 65 in this order from
the upstream in the travelling direction. Each roller pair
61, 62, 64, 65 feeds the sliver S supplied from a can (not
illustrated) from the upstream towards the downstream
in the travelling direction while drafting the sliver S.
[0027] The pneumatic spinning device 7 applies twists
to the fiber bundle F drafted by the draft device 6 with
the whirling airflow to spin the yarn (spun yarn) Y. More
specifically (although not illustrated), the pneumatic spin-
ning device 7 includes a spinning chamber, a fiber guiding
section, awhirling airflow generating nozzle, and a hollow
guide shaft body. The fiber guiding section is adapted to
guide the fiber bundle F supplied from the draft device 6
located upstream in the travelling direction to the spinning
chamber. The whirling airflow generating nozzle is ar-
ranged at a periphery of a path through which the fiber
bundle F travels, and is adapted to generate the whirling
airflow in the spinning chamber. This whirling airflow
causes a fiber end of the fiber bundle F guided into the
spinning chamber to be reversed and to whirl. The hollow
guide shaft body is adapted to guide the spun yarn Y
from the spinning chamber to outside the pneumatic spin-
ning device 7.

[0028] The yarn monitoring device 8 monitors informa-
tion of the travelling yarn Y between the pneumatic spin-
ning device 7 and the yarn storage device 50, and detects
presence or absence of a yarn defect based on the mon-
itored information. When the yarn defect is detected, the
yarn monitoring device 8 transmits a yarn defect detec-
tion signal to a unit controller 10. The yarn monitoring
device 8 detects, for example, thickness abnormality of
the yarn Y and/or foreign substances contained in the
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yarnY asthe yarndefect. The tension sensor 9is adapted
to measure tension of the travelling yarn Y between the
pneumatic spinning device 7 and the yarn storage device
50, and transmit a tension measurement signal to the
unit controller 10. The waxing device 11 is adapted to
apply wax on the travelling yarn Y between the yarn stor-
age device 50 and the winding device 12. The unit con-
troller 10is provided foreach spinning unit2, and is adapt-
ed to control an operation of the spinning unit 2. The unit
controller 10 may be arranged for each group of the plu-
rality of spinning units 2.

[0029] The yarn storage device 50 is adapted to store
the travelling yarn Y between the pneumatic spinning de-
vice 7 and the winding device 12. The yarn storage device
50 has a function of stably pulling out the yarn Y from the
pneumatic spinning device 7, a function of preventing the
yarn Y from slackening by retaining the yarn Y fed from
the pneumatic spinning device 7 during the yarn joining
operation by the yarn joining cart 3 or the like, and a
function of preventing fluctuation in the tension of the
yarn 'Y from the winding device 12 from being transmitted
towards the pneumatic spinning device 7 by adjusting
the tension of the yarn Y from the winding device 12. If
the spinning unit 2 includes a delivery roller and a nip
roller, the delivery roller and the nip roller have the func-
tion of pulling out the yarn Y from the pneumatic spinning
device 7.

[0030] The winding device 12 is adapted to wind the
yarn Y spun by the pneumatic spinning device 7 to form
the package P. The winding device 12 includes a cradle
arm 21, a winding drum 22, and a traverse device 23.
The cradlearm 21 is swingably supported by a supporting
shaft 24, and brings a surface of a rotatably supported
bobbin B or a surface of the rotatably supported package
P (i.e., the bobbin B around which the yarn Y is wound)
into contact with the surface of the winding drum 22 at
an appropriate pressure. The winding drum 22 is driven
by an electric motor (notillustrated) provided in each spin-
ning unit 2 to rotate the bobbin B or the package P mask-
ing contact with the winding drum 22. The traverse device
23 is driven by a shaft 25 shared among the plurality of
spinning units 2, and traverses the yarn Y over a pre-
scribed width with respect to the rotating bobbin B or the
rotating package P.

[0031] The yarn joining cart 3 travels to the spinning
unit 2 in which the yarn Y is disconnected to perform the
yarn joining operation in the relevant spinning unit 2. The
yarn joining cart 3 includes a splicer 26, a suction pipe
27,and a suction mouth 28 . The suction pipe 27 is swing-
ably supported by a supporting shaft 31, is adapted to
suck and catch the yarn end of the yarn Y from the pneu-
matic spinning device 7 to guide the yarn end to the splic-
er 26. The suction mouth 2.8 is swingably supported by
a supporting shaft 32, and is adapted to suck and catch
the yarn end of the yarn Y from the winding device 12 to
guide the yarn end to the splicer 26. The splicer 26 joins
the guided yarn ends.

[0032] Next, the configuration of the yarn storage de-
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vice 50 will be described. As illustrated in FIGS. 2 and 3,
the yarn storage device 50 includes a yarn storage roller
51, a yarn hooking member 54, an electric motor 55, and
a stored, yarn amount sensor (reflective sensor) 56.
[0033] The yarn storage roller 51 is fixed to a drive
shaft of the electric motor 55 to be rotated by the electric
motor 55. The yarn storage roller 51 includes a yarn stor-
age section 51a. The yarn storage section 51a is a sub-
stantially cylindrical portion around which the yarn Y is
wound, and is slightly tapered towards the distal end
(downstream). A recess 51b having a shape depressed
with respect to the yarn storage section 51a is formed at
a central portion of the yarn storage section 51a. For
example, when an operator cuts the yarn Y wound around
the yarn storage roller 51 with a tool such as a pair of
scissors, a cutter, or the like, the distal end of the tool is
placed in the recess 51b.

[0034] The yarn hooking member 54 is arranged at a
downstream end of the yarn storage roller 51. The yarn
hooking member 54 is configured to be able to hook
(guide) the yarn Y. The yarn hooking member 54 is ar-
ranged to be relatively rotatable with the yarn storage
roller 51. When the yarn hooking member 54 is rotated
together with the yarn storage roller 51 with the yarn Y
hooked to the yarn hooking member, the yarn'Y is wound
around the surface of the yarn storage roller 51. Specif-
ically, the yarn Y is hooked to the yarn hooking member
54 at the start (including restart) of storing of the yarn Y
on the yarn storage roller 51. When the yarn hooking
member 54 is integrally rotated with the yarn storage roll-
er 51 at the same speed with the yarn Y hooked to the
yarn hooking member 54, the yearn Y is wound around
the surface of the yarn storage roller 5:1.

[0035] In addition to the introducing function of winding
the yarn Y around the yarn storage roller 51 at the start
of storing of the yarn Y as described above, the yarn
hooking member 54 also has an unwinding tension ap-
plying function of applying an appropriate (stable) tension
on the yarn Y unwound (pulled out) from the yarn storage
roller 51. Specifically, for example, when the load with
respect to the yarn hooking member 54 is smaller than
or equal to a predetermined value (when the yarn Y un-
wound while being hooked to the yarn hooking member
54 is about to slacken), the yarn hooking member 54
rotates (integrally rotates) integrally with the yarn storage
roller 51 so that the yarn Y is wound around the surface
of the yarn storage roller 51. When the load with respect
to the yarn hooking member 54 exceeds a predetermined
value, the yarn hooking member 54 rotates (relatively
rotates) at a speed different from that of the yarn storage
roller 51 so that the yarn Y is unwound from the yarn
storage roller 51. In other words, the yarn Y is unwound
from the yarn storage roller 51 when the tension of the
yarn Y located downstream of the yarn storage roller 51
is increased, and the unwinding of the yarn Y is stopped
when the tension of the yarn Y located downstream of
the yarn storage roller 51 is reduced. The yarn hooking
member 54 thus can apply an appropriate tension on the
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yarn'Y unwound from the yarn storage roller 51. The yarn
hooking member 54 can absorb the fluctuation in the ten-
sion of the yarn Y between the yarn storage roller 51
(yarn storage device 50) and the winding device 12.
[0036] The yarnY is continuously wound around the
yarn storage roller 51 at a constant speed (entrance
speed) from the yarn supplying side, which is the up-
stream, and the yarn Y is pulled out at the speed (exit
speed) same as or substantially the same as the winding
speed of the winding device 12 while applying tension
by the yarn hooking member 54 from the winding side,
which is the downstream. The entrance speed is set to
coincide with the rotation speed of the yarn storage roller
51, and to be the speed same as the spinning speed or
the speed slightly faster than the spinning speed. The
exit speed changes by the influence of the winding speed
of the winding device 12 and the influence of the rotation
speed of the yarn hooking member 54. The position (un-
winding position) where the yarn Y comes out from the
yarn storage roller 51 also changes. If the exit speed is
greater than the entrance speed, the stored amount of
the yarn wound around the yarn storage roller 51 is re-
duced. On the contrary, if the exit speed is smaller than
the entrance speed, the stored amount of the yarn wound
around the yarn storage roller 51 is increased. The di-
rection of the yarn Y unwound from the yarn storage roller
51 is not the circumferential direction of the yarn storage
roller 51, but is the direction along the axial direction.
[0037] The yarn storage roller 51 and the yarn hooking
member 54 may be rotatably driven by one common mo-
tor, or may be independently rotatably driven by different
motors. A rotational axis of the yarn storage roller 51 and
a rotational axis of the yarn hooking member 54 have the
same axis line. If the motors of the yarn hooking member
54 and the yarn storage roller 51 are common, the yarn
hooking member 54 is configured to generate a resist-
ance torque against the relative rotation of the yarn stor-
age roller 51 by a predetermined relative rotation resist-
ance means. According to such a resistance torque, the
yarn hooking member 54 can rotate integrally with the
yarn storage roller 51 following the rotation of the yarn
storage roller 51. When a force greater than the resist-
ance torque is applied to the yarn hooking member 54,
the yarn hooking member 54 can relatively rotate with
respect to the yarn storageroller 51. Thatis, if the tension
of the yarn Y located downstream of the yarn storage
device 50 is greater than the resistance torque, the yarn
hooking member 54 relatively rotates with respect to the
yarn storage roller 51. The tension applied on the yarn
Y unwound from the yarn storage roller 51 can be deter-
mined by the magnitude of the resistance torque. The
relative rotation resistance means s, forexample, a mag-
netic means, an electromagnetic means by an electro-
magnet, or a mechanical means by a frictional force.
[0038] The stored yarn amount sensor 56 is a light re-
flective sensor adapted to detect presence or absence
of the yarn Y on the yarn storage roller 51 in a non-con-
tacting manner, and is arranged on the back of the yarn
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storage roller 51 so as to face the yarn storage roller 51.
When the stored amount of the yarn Y wound around the
yarn storage roller 51 reaches a lower limit amount, the
stored yarn amount sensor 56 transmits a stored-amount
lower limit detection signal to the unit controller 10.
[0039] As illustrated in FIG. 4A, the yarn storage roller
51 of the first embodiment includes a roller main body
52, and a coating layer 57A formed on a surface 52a of
the roller main body 52. The roller main body 52 is made
of aluminum. The roller main body 52 is formed by die
cast molding, for example.

[0040] The coating layer 57A includes an intermediate
layer 58A arranged on the surface 52a of the roller main
body 52, and a surface layer 59A arranged on the inter-
mediate layer 58A. The surface layer 59A is made of a
material different from that of the intermediate layer 58A.
More specifically, the intermediate layer 58A is formed
by the copper plating. The surface layer 59A includes a
non-electrolytic nickel layer 59a formed on the interme-
diate layer 58A, and a hard chromium plated layer 59b
formed on the non-electrolytic nickel layer 59a.

[0041] The thickness of the coating layer 57A having
such a three-layer structure is smaller than 15 pum. For
example, the thickness of the intermediate layer 58A is
smaller than 5 um, the thickness of the non-electrolytic
nickel layer 59a is smaller than 5 um, and the thickness
of the hard chromium plated layer 59b is smaller than 5
pm. The thickness of the coating layer 57A may be small-
er than 25 pm.

[0042] In describing the method for forming the coating
layer 57A, the surface 52a of the roller main body 52 is
subjected to a mirror surface processing prior to forming
the coating layer 57A. Each layer constituting the coating
layer 57A can be formed through a known method. Since
the surface 52a of the roller main body 52 is subjected
to the mirror surface processing, a surface 57a of the
formed coating layer 57A becomes a mirror surface.
[0043] In the yarn storage roller 51 of the first embod-
iment, the Vickers hardness (Hv) of the coating layer 57A
is greater than or equal to 550. The Vickers hardness
(Hv) of the coating layer 57A can be adjusted by adjusting
the thickness of the surface layer 59A, and the like. The
Vickers hardness (Hv) of the coating layer 57A may be
greater than or equal to 700, or may be greater than or
equal to 800. The Vickers hardness (Hv) of the coating
layer 57A may be greater than or equal to 1000. The
Vickers hardness (Hv) is smaller than or equal to 7000.
Rationally (realistically), the Vickers hardness (Hv) is
preferably smaller than or equal to 1500.

[0044] Sincetheroller main body 52 of the yarn storage
roller 51 is made of aluminum and the aluminum is light
weight, the torque of the electric motor 55 when rotating
the yarn storage roller 51 can be reduced. The Vickers
hardness (Hv) of the coating layer 57A formed on the
roller main body 52 is greater than or equal to 550, where-
by the hardness of the surface 57a is increased, and
flaws and the like are less likely to be formed on the sur-
face 57a.
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[0045] For example, even when the yarn Y wound
around the yarn storage section 51a is cut with a tool
such as a pair of scissors, a cutter, or the like, flaws are
less likely to be formed on the surface 57a of the coating
layer 57A by the tool. The Vickers hardness (Hv) of the
tool such as the pair of scissors, the cutter, or the like is,
for example, about 500 or smaller than 500. The Vickers
hardness (Hv) of the coating layer 57A is greater than
the Vickers hardness (Hv) of the tool. The damage of the
surface 57a is prevented because the distal end of the
tool enters into the recess 51b, for example.

[0046] If the Vickers hardness (Hv) of the coating layer
57A is greater than or equal to 700, the hardness of the
surface 57a becomes higher. For example, even if a cut-
ting tool (cutter or the like) having a Vickers hardness
(Hv) of about 550 is used, flaws are less likely to be
formed on the surface 57a of the coating layer 57A.
[0047] The hardness of the surface 57a is increased
by forming the coating layer 57A with a plurality of layers
including the intermediate layer 58A and the surface layer
59A.

[0048] The intermediate layer 58A is formed by the
copper plating. Since copper is soft, even if impurities
and the like exist or irregularities are formed on the sur-
face 52a of the roller main body 52, the impurities and/or
irregularities can be covered and hidden by the copper
plating. As a result, the intermediate layer 58A can be
made uniform, and furthermore, the surface of the sur-
face layer 59A can be made uniform.

[0049] The surface layer 59A includes the non-electro-
lytic nickel layer 59a, so that the hard chromium plated
layer 59b can be easily formed thereon. The surface of
the surface layer 59A can be made uniform by forming
the intermediate layer 58A by the copper plating, and
furthermore, the hardness of the surface 57a can be in-
creased by arranging the hard chromium plated layer 59b
in the surface layer 59A. In the surface layer 59A, it is
also effective to arrange another intermediate layer be-
tween the non-electrolytic nickel layer 59a and the hard
chromium plated layer 59b.

[0050] When detecting whether ornotthe yarn exists
on the yarn storage roller 51 by the stored yarn amount
sensor 56, the reflection efficiency of the lightis improved
since the surface of the coating layer 57A is a mirror
surface. The detection accuracy of the stored yarn
amount sensor 56 is thus enhanced. The output in the
stored yarn amount sensor 56 can be reduced. With the
arrangement of the hard chromium plated layer 59b, the
surface 57a of the coating layer 57A becomes a whitish
color. The reflection efficiency of the light at the surface
57a is improved by the whitish color of the surface 57a.
[0051] As described above, the roller main body 52
made of aluminum is formed by die cast molding. As il-
lustrated in FIG. 6A, a fine impurity X may exist on the
surface (outer circumferential surface) 52a of the roller
main body 52. When forming a coating layer 157 on the
surface 52a, a crater 100 is likely to be formed at the
periphery of the impurity X, as illustrated in FIG. 6B. Con-
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ventionally, the coating layer 157 is required to be formed
thick to increase the strength of the coating layer 157. In
particular, if the roller main body 52 is made of aluminum,
the coating layer 157 is required to be formed greater
than or equal to a prescribed thickness.

[0052] Ifthe coating layer 157 is formed thick in a state
where the crater 100 is formed, the diameter R of the
crater 100 becomes large, as illustrated in FIG. 6B. For
example, if the thickness of the coating layer 157 is 25
pm, the diameter of the crater is between 1 mm and 2
mm. If the diameter R of the crater 100 is large, for ex-
ample, the yarn Y on the yarn storage roller 51 may get
caught at the surface.

[0053] In the yarn storage roller 51 of the present em-
bodiment, the coating layer 57A formed on the surface
52a of the roller main body 52 is formed thin, i.e. , smaller
than 25 um, so that the diameter of the crater can be
made small even if the crater is formed.

[0054] The thermal processing need not be performed
whenforming the coatinglayer 57A, and hence the shape
of the roller main body 52 can be maintained.

[0055] According to the spinning machine 1 of the
present embodiment, the hardness of the yarn storage
roller 51 is increased so that flaws and the like are less
likely to be formed on the surface (yarn storage section
51a or the like) of the yarn storage roller 51. Therefore,
the yarn'Y is prevented from getting caught at the surface
of the yarn storage roller 51. Since the roller main body
52 is made of aluminum, the torque of the electric motor
55 when rotating the yarn storage roller 51 can be re-
duced.

[0056] Next, a second embodiment will be described.
As illustrated in FIG. 4B, the yarn storage roller 51 of the
second embodiment includes the roller main body 52,
and a coating layer 57B formed on the surface 52a of the
roller main body 52. The roller main body 52 is made of
aluminum. The roller main body 52 is formed by die cast
molding, for example.

[0057] The coating layer 57B includes an intermediate
layer 58B arranged on the surface 52a of the roller main
body 52, and a surface layer 59B arranged on the inter-
mediate layer 58B. The surface layer 59B is made of a
material different from that of the intermediate layer 58B.
More specifically, the intermediate layer 58B is formed
by the non-electrolytic nickel plating. The surface layer
59B is formed by the hard chromium plating.

[0058] The thickness of the coating layer 57B having
such a two-layer structure is, for example, about 10 pm.
For example, the thickness of the intermediate layer 58B
is about 5 um, and the thickness of the surface layer 59B
is about 5 wm. The thickness of the coating layer 57B
may be smaller than 25 pm.

[0059] In the yarn storage roller 51 of the second em-
bodiment, the Vickers hardness (Hv) of the intermediate
layer 58B is 500. The Vickers hardness (Hv) of the sur-
face layer 59B is 1000. The Vickers hardness (Hv) of the
coating layer 57B is, for example, 1000. The Vickers
hardness (Hv) of the coating layer 57B can be adjusted
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by adjusting the thickness of the surface layer 59A, and
the like. The Vickers hardness (Hv) of the coating layer
57B may be greater than or equal to 550, may be greater
than or equal to 700, or may be greater than or equal to
800. The Vickers hardness (Hv) is smaller than or equal
to 7000. Rationally (realistically), the Vickers hardness
(Hv) is preferably smaller than or equal to 1500.

[0060] Even when such a coating layer 57B is ar-
ranged, the effects similar to those of the coating layer
57A described above can be obtained. For example,
flaws and the like are less likely to be formed since the
hardness of the surface 57a is increased. The detection
accuracy of the stored yarn amount sensor 56 is en-
hanced since the surface 57a is a mirror surface.
[0061] With the arrangement of the intermediate layer
58B made of the non-electrolytic nickel, the surface layer
59B formed by the hard chromium plating can be easily
formed. The hardness of the surface 57a is increased
since the hardness of the hard chromium plating is high.
The coating layer 57B does not use copper, and thus the
yarn storage roller 51 having high hardness can be man-
ufactured relatively inexpensively.

[0062] Next, a third embodiment will be described. As
illustrated in FIG. 5, the yarn storage roller 51 of the third
embodimentincludes the roller main body 52, and a coat-
ing layer 57C formed on the surface 52a of the roller main
body 52. The roller main body 52 is made of aluminum.
The roller main body 52 is formed by die cast molding,
for example.

[0063] The coating layer 57C is formed by thermal
processing. The coating layer 57C is made of a non-elec-
trolytic nickel layer, for example. The thickness of the
coating layer 57C is, for example, 25 pum. The thickness
of the coating layer 57C may be smaller than 20 pm, or
may be smaller than 15 pm.

[0064] Inthecoatinglayer57C performed with the ther-
mal processing, a non-electrolytic nickel (Ni-P) coated
layer is precipitated as an amorphous (noncrystalline)
alloy of nickel and phosphorous. The coated layer is crys-
tallized by the baking process to increase the hardness.
In other words, the hardness is increased by crystallizing
the coated layer of nickel and phosphorous.

[0065] Inthe yarn storage roller 51 of the third embod-
iment, the Vickers hardness (Hv) of the coating layer 57C
is greater than or equal to 550. The Vickers hardness
(Hv) of the coatinglayer 57C can be adjusted by adjusting
the thickness of the coating layer 57C and/or the tem-
perature, time, or the like of the thermal processing. The
Vickers hardness (Hv) of the coating layer 57C may be
greater than or equal to 700, or may be greater than or
equal to 800. The Vickers hardness (Hv) of the coating
layer 57C may be greater than or equal to 1000. The
Vickers hardness (Hv) is smaller than or equal to 7000.
Rationally (realistically), the Vickers hardness (Hv) is
preferably smaller than or equal to 1200.

[0066] Theembodiments ofthe presentinvention have
been described above, but the present invention is not
limited to the embodiments described above.
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[0067] For example, in the coating layer 57B having
the two-layer structure illustrated in FIG. 4B, the interme-
diate layer 58B may be formed by the copper plating, and
the surface layer 50B may be formed by the nickel chro-
mium plating. In this case as well, the Vickers hardness
(Hv) of the coating layer may be set to the same extent
as the embodiments described above. The surface of the
surface layer 59B can be made uniform by forming the
intermediate layer 58B by the copper plating, and further-
more, the hardness of the surface is increased by forming
the surface layer 59B by the nickel chromium plating.
[0068] The roller main body 52 is not limited to being
made of aluminum, and may be made of aluminum alloy.
In other words, the roller main body 52 may contain alu-
minum alloy.

[0069] The yarn storage roller 51 or the yarn storage
device 50 may be arranged in an automatic winder (yarn
winding machine). The automatic winder includes the
yarn supplying device adapted to supply the yarn wound
around the yarn supplying bobbin, and the winding device
adapted to wind the yarn supplied from the yarn supplying
device into the package. In other words, the yarn storage
roller or the yarn storage device of the present invention
is arranged in the yarn winding machine including the
yarn supplying device adapted to supply the yarn, and
the winding device adapted to wind the yarn supplied
from the yarn supplying device into the package. If the
yarn winding machine is the spinning machine, the spin-
ning device corresponds to the yarn supplying device.
The yarn storage roller or the yarn storage device is ar-
ranged between the yarn supplying device and the wind-
ing device. The yarn supplied from the yarn supplying
device is temporarily stored by being wound around the
surface of the yarn storage roller, and the yarn unwound
from the yarn storage roller is wound into the package
by the winding device.

Claims

1. Avyarn storage roller (51) arranged in a yarn winding
machine (1) and having a surface around which a
yarn (Y) is wound, the yarn winding machine (1) in-
cludinga yarn supplying device (7) adapted to supply
a yarn, and a winding device (12) adapted to wind
the yarn (Y) supplied from the yarn supplying device
(7) into a package (P), the yarn storage roller (51)
comprising:

a roller main body (52) containing aluminum or
aluminum alloy; and

a coating layer (57A; 57B; 57C) formed on the
roller main body (52),

wherein a Vickers hardness (Hv) of the coating
layer (57A; 57B; 57C) is greater than or equal
to 550.

2. The yarn storage roller (51) according to claim 1,
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10.

1.

12.

wherein the Vickers hardness (Hv) of the coating lay-
er (57A; 57B; 57C) is greater than or equal to 700.

The yarn storage roller (51) according to claim 1 or
2, wherein

the coating layer (57A; 57B) includes

an intermediate layer (58A; 58B) arranged on the
roller main body (52), and

a surface layer (59A; 59B) arranged on the interme-
diate layer (58A; 58B) and made of a material differ-
ent from that of the intermediate layer (58A; 58B).

The yarn storage roller (51) according to claim 3,
wherein

the intermediate layer (58B) is made of non-electro-
lytic nickel, and

the surface layer (59B) is formed by hard chromium
plating.

The yarn storage roller (51) according to claim 3,
wherein the intermediate layer (58A; 58B) is a
formed by copper plating.

The yarn storage roller (51) according to claim 5,
wherein the surface layer (59A) includes a non-elec-
trolytic nickel layer (59a), and a hard chromium plat-
ed layer (59b) formed on the non-electrolytic nickel
layer (59a).

The yarn storage roller (51) according to claim 5,
wherein the surface layer (59B) is formed by nickel
chromium plating.

The yarn storage roller (51) according to any one of
claims 1 to 7, wherein a surface of the coating layer
(57A; 57B; 57C) is a mirror surface.

The yarn storage roller (51) according to claim 1 or
2, wherein the coating layer (57A; 57B; 57C) is
formed by thermal processing.

The yarn storage roller (51) according to any one of
claims 1to0 9, wherein a thickness of the coating layer
(57A; 57B; 57C) is smaller than 25 pum.

A yarn storage device (50) comprising:

the yarn storage roller (51) according to any one
of claims 1 to 10; and

a reflective sensor (56) adapted to detect a yarn
(Y) on the coating layer (57A; 57B; 57C) of the
yarn storage roller (51).

The yarn storage device (50) according to claim 11,
further comprising:

a yarn hooking member (54) arranged to be rel-
atively rotatable with respect to the yarn storage
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roller (51), and adapted to rotate at a speed
same as or different from that of the yarn storage
roller (51) with the yarn (Y) hooked to the yarn
hooking member (54).

13. A yarn storage device (50) comprising:

the yarn storage roller (51) according to any one

of claims 1 to 10; and

ayarn hooking member (54) arranged to berel- 70
atively rotatable with respect to the yarn storage
roller (51), and adapted to rotate at a speed
same as or different from that of the yarn storage
roller (51) with the yarn (Y) hooked to the yarn
hooking member (54). 15

14. A yarn winding machine (1) comprising:

a draft device (6) adapted to draft a fiber bundle
(F); 20
a spinning device (7) adapted to spin the fiber
bundle (F) drafted by the draft device (6) to spin
ayarn (Y);
the yarn storage roller (51) according to any one
of claims 1 to 10 adapted to store the yarn (Y) 25
spun by the spinning device (7); and
the winding device (12) adapted to wind the yarn
(Y) stored on the yarn storage roller (51) into a
package (P).
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