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(57)  Aninformation display device (100) of an air jet
loom includes: a pattern storage unit (111); a pattern ex-
tractor (121); and a display (202). The air jet loom in-
cludes aweftinsertion apparatus (10); a first weft detector
(40) for outputting a final insertion point arrival time (Tw);
and a second weft detector (41) for outputting an inter-
mediate insertion point arrival time (Ti). The pattern stor-
age unit (111) stores operation patterns (P1-P3) of
sub-valves (32) in which operations of the respective
sub-valves (32) are set, acquires the final insertion point
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arrival time (Tw) and the intermediate insertion point ar-
rival time (Ti) in each operation pattern (P1-P3), and
stores a time difference (AT) between the final insertion
pointarrival time (Tw) and the intermediate insertion point
arrival time (Ti) in each operation pattern (P1-P3). The
pattern extractor (121) is configured to extract an oper-
ation pattern (P1) thatmaximizes the time difference (AT)
from the operation patterns (P1-P3). The display (202)
is configured to display the extracted operation pattern
(P1).
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Description

[0001] The present invention relates to an information
display device of an air jet loom.

BACKGROUND ART

[0002] In an air jet loom, a weft yarn is inserted and
travels through a weft passage in a reed by compressed
air discharged from a main nozzle and a sub-nozzle. At
the end of weft insertion, the air jet loom stops the weft
yarn with a weft stop pin to end the weft insertion. Stop-
ping the weft yarn with the weft stop pin causes animpact
on the weft yarn.

[0003] For example, Japanese Patent Application
Publication No. H07-026443 discloses a jet loom that de-
creases an impact on a weft yarn when the weft yarn is
stopped by a weft stop pin. The jet loom disclosed in
JPH07-026443 includes a plurality of photoelectric sen-
sors for detecting the weft yarn. The photoelectric sen-
sors are spaced from each other in a traveling direction
of the weft yarn. The photoelectric sensors are located
away from a weft package so that the photoelectric sen-
sors detect the weft yarn immediately before the weft
yarn is stopped by the weft stop pin at the end of weft
insertion.

[0004] In the jetloom disclosed in JPH07-026443, the
traveling speed of the weft yarn is calculated based on
adifference in detection timing between the photoelectric
sensors. If the calculated traveling speed of the weft yarn
is faster than a target traveling speed of the weft yarn,
the jet loom performs control so that the weft insertion
start timing is delayed. This control increases time from
when a braking device operates to apply a braking force
to the weft yarn till when the weft yarn is stopped by the
weft stop pin, so that the weft yarn receives the braking
force for a longer period of time and therefore has a de-
creased impact. In contrast, if the calculated traveling
speed of the weft yarn is slower than the target traveling
speed of the weft yarn, the jet loom performs control so
that the weft insertion start timing is advanced.

[0005] However,delayingthe weftinsertion starttiming
delays the arrival of the leading end of the weft yarn at
the final insertion point, which may cause a weft insertion
error. In contrast, advancing the weftinsertion start timing
increases the possibility of a contact of the inserted weft
yarn with a warp yarn adjacent to the inlet of the weft
passage in the reed.

[0006] The presentinvention, which has been made in
light of the above-mentioned problem, is directed to pro-
viding an information display device of an air jet loom
capable of easily setting an operation pattern that de-
creases an impact on a weft yarn when the weft yarn is
stopped by a weft stop pin without changing a weft inser-
tion start timing.
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SUMMARY

[0007] In accordance with an aspect of the present in-
vention, there is provided an information display device
ofanairjetloom. Theair jetloomincludes: aweftinsertion
apparatus that includes: a weft stop pin that moves away
from a weft yarn stored on a storage drum to release the
weft yarn; and a main nozzle and a plurality of sub-noz-
Zles that cause the released weft yarn to travel through
a weft passage in a reed so that the weft yarn is inserted
through a warp shed; a first weft detector configured to
output a final insertion point arrival time when a leading
end of the weft yarn inserted arrives at a final insertion
point; and a second weft detector configured to output
an intermediate insertion point arrival time when the lead-
ing end of the weft yarn inserted arrives at a predeter-
mined insertion point upstream of the final insertion point
in a weft insertion direction. The information display de-
vice includes: a pattern storage unit that stores a plurality
of operation patterns of a plurality of sub-valves in which
operations of the respective sub-valves configured to dis-
charge compressed air through the sub-nozzles are set,
acquires the final insertion point arrival time and the in-
termediate insertion point arrival time in each of the op-
eration patterns, and stores a time difference between
the final insertion point arrival time and the intermediate
insertion point arrival time in each of the operation pat-
terns; a pattern extractor configured to extract an oper-
ation pattern that maximizes the time difference from the
operation patterns; and a display configured to display
the extracted operation pattern.

[0008] Other aspects and advantages of the invention
will become apparent from the following description, tak-
en in conjunction with the accompanying drawings, illus-
trating by way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The invention, together with objects and advan-
tages thereof, may best be understood by reference to
the following description of the embodiments together
with the accompanying drawings in which:

FIG. 1 is a schematic view of a weft insertion appa-
ratus of an air jet loom according to an embodiment
of the present invention;

FIG. 2 is a perspective view of the weft insertion ap-
paratus of the air jet loom according to the embodi-

ment of the present invention;

FIG. 3 is a block diagram of an information display
device;

FIG. 4 schematically illustrates operation patterns of
valves;

FIG. 5 is a schematic view of a display displaying
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three conditions;

FIG. 6 is a schematic view of the display displaying
two modes; and

FIG. 7 is a schematic view of the display displaying
an extracted operation pattern of the valves.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0010] The following will describe an embodiment of
an information display device of an air jet loom with ref-
erence to FIGS. 1 through 7. In the following description,
the direction in which a weft yarn is inserted and travels
through a warp shed is referred to as the weft insertion
direction.

Air jet loom

[0011] FIG. 1 illustrates an air jet loom that includes a
weft insertion apparatus 10, a first weft detector 40, and
a second weft detector 41. As illustrated in FIG. 3, the
air jet loom includes an information display device 100.

Weft insertion apparatus

[0012] Asillustrated in FIG. 1, the weft insertion appa-
ratus 10 includes a weftinsertion nozzle 11, ayarn supply
package 12, a weft measuring and storing device 13, a
reed 14, a plurality of sub-nozzles 15, a brake 23, and a
control device 16.

[0013] The yarn supply package 12 is disposed up-
stream of the weft insertion nozzle 11 in a weft insertion
direction X. With the rotation of a winding arm (not illus-
trated) of the weft measuring and storing device 13, a
weft yarn Y is pulled out from the yarn supply package
12 and wound around a storage drum 17 to be stored on
the storage drum 17.

[0014] The weft measuring and storing device 13 in-
cludes a weft stop pin 18, and a balloon sensor 19 that
detects a release of the weft yarn Y from the weft meas-
uring and storing device 13 (i.e., the storage drum 17).
The weft stop pin 18 and the balloon sensor 19 are ar-
ranged at positions around the storage drum 17. The weft
stop pin 18 is electrically connected to the control device
16. The weft stop pin 18 moves away from the weft yarn
Y stored on the storage drum 17 to release the weft yarn
Y from the storage drum 17 when an air jetloom is rotated
to a predetermined angular position thereof. The weft
insertion is started by the release of the weft yarn Y with
the weft stop pin 18. That is, a timing when the weft stop
pin 18 releases the weft yarn Y corresponds to the weft
insertion start timing.

[0015] The balloon sensor 19 detects a release, i.e.,
unwinding of the weft yarn Y from the storage drum 17
during the weft insertion. The balloon sensor 19 outputs
a weft unwinding signal to the control device 16. The
control device 16 restores the weft stop pin 18 to its orig-
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inal position upon receiving a preset number of weft un-
winding signals.

[0016] The weft stop pin 18 restored to its original po-
sition stops the weft yarn Y being unwound from the stor-
age drum 17, thereby ending the weft insertion. It is noted
that the weft stop pin 18 stops the weft yarn Y at a timing
setdepending on the number of windings of the weft yarn
Y around the storage drum 17 required for storing on the
storage drum 17 alength of the weftyarnY corresponding
to the weaving width TL of the air jet loom.

[0017] The brake 23 is disposed downstream of the
storage drum 17 in the weft insertion direction X. The
brake 23 applies a braking force to the weft yarn Y
traveling at high speed before the end of the weft inser-
tion. The brake 23 thus decreases the traveling speed of
the weft yarn Y. Accordingly, the traveling speed of the
weft yarn Y decreases before the weft yarn 'Y is stopped
by the weft stop pin 18. This decreases an impact on the
weft yarn Y when the weft yarn Y arrives at the final in-
sertion point as the end of the weft insertion and the weft
yarn 'Y is stopped by the weft stop pin 18. In the present
embodiment, controlling the traveling speed of the weft
yarn 'Y, in addition to braking the weft yarn Y by the brake
23, decreases theimpact when the weftyarn Y is stopped
by the weft stop pin 18.

[0018] The weftinsertion nozzle 11 includes a tandem
nozzle 21 for pulling out the weft yarn Y from the storage
drum 17 and a main nozzle 22 for inserting the weft yarn
Y into a weft passage 14ain the reed 14. The main nozzle
22 is connected to a main valve 22v via a pipe 22a. The
main valve 22v is connected to a main air tank 26 via a
pipe 22b. The tandem nozzle 21 is connected to atandem
valve 21v via a pipe 21a. The tandem valve 21v is con-
nected via a pipe 21b to a main air tank 26 that is shared
with the main valve 22v. The tandem valve 21v may be
connected to an air tank other than the main air tank 26.
The main air tank 26 is connected to an air compressor
31 shared and installed in a weaving factory. The main
air tank 26 stores compressed air supplied from the air
compressor 31.

[0019] The sub-nozzles 15 are divided into six groups
each consisting of four sub-nozzles 15, for example.
Each of the groups consisting of the four sub-nozzles 15
is connected to one sub-valve 32. Accordingly, in this
configuration, the weft insertion apparatus 10 includes
six sub-valves 32. Each ofthe sub-valves 32 is connected
to the grouped sub-nozzles 15 via pipes 33. The sub-
valves 32 are connected to the same sub-air tank 34.
[0020] The main valve 22v, the tandem valve 21v, and
the sub-valves 32 are electrically connected to the control
device 16. In the air jet loom, the control device 16 con-
trols the operation of the main valve 22v and the sub-
valves 32 so that the weft yarn Y is inserted through the
weft passage 14a by air discharged from the main nozzle
22 and the sub-nozzles 15. In such a way, the wetft in-
sertion apparatus 10 operates the main nozzle 22 and
the sub-nozzles 15 to cause the released weft yarn Y to
travel through the weft passage 14a in the reed 14 so
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that the weft yarn Y is inserted through a warp shed.
[0021] Forthe insertion of the weft yarn Y, specifically,
the control device 16 outputs an operation instruction sig-
nal to the main valve 22v and the tandem valve 21v. The
control device 16 also outputs an operation instruction
signal to the sub-valves 32. The main valve 22v and the
sub-valves 32 operate to discharge compressed air from
the main nozzle 22 and the sub-nozzles 15. The weft
yarn Y starts to travel by receiving the compressed air
discharged from the main nozzle 22, and travels to the
final insertion point by further receiving the compressed
air discharged from the sub-nozzles 15. Operation pat-
terns of the main valve 22v and the sub-valves 32 are
determined in advance so that the weft yarn Y travels at
a desired traveling speed. Since the main valve 22v op-
erates the same in any operation patterns, the following
description will focus on the operation patterns of the
sub-valves 32.

Operation pattern

[0022] As illustrated in FIG. 4, the operation patterns
of the main valve 22v and the sub-valves 32 depend on
start time when the main valve 22v and the sub-valves
32 start to open and the duration of opening of the main
valve 22v and the sub-valves 32. The horizontal axis of
the graph in FIG. 4 indicates time, and horizontal bars
arranged vertically each indicate duration of the opening
of the main valve 22v and the sub-valves 32 from the
start of the opening. The bottom one of the horizontal
bars indicates the duration of opening of the main valve
22v, and the others of the horizontal bars indicate the
duration of opening of the sub-valves 32. In the following
description, the durations of the opening of the main valve
22v and the sub-valves 32 are referred to as the open
times.

[0023] InFIG.4,the vertical axis of the graph indicates
atraveling distance of the weft yarn Y in the weft insertion
direction X. The dashed line indicates a traveling curve
that is the trajectory of the leading end of the traveling
weft yarn Y.

[0024] The weft yarnY starts to travel by receiving the
compressed air discharged from the main nozzle 22, and
travels by further receiving the compressed air dis-
charged from the sub-nozzles 15 arranged in the weft
insertion direction X. The average traveling speed of the
weft yarn Y increases as the compressed air is dis-
charged from the main nozzle 22 and the sub-nozzles
15 at higher pressure for a longer period.

[0025] Furthermore, the amount of the compressed air
discharged from the sub-nozzles 15, which are connect-
ed to the sub-valves 32, increases as the open times of
the sub-valves 32 increase. An increase in the amount
of the compressed air from the sub-nozzles 15 increases
the traveling speed of the weft yarn Y. That is, various
operation patterns with different traveling speeds of the
weft yarn Y may be set for the sub-valves 32 by setting
each of the sub-valves 32 to open at different times and
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for different durations. A decrease in the traveling speed
of the weft yarn Y when the weft yarn Y is stopped by the
weft stop pin 18 decreases the impact on the weft yarn
Y when the weft yarn Y is stopped by the weft stop pin
18. That is, if the sub-valves 32 operate in some of the
various operation patterns that decrease the traveling
speed of the weft yarn Y when the weft yarn Y is stopped
by the weft stop pin 18, the impact on the weft yarn Y
when the weft yarn Y is stopped by the weft stop pin 18
is decreased. Some operation patterns that decrease the
impact on the weft yarn Y when the weft yarn Y is stopped
by the weft stop pin 18 may be extracted by performing
test weaving with the various operation patterns of the
sub-valves 32 with different traveling speeds of the weft
yarn'Y.

[0026] In the extracted operation patterns, the open
times of the main valve 22v are the same. In the extracted
operation patterns, some of the sub-valves 32 open for
a longer time than the others of the sub-valves 32, and
the open times of the others of the sub-valves 32 are
slightly adjusted.

[0027] Asillustrated in FIG. 2, the main nozzle 22, the
sub-nozzles 15, and the reed 14 are mounted to a sley
24 ofthe air jetloom. The main nozzle 22, the sub-nozzles
15, and the reed 14 reciprocate with the sley 24 in a back
and forth direction of the air jet loom. The sub-nozzles
15 are fixed to the sley 24 via support blocks 25. The
sub-nozzles 15 are movable in and out of a warp shed
between warp yarns T with the swinging movement of
the sley 24.

[0028] Although not illustrated, the tandem nozzle 21,
the brake 23, the weft measuring and storing device 13,
and the yarn supply package 12 are fixed to a bracket or
the like that is mounted to a frame of the air jet loom or
a floor surface.

[0029] The reed 14 includes a plurality of dents 14c
arranged in the weftinsertion direction X and each having
a guide recess 14b. The weft passage 14a is formed by
the guide recesses 14b of the dents 14c.

First weft detector and second weft detector

[0030] As illustrated in FIGS. 1 and 2, the first weft
detector 40 is disposed at a position corresponding to
downstream in the weft insertion direction X and facing
the weft passage 14a. The first weft detector 40 is located
at a position outside the weaving width TL of the air jet
loom.

[0031] The weft yarn Y of the length corresponding to
a length of the weft yarn Y wound around the storage
drum 17 for n turns is inserted. The first weft detector 40
is located at a first detection position, which corresponds
to the final insertion point, so as to detect the arrival of
the leading end of the weft yarn Y normally inserted at
the final insertion point. The first weft detector 40 is elec-
trically connected to the control device 16. The first weft
detector 40 outputs a weft detection signal to the control
device 16 upon detecting the leading end of the inserted
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weftyarnY. This weft detection signal is a signal to inform
the arrival of the weft yarn Y at the final insertion point.
The control device 16 is informed of a final insertion point
arrival time Tw when the leading end of the inserted weft
yarnY arrives atthefinalinsertion point (i.e., the detection
position), by receiving the weft detection signal output
from the first weft detector 40. That is, the first weft de-
tector 40 outputs the final insertion point arrival time Tw
when the leading end of the weft yarn Y inserted arrives
at the final insertion point.

[0032] The second weft detector 41 is a weft passage
sensor disposed at a position corresponding to upstream
of the first weft detector 40 in the weft insertion direction
X and facing the weft passage 14a within the weaving
width TL of the air jet loom. The second weft detector 41
is located so that the center of the weaving width TL is
located between the second weft detector 41 and the
main nozzle 22. The second weft detector 41 is located
at a second detection position so as to detect the leading
end of the weft yarn Y normally inserted for (n-1) turns
around the storage drum 17. The second weft detector
41 is electrically connected to the control device 16. The
second weft detector 41 outputs a weft detection signal
to the control device 16 upon detecting the leading end
of the inserted weft yarn Y. The control device 16 is in-
formed of an intermediate insertion point arrival time Ti
when the leading end of the inserted weft yarn Y arrives
at a predetermined insertion point (i.e., the second de-
tection position) upstream of the final insertion point in
the weft insertion direction X, by receiving the weft de-
tection signal output from the second weft detector 41.
Thatis, the second weft detector 41 outputs the interme-
diate insertion point arrival time Ti when the leading end
of the weft yarn Y inserted arrives at the predetermined
insertion point upstream of the final insertion point in the
weft insertion direction X.

[0033] AsillustratedinFIG. 2, the first weft detector 40
and the second weft detector 41 are fixed to the sley 24
via the support blocks 43 such that the positions of the
first weft detector 40 and the second weft detector 41 are
adjustable. The second weft detector 41 is fixed to the
sley 24 at a position where the second weft detector 41
may detect the weft yarn Y without influence of the dis-
charge pressure of the main nozzle 22.

[0034] The impact on the weft yarn Y when the weft
yarn Y is stopped by the weft stop pin 18 decreases as
the traveling speed of the weft yarn Y decreases. The
time from the intermediate insertion point arrival time Ti
to the final insertion point arrival time Tw increases as
the traveling speed of the weft yarn Y decreases. That
is, as the traveling speed of the weft yarn Y significantly
decreases downstream in the weft insertion direction X
to decrease the traveling speed of the weft yarn Y, in
other words, as a time difference AT between the inter-
mediate insertion point arrival time Ti and the final inser-
tion point arrival time Tw increases, the impact on the
weft yarn Y when the weft yarn Y is stopped by the weft
stop pin 18 decreases.
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[0035] Accordingly, theimpactonthe weftyarnY when
the weft yarn Y is stopped by the weft stop pin 18 may
be minimized by extracting from the various operation
patterns of the sub-valves 32 an operation pattern that
maximizes the time difference AT illustrated in FIG. 4 and
operating the sub-valves 32 in the extracted operation
pattern.

Information display device

[0036] As illustrated in FIG. 3, the information display
device 100 includes a pattern storage unit 111, a pattern
extractor 121, and a display 202. The information display
device 100 may include a mode selector 131. The pattern
storage unit 111, the pattern extractor 121, and the mode
selector 131 are provided in the control device 16. The
display 202 is electrically connected to the control device
16. The information display device 100 may further in-
clude an input device 201 electrically connected to the
control device 16.

[0037] The input device 201 is a device, such as a
physical button, a touch panel, or a voice input device.
The input device 201 is a device for inputting various
conditions to the control device 16. The various condi-
tions include textile conditions and weaving conditions.
The textile conditions include conditions for the weft yarn
Y and the warp yarns T, such as yarn type including yarn
material, yarn count, and yarn density; the weaving width
TL; and weave of textile. The weaving conditions include
the rotation speed of the loom, the pressures of com-
pressed air in the main air tank 26 and the sub-air tank
34, the opening degrees of the main valve 22v, the tan-
dem valve 21v, and the sub-valves 32, and the weft in-
sertion start timing. Selection of a setting mode for the
operation patterns of the sub-valves 32 and setting of the
operation patterns are performed with the input device
201.

[0038] The display 202 is a liquid crystal display or an
organic electroluminescent diode display.

[0039] The pattern storage unit 111 stores the opera-
tion patterns of the sub-valves 32 in which the operations
of the respective sub-valves 32 configured to discharge
compressed air through the sub-nozzles 15 are set. The
set operation patterns include a first operation pattern
P1, a second operation pattern P2, and a third operation
pattern P3 as the operation patterns of the sub-valves 32.
[0040] The traveling speed of the weft yarn Y differs
among the first operation pattern P1, the second opera-
tion pattern P2, and the third operation pattern P3.
[0041] The first operation pattern P1, the second op-
eration pattern P2, and the third operation pattern P3 are
manually set based on results of actual experiments and
empirical rules on the opening degree and opening time
of the sub-valves 32. Alternatively, the first operation pat-
tern P1, the second operation pattern P2, and the third
operation pattern P3 may be generated by machine
learning performed by the pattern storage unit 111. Ex-
amples of machine learning algorithms include Single
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Shot Multibox Detector (SSD), Regional Convolutional
Neural Network (R-CNN), fast R-CNN, faster R-CNN,
and You Only Look Once (YOLO).

[0042] In the following description, the data on the final
insertion point arrival time Tw is referred to as the final
insertion point arrival time data D1, and the data on the
intermediate insertion point arrival time Ti is referred to
as the intermediate insertion point arrival time data D2.
The data on the time difference AT is referred to as the
time difference data D3.

[0043] The pattern storage unit 111 acquires the final
insertion point arrival time data D1 and the intermediate
insertion point arrival time data D2 respectively from the
first weft detector 40 and the second weft detector 41
through a test weaving performed with the first operation
pattern P1, the second operation pattern P2, and the third
operation pattern P3 by an air jet loom. The pattern stor-
age unit 111 stores the final insertion point arrival time
data D1 and the intermediate insertion point arrival time
data D2. The pattern storage unit 111 calculates the time
difference data D3 of the time difference AT using the
final insertion point arrival time data D1 and the interme-
diate insertion point arrival time data D2 in each of the
first operation pattern P1, the second operation pattern
P2, and the third operation pattern P3 stored in the pat-
tern storage unit 111. The pattern storage unit 111 stores
the calculated time difference data D3. The pattern stor-
age unit 111 stores the final insertion point arrival time
data D1, the intermediate insertion point arrival time data
D2, and the time difference data D3 in each of the first
operation pattern P1, the second operation pattern P2,
and the third operation pattern P3.

[0044] The pattern extractor 121 extracts an operation
pattern that maximizes the time difference AT (i.e., the
time difference data D3) stored in the pattern storage unit
111 from the first operation pattern P1, the second op-
eration pattern P2, and the third operation pattern P3. In
the present embodiment, the pattern extractor 121 ex-
tracts the first operation pattern P1. That is, the pattern
extractor 121 extracts the first operation pattern P1 as
the operation pattern that minimizes the impact on the
weft yarn Y when the weft yarn Y is stopped by the weft
stop pin 18.

[0045] The pattern extractor 121 causes the display
202 to display the extracted operation pattern, which, in
this embodiment, is the first operation pattern P1. That
is, the display 202 displays the first operation pattern P1
extracted by the pattern extractor 121. As illustrated in
FIG. 7, the display 202 displays the open times of the
main valve 22v and the sub-valves 32, and the traveling
curve of the weft yarn Y.

[0046] Among the first operation pattern P1, the sec-
ond operation pattern P2, and the third operation pattern
P3, the second operation pattern P2 has the earliest final
insertion pointarrival time Tw. The third operation pattern
P3is an operation pattern that has the final insertion point
arrival time Tw same as or earlier than a predetermined
arrival time and maximizes the time difference AT. The
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predetermined arrival time for the final insertion point ar-
rivaltime Tw is a time that ensures high delivery efficiency
of the weft yarn Y.

[0047] The mode selector 131 causes the display 202
to display two condition modes as illustrated in FIG. 6.
The two condition modes are a condition selection mode
M1 and a condition input mode M2. The condition selec-
tion mode M1 is a mode that allows a desired condition
to be selected from a plurality of preset conditions. When
the condition selection mode M1 is selected, the mode
selector 131 causes the display 202 to display a highly
efficient delivery J1, an impact reduction J2, and a bal-
ance J3 as illustrated in FIG. 5 so that a condition for
extracting an operation pattern that maximizes the time
difference AT is selectable.

[0048] The impact reduction J2 is a condition for min-
imizing the impact on the weft yarn Y when the weft yarn
Y is stopped by the weft stop pin 18, in other words, a
condition for maximizing the time difference AT. The high-
ly efficient delivery J1 is a condition for causing the lead-
ing end of the weft yarn Y to arrive at the final insertion
point at a fastest speed, in other words, a condition for
causing the leading end of the weft yarn Y to arrive at
the final insertion point at the earliest final insertion point
arrival time Tw. The balance J3 is a condition for causing
the leading end of the weft yarn Y to arrive at the final
insertion point at a final insertion point arrival time Tw
that is the same as or earlier than the predetermined
arrival time and maximizes the time difference AT.
[0049] The condition input mode M2 is a mode to input
desired conditions with the input device 201. Examples
of the desired conditions include a predetermined arrival
time in the third operation pattern P3, and the number of
operation patterns to be displayed on the display 202
when the highly efficient delivery J1 or the impact reduc-
tion J2 is selected.

Operation of embodiment

[0050] The following will describe operations of the in-
formation display device 100 to display an operation pat-
tern of the valves desired by an operator of the air jet
loom. Note that the information display device 100 is op-
erated by another operator, but may be operated by the
operator of the air jet loom.

[0051] Firstly, the operator of the information display
device 100 selects a setting mode for the operation pat-
terns of the sub-valves 32 with the input device 201, so
that the selected setting mode is set in the information
display device 100.

[0052] The airjet loom performs a test weaving so that
the weft insertion apparatus 10 performs weft insertion.
The sub-valves 32 operate in the first operation pattern
P1, the second operation pattern P2, and the third oper-
ation pattern P3 stored the pattern storage unit 111, and
the pattern storage unit 111 acquires the final insertion
point arrival time data D1 and the intermediate insertion
point arrival time data D2 in each of the first operation
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pattern P1, the second operation pattern P2, and the third
operation pattern P3. The pattern storage unit 111 stores
the final insertion point arrival time data D1 and the in-
termediate insertion point arrival time data D2. The pat-
tern storage unit 111 calculates the time difference AT
(i.e., the time difference data D3) using the final insertion
point arrival time data D1 and the intermediate insertion
point arrival time data D2 in each of the first operation
pattern P1, the second operation pattern P2, and the third
operation pattern P3. The pattern storage unit 111 stores
the calculated time difference data D3 in each of the first
operation pattern P1, the second operation pattern P2,
and the third operation pattern P3.

[0053] The operator of the information display device
100 operates the input device 201 to run an operation
pattern extraction mode at a timing when a predeter-
mined amount of data is stored.

[0054] As illustrated in FIG. 6, the mode selector 131
causes the display 202 to display two condition modes.
When the operator of the information display device 100
selects the condition selection mode M1, the mode se-
lector 131 causes the display 202 to display three con-
ditions as illustrated in FIG. 5. When the operator of the
information display device 100 selects the impact reduc-
tion J2, the pattern extractor 121 extracts the first oper-
ation pattern P1 that maximizes the time difference AT
(i.e., the time difference data D3) from the first operation
pattern P1, the second operation pattern P2, and the third
operation pattern P3. That is, the pattern extractor 121
extracts the first operation pattern P1 that is an operation
pattern satisfies the impact reduction J2. Accordingly,
the pattern extractor 121 causes the display 202 to dis-
play the extracted first operation pattern P1.

[0055] That is, the display 202 displays an operation
pattern of the sub-valves 32 that minimizes the impact
on the weft yarn Y when the weft yarn Y is stopped by
the weft stop pin 18 to the operator of the air jet loom as
illustrated in FIG. 7. The operator of the air jet loom ad-
justs the opening degrees of the sub-valves 32 to cause
the sub-valves 32 to operate in the first operation pattern
P1 displayed in the weft insertion by the weft insertion
apparatus 10.

[0056] The present embodiment obtains the following
effects.

(1) In the information display device 100, the pattern
storage unit 111 acquires the final insertion point ar-
rival time data D1 and the intermediate insertion
point arrival time data D2, calculates and stores the
time difference data D3 of the time difference AT in
each of the first operation pattern P1, the second
operation pattern P2, and the third operation pattern
P3 by test weaving. Based on the acquired data D1,
D2, D3, the pattern extractor 121 extracts the first
operation pattern P1 as the operation pattern that
minimizes the impact on the weft yarn Y when the
weft yarn Y is stopped by the weft stop pin 18. As
the time difference AT increases, the impact on the
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weft yarn Y when the weft yarn Y is stopped by the
weft stop pin 18 decreases. Accordingly, when the
sub-valves 32 operate in the first operation pattern
P1 that maximizes the time difference AT (i.e., the
time difference data D3), the impact on the weft yarn
Y when the weft yarn Y is stopped by the weft stop
pin 18 is minimized. The first operation pattern P1
that maximizes the time difference AT is extracted
from the first operation pattern P1, the second oper-
ation pattern P2, and the third operation pattern P3
of the sub-valves 32, which discharge the com-
pressed air through the sub-nozzles 15, without
changing the weft insertion start timing of the weft
yarn Y. Accordingly, the information display device
100 of the air jet loom is capable of easy setting of
an operation pattern that decreases an impact on
the weft yarn Y when the weft yarn Y is stopped by
the weft stop pin 18 without delaying or advancing
the weft insertion start timing.

(2) The weft insertion start timing is the same in the
first operation pattern P1, the second operation pat-
tern P2, and the third operation pattern P3. Accord-
ingly, whichever operation pattern the pattern extrac-
tor 121 extracts, textile productivity is not affected.
The impact on the weft yarn Y is decreased simply
by adjusting the operation of the sub-valves 32. Ac-
cordingly, the impact on the weftyarn Y is decreased
without an increase in the production cost of textile
and a decrease in the textile productivity.

(3) The inventor has found that the maximum time
difference AT between the final insertion point arrival
time Tw and the intermediate insertion point arrival
time Ti minimizes the impact on the weft yarn Y. Ac-
cordingly, the impact on the weft yarn Y may be
measured without a load cell. That is, the impact on
the weft yarn Y may be decreased without causing
a sliding resistance due to a contact of the weft yarn
Y and an increase in the discharge pressure due to
the sliding resistance, unlike a weft insertion using
a load cell.

(4) The third operation pattern P3 is an operation
pattern that has the final insertion point arrival time
Tw same as or earlier than the predetermined arrival
time and maximizes the time difference AT. Extract-
ing the third operation pattern P3 allows easy setting
of an operation pattern that causes the final insertion
point arrival time Tw to be same as or earlier than
the predetermined arrival time to ensure high deliv-
ery efficiency of the weft yarn Y and decreases the
impact on the weft yarn Y.

(5) The second weft detector 41 for detecting the
intermediate insertion point arrival time Ti is a weft
passage sensor located facing the weft passage 14a
within the weaving width TL of the air jet loom. This
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allows the second weft detector 41 to be more
spaced from the first weft detector 40, comparing
with an arrangement in which the second weft de-
tector 41 is disposed facing the weft passage 14a
outside of the weaving width TL of the air jet loom,
thereby further ensuring the correlation between the
magnitude of the impact and the time difference AT.

(6) The mode selector 131 of the information display
device 100 causes the display 202 to display extrac-
tion conditions so that a desired extraction condition
may be selected in advance. This facilitates extrac-
tion of an operation pattern that decreases the im-
pact on the weft yarn Y.

[0057] The present embodiment may be modified in
various manners, as exemplified below. The presentem-
bodiment and the following modifications may be com-
bined within the scope of the present invention.

oThe air jet loom does not necessarily have to per-
form test weaving with all operation patterns stored
in the pattern storage unit 111, and may perform test
weaving with operation patterns selected based on
the results of previous test weaving or operation pat-
terns newly generated from the stored operation pat-
terns.

oThe pattern extractor 121 may extract a plurality of
operation patterns including an operation pattern
that maximizes the time difference AT. For example,
the pattern extractor 121 may extract a plurality of
operation patterns in descending order of the time
difference AT.

oThe pattern storage unit 111 may acquire the inter-
mediate insertion point arrival time Ti from a weft
unwinding signal output by the balloon sensor 19. In
this case, the intermediate insertion point arrival time
Tiis acquired from an (n-1)th unwinding signal output
from the balloon sensor 19. This allows the pattern
storage unit 111 to acquire the intermediate insertion
pointarrival time Ti not from the second weft detector
41. That is, the balloon sensor 19 configured to de-
tect a release of the weft yarn Y from the storage
drum 17 may serve as the second weft detector of
the present invention. This configuration allows the
pattern storage unit 111 to acquire the intermediate
insertion point arrival time Ti with the balloon sensor
19 that is required for the travel of the weft yarn Y,
thereby allowing acquisition of the intermediate in-
sertion point arrival time Ti without increasing the
number of parts.

oThe information display device 100 does not nec-
essarily need to include a mode selector 131. In this
configuration, the pattern extractor 121 always ex-
tracts an operation pattern that maximizes the time
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difference AT and causes the display 202 to display
the operation pattern that maximizes the time differ-
ence AT.

oThe mode selector 131 may cause the display 202
to display either the condition selection mode M1 or
the condition input mode M2.

oThe pattern storage unit 111 may store two opera-
tion patterns consisting of the first operation pattern
P1 and the third operation pattern P3 or consisting
of the first operation pattern P1 and the second op-
eration pattern P2.

oThe pattern storage unit 111 may store four or more
operation patterns.

oThe operation pattern extracted by the pattern ex-
tractor 121 may be displayed in a manner other than
a graph as illustrated in FIG. 7. That is, as long as
the operator of the information display device 100
may recognize that the sub-valves 32 operate in the
first operation pattern P1, the first operation pattern
P1 may be displayed in any manner. For example,
the display 202 may display the open time of each
sub-valve 32 numerically, or a message that informs
the position of the sub-valve 32 of which the open
time is increased.

[0058] The following will describe technical ideas on
the present embodiment and its modifications.

Aspect 1

[0059] Aninformation display device of an air jet loom,
the air jet loom including: a weft insertion apparatus that
includes: a weft stop pin that moves away from a weft
yarn stored on a storage drum to release the weft yarn;
and a main nozzle and a plurality of sub-nozzles that
cause the released weft yarn to travel through a weft
passage in areed so thatthe weft yarn is inserted through
a warp shed; a first weft detector configured to output a
final insertion point arrival time when a leading end of the
weft yarn inserted arrives at a final insertion point; and a
second weft detector configured to output an intermedi-
ate insertion point arrival time when the leading end of
the weft yarn inserted arrives at a predetermined inser-
tion point upstream of the final insertion point in a weft
insertion direction, the information display device com-
prising:

a pattern storage unit that stores a plurality of oper-
ation patterns of a plurality of sub-valves in which
operations of the respective sub-valves configured
to discharge compressed air through the sub-noz-
Zles are set, acquires the final insertion point arrival
time and the intermediate insertion point arrival time
in each of the operation patterns, and stores a time
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difference between the final insertion point arrival
time and the intermediate insertion point arrival time
in each of the operation patterns;

a pattern extractor configured to extract an operation
pattern that maximizes the time difference from the
operation patterns; and

a display configured to display the extracted opera-
tion pattern.

Aspect 2

[0060] Theinformationdisplaydevice ofthe airjetloom
according to aspect 1, characterized in that the second
weft detector is located facing the weft passage within a
weaving width of the air jet loom.

Aspect 3

[0061] Theinformationdisplay device ofthe airjetloom
according to aspect 1, characterized in that the second
weft detector is a balloon sensor configured to detect a
release of the weft yarn from the storage drum.

Aspect 4

[0062] Theinformationdisplaydevice ofthe airjetloom
according to any one of aspects 1 to 3, characterized in
that the pattern extractor extracts an operation pattern
that has the final insertion point arrival time same as or
earlier than a predetermined arrival time and maximizes
the time difference from the operation patterns.

Aspect 5

[0063] Theinformationdisplaydevice ofthe airjetloom
according to any one of aspects 1 to 4, characterized in
that the information display device includes a mode se-
lector that causes the display to display a plurality of con-
ditions so that a condition for extracting the operation
pattern that maximizes the time difference is selectable.
An information display device (100) of an air jet loom
includes: a pattern storage unit (111); a pattern extractor
(121); and a display (202). The air jet loom includes a
weft insertion apparatus (10); a first weft detector (40)
for outputting a final insertion point arrival time (Tw); and
a second weftdetector (41) for outputting an intermediate
insertion point arrival time (Ti). The pattern storage unit
(111) stores operation patterns (P1-P3) of sub-valves
(32) inwhich operations of the respective sub-valves (32)
are set, acquires the final insertion point arrival time (Tw)
and the intermediate insertion point arrival time (Ti) in
each operation pattern (P1-P3), and stores a time differ-
ence (AT) between the final insertion point arrival time
(Tw) and the intermediate insertion point arrival time (Ti)
in each operation pattern (P1-P3). The pattern extractor
(121) is configured to extract an operation pattern (P1)
that maximizes the time difference (AT) from the opera-
tion patterns (P1-P3). The display (202) is configured to
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display the extracted operation pattern (P1).

Claims

1. Aninformation display device (100) of an air jetloom,
the air jet loom including: a weft insertion apparatus
(10) that includes: a weft stop pin (18) that moves
away from a weft yarn (Y) stored on a storage drum
(17) to release the weft yarn (Y); and a main nozzle
(22) and a plurality of sub-nozzles (15) that cause
the released weft yarn (Y) to travel through a weft
passage (14a) in a reed (14) so that the weft yarn
(Y) is inserted through a warp shed; a first weft de-
tector (40) configured to output a final insertion point
arrival time (Tw) when a leading end of the weft yarn
(Y) inserted arrives at a final insertion point; and a
second weft detector (41) configured to output an
intermediate insertion point arrival time (Ti) when the
leading end of the weft yarn (Y) inserted arrives at a
predetermined insertion point upstream of the final
insertion point in a weft insertion direction (X), the
information display device (100) comprising:

a pattern storage unit (111) that stores a plurality
of operation patterns (P1-P3) of a plurality of
sub-valves (32) in which operations of the re-
spective sub-valves (32) configured to dis-
charge compressed air through the sub-nozzles
(15) are set, acquires the final insertion point
arrival time (Tw) and the intermediate insertion
point arrival time (Ti) in each of the operation
patterns (P1-P3), and stores a time difference
(AT) between the final insertion point arrival time
(Tw) and the intermediate insertion point arrival
time (Ti) in each of the operation patterns (P1-
P3);

a pattern extractor (121) configured to extract
an operation pattern (P1) that maximizes the
time difference (AT) from the operation patterns
(P1-P3); and

adisplay (202) configured to display the extract-
ed operation pattern (P1).

2. The information display device (100) of the air jet
loom according to claim 1, characterized in that the
second weft detector (41) is located facing the weft
passage (14a) within a weaving width (TL) of the air
jet loom.

3. The information display device (100) of the air jet
loom according to claim 1, characterized in that the
second weft detector (41) is a balloon sensor (19)
configured to detect a release of the weft yarn (Y)
from the storage drum (17).

4. The information display device (100) of the air jet
loom according to any one of claims 1 to 3, charac-
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terized in that the pattern extractor (121) extracts
an operation pattern (P3) that has the final insertion
point arrival time (Tw) same as or earlier than a pre-
determined arrival time and maximizes the time dif-
ference (AT) from the operation patterns (P1-P3).

The information display device (100) of the air jet
loom according to any one of claims 1 to 4, charac-
terized in that the information display device (100)
includes a mode selector (131) that causes the dis-
play (202) to display a plurality of conditions (J1-J3)
so that a condition (J2) for extracting the operation
pattern (P1) that maximizes the time difference (AT)
is selectable.
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