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(57) A collective control unit (air consumption calcu-
lating device) 93 includes an obtaining unit 93b and a
calculating unit 93c, and executes a method for calculat-
ing an air consumption. The obtaining unit 93b obtains
operation information of an air spinning device 9 config-
ured to inject air through a spinning nozzle to generate
a swirling airflow to produce a spun yarn from a fiber
bundle, the operation information including a time period
in which the air is injected from the spinning nozzle. The
calculating unit 93c calculates an air consumption of a
spinning machine 1 that includes the air spinning device
9, based on the operation information of the air spinning
device 9 obtained by the obtaining unit 93b.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention primarily relates to an air
consumption calculating device for calculating a used air
amount, which is an amount of compressed air (air) used
by a spinning machine that includes an air spinning de-
vice.

2. Description of the Related Art

[0002] Japanese Unexamined Patent Application Pub-
lication No. 2002-138346 (hereinafter, referred to as PTL
1) discloses an air jet loom.
[0003] In the air jet loom of PTL 1, a nozzle is disposed
on a sley swung in a front-rear direction of the loom. PTL
1 discloses calculating a flow rate of air injected from the
nozzle based on information inputted to the air jet loom.

SUMMARY OF THE INVENTION

[0004] The air spinning device consumes a large
amount of air, and therefore is required to obtain an ac-
curate air consumption.
[0005] A primary object of the present invention is to
provide an air consumption calculating device capable
of obtaining, at a low cost, an accurate air consumption
(air consumption amount) of a spinning machine that in-
cludes an air spinning device.
[0006] In view of a first aspect of the present invention,
provided is an air consumption calculating device includ-
ing the following features. That is, the air consumption
calculating device includes an obtaining unit and a cal-
culating unit. The obtaining unit is configured to obtain
operation information of an air spinning device, which is
configured to inject air through a spinning nozzle to gen-
erate a swirling airflow to produce a spun yarn from a
fiber bundle, the operation information including a time
period in which the air is injected from the spinning noz-
zle. The calculating unit is configured to calculate an air
consumption of a spinning machine that includes the air
spinning device, based on the operation information of
the air spinning device obtained by the obtaining unit.
[0007] In this manner, the air consumption is calculat-
ed. Therefore, this configuration does not essentially
need the measurement device. Consequently, it is pos-
sible to obtain the air consumption at a low cost. In ad-
dition, the air consumption of the air spinning device ac-
counts for most of the air consumption of the spinning
machine. Therefore, by calculating at least the air con-
sumption of the air spinning device, it is possible to obtain
an accurate air consumption of the spinning machine.
[0008] The above-described air consumption calculat-
ing device preferably has the following features. That is,
the obtaining unit obtains the number of times of opera-

tion or an air using time period of at least one of a doffing
unit and a yarn joining unit. The doffing unit is configured
to perform, with use of air, a doffing preparation operation
of discharging a package formed as a result of winding
of the spun yarn and preparing for formation of a new
package. The yarn joining unit is configured to perform,
with use of air, a catching and joining operation of catch-
ing and joining the spun yarn, in a case where discon-
nection occurs in the spun yarn. The calculating unit cal-
culates an air consumption of the spinning machine fur-
ther based on the number of times of operation or the air
using time period of the at least one of the doffing unit
and the yarn joining unit.
[0009] With this configuration, not only the air con-
sumption of the air spinning device but also the air con-
sumption(s) of the doffing unit and/or the yarn joining unit
is calculated. Consequently, it is possible to obtain a more
accurate air consumption of the spinning machine.
[0010] The above-described air consumption calculat-
ing device preferably has the following features. That is,
the obtaining unit obtains the number of times of opera-
tion or an air using time period of the additive supply
device, which is configured to supply an additive with use
of air. The calculating unit calculates an air consumption
of the spinning machine further based on the number of
times of operation or the air using time period of the ad-
ditive supply device.
[0011] With this configuration, not only the air con-
sumption of the air spinning device but also the air con-
sumption of the additive supply device is calculated. Con-
sequently, it is possible to obtain a more accurate air
consumption of the spinning machine.
[0012] In the above-described air consumption calcu-
lating device, the calculating unit preferably further cal-
culates an air consumption efficiency, which is an air con-
sumption per mass of the spun yarn having been pro-
duced.
[0013] This can show the air consumption correspond-
ing to the amount of air having been consumed to pro-
duce (manufacture) the spun yarn in an easier-to-under-
stand format.
[0014] In the above-described air consumption calcu-
lating device, the calculating unit calculates a mass of
the spun yarn having been produced, based on a yarn
count of the spun yarn produced by the spinning machine
and a yarn speed, which is a winding speed of the spun
yarn wound by the spinning machine, and the calculating
unit calculates the air consumption efficiency based on
the mass.
[0015] Consequently, it is possible to obtain an air con-
sumption per production quantity of the spun yarn by a
simple process.
[0016] In the above-described air consumption calcu-
lating device, the calculating unit preferably further cal-
culates a lot air consumption, which is an amount of air
consumed to produce one lot of spun yarn.
[0017] The production cost of the spun yarn is often
managed per lot. Thus, by calculating an air consumption
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per lot, it is possible to obtain a value that is easy for an
administrator to use.
[0018] In the above-described air consumption calcu-
lating device, the obtaining unit preferably obtains a
measurement value of an electric power meter, which is
configured to measure an electric power consumption of
the spinning machine.
[0019] This configuration can obtain not only the air
consumption but also the electric power consumption.
Thus, with the air consumption calculating device or an
external device, it is possible to generate information en-
abling more precise management of the production cost
of the spun yarn.
[0020] The above-described air consumption calculat-
ing device preferably has the following features. That is,
the electric power consumption detected by the electric
power meter does not include an amount of electric power
used to generate compressed air that is to be supplied
to the spinning machine. The calculating unit converts
the air consumption of the spinning machine into an elec-
tric power consumption.
[0021] With this configuration, the air consumption cal-
culated by the calculating unit can be handled in the form
of electric power. In addition, this makes it easier to man-
age the production cost of the spun yarn.
[0022] The above-described air consumption calculat-
ing device preferably has the following features. That is,
the air consumption calculating device includes a display
unit configured to display the air consumption calculated
by the calculating unit. The calculating unit calculates air
consumptions for each of constituent elements of the
spinning machine, the constituent elements including at
least the air spinning device. The display unit displays
the air consumptions for each of the constituent ele-
ments.
[0023] This makes it easier to manage the air con-
sumptions for each of the constituent elements.
[0024] In view of a second aspect of the present inven-
tion, provided is a spinning machine including the above-
described air consumption calculating device, a draft de-
vice, the above-described air spinning device, and a
winding device. The draft device is configured to draft a
sliver to produce a fiber bundle. The winding device is
configured to wind the spun yarn to form a package.
[0025] With this configuration, the spinning machine
itself can calculate the air consumption.
[0026] The above-described spinning machine prefer-
ably has the following features. That is, the spinning ma-
chine includes a flowmeter and an alarm generating unit.
The flowmeter is configured to measure an air consump-
tion. The alarm generating unit is configured to generate
an alarm, in a case where a difference between an air
consumption calculated by the calculating unit and a
measurement value of the flowmeter satisfies a determi-
nation condition.
[0027] With this configuration, it is possible to generate
an alarm based on the result of the calculation of the air
consumption, if an abnormality occurs.

[0028] In view of a third aspect of the present invention,
provided is a spinning system including: a management
device functioning as the above-described air consump-
tion calculating device; and spinning machines. Each of
the spinning machines includes a draft device configured
to draft a sliver to produce a fiber bundle, the air spinning
device, and a winding device configured to wind the spun
yarn to form a package. The management device re-
ceives, from the spinning machines, operation informa-
tion of at least the air spinning devices, and calculates
air consumptions of the spinning machines based on the
operation information.
[0029] Consequently, it is possible to manage the air
consumptions of the spinning machines collectively with
the management device.
[0030] In view of a fourth aspect of the present inven-
tion, provided is a method for calculating an air consump-
tion having the following features. That is, the method for
calculating an air consumption includes the steps of ob-
taining and calculating. The obtaining step obtains oper-
ation information of an air spinning device, which is con-
figured to inject air through a spinning nozzle to generate
a swirling airflow to produce a spun yarn from a fiber
bundle, the operation information including a time period
in which the air is injected from the spinning nozzle. The
calculating step calculates an air consumption of a spin-
ning machine that includes the air spinning device, based
on the operation information of the air spinning device
obtained in the obtaining step.
[0031] In this manner, the air consumption is calculat-
ed. Therefore, this configuration does not essentially
need the measurement device. Consequently, it is pos-
sible to obtain the air consumption at a low cost. In ad-
dition, the air consumption of the air spinning device ac-
counts for most of the air consumption of the spinning
machine. Therefore, by calculating at least the air con-
sumption of the air spinning device, it is possible to obtain
an accurate air consumption of the spinning machine.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032]

FIG. 1 is a front view illustrating an overall structure
of a spinning machine, whose air consumption is to
be calculated, according to one embodiment of the
present invention.
FIG. 2 is a side view of a spinning unit.
FIG. 3 is a cross-sectional view illustrating a config-
uration of an air spinning device.
FIG. 4 is a view illustrating a flow of compressed air.
FIG. 5 is a flowchart showing processes for calcu-
lating and displaying an air consumption.
FIG. 6 is a graph being displayed on a display unit
and showing air consumptions of constituent ele-
ments of the spinning machine.
FIG. 7 is a graph being displayed on the display unit
and showing an air consumption efficiency and lot
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air consumptions of the spinning machine.
FIG. 8 is a graph being displayed on the display unit
and showing an electric power consumption of the
spinning machine.
FIG. 9 is a flowchart showing processes for detecting
an air leakage based on a calculated air consump-
tion.
FIG. 10 is a view schematically illustrating a spinning
system including an air consumption calculating de-
vice according to another embodiment.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0033] With reference to the drawings, the following
will describe a spinning machine 1 including an air spin-
ning device 9 according to one embodiment of the
present invention. The spinning machine 1 illustrated in
FIG. 1 includes multiple spinning units 2 arranged side
by side, a yarn joining cart (yarn joining unit) 50, a doffing
cart (doffing unit) 60, and a machine control device 90.
[0034] The machine control device 90 is configured to
manage elements in the spinning machine 1 in a central-
ized manner. The machine control device 90 includes a
display unit 91, input keys 92, and a collective control
unit (air consumption calculating device) 93. When an
operator operates the input keys 92 as appropriate, the
collective control unit 93 executes a process in response
to the operation. In this manner, it is possible to perform
a setting(s) on a certain one of or all of the spinning units
2 and/or to display, on the display unit 91, information
such as a setting(s) and a state(s) of a certain one of or
all of the spinning units 2.
[0035] As illustrated in FIG. 2, each spinning unit 2 in-
cludes a draft device 7, an air spinning device 9, a yarn
accumulation device 14, and a winding device 96, which
are arranged in this order from upstream to downstream.
The terms "upstream" and "downstream" used herein
mean upstream and downstream with respect to a
traveling direction of a sliver, a fiber bundle 8, and a spun
yarn 10 during spinning. Each spinning unit 2 spins, with
the air spinning device 9, a fiber bundle 8 fed from the
draft device 7 to produce a spun yarn 10, and winds the
spun yarn 10 with the winding device 96 to form a pack-
age 28.
[0036] The draft device 7 includes four roller pairs,
namely, a pair of back rollers 21, a pair of third rollers 22,
a pair of middle rollers 24 around which an apron belt 23
is laid, and a pair of front rollers 25, which are arranged
in this order from upstream. The draft device 7 drafts a
sliver fed from a sliver case (not illustrated) via a sliver
guide 20 (stretches a fiber bundle 8) until the sliver attains
a predetermined thickness. The fiber bundle 8 drafted by
the draft device 7 is fed to the air spinning device 9.
[0037] The air spinning device 9 produces a spun yarn
10 from the fiber bundle 8 fed from the draft device 7.
More specifically, as shown in FIG. 3, the air spinning
device 9 includes a fiber guide member 31, a needle-

shaped member 32, a nozzle block 33, and a hollow guide
shaft member 35.
[0038] The fiber guide member 31 guides the fiber bun-
dle 8 drafted by the draft device 7 toward the inside of
the air spinning device 9. The needle-shaped member
32 is attached to the fiber guide member 31. The fiber
bundle 8 drafted by the draft device 7 is guided into the
fiber guide member 31 and is guided while being guided
over the needle-shaped member 32.
[0039] A space between the fiber guide member 31
and the hollow guide shaft member 35 functions as a
spinning chamber 34. The nozzle block 33, which sur-
rounds the spinning chamber 34, is disposed down-
stream of the fiber guiding member 31. The nozzle block
33 has a spinning nozzle 33a. The spinning nozzle 33a
is formed such that an air-injecting side faces the spinning
chamber 34. The air spinning device 9 is configured to
inject air (compressed air) into the spinning chamber 34
through the spinning nozzle 33a such that a swirling air-
flow is acted on the fiber bundle 8 in the spinning chamber
34. The air to be injected through the spinning nozzle
33a may contain an additive added by an additive supply
device 40 (details thereof will be given later).
[0040] The hollow guide shaft member 35 has a sec-
ond passage 35a formed in its shaft center. When being
subjected to the air injected from the spinning chamber
34, trailing ends of fibers of the fiber bundle 8 swing
around the distal end of the hollow guide shaft member
35. The fiber bundle 8 twisted in this manner passes
through the second passage 35a, and is outputted out-
side the air spinning device 9 through a downstream yarn
outlet (not illustrated).
[0041] A yarn quality measuring device 12 and a spin-
ning sensor 13 are provided downstream of the air spin-
ning device 9. The spun yarn 10 spun by the air spinning
device 9 passes through the yarn quality measuring de-
vice 12 and the spinning sensor 13.
[0042] The yarn quality measuring device 12 monitors
a thickness of the traveling spun yarn 10 with an optical
sensor (not illustrated). If the yarn quality measuring de-
vice 12 detects a yarn defect in the spun yarn 10 (a portion
of the spun yarn 10 having an abnormality in thickness
or the like), the yarn quality measuring device 12 trans-
mits a yarn defect detection signal to a unit controller (not
illustrated). The yarn quality measuring device 12 is not
limited to the optical sensor. Alternatively, for example,
an electrostatic capacitance type sensor may be adopted
to monitor the thickness (fiber amount) of the spun yarn
10. The yarn quality measuring device 12 may detect, as
a yarn defect, a foreign object included in the spun yarn
10.
[0043] The spinning sensor 13 is disposed down-
stream of and close to the yarn quality measuring device
12. The spinning sensor 13 can detect a tension of a
portion of the spun yarn 10 between the air spinning de-
vice 9 and the yarn accumulation device 14. The spinning
sensor 13 transmits, to the unit controller, a detection
signal indicating the detected tension. The unit controller
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monitors the tension detected by the spinning sensor 13
to detect an abnormal portion, such as a weak yarn. Al-
ternatively, the spinning unit 2 may not include the spin-
ning sensor 13.
[0044] The yarn accumulation device 14 is disposed
downstream of the yarn quality measuring device 12 and
the spinning sensor 13. As illustrated in FIG. 2, the yarn
accumulation device 14 includes a yarn accumulation
roller 15 and a motor 16 for rotationally driving the yarn
accumulation roller 15.
[0045] The yarn accumulation roller 15 is configured
to have a certain amount of spun yarn 10 wound on its
outer peripheral surface for temporary accumulation. Ro-
tating the yarn accumulation roller 15 at a predetermined
rotation speed with the spun yarn 10 wound on its outer
peripheral surface enables the spun yarn 10 to be drawn
out from the air spinning device 9 and conveyed down-
stream at a predetermined speed. Since the yarn accu-
mulation device 14 is configured to allow the spun yarn
10 to be temporarily stored on the outer peripheral sur-
face of the yarn accumulation roller 15, the yarn accu-
mulation device 14 can function as a kind of buffer. Ac-
codingly, the yarn accumulation device 14 can resolve a
trouble (for example, a slackening of the spun yarn 10)
caused by a phenomenon in which a spinning speed of
the air spinning device 9 and a winding speed (a speed
of the spun yarn 10 wound around the package 28) do
not match for some reason.
[0046] The winding device 96 includes a cradle arm
97, a winding drum 98, a traverse guide 99, and a winding
drum drive motor (not illustrated). The cradle arm 97 can
rotatably support a bobbin 29 around which the spun yarn
10 is to be wound. The winding drum 98 receives a drive
force transmitted from the winding drum drive motor to
be rotated while being in contact with an outer peripheral
surface of the package 28 or the bobbin 29. The traverse
guide 99 is capable of guiding the spun yarn 10. The
winding device 96 drives the winding drum 98 by the
winding drum drive motor while reciprocating the traverse
guide 99 by drive means (not illustrated). Thereby, the
winding device 96 rotates the package 28 which is in
contact with the winding drum 98. The winding device 96
winds the spun yarn 10 around the package 28 while
traversing the spun yarn 10.
[0047] In a case where disconnection occurs in the
spun yarn 10, the yarn joining cart 50 performs a catching
and joining operation of catching and joining the spun
yarn 10. Specific examples of the case where the dis-
connection occurs in the spun yarn 10 are: a case where
the spun yarn 10 is broken due to a load applied to the
spun yarn 10; and a case where the spun yarn 10 is cut
due to, e.g., stop of the air spinning device 9 for eliminat-
ing a yarn defect detected by the yarn quality measuring
device 12 and/or the spinning sensor 13. The catching
and joining operation includes a catching operation of
catching the spun yarn 10 and a joining operation of join-
ing the spun yarn 10.
[0048] The yarn joining cart 50 is controlled by the col-

lective control unit 93. As illustrated in FIGs. 1 and 2, the
yarn joining cart 50 includes a suction pipe 51, a suction
mouth 52, and a yarn joining device 53. If disconnection
occurs in a spun yarn 10 in one of the spinning units 2,
the yarn joining cart 50 travels to and stops at the one of
the spinning units 2. The suction pipe 51 swings upward
about an axis to catch the spun yarn 10 outputted from
the air spinning device 9 (catching operation). The suc-
tion pipe 51 swings downward about an axis, thus guiding
the spun yarn 10 to the yarn joining device 53. The suction
mouth 52 swings downward about the axis to catch the
spun yarn 10 from the package 28 (catching operation).
The suction mouth 52 swings upward about the axis, thus
guiding the spun yarn 10 to the yarn joining device 53.
The yarn joining device 53 joins the guided spun yarns
10 togeter (joining operation).
[0049] In the present embodiment, the catching and
joining operation is performed with use of air. More spe-
cifically, the yarn joining device 53 includes two untwist-
ing pipes. The yarn joining device 53 injects compressed
air to the untwisting pipes to generate a swirling airflow.
When being subjected to the swirling airflow, yarn ends
of the spun yarns 10 are untwisted. The yarn joining de-
vice 53 further includes a twisting nozzle for connecting
the untwisted yarn ends together. Compressed air is in-
jected also to the twisting nozzle to generate a swirling
airflow.
[0050] The suction pipe 51 and the suction mouth 52
are connectable to a suction airflow generation source
(not illustrated) to catch a spun yarn 10 by a suction air-
flow. The suction pipe 51 may be provided with a twisting
nozzle for twisting the caught spun yarn 10.
[0051] The yarn joining device 53 may be configured
to be movable between a standby position and a joining
position with a pneumatic actuator, such as an air cylin-
der. In such a configuration, compressed air is further
used to move the yarn joining device 53.
[0052] The foregoing usages of air have been de-
scribed merely by way of examples. Air may be used for
another process (e.g., cleaning). In a case where air is
used for the catching and joining operation, part of the
above-described usages of air may be omitted. For ex-
ample, the suction pipe 51 may not include the twisting
nozzle.
[0053] The doffing cart 60 is controlled by the collective
control unit 93. The doffing cart 60 performs a doffing
preparation operation of discharging the package 28 and
preparing for formation of a new package 28. The doffing
preparation operation includes a doffing operation of de-
taching a package 28 having completed winding of the
spun yarn 10 (a package 28 having achieved a prede-
termined diameter) from the cradle arm 97 and discharg-
ing the package 28 and a winding preparation operation
of preparing for winging of the spun ynar 10 by feeding
a bobbin 29 to the cradle arm 97.
[0054] As illustrated in FIGs. 1 and 2, the doffing cart
60 includes a cradle operation arm 61, a yarn sucking
unit 62, and a bobbin supply unit 63. When winding of
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the spun yarn 10 in a certain one of the spinning units 2
is ended, the doffing cart 60 travels to and stops at the
certain one of the spinning units 2. The cradle operation
arm 61 can operate the cradle arm 97 of the correspond-
ing one of the spinning units 2 to release the state where
the bobbin 29 is sandwiched and held by the cradle arm
97. This allows detachment of the package 28 held by
the cradle arm 97. The package 28 thus detached is guid-
ed to a placement part 72 along an inclined surface 71.
[0055] The yarn sucking unit 62 stretches toward the
air spinning device 9, generates a suction airflow to catch
the spun yarn 10 fed from the air spinning device 9, and
then moves downward. Before, after, or during this op-
eration, the bobbin supply unit 63 holds a bobbin 29
stocked in the doffing cart 60, and then turns toward the
winding device 96 to supply the bobbin 29 to the cradle
arm 97. Thereafter, the spun yarn 10 caught by the yarn
sucking unit 62 is wound around the new bobbin 29 by
a yarn guide mechanism and a bunch winding mecha-
nism (each not illustrated), and then the winding device
96 starts winding.
[0056] In the present embodiment, the doffing prepa-
ration operation is performed with use of air. More spe-
cifically, the yarn sucking unit 62 may include a twisting
nozzle to twist the caught spun yarn 10. In a configuration
in which the cradle operation arm 61, the yarn sucking
unit 62, and the bobbin supply unit 63 are driven by a
pneumatic actuator such as an air cylinder, compressed
air is also used. The foregoing usages of air have been
described merely by way of examples. Air may be used
for another process (e.g., cleaning). In a case where air
is used for the doffing preparation operation, part of the
above-described usage of air may be omitted. For exam-
ple, the twisting nozzle may be omitted.
[0057] Next, with reference to FIG. 4, the following will
describe a flow of compressed air, a configuration of the
additive supply device 40, and the like. In a factory in-
cluding spinning machines 1, a compressed air supply
unit 81 is installed. The compressed air supply unit 81 is
a compressor, for example. The compressed air supply
unit 81 is configured to generate compressed air and
supply the compressed air to the plurality of spinning ma-
chines 1. Instead of this configuration, compressed air
supply units 81 may be respectively provided to the spin-
ning machines 1.
[0058] Flowmeters 82 are respectively disposed in
passages through which compressed air is supplied from
the compressed air supply unit 81 to the spinning ma-
chines 1. The detection values from the flowmeters 82
are outputted to the collective control units 93 of the ma-
chine control devices 90. As will be described later, in
the present embodiment, an air consumption is calculat-
ed without use of the flowmeters 82, and therefore the
flowmeters 82 may be omitted.
[0059] The compressed air supplied from the com-
pressed air supply unit 81 is supplied to the air spinning
devices 9, the additive supply devices 40, the yarn joining
carts 50, the doffing carts 60, and/or the like. A main air

tube (pipe) 100 toward each of the air spinning devices
9 is branched to a first air tube (pipe) 101 and a second
air tube (pipe) 102.
[0060] Each first air tube 101 is a passage through
which air containing no additive (hereinafter, referred to
as dry air) is supplied to a corresponding one of the air
spinning devices 9. Between the main air tube 100 and
the first air tubes 101, first valves 103 are disposed. Each
first air tube 101 is further branched before reaching the
air spinning device 9 of a corresponding one of the spin-
ning units 2. Between the first air tubes 101 and the air
spinning devices 9, first spinning valves 105 are dis-
posed. In a configuration in which dry air is supplied to
the air spinning devices 9 through the second air tubes
102, the first air tubes 101 and/or the like may be omitted.
[0061] Each second air tube 102 is a passage through
which air containing an additive (hereinafter, referred to
as wet air) is supplied to a corresponding one of the air
spinning devices 9. Between the main air tube 100 and
the second air tubes 102, second valves 104 are dis-
posed. Each second air tube 102 is further branched be-
fore reaching the air spinning device 9 of a corresponding
one of the spinning units 2. Between the second air tubes
102 and the air spinning devices 9, second spinning
valves 106 are disposed.
[0062] By selectively opening either of the first valves
103 and the second valves 104, it is possible to select
which of dry air and wet air is to supplied to the air spinning
devices 9. By selectively opening or closing the first spin-
ning valves 105, it is possible to permit or inhibit supply
of dry air to the air spinning devices 9. By selectively
opening or closing the second spinning valves 106, it is
possible to permit or inhibit supply of wet air to the air
spinning devices 9. The opening/closing operations of
these valves are controlled by the collective control unit
93. Alternatively, the opening/closing operations of these
valves may be performed by an operator.
[0063] Each additive supply device 40 is configured to
supply an additive to a corresponding one of the second
air tubes 102. The additive supply device 40 includes an
additive storage tank 111 and a mist generating nozzle
112.
[0064] In the additive storage tank 111, a liquid additive
is stored. For example, the additive may be an agent,
water, or the like for preventing deposition of an oil agent
in the air spinning devices 9. Specific examples of the
additive are an agent capable of giving the spun yarn 10
at least one of effects such as an antibacterial effect, a
deodorant effect, an anti-odor effect, and a waxing effect.
[0065] To the mist generating nozzle 112, compressed
air whose pressure is regulated by a non-illustrated pres-
sure regulating device (e.g., a booster valve or an electric
compressor) is supplied. The mist generating nozzle 112
generates mists of the additive by bubbling the additive
with the compressed air. The additive storage tank 111
has an upper portion connected to the second air tube
102, and the mists of the additive are supplied to the
second air tube 102. As described above, the additive
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supply device 40 uses compressed air to generate the
mists of the additive. The above-described operation of
the pressure regulating device is controlled by the col-
lective control unit 93.
[0066] An electric power supply unit 83 is configured
to supply electric power to the plurality of spinning ma-
chines 1 and the compressed air supply unit 81, for ex-
ample. The electric power supply unit 83 is connectable
to plugs of power cables of the spinning machines 1
and/or the like. For example, the electric power supply
unit 83 supplies, to the spinning machines 1 and/or the
like, electric power from the outside of the factory.
[0067] Electric power meters 84 are respectively dis-
posed in passages through which the electric power sup-
ply unit 83 supplies electric power to the plurality of spin-
ning machines 1. The electric power meters 84 output
detection values to the collective control units 93 of the
machine control devices 90. Each electric power meter
84 is configured to detect an electric power consumption
of a corresponding one of the spinning machines 1. How-
ever, since the compressed air supply unit 81 is disposed
outside the spinning machines 1, the amount of electric
power used to generate compressed air is not included
in each of the detection values of the electric power me-
ters 84.
[0068] Next, mainly with reference to FIG. 5, the fol-
lowing will describe processes for calculating and dis-
playing an air consumption. The flowchart shown in FIG.
5 will be described merely by way of an example. Some
of the processes may be performed simultaneously, a
part of the processes may be omitted, a content of a part
of the processes may be changed, and/or a new process
may be added.
[0069] The processes shown in FIG. 5 are processes
for calculating an air consumption during a predeter-
mined measurement time period based on, e.g., opera-
tion of the spinning machine 1 during the measurement
time period and for displaying the result on the display
unit 91. These processes are performed every time when
the measurement time period elapses, for example. With
this configuration, it is possible to display the air con-
sumption of the spinning machine 1 in real time. An al-
ternative configuration may accumulate data on opera-
tion of the spinning machine 1 (e.g., data on operation
of the spinning machine 1 for one day or data on operation
of the spinning machine 1 during a time period corre-
sponding to one working shift of an operator) and then
collectively calculate an air consumption per measure-
ment time period, while considering the measurement
time period as a singe unit.
[0070] The processes shown in FIG. 5 are executed
mainly by the collective control unit 93. The collective
control unit 93 includes a storage unit 93a. The storage
unit 93a is a storage device, such as a flash memory or
a hard disk, and stores various programs, control data,
and/or setting values. The collective control unit 93 in-
cludes a non-illustrated processing device (e.g., CPU).
The processing device can read out various programs

and/or the like from the storage unit 93a and execute
them to control various parts/elements of the spinning
machine 1. In this manner, the collective control unit 93
can function as an obtaining unit 93b, a calculating unit
93c, and an alarm generating unit 93d.
[0071] The obtaining unit 93b obtains, from the storage
unit 93a, setting values of the type of the spinning nozzle
33a, the yarn count, and the yarn speed (SI01). These
pieces of information are preliminarily inputted, e.g., by
the operator’s operation on the input keys 92, and are
stored in the storage unit 93a. Different types of the spin-
ning nozzles 33a have different nozzle shapes (passages
through which compressed air passes) or different num-
bers of nozzles, for example. Thus, depending on the
type of the spinning nozzle 33a, the amount of com-
pressed air to be used varies. Instead of the configuration
in which the type of the spinning nozzle 33a is manually
inputted, the setting on the type of the spinning nozzle
33a may be performed automatically according to the
raw material of the fiber bundle having been inputted by
the operator. Instead of the configuration in which the
setting value of the yarn count is read out, the information
on the yarn count may be detected by a sensor (e.g., the
yarn quality measuring device 12) for detecting the thick-
ness of the yarn, for example. Instead of the configuration
in which the setting value of the yarn speed is read out,
the information on the yarn speed may be detected by a
yarn speed sensor, the yarn quality measuring device
12, or a rotation speed sensor of the winding drum 98,
for example.
[0072] Next, the obtaining unit 93b obtains an injecting
time period, which is a time period in which air has been
injected from the spinning nozzle 33a, out of the meas-
urement time period, based on control executed on the
air spinning device 9 by the collective control unit 93
(S102). The injecting time period can be obtained based
on control on the first spinning valve 105 and/or the sec-
ond spinning valves 106, for example. The spinning ma-
chine 1 includes the plurality of air spinning devices 9.
The present embodiment aims to calculate an air con-
sumption of the entire spinning machine 1. Thus, the
present embodiment obtains a value obtained by adding
up injecting time periods of the plurality of air spinning
devices 9. Hereinafter, the term "operation information"
refers to information on operation of the air spinning de-
vices 9, such as the types and the injecting time periods
of the spinning nozzles 33a of the air spinning devices 9.
[0073] The calculating unit 93c calculates air con-
sumptions of the air spinning devices 9 based on the
operation information (the types and the injecting time
periods of the spinning nozzles 33a) (S103). Depending
on the type of the spinning nozzle 33a, an air injecting
amount per injecting time period varies, naturally. The
storage unit 93a stores estimation values of injecting
amounts per injecting time period in association with the
respective types of the spinning nozzles 33a. The esti-
mation values can be obtained based on experiments or
simulations performed in advance, for example. Thus,
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the calculating unit 93c can calculate an air consumption
of each air spinning device 9 by multiplying, by an inject-
ing time period, the estimation value associated with the
type of the spinning nozzle 33a. The air consumption
calculated in this process corresponds to the sum of air
consumptions of the plurality of air spinning devices 9
included in a single spinning machine 1.
[0074] Next, the obtaining unit 93b obtains the number
of times of joining performed during the measurement
time period based on control on the yarn joining cart 50
(SI04). The calculating unit 93c calculates an air con-
sumption of the yarn joining cart 50 based on the number
of times of joining (S105). More specifically, an estimation
value of an air consumption per catching and joining op-
eration is obtained based on an experiment or a simula-
tion performed in advance, and is stored in the storage
unit 93a. The calculating unit 93c calculates an air con-
sumption of the yarn joining cart 50 by multiplying the
estimation value by the number of times of joining.
[0075] Next, the obtaining unit 93b obtains the number
of times of doffing performed during the measurement
time period, based on control on the doffing cart 60
(S106). The calculating unit 93c calculates an air con-
sumption of the doffing cart 60 based on the number of
times of doffing (SI07). More specifically, an estimation
value of an air consumption per doffing preparation op-
eration is obtained based on an experiment or a simula-
tion performed in advance, and is stored in the storage
unit 93a. The calculating unit 93c calculates an air con-
sumption of the doffing cart 60 by multiplying the estima-
tion value by the number of times of doffing.
[0076] Next, the obtaining unit 93b obtains the number
of times of adding performed during the measurement
time period, based on control on the additive supply de-
vice 40 (S108). The calculating unit 93c calculates an air
consumption of the additive supply device 40 based on
the number of times of adding (SI09). More specifically,
an estimation value of an air consumption per adding
operation (bubbling performed by the mist generating
nozzle 112) is obtained based on an experiment or a
simulation performed in advance, and is stored in the
storage unit 93a. The calculating unit 93c calculates an
air consumption of the additive supply device 40 by mul-
tiplying the estimation value by the number of times of
adding.
[0077] Alternatively, each of the air consumptions of
the yarn joining cart 50, the doffing cart 60, and the ad-
ditive supply device 40 can be calculated based on an
air using time period (i.e., a period of time during which
compressed air is injected), rather than the number of
times of operation. That is, the estimation value of the air
consumption per unit time may be stored in the storage
unit 93a in advance. By multiplying the estimation value
by the air using time period, it is possible to calculate an
air consumption.
[0078] In the above-described manner, it is possible to
calculate air consumptions of each of the air spinning
devices 9, the yarn joining cart 50, the doffing cart 60,

and the additive supply device 40. By adding up these
air consumptions, it is possible to calculate an air con-
sumption of the spinning machine 1 in the measurement
time period.
[0079] Next, the calculating unit 93c calculates a mass
of the spun yarn 10 produced in the measurement time
period, based on the working states of the spinning units
2, the yarn count, and the yarn speed (S110). More spe-
cifically, the calculating unit 93a first calculates a total
working time period by adding up the working time peri-
ods of the plurality of spinning units 2 (i.e., the time pe-
riods during which the spinning units 2 are performing
winding). Next, the calculating unit 93c calculates a yarn
length of the produced spun yarn 10 by multiplying the
total working time period by the yarn speed (winding
speed). Lastly, the calculating unit 93c multiplies the yarn
length of the produced spun yarn 10 by the yarn count
to calculate a mass of the spun yarn 10 produced in the
measurement time period.
[0080] The calculating unit 93c calculates an air con-
sumption per mass of the produced spun yarn 10 (here-
inafter, referred to as an air consumption efficiency) (Sill).
More specifically, the calculating unit 93c can calculate
the air consumption efficiency by dividing the air con-
sumption of the spinning machine 1 by the mass of the
produced spun yarn 10. For example, in a case of a long
measurement time period, the mass of the produced
spun yarn 10 may be calculated based on, e.g., the
number of formed packages 28.
[0081] Next, the collective control unit 93 displays in-
formation about the air consumption of the spinning ma-
chine 1 on the display unit 91 in response to an instruction
given by the operator (S112). Alternatively, the collective
control unit 93 may display the information about the air
consumption of the spinning machine 1 on the display
unit 91 at a predetermined timing (e.g., at a timing when
the work on the lot is ended), rather than in response to
the instruction given by the operator. The usage of the
information about the air consumption of the spinning
machine 1 is not limited to display. Alternatively, this in-
formation can be used as source data for calculating an-
other information. Further alternatively, the collective
control unit 93 may transmit the information about the air
consumption of the spinning machine 1 so that this infor-
mation is displayed on an external display device. Still
further alternatively, the information about the air con-
sumption of the spinning machine 1 may be displayed
by being outputted on paper.
[0082] Next, with reference to FIGs. 6 to 8, the following
will describe the process in step S112, i.e., the process
for displaying the information about the air consumption
of the spinning machine 1.
[0083] FIG. 6 is a graph showing air consumptions of
the constituent elements of the spinning machine 1. In
this graph, the horizontal axis represents time (for exam-
ple, one scale represents the above-described measure-
ment time period), whereas the vertical axis represents
an air consumption. This graph also shows details of the

13 14 



EP 3 705 611 A1

9

5

10

15

20

25

30

35

40

45

50

55

air consumption. By referring to the graph, it is possible
to see not only the air consumption of the entire spinning
machine 1 but also the air consumptions of the constit-
uent elements. Thus, for example, in a case where only
a certain one of the constituent elements exhibits an ex-
tremely high air consumption, this can be easily seen
from the graph. The graph may show information of a
period ranging from one to several months.
[0084] FIG. 7 is a graph showing an air consumption
efficiency of the spinning machine 1. In this graph, the
horizontal axis represents time, whereas the vertical axis
indicates an air consumption efficiency. The graph may
show information of a period ranging from one to several
months. Since the production cost of the spun yarn 10 is
often managed on the basis of a cost taken per mass
(per production quantity), the air consumption efficiency
can be effective data. For example, although the air con-
sumption per unit time (FIG. 6) is reduced when the spun
yarn 10 is efficiently produced, the air consumption per
unit time is reduced also when some of the spinning units
2 are stopped. Therefore, when the air consumption per
unit time is low, it is impossible to see whether this has
been caused by efficient production of the spun yarn 10
or a reduction in the number of working spinning units 2.
On the other hand, use of the air consumption efficiency
enables to manage the production cost of the spun yarn
10 without been affected by stopping of the spinning
unit(s) 2 and/or the like.
[0085] The spinning machine 1 may produce a prede-
termined number of (e.g., one lot of) packages 28 (spun
yarn 10) under a certain winding condition, and thereafter
may further produce a predetermined number of (e.g.,
one lot of) packages 28 (spun yarn 10) under another
winding condition changed from the certain one. Chang-
ing the winding condition may lead to an increase or a
decrease in an air consumption required to produce a
spun yarn 10 of the same mass and/or an increase or a
decrease in the likelihood of disconnection of the spun
yarn 10 (a frequency of occurrence of joining). Therefore,
it is preferable to check an air consumption efficiency by
lots. In order to meet this, the spinning machine 1 of the
present embodiment can indicate an identification
number of a lot on the graph. Consequently, if the air
consumption efficiency is reduced as a result of changing
of the lot, this can be easily confirmed from the graph
shown in FIG. 7, for example. Based on the control per-
formed by the collective control unit 93, it is possible to
identify in which time period which lot was in production.
[0086] In addition, upon completion of production of
one lot of packages, the spinning machine 1 of the
present embodiment displays, on the graph, a lot air con-
sumption, which is an amount of air consumed to produce
the one lot of packages 28 (spun yarn 10). A time period
from the start of production of a certain lot to the end of
the production can be determined based on the control
performed by the collective control unit 93. The calculat-
ing unit 93c can calculate a lot air consumption by adding
up air consumptions during the time period.

[0087] FIG. 8 is a graph showing an electric power con-
sumption of the spinning machine 1. In this graph, the
horizontal axis represents time, whereas the vertical axis
represents an electric power consumption. The graph
may show information of a period ranging from one to
several months. In the present embodiment, the com-
pressed air is generated by the compressed air supply
unit 81 that is electrically driven. Thus, the calculating
unit 93c can convert a flow rate of compressed air into
electric power according to a specification (e.g., electric
power per flow rate) of the compressed air supply unit
81. As described above, electric power used to produce
the spun yarn 10 is detected by the electric power meter
84, whereas electric power used to generate compressed
air is not detected by the electric power meter 84. The
electric power thus detected is outputted to the collective
control unit 93. Thus, as illustrated in FIG. 8, the graph
can show both of the electric power consumption related
to the supply of the compressed air and the electric power
consumption not related to the supply of the compressed
air.
[0088] By referring to such a graph, it is possible to
easily confirm not only the air consumption but also the
magnitude of another energy (electric power) used by
the spinning machine 1. In addition, it is possible to con-
firm further details of the cost required to produce the
spun yarn 10.
[0089] The above-described graphs of FIGs. 6 to 8 are
shown merely by way of examples, and can be modified
as below. For example, the information may be displayed
in a table format, rather than in a graph format. Instead
of or in addition to the format in which the values of the
constituent elements are shown with different patterns,
the values of the constituent elements may be indicated
with different colors. Alternatively, the values on the ver-
tical axes in the graphs in FIGs. 6 to 8 may be moving
averages of the values. Consequently, the changes in
the air consumption, the air consumption efficiency, and
the electric power consumption can be smoothed. Fur-
ther alternatively, the values on the vertical axes in the
graphs in FIGs. 6 to 8 may be averages of values obtained
in time periods corresponding to working shifts, which
have been described above. The graphs in FIGs. 7 and
8 may also show the details of the constituent elements.
The graph in FIG. 8 may show an electric power con-
sumption per mass of the spun yarn 10 having been cal-
culated. The graph in FIG. 8 may be separate graphs
respectively showing an electric power consumption re-
lated to supply of compressed air and an electric power
consumption not related to the supply of the compressed
air.
[0090] Next, mainly with reference to FIG. 9, the fol-
lowing will describe processes for detecting an air leak-
age using the calculated air consumption.
[0091] The obtaining unit 93b obtains a measurement
value of the flowmeter 82 (S201). Next, the calculating
unit 93c calculates a difference between the calculated
air consumption and the measurement value of the flow-
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meter 82 (S202). Needless to say, the measurement val-
ue of the flowmeter 82 used herein is the sum of flow
rates obtained in the measurement time period having
been used to calculate the air consumption.
[0092] Next, the collective control unit 93 determines
whether or not the difference satisfies a determination
condition (S203). The determination condition is a con-
dition used to determine whether or not a great difference
exists between the measurement value of the flowmeter
and the calculated value due to an air leakage. One ex-
ample of the determination condition may be a condition
that the difference is equal to or higher than a threshold.
Considering the possibility that the great difference may
occur temporarily due to disturbance of some sort, the
determination condition may alternatively be a condition
that the difference stays equal to higher than the thresh-
old for a predetermined time period.
[0093] If the difference satisfies the determination con-
dition, the alarm generating unit 93d generates an alarm
(S204). More specifically, the alarm generating unit 93d
turns on a warning lamp, generates a warning sound,
and/or causes the display unit 91 to display a warning.
The alarm generating unit 93d may perform one or two
of these actions.
[0094] The determination on an air leakage may be
performed even while the spinning machine 1 is stopped.
While the spinning machine 1 is not working, the air con-
sumption is zero even without performing a calculation.
Thus, in a case where the measurement value of the
flowmeter 82 exceeds the threshold (for a predetermined
time period), it can be determined that an air leakage has
occurred.
[0095] In the present embodiment, the air consumption
calculating device including the obtaining unit 93b and
the calculating unit 93c is configured as a part of the
spinning machine 1 (a part of the machine control device
90). Instead of this, the air consumption calculating de-
vice may be a small terminal provided separately from
the spinning machine 1, for example. The air consump-
tion calculating devices of this type may be provided to
the spinning machines 1, respectively. Further alterna-
tively, a single air consumption calculating device may
be provided to the plurality of spinning machines 1. This
will be specifically described hereinbelow with reference
to FIG. 10.
[0096] FIG. 10 illustrates a spinning system 200. The
spinning system 200 includes a plurality of spinning ma-
chines 1, a management device (air consumption calcu-
lating device) 201, and a processing terminal 202. The
spinning machines 1 output pieces of data to be used to
calculate air consumptions to the management device
201. For example, the spinning machines 1 output the
pieces of data to the management device 201 through
wireless communication or wired communication, for ex-
ample. The management device 201 is configured to
manage working states, production efficiencies, and the
like of the spinning machines 1. The obtaining unit 93b
of the management device 201 obtains these pieces of

data from the spinning machines 1. The calculating unit
93c of the management device 201 performs processes
similar to those in the above-described embodiment to
calculate air consumptions for each of the spinning ma-
chines 1. Information based on the air consumptions cal-
culated by the calculating unit 93c can be displayed on
a display unit of the processing terminal 202, which is
used by an administrator, for example. The display unit
of the processing terminal 202 is a display of a personal
computer, a tablet computer, a smartphone, or the like
or a display connected to any of these devices, for ex-
ample. The management device 201 may be included in
the processing terminal 202.
[0097] As described above, the collective control unit
93 that functions as the air consumption calculating de-
vice of the present embodiment includes the obtaining
unit 93b and the calculating unit 93c, and is configured
to execute the method for calculating an air consumption.
The obtaining unit 93b obtains operation information of
the air spinning device 9, which is configured to inject air
through the spinning nozzle 33a to generate a swirling
airflow to produce a spun yarn 10 from a fiber bundle 8,
the operation information including a time period in which
the air is injected from the spinning nozzle 33a (obtaining
step). The calculating unit 93c calculates an air consump-
tion of each spinning machine 1 that includes the air spin-
ning device 9, based on the operation information of the
air spinning device 9 obtained by the obtaining unit 93b
(calculating step).
[0098] In this manner, the air consumption is calculat-
ed. Therefore, this configuration does not essentially
need a measurement device (e.g., a flowmeter 82). Con-
sequently, it is possible to obtain the air consumption at
a low cost. In addition, the air consumption of the air
spinning device 9 accounts for most of the air consump-
tion of the spinning machine 1. Therefore, by calculating
at least the air consumption of the air spinning device 9,
it is possible to obtain an accurate air consumption of the
spinning machine 1.
[0099] In the collective control unit 93 of the present
embodiment, the obtaining unit 93b obtains the number
of times of operation or an air using time period of at least
one of the doffing cart 60 and the yarn joining cart 50.
The doffing cart 60 performs, with use of air, the doffing
preparation operation of discharging a package 28
formed as a result of winding of the spun yarn 10 and
preparing for formation of a new package 28. In a case
where disconnection occurs in the spun yarn 10, the yarn
joining cart 50 performs, with use of air, the catching and
joining operation of catching and joining the spun yarn
10. The calculating unit 93c calculates an air consump-
tion of the spinning machine 1 further based on the
number of times of operation or the air using time period
of at least one of the doffing cart 60 and the yarn joining
cart 50.
[0100] With this configuration, not only the air con-
sumption of the air spinning device 9 but also the air
consumption(s) of the doffing cart 60 and/or the yarn join-

17 18 



EP 3 705 611 A1

11

5

10

15

20

25

30

35

40

45

50

55

ing cart 50 is calculated. Consequently, it is possible to
obtain a more accurate air consumption of the spinning
machine 1.
[0101] In the collective control unit 93 of the present
embodiment, the obtaining unit 93b obtains the number
of times of operation or an air using time period of the
additive supply device 40 configured to supply an additive
with use of air. The calculating unit 93c calculates an air
consumption of the spinning machine 1 further based on
the number of times of operation or the air using time
period of the additive supply device 40.
[0102] With this configuration, not only the air con-
sumption of the air spinning device 9 but also the air
consumption of the additive supply device 40 is calculat-
ed. Consequently, it is possible to obtain a more accurate
air consumption of the spinning machine 1.
[0103] In the collective control unit 93 of the present
embodiment, the calculating unit 93c further calculates
an air consumption efficiency, which is an air consump-
tion per mass of the produced spun yarn 10.
[0104] This makes it possible to show the air consump-
tion corresponding to the amount of air having been con-
sumed to produce (manufacture) the spun yarn 10 in an
easier-to-understand format.
[0105] In the collective control unit 93 of the present
embodiment, the calculating unit 93c calculates a mass
of the produced spun yarn 10 based on a yarn count of
the spun yarn 10 produced by the spinning machine 1
and a yarn speed, which is a speed of the spun yarn 10
wound by the spinning machine 1, and calculates an air
consumption efficiency based on the mass.
[0106] Consequently, it is possible to obtain an air con-
sumption per production quantity of the spun yarn 10 by
a simple process.
[0107] In the collective control unit 93 of the present
embodiment, the calculating unit 93c further calculates
a lot air consumption, which is an amount of air consumed
to produce one lot of spun yarn 10.
[0108] The production cost of the spun yarn 10 is often
managed per lot. Thus, by calculating an air consumption
per lot, it is possible to obtain a value that is easy for an
administrator to use.
[0109] In the collective control unit 93 of the present
embodiment, the obtaining unit 93c obtains a measure-
ment value of the electric power meter 84, which is con-
figured to measure an electric power consumption of the
spinning machine 1.
[0110] This configuration can obtain not only the air
consumption but also the electric power consumption.
Thus, with the collective control unit 93 or an external
device, it is possible to generate information enabling
more precise management of the production cost of the
spun yarn 10.
[0111] In the collective control unit 93 of the present
embodiment, the electric power consumption detected
by the electric power meter 84 does not include an
amount of electric power used to generate air that is to
be supplied to the spinning machine 1. The calculating

unit 93c converts the air consumption of the spinning
machine 1 into an electric power consumption.
[0112] With this configuration, the air consumption cal-
culated by the calculating unit 93c can be handled in the
form of electric power. In addition, it is possible to easily
manage the production cost of the spun yarn 10.
[0113] The collective control unit 93 of the present em-
bodiment includes the display unit 91 for displaying an
air consumption calculated by the calculating unit 93c.
The calculating unit 93c calculates air consumptions for
each of the constituent elements of the spinning machine
1, the constituent elements including at least the air spin-
ning device 9. The display unit 91 displays the air con-
sumptions for each of the constituent elements.
[0114] This makes it easier to manage the air con-
sumptions for each of the constituent elements.
[0115] The spinning machine 1 of the present embod-
iment includes the collective control unit 93, the draft de-
vice 7, the air spinning device 9, and the winding device
96. The draft device 7 drafts a sliver to produce a fiber
bundle 8. The winding device 96 winds a spun yarn 10
to form a package 28.
[0116] With this configuration, the spinning machine 1
itself can calculate an air consumption.
[0117] The spinning machine 1 of the present embod-
iment includes the flowmeter 82 and the alarm generating
unit 93d. The flowmeter 82 is configured to measure an
air consumption. The alarm generating unit 93d is con-
figured to generate an alarm, if a difference between an
air consumption calculated by the calculating unit 93c
and a measurement value of the flowmeter 82 satisfies
a determination condition.
[0118] With this configuration, it is possible to generate
an alarm based on the result of a calculation of an air
consumption, if an abnormality occurs.
[0119] The spinning system shown in FIG. 10 includes
the management device 201 and the spinning machines
1. The spinning machines 1 each include the draft device
7 configured to draft a sliver to form a fiber bundle 8, the
air spinning device 9, and the winding device 96 config-
ured to wind the spun yarn 10 to form a package 28. The
management device 201 receives, from the spinning ma-
chines 1, operation information of at least the air spinning
devices 9, and calculates air consumptions of the spin-
ning machines 1 based on the operation information.
[0120] This configuration enables the management
device 201 to collectively manage the air consumptions
of the spinning machines 1.
[0121] Although preferred embodiments of the inven-
tion have been described above, the above-described
configurations can be modified as below, for example.
The modifications below may be adopted in combination
as appropriate.
[0122] In the above-described embodiment, the sum
of the air consumptions of the air spinning devices 9 of
all of the spinning units 2 is calculated. Instead of this
configuration, air consumptions of the air spinning devic-
es 9 of the spinning units 2 may be calculated.
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[0123] Each air spinning device 9 may include a hollow
guide shaft member 35 having a nozzle opened to a sec-
ond passage 35a. In a configuration in which compressed
air is injected from this nozzle, the amount of such com-
pressed air may also be calculated as the air consump-
tion.
[0124] The needle-shaped member 32 may be omit-
ted, and a downstream end of the fiber guide member
31 may function as the needle-shaped member 32.
[0125] Instead of or in addition to the yarn accumula-
tion device 14, a delivery roller, which is configured to be
rotationally driven, and a nip roller, which is configured
to be pressed onto the delivery roller, may be provided
downstream of the air spinning device 9. In this configu-
ration, a spun yarn 10 is fed downstream while being
sandwiched by the delivery roller and the nip roller. In a
configuration in which the spinning unit 2 includes the
delivery roller and the nip roller, a slack tube using a
suction airflow and/or a mechanical compensator may
be provided downstream of the roller pair.
[0126] The spinning machine 1 may not include the
yarn joining cart 50. In this case, each spinning unit 2
may include a suction pipe 51, a suction mouth 52, and
a yarn joining device 53. In this case, each spinning unit
2 includes a yarn joining unit.
[0127] The spinning machine 1 may not include the
yarn joining device 53. In this case, a disconnected spun
yarn 10 may be connected by reversely conveying the
spun yarn 10 from a package 28 into the air spinning
device 9 and resuming a draft operation with the draft
device 7 and a spinning operation with the air spinning
device 9 (so-called piecing). In the spinning machine 1
configured to join the spun yarn 10 by piecing, a device
related to piecing (a device for catching the spun yarn 10
from the package 28, a device for reversely conveying
the caught spun yarn 10 at least to the air spinning device
9) corresponds to the yarn joining unit. Yarn joining units
may be respectively provided to the spinning units 2. Al-
ternatively, a yarn joining unit may be provided in the
yarn joining cart.
[0128] The draft device 7 and/or the winding device 96
in each spinning unit 2 may be driven independently of
those of other spinning units 2.
[0129] In each spinning unit 2, the devices are ar-
ranged such that a fiber passing direction is directed from
the upper side toward the lower side. Alternatively, the
devices in each spinning unit 2 may be arranged such
that the fiber passing direction is directed from the lower
side toward the upper side.
[0130] The destination of the additive to be fed by the
additive supply device 40 is not limited to the spinning
nozzle 33a of the air spinning device 9. The destination
of the additive to be fed by the additive supply device 40
may be another portion located between the pair of front
rollers 25 and the outlet port of the air spinning device 9.
Each spinning unit 2 may be configured to have two or
more portions receiving the additive. The spinning ma-
chine 1 may include additive supply devices 40 provided

respectively to a predetermined number of spinning units
2. Alternatively, the spinning machine 1 may not include
the additive supply device 40.
[0131] The spinning machine 1 may include the electric
power meter 84. Alternatively, the spinning machine 1
may not include the electric power meter 84.
[0132] The air spinning device 9 may be configured to
produce a roving as a spun yarn 10.

Claims

1. An air consumption calculating device (93) compris-
ing:

an obtaining unit (93b) configured to obtain op-
eration information of an air spinning device (9)
configured to inject air through a spinning nozzle
(33a) to generate a swirling airflow to produce
a spun yarn (10) from a fiber bundle (8), the op-
eration information including a time period in
which the air is injected from the spinning nozzle
(33a); and
a calculating unit (93c) configured to calculate
an air consumption of a spinning machine (1)
that includes the air spinning device (9), based
on the operation information of the air spinning
device (9) obtained by the obtaining unit (93b).

2. The air consumption calculating device (93) accord-
ing to claim 1, wherein
the obtaining unit (93b) obtains the number of times
of operation or an air using time period of at least
one of a doffing unit (60) and a yarn joining unit (50),
the doffing unit (60) is configured to perform, with
use of air, a doffing preparation operation of dis-
charging a package (28) formed as a result of wind-
ing of the spun yarn (10) and preparing for formation
of a new package (28),
the yarn joining unit (50) is configured to perform,
with use of air, a catching and joining operation of
catching and joining the spun yarn (10), in a case
where disconnection occurs in the spun yarn (10),
and
the calculating unit (93c) calculates an air consump-
tion of the spinning machine (1) further based on the
number of times of operation or the air using time
period of said at least one of the doffing unit (60) and
the yarn joining unit (50).

3. The air consumption calculating device (93) accord-
ing to claim 1 or 2, wherein
the obtaining unit (93b) obtains the number of times
of operation or an air using time period of an additive
supply device (40), which is configured to supply an
additive with use of air, and
the calculating unit (93c) calculates an air consump-
tion of the spinning machine (1) further based on the
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number of times of operation or the air using time
period of the additive supply device (40).

4. The air consumption calculating device (93) accord-
ing to any one of claims 1 to 3, wherein
the calculating unit (93c) further calculates an air
consumption efficiency, which is an air consumption
per mass of the spun yarn (10) having been pro-
duced.

5. The air consumption calculating device (93) accord-
ing to claim 4, wherein
the calculating unit (93c) calculates a mass of the
spun yarn (10) having been produced, based on a
yarn count of the spun yarn (10) produced by the
spinning machine (1) and a yarn speed, which is a
winding speed of the spun yarn (10) wound by the
spinning machine (1), and the calculating unit (93c)
calculates the air consumption efficiency based on
the mass.

6. The air consumption calculating device (93) accord-
ing to claim 4 or 5, wherein
the calculating unit (93c) further calculates a lot air
consumption, which is an amount of air consumed
to produce one lot of spun yarn (10).

7. The air consumption calculating device (93) accord-
ing to any one of claims 1 to 6, wherein
the obtaining unit (93b) obtains a measurement val-
ue of an electric power meter (84), which is config-
ured to measure an electric power consumption of
the spinning machine (1).

8. The air consumption calculating device (93) accord-
ing to claim 7, wherein
the electric power consumption detected by the elec-
tric power meter (84) does not include an amount of
electric power used to generate compressed air that
is to be supplied to the spinning machine (1), and
the calculating unit (93c) converts the air consump-
tion of the spinning machine (1) into an electric power
consumption.

9. The air consumption calculating device (93) accord-
ing to any one of claims 1 to 8, further comprising:

a display unit (91) configured to display the air
consumption calculated by the calculating unit
(93c), wherein
the calculating unit (93c) calculates air con-
sumptions for each of constituent elements of
the spinning machine (1), the constituent ele-
ments including at least the air spinning device
(9), and
the display unit (91) displays the air consump-
tions for each of the constituent elements.

10. A spinning machine (1) comprising:

an air consumption calculating device (93) ac-
cording to any one of claims 1 to 9;
a draft device (7) configured to draft a sliver to
produce a fiber bundle (8);
the air spinning device (9); and
a winding device (96) configured to wind the
spun yarn (10) to form a package (28).

11. The spinning machine (1) according to claim 10, fur-
ther comprising:

a flowmeter (82) configured to measure an air
consumption; and
an alarm generating unit (93d) configured to
generate an alarm, in a case where a difference
between an air consumption calculated by the
calculating unit (93c) and a measurement value
of the flowmeter (82) satisfies a determination
condition.

12. A spinning system comprising:

a management device (201) functioning as an
air consumption calculating device (93) accord-
ing to any one of claims 1 to 9; and
spinning machines (1) each including a draft de-
vice (7) configured to draft a sliver to produce a
fiber bundle (8), the air spinning device (9), and
a winding device (96) configured to wind the
spun yarn (10) to form a package (28), wherein
the management device (201) receives, from
the spinning machines (1), operation informa-
tion of at least the air spinning devices (9), and
calculates air consumptions of the spinning ma-
chines (1) based on the operation information.

13. A method for calculating an air consumption, com-
prising the steps of:

obtaining operation information of an air spin-
ning device (9), which is configured to inject air
through a spinning nozzle (33a) to generate a
swirling airflow to produce a spun yarn (10) from
a fiber bundle (8), the operation information in-
cluding a time period in which the air is injected
from the spinning nozzle (33a); and
calculating an air consumption of a spinning ma-
chine (1) that includes the air spinning device
(9), based on the operation information of the
air spinning device (9) obtained in the step of
obtaining.
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