EP 2 977 493 A2

(1 9) Europdisches

Patentamt

European
Patent Office
Office européen

des brevets

(11) EP 2 977 493 A2

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
27.01.2016 Bulletin 2016/04

(21) Application number: 15172508.2

(22) Date of filing: 17.06.2015

(51) IntClL:

DO1H 1/30 (2006.07) DO1H 1/115 (2006.07)

(84) Designated Contracting States:
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB

GRHRHUIEISITLILTLULVMC MKMT NL NO

PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME

Designated Validation States:
MA

(30) Priority: 24.07.2014 JP 2014150306

(71) Applicant: Murata Machinery, Ltd.
Minami-ku
Kyoto-shi
Kyoto 601-8326 (JP)

(72) Inventor: Mori, Hideshige

Kyoto,

612-8686 (JP)

(74) Representative: Hoffmann Eitle
Patent- und Rechtsanwailte PartmbB
ArabellastraBe 30
81925 Miinchen (DE)

(54) SPINNING MACHINE AND SPINNING METHOD

(67) A spinning machine includes a drafting device
(7), an air-jet spinning device (9), and a yarn pooling roller
(41). The drafting device (7) includes plural draft rollers,
including a front roller (20), and drafts a fiber bundle (8).
The air-jet spinning device (9) performs spinning to form
ayarn (10) by twisting the fiber bundle (8) drafted by the
drafting device (7). The yarn pooling roller (41) pools the
yarn (10) formed by the air-jet spinning device (9) by
winding the yarn (10) around a surface thereof. A periph-
eral speed of the front roller (20) during yarn discharge
spinning and during regular spinning performed after
yarn discharge spinning is different. A peripheral speed
of the yarn pooling roller (41) during the yarn discharge
spinning and during the regular spinning is different.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention generally relates to a
spinning machine that includes an air-jet spinning device
that performs yarn discharge spinning and that pools the
yarn formed by the air-jet spinning device on a yarn pool-
ing roller.

2. Description of the Related Art

[0002] Air-jet spinning devices that perform yarn dis-
charge spinning are known in the art. Yarn discharge
spinning is a process different from regular spinning per-
formed at the start of the spinning whereby a yarn is
formed withoutinserting a seed yarn in the air-jet spinning
device.

[0003] Japanese Patent Application Laid-open No.
2003-278035 (Patent Document 1) discloses a spinning
machine that performs the yarn discharge spinning. The
disclosed spinning machine includes plural draft rollers
(sequentially from upstream, a back roller, a third roller,
a second roller, and a front roller) and plural opposing
rollers. Patent Document 1 discloses a technique for in-
creasing a success rate of the yarn discharge spinning
by changing a draft ratio thereby increasing the thickness
of a count of a yarn when performing the yarn discharge
spinning. Patent Document 1 discloses exerting control
to change rotation speeds of the draft rollers, such as the
front roller, as a method for changing the draft ratio. The
spinning machine includes a slack tube that sucks and
pools the yarn supplied from an air-jet spinning device
when performing yarn joining.

[0004] Japanese Patent Application Laid-open No.
2004-277943 (Patent Document 2) discloses a spinning
machine that includes plural spinning units. Each spin-
ning unit includes a yarn pooling roller that winds and
pools a yarn supplied from an air-jet spinning device. A
front roller and a second roller of each of the spinning
units are driven by a common driving source for all the
spinning units. Consequently, the frontroller and the sec-
ond roller of all the spinning units are driven at the same
rotation speed. Respective driving sources are arranged
individually in each spinning unit for driving a third roller
and a back roller of each spinning unit. Consequently,
the rotation of the third roller and the back roller can be
controlled as the situation demands.

[0005] The spinning machines disclosed in Patent
Documents 1 and 2 pull the yarn formed by the air-jet
spinning device using a delivery roller and a nip roller. In
such a spinning machine, when the yarn is being pulled
from the air-jet spinning device, at times the yarn slips
against the delivery roller due to inadequate clamping
force. Spinning machines that have been designed by
taking the above problem into consideration are known
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in the art. In such a spinning machine (delivery rollerless
spinning machine), the delivery roller is omitted, and a
yarn pooling roller is arranged downstream of the air-jet
spinning device (see Japanese Patent Application Laid-
open No. 2010-77576).

SUMMARY OF THE INVENTION

[0006] Depending on conditions such as the raw ma-
terial of the yarn, yarn count, spinning speed and the like,
yarn breakage can easily occur in the air-jet spinning
device when performing the yarn discharge spinning, re-
sultinginreduction in a success rate of the yarn discharge
spinning. Particularly, there is a disadvantage that the
yarn discharge spinning cannot be performed at spinning
speeds faster than a predetermined spinning speed.
[0007] InPatent Document 2, the rotation speed of the
front roller and the spinning speed of all the spinning units
are same and hence, cannot be changed in accordance
with the situation. Hence, if a spinning speed leading to
a successful yarn discharge spinning is set, the spinning
speed for the regular spinning would become slow, re-
sulting in decreased productivity. If a fast spinning speed
is set to enhance productivity, the probability of failure of
the yarn discharge spinning increases, and consequent-
ly, productivity decreases.

[0008] Itis an object of the presentinvention to provide
a spinning machine that includes a yarn pooling roller
and that can enhance productivity without reducing the
success rate of the yarn discharge spinning.

[0009] A spinning machine according to an aspect of
the present invention includes a drafting device, an air-
jet spinning device, and a yarn pooling roller. The drafting
device includes plural draft rollers, including a front roller,
and drafts a fiber bundle. The air-jet spinning device per-
forms spinning whereby a yarn is formed by twisting the
fiber bundle drafted by the drafting device. The yarn pool-
ing roller pools the yarn formed by the air-jet spinning
device by winding the yarn around a surface thereof. A
peripheral speed of the front roller during yarn discharge
spinning and during regular spinning performed after the
yarn discharge spinning is different. A peripheral speed
of the yarn pooling roller during the yarn discharge spin-
ning and during the regular spinning is different.

[0010] According to another aspect of the present in-
vention, in a spinning method, the peripheral speed of
the front roller included in the drafting device that drafts
the fiber bundle is caused to differ during yarn discharge
spinning performed by the air-jet spinning device thatper-
forms spinning to form the yarn by twisting the fiber bun-
dle and during regular spinning performed by the air-jet
spinning device after the yarn discharge spinning. The
peripheral speed of the yarn pooling roller that pools the
yarn by winding the yarn formed by the air-jet spinning
device on a surface thereof is caused to differ during the
yarn discharge spinning and during the regular spinning.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0011]

FIG. 1 is a side view of a spinning unit arranged in
a spinning machine according to an embodiment of
the present invention.

FIG. 2 is cross-sectional view of internal configura-
tion of an air-jet spinning device.

FIG. 3is an enlarged perspective view of a yarn pool-
ing device and a first guide.

FIG. 4 is a side view of the spinning unit when per-
forming yarn joining and yarn discharge spinning.
FIG. 5A is a graph for explaining a change in a pe-
ripheral speed of a yarn pooling roller.

FIG. 5B is a graph for explaining a change in a pe-
ripheral speed of a front roller.

FIG. 5C is a graph for explaining a change in a ratio
of the peripheral speed of the yarn pooling roller to
the peripheral speed of the front roller.

FIG. 6A is a graph for explaining a change in the
peripheral speed of the front roller.

FIG. 6B is a graph for explaining a change in the
peripheral speed of a middle roller.

FIG. 6C is a graph for explaining a change in a ratio
of the peripheral speed of the front roller to the pe-
ripheral speed of the middle roller.

FIGS. 7A to 7C are tables listing setting parameters
that are set in a setting section.

DETAILED DESCRIPTION

[0012] Exemplary embodiments of a spinning frame
(spinning machine) according to the present invention
are explained in detail below with reference to the ac-
companying drawings. In this specification, the terms
"upstream" and "downstream" refer to upstream and
downstream in a traveling direction of a fiber bundle and
a spun yarn during spinning.

[0013] The spinning machine includes plural spinning
units 2 arranged side by side and a main control device
5 that performs centralized management of the spinning
units 2. The main control device 5 includes a setting sec-
tion 6 and spinning conditions (such as a count and spin-
ning speed of a spinning yarn 10) can be set by using
the setting section 6. In each spinning unit 2, an air-jet
spinning device 9 spins a fiber bundle 8 conveyed from
a drafting device 7 to form a spun yarn 10 and a winding
section 26 winds the spun yarn 10 to form a package 50.
[0014] As shown in FIG. 1, each spinning unit 2 in-
cludes, sequentially from upstream to downstream, the
drafting device 7, the air-jet spinning device 9, a yarn
pooling device 22, a yarn joining device 23, a yarn mon-
itoring device 25, and the winding section 26. All the parts
of the spinning unit 2 are controlled by a unit controller
(controller) 90 arranged in the spinning unit 2. All the
parts of the spinning unit 2 can instead be controlled by
the main control device 5.
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[0015] The drafting device 7 includes, sequentially
from the upstream, four draft rollers, namely, a back roller
16, a third roller 17, a middle roller (second roller) 19 with
a rubber apron belt 18, and a front roller 20. Each of the
draft rollers is driven to rotate at a predetermined rotation
speed. The drafting device 7 includes plural opposing
rollers arranged respectively facing the draft rollers.
[0016] The drafting device 7 includes a front driving
section (first driving section) 91 that drives the front roller
20, a middle driving section (third driving section) 92 that
drives the middle roller 19, and an upstream driving sec-
tion 93 that drives the third roller 17 and the back roller
16. Each of the driving sections is constituted by a motor
(for example, a brushless motor) a rotation speed of
which can be changed in accordance with a control signal
of the unit controller 90. Because each spinning unit 2 of
the spinning machine has its own front driving section
91, middle driving section 92, and upstream driving sec-
tion 93, the rotation speed of each draft roller of each
spinning unit 2 can be controlled independently. In an
alternative configuration, the draft rollers of plural spin-
ning unit 2 can be simultaneously driven by a common
driving source for all the spinning units 2. In the spinning
unit 2 according to the presentembodiment, a single driv-
ing source (upstream driving section 93) drives the third
roller 17 and the back roller 16. A driving source can,
however, be arranged individually for the third roller 17
and the back roller 16 for driving the respective rollers.
[0017] The drafting device 7 forms the fiber bundle 8
from a sliver 15 by transporting the sliver 15, supplied
from a not shown sliver case via a sliver guide, sand-
wiched between plural draft rollers and plural opposing
rollers and stretching (drafting) the sliver 15 till a prede-
termined fiber amount (or thickness) is attained. A regu-
lating member 21 is arranged between the third roller 17
and the middle roller 19. A through hole is formed in the
regulating member 21. Awidth of the sliver 15 being draft-
ed is regulated when the sliver 15 passes through the
through hole of the regulating member 21.

[0018] The air-jet spinning device 9 is arranged imme-
diately downstream of the front roller 20. The air-jet spin-
ning device 9 forms the spun yarn 10 by twisting the fiber
bundle 8 supplied from the drafting device 7. In the
present embodiment, an air-jet spinning device that
twists the fiber bundle 8 by the action of a swirling air
current is employed. As shown in FIG. 2, the air-jet spin-
ning device 9 includes a nozzle block 30 and a hollow
guide shaft 34. The nozzle block 30 includes a fiber guide
31, a spinning chamber 32, and a first nozzle 33. The
hollow guide shaft 34 includes a yarn passageway 35
and a second nozzle 36. The structural components of
the air-jet spinning device 9 are controlled by the unit
controller 90.

[0019] The fiber guide 31 guides the fiber bundle 8
drafted by the drafting device 7 toward the interior of the
air-jet spinning device 9. A fiber guiding opening 31a and
a guide needle 31b are formed in the fiber guide 31. The
fiber bundle 8 drafted by the drafting device 7 is guided
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from the fiber guiding opening 31a in a state of being
wound over the guide needle 31b into the spinning cham-
ber 32. Air is blown from the first nozzle 33 into the spin-
ning chamber 32 to generate the swirling air current that
acts on the fiber bundle 8 present inside the spinning
chamber 32.

[0020] The hollow guide shaft 34 is a cylindrical mem-
ber and has the yarn passageway 35 formed therein. A
swirling air current is generated inside the yarn passage-
way 35 when air is blown from the second nozzle 36 into
the yarn passageway 35. The direction of the swirling air
current generated by the air blown from the second noz-
zle 36 is opposite to the direction of the swirling air current
generated by the air blowing from the first nozzle 33.
[0021] During the yarn discharge spinning, a swirling
air current is generated by the air being blown from both
the first nozzle 33 and the second nozzle 36. The fiber
bundle 8 drafted by the drafting device 7 is guided into
the air-jet spinning device 9 by the fiber guide 31. The
air blown from the first nozzle 33 flows swirlingly in a
feeding direction of the fiber bundle 8. The fiber bundle
8 acquires a loose false twist by the action of the swirling
air current and is conveyed to the hollow guide shaft 34
in this state.

[0022] The yarn passageway 35 is formed such that a
cross-sectional area thereof at any given point is larger
than a cross-sectional area thereof at any point upstream
of the given point. Consequently, the swirling air current
inside the yarn passageway 35 flows downstream. With
this configuration, the fiber bundle 8 can be conveyed in
the downstream direction inside the yarn passageway
35. Because the direction of the swirling air current gen-
erated inside the yarn passageway 35 is opposite to the
direction of the swirling air current inside the spinning
chamber 32, the fiber bundle 8 is conveyed from the hol-
low guide shaft 34 to the outside while being spun into a
bundled fiber form. Any known spinning method can be
used to perform the spinning.

[0023] Theregular spinning is performed after the yarn
discharge spinning. During the regular spinning, the air
is blown only from the first nozzle 33 to generate the
swirling air current inside the spinning chamber 32. That
is, when shifting from the yarn discharge spinning to the
regular spinning (during the shift), air is blown from the
second nozzle 36, but during the regular spinning, air is
not blown from the second nozzle 36. The trailing ends
ofthefibers of the fiber bundle 8 supplied from the drafting
device 7 swing around the tip of the hollow guide shaft
34 by the action of the swirling air current generated in-
side the spinning chamber 32. The swinging action twists
the fiber bundle 8 to form the spun yarn 10. The spun
yarn 10 passes through the yarn passageway 35 of the
hollow guide shaft 34 and is conveyed to the outside of
the air-jet spinning device 9 through a not shown yarn
outlet located on the downstream side.

[0024] In the manner explained above, the spun yarn
10 is formed by applying twists to the fiber bundle 8 when
performing the yarn discharge spinning and the regular
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spinning.

[0025] Afirstguide 61 (guide member, see FIG. 3) that
guides the spun yarn 10 is arranged downstream of the
air-jet spinning device 9. The first guide 61 guides the
spunyarn 10 tothe yarn pooling device 22. The first guide
61 is movable so that it can pull the spun yarn 10 to the
yarn pooling device 22 for performing yarn joining or the
like.

[0026] The yarn pooling device 22 is arranged down-
stream of the first guide 61. The yarn pooling device 22
includes a yarn pooling roller 41, a roller driving section
(second driving section) 42, a yarn hooking member 43,
and a yarn amount detection sensor 44. The roller driving
section 42 is a motor that drives the yarn pooling roller
41 to rotate. The roller driving section 42 is a motor (for
example, a stepping motor) a rotation speed of which
can be changed in accordance with a control signal of
the unit controller 90. The spun yarn 10 is wound onto
the surface of the yarn pooling roller 41 with the driving
of the rotation of the yarn pooling roller 41 by the roller
driving section42. The spun yarn 10 is temporarily pooled
by being wound around the yarn pooling roller 41.
[0027] The yarn hooking member 43 is mounted on a
downstream end portion of the yarn pooling roller 41. The
yarn hooking member 43 is supported in a rotatable man-
ner relatively to the yarn pooling roller 41. A permanent
magnet is attached to any one of the yarn hooking mem-
ber 43 and the yarn pooling roller 41, and a magnetic
hysteresis member is attached to the other of the yarn
hooking member 43 and the yarn pooling roller 41. These
magnetic means generate a torque against a relative ro-
tation of the yarn hooking member 43 with respect to the
yarn pooling roller 41. Therefore, only when a force over-
coming the torque is applied (when a tension of a prede-
termined amount or larger is applied) on the yarn hooking
member 43, the yarn hooking member 43 is rotated rel-
atively to the yarn pooling roller 41 so that the spun yarn
10 wound around the yarn pooling roller 41 can be un-
wound. On the other hand, when such a force is not ap-
plied to the yarn hooking member 43, the yarn pooling
roller 41 and the yarn hooking member 43 are integrally
rotated so that the spun yarn 10 is wound around the
yarn pooling roller 41.

[0028] In this manner, the yarn pooling device 22 op-
erates such that the spun yarn 10 is unwound when the
yarn tension on the downstream is increased, and the
spun yarn 10 is prevented from being unwound when the
yarn tension is decreased (when the spun yarn 10 is
about to have a slack). With this operation, the yarn pool-
ing device 22 can remove the slack of the spun yarn 10
and apply an appropriate tension on the spun yarn 10.
Furthermore, because the yarn hooking member 43 op-
erates to absorb a variation of the tension applied on the
spun yarn 10 between the yarn pooling device 22 and
the winding section 26, the variation of the tension is pre-
vented from affecting the spun yarn 10 between the air-
jet spinning device 9 and the yarn pooling device 22.
[0029] The yarn amount detection sensor 44 is an op-
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tical sensor that detects whether a pooled amount in the
yarn pooling device 22 is a predetermined amount or
more.

[0030] A second guide 62 thatregulates the spun yarn
10 unwound from the yarn pooling roller 41 is arranged
downstream of the yarn pooling roller 41. The yarn joining
device 23 is arranged downstream of the second guide
62. The yarn joining device 23 joins the spun yarn 10
from the air-jet spinning device 9 (first yarn) and the spun
yarn 10 from the package 50 (second yarn) when the
spunyarn 10 is disconnected between the air-jet spinning
device 9 and the package 50 due to any reason. In the
presentembodiment, the yarn joining device 23 is a splic-
er device that twists and joins the yarn ends by the action
of a swirling air current generated by compressed air.
The yarn joining device 23, however, is not limited to the
splicer device, and can be, for example, a mechanical
knotter and the like.

[0031] The spinning unit 2 includes a catching and
guiding device that guides the spun yarn 10 to the yarn
joining device 23. The catching and guiding device is
constituted by a first catching and guiding device 27 that
guides the first yarn and a second catching and guiding
device 28 that guides the second yarn.

[0032] The first catching and guiding device 27 in-
cludes a base portion that is pivotably supported, and is
able to pivotin a vertical direction around the base portion
as a center. The first catching and guiding device 27 is
hollow, connected to a not shown blower, and can gen-
erate a suction airflow. The first catching and guiding
device 27 catches an end of the first yarn by pivoting
downward (see FIG. 4). After catching the first yarn, the
first catching and guiding device 27 guides the first yarn
to the yarn joining device 23 by pivoting upward.

[0033] The second catching and guiding device 28 in-
cludes a base portion that is pivotably supported, and is
able to pivot in the vertical direction around the base por-
tion as a center. The second catching and guiding device
28 is also hollow, connected to a not shown blower, and
can generate a suction airflow. The second catching and
guiding device 28 catches an end of the second yarn by
pivoting upward (see FIG. 4). After catching the second
yarn, the second catching and guiding device 28 guides
the second yarn to the yarn joining device 23 by pivoting
downward.

[0034] The first yarn (the spun yarn 10 formed by the
regular spinning) and the second yarn are joined by the
yarn joining device 23 being driven with the first yarn and
the second yarn guided to the yarn joining device 23.
With this action, continuity of the spun yarn 10 is restored
between the air-jet spinning device 9 and the package
50 and the winding of the spun yarn 10 onto the package
50 can be resumed.

[0035] The yarn monitoring device 25 is arranged
downstream of the yarn joining device 23. The yarn mon-
itoring device 25 monitors a thickness of the traveling
spun yarn 10 with a not shown optical transmission type
sensor. On detecting a yarn defect (a portion of the spun
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yarn 10 where the thickness or the like is abnormal) in
the spun yarn 10, the yarn monitoring device 25 transmits
a yarn defect detection signal to the unit controller 90.
On receiving the yarn defect detection signal, the unit
controller 90 drives a cutter 24 arranged near the yarn
monitoring device 25 to cut the spun yarn 10. The sensor
with which the yarn monitoring device 25 monitors the
thickness of the spun yarn 10 is not limited to an optical
transmission type sensor, and can, for example, be a
capacitance type sensor. A foreign matter included in the
spun yarn 10 can be detected as the yarn defect. In an
alternative configuration, the cutter 24 can be arranged
inside the yarn monitoring device 25. Alternatively, the
cutter 24 can be omitted, and the spun yarn 10 can be
cut by stopping spinning by the air-jet spinning device 9.
When spinning is suspended due to yarn breakage
and/or yarn cutting or the like, after the spinning by the
air-jet spinning device 9 is stopped, a rotation speed of
the yarn pooling roller 41 is decreased and the rotation
of the yarn pooling roller 41 is eventually stopped.
[0036] Thewindingsection26is arranged downstream
of the yarn pooling device 22. The winding section 26
includes a cradle arm 52, and a winding drum 53. A di-
rection of a yarn path from the yarn pooling device 22 to
the winding section 26 is bent and guided by a down-
stream guide 63.

[0037] The cradle arm 52 rotatably supports a winding
tube 51 on which the spun yarn 10 is to be wound. The
cradle arm 52 is pivotable around a base portion as a
center of pivoting. With this configuration, even when a
diameter of the package 50 increases with the winding
of the spun yarn 10 around the winding tube 51, the wind-
ing of the spun yarn 10 can be continued properly.
[0038] The winding drum 53 rotates while beingin con-
tact with an outer circumferential surface of the winding
tube 51 or the package 50 by a driving force transmitted
from a not shown winding-drum driving motor. A not
shown traverse groove is formed on an outer circumfer-
ential surface of the winding drum 53 and the spun yarn
10 can be traversed to a predetermined width using this
traverse groove. With this configuration, the winding sec-
tion 26 can form the package 50 by winding the spun
yarn 10 around the winding tube 51 while traversing the
spun yarn 10.

[0039] A process performed by the spinning unit 2 dur-
ing the shift from the yarn discharge spinning to the reg-
ular spinning is explained below with reference to FIGS.
4to 7C.

[0040] When spinning is initially started or when spin-
ning is resumed after temporary suspension due to yarn
breakage or the like (thatis, when the spunyarn 10 needs
to be conveyed anew from the air-jet spinning device 9),
the air-jet spinning device 9 performs the yarn discharge
spinning. The spunyarn 10 formed by the air-jet spinning
device 9 through the yarn discharge spinning is guided
to the yarn joining device 23 by the first catching and
guiding device 27, as shown in FIG. 4. The spun yarn 10
formed subsequently by the air-jet spinning device 9 is
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guided to a position near the yarn pooling device 22 by
the first guide 61. With this action, the yarn hooking mem-
ber 43 of the yarn pooling device 22 can rotate with the
spun yarn 10 hooked thereto.

[0041] As aresult, the yarn pooling device 22 pulls the
spun yarn 10 from the air-jet spinning device 9 and pools
the spun yarn 10 on the yarn pooling roller 41. When the
yarn amount detection sensor 44 detects that the pooled
amount of the spun yarn 10 on the yarn pooling roller 41
has reached a predetermined amount, the spinning unit
2 shifts from the yarn discharge spinning to the regular
spinning. The timing at which the shift from the yarn dis-
charge spinning to the regular spinning is made can be
decided by any means other than the yarn amount de-
tection sensor 44. For example, a yarn detection sensor
can be arranged inside the first catching and guiding de-
vice 27, and the shift from the yarn discharge spinning
to the regular spinning can be made at the timing when
the yarn detection sensor detects the spun yarn 10.
[0042] In the present embodiment, the spinning unit 2
exerts control such that the yarn pooling roller 41, the
front roller 20, and the middle roller 19 rotate at different
peripheral speeds (a distance by which a point on an
outer periphery of the roller progresses in a predeter-
mined time period) during the yarn discharge spinning
and during the regular spinning. Particularly, in the
present embodiment, the respective peripheral speeds
of the front roller 20, the middle roller 19, and the yarn
pooling roller 41 of each spinning unit 2 can be independ-
ently controlled. Consequently, the spun yarn 10 is
formed at the peripheral speeds suitable for the regular
spinning in the spinning unit 2 in which the regular spin-
ning is performed and at the peripheral speeds suitable
for the yarn discharge spinning in the spinning unit 2 in
which the yarn discharge spinning is performed.

[0043] Inthe examples shown in FIGS. 5A and 5B, the
peripheral speeds of the yarn pooling roller 41 and the
frontroller 20 are constant during the yarn discharge spin-
ning but gradually increase during the shift. During the
regular spinning, the peripheral speeds of the front roller
20 and the yarn pooling roller 41 once again become
constant atfaster speeds than the peripheral speeds dur-
ing the yarn discharge spinning. In FIGS. 5A and 5B, an
acceleration of the yarn pooling roller 41 and the front
roller 20 is uniform during the shift. The acceleration of
the yarn pooling roller 41 and the front roller 20 can, how-
ever, be changed.

[0044] Generally, performing the yarn discharge spin-
ning at predetermined or faster spinning speeds leads to
a reduction in a success rate of the yarn discharge spin-
ning, though this differs according to the spinning condi-
tions. Performing spinning at slower spinning speeds will
lead to decreased productivity during the regular spin-
ning. Hence, by increasing the peripheral speeds during
the shift, as shown in FIGS. 5A and 5B, reduction in the
success rate of the yarn discharge spinning can be pre-
vented and at the same time the productivity can be en-
hanced.
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[0045] The spun yarn 10 formed by the air-jet spinning
device 9 is wound on the yarn pooling roller 41. Hence,
when the peripheral speed of the yarn pooling roller 41
is faster than the peripheral speed of the front roller 20,
the spun yarn 10 is subjected to excessive tension, re-
sulting in the breakage of the spun yarn 10. On the other
hand, when the peripheral speed of the yarn pooling roller
41 is slower than the peripheral speed of the front roller
20, slackening of the spun yarn 10 occurs. In the spinning
unit 2, a change mode (which determines how the pe-
ripheral speed is to be changed) of the peripheral speed
of the yarn pooling roller 41 and a change mode of the
peripheral speed of the front roller 20 during the shift are
same. That is, in the spinning unit 2, the front driving
section 91 and the roller driving section 42 are controlled
such that the peripheral speeds of the front roller 20 and
the yarn pooling roller 41 are synchronized with each
other. In the present specification, the mode in which the
peripheral speeds of the yarn pooling roller 41 and the
front roller 20 are changed so as not to cause breakage
or slackening of the spun yarn 10 is called "same change
mode".

[0046] FIG. 5C is a graph for explaining a change in a
ratio of the peripheral speed of the yarn pooling roller 41
to the peripheral speed of the front roller 20 (a value ob-
tained by dividing the peripheral speed of the yarn pooling
roller 41 by the peripheral speed of the front roller 20)
(first peripheral speed ratio, feed ratio). It is preferable
that the first peripheral speed ratio is close to 1 for pre-
venting breakage or slackening of the spunyarn 10. How-
ever, at times, depending on the yarn count, spinning
speed, intended yarn specifications and the like, itis pref-
erable that the first peripheral speed ratio is greater than
1 or less than 1. In the example shown in FIG. 5C, the
first peripheral speed ratio has been adjusted to be great-
er than 1 during the yarn discharge spinning and less
than 1 during the regular spinning.

[0047] The peripheral speeds of the front roller 20 and
the yarn pooling roller 41 during the shift can be de-
creased, i.e., reverse to what is shown in FIGS. 5A and
5B. The first peripheral speed ratio can be adjusted to
be less than 1 during the yarn discharge spinning and
greater than 1 during the regular spinning, i.e., reverse
to what is shown in FIG. 5C.

[0048] Inthe example showninFIG. 6B, the peripheral
speed of the middle roller 19 is constant during the yarn
discharge spinning, gradually increases during the shift,
and during the regular spinning once again becomes con-
stant at a faster speed than the peripheral speed during
the yarn discharge spinning.

[0049] Generally, the success rate during the yarn dis-
charge spinning also depends on the fiber amount of the
fiber bundle 8 supplied to the air-jet spinning device 9.
Consequently, for example, changing the peripheral
speeds of the back roller 16 and the third roller 17 during
the yarn discharge spinning can be considered as an
approach for adjusting the fiberamount of the fiber bundle
8 supplied to the air-jet spinning device 9. However, the
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peripheral speeds of the back roller 16 and the third roller
17 are relatively slower, even with a small amount of
change of the peripheral speeds, there is a drastic
change in the fiber amount of the fiber bundle 8 supplied
to the air-jet spinning device 9. Consequently, the suc-
cess rate during the yarn discharge spinning reduces.
Furthermore, in the above case, the fiber amount of the
fiber bundle 8 supplied to the middle roller 19 also chang-
es drastically. Hence, for example, when there is an in-
crease in the fiber amount of the fiber bundle 8 supplied
to the middle roller 19, the fiber bundle 8 can get caught
in the regulating member 21 arranged between the third
roller 17 and the middle roller 19.

[0050] In the present embodiment, the fiber amount of
the fiber bundle 8 supplied to the air-jet spinning device
9 is adjusted by changing a ratio of the peripheral speed
of the front roller 20 to the peripheral speed of the middle
roller 19 (a value obtained by dividing the peripheral
speed of the front roller 20 by the peripheral speed of the
middle roller 19) (second peripheral speed ratio, main
draft ratio). The spinning unit 2 controls the front driving
section 91 and the middle driving section 92 so as to
realize a predetermined second peripheral speed ratio.
With this control, the fiber amount of the fiber bundle 8
supplied to the air-jet spinning device 9 or the like is pre-
vented from changing drastically even if there is a slight
shift in the value of the peripheral speed set for the front
roller 20 or the middle roller 19.

[0051] As explained above, because it is preferable to
carry out the regular spinning at high spinning speed, the
spinning unit 2 increases the speed of the front roller 20
and the middle roller 19 during the shift. The preferred
values of the second peripheral speed ratio during the
yarn discharge spinning and during the regular spinning
differ. Hence, the spinning unit 2 changes the peripheral
speeds of the front roller 20 and the middle roller 19 to
realize a preferred second peripheral speed ratio based
on the yarn count or the like of the spun yarn 10. In the
example shown in FIG. 6C, the peripheral speeds of the
front roller 20 and the middle roller 19 are changed such
that the second peripheral speed ratio during the regular
spinning is greater than the second peripheral speed ratio
during the yarn discharge spinning.

[0052] The peripheral speeds of the front roller 20 and
the middle roller 19 during the shift can be decreased,
i.e., reverse to what is shown in FIGS. 6A and 6B. The
second peripheral speed ratio during the regular spinning
can be adjusted to be less than the second peripheral
speed ratio during the yarn discharge spinning, i.e., re-
verse to what is shown in FIG. 6C.

[0053] As explained above, in the present embodi-
ment, the peripheral speeds of the yarn pooling roller 41,
the front roller 20, and the middle roller 19 are changed.
The peripheral speeds can be set automatically based
on the spinning conditions or the like entered by an op-
erator, or can be set by the operator. The operator can
specify the peripheral speed of each roller by entering a
predetermined value in the setting section 6 of the main
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control device 5.

[0054] FIGS.7Ato 7C are tables listing setting param-
eters that can be set in the setting section 6. As shown
in FIGS. 7A to 7C, setting parameters can be set for the
yarn discharge spinning, for the shift, and for the regular
spinning.

[0055] In addition to the peripheral speeds of the yarn
pooling roller 41, the front roller 20, and the middle roller
19, the first peripheral speed ratio and the second pe-
ripheral speed ratio can also be set as the setting param-
eters for the yarn discharge spinning and the regular spin-
ning. The operator can set the peripheral speeds or the
peripheral speed ratio by selecting a setting parameter
and entering a desired value. On specifying any two of
the peripheral speed of the yarn pooling roller 41, the
peripheral speed of the front roller 20, and the first pe-
ripheral speed ratio, the remaining parameter setting is
automatically entered. The same is the case with the pe-
ripheral speed of the front roller 20, the peripheral speed
of the middle roller 19, and the second peripheral speed
ratio.

[0056] A rate of change of the peripheral speeds of the
yarn pooling roller 41, the front roller 20, and the middle
roller 19 can be set as a setting parameter for the shift.
The rate of change of the peripheral speed is a value that
indicates the acceleration by which the peripheral speed
of the yarn pooling roller 41 and the like is to be changed
(or the time period in which the shift from the yarn dis-
charge spinning to the regular spinning is to be made).
Significantly increasing or decreasing the first peripheral
speed ratio or the second peripheral speed ratio can re-
sult in undesirable consequences, such as yarn break-
age, yarn slackening, a drastic increase or decrease in
the fiber amount of the fiber bundle 8 and the like. To
prevent the above consequences from arising, the
present embodiment allows the setting of a single rate
of change of the peripheral speed for the yarn pooling
roller 41, the front roller 20, and the middle roller 19.
[0057] The setting parameters can be set by the oper-
ator by entering specific values or selecting desired levels
from among plurallevels. The spun yarn 10 can be wound
under conditions suitable for the yarn count of the spun
yarn 10 and the intended yarn specifications by setting
the numerous setting parameters as explained above.
[0058] As explained above, the spinning machine in-
cludes the drafting device 7, the air-jet spinning device
9, and the yarn pooling roller 41. The drafting device 7
includes plural draft rollers, including the front roller 20,
and drafts the fiber bundle 8. The air-jet spinning device
9 performs spinning whereby the spun yarn 10 is formed
by twisting the fiber bundle 8 drafted by the drafting de-
vice 7. The yarn pooling roller 41 pools the spun yarn 10
formed by the air-jet spinning device 9 by winding the
spun yarn 10 around the surface thereof. The peripheral
speed of the front roller 20 during the yarn discharge
spinning and during the regular spinning performed after
the yarn discharge spinning differs. The peripheral speed
of the yarn pooling roller 41 during the yarn discharge
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spinning and during the regular spinning differs. That is,
in the time period from a time point when the yarn dis-
charge spinning ends to a time point when the regular
spinning starts, the spinning machine increases or de-
creases the peripheral speed of the front roller 20 and
the peripheral speed of the yarn pooling roller 41.
[0059] With the above adjustment, productivity can be
enhanced without reducing the success rate of the yarn
discharge spinning. By changing the peripheral speed of
not only the front roller 20 but also the yarn pooling roller
41, yarn breakage or yarn slackening that accompanies
a change in the peripheral speed of the front roller 20
can be prevented.

[0060] In the spinning machine according to the
present embodiment, the change mode of the peripheral
speed of the front roller 20 and the change mode of the
peripheral speed of the yarn pooling roller 41 are same
in the time period from the time point when the yarn dis-
charge spinning ends to the time point when the regular
spinning starts.

[0061] By having same change modes for the frontroll-
er 20 and the yarn pooling roller 41, yarn breakage or
yarn slackening that accompanies a change in the pe-
ripheral speed of the front roller 20 can be more reliably
prevented.

[0062] In the spinning machine according to the
present embodiment, the drafting device 7 includes the
middle roller 19 that is arranged second from down-
stream. The peripheral speed of the middle roller 19 dur-
ing the yarn discharge spinning and during the regular
spinning differs.

[0063] The draft ratio of, for example, the middle roller
19 and the front roller 20 can be changed by changing
the peripheral speed of the middle roller 19. Accordingly,
the fiber amount of the fiber bundle 8 being transported
can be adjusted. Unlike the adjustment of the fiber
amount of the fiber bundle 8 with the back roller 16 or
the like, an increase or decrease in the quantity of the
fiber amount of the fiber bundle 8 can be minimized by
changing the peripheral speed of the middle roller 19.
Hence, the fiber bundle 8 can be prevented from getting
caught in the regulating member 21.

[0064] Exemplary embodiments of the present inven-
tion are explained above. The above configuration can
also be modified as explained below.

[0065] Inthe above embodiment, the yarn pooling roll-
er 41, the front roller 20, and the middle roller 19 are
driven by different driving sections. Alternatively, by using
a speed reduction gear or the like, at least two of the
above rollers can be driven by the same driving section.
[0066] The setting section 6 can be arranged in the
main control device 5 as arranged in the above embod-
iment or can be arranged individually for each spinning
unit 2. A single controller for controlling all the driving
sections can be arranged in the main control device 5 or
the controller can be arranged individually for each spin-
ning unit 2 or for each driving section.

[0067] Inthe above embodiment, the presentinvention
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is applied to a spinning machine in which the package
50 is formed at a position that is above the spinning unit
2. The present invention can, however, be applied to a
spinning machine in which the package 50 is formed at
a position below the spinning unit 2 (Japanese Patent
Application Laid-open No. 2010-77576 or the like).
[0068] A spinning machine according to an aspect of
the present invention includes a drafting device, an air-
jet spinning device, and a yarn pooling roller. The drafting
device includes plural draft rollers, including a front roller,
and drafts a fiber bundle. The air-jet spinning device per-
forms spinning whereby a yarn is formed by twisting the
fiber bundle drafted by the drafting device. The yarn pool-
ing roller pools the yarn formed by the air-jet spinning
device by winding the yarn around a surface thereof. A
peripheral speed of the front roller during yarn discharge
spinning and during regular spinning performed after the
yarn discharge spinning is different. A peripheral speed
of the yarn pooling roller during the yarn discharge spin-
ning and during the regular spinning is different.

[0069] According to another aspect of the present in-
vention, in a time period from a time point when the yarn
discharge spinning ends to a time point when the regular
spinning starts, the spinning machine increases or de-
creases the peripheral speeds of the front roller and the
yarn pooling roller.

[0070] By changing the peripheral speed of the front
roller during the yarn discharge spinning and the regular
spinning, the yarn discharge spinning can be performed
at a spinning speed suitable for the yarn discharge spin-
ning and the regular spinning can be performed at a spin-
ning speed suitable for the regular spinning. With the
above adjustment, productivity can be enhanced without
reducing the success rate of the yarn discharge spinning.
By changing the peripheral speed of not only the front
roller but also the yarn pooling roller, yarn breakage or
yarn slackening that accompanies a change in the pe-
ripheral speed of the front roller can be prevented.
[0071] Itis preferable thatin the spinning machine, the
yarn pooling roller is arranged such that it can pull the
yarn from the air-jet spinning device and pool the yarn.
[0072] In a spinning machine that does not include a
delivery roller, the yarn pooling roller pulls the yarn from
the air-jet spinning device. Hence, by changing the pe-
ripheral speed of the yarn pooling roller, yarn breakage
or yarn slackening that accompanies a change in the
peripheral speed of the front roller can be more reliably
prevented.

[0073] It is preferable that the spinning machine in-
cludes a first driving section that drives the front roller to
rotate and a second driving section that drives the yarn
pooling roller to rotate.

[0074] With this configuration, the front roller and the
yarn pooling roller can be driven at different peripheral
speeds with a simple structure and without requiring a
speed reduction gear or the like.

[0075] The spinning machine includes plural spinning
units. Each of the spinning units includes the first driving
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section and the second driving section. The first driving
section and the second driving section of each spinning
unit are capable of performing driving independently of
the first driving section and the second driving section of
other spinning units.

[0076] With this configuration, the peripheral speeds
of the front roller and the yarn pooling roller in each spin-
ning unit can be independently controlled. Hence, the
spinning unit that performs the regular spinning can form
the yarn at a peripheral speed that is suitable for the
regular spinning and the spinning unit that performs the
yarn discharge spinning can form the yarn at a peripheral
speed that is suitable for the yarn discharge spinning.
[0077] Itis preferable thatin the spinning machine, the
peripheral speed of the front roller during the yarn dis-
charge spinning is slower than the peripheral speed of
the front roller during the regular spinning and the pe-
ripheral speed of the yarn pooling roller during the yarn
discharge spinning is slower than the peripheral speed
of the yarn pooling roller during the regular spinning.
[0078] With this control, when performing spinning un-
der typical spinning conditions, productivity can be en-
hanced without reducing the success rate of the yarn
discharge spinning.

[0079] It is preferable that in the spinning machine, a
change mode of the peripheral speed of the front roller
and a change mode of the peripheral speed of the yarn
pooling roller are same in the time period from the time
point when the yarn discharge spinning ends to the time
point when the regular spinning starts.

[0080] With this adjustment, yarn breakage or yarn
slackening that accompanies a change in the peripheral
speed of the front roller can be more reliably prevented.
[0081] It is preferable that the spinning machine in-
cludes a setting section that sets a rate of change of the
peripheral speed of the front roller and a rate of change
of the peripheral speed of the yarn pooling roller for the
time period from the time point when the yarn discharge
spinning ends to the time point when the regular spinning
starts.

[0082] With this configuration, the rate of change of the
peripheral speeds can be adjusted by taking into consid-
eration the time period from the end of the yarn discharge
spinning to the start of the regular spinning, a load on the
yarn, and the like.

[0083] It is preferable that in the spinning machine, a
ratio of the peripheral speed of the yarn pooling roller to
the peripheral speed of the front roller during the yarn
discharge spinning and during the regular spinning dif-
fers.

[0084] With this control, the fiber bundle can be drafted
andthe yarn can be pulled from the air-jet spinning device
at the ratio of peripheral speeds suitable for a count of
the yarn, the spinning speed, and the like.

[0085] In the spinning machine, a second roller ar-
ranged second from the downstream is included in the
plural draft rollers of the drafting device. A peripheral
speed of the second roller during the yarn discharge spin-
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ning and during the regular spinning is different.

[0086] By changingthe peripheral speed of the second
roller, for example, a draft ratio of the second roller and
the front roller can be changed. Hence, a fiber amount
of the fiber bundle conveyed to the drafting device can
be adjusted.

[0087] It is preferable that the spinning machine in-
cludes a third driving section that drives the second roller.
[0088] With this configuration, the peripheral speeds
of the front roller and the second roller can be individually
changed with a simple structure and without requiring a
speed reduction gear or the like.

[0089] Itis preferable in the spinning machine that, in
the time period from the time point when the yarn dis-
charge spinning ends to the time point when the regular
spinning starts, the peripheral speed of the front roller
and the peripheral speed of the second roller change and
a ratio of the peripheral speed of the front roller to the
peripheral speed of the second roller changes.

[0090] With this control, during the yarn discharge spin-
ning the front roller and the second roller are driven at
peripheral speeds suitable for the yarn discharge spin-
ning, and during the regular spinning the front roller and
the secondroller are driven at a ratio of peripheral speeds
suitable for the regular spinning.

[0091] It is preferable that the spinning machine in-
cludes a controller that controls at least the drafting de-
vice and the yarn pooling roller.

[0092] With this configuration, because various struc-
tural components can be controlled with a single control-
ler, control can be performed smoothly.

[0093] According to still another aspect of the present
invention, in a spinning method, the peripheral speed of
the front roller included in the drafting device that drafts
the fiber bundle is caused to differ during yarn discharge
spinning performed by the air-jet spinning device thatper-
forms spinning to form the yarn by twisting the fiber bun-
dle and during regular spinning performed by the air-jet
spinning device after the yarn discharge spinning. The
peripheral speed of the yarn pooling roller that pools the
yarn by winding the yarn formed by the air-jet spinning
device on a surface thereof is caused to differ during the
yarn discharge spinning and during the regular spinning.
[0094] With this method, productivity can be enhanced
without reducing the success rate of yarn discharge spin-
ning. By changing the peripheral speed of not only the
front roller but also the yarn pooling roller, yarn breakage
or yarn slackening that accompanies a change in the
peripheral speed of the front roller can be prevented.

Claims
1. A spinning machine comprising:
a drafting device (7) that includes plural draft

rollers (16, 17, 19, 20), including a front roller
(20), and is adapted to draft a fiber bundle (8);
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an air-jet spinning device (9) adapted to perform
spinning to form a yarn (10) by twisting the fiber
bundle (8) drafted by the drafting device (7); and
a yarn pooling roller (41) adapted to pool the
yarn (10) by winding the yarn (10) formed by the
air-jet spinning device (9) on a surface thereof
while pulling the yarn (10) from the air-jet spin-
ning device (9),

wherein a peripheral speed of the frontroller (20)
during yarn discharge spinning and during reg-
ular spinning performed after the yarn discharge
spinning is different, and

a peripheral speed of the yarn pooling roller (41)
during the yarn discharge spinning and during
the regular spinning is different.

2. A spinning machine comprising:

a drafting device (7) that includes plural draft
rollers (16. 17, 19, 20), including a front roller
(20), and is adapted to draft a fiber bundle (8);

an air-jet spinning device (9) adapted to perform
spinning to form a yarn (10) by twisting the fiber
bundle (8) drafted by the drafting device (7); and
a yarn pooling roller (41) adapted to pool the
yarn (10) by winding the yarn (10) formed by the
air-jet spinning device (9) on a surface thereof
while pulling the yarn (10) from the air-jet spin-
ning device (9),

wherein a peripheral speed of the frontroller (20)
is increased or decreased in a time period from
a time point when yarn discharge spinning ends
to a time point when regular spinning starts, and
a peripheral speed of the yarn pooling roller (41)
isincreased or decreased in the time period from
the time point when the yarn discharge spinning
ends to the time point when the regular spinning
starts.

The spinning machine as claimed in Claim 1 or Claim
2, further comprising:

a first driving section (91) adapted to drive the
front roller (20) to rotate; and

a second driving section (42) adapted to drive
the yarn pooling roller (41) to rotate.

The spinning machine as claimed in Claim 3, further
comprising plural spinning units (2) each of which
includes the first driving section (91) and the second
driving section (42),

wherein the first driving section (91) and the second
driving section (42) of each spinning unit (2) being
adapted to be capable of performing driving inde-
pendently of the first driving section (91) and the sec-
ond driving section (42) of other spinning units (2).

The spinning machine as claimed in any one of
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10

10.

1.

12.

Claims 1 to 4, wherein

a peripheral speed of the front roller (20) during the
yarn discharge spinning is slower than a peripheral
speed of the front roller during (20) the regular spin-
ning, and

a peripheral speed of the yarn pooling roller (41) dur-
ing the yarn discharge spinning is slower than a pe-
ripheral speed of the yarn pooling roller (41) during
the regular spinning.

The spinning machine as claimed in any one of
Claims 1 to 5, wherein a change mode of the periph-
eral speed of the front roller (20) and a change mode
of the peripheral speed of the yarn pooling roller (41)
are same in the time period from the time point when
the yarn discharge spinning ends to the time point
when the regular spinning starts.

The spinning machine as claimed in Claim 6, further
comprising a setting section (6) adapted to set a rate
of change of the peripheral speed of the front roller
(20) and a rate of change of the peripheral speed of
the yarn pooling roller (41) for the time period from
the time pointwhen the yarn discharge spinning ends
to the time point when the regular spinning starts.

The spinning machine as claimed in any one of
Claims 1to 7, wherein a ratio of the peripheral speed
of the yarn pooling roller (41) to the peripheral speed
of the front roller (20) during the yarn discharge spin-
ning and during the regular spinning is different.

The spinning machine as claimed in any one of
Claims 1 to 8, wherein a second roller (19) arranged
second from the downstream is included in the plural
draftrollers (16, 17, 19, 20) of the drafting device (7),
and a peripheral speed of the second roller (19) dur-
ing the yarn discharge spinning and during the reg-
ular spinning is different.

The spinning machine as claimed in Claim 9, further
comprising a third driving section (92) adapted to
drive the second roller (19).

The spinning machine as claimed in Claim 9 or Claim
10, wherein, in the time period from the time point
when the yarn discharge spinning ends to the time
point when the regular spinning starts, the peripheral
speed of the front roller (20) and the peripheral speed
of the second roller (19) change and a ratio of the
peripheral speed of the front roller (20) to the periph-
eral speed of the second roller (19) changes.

The spinning machine as claimed in any one of
Claims 1 to 11, further comprising a controller (90)
adapted to control at least the drafting device (7) and
the yarn pooling roller (41).
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13. A spinning method comprising:

causing a peripheral speed of a front roller (20)
included in a drafting device (7) adapted to draft

a fiber bundle (8) to differ during yarn discharge %
spinning performed by an air-jet spinning device

(9) adapted to perform spinning to form a yarn
(10) by twisting the fiber bundle (8) and during
regular spinning performed by the air-jet spin-
ning device (9) after yarn discharge spinning; 10
and

causing a peripheral speed of a yarn pooling roll-

er (41) adapted to pool the yarn (10) by winding

the yarn (10) formed by the air-jet spinning de-
vice (9) on a surface thereof while pulling the 15
yarn (10) from the air-jet spinning device (9) to
differ during the yarn discharge spinning and
during the regular spinning.
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FIG.7A

DURING YARN DISCHARGE SPINNING

PERIPHERAL SPEED OF YARN POOLING ROLLER

PERIPHERAL SPEED OF FRONT ROLLER

PERIPHERAL SPEED OF MIDDLE ROLLER

ane

FIRST PERIPHERAL SPEED RATIO(YARN POOLING ROLLER/FRONT ROLLER)

SECOND PERIPHERAL SPEED RATIO{FRONT ROLLER/MIDDLE ROLLER)

s

FIG.7B

DURING SHIFT

RATE OF CHANGE OF PERIPHERAL SPEED OF YARN POOLING ROLLER

RATE OF CHANGE OF PERIPHERAL SPEED OF FRONT ROLLER

RATE OF CHANGE OF PERIPHERAL SPEED OF MIDDLE ROLLER

FIG.7C

DURING REGULAR SPINNING

PERIPHERAL SPEED OF YARN POOLING ROLLER

PERIPHERAL SPEED OF FRONT ROLLER

PERIPHERAL SPEED OF MIDDLE ROLLER

FIRST PERIPHERAL SPEED RATIO (YARN POOLING ROLLER/ FRONT ROLLER)

SECOND PERIPHERAL SPEED RATIO (FRONT ROLLER/MIDDLE ROLLER)

17




EP 2 977 493 A2
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

«  JP 2003278035 A [0003] «  JP 2010077576 A [0005] [0067]
«  JP 2004277943 A [0004]

18



	bibliography
	abstract
	description
	claims
	drawings
	cited references

