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(54) YARN JOINING DEVICE

(57)  Avyarnjoining device (26) includes a yarn joining
nozzle (70) formed of afirst metal. The yarn joining nozzle
(70) has a yarn joining space (72) formed to pass through
the yarn joining nozzle (70) in a first direction and a yarn
inserting gap (73) connected to the yarn joining space
(72) in a second direction orthogonal to the first direction

and communicating with an inside and an outside of the
yarn joining nozzle (70) in the second direction. An arith-
metic average roughness (Ra) of surface texture of at
least part of a peripheral surface on an outer peripheral
side of the yarn joining space (72) is more than 0 and 1.5
or less.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a yarn joining
device.

BACKGROUND

[0002] Conventionally, a yarn joining unit (a yarn join-

ing device) having a yarn joining chamber, which is a
space in which yarn joining is performed by the action of
compressed air, is known. The yarn joining chamber is
formed in a nozzle, and compressed air is injected to the
yarn joining chamber through a path and an injection hole
of the nozzle, for example. A first yarn end and a second
yarn end untwisted are twisted together by the action of
the compressed air. The nozzle is formed of ceramic, for
example. The nozzle is housed in an opening of a support
block and is fixed. The support block is formed of metal
such as aluminum or resin, for example. (Patent Docu-
ment 1: Japanese Unexamined Patent Publication No.
2021-091501)

SUMMARY

[0003] Ceramic nozzles in conventional yarn joining
devices are excellent in terms of resistance to wear and
tear against yarns. However, there is a problem in that
when impact or stress is applied to nozzles, ceramic noz-
zZles are likely to break.

[0004] An object of the present disclosure is to provide
a yarn joining device with a metallic nozzle in order to
prevent nozzle breakage, thus improving strength and
improving yarn quality.

[0005] A yarn joining device according to an aspect of
the present disclosure includes a yarn joining nozzle
formed of a first metal. The yarn joining nozzle has a yarn
joining space formed to pass through the yarn joining
nozzle in a first direction and a yarn inserting gap con-
nected to the yarn joining space in a second direction
orthogonal to the first direction and communicating with
an inside and an outside of the yarn joining nozzle in the
second direction. An arithmetic average roughness (Ra)
of surface texture of at least part of a peripheral surface
on an outer peripheral side of the yarn joining space is
more than 0 and 1.5 or less. "Defining a yarn joining
space" means "determining the boundary of the yarn join-
ing space" or "forming the boundary of the yarn joining
space." The "arithmetic average roughness" is an indi-
cator defined by the Japanese Industrial Standards
(JIs) .

[0006] With this yarn joining device, the metallic yarn
joining nozzle improves strength and thus prevents
breakage of the yarn joining nozzle. The arithmetic av-
erage roughness (Ra) of surface texture of at least part
of the peripheral surface on the outer peripheral side of
the yarn joining space is more than 0 and 1.5 or less, and
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thus the occurrence of yarn snagging during yarn joining
is reduced, thereby improving yarn quality.

[0007] The arithmetic average roughness (Ra) of sur-
face texture of at least part of the peripheral surface on
the outer peripheral side of the yarn joining space may
be 0.5 or more. Even if the arithmetic average roughness
(Ra) of surface texture is reduced to less than 0.5, the
occurrence of yarn snagging during yarn joining does not
change significantly. Thus, by setting the arithmetic av-
erage roughness (Ra) of surface texture of the yarn join-
ing nozzle to 0.5 or more and 1.5 or less, it is possible to
reduce the manufacturing cost of the yarn joining nozzle
while obtaining sufficient yarn quality.

[0008] The yarn joining nozzle may have a plated part
in which a surface of the first metal is coated with a metal
different from the first metal. In this case, the surface of
the first metal as a base material is covered with the plat-
ed part. The two types of metals enhance hardness. By
adjusting the arithmetic average roughness of surface
texture of the plated part to the above range, the yarn
joining nozzle with excellent yarn quality can be easily
achieved.

[0009] The yarn joining space may have a first yarn
joining space including one or a plurality of first passing
holes through which compressed air passes, and a sec-
ond yarn joining space adjacent to and communicating
with the first yarn joining space in the first direction and
including one or a plurality of second passing holes
through which the compressed air passes. The plated
part may be an electroless nickel-plated coating. Even
when the yarn joining nozzle has a complicated shape,
the electroless nickel-plated coating can uniformly cover
the surface of the first metal.

[0010] The plated part may have a thickness of 5 um
or more and 20 um or less. A smaller thickness of the
plated part makes the dimensions of the yarn joining noz-
zle more substantially the same as the dimensions of the
base material (the first metal) and stabilizes the dimen-
sion accuracy of the yarn joining nozzle as a finished
product.

[0011] The yarn joining nozzle may be subjected to
baking treatment. The baking treatment achieves high
hardness. It also provides superior resistance to wear
and tear compared to ordinary decorative plating or rust-
preventive plating.

[0012] The yarn joining nozzle may be molded by in-
jecting and sintering a kneaded product obtained by
kneading the first metal and a binder. The yarn joining
nozzle is molded by injection molding, and thus there is
no need for performing machining. It can also be manu-
factured with higher accuracy than by casting.

[0013] The surface of the first metal of the yarn joining
nozzle may be ground by shot blast treatment. The shot
blast treatment can also adjust (reduce) the arithmetic
average roughness of surface texture of fine parts on the
surface of the first metal, by grinding.

[0014] The yarn joining device may include a support
block housing the yarn joining nozzle. The yarn joining
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nozzle and the support block may be bonded together
with an epoxy resin thermosetting adhesive, and the sup-
port block may be formed of a second metal different
from the first metal. Bonding with the thermosetting ad-
hesive requires treatment under high temperature con-
ditions (heating treatment). Thermosetting adhesives are
excellent in terms of adhesive strength, but conventional
ceramic nozzles or the like cannot withstand high tem-
perature conditions in that they cause stress based on
thermal expansion, leading to nozzle breakage, for ex-
ample. The yarn joining nozzle being formed of the first
metal and the support block being formed of the second
metal can reduce the possibility of breakage due to ther-
mal expansion under high temperature conditions.
[0015] The yarn joining device may include a twisting
channel configured to twist yarn ends of two yarns to-
gether by compressed air with liquid added passing
through the twisting channel. In this case, the liquid, to-
gether with air, is injected into the yarn joining space of
the yarn joining nozzle through the twisting channel. The
yarn joining nozzle and the support block are bonded
together with the epoxy resin thermosetting adhesive,
and thus the adhesive strength is maintained despite the
presence of a liquid component. An adhesive that re-
quires a curing agent may cause variations in adhesive
strength based on variations in the concentration of the
curing agent in the adhesive. If there is a liquid compo-
nentunder such a situation, adhesive strength is not nec-
essarily maintained.

[0016] The yarn joining nozzle may have an air intro-
ducing path connected to an air supply path outside the
yarn joining device, a chamber, which is a space con-
nected to a downstream side of the air introducing path,
and a passing hole connected to the chamber and
through which compressed air passes to the yarn joining
space. The airintroducing path, the chamber, the passing
hole, the yarn joining space, and the yarn inserting gap
may be provided in the yarn joining nozzle formed as an
integral component made from the first metal. Such an
integrated component is shaped by a metal 3D printer,
for example. With this method of shaping, it is possible
to easily manufacture the yarn joining nozzle with a com-
plicated shape.

[0017] The yarn joining nozzle may have a plated part
in which a surface of the first metal is coated with a metal
different from the first metal. In this case, the surface of
the first metal as a base material is covered with the plat-
ed part. The two types of metals enhance hardness. By
adjusting the arithmetic average roughness of surface
texture of the plated part to the above range, the yarn
joining nozzle with excellent yarn quality can be easily
achieved. Furthermore, when the yarn joining nozzle is
shaped by the metal 3D printer, the plated part can pro-
vide a desired arithmetic average roughness of surface
texture.

[0018] Accordingtothe presentdisclosure, the metallic
yarn joining nozzle improves strength. In addition, the
occurrence of yarn snagging during yarn joining is re-
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duced, thus improving yarn quality.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

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

FIG. 2 is a side view of a winder unitin FIG. 1;
FIG. 3 is a front view of a yarn joining device accord-
ing to an embodiment;

FIG. 4 is a perspective view of a yarn joining nozzle
assembly of the yarn joining device according to the
embodiment;

FIG. 5 is a plan view of a channel structure of the
yarn joining nozzle assembly in FIG. 4;

FIG. 6Ais a perspective view of the yarn joining noz-
zle in FIG. 4, viewed from the rear;

FIG. 6B is a perspective view of the yarn joining noz-
zle, viewed from obliquely above;

FIG. 7 is a sectional view cut along the VII-VII line in
FIG. 6B;

FIG. 8Ais a perspective view of a yarn joining nozzle
according to a modification, viewed from the rear;
and

FIG. 8B is a sectional view of the yarn joining nozzle
along an axial line extending in a first direction.

DETAILED DESCRIPTION

[0020] Embodiments of the present disclosure will be
described with reference to the accompanying drawings.
In the description of the drawings, like elements are de-
noted by the same reference signs and an overlapping
description is omitted.

[0021] As illustrated in FIG. 1, an automatic winder 1
includes a plurality of winder units 3 arranged in a row,
a machine control device 5, and a doffer 7. The machine
controldevice 5 can communicate with each of the winder
units (winding devices) 3. The operator of the automatic
winder 1 can collectively control a plurality of winder units
3 by operating the machine control device 5 as appropri-
ate. Each of the winder units 3 unwinds yarn Y from a
yarn supply bobbin SB while traversing the yarn Y and
winds the yarn Y onto a winding bobbin WB to form a
package P. When the package P becomes full (a state
in which a predetermined amount of yarn is wound) in
each winder unit 3, the doffer 7 travels to the position of
the winder unit 3, removes the full package, and sets an
empty winding bobbin WB.

[0022] Asillustratedin FIG.2,the winderunit3includes
a unit controller 10, a yarn supply device 12, and a wind-
ing device 14. The unit controller 10 includes, for exam-
ple, a central processing unit(CPU) and aread only mem-
ory (ROM). The ROM stores a program for controlling
each component of the winder unit 3. The CPU executes
the program stored in the ROM. The unit controller 10
controls the operation of each part in the winder unit 3
and, as part of the control, controls the injection of com-
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pressed air in a yarn joining unit 50 described below.
[0023] The yarn supply device 12 supports a yarn sup-
ply bobbin SB placed on a not-illustrated transportation
tray at a predetermined position. The yarn supply device
12 unwinds the yarn Y from the yarn supply bobbin SB
and pulls out the yarn Y from the yarn supply bobbin SB.
The yarn supply device 12 supplies the yarn Y. The yarn
supply device 12 is not limited to a transportation tray-
type device and may be, for example, a magazine-type
device.

[0024] The winding device 14 includes a cradle 16 and
a winding drum 18. The cradle 16 sandwiches a winding
bobbin WB and thereby rotatably supports the winding
bobbin WB (or the package P). The winding drum 18
traverses the yarn Y on the surface of the package P and
rotates the package P. The winding drum 18 is driven to
rotate by a not-illustrated drum drive motor. With the outer
periphery of the package P in contact with the winding
drum 18, the winding drum 18 is driven to rotate so that
the package P follows the rotation. The outer peripheral
surface of the winding drum 18 has a spiral traverse
groove. The yarn Y unwound from the yarn supply bobbin
SB is wound onto the surface of the package P while
being traversed in a constant width with the traverse
groove . The package P having a constant winding width
thus can be formed.

[0025] Each winder unit 3 includes an unwinding as-
sisting device 20, a tension applying device 22, a tension
detecting device 24, a yarn joining device 26, and a yarn
monitoring device 28 in this order from the yarn supply
device 12, in a yarn path between the yarn supply device
12 and the winding device 14. A first catch guide device
30 and a second catch guide device 32 are disposed in
the vicinity of the yarn joining device 26.

[0026] The unwinding assisting device 20 prevents the
yarn Y unwound from the yarn supply bobbin SB from
being swung excessively by centrifugal force and un-
winds the yarn Y from the yarn supply bobbin SB appro-
priately. The tension applying device 22 applies a pre-
determined tension to the traveling yarn Y. In the present
embodiment, the tension applying device 22 is a gate-
type device in which movable comb teeth are disposed
for fixed comb teeth.

[0027] Thetension detecting device 24 detects the ten-
sion of the traveling yarn Y between the yarn supply de-
vice 12 and the winding device 14. The yarn joining de-
vice 26 joins the yarn Y on the yarn supply device 12 side
and the yarn Y on the winding device 14 side when the
yarn 'Y is broken between the yarn supply device 12 and
the winding device 14 for some reason.

[0028] The yarn monitoring device 28 monitors a state
oftheyarnY traveling on the yarn path and detects wheth-
er there is a yarn defect, based on the monitored infor-
mation. The yarn defect is, for example, at least one of
abnormal thickness of the yarn Y, a foreign matter con-
tained in the yarn Y, yarn breakage, and the like.
[0029] The first catch guide device 30 can turn from a
standby position on the yarn supply device 12 side to a
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catch position on the winding device 14 side. The first
catch guide device 30 catches the yarn Y at the catch
position and guides the yarn Y to the yarn joining device
26. The second catch guide device 32 can turn from a
standby position on the yarn supply device 12 side to a
catch position on the winding device 14 side. The second
catch guide device 32 catches the yarn Y at the catch
position and guides the yarn Y to the yarn joining device
26.

[0030] The yarn joining device 26 described above will
now be described in detail.

[0031] FIG. 3 is a front view of the yarn joining device
26. In the following description, the winding device 14
side is referred to as the downstream side, and the yarn
supply device 12 side is referred to as the upstream side,
for convenience sake. The yarn Y traveling path (yarn
path) side of the yarn joining device 26 is referred to as
the front side, and the opposite side is referred to as the
rear side. The direction orthogonal to the vertical direction
and the front-rear direction is referred to as the left-right
direction. The yarn end of the yarn Y on the winding de-
vice 14 side is referred to as afirst yarn end, and the yarn
end of the yarn Y on the yarn supply device 12 side is
referred to as a second yarn end.

[0032] As illustrated in FIG. 3, the yarn joining device
26 includes a front plate (contact member) 90, an un-
twisting unit 40 including a first untwisting pipe member
41A and a second untwisting pipe member 41B, a yarn
joining unit 50 configured to join yarns by injection of com-
pressed air, a pair of yarn gathering levers (notillustrated)
capable of turning such that the untwisting unit 40 is sand-
wiched, a yarn holding member 80 including first and
second yarn holding levers 82 and 83 capable of turning
such that the yarn joining unit 50 is sandwiched, and an
air guide 94.

[0033] The front plate 90 has a plate shape having a
thickness direction in the front-rear direction. A front sur-
face (contact surface) 90a of the front plate 90 is planar
along the yarn traveling direction. The yarn joining unit
50 is provided on the front surface 90a of the front plate
90. The front surface 90a of the front plate 90 has a first
yarn end entry that is an opening of the first untwisting
pipe member 41A on the downstream side of the yarn
joining unit 50 and has a second yarn end entry that is
an opening of the second untwisting pipe member 41B
on the upstream side of the yarn joining unit 50.

[0034] The front surface 90a of the front plate 90 has
a first guide 45A on the downstream side of the first un-
twisting pipe member 41A and a second guide 45B on
the upstream side of the second untwisting pipe member
41B. The first and second guides 45A and 45B are dis-
posed to face each other with the yarn joining unit 50
interposed therebetween. The first and second guides
45A and 45B guide the yarns Y guided by the first and
second catch guide devices 30 and 32, respectively.
[0035] The first untwisting pipe member 41A takes in
and untwists the first yarn end by the action of com-
pressed air. The second untwisting pipe member 41B
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takes in and untwists the second yarn end by the action
of compressed air. The yarn joining unit 50 twists and
joins the first yarn end untwisted by the first untwisting
pipe member 41A and the second yarn end untwisted by
the second untwisting pipe member 41B, by the action
of compressed air. When the yarn ends are twisted to-
gether in the yarn joining unit 50, the first and second
yarn ends are pulled out of the firstand second untwisting
pipe members 41A and 41B by the yarn gathering levers
(not illustrated) while being retained by a clamp (not
illustrated) . The first and second yarn ends are held in
the vicinity of the yarn joining unit 50 by the first and
second yarn holding levers 82 and 83.

[0036] The yarn holding member 80 is connected to a
drive source (not illustrated) such as a stepping motor
through a cam link mechanism 95. The yarn holding
member 80 is movable in directions closer to and away
from the front surface 90a of the front plate 90 by the
driving force of the driving source. That is, the first and
second yarn holding levers 82 and 83 of the yarn holding
member 80 turn (rotate) such that the distal ends thereof
move closer to and away from the front surface 90a of
the front plate 90 by the driving force of the driving source.
The yarn holding member 80 comes into abutment with
the front surface 90a of the front plate 90 to hold the first
and second yarn ends in cooperation with the front sur-
face 90a. The distal ends of the first and second yarn
holding levers 82 and 83 may be biased closer to the
front plate 90, for example, by a torsion coil spring (not
illustrated) . The air guide 94 is a member that guides
the compressed air injected in the yarn joining unit 50
and is provided to partially block the upper and lower
openings of a yarn joining chamber 113 in which the first
and second yarn ends are introduced in the yarn joining
unit 50.

[0037] In the yarn joining device 26 configured as de-
scribed above, first, the first and second yarn gathering
levers (notillustrated) and the first and second yarn hold-
ing levers 82 and 83 turn toward the front plate 90. As a
result, the yarn Y on the downstream side and the yarn
Y on the upstream side that are guided by the first and
second catch guide devices 30 and 32 are drawn toward
the untwisting unit 40. The upper yarn Y and the lower
yarn 'Y are then retained by the clamp and cut by a cutter
in this state. The first yarn end is fed into the first untwist-
ing pipe member 41A, and the second yarn end is fed
into the second untwisting pipe member 41B. Injection
of compressed air is started in the first and second un-
twisting pipe members 41A and 41B, and the first and
second yarn ends are untwisted by the action of com-
pressed air.

[0038] Subsequently, the first and second yarn gath-
ering levers (not illustrated) further turn. As a result, the
first yarn end is pulled out of the first pipe member 41A
and the second yarn end is pulled out of the second pipe
member 41B. The first yarn end and the second yarn end
are held in the vicinity of the yarn joining unit 50 by the
first and second yarn holding levers 82 and 83. Injection
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of compressed air is started in the yarn joining unit 50,
and the first yarn end and the second yarn end untwisted
are twisted together by the action of compressed air. Sub-
sequently, the first and second yarn gathering levers (not
illustrated) and the first and second yarn holding levers
82 and 83 turn in the opposite direction. Then, the reten-
tion of the yarn Y on the upper side and the yarn Y on
the lower side by the clamp is released. As a result, the
joined yarn Y returns onto the traveling path on the front
side of the yarn joining device 26.

[0039] The yarn joining unit 50 will be described in de-
tail with reference to FIG. 4 to FIG. 7. As illustrated in
FIG. 4 and FIG. 5, the yarn joining unit 50 has a yarn
joining nozzle assembly 100 into which the first yarn end
and the second yarn end each untwisted are introduced
and in which yarn joining of the first yarn end and the
second yarn end is performed. The yarn joining nozzle
assembly 100, which is formed in a rectangular parallel-
epipedal block-like shape, is fixed in the winder unit 3 so
as to be directed to the front (refer to FIG. 2) . The yarn
joining nozzle assembly 100 includes a yarn joining noz-
zle 70 and a support block 60 housing and supporting
the yarn joining nozzle 70, for example.

[0040] Theyarn joiningnozzle 70 and the supportblock
60 are both made of metal. The yarn joining nozzle 70 is
made of metal such as iron, stainless steel (SUS), or
brass. The support block 60 is made of metal such as
zinc or aluminum. The metal forming the yarn joining noz-
zle 70 (a first metal) is different from the metal forming
the yarn joining unit 50 (a second metal).

[0041] The support block 60 includes a central part 63
housing the yarn joining nozzle 70, and a first side part
61 and a second side part 62 disposed on both sides of
the central part 63. The first side part 61, the second side
part 62, and the central part 63 are integrally molded
(integrally formed) by casting such as die casting. The
surface of the support block 60 is not painted, exposing
the material making up the support block 60. The central
part 63 has yarn introducing surfaces 63f, which are a
pair of sloping surfaces widening toward the front. The
central part 63 has a nozzle housing part 64, which is a
rectangular recess continuous with the yarn introducing
surfaces 63f . The nozzle housing part 64 is defined by
a first side wall surface 63a and a second side wall sur-
face 63b facing each other and being parallel to each
other and a rear wall surface 63c connecting the rear
ends of the first side wall surface 63a and the second
side wall surface 63b to each other. The size and shape
of the nozzle housing part 64 are formed so as to be able
to just house the yarn joining nozzle 70.

[0042] The yarn joining nozzle 70 fits into (is housed
in) the nozzle housing part 64 of the support block 60
and is bonded to the support block 60. The yarn joining
nozzle 70 and the support block 60 are fixed and inte-
grated with each other with an adhesive, thus enhancing
the strength of the yarn joining nozzle assembly 100.
[0043] As illustrated in FIG. 5, FIG. 6A, and FIG. 6B,
the yarn joining nozzle 70 includes a first side surface 75
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facing the first side wall surface 63a of the support block
60, a second side surface 76 facing the second side wall
surface 63b of the support block 60, and a back surface
77 facing the rear wall surface 63c of the support block
60. The first side surface 75, the second side surface 76,
and the back surface 77 are all rectangular areas, and
the yarn joining nozzle 70 is provided with a chamber
forming part 74 described below. The chamber forming
part 74 is a space recessed from the first side surface
75, the second side surface 76, and the back surface 77,
and thus substantially only a peripheral part is left on
each of the first side surface 75, the second side surface
76, and the back surface 77. A first side surface edge
75a of the first side surface 75 and a second side surface
edge 76a of the second side surface 76 are both U-
shaped opened toward the rear. The first side surface
edge 75a and the second side surface edge 76a form
flat surfaces directed toward the side and have the same
size and shape, for example. Back surface edges 77a of
the back surface 77 form two parallel flat surfaces direct-
ed to the rear.

[0044] For the first side wall surface 63a, the area of
the first side surface edge 75a is an adhesive surface
(joining surface) . For the second side wall surface 63b,
the area of the second side surface edge 76a is an ad-
hesive surface (joining surface) . Forthe rear wall surface
63c, the areas of the back surface edges 77a are adhe-
sive surfaces (joining surfaces). A nozzle body 71 of the
yarn joining nozzle 70 includes a substantially cylindrical
central block part 71a and a chamber wall surface 71b
formed continuously with both side surfaces and a rear
surface of the central block part 71a and extending in a
U-shape. With the yarn joining nozzle 70 bonded to the
support block 60, a chamber C (refer to FIG. 5) extending
in a U-shape is formed between each of three surfaces
of the first side wall surface 63a, the second side wall
surface 63b, and the rear wall surface 63c, and the cham-
ber wall surface 71b.

[0045] Theyarnjoining nozzle 70 and the supportblock
60 are bonded together with an epoxy resin thermoset-
ting adhesive, for example.

[0046] Next, referring to FIG. 5, FIG. 6A, FIG. 6B, and
FIG. 7, the details of the yarn joining nozzle 70 will be
described. The yarn joining nozzle 70 is a sintered body
molded of the metal described above (the first metal) .
As illustrated in FIG. 7, the yarn joining nozzle 70 has a
yarn joining space 72 formed to pass therethrough in a
first direction and a yarn inserting gap 73 connected to
the yarn joining space 72 and communicating with the
inside and the outside of the yarn joining nozzle 70. The
firstdirection is a direction parallel to a yarn traveling path
L (that s, the traveling direction of the yarn Y) illustrated
in FIG. 7. The yarn inserting gap 73 connects to the yarn
joining space 72 in the front-rear direction (a second di-
rection and the horizontal direction) orthogonal to the first
direction and causes the inside and the outside of the
yarn joining nozzle 70 to communicate with each other
in the front-rear direction.
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[0047] The nozzle body 71 includes a pair of yarn in-
troducing surfaces 71f disposed to be continuous with
the pair of yarn introducing surfaces 63f of the support
block 60 via an adhesive and sloping in a V shape in plan
view. The yarn inserting gap 73 connects to the yarn in-
troducing surfaces 71f and is a gap for inserting the yarn
Y into the yarn joining space 72 from the front (from the
second direction).

[0048] The yarnjoining space 72 has an upstream yarn
joining space (a first yarn joining space) 72b including
two upstream injection holes (first passing holes) 79b,
for example, through which compressed air passes and
a downstream yarn joining space (a second yarn joining
space) 72a including two downstream injection holes
(second passing holes) 79a, for example, through which
compressed air passes. The central block part 71a has
two upstream injection channels 78b connecting the
chamber C and upstream yarn joining space 72b to each
other and two downstream injection channels 78a con-
necting the chamber C and the downstream yarn joining
space 72a to each other. The upstream injection channel
78b opens into the upstream yarn joining space 72b, and
the openings are the upstream injection holes 79b. The
downstream injection channel 78a opens into the down-
stream yarn joining space 72a, and the openings are the
downstream injection holes 79a. The upstream injection
channel 78b is formed from the first side surface 75 to-
ward the yarn traveling path L and from the front to the
rear. The downstream injection channel 78a is formed
from the second side surface 76 toward the yarn traveling
path L and from the front to the rear.

[0049] The yarn joining device 26 is a water splicer
injecting liquid such as water into the channels for com-
pressed air. The upstream injection channel 78b and the
downstream injection channel 78a are twisting channels
configured to twist the yarn ends of two yarns together
by compressed air with, forexample, water (liquid) added
passing through the channels. Compressed air with, for
example, water (liquid) added is also injected in the first
untwisting pipe member 41A and the second untwisting
pipe member 41B.

[0050] The downstream yarn joining space 72a is ad-
jacent to and communicates with the upstream yarn join-
ing space 72b in the first direction. The upstream yarn
joining space 72b and the downstream yarn joining space
72a are cylindrical in shape with the same size and
shape. Each of the upstream yarn joining space 72b and
downstream yarn joining space 72a is defined by a cy-
lindrical peripheral surface. In the present embodiment,
the upstream yarn joining space 72b and the downstream
yarn joining space 72a are displaced (offset) in a third
direction, which is orthogonal to both of the first direction
and the second direction, with respect to the yarn
traveling path L. The central axis of the upstream yarn
joining space 72b extends in the first direction and is dis-
placed in one in the third direction with respect to the
yarn traveling path L. The central axis of the downstream
yarn joining space 72a also extends in the first direction



11 EP 4 286 312 A1 12

but is displaced in the other in the third direction with
respect to the yarn traveling path L. As a result, the up-
stream yarn joining space 72b and the downstream yarn
joining space 72a are eccentric to the one and the other
sides in the third direction with respect to the yarn
traveling path L. The upstream yarn joining space 72b
and the downstream yarn joining space 72a overlap with
one another in an area including the yarn traveling path
L in plan view.

[0051] Asillustrated in FIG. 5, the first side part 61 and
the central part 63 of the support block 60 have an air
introducing path 66 extending in a V shape from an en-
trance 66a toward an exit 66b. The entrance 66a is
formed on a rear surface of the support block 60 and the
exit 66b is formed on the first side wall surface 63a of the
central part 63. The air introducing path 66 includes a
first straight part 66A including the entrance 66a and a
second straight part 66B including the exit 66b, for ex-
ample. The exit 66b and the upstream injection channel
78b are preferably displaced in the second direction from
the viewpoint that this configuration reduces the differ-
ence in compressed air injected from the upstream in-
jection channel 78b and the downstream injection chan-
nel 78a. The shape of the air introducing path 66 is not
limited to this form. The second straight part 66B may be
extended to form an exit of the air introducing path 66 on
a side surface of the support block 60, for example.
[0052] In the yarn joining nozzle assembly 100, the air
introducing path 66, the chamber C, the downstream in-
jection channel 78a (the downstream injection holes
79a), and the upstream injection channel 78b (the up-
stream injection holes 79b) form a path for compressed
air. Compressed air passes through the upstream injec-
tion holes 79b, whereby the compressed air is injected
from the upstream injection holes 79b. Compressed air
passes through the downstream injection holes 79a,
whereby the compressed air is injected from the down-
stream injection holes 79a. Yarn joining of the first yarn
end and the second yarn end is performed through the
compressed air injected into the upstream yarn joining
space 72b through the upstream injection channel 78b
(the upstream injection holes 79b) and the compressed
air injected into the downstream yarn joining space 72a
through the downstream injection channel 78a (the
downstream injection holes 79a).

[0053] The yarn joining nozzle 70 is subjected to plat-
ing treatment with a metal different from the metal forming
the yarn joining nozzle 70 or the metal forming the support
block 60. That s, the yarn joining nozzle 70 has a plated
part in which the surface of the first metal is coated with
a metal different from the first metal. More specifically,
the plating treatment for the yarn joining nozzle 70 is elec-
troless nickel plating treatment. The plated partis an elec-
troless nickel-plated coating. The plated partis an amor-
phous nickel coating formed uniformly over the entire sur-
face of the first metal forming the body of the yarn joining
nozzle 70. The arithmetic average roughness (Ra) of sur-
face texture of the entire yarn joining nozzle 70 is more
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than 0 and 1.5 or less, for example. Alternatively, the
arithmetic average roughness (Ra) of the surface texture
of the entire yarn joining nozzle 70 may be 0.5 or more.
Even if the arithmetic average roughness (Ra) of the sur-
face texture of the yarn joining nozzle 70 is made smaller
than 0.5, the occurrence of yarn snagging during yarn
joining does not change very much. Consequently, yarn
quality does not change very much either. Thus, by set-
ting the arithmetic average roughness (Ra) of surface
texture of the yarn joining nozzle 70 to 0.5 or more and
1.50rless, itis possible to reduce the manufacturing cost
ofthe yarn joining nozzle 70 while also obtaining sufficient
yarn quality. The plated part has a thickness of 5 um or
more and 20 pm or less, for example. The hardness of
the electroless nickel-plated coating is 450 HV or more
in terms of Vickers hardness, for example. Due to the
small thickness of the plated part, the plated part does
not significantly affect the arithmetic average roughness
of surface texture of the yarn joining nozzle 70. Instead,
the plated part affects the hardness. The unit of arithmetic
average roughness of surface texture is "um."

[0054] The region in which the arithmetic average
roughness of surface texture and the hardness are ad-
justed to the above numerical ranges by the electroless
nickel-plated coating may be the entire surface of the
yarn joining nozzle 70 or only part of the surface of the
yarn joining nozzle 70. As illustrated in FIG. 5 and FIG.
7, for example, the plating treatment (surface treatment)
may be applied only to a first area M1b, which is a pe-
ripheral surface on the outer peripheral side of the up-
stream yarn joining space 72b, and a second area M2b
closer to the yarn traveling path L in the upstream yarn
joining space 72b. The peripheral surface on the outer
peripheral side of the yarn joining space 72 can also be
said to be "a peripheral surface defining the yarn joining
space 72." The plating treatment (surface treatment) may
be applied only to a first area M1a, which is a peripheral
surface on the outer peripheral side of the downstream
yarn joining space 72a, and a second area M2a closer
to the yarn traveling path L in the downstream yarn joining
space 72a. That is, the plating treatment (surface treat-
ment) may be applied only to a minimum area including
the first area M1b, the second area M2b, the first area
M1a, and the second area M2a. In FIG. 5and FIG. 7, the
first area M1b, the second area M2b, the first area M1a,
and the second area M2a are indicated by bold lines.
[0055] Next, a method for manufacturing the yarn join-
ing nozzle 70 will be described. First, a kneaded product
obtained by kneading, for example, a powdery metallic
material and a binder forming the yarn joining nozzle 70
is injected into a mold for forming the yarn joiningnozzle
70. Furthermore, the kneaded product is heated to re-
move the binder . The kneaded product from which the
binder has been removed is sintered to form an interme-
diate of the yarn joining nozzles 70. Sintering can provide
high hardenability in the yarn joining nozzle 70. Next, the
entire surface of the yarn joining nozzle 70 is ground by
shot blast treatment. The shot blast treatment has a
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meaning as pretreatment (base treatment) for forming
the plated part. Then, electroless nickel plating treatment
is applied to the entire part or part of a surface of the yarn
joining nozzle 70. Subsequently, the yarn joining nozzle
70 is bonded and fixed to the support block 60.

[0056] According to the yarn joining device 26 of the
present embodiment, the metallic yarn joining nozzle 70
improves strength and thus prevents breakage of the
yarnjoining nozzle 70. The arithmetic average roughness
(Ra) of surface texture of at least part of the peripheral
surface on the outer peripheral side of the yarn joining
space 72 is more than 0 and 1.5 or less, and thus the
occurrence of the snagging of the yarn Y during yarn
joining is reduced, thereby improving yarn quality.
[0057] With the yarn joining device 26 of the present
embodiment, the arithmetic average roughness (Ra) of
surface texture of at least part of the peripheral surface
on the outer peripheral side of the yarn joining space 72
is 0.5 or more and 1.5 or less, and thus it is possible to
reduce the manufacturing cost of the yarn joining nozzle
70 while also obtaining certain yarn quality.

[0058] The yarn joining nozzle has the plated part in
which the surface of the first metal is coated with the
metal different from the first metal. In this case, the sur-
face of the first metal as a base material is covered with
the plated part. The two types of metals enhance hard-
ness. By adjusting the arithmetic average roughness of
surface texture of the plated part to the above range, the
yarn joining nozzle 70 with excellent yarn quality can be
easily achieved.

[0059] The support block 60 is formed of the second
metal different from the firstmetal. Bonding with the ther-
mosetting adhesive requires treatment under high tem-
perature conditions (heating treatment). The thermoset-
ting adhesive is excellent in terms of adhesive strength.
However, conventional ceramic nozzles cannot with-
stand high temperature conditions in that they cause
stress based on the difference in thermal expansion be-
tween a ceramic nozzle and a metallic support block,
leading to nozzle breakage, for example. The yarnjoining
nozzle being formed of the first metal and the support
block being formed of the second metal can reduce the
possibility of the yarn joining nozzle 70 breaking due to
stress based on thermal expansion under high temper-
ature conditions.

[0060] The yarn joining device 26 is a water splicer
injecting liquid such as water into the channels for com-
pressed air. The upstream injection channel 78b and the
downstream injection channel 78a are twisting channels
configured to twist the yarn ends of two yarns together
by compressed air with water (liquid) added passing
through the channels. Water, together with air, is injected
into the yarn joining space 72 of the yarn joining nozzle
70 through the upstream injection channel 78b and the
downstream injection channel 78a. The yarn joining noz-
zle 70 and the support block 60 are bonded together with
the epoxy resin adhesive, and thus the adhesive strength
is maintained despite the presence of aliquid component.
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Even if compressed air with water added is injected in
the first untwisting pipe member 41A and the second un-
twisting pipe member 4 1B, the water (liquid) can adhere
to the yarn joining nozzle 70. However, the yarn joining
nozzle 70 and the support block 60 are bonded together
with the epoxy resin adhesive as in the present embod-
iment, thus having a small (almost no) effect on the ad-
hesive strength.

[0061] The plated part is an electroless nickel-plated
coating. By providing the upstream yarn joining space
72b having the upstream injection holes 79b and the
downstream yarn joining space 72a having the down-
stream injection holes 79a in the yarn joining nozzle 70,
the surface of the first metal can be uniformly covered
with the electroless nickel-plated coating to form the plat-
ed part (a plated layer) uniformly even when the shape
is complicated. When electroplating is employed, the
thickness of the plated part varies from place to place,
and variations in thickness are likely to occur, but such
non-uniformity is avoided. Electroless nickel plating is
performed by immersion in a solution. Thus, the plating
treatment can be performed even if the shape of the yarn
joining nozzle 70 is complicated. The part in which the
plated part is required is only a part to be in contact with
the yarn, but considering simplicity in manufacture, the
plated part is formed on the entire surface of the yarn
joining nozzle 70 (the first metal).

[0062] The plated part has a thickness of 5 um or more
and 20 um or less. A smaller thickness of the plated part
makes the dimensions of the yarn joining nozzle 70 more
substantially the same as the dimensions of the base
material (the first metal) and stabilizes the dimension ac-
curacy of the yarn joining nozzle 70 as a finished product.
[0063] The yarn joining nozzle is molded by injecting
a kneaded product obtained by kneading the first metal
and a binder into a mold, removing the binder by heating,
and then sintering the kneaded product. Sintering pro-
vides high hardenability in the yarn joining nozzle 70. The
yarn joining nozzle 70 is molded by injection molding,
and thus there is no need for performing machining. It
can also be manufactured with higher accuracy than by
casting.

[0064] Withthe method for manufacturing the yarn join-
ing nozzle 70 of the present embodiment, the yarn joining
nozzle 70 is formed with a mold, and thus the yarn joining
nozzle 70 can be formed without machining, thus reduc-
ing man-hours. In addition, performing machining can
produce burrs or the like, but injection molding is less
likely to produce unnecessary parts on the molded prod-
uct. Casting can produce air holes when metal is poured.
With the above method of manufacture, dimensional ac-
curacy is enhanced.

[0065] Although the embodiment of the present disclo-
sure has been described above, the present invention is
not limited to the foregoing embodiment. The yarn joining
device 26 may be an air splicer injecting only compressed
air into the channels for compressed air, for example.
[0066] The numberofinjectionholesformed intheyarn
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joining nozzle may be one for the entire yarn joining
space. Alternatively, it may be one for each of the first
yarn joining space and the second yarn joining space.
As illustrated in FIG. 8, a yarn joining nozzle 70A may be
provided in which the upstream yarn joining space 72b
and the downstream yarn joining space 72a are provided
coaxially with respect to the yarn traveling path L. The
sectional shape of the upstream yarn joining space 72b
and the downstream yarn joining space 72a may each
be semicircular in plan view (in a section perpendicular
to the yarn traveling path L). The sectional shape of the
upstream yarn joining space 72b and the downstream
yarn joining space 72a may each be polygonal (e.g., tri-
angular, quadrangular (including rhombic and trapezoi-
dal), pentagonal, or the like) in plan view.

[0067] The yarn joining nozzle 70 may be formed from
a solid metallic material without performing plating treat-
ment. In such a case, by applying baking treatment, for
example, the surface hardness of the yarn joining nozzle
70 becomes 700 HV or more in terms of Vickers hard-
ness, for example. The baking treatment achieves high
hardness. It also provides superior resistance to wear
and tear compared to ordinary decorative plating or rust-
preventive plating. In this case also, the arithmetic aver-
age roughness (Ra) of surface texture of the entire part
or part of the surface of the yarn joining nozzle 70 is more
than 0 and 1.5 or less. Alternatively, the arithmetic aver-
age roughness (Ra) of surface texture of the entire part
or part of the surface of the yarn joining nozzle 70 is 0.5
ormore and 1.50rless. The yarnjoining nozzle subjected
to the baking treatment can be distinguished from the
yarn joining nozzle subjected to the plating treatment in
appearance.

[0068] The treatment may be applied in order of the
shot blast treatment, the plating treatment, and the bak-
ing treatment. By performing the baking treatment after
plating, high hardness similar to that described above
(e.g., 700 HV or more) is achieved.

[0069] In the foregoing embodiment, the yarn joining
device according to an aspect of the present disclosure
is applied to the winder unit 3. However, the yarn joining
device according to an aspect of the present disclosure
may be applied to the winding unit of a spinning machine
or a work vehicle moving between a plurality of winding
units.

[0070] The adhesive for joining the yarn joining nozzle
70 and the support block 60 together may be an adhesive
containing a curing agent.

[0071] The support block 60 may be made of resin.
The support block is larger than the yarn joining nozzle,
and thus when a support block made of resin is used for
a yarn joining nozzle made of metal, expansion of the
yarn joining nozzle due to elevated temperatures has little
effect on the support block. When a yarn joining nozzle
made of resin is used for a support block made of metal,
the yarn joining nozzle may possibly break, but in the
above case, the support block is unlikely to break.
[0072] Inthe above embodiment, the yarn joining noz-
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zle 70 and the support block 60, which are configured as
separate components, may be configured as an integrat-
ed component. The yarn joining nozzle 70 has an air
introducing path connected to an air supply path outside
the yarn joining device 26, a chamber which is a space
connected to the downstream side of the air introducing
path, and a passing hole connected to the chamber and
through which compressed air passes to the yarn joining
space. The air introducing path, the chamber, the injec-
tion hole, the yarn joining space, and the yarn inserting
gap are provided in the yarn joining nozzle formed as an
integral (one piece) component by the first metal. An in-
tegral component of the yarn joining nozzle 70 and the
support block 60 can be shaped with a metal 3D printer,
for example. With this method of shaping, metal powder
as a material can be spread, and a part to be shaped can
be melted and solidified by being irradiated with a laser
or an electron beam. As a result, it is possible to easily
manufacture a nozzle with a complicated shape with the
yarnjoining nozzle 70 and the support block 60 integrated
with each other. By applying plating treatment to the noz-
zle shaped with the metal 3D printer, the surface hard-
ness and the arithmetic average roughness of surface
texture similar to those in the above embodiment can be
obtained. With this method, the yarn joining nozzle 70
and the support block 60 can be constructed as a seam-
less integrated component, thus eliminating the need for
bonding. Thus, air leaks due to faulty bonding will not
occur. Furthermore, man-hours during nozzle manufac-
ture are reduced.

[0073] The yarn joining nozzle 70 may be formed by
machining or casting.

Claims

1. Avyarn joining device (26) comprising a yarn joining
nozzle (70) formed of a first metal, wherein

the yarn joining nozzle (70) has

a yarn joining space (72) formed to pass
through the yarn joining nozzle (70) in a first
direction, and

a yarn inserting gap (73) connected to the
yarn joining space (72) in a second direction
orthogonal to the first direction and commu-
nicating with an inside and an outside of the
yarn joining nozzle (70) in the second direc-
tion, and

an arithmetic average roughness (Ra) of surface
texture of at least part of a peripheral surface on
an outer peripheral side of the yarn joining space
(72) is more than 0 and 1.5 or less.

2. The yarn joining device (26) according to claim 1,
wherein the arithmetic average roughness (Ra) of
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surface texture of at least part of the outer peripheral
side of the yarn joining space (72) is 0.5 or more.

The yarn joining device (26) according to claim 1 or
2, wherein the yarn joining nozzle (70) has a plated
part in which a surface of the first metal is coated
with a metal different from the first metal.

The yarn joining device (26) according to claim 3,
wherein

the yarn joining space (72) has

afirstyarn joining space (72b) including one
or a plurality of first passing holes (79b)
through which compressed air passes, and
a second yarn joining space (72a) adjacent
to and communicating with the first yarn
joining space (72b) in the first direction and
including one or a plurality of second pass-
ing holes (79a) through which the com-
pressed air passes, and

the plated part is an electroless nickel-plated
coating.

The yarn joining device (26) according to claim 3 or
4, wherein the plated part has a thickness of 5 um
or more and 20 pm or less.

The yarn joining device (26) according to any one of
claims 1 to 5, wherein the yarn joining nozzle (70) is
subjected to baking treatment.

The yarn joining device (26) according to any one of
claims 1 to 6, wherein the yarn joining nozzle (70) is
molded by injecting and sintering a kneaded product
obtained by kneading the first metal and a binder.

The yarn joining device (26) according to any one of
claims 1 to 7, wherein a surface of the first metal of
the yarn joining nozzle (70) is ground by shot blast
treatment.

The yarn joining device (26) according to any one of
claims 1 to 8, further comprising a support block (60)
housing the yarn joining nozzle (70), wherein

the yarn joining nozzle (70) and the support
block (60) are bonded together with an epoxy
resin thermosetting adhesive, and

the supportblock (60) is formed of a second met-
al different from the first metal.

The yarn joining device (26) according to claim 9,
further comprising a twisting channel (78a, 78b) con-
figured to twist yarn ends of two yarns together by
compressed air with liquid added passing through
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10

the twisting channel (78a, 78b).

11. The yarn joining device (26) according to claim 1,

wherein

the yarn joining nozzle (70) has an air introduc-
ing path connected to an air supply path outside
the yarn joining device (26), a chamber, which
is a space connected to a downstream side of
the airintroducing path, and a passing hole con-
nected to the chamber and through which com-
pressed air passes to the yarn joining space, and
the air introducing path, the chamber, the pass-
ing hole, the yarn joining space, and the yarn
inserting gap are provided in the yarn joining
nozzle (70) formed as an integral component
made from the first metal.

12. The yarn joining device (26) according to claim 11,

wherein the yarn joining nozzle (70) has a plated part
in which a surface of the first metal is coated with a
metal different from the first metal.
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