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(54) Yarn winding machine and yarn winding unit

(57) A spinning frame (1) includes a winding device
(13), a spinning device (9), a rotary encoder mechanism
(52), a yarn joining device (43), a yarn joint monitor (47),
and a carrier controller. The spinning device (9) supplies
a spun yarn (10) to the winding device (13) to form a
package (45). The rotary encoder mechanism (52) de-
tects a rotational speed of the package (45). The yarn
joining device (43) joins the spun yarn (10) between the
spinning device (9) and the package (45). The yarn joint
monitor (47) arranged downstream of the yarn joining
device (43) in a running direction of the spun yarn (10)
monitors the yarn joint and outputs a monitoring result.
The carrier controller judges whether the yarn joint is nor-
mal based on the monitoring result of the yarn joint and
the rotational speed of the package (45).
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a technique for
inspecting a yarn joint formed by a yarn joining device.

2. Description of the Related Art

[0002] Yarn winding machines that wind a yarn onto a
bobbin to form a package are known in the art. Examples
of such a yarn winding machine include a spinning ma-
chine disclosed in Japanese Patent Application
Laid-open No. 2007-284812. The spinning machine dis-
closed in Japanese Patent Application Laid-open No.
2007-284812 includes a spinning section that forms a
spun yarn by twisting a fiber bundle and a winding section
that winds the spun yarn formed by the spinning section
onto a bobbin to form a package.
[0003] The spinning machine disclosed in Japanese
Patent Application Laid-open No. 2007-284812 includes
a yarn-joining carrier that, when the spun yarn is broken
between the spinning section and the package, connects
(joins) a yarn end of the yarn coming from the spinning
section and a yarn end of the yarn coming from the pack-
age. The yarn-joining carrier includes a yarn joining de-
vice that joins the yarn end coming from the spinning
section and the yarn end coming from the package and
forms a joint. The yarn-joining carrier includes a yarn-
end catcher that catches the yarn end coming from the
spinning section and the yarn end coming from the pack-
age and guides the yarn ends to the yarn joining device,
and a reverse-rotating section that rotates the package
in a yarn unwinding direction.
[0004] There has been an increasing demand for
non-defective joints in spun yarn in recent years. At the
defective joints, because the yarn ends are inadequately
joined, the yarn strength is low. Therefore, the number
of defective joints in a package needs to be minimized.
Yarn-joint monitoring devices are known in the art. The
yarn-joint monitoring device monitors, in real time, the
quality of yarn joints formed by the yarn joining device to
detect a defective yarn joint before the yarn with the de-
fective yarn joint is wound into a package. For example,
an inspection device that examines a tensile strength and
a yarn dimension (yarn diameter) of a yarn joint (twist-
joint portion) formed by a yarn joining device (twist-joining
device) is disclosed in Japanese Patent Application Laid-
open No. S55-101561.

SUMMARY OF THE INVENTION

[0005] It is an object of the present invention to provide
an apparatus, a yarn winding unit and a yarn winding
machine capable of accurately obtaining a yarn running
speed immediately after start of winding.

[0006] This object is achieved by an apparatus for in-
specting a yarn joint according to claim 1, a yarn winding
unit according to claim 5 and a yarn winding machine
according to claim 7.
[0007] The inventors of the present application found
out that winding motion of the winding section causes
the yarn with a yarn joint to run. When the yarn runs in
this way, the yarn joint passes through the yarn-joint mon-
itoring device. The yarn-joint monitoring device inspects
the yarn joint passing therethrough. Thus, the yarn-joint
monitoring device inspects the yarn joint of the running
yarn. Therefore, information about a running speed of
the yarn is necessary to determine the quality of the yarn
joint accurately.
[0008] The yarn joining device performs yarn joining in
a state where yarn winding performed by the winding
section is stopped and yarn running is suspended. The
yarn winding by the winding section is resumed after the
yarns have been joined. The yarn joint then passes
through the yarn-joint monitoring device. That is, the yarn
joint passes through the yarn-joint monitoring device im-
mediately after resumption of yarn winding. Immediately
after resumption of yarn winding, however, the yarn run-
ning speed changes continuously. Moreover, the manner
in which the yarn running speed changes varies widely
depending on various conditions including a mass of the
package (i.e., the inertia of the package) and/or whether
wax is applied onto the yarn. Consequently, the speed
at which the yarn joint passes through the yarn-joint mon-
itoring device varies depending on the conditions.
[0009] In one technique known to the inventors, the
actual yarn running speed is calculated by using an em-
pirical equation obtained by performing experiments in
advance. Such experiments involve measuring a yarn
running speed at which a yarn joint passes through the
yarn-joint monitoring device with a special measuring de-
vice for each of various conditions including the mass of
a package and/or presence/absence of wax on a yarn.
However, it is not ensured that the empirical equation is
applicable to all the conditions; there remains a doubt as
to whether the calculated yarn running speed is accurate
under every condition. For this reason, accuracy of yarn
joint inspection performed by the yarn-joint monitoring
device is considered to be insufficient and thus there is
a room for improvement.
[0010] According to an aspect of the present invention,
an apparatus for inspecting a yarn joint of a yarn wound
in a yarn winding unit, the yarn winding unit including a
winding section adapted to wind a yarn to form a package,
the winding section including a winding drum adapted to
rotate the package in a direction in which the yarn is
wound onto the package, and a yarn supplying section
adapted to supply the yarn to the winding section, com-
prises a contact roller arranged independently from the
winding drum and adapted to make contact with the freely
rotating package to be rotated by the package, a speed
detecting section adapted to detect and output a speed
result indicative of detected rotational speed of the con-
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tact roller, a yarn joining device adapted to join a yarn
end of the yarn from the yarn supplying section and a
yarn end of the yarn from the package to form a yarn
joint, a yarn-joint monitoring device arranged down-
stream of the yarn joining device in a running direction
of the yarn and adapted to monitor the yarn joint and to
output a monitoring result, and a judging section adapted
to judge whether the yarn joint formed by the yarn joining
device is normal based on the speed result output from
the speed detecting section and the monitoring result out-
put from the yarn-joint monitoring device.
[0011] According to an aspect of the present invention,
a yarn winding machine adapted to wind a yarn to form
a package includes a winding section, a yarn supplying
section, a contact roller, a speed detecting section, a yarn
joining device, a yarn-joint monitoring device, and a judg-
ing section. The winding section includes a winding drum
adapted to rotate the package in a direction in which the
yarn is wound onto the package and is adapted to wind
the yarn to form the package. The yarn supplying section
is adapted to supply the yarn to the winding section. The
contact roller is arranged independently from the winding
drum and adapted to make contact with the freely rotating
package to be rotated by the package. The speed de-
tecting section is adapted to detect and output a speed
result indicative of detected rotational speed of the con-
tact roller. The yarn joining device is adapted to join a
yarn end of the yarn coming from the yarn supplying sec-
tion and a yarn end of the yarn coming from the package
to form a yarn joint. The yarn-joint monitoring device is
arranged downstream of the yarn joining device in a run-
ning direction of the yarn, and adapted to monitor the
yarn joint and output a monitoring result. The judging
section is adapted to judge whether the yarn joint formed
by the yarn joining device is normal based on the speed
result output from the speed detecting section and the
monitoring result output from the yarn-joint monitoring
device.
[0012] According to another aspect of the present in-
vention, a yarn winding unit adapted to wind a yarn to
form a package includes a winding section, a yarn sup-
plying section, a contact roller, a speed detecting section,
a yarn joining device, a yarn-joint monitoring device, and
a judging section. The winding section includes a winding
drum adapted to rotate the package in a direction in which
the yarn is wound onto the package and is adapted to
wind the yarn to form the package. The yarn supplying
section is adapted to supply the yarn to the winding sec-
tion. The contact roller is arranged independently from
the winding drum and adapted to make contact with the
freely rotating package to be rotated by the package. The
speed detecting section is adapted to detect and output
a speed result indicative of detected rotational speed of
the contact roller. The yarn joining device is adapted to
join a yarn end of the yarn coming from the yarn supplying
section and a yarn end of the yarn coming from the pack-
age and forms a yarn joint. The yarn-joint monitoring de-
vice is arranged downstream of the yarn joining device

in a running direction of the yarn, and adapted to monitor
the yarn joint and output a monitoring result. The judging
section is adapted to judge whether the yarn joint formed
by the yarn joining device is normal based on the speed
result output from the speed detecting section and the
monitoring result output from the yarn-joint monitoring
device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

FIG. 1 is a front view of an overall configuration of a
spinning frame according to an embodiment of the
present invention;
FIG. 2 is a side view of a spinning unit and a yarn-join-
ing carrier;
FIG. 3 is a cross-sectional view of a spinning device;
FIG. 4 is a side view of the spinning unit and shows
a situation where a yarn is broken;
FIG. 5 is a side view of a yarn catching section of
the yarn-joining carrier and shows a situation where
a spun yarn is being sucked and caught;
FIG. 6 is a side view of the yarn catching section of
the yarn-joining carrier and shows a situation where
the spun yarn being guided;
FIG. 7 is a side view of a yarn joining device that is
advanced to a yarn joining position;
FIG. 8 is a side sectional view of the yarn joining
device and shows a situation where a yarn is being
held by clamping sections;
FIG. 9 is a side sectional view of the yarn joining
device and shows a situation where yarn ends are
being untwisted;
FIG. 10 is a side sectional view of the yarn joining
device and shows a situation where the yarn ends
are being intertwined;
FIG. 11 is a side view of the spinning unit and the
yarn-joining carrier and shows a situation immedi-
ately after resumption of spun yarn winding after yarn
joining is completed;
FIG. 12 is a side sectional view of the yarn joining
device and shows a situation where a yarn joint is
passing through a yarn joint monitor; and
FIG. 13 is a sectional view of a reverse driving mech-
anism.

DETAILED DESCRIPTION OF EMBODIMENTS

[0014] Exemplary embodiments of a spinning frame
as a yarn winding machine according to the present in-
vention are explained below with reference to the accom-
panying drawings. A spinning frame (spinning machine)
1 shown in FIG. 1 includes a plurality of spinning units
(yarn winding units) 2 arranged side by side, a yarn-join-
ing carrier 3, a blower box 80, and a motor box 5.
[0015] The blower box 80 includes therein a negative
pressure source that generates a negative pressure for
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each of the spinning units 2, and the like. The motor box
5 includes therein a driving source shared among the
spinning units 2.
[0016] As shown in FIG. 2, each of the spinning units
2 includes a drafting device 7, a spinning device (yarn
supplying section) 9, a yarn pooling device 12, and a
winding device (winding section) 13 arranged from an
upstream side to a downstream side in this order. In each
of the spinning units 2, the spinning device 9 spins a fiber
bundle 8 supplied from the drafting device 7 to form a
spun yarn 10; the winding device 13 winds the spun yarn
10 onto a bobbin 48. The bobbin 48 onto which the spun
yarn 10 has been wound is referred to as a package 45.
"Upstream" and "downstream" used herein are upstream
and downstream, respectively, relative to a running di-
rection of the fiber bundle 8 and the spun yarn 10 during
normal winding. "During normal winding" denotes a state
where the spun yarn 10 between the spinning device 9
and the winding device 13 is continuous and the package
45 that is rotated at a substantially constant circumfer-
ential velocity causes the spun yarn 10 to be wound at a
substantially constant speed.
[0017] The drafting device 7 is arranged near a top end
of a frame 6 of the spinning frame 1. The drafting device
7 includes four draft rollers, which are a back roller 16, a
third roller 17, a middle roller 19 around which a rubber
apron belt 18 is stretched, and a front roller 20, arranged
in this order from the upstream side. Each of the draft
rollers is rotated at a predetermined rotational speed. The
drafting device 7 includes opposing rollers each of which
is arranged to oppose one of the draft rollers 16, 17, 19,
and 20. The drafting device 7 supplies a sliver 15, which
is a material for producing the fiber bundle 8, by pinching
the sliver 15 between the rotating draft rollers 16, 17, 19,
and 20 and the opposing rollers, thereby drawing out
(drafting) the sliver 15 into a predetermined width to ob-
tain the fiber bundle 8.
[0018] The spinning device 9 is arranged immediately
downstream of the front roller 20. The fiber bundle 8 draft-
ed by the drafting device 7 is supplied to the spinning
device 9. The spinning device 9 forms the spun yarn 10
by twisting the fiber bundle 8 supplied from the drafting
device 7. The spun yarn 10 formed by the spinning device
9 is wound by the winding device 13 which will be de-
scribed later. Accordingly, the spinning device 9 can be
regarded as a yarn supplying section that supplies the
spun yarn 10 to the winding device 13.
[0019] The spinning frame 1 according to the present
embodiment employs as the spinning device 9 an air
spinning device that twists the fiber bundle 8 utilizing a
swirling airflow. As shown in FIG. 3, the spinning device
9 includes a nozzle block 35, a hollow guide shaft mem-
ber 23, and a fiber guiding member 22.
[0020] A spinning chamber 26 is formed between the
nozzle block 35 and the hollow guide shaft member 23.
An air ejection nozzle 27 from which air is ejected into
the spinning chamber 26 is formed in the nozzle block
35. An inlet 21 through which the fiber bundle 8 is intro-

duced into the spinning chamber 26 is formed in the fiber
guiding member 22. The air ejection nozzle 27 can gen-
erate a swirling airflow by ejecting air into the spinning
chamber 26.
[0021] The fiber guiding member 22 that has the inlet
21 guides the fiber bundle 8 supplied from the drafting
device 7 into the spinning chamber 26. The fiber bundle
8 is twisted into the spun yarn 10 by being swirled around
the hollow guide shaft member 23 by the swirling airflow
in the spinning chamber 26. The formed spun yarn 10
passes through a yarn passage 29 provided at a shaft
center of the hollow guide shaft member 23 to be deliv-
ered to the outside of the spinning device 9 via a not
shown yarn outlet on a downstream side.
[0022] A guide needle 22a is arranged in the inlet 21
such that the tip of the guide needle 22a points the inside
of the spinning chamber 26. The fiber bundle 8 introduced
through the inlet 21 is guided into the spinning chamber
26 so as to be wound onto the guide needle 22a. The
fiber bundle 8 guided in this way is introduced into the
spinning chamber 26 stably. Furthermore, because the
fiber bundle 8 is guided as being wound onto the guide
needle 22a, a portion of the fiber bundle 8 upstream than
the fiber guiding member 22 is prevented from being
twisted even when the fiber bundle 8 is being twisted in
the spinning chamber 26. As a result, the drafting device
7 is prevented from being influenced by a twisting motion
imparted by the spinning device 9. Alternatively, a con-
figuration in which a downstream end portion of the fiber
guiding member 22 is formed to serve as the guide needle
22a and the guide needle 22a is omitted can be em-
ployed.
[0023] As shown in FIG. 2, the winding device 13 is
arranged downstream of the spinning device 9. The wind-
ing device 13 includes a cradle arm 71, a winding drum
72, and a traverse device 75.
[0024] The winding drum 72 is rotated in one direction
at a fixed rotational speed. The cradle arm 71 can rotat-
ably support the bobbin 48 onto which the spun yarn 10
is to be wound. The cradle arm 71 is supported on a
support shaft 73 and swingable thereabout. The cradle
arm 71 swings about the support shaft 73 while support-
ing the bobbin 48 (or the package 45), thereby causing
an outer peripheral surface of the bobbin 48 (or the pack-
age 45) to come into contact with or be separated from
the winding drum 72. When the outer peripheral surface
of the bobbin 48 (or the package 45) comes into contact
with the rotating winding drum 72, the bobbin 48 (or the
package 45) is rotated in one direction by rotation of the
winding drum 72. The spun yarn 10 can be wound onto
the bobbin 48 (or the package 45) in this way. In the
following description, the direction in which the winding
drum 72 rotates the package 45 is referred to as "winding
direction". The winding drums 72 of the winding devices
13 of the spinning units 2 are rotated in unison by the not
shown driving source that is shared among the spinning
units 2. This driving source is arranged in the motor box
5. Accordingly, the spinning units 2 can cause the pack-
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ages 45 to rotate in unison at the same circumferential
velocity to wind the spun yarns 10 in unison.
[0025] The traverse device 75 includes a traverse
guide 76 on which the spun yarn 10 can be hooked. The
traverse guide 76 is reciprocated in a direction parallel
to the axial direction of the winding drum 72 by a not
shown driving section. The driving section is arranged in
the motor box 5. The traverse guide 76 on which the spun
yarn 10 is hooked is reciprocated while the winding drum
72 is rotated. As a result, the spun yarn 10 is wound to
form the package 45 while being traversed.
[0026] The yarn pooling device 12 is arranged between
the spinning device 9 and the winding device 13. As
shown in FIG. 2, the yarn pooling device 12 includes a
yarn pooling roller 14 and an electric motor 25 that rotates
the yarn pooling roller 14.
[0027] The yarn pooling roller 14 can pool a certain
amount of the spun yarn 10 by winding the spun yarn 10
on its outer peripheral surface. The yarn pooling roller 14
is rotated at a predetermined rotational speed in a state
where the spun yarn 10 is wound on its outer peripheral
surface. As a result, the spun yarn 10 is pulled out from
the spinning device 9 at a predetermined speed and de-
livered downstream. The yarn pooling device 12 func-
tions as a buffer between the spinning device 9 and the
winding device 13 because the yarn pooling device 12
temporarily pools the spun yarn 10 on the outer peripheral
surface of the yarn pooling roller 14. The yarn pooling
roller 14 can resolve a problem of a difference between
a spinning speed of the spinning device 9 and a winding
speed of the winding device 13 caused by some reason
(e.g., slack in the spun yarn 10).
[0028] A yarn-quality measuring device 59 is arranged
at a position between the spinning device 9 and the yarn
pooling device 12. The spun yarn 10 spun by the spinning
device 9 passes through the yarn-quality measuring de-
vice 59 before the spun yarn 10 is wound onto the yarn
pooling device 12. The yarn-quality measuring device 59
monitors the thickness of the running spun yarn 10 using
a not shown electrical capacitance sensor. When the
yarn-quality measuring device 59 detects a yarn defect
(a portion where the thickness or the like of the spun yarn
10 is anomalous) in the spun yarn 10, the yarn-quality
measuring device 59 transmits a yarn-defect detection
signal to a not shown unit controller. Such a sensor is
not limited to an electrical capacitance sensor, but can
be a light transmission sensor, for example. The yarn-
quality measuring device 59 can also be made to detect
whether a foreign material is contained in the spun yarn
10 as a yarn defect.
[0029] A not shown cutter is arranged near the
yarn-quality measuring device 59. The cutter cuts the
spun yarn 10 immediately when the yarn-quality meas-
uring device 59 detects a yarn defect in the spun yarn
10. In an alternative configuration, instead of using the
cutter, the spun yarn 10 can be cut by suspending gen-
eration of the spun yarn 10 by stopping an air supply to
the spinning device 9.

[0030] As shown in FIG. 1, a yarn-joining-carrier rail
41 extending in a direction along which the spinning units
2 are arranged side by side is arranged on the frame 6
of the spinning frame 1. The yarn-joining carrier 3 can
travel on the yarn-joining-carrier rail 41. Therefore, the
yarn-joining carrier 3 can move among positions corre-
sponding to a plurality of the spinning units 2.
[0031] As shown in FIGS. 1 and 2, the yarn-joining car-
rier 3 includes a yarn joining device 43, a yarn catching
section (a suction pipe 44 and a suction mouth 46), a
yarn joint monitor (yarn-joint monitoring device) 47, a re-
verse driving mechanism 49, and a moving mechanism
30. The yarn-joining carrier 3 includes a not shown carrier
controller for controlling various components of the yarn-
joining carrier 3.
[0032] The suction pipe 44 and the suction mouth 46
are pivotable up and down about respective shafts. The
suction pipe 44 can suck and catch a yarn end of the
spun yarn 10 delivered from the spinning device 9 by
generating a suction airflow at a distal end of the suction
pipe 44 (see FIG. 5). The suction mouth 46 can suck and
catch a yarn end of the spun yarn 10 coming from the
package 45 supported on the winding device 13 by gen-
erating a suction airflow at a distal end of the suction
mouth 46 (see FIG. 5). The suction pipe 44 and the suc-
tion mouth 46 pivot while sucking and catching the yarn
ends of the spun yarn 10, thereby guiding the yarn ends
of the spun yarn 10 to a position where the yarn ends
face a front surface (on the left side in FIG. 6) of the yarn
joining device 43 (as shown in FIG. 6). The carrier con-
troller controls movements of the suction pipe 44 and the
suction mouth 46.
[0033] The yarn joining device 43 can join (connect)
the yarn end of the spun yarn 10 guided by the suction
pipe 44 and coming from the spinning device 9 and the
yarn end of the spun yarn 10 guided by the suction mouth
46 and coming from the package 45. The yarn joining
device 43 is configured as a splicer that forms a yarn joint
by twisting the yarn ends using a swirling airflow. How-
ever, the yarn joining device 43 need not necessarily be
a splicer, but can be a mechanical knotter, for example.
The carrier controller controls the yarn joining by the yarn
joining device 43. When the yarn-joining carrier 3 has
stopped at a position corresponding to one of the spinning
units 2, the yarn joining device 43 is positioned between
the winding device 13 and the yarn pooling device 12 in
the running direction of the spun yarn 10.
[0034] The moving mechanism 30 can move the yarn
joining device 43 toward or away from the yarn path (the
running path of the spun yarn 10; the yarn path extends
vertically in FIG. 2) during normal winding. The yarn join-
ing device 43 performs a yarn joining operation at a po-
sition (the position shown in FIG. 7, for example) where
the yarn joining device 43 has approached the yarn path
during normal winding. This position of the yarn joining
device 43 is referred to as "the yarn joining position". The
yarn joining device 43 recedes to a position (the position
shown in FIG. 2, for example) where the yarn joining de-
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vice 43 is away from the yarn path during normal winding
when the yarn joining device 43 does not perform the
yarn joining operation. This position of the yarn joining
device 43 is referred to as "the receded position".
[0035] The moving mechanism 30 includes a rail 37
and an air cylinder 38. The rail 37 is arranged on a carrier
section of the yarn-joining carrier 3 and is linearly elon-
gated such that a longitudinal direction of the rail 37 is a
direction (a front-to-rear direction of the spinning unit 2,
which corresponds to the lateral direction in FIG. 2) sub-
stantially orthogonal to the yarn path during normal wind-
ing. The yarn joining device 43 is mounted on a support
bracket 36. The support bracket 36 is supported on the
rail 37 to be movable along the longitudinal direction of
the rail 37. Accordingly, the yarn joining device 43 mount-
ed on the support bracket 36 is movable in the direction
substantially orthogonal to the yarn path during normal
winding.
[0036] The air cylinder 38 is a driving source for driving
the yarn joining device 43 along the rail 37. The air cyl-
inder 38 is attached at its one end to the carrier section
of the yarn-joining carrier 3. The air cylinder 38 is attached
at the other end to the support bracket 36. The yarn join-
ing device 43 is linearly movable in the direction (the di-
rection orthogonal to the yarn path during normal wind-
ing) along the rail 37 responsive to an extending/retract-
ing motion of the air cylinder 38. The carrier controller
controls the extending/retracting motion of the air cylinder
38.
[0037] A configuration of the yarn joining device 43 is
described in detail below with reference to FIG. 10. As
shown in FIG. 10, the yarn joining device 43 includes a
yarn joining nozzle 94, clamping sections 97, yarn-path
regulating members (a yarn handling lever 96 and a yarn
holding lever 98), cutters 92, and untwisting pipes 82.
[0038] The yarn joining nozzle (twisting section) 94 is
arranged on the front side of the yarn joining device 43.
The yarn joining nozzle 94 has a yarn joining hole 90
through which the spun yarn 10 can pass. The yarn join-
ing hole 90 internally has a not shown discharge jetting
port through which compressed air is to be jetted. The
yarn joining nozzle 94 generates a swirling airflow inside
the yarn joining hole 90 by jetting compressed air into
the yarn joining hole 90 through the discharge jetting port.
[0039] The yarn joining device 43 includes the two un-
twisting pipes (untwisting sections) 82. The untwisting
pipes 82 extend parallel to each other in the front-to-rear
direction of the yarn joining device 43. The two untwisting
pipes 82 are arranged side by side to form a row in a
direction substantially parallel to the running direction of
the spun yarn. Each of the untwisting pipes 82 has an
end that is open toward the front surface of the yarn join-
ing device 43. Each of the untwisting pipes 82 includes
an air blow hole, through which compressed air is to be
jetted into the untwisting pipe 82 to generate an airflow
that flows toward a back side (the side opposite to the
yarn path).
[0040] The yarn joining nozzle 94 and the untwisting

pipes 82 are fixed onto a body of the yarn joining device
43. Accordingly, the yarn joining nozzle 94 and the un-
twisting pipes 82 move in one piece with the yarn joining
device 43 when the yarn joining device 43 is moved by
the moving mechanism 30.
[0041] The yarn-path regulating members (the yarn
handling lever 96 and the yarn holding lever 98) are le-
ver-like members that are pivotably mounted on the body
of the yarn joining device 43. Only cross sections of the
yarn handling lever 96 and the yarn holding lever 98 are
shown in FIGS. 8 to 10 and 12. The yarn handling lever
96 and the yarn holding lever 98 are arranged so as to
come into contact with the spun yarn 10 to regulate the
yarn path of the spun yarn 10. FIG. 8 and other drawings
show how the yarn handling lever 96 and the yarn holding
lever 98 regulate the yarn path. Each of the yarn handling
lever 96 and the yarn holding lever 98 is pivotable to a
position where the yarn handling lever 96 or the yarn
holding lever 98 does not contact the spun yarn 10. As
a result of this pivoting, the spun yarn 10 is released from
the regulation imposed by the yarn handling lever 96 and
the yarn holding lever 98.
[0042] Each of the two clamping sections 97 is ar-
ranged above and below the yarn joining nozzle 94, re-
spectively, in the yarn running direction. The clamping
sections 97 are operable to open and close and capable
of holding the spun yarn 10 in a closed state. Each of the
two cutters 92 is arranged above and below the yarn
joining nozzle 94, respectively, in the yarn running direc-
tion. Each of the cutters 92 can cut the spun yarn 10.
[0043] The yarn joining device 43 includes a not shown
cam mechanism for causing the yarn handling lever 96
and the yarn holding lever 98 to pivot, for opening and
closing the clamping sections 97, and for causing the
cutters 92 to perform cutting. The yarn joining device 43
includes an electric motor 60 that is a driving source for
the cam mechanism. It is possible to hold and cut the
spun yarn 10 and regulate the yarn path of the spun yarn
10 at a desired timing by appropriately controlling driving
of the electric motor 60. The carrier controller controls
driving of the electric motor 60. As shown in FIG. 2 and
other drawings, the electric motor 60 is arranged near
the body of the yarn joining device 43 and fixed to the
body of the yarn joining device 43.
[0044] The yarn joint monitor 47 that measures quality
of the spun yarn 10 joined by the yarn joining device 43
is arranged immediately downstream of the yarn joining
device 43. In the present embodiment, the yarn joint mon-
itor 47 monitors the thickness of a yarn joint formed by
the yarn joining device 43 using an electrical capacitance
sensor. However, the yarn joint monitor 47 does not nec-
essarily use an electrical capacitance sensor, but can
monitor the thickness of the yarn joint using a light trans-
mission sensor, for example. The yarn joint monitor 47
transmits a detection signal indicative of the detection
result to the carrier controller.
[0045] The reverse driving mechanism 49 is explained
with reference to FIGS 2 and 13 below. As shown in FIG.
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2, the reverse driving mechanism 49 includes a first sup-
port arm 61 and a second support arm 62, a reverse-ro-
tating roller (contact roller) 63, a linking rod 64, and a
reverse-rotating-roller extending/retracting air cylinder
66. As shown in FIG. 13, the reverse driving mechanism
49 includes a reverse-rotating-roller driving motor 67,
which is a driving source for the reverse-rotating roller 63.
[0046] One end of the first support arm 61 is swingably
coupled to a cabinet section of the yarn-joining carrier 3.
The second support arm 62 is swingably coupled to the
other end of the first support arm 61. The reverse-rotating
roller 63 is rotatably mounted on a distal end of the second
support arm 62. The linking rod 64 has a basal end that
is pivotable relative to the cabinet section of the yarn-
joining carrier 3. The linking rod 64 is coupled at its distal
end to the second support arm 62. The reverse-rotating-
roller extending/retracting air cylinder 66 is attached to
the linking rod 64. The linking rod 64 is pivotable respon-
sive to an extending/retracting motion of the reverse-ro-
tating-roller extending/retracting air cylinder 66.
[0047] The first support arm 61, the second support
arm 62, and the linking rod 64 form a link mechanism.
The reverse-rotating roller 63 at the distal end of the sec-
ond support arm 62 is advanced or retreated responsive
to the extending/retracting motion, which is controlled, of
the reverse-rotating-roller extending/retracting air cylin-
der 66 connected to the link mechanism. The reverse-
rotating roller 63 can be moved between the "receded
position" (the position shown in FIG. 2, for example)
where the reverse-rotating roller 63 does not contact the
package 45 and the "contact position" (the position
shown in FIG. 5, for example) where the reverse-rotating
roller 63 contacts the package 45. Accordingly, the re-
verse-rotating-roller extending/retracting air cylinder 66
can be regarded as a roller moving mechanism. Mean-
while, the carrier controller controls the motion of the re-
verse-rotating-roller extending/retracting air cylinder 66.
[0048] As shown in FIG. 13, a driving force from the
reverse-rotating-roller driving motor 67 is input to a pivot
support of the first support arm 61. The driving force from
the reverse-rotating-roller driving motor 67 is input to an
intermediate pulley 69, which is at a pivot support of the
second support arm 62, via a first transmission belt 68
arranged inside the first support arm 61. The driving force
input to the intermediate pulley 69 is further input to a
driving input pulley 50 via a second transmission belt 70
arranged inside the second support arm 62. A clutch 51
is arranged between the driving input pulley 50 and the
reverse-rotating roller 63. When the clutch 51 is engaged,
the reverse-rotating roller 63 is rotated by the driving force
from the reverse-rotating-roller driving motor 67. When
the clutch 51 is disengaged, the reverse-rotating roller
63 is separated from the reverse-rotating-roller driving
motor 67, allowing the reverse-rotating roller 63 to rotate
freely. The carrier controller controls such a motion of
the clutch 51.
[0049] The reverse driving mechanism 49 includes a
rotary encoder mechanism 52 that detects a rotational

speed of the reverse-rotating roller 63. The rotary encod-
er mechanism 52 includes a plurality of magnets 53 ar-
ranged at equal intervals along the circumference of the
reverse-rotating roller 63 and a Hall effect sensor 54 that
outputs a pulse signal upon detection of the magnets 53.
The magnets 53 rotate in one piece with the reverse-
rotating roller 63. The Hall effect sensor 54 is attached
to the second support arm 62. The Hall effect sensor 54
outputs a pulse signal responsive to rotation of the re-
verse-rotating roller 63. A detection result (the pulse sig-
nal output from the Hall effect sensor 54) is output from
the rotary encoder mechanism 52 to the carrier controller.
[0050] The yarn joining operation performed by the
yarn-joining carrier 3 is explained below. This yarn joining
operation is performed when the spun yarn 10 is broken
between the spinning device 9 and the package 45 in
one of the spinning units 2 for some reason.
[0051] When the spun yarn 10 is broken between the
spinning device 9 and the package 45 in one of the spin-
ning units 2 as shown in FIG. 4, for example, the unit
controller of this target spinning unit 2 drives the cradle
arm 71 to swing and exerts control to move the package
45 away from the winding drum 72 and also activates a
not shown braking mechanism of the winding device 13.
As a result, the package 45 stops rotating.
[0052] Subsequently, the unit controller transmits a
control signal to the yarn-joining carrier 3. Upon receiving
the control signal, the yarn-joining carrier 3 moves on the
yarn-joining-carrier rail 41 to the target spinning unit 2
and stops. The moving mechanism 30 maintains the yarn
joining device 43 at the receded position when the yarn-
joining carrier 3 moves to a position corresponding to the
target spinning unit 2 among the spinning units 2.
[0053] When the yarn-joining carrier 3 has stopped at
the target spinning unit 2, the carrier controller causes
the suction pipe 44 and the suction mouth 46 to pivot as
shown in FIG. 5 and suck and catch the yarn end coming
from the spinning device 9 and the yarn end coming from
the package 45, respectively.
[0054] Simultaneously, the carrier controller brings the
reverse-rotating roller 63 into contact with the package
45 by controlling the reverse-rotating-roller extending/re-
tracting air cylinder 66 to cause the reverse-rotating roller
63 to advance to the contact position. Furthermore, the
carrier controller engages the clutch 51 and drives the
reverse-rotating-roller driving motor 67 to rotate the re-
verse-rotating roller 63 in the direction opposite to the
rotation of the winding drum 72. As a result, the package
45 is rotated in the direction (hereinafter, "the unwinding
direction") opposite to the winding direction. When the
spun yarn 10 on the surface of the package 45 is sucked
by the suction mouth 46 in this state, the spun yarn 10
is pulled out from the package 45 and caught by the suc-
tion mouth 46.
[0055] Subsequently, the carrier controller causes the
suction pipe 44 and the suction mouth 46 that are holding
the yarn ends of the spun yarn 10 to pivot in the opposite
directions, thereby guiding the caught yarn ends of the
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spun yarn 10 to the position where the yarn ends face
the front surface of the yarn joining device 43 (as shown
in FIG. 6). When the suction pipe 44 and the suction
mouth 46 have guided the yarn ends of the spun yarn
10, the carrier controller causes the reverse-rotating-roll-
er driving motor 67 to stop rotation. Furthermore, the car-
rier controller disengages the clutch 51 to decouple the
reverse-rotating roller 63 from the reverse-rotating-roller
driving motor 67. As a result, rotation of the reverse-ro-
tating roller 63 is stopped, and the package 45 is brought
to rest. In the present embodiment, the carrier controller
controls the reverse-rotating-roller extending/retracting
air cylinder 66 so that even after the reverse-rotating roller
63 stops rotating the package 45 in the reverse direction,
the reverse-rotating roller 63 does not recede but keeps
a contact state where the reverse-rotating roller 63 is in
contact with the outer peripheral surface of the package
45.
[0056] Subsequently, the moving mechanism 30 caus-
es the air cylinder 38 to extend to move the yarn joining
device 43 toward the yarn path until the yarn joining de-
vice 43 is advanced to the yarn joining position. As a
result that the yarn joining device 43 is advanced to the
yarn joining position, the yarn end of the spun yarn 10
caught by the suction pipe 44 and coming from the spin-
ning device 9 and the yarn end of the spun yarn 10 caught
by the suction mouth 46 and coming from the package
45 are introduced into the yarn joining device 43 (as
shown in FIG. 7). As shown in FIG. 7 and other drawings,
the yarn joint monitor 47 is arranged such that the spun
yarn 10 is introduced into the yarn joint monitor 47 when
the moving mechanism 30 has moved the yarn joining
device 43 to the yarn joining position. Accordingly, when
the yarn joining device 43 has advanced to the yarn join-
ing position, the yarn joint monitor 47 can inspect the
spun yarn 10.
[0057] The yarn joining device 43 advanced to the yarn
joining position causes the yarn handling lever 96 to pivot
into contact with the spun yarn 10. As a result, the yarn
path is regulated so as to introduce the spun yarn 10 into
the yarn joining hole 90 in the yarn joining nozzle 94 (as
shown in FIG. 8). The yarn joining device 43 causes the
clamping sections 97 to hold the spun yarn 10 in this
state by closing the clamping sections 97.
[0058] Subsequently, the carrier controller causes jet-
ting of compressed air into the untwisting pipes 82 to
start. As a result, an airflow that flows toward a back side
(the right side in FIG. 8) of the yarn joining device 43 is
generated in the untwisting pipes 82. Simultaneously, a
suction airflow is generated at openings on a front side
(the left side in FIG. 8) of the untwisting pipes 82. Sub-
stantially concurrently therewith, the carrier controller ac-
tivates the cutters 92 to cut the spun yarn 10 between
the suction pipe 44 and the yarn joining device 43 and
the spun yarn 10 between the suction mouth 46 and the
yarn joining device 43. Yarn ends resulting from this cut-
ting are independently sucked by the untwisting pipes 82
and drawn inside the untwisting pipes 82. The yarn ends

sucked into the untwisting pipes 82 are untwisted by ac-
tions of the airflows in the untwisting pipes 82 (see FIG. 9).
[0059] When the yarn ends have been untwisted, the
carrier controller causes compressed air jetting into the
untwisting pipes 82 to discontinue. Furthermore, the car-
rier controller causes the yarn handling lever 96 and the
yarn holding lever 98 to further bend the yarn path of the
spun yarn 10, thereby drawing out the untwisted yarn
ends from the untwisting pipes 82. The yarn ends drawn
out from the untwisting pipes 82 are set in the yarn joining
hole 90 in the yarn joining nozzle 94 in a state where the
yarn ends are overlaid on each other (see FIG. 10). Com-
pressed air is jetted into the yarn joining hole 90 in this
state so that a swirling airflow is generated in the yarn
joining hole 90 to twist fibers of the yarn ends. As a result,
the yarn end of the spun yarn 10 coming from the spinning
device 9 and the yarn end of the spun yarn 10 coming
from the package 45 are intertwined to be joined, and a
yarn joint is formed.
When the yarn joint has been formed, the carrier control-
ler causes compressed air jetting into the yarn joining
hole 90 to discontinue. Furthermore, the carrier controller
releases the spun yarn 10 held by the clamping sections
97 by opening the clamping sections 97 and also releases
the yarn path from the regulation imposed by the yarn
handling lever 96 and the yarn holding lever 98. Substan-
tially concurrently therewith, the unit controller of the spin-
ning unit 2 causes the cradle arm 71 to pivot to bring the
outer peripheral surface of the package 45 into contact
with the rotating winding drum 72 (as shown in FIG. 11).
[0060] As a result, the package 45 is moved toward
the winding drum 72. The reverse driving mechanism 49
of the yarn-joining carrier 3 causes the reverse-rotating
roller 63 to follow the moving package 45 to maintain the
contact state where the reverse-rotating roller 63 is in
contact with the package 45.
[0061] Winding of the spun yarn 10 is resumed be-
cause the package 45 is brought into contact with the
winding drum 72 to resume rotating. The reverse-rotating
roller 63 that is in contact with the package 45 is rotated
by the rotation of the package 45.
[0062] At this time, the rotary encoder mechanism 52
inputs a pulse signal responsive to the rotation of the
reverse-rotating roller 63 to the carrier controller. The car-
rier controller determines the rotational speed of the re-
verse-rotating roller 63 based on the pulse signal.
[0063] Subsequently, the carrier controller determines
the rotational speed of the package 45 from the rotational
speed of the reverse-rotating roller 63 obtained based
on the pulse signal fed from the rotary encoder mecha-
nism 52. The rotational speed of the package 45 can be
determined accurately based on the rotational speed of
the reverse-rotating roller 63 because the reverse-rotat-
ing roller 63 is rotated (to make free rotation) by the ro-
tation of the package 45. The rotational speed of the
package 45 is determined based on a result of detection
output from the rotary encoder mechanism 52 in this way.
Accordingly, the rotary encoder mechanism 52 can be
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regarded as a speed detecting section. The "rotational
speed" of the package 45 to be obtained by the carrier
controller can be any information indicating the rotational
speed of the package 45 and is not limited to a specific
form. Examples of the information include an angular ve-
locity of the package 45, a circumferential velocity of the
package 45, and the number of rotations of the package
45 per unit time. In the present embodiment, the circum-
ferential velocity of the package 45 is obtained easily
based on the rotational speed of the reverse-rotating roll-
er 63 because the reverse-rotating roller 63 is in contact
with the outer peripheral surface of the package 45 and
is rotated by the package 45. The carrier controller ac-
cording to the present embodiment obtains the circum-
ferential velocity of the package 45 as the rotational
speed of the package 45.
[0064] When winding of the spun yarn 10 is resumed,
a yarn joint 99 formed by the yarn joining device 43 pass-
es through the yarn joint monitor 47 as shown in FIG. 12.
The yarn joint monitor 47 inspects the yarn joint 99 when
the yarn joint 99 passes therethrough and outputs an
inspection result. The carrier controller judges the quality
of the yarn joint 99 based on the inspection result. Ac-
cordingly, the carrier controller can be regarded as a judg-
ing section. When the yarn joint 99 is a defective joint
that does not satisfy predetermined dimensional require-
ments about the thickness, the length, and the like, the
yarn-joining carrier 3 cuts and removes the defective joint
using a not shown cutter and causes the yarn joining
device 43 to perform yarn joining again, for example.
[0065] When determining, for example, the length of
the yarn joint 99, the carrier controller requires informa-
tion about time spent by the yarn joint 99 to pass through
the yarn joint monitor 47 and information about the ve-
locity (in other words, the running speed of the spun yarn
10) at which the yarn joint 99 passes through the yarn
joint monitor 47. The carrier controller calculates the run-
ning speed of the spun yarn 10 based on the circumfer-
ential velocity of the package 45 obtained as described
above. The spun yarn 10 is run by being wound onto the
outer peripheral surface of the package 45. Accordingly,
the running speed (yarn speed) of the spun yarn 10 can
be calculated easily from the circumferential velocity of
the package 45.
[0066] The carrier controller judges the quality of the
yarn joint 99 based on the running speed of the spun
yarn 10 obtained as described above and the inspection
result output from the yarn joint monitor 47. Thus, the
quality of the yarn joint 99 is judged based on the running
speed of the spun yarn 10 obtained based on the actu-
ally-measured rotational speed of the package 45. There-
fore, the quality of the yarn joint 99 can be determined
accurately.
[0067] It is possible to obtain the rotational speed of
the package 45 based on the rotational speed of the wind-
ing drum 72 because the package 45 is rotating also in
contact with the winding drum 72. However, in the spin-
ning frame 1 according to the present embodiment, the

winding drums 72 in multiple spinning units 2 are contin-
uously rotated together by the one driving source at a
constant rotational speed. Bringing the package 45,
which is in a rotation-stopped state, into contact with the
winding drum 72, which is continuously rotating at a con-
stant speed, causes slippage to occur between the pack-
age 45 and the winding drum 72. For this reason, it is not
preferable to obtain the rotational speed of the package
45 from the rotational speed of the winding drum 72 im-
mediately after resumption of winding. In of this fact, in
the present embodiment, the rotational speed of the
package 45 is calculated based on the rotational speed
of the other roller (the reverse-rotating roller 63) than the
winding drum 72. Accordingly, even in the spinning frame
1 in which the winding drums 72 in multiple spinning units
2 are driven together, the rotational speed of the package
45 can be accurately obtained on an individual package
basis.
[0068] When inspection of the yarn joint 99 by the yarn
joint monitor 47 is completed, the moving mechanism 30
causes the yarn joining device 43 to recede to its receded
position. Substantially concurrently therewith, the carrier
controller controls the reverse-rotating-roller extending/
retracting air cylinder 66 so as to move the reverse-ro-
tating roller 63 away from the package 45 to its receded
position. This permits the yarn-joining carrier 3 to move
to another spinning unit 2.
[0069] The spinning frame 1 according to the present
embodiment includes the winding devices 13, the spin-
ning devices 9, the rotary encoder mechanism 52, the
yarn joining device 43, the yarn joint monitor 47, and the
carrier controller. Each of the winding devices 13 winds
the spun yarn 10 to form the package 45. Each of the
spinning devices 9 supplies the spun yarn 10 to the wind-
ing device 13. The rotary encoder mechanism 52 detects
and outputs the rotational speed of the package 45. The
yarn joining device 43 joins the yarn end of the spun yarn
10 coming from the spinning device 9 and the yarn end
of the spun yarn 10 coming from package 45 and forms
the yarn joint 99. The yarn joint monitor 47 arranged
downstream of the yarn joining device 43 in the running
direction of the spun yarn 10 monitors the yarn joint 99
and outputs a monitoring result. The carrier controller
judges whether the yarn joint 99 formed by the yarn join-
ing device 43 is normal based on the monitoring result
output from the yarn joint monitor 47 and the running
speed of the spun yarn 10 obtained based on the rota-
tional speed output from the rotary encoder mechanism
52.
[0070] The yarn speed at resumption of winding can
be obtained accurately based on the actually-measured
value of the rotational speed of the package 45 as de-
scribed above. Judging the quality of the yarn joint 99
based on the yarn speed obtained in this way leads to
accurate determination of the quality of the yarn joint 99.
[0071] The spinning frame 1 according to the present
embodiment includes the reverse-rotating roller 63 that
comes into contact with the package 45 to be rotated by

15 16 



EP 2 573 023 A2

10

5

10

15

20

25

30

35

40

45

50

55

the package 45. The rotary encoder mechanism 52 de-
tects the rotational speed of the reverse-rotating roller
63. The rotational speed of the package 45 can be ob-
tained accurately based on the rotational speed of the
reverse-rotating roller 63 that is in contact with the pack-
age 45 and rotated thereby.
[0072] The spinning frame 1 according to the present
embodiment includes a plurality of the spinning units 2
each of which includes the spinning device 9 and the
winding device 13. The winding device 13 of the spinning
unit 2 includes the winding drum 72 that rotates the pack-
age 45 in the direction in which the spun yarn 10 is wound
onto the package 45. The spinning frame 1 includes the
driving source that drives the winding drums 72 of mul-
tiple spinning units 2 together. The driving source is ar-
ranged in the motor box 5. The reverse-rotating roller 63
is arranged as a separate member from the winding drum
72.
[0073] The packages 45 are rotated, as described
above, by the winding drums 72 of multiple spinning units
2 that are driven together. Accordingly, the spinning units
2 can wind the spun yarns 10 simultaneously. The rota-
tional speeds of the packages 45 cannot be obtained on
an individual package basis from the rotational speeds
of the winding drums 72 because the winding drums 72
of multiple spinning units 2 are driven together. To this
end, in the present embodiment, the rotational speed of
the package 45 is detected based on the rotational speed
of the reverse-rotating roller 63 that is separate from the
winding drum 72. Accordingly, an actually-measured val-
ue of the rotational speed of the package 45 can be ob-
tained from each yarn winding unit 2 for judgment of the
quality of the yarn joint 99.
[0074] In the spinning frame 1 according to the present
embodiment, the reverse-rotating roller 63 rotates the
package 45 in the direction in which the spun yarn 10 is
unwound from the package 45. The reverse-rotating roll-
er 63 performs two functions: a function of detecting the
rotational speed of the package 45 and a function of ro-
tating the package 45 in the reverse direction. Accord-
ingly, the configuration of the spinning frame 1 is simpli-
fied.
[0075] The spinning frame 1 according to the present
embodiment includes the reverse-rotating-roller extend-
ing/retracting air cylinder 66 and the carrier controller.
The reverse-rotating-roller extending/retracting air cylin-
der 66 moves the reverse-rotating roller 63 between the
position where the reverse-rotating roller 63 contacts the
package 45 and the position where the reverse-rotating
roller 63 is separated from the package 45. The carrier
controller controls rotation of the reverse-rotating roller
63, formation of a yarn joint performed by the yarn joining
device 43, and movement of the reverse-rotating roller
63 performed by the reverse-rotating-roller extending/re-
tracting air cylinder 66. When the spun yarn 10 is broken
between the spinning device 9 and the package 45, the
carrier controller controls the reverse-rotating-roller ex-
tending/retracting air cylinder 66 such that the reverse-

rotating-roller extending/retracting air cylinder 66 brings
the reverse-rotating roller 63 into contact with the pack-
age 45, and simultaneously controls the rotation of the
reverse-rotating roller 63 such that the reverse-rotating
roller 63 causes the package 45 to rotate in the direction
in which the spun yarn 10 is unwound from the package
45. The carrier controller controls the yarn joining device
43 such that the yarn joining device 43 forms the yarn
joint 99 by joining the yarn end of the spun yarn 10 un-
wound from the package 45 that is rotated by the reverse-
rotating roller 63 and the yarn end of the spun yarn 10
coming from the spinning device 9. The carrier controller
controls the reverse-rotating-roller extending/retracting
air cylinder 66 such that the reverse-rotating-roller ex-
tending/retracting air cylinder 66 maintains the state in
which the reverse-rotating roller 63 is in contact with the
package 45 at least until the yarn joint 99 has passed
through the yarn joint monitor 47 after completion of the
yarn joining.
[0076] The rotational speed of the package 45 when
the yarn joint 99 passes through the yarn joint monitor
47 can be obtained from the rotational speed of the re-
verse-rotating roller 63 by maintaining the contact state
between the reverse-rotating roller 63 and the package
45 after completion of the yarn joining in this way. There-
fore, the quality of the yarn joint 99 can be judged accu-
rately.
[0077] The spinning frame 1 according to the present
embodiment includes the reverse-rotating-roller driving
motor 67 and the clutch 51 that is engaged or disengaged
to control drive transmission linkage between the re-
verse-rotating roller 63 and the reverse-rotating-roller
driving motor 67. The clutch 51 performs control such
that the drive transmission linkage is decoupled while the
yarn joint 99 passes through the yarn joint monitor 47.
[0078] This control allows rotating the reverse-rotating
roller 63 without resistance while the yarn joint 99 passes
through the yarn joint monitor 47. As a result, the rota-
tional speed of the package 45 can be obtained accu-
rately using the reverse-rotating roller 63.
[0079] The spinning frame 1 according to the present
embodiment includes the yarn-joining carrier 3 that in-
cludes the yarn joining device 43, the yarn joint monitor
47, and the reverse-rotating roller 63. The yarn-joining
carrier 3 is capable of moving among positions corre-
sponding to the spinning units 2. The yarn-joining carrier
3 moves and stops near the target spinning unit 2 in which
the spun yarn 10 is broken among the spinning units 2
and causes the yarn joining device 43 to perform yarn
joining on the spinning unit 2.
[0080] In the spinning frame 1, by arranging the
yarn-joining carrier 3 that moves while carrying the com-
ponents necessary for yarn joining thereon, a configura-
tion of the entire spinning frame 1 is simplified, thereby
achieving cost reduction, as compared with a spinning
frame in which each of the spinning units 2 includes the
components necessary for yarn joining.
[0081] The spinning device 9 of the spinning frame 1
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according to the present embodiment is an air spinning
device that generates the spun yarn 10 by twisting the
fiber bundle 8 using a swirling airflow. The winding device
13 winds the spun yarn 10 at a high speed because typical
air spinning devices can perform high-speed spinning.
For this reason, the spun yarn 10 is accelerated suddenly
at resumption of winding, and it is difficult to estimate the
running speed of the spun yarn 10 using an empirical
equation or the like. The spinning frame 1 that includes
such an air spinning device can obtain the running speed
of the spun yarn 10 accurately by adopting the configu-
ration according to the present embodiment that detects
the running speed of the spun yarn 10 based on the ac-
tually-measured value of the rotational speed of the pack-
age 45.
[0082] Although some exemplary embodiments of the
present invention are described above, the configura-
tions disclosed therein can be modified as described be-
low, for example.
[0083] In the above embodiments, the rotational speed
of the package 45 is detected using the reverse-rotating
roller 63. A modification may be made such that a contact
roller to be brought into contact with and rotated by the
package 45 for detection of the rotational speed of the
package 45 is additionally provided separate from the
reverse-rotating roller 63.
[0084] In the above embodiments, the carrier controller
of the yarn-joining carrier 3 judges the quality of the yarn
joint 99. A modification may be made such that the unit
controller of the spinning unit 2 and/or a central control
section that controls the entire spinning frame 1, for ex-
ample, judges the quality of the yarn joint 99.
[0085] In the above embodiments, the yarn-joining car-
rier 3 includes the yarn joining device 43 and the like. A
modification may be made such that the spinning unit 2
includes the winding device 13, the spinning device 9,
the rotary encoder mechanism 52, the yarn joining device
43, the yarn joint monitor 47, and a unit controller. In this
modification, the winding device 13 winds the spun yarn
10 to form the package 45. The spinning device 9 sup-
plies the spun yarn 10 to the winding device 13. The
rotary encoder mechanism 52 detects and outputs the
rotational speed of the package 45. The yarn joining de-
vice 43 joins the spun yarn 10 between the spinning de-
vice 9 and the package 45 and forms the yarn joint 99.
The yarn joint monitor 47 arranged downstream of the
yarn joining device 43 in the running direction of the spun
yarn 10 monitors the yarn joint 99 and outputs a moni-
toring result. The unit controller judges whether the yarn
joint 99 formed by the yarn joining device 43 is normal
based on the monitoring result output from the yarn joint
monitor 47 and the running speed of the spun yarn 10
obtained based on the rotational speed output from the
rotary encoder mechanism 52.
[0086] A modification may be made such that the com-
ponents that are provided in the yarn-joining carrier 3 in
the present embodiment are provided in each of the spin-
ning units 2 rather than in the yarn-joining carrier 3.

[0087] In the above embodiments, the spun yarn 10
runs downward in the vertical direction. However, the di-
rection in which the spun yarn 10 runs is not limited to a
specific direction. A modification may be made such that
the spun yarn 10 runs upward, for example.
[0088] The yarn path of the spun yarn 10 runs substan-
tially in a vertical direction in FIG. 2 and other drawings.
A modification may be made such that in a case where
the winding device 13 is arranged on a back side of the
spinning unit 2 with respect to the position shown in FIG.
2, for example, the yarn path is inclined from the front
surface side toward the back side.
[0089] The spinning frame 1 includes one yarn-joining
carrier 3 in FIG. 1 and other drawings; alternatively, the
spinning frame 1 may include multiple yarn-joining car-
riers 3 depending on the number of the spinning units 2.
[0090] The roller moving mechanism for advancing or
retreating the reverse-rotating roller 63 is not necessarily
the air cylinder (the reverse-rotating-roller extending/re-
tracting air cylinder 66), but may be another actuator such
as a motor.
[0091] The timing when the clutch 51 is to be disen-
gaged is not limited to the timing when the reverse-rotat-
ing roller 63 has stopped reverse rotation of the package
45, but may be disengaged at any time before the yarn
joint 99 passes through the yarn joint monitor 47. How-
ever, the clutch 51 may be kept being engaged while the
yarn joint 99 passes through the yarn joint monitor 47 in
a case where a resistance is not given to rotation of the
reverse-rotating roller 63 even when a drive transmission
linkage from the reverse-rotating-roller driving motor 67
to the reverse-rotating roller 63 is connected. In such a
case, the clutch 51 can be omitted.
[0092] A modification may be made such that the re-
verse-rotating roller 63 is temporarily separated from the
package 45 at a point in time where the reverse rotation
of the package 45 ends, and thereafter, the reverse-ro-
tating roller 63 is brought into contact with the package
45 again immediately before rotation of the package 45
is resumed. In other words, the yarn speed at which the
yarn joint 99 passes through the yarn joint monitor 47
can be obtained based on the rotational speed of the
reverse-rotating roller 63 so long as the reverse-rotating
roller 63 is in contact with the package 45 when the yarn
joint 99 passes through the yarn joint monitor 47.
[0093] In the above embodiments, the reverse-rotating
roller 63 is separated from the package 45 after inspec-
tion of the yarn joint 99 is completed (that is, after the
yarn joint 99 has passed through the yarn joint monitor
47). Whether the yarn joint 99 has passed through the
yarn joint monitor 47 can be determined based on the
monitoring result output from the yarn joint monitor 47.
Accordingly, a modification may be made such that the
reverse-rotating roller 63 is separated from the package
45 based on the monitoring result output from the yarn
joint monitor 47. Another modification may be made such
that the reverse-rotating roller 63 is separated from the
package 45 when a time period that is sufficiently long
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for the yarn joint 99 to pass through the yarn joint monitor
47 has elapsed after winding of the spun yarn 10 is re-
sumed by the winding device 13.
[0094] Detection of the rotational speed of the re-
verse-rotating roller 63 needs not necessarily be per-
formed by the rotary encoder mechanism 52, but can be
performed by utilizing any appropriate component.
[0095] In the above embodiments, the winding drums
72 of multiple spinning units 2 are driven together. Alter-
natively, the winding drums 72 of the spinning units 2 can
be driven separately. In this case, the spinning units 2
can drive the winding drums 72 at different rotational
speeds. When the winding drums 72 are driven at differ-
ent rotational speeds, it is possible to rotate each of the
winding drums 72 in a manner to avoid slippage between
the package 45 and the winding drum 72. Therefore, a
modification may be made in this case so as to obtain
the rotational speed of the package 45 based on the ro-
tational speed of the winding drum 72. When this modi-
fication is employed, it is also possible to perform control
so as to rotate the package 45 in the reverse direction
by rotating the winding drum 72 in reverse.
[0096] In the above embodiments, the spun yarn 10 is
pulled out from the spinning device 9 by rotating the yarn
pooling roller 14 of the yarn pooling device 12. However,
as disclosed in Japanese Patent Application Laid-open
No. 2005-220484, for example, a yarn feeding device
can be provided that rotates while pinching the spun yarn
between a delivery roller and a nip roller to thereby pull
out the spun yarn from a spinning device.
[0097] Components that allow the yarn joining device
43 to move relative to the yarn path can be omitted.
[0098] The spinning device need not necessarily be a
spinning device that performs spinning using air, but may
be a spinning device of another scheme. The yarn wind-
ing machine is not limited to the spinning frame 1 but may
be a yarn winding machine of another type, such as an
automatic winder.
[0099] As explained above, according to an aspect of
the present invention, a yarn winding machine adapted
to wind a yarn to form a package includes a winding sec-
tion, a yarn supplying section, a contact roller, a speed
detecting section, a yarn joining device, a yarn-joint mon-
itoring device, and a judging section. The winding section
includes a winding drum adapted to rotate the package
in a direction in which the yarn is wound onto the package
and is adapted to wind the yarn to form the package. The
yarn supplying section is adapted to supply the yarn to
the winding section. The contact roller is arranged inde-
pendently from the winding drum and adapted to make
contact with the freely rotating package to be rotated by
the package. The speed detecting section is adapted to
detect and output a speed result indicative of detected
rotational speed of the contact roller. The yarn joining
device is adapted to join a yarn end of the yarn coming
from the yarn supplying section and a yarn end of the
yarn coming from the package to form a yarn joint. The
yarn-joint monitoring device is arranged downstream of

the yarn joining device in a running direction of the yarn
and adapted to monitor the yarn joint and output a mon-
itoring result. The judging section is adapted to judge
whether the yarn joint formed by the yarn joining device
is normal based on the speed result output from the
speed detecting section and the monitoring result output
from the yarn-joint monitoring device.
[0100] The yarn speed at resumption of winding can
be obtained accurately based on the actually-measured
value of the rotational speed of the package as described
above. Judging the quality of the yarn joint based on the
yarn speed obtained in this way leads to accurate deter-
mination of the quality of the yarn joint.
[0101] It is preferable that the contact roller of the yarn
winding machine is a reverse-rotating roller adapted to
rotate the package in a direction in which the yarn is un-
wound from the package.
[0102] The contact roller performs two functions: a
function of detecting the rotational speed of the package
and a function of rotating the package in the reverse di-
rection. Accordingly, the configuration of the yarn winding
machine is simplified.
[0103] It is preferable that the yarn winding machine
includes a roller moving mechanism and a control sec-
tion. The roller moving mechanism is adapted to move
the contact roller between a position where the contact
roller is in contact with the package and a position where
the contact roller is separated from the package. The
control section is adapted to control at least rotation of
the contact roller, formation of the yarn joint performed
by the yarn joining device, and movement of the contact
roller performed by the roller moving mechanism. When
the yarn is broken between the yarn supplying section
and the package, the control section is adapted to control
the movement of the contact roller such that the roller
moving mechanism brings the contact roller into contact
with the package, and simultaneously controls the rota-
tion of the contact roller such that the contact roller rotates
the package in a direction in which the yarn is unwound
from the package. The control section is adapted to con-
trol the formation of the yarn joint such that the yarn join-
ing device forms the yarn joint by joining the yarn end of
the yarn unwound from the package rotated by the con-
tact roller and the yarn end of the yarn coming from the
yarn supplying section. The control section is adapted to
control the movement of the contact roller such that the
roller moving mechanism maintains a state in which the
contact roller is in contact with the package at least until
the yarn joint has passed through the yarn-joint monitor-
ing device after completion of the yarn joining.
[0104] The rotational speed of the package when the
yarn joint passes through the yarn-joint monitoring device
can be obtained from the rotational speed of the contact
roller by maintaining the state in which the contact roller
is in contact with the package after completion of the yarn
joining as described above. As a result, the quality of the
yarn joint can be judged accurately.
[0105] It is preferable that the yarn winding machine
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includes a rotation driving source adapted to drive the
contact roller and a clutch adapted to be engaged or dis-
engaged to control drive transmission linkage between
the contact roller and the rotation driving source. The
clutch is adapted to perform control such that the drive
transmission linkage is decoupled while the yarn joint
passes through the yarn-joint monitoring device.
[0106] This control allows rotating the contact roller
without resistance while the yarn joint passes through
the yarn-joint monitoring device. As a result, the rotational
speed of the package can be obtained accurately using
the contact roller.
[0107] It is preferable that the yarn winding machine
includes a plurality of the yarn winding units, each of
which includes the yarn supplying section and the wind-
ing section. The yarn winding machine further includes
a driving source adapted to drive the winding drums of
multiple yarn winding units together.
[0108] The winding drums of the yarn winding units
that are driven together rotate the packages in this way.
Accordingly, the yarn winding units wind the yarns simul-
taneously. When such a configuration is employed, the
rotational speeds of the packages cannot be obtained on
an individual package basis from the rotational speeds
of the winding drums because the winding drums of mul-
tiple yarn winding units are driven together. However, an
actually-measured value of the rotational speed of the
package can be obtained from each yarn winding unit for
judgment of the quality of the yarn joint when the rota-
tional speed of the package is detected based on the
rotational speed of the contact roller that is separate from
the winding drum as described above.
[0109] It is preferable that the yarn winding machine
further includes a yarn-joining carrier that includes the
yarn joining device, the yarn-joint monitoring device, and
the contact roller. The yarn-joining carrier is capable of
moving among positions corresponding to the yarn wind-
ing units. The yarn-joining carrier is adapted to move and
stop near a target yarn winding unit in which the yarn is
broken among the yarn winding units, and to cause the
yarn joining device to perform yarn joining on the target
yarn winding unit.
[0110] In the yarn winding machine, by arranging the
yarn-joining carrier that moves while carrying the com-
ponents necessary for yarn joining thereon, a configura-
tion of the entire yarn winding machine is simplified,
thereby achieving cost reduction, as compared with a
yarn winding machine in which each of the yarn winding
units includes the components necessary for yarn joining.
[0111] It is preferable that the yarn supplying section
of the yarn winding machine is an air spinning device
adapted to generate a spun yarn by twisting a fiber bundle
using a swirling airflow. The winding section generally
winds the yarn at a high speed because typical air spin-
ning devices are capable of performing high-speed spin-
ning. For this reason, the yarn is accelerated suddenly
at resumption of winding, and it is difficult to estimate the
running speed of the yarn using an empirical equation or

the like. However, the yarn winding machine that includes
such an air spinning device can obtain the running speed
of the yarn accurately when the yarn winding machine
employs the configuration according to the aspect of the
present invention that detects the running speed of the
yarn based on an actually-measured value of the rota-
tional speed of the package.
[0112] According to another aspect of the present in-
vention, a yarn winding unit adapted to wind a yarn to
form a package includes a winding section, a yarn sup-
plying section, a contact roller, a speed detecting section,
a yarn joining device, a yarn-joint monitoring device, and
a judging section. The winding section includes a winding
drum adapted to rotate the package in a direction in which
the yarn is wound onto the package and is adapted to
wind the yarn to form the package. The yarn supplying
section is adapted to supply the yarn to the winding sec-
tion. The contact roller is arranged independently from
the winding drum and is adapted to make contact with
the freely rotating package to be rotated by the package.
The speed detecting section is adapted to detect and
output a speed result indicative of detected rotational
speed of the contact roller. The yarn joining device is
adapted to join a yarn end of the yarn coming from the
yarn supplying section and a yarn end of the yarn coming
from the package and forms a yarn joint. The yarn-joint
monitoring device is arranged downstream of the yarn
joining device in a running direction of the yarn and adapt-
ed to monitor the yarn joint and output a monitoring result.
The judging section is adapted to judge whether the yarn
joint formed by the yarn joining device is normal based
on the speed result output from the speed detecting sec-
tion and the monitoring result output from the yarn-joint
monitoring device.
[0113] The yarn speed at resumption of winding can
be obtained accurately based on the actually-measured
value of the rotational speed of the package as described
above. Judging the quality of the yarn joint based on the
yarn speed obtained in this way leads to accurate deter-
mination of the quality of the yarn joint.

Claims

1. An apparatus for inspecting a yarn joint of a yarn
wound in a yarn winding unit, the yarn winding unit
including a winding section (13) adapted to wind a
yarn (10) to form a package (45), the winding section
(13) including a winding drum (72) adapted to rotate
the package (45) in a direction in which the yarn (10)
is wound onto the package (45), and a yarn supplying
section (9) adapted to supply the yarn (10) to the
winding section (13), the apparatus comprising:

a contact roller (63) arranged independently
from the winding drum (72) and adapted to make
contact with the freely rotating package (45) to
be rotated by the package (45);
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a speed detecting section (52) adapted to detect
and output a speed result indicative of detected
rotational speed of the contact roller (63);
a yarn joining device (43) adapted to join a yarn
end of the yarn (10) from the yarn supplying sec-
tion (9) and a yarn end of the yarn (10) from the
package (45) to form a yarn joint (99);
a yarn-joint monitoring device (47) arranged
downstream of the yarn joining device (43) in a
running direction of the yarn (10) and adapted
to monitor the yarn joint (99) and to output a
monitoring result; and
a judging section adapted to judge whether the
yarn joint (99) formed by the yarn joining device
(43) is normal based on the speed result output
from the speed detecting section (52) and the
monitoring result output from the yarn-joint mon-
itoring device (47).

2. The apparatus according to Claim 1, wherein the
contact roller (63) is a reverse-rotating roller (63)
adapted to rotate the package (45) in a direction in
which the yarn (10) is unwound from the package
(45).

3. The apparatus according to Claim 1 or 2, further com-
prising:

a roller moving mechanism (66) adapted to
move the contact roller (63) between a position
where the contact roller (63) is in contact with
the package (45) and a position where the con-
tact roller (63) is separated from the package
(45); and
a control section adapted to control at least ro-
tation of the contact roller (63), formation of the
yarn joint (99) performed by the yarn joining de-
vice (43), and movement of the contact roller
(63) performed by the roller moving mechanism
(66), wherein
when the yarn (10) is broken between the yarn
supplying section (9) and the package (45), the
control section is adapted to control the move-
ment of the contact roller (63) such that the roller
moving mechanism (66) brings the contact roller
(63) into contact with the package (45), and to
simultaneously control the rotation of the contact
roller (63) such that the contact roller (63) rotates
the package (45) in a direction in which the yarn
(10) is unwound from the package (45),
the control section is adapted to control the for-
mation of the yarn joint (99) such that the yarn
joining device (43) forms the yarn joint (99) by
joining the yarn end of the yarn (10) unwound
from the package (45) rotated by the contact roll-
er (63) and the yarn end of the yarn (10) from
the yarn supplying section (9), and
the control section is adapted to control the

movement of the contact roller (63) such that
the roller moving mechanism (66) maintains a
state in which the contact roller (63) is in contact
with the package (45) at least until the yarn joint
(99) has passed through the yarn-joint monitor-
ing device (47) after completion of the yarn join-
ing.

4. The apparatus according to any one of Claims 1 to
3, further comprising:

a rotation driving source (67) adapted to drive
the contact roller (63); and
a clutch (51) adapted to be engaged or disen-
gaged to control drive transmission linkage be-
tween the contact roller (63) and the rotation
driving source (67), wherein
the clutch (51) is adapted to perform control of
decoupling the drive transmission linkage at
least while the yarn joint (99) passes through
the yarn-joint monitoring device (47).

5. A yarn winding unit comprising:

a winding section (13) adapted to wind a yarn
(10) to form a package (45), the winding section
(13) including a winding drum (72) adapted to
rotate the package (45) in a direction in which
the yarn (10) is wound onto the package (45);
a yarn supplying section (9) adapted to supply
the yarn (10) to the winding section (13); and
an apparatus according to one of Claims 1 to 4.

6. The yarn winding unit according to Claim 5, wherein
the yarn supplying section (9) is an air spinning de-
vice adapted to generate a spun yarn (10) by twisting
a fiber bundle (8) using a swirling airflow.

7. A yarn winding machine, comprising:

one or more yarn winding units (2) according to
Claim 5 or 6, each of the yarn winding units (2)
including the yarn supplying section (9) and the
winding section (13); and
a driving source adapted to drive the winding
drums (72) of the one or more yarn winding units
(2) together.

8. The yarn winding machine according to Claim 7,
comprising a plurality of yarn winding units (2) and
a yarn-joining carrier (3), wherein
the yarn-joining carrier (3) includes the yarn joining
device (43), the yarn-joint monitoring device (47),
and the contact roller (63),
the yarn-joining carrier (3) is adapted to be capable
of moving among positions corresponding to the yarn
winding units (2), and
the yarn-joining carrier (3) is adapted to move and
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stop near a target yarn winding unit (2) in which the
yarn (10) is broken among the yarn winding units (2),
and to cause the yarn joining device (43) to perform
yarn joining on the target yarn winding unit (2).
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