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RING-TRAVELER SYSTEM OF RING SPINNING MACHINE

In a ring-traveler system of a ring spinning machine, circular recesses (15) are formed on a sliding surface of
aring (11) on which a traveler (12) slides when the traveler travels. The depth of each recess is 0.5 to 8 um, the diameter
of each recess is 5 to 30 wm, and the percentage of the area of all recesses in the area of the entire sliding surface of
the ring is 5 to 16%.
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Description
BACKGROUND OF THE INVENTION

[0001] The present invention relates to a ring-traveler system of a ring spinning machine, and in particular, to a ring-
traveler system of a ring spinning machine without liquid lubrication.

[0002] It has been demanded to decrease frictional wear and seizing that affect the performance of the ring-traveler
system of the ring spinning machine, while increasing the speed and prolonging the life of the system. To meet the
demand, material variation, surface treatment, shape variation, the use of lubrication liquid, and the like have been
proposed. In particular, the use of lubrication liquid is effective and relatively inexpensive. However, the passing yarn
may be smeared with lubricating oil, and the use of oil leads to frequent maintenance. Thus, lubrication liquid is used
for only limited applications such as spinning of woolen yarns.

[0003] Japanese Laid-Open Patent Publication No. 2014-29045 and Japanese Laid-Open Patent Publication No.
2014-29046 disclose a ring-traveler system of a ring spinning machine, which improves a friction reduction effect and
keeps the friction reduction effect longer without using liquid lubrication as compared to conventional articles. In the ring-
traveler system of the ring spinning machine described in Japanese Laid-Open Patent Publication No. 2014-29045, a
concave portion having a depth of 0.1 to 20 wm and a planar portion having a width of 1 to 250 wm are alternately formed
on a sliding surface of a ring on which a traveler slides when the traveler travels. In this case, the "ring spinning machine"
refers to a ring spinning machine, a ring twisting machine, or the like that includes a ring supported by a ring rail to rise
and fall and a traveler sliding on the ring, and winds a yarn via the traveler. The "concave portion" includes a groove,
and a recess surrounded by a plane. According to this configuration, when the traveler slides, air around the concave
portion brings a wedge effect, and a friction reduction effect is obtained. Moreover, since the traveler slides on the planar
portion, there is no wear of the concave portion.

[0004] Moreover, Japanese Laid-Open Patent Publication No. 2014-29045 describes that preferably, the concave
portion is a circular recess, the diameter of the recess is 5 to 50 um, the depth of the recess is 1 to 10 um, and the
distance between the adjacent recesses is 10 to 100 um. Moreover, the document describes that when the concave
portion is the circular recess, and the diameter and the depth of the recess, and the distance between the adjacent
recesses fall in the above-mentioned ranges, a good friction reduction effect in addition to the wedge effect is obtained
because wear powders and other foreign substances are discharged from the sliding interface between the ring and the
traveler.

[0005] In a ring-traveler system of a ring spinning machine described in Japanese Laid-Open Patent Publication No.
2014-29046, 400 or more concave portions per centimeter are formed on a sliding surface of a ring on which a traveler
slides when the traveler travels. Japanese Laid-Open Patent Publication No. 2014-29046 describes that since a fiber
film enters the concave portions on the sliding surface of the ring-traveler system to improve the adhesive force of the
film and to prevent the fiber film from peeling off, the friction reduction effect caused by lubrication of the fiber film
maintains reduced traveling resistance of the traveler.

[0006] Japanese Laid-Open Patent Publication No. 2014-29045 discloses the relationship between the traveling dis-
tance of the traveler of less than 9000 km and the traveling resistance, and describes that the traveling resistance in the
example is smaller than that of the commercial article, and the friction reduction effect is sustained. However, in the
case of using the traveler disclosed in this document, when the traveling distance of the ring spinning machine is extended
to 17000 km for spinning, the traveling resistance increases and replacement of the traveler becomes necessary.
[0007] Japanese Laid-Open Patent Publication No. 2014-29046 discloses that micro-cracks formed on a surface of
a hard chromium plating layer are used as concave portions. However, the formation of the micro-cracks brings about
the possibility of negatively affecting the durability of the hard chromium plating layer. Moreover, the document discloses
that grooves or recesses processed on the surface of the ring or the traveler are used as concave portions. However,
when 400 or more grooves or recesses per centimeter are processed, the area of a planar portion where no groove or
recess is formed becomes extremely small. Since this leads to early wear of the grooves or recesses, the friction reduction
effect cannot be sustained.

SUMMARY OF THE INVENTION

[0008] Itis an object of the present invention to provide a ring-traveler system of a ring spinning machine capable of
sustaining a friction reduction effect long without using liquid lubrication.

[0009] To achieve the object, a first aspect of the present invention provides a ring-traveler system of a ring spinning
machine. A circular recess is formed on a sliding surface of a ring on which a traveler slides when the traveler travels.
The depth of the recess is 0.5 to 8 um. The diameter of the recess is 5 to 30 um. Moreover, the area ratio of the recess
is 5 to 16%. "Circular" is not limited to a perfect circle, and may be an ellipse having an ellipticity of 0.8 or more. The
"area ratio" is a value represented by a percentage of the area of all the recesses in the area of the entire sliding surface
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of the ring on which the traveler slides.
BRIEF DESCRIPTION OF THE DRAWINGS
[0010]

Fig. 1A is a perspective view illustrating a ring according to an embodiment of the present invention;

Fig. 1B is a partial perspective view illustrating the ring;

Fig. 1C is a partial sectional view illustrating the relationship between a traveler and the ring during spinning;

Fig. 2A is a partial plan view illustrating concave portions;

Fig. 2B is a partial sectional view illustrating the concave portions;

Fig. 3A is a schematic view illustrating an effect of the ring according to the present invention;

Fig. 3B is a schematic view illustrating an effect of a ring that is a conventional article;

Fig. 4 is a graph illustrating the relationship between traveling resistance and a traveling distance;

Fig. 5A is a plan view illustrating the state of deposit having adhered to the surface of the ring;

Fig. 5B is a plan view illustrating the state of deposit having adhered to the surface of the ring having no recess;
Fig. 6A is a sectional view illustrating the state of deposit having adhered to the surface of the ring;

Fig. 6B is a sectional view illustrating the state of deposit having adhered to the surface of the ring having no recess;
Fig. 7 is a view illustrating the relationship between an area ratio and a wear level;

Fig. 8Ais a schematic view illustrating the wear state of the traveler when the ring according to the present invention
is used; and

Fig. 8B is a schematic view illustrating the wear state of the traveler when a ring in a comparative example is used.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0011] Referring to Figs. 1 to Fig. 8, an embodiment of a ring-traveler system of a ring spinning machine according to
the present invention will now be described.

[0012] As illustrated in Fig. 1A to Fig. 1C, a ring 11 constituting the ring-traveler system includes a flange 11a having
a T-shaped cross section, and a traveler 12 is formed having a C-shaped cross section. The ring 11 is formed of a
bearing steel. As illustrated in Fig. 1 B and Fig. 1C, a plating layer 13 is formed on a surface of the flange 11a. The
plating layer 13 is formed by being plated with chromium. The plating layer 13 has a thickness of about 10 to 20 um.
[0013] The plating layer 13 is a sliding surface of the ring 11 on which the traveler 12 slides when the traveler 12
travels. In this embodiment, as illustrated in Fig. 1C, a surface texture having a periodic structure 14 is formed on the
plating layer 13 on an inner peripheral surface of the flange 11a. As illustrated in Fig. 2A and Fig. 2B, the periodic
structure 14 is configured by arranging circular recesses 15 at predetermined intervals. The depth of each recess 15 is
0.5 to 8 um, preferably, 1 to 5 wm, more preferably, 2 to 4 um. The diameter of the recess 15 is 5 to 30 um, preferably,
8 to 25 um, more preferably, 10 to 20 wm. The area ratio of the recesses 15 is 5 to 16%. The area ratio is a value
represented by a percentage of the area of all the recesses 15 in the area of the entire sliding surface of the ring 11 on
which the traveler 12 slides. The recesses 15 are formed, for example, by irradiating locations where the recesses 15
of the ring 11 are to be formed with a femtosecond pulsed laser or a high-power nano-pulsed laser.

[0014] Next, effects of the above-mentioned ring-traveler system will be described with reference to Fig. 1C, Fig. 3A,
and Fig. 3B.

[0015] As illustrated in Fig. 1C, a yarn Y is sent out from a draft part not illustrated, and then is wound around a high-
speed rotating bobbin not illustrated through the traveler 12. The maximum rotating speed of a spindle in the normal
spinning operation of the ring spinning machine is about 25000 rpm. The traveler 12 travels on the flange 11a by the
winding tension of the yarn Y. The traveling posture of the traveler 12 slightly varies depending on the rotating speed.
The traveler 12 travels on the ring 11 while abutting on an inner lower portion of the flange 11a.

[0016] In the ring-traveler system in this embodiment, the surface texture having the periodic structure 14 is formed
on the sliding surface of the ring 11 on which the traveler 12 slides when the traveler 12 travels. The periodic structure
14 is formed such that the recesses 15 satisfy predetermined conditions. This decreases the traveling resistance of the
traveler 12, because a yarn component deposit is formed in the recesses 15 when the traveler 12 slides.

[0017] Moreover, the recesses 15 satisfy the requirement that the area ratio is 5 to 16%. Thus, as illustrated in Fig.
3A, when the traveler 12 slides, the surface texture of the ring 11 causes yarn component-derived carbon to be formed
as a thin deposit 16 on the entire sliding surface. The thin deposit 16 is formed on the entire sliding surface and then,
acts as a lubricating film. Since this prevents metal-to metal contact between the ring 11 and the traveler 12, wear of
the traveler 12 reduces. As a result, since the friction reduction effect is sustained long, the traveler 12 becomes difficult
to wear. Fig. 3A and Fig. 3B exaggeratedly illustrate irregularity of the sliding surface of the ring 11 on which the traveler
12 slides.
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[0018] On the other hand, when requirements that the depth of the recess 15 is 0.5 to 8 um, the diameter of the recess
is 5 to 30 wm, and the area ratio of the recesses is 5 to 16% are not satisfied, as illustrated in Fig. 3B, the deposit 16 is
formed on only a portion of the sliding surface, and the deposit 16 becomes thick. In this case, the metal-to metal contact
between the ring 11 and the traveler 12 occurs on a portion where no deposit is formed. As a result, the friction increases
and the wear of the traveler 12 advances. Therefore, the friction reduction effect is not sustained longer as compared
to the case where yarn component-derived carbon is formed as the thin deposit 16 on the entire sliding surface.

(Example 1)

[0019] The bearing steel ring 11 formed by plating the surface of the flange 11a with Cr was used. Moreover, a surface
texture having the periodic structure 14 was formed on the sliding surface of the ring 11 on which the traveler 12 slides.
[0020] The surface texture was formed on the ring 11 by using a high-power nano-pulsed laser (HIPPO 355-5W
manufactured by Spectra-Physics KK., with a laser having a wavelength of 335 nm). As laser irradiation conditions,
pulse energy was set to 86 uJ, and pulse time was set to 12 ns. Moreover, the ring was fixed to a jig in air, the rotating
speed was set to 50°/sec, and the ring was rotated 25 times. The diameter and the depth of each hole of the surface
texture formed by the laser irradiation were 20 um and 2 pm, respectively. Moreover, the surface texture was formed
at intervals of 70 uwm in the ring circumferential direction and at intervals of 60 um in the axial direction. The processing
time per ring was about 160 seconds. Various textures were formed by changing other laser irradiation conditions than
the above. An example of the conditions is shown in Table 1. The number of the holes per centimeter was 111 to 125.

(Table 1)
Diameter (um) | Area Ratio (%) | Depth (um)
Sample 1 10 1.6 2
Sample 2 10 8.7 2
Sample 3 20 6.4 4
Sample 4 20 12.6 4

[0021] In Table 1, Sample 1 is a conventional article disclosed in Japanese Laid-Open Patent Publication No.
2014-29045. Sample 2 to Sample 4 are articles according to the present invention.

[0022] A ring-traveler system using the ring 11 having the surface texture formed thereon (hereinafter may also be
referred to as a surface textured article) and a ring-traveler system using a commercial ring having no surface texture
formed thereon were constituted. Then, a spinning test was performed until the traveling distance reached 25000 km,
and the relationship between the traveling resistance and the traveling distance was examined. The spinning test was
performed by increasing the rpm in stages from 15000 to 21000 rpm until the traveling distance of the traveler 12 reached
1400 km, and by keeping high-speed rotation of 22000 rpm after the traveling distance reached 1600 km. Concerning
the traveling resistance, a co-rotating force applied from the traveler 12 to the ring 11 was measured using a load cell
in the state where the ring 11 was rotationally supported.

[0023] Fig. 4 illustrates the results of the relationship between the traveling resistance and the traveling distance. As
apparent from Fig. 4, at high-speed rotation spinning after running-in performed until the traveling distance reaches 1400
km, the traveling resistance of the ring 11 having the surface texture with the periodic structure 14 formed thereon is
smaller than the traveling resistance of the commercial ring. Thus, the effect of the surface texture was confirmed.
Moreover, the traveling resistance of Sample 1 (conventional article) that is the ring 11 having the surface texture, but
does not satisfy the configuration requirement that the area ratio is 5 to 16% according to the presentinvention increased
to 18[gf] to 19[gf] when the traveling distance reached 17000 km. On the other hand, the traveling resistance of Sample
2 to Sample 4, which are articles according to the present invention, almost did not change when the traveling distance
exceeded 17000 km. That is, it was confirmed that the article according to the present invention, which satisfies the
requirement for the surface texture different from the requirement of the conventional article, can sustain the friction
reduction effect longer than the conventional article.

[0024] Further, the spinning test was continued until the traveling distance of the traveler 12 reached 25000 km. Then,
wear of the traveler 12 was evaluated at a time point when the traveling distance reached 25000 km. Moreover, sliding
surfaces of the surface textured article and the commercial ring after spinning and cross sections near the sliding surfaces
were observed using a scanning electron microscope (SEM). Moreover, carbon on the sliding surfaces was analyzed
using an electron probe microanalyzer (EPMA).

[0025] Fig. 5A and Fig. 5B are schematic views illustrating analysis results of the EPMA. Fig. 5A illustrates the analysis
results of the sliding surface of the surface textured article according to the present invention, and Fig. 5B illustrates the
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analysis results of the sliding surface of the ring having no surface texture formed thereon. In Fig. 5A and Fig. 5B, portions
where dots are present represent locations where the deposit 16 has adhered. As the number of the dots per unit area
is larger, the deposit 16 is thicker.

[0026] As illustrated in Fig. 5A, in the surface textured article, the thin carbon deposit 16 present on the entire sliding
surface was detected, and the thick and highly-concentrated deposit 16 present on the portions of the recesses 15 was
detected. On the other hand, as illustrated in Fig. 5B, in the ring having no surface texture formed thereon, the deposit
16 adhered to only a portion of the sliding surface, and the deposit 16 was thicker in many portions than the deposit 16
in the article according to the present invention. The deposit 16 is considered to have been formed by wear powders of
the yarn Y that are generated by sliding of the traveler 12 and the yarn Y and enter the sliding surface of the ring 11 on
which the traveler 12 slides.

[0027] A main component of the yarn is cellulose. For this reason, it is considered that an organic component-derived
fluorescent component was analyzed using the EPMA. The deposit was analyzed by Raman analysis. As a result, in
the deposit in the surface textured article, an amorphous carbon component-derived spectrum was detected on the
sliding surface that is glossier than the recesses 15. In addition to the above-mentioned cellulose-derived component,
it is considered that the amorphous carbon component-derived component also contributes to the lubricating ability and
wear is reduced.

[0028] Fig. 6A illustrates the deposit 16 formed on the sliding surface of the surface textured article, and Fig. 6B
illustrates the deposit 16 formed on the sliding surface having no surface texture formed thereon. The deposit 16 illustrated
in Fig. 6B is thicker than the deposit 16 illustrated in Fig. 6A. Specifically, the thickness of the deposit 16 formed on the
sliding surface of the surface textured article was about submicron, that is, less than 1 wm. On the contrary, the thickness
of the deposit 16 on the sliding surface having no surface texture formed thereon was for example, about 2 um.
[0029] Wear of the traveler 12 having slid on the surface textured article was evaluated. For the evaluation of the wear
of the traveler 12, the minimum thickness that remains after the spinning test was used. In this case, the initial thickness
of the traveler 12 was used as a reference value. Then, a wear level at which the traveler has no wear was defined as
wear level 1. Moreover, a wear level at which the traveler wore to have the thickness half or more of the initial thickness
of the traveler 12 was defined as wear level 2. Moreover, a wear level at which the traveler wore to have the thickness
less than a half of the initial thickness of the traveler was defined as wear level 3. Further, according to stages where
the wear advanced, wear levels 4 and 5 were defined, respectively. These stages are stages where the spinning per-
formance of the yarn decreases and the replacement of the traveler 12 is necessary.

[0030] Fig. 7 illustrates the evaluation results. An unprocessed article having no texture formed thereon was used as
a comparative article. The wear level in the unprocessed article was about 4. On the contrary, in the traveler having slid
on the surface textured article, the results of the best wear level of 1.5 to 2 and less wear were obtained. Even in the
surface textured article, when the area ratio was 2%, that is, the area ratio did not satisfy the requirement of 5 to 16%,
the wear level was 3. Moreover, although not illustrated, in the surface textured article, when the diameter of the recess
15 exceeded 30 um, the wear level was 3 or more. Therefore, it was confirmed that the diameter of the hole is preferably
8 to 30 wm. It was also confirmed that the area ratio is also important and is preferably 5 to 16%.

[0031] The wear state of the traveler 12 was observed. As a result, when the ring in Sample 1 that is the comparative
example was used, as illustrated in Fig. 8A, a worn portion 20 was formed on the sliding surface of the ring. However,
as illustrated in Fig. 8B, when the rings 11 in Sample 2 to Sample 4 in the example were used, formed worn portions
20’ each were smaller than the worn portion 20 when the ring in Sample 1 was used.

[0032] According to this embodiment, the following effects can be obtained.

(1) In the ring-traveler system of the ring spinning machine, the circular recesses 15 are formed on the sliding surface
of the ring 11 on which the traveler 12 slides when the traveler 12 travels. The depth of the recess 15is 0.5to 8
pwm, the diameter of the recess 15 is 5 to 30 wm, and the area ratio of the recesses 15 is 5 to 16%. According to
this configuration, when the traveler 12 slides, the recesses 15 cause yarn component-derived carbon to be formed
as the thin deposit 16 on the entire sliding surface. Since the deposit 16 acts as a lubricating film and thus the metal-
to metal contact between the ring 11 and the traveler 12 is prevented, wear of the traveler 12 reduces. Moreover,
according to the above-mentioned diameter and area ratio, a sufficiently large area can be ensured in the planer
portion between the adjacent recesses 15, that is, the planer portion where no recess 15 is formed. Therefore, the
friction reduction effect can be sustained longer without using liquid lubrication than the conventional article.

(2) The diameter of the recess 15 may be 8 to 25 um. When the diameter of the recess 15 is too smaller or too
larger, due to the relationship with the area ratio, the deposit 16 that acts as the lubricating film is difficult to become
thin and uniform and it becomes difficult to sustain the friction reduction effect long. On the contrary, when the
diameter of the recess 15 is 8 to 25 um, the deposit 16 is easy to become thin and uniform and it becomes easy to
sustain the friction reduction effect long. Moreover, when the diameter of the recess 15 is 10 to 20 pwm, it becomes
easy to sustain the friction reduction effect still longer.

(3) The depth of the recess 15 may be 1 to 5 um. When the depth of the recess 15 is 1 to 5 wm, a good friction
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reduction effect is obtained. Moreover, when the depth of the recess 15 is 2 to 4 um, it becomes easy to sustain
the friction reduction effect still longer.

[0033] The present embodiment may be embodied as follows.

[0034] The recesses 15 of different sizes may be present.

[0035] The recesses 15 of different depths may be present.

[0036] The recesses 15 of different sizes and the recesses 15 of different depths may be present.

[0037] The periodic structure 14 is not limited to the configuration where the recesses 15 are arranged on the entire
sliding surface at regular intervals in a staggered or lattice-like manner. The recesses may be arranged in a partially
different manner or in a random manner.

[0038] The periodic structure 14 may be formed on the flange 11 a without forming the plating layer 13. However,
when the material of the ring 11 is a material currently used in the commercial article, it is preferable to form the plating
layer 13.

[0039] The ring 11 constituting the ring-traveler system is not limited to the configuration of including the flange 11a
having a T-shaped cross section, and may include an inclined flange 11a. In this case, a traveler of a shape corresponding
to the inclined flange is used as the traveler 12.

[0040] As a method of forming the periodic structure 14 other than the method using an extremely-short pulsed laser
such as a femtosecond pulsed laser, a high-power picosecond pulsed laser, or a nanosecond pulsed laser, other well-
known methods may be applied.

[0041] The periodic structure 14 may be formed on the traveler 12 in place of the ring 11 of the ring-traveler system.
When the periodic structure 14 is formed on the traveler 12, the area of the periodic structure 14 becomes much smaller
than when the periodic structure is formed on the ring 11. For this reason, it is preferable to form the periodic structure
14 on the traveler 12.

[0042] The spinning yarn is not limited to cotton, and may be linen, silk, wool, chemical fiber (nitrocellulose, nylon,
vinylon). Among them, cotton and linen are preferable in the point that cotton and linen discharge wear powders most
and it is easy to form the deposit 16 on the sliding surface of the ring on which the traveler slides.

[0043] In a ring-traveler system of a ring spinning machine, a circular recess is formed on a sliding surface of a ring
on which a traveler slides when the traveler travels. The depth of the recess is 0.5 to 8 um, the diameter of the recess
is 5 to 30 um, and the area ratio of the recess is 5 to 16%.

Claims
1. Aring-traveler system of a ring spinning machine being characterized by:

a circular recess (15) is formed on a sliding surface of a ring (11) on which a traveler (12) slides when the
traveler (12) travels,

a depth of the recess (15) is 0.5 to 8 um,

a diameter of the recess (15) is 5 to 30 um, and

an area ratio of the recess (15) is 5 to 16%.

2. Thering-traveler system of the ring spinning machine according to claim 1, being characterized in that the diameter
of the recess (15) is 8 to 25 um.

3. The ring-traveler system of the ring spinning machine according to claim 1 or 2, being characterized in that the
depth of the recess (15) is 1to 5 um.

4. Arring (11) of a ring spinning machine, being characterized in that
a circular recess (15) is formed on a contact surface with a traveler (12) when the traveler (12) slides, so as to have
a periodic structure (14), and
the ring (11) has the periodic structure (14) with
a depth of the recess (15) of 0.5 to 8 um,
a diameter of the recess (15) of 5 to 30 um, and
an area ratio of the recess (15) of 5 to 16%.
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