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(54) Weft-insertion-condition display unit for loom

(57) A weft-insertion-condition display unit (20) for
a loom includes weft-arrival-timing detection means (30)
for detecting each of weft arrival timings based on a yarn
signal obtained by detecting a weft yarn (4) on a weft-
traveling path; statistic-computing means (40) for calcu-

lating statistics of the weft arrival timings based on the
weft arrival timings detected for a predetermined
number of picks; and display means (41) for storing the
statistics calculated by the statistic-computing means
(40) and for graphically displaying the statistics along a
time axis.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a unit for cal-
culating statistics of a weft-insertion condition in a loom
and for displaying such statistics.

2. Description of the Related Art

[0002] Japanese Unexamined Patent Application
Publication No. 62-231057, for example, discloses a flu-
idic-jet-type loom in which the pressure of weft insertion
nozzles and the jet emission timing can be adjusted for
weft insertion based on weft arrival timings. As a basis
for making such adjustments, a setting unit provided in
the loom numerically displays each weft arrival timing
based on a yarn signal of a weft-sensor unit.
[0003] Moreover, Japanese Unexamined Patent Ap-
plication Publication No. 9-195145, for example, dis-
closes a loom that displays a weft arrival angle for each
pick of inserted weft yarn, and that numerically displays
statistics (such as an average value) determined for a
predetermined number of picks. When a weft arrival an-
gle of each pick of weft yarn is to be displayed, it is dif-
ficult to determine the characteristics of the angles since
the numeral value changes according to each pick. Cur-
rently, there are no setting units for conventional looms
that effectively display statistics in a chronological fash-
ion.

SUMMARY OF THE INVENTION

[0004] It is therefore an object of the present invention
to provide a weft-insertion-condition display unit for a
loom that indicates changes in a weft-insertion condition
of a fluidic-jet-type loom in a chronological fashion.
[0005] According to an aspect of the present inven-
tion, a weft-insertion-condition display unit for a loom is
provided. Such a weft-insertion-condition display unit in-
cludes weft-arrival-timing detection means for detecting
each of weft arrival timings based on a yarn signal ob-
tained by detecting a weft yarn on a weft-traveling path;
statistic-computing means for calculating statistics of
the weft arrival timings based on the weft arrival timings
detected for a predetermined number of picks; and dis-
play means for storing the statistics calculated by the
statistic-computing means with respect to an operating
time, and for displaying a graph that shows magnitudes
of the stored statistics in a chronological fashion in re-
sponse to a request for screen display.
[0006] Furthermore, the statistics may include an av-
erage value and at least one of a maximum value, a min-
imum value, and a standard deviation value. Further-
more, the statistics may be calculated based on a se-
lected one of sampling elements, and the graph may be

switchable according to the selected sampling element.
[0007] Furthermore, the statistics may be stored in a
set of sampling picks equivalent to one package of a
yarn supplier. Furthermore, the statistics may be calcu-
lated based on the weft arrival timings sampled for each
color type of weft yarn.
[0008] Furthermore, the display means may include
a memory portion for storing the statistics output from
the statistic-computing means such that each set of
stored statistics corresponds to a sampling pick code
number; and a processing unit that reads the statistics
from the memory portion in response to a request from
the display means and that commands a touch-screen
display unit to graphically display magnitudes of the sta-
tistics.
[0009] Furthermore, the processing unit may be pre-
liminarily provided with a warning threshold value with
respect to at least one statistic in each set of stored sta-
tistics. In this case, the processing unit may compare at
least one statistic from the statistic-computing means
with the warning threshold value, and moreover, the
processing unit may output a warning signal when at
least one statistic exceeds the warning threshold value.
[0010] Furthermore, the processing unit preferably al-
lows the magnitudes of the statistics and at least one of
an output condition of the warning signal and a genera-
tion status of a weft-insertion failure to be displayed
graphically in a chronological fashion on the same dis-
play window.
[0011] According to the aspect of the present inven-
tion, since the magnitudes of the statistics of the weft
arrival timings calculated by the statistic-computing
means and stored with respect to an operating time are
graphically displayed on a time axis, the chronological
changes in the statistics of the weft arrival timings can
be visually checked in an easy-to-understand manner.
Consequently, the cause of a problem can be assumed
in view of such chronological changes in the statistics,
whereby the weft-insertion condition can be readjusted
so as to improve the quality of a yarn supplier and to
achieve stable weft-insertion. Accordingly, this is advan-
tageous in view of controlling the weft insertion.
[0012] Furthermore, each set of the statistics to be
displayed may include an average value and at least
one of a maximum value, a minimum value, and a stand-
ard deviation value. Thus, the chronological changes in
the degree of unevenness of the weft arrival timings can
be checked based on the standard deviation values.
Moreover, since the fluctuation ranges of the weft arrival
timings can be checked based on the maximum values
and the minimum values, it can be determined, for ex-
ample, whether a weft-insertion problem, such as a
weft-insertion failure, is due to the quality of a corre-
sponding yarn supplier or an adjustment of a corre-
sponding weft-insertion device based on temporal
changes between the average values and the values in-
dicating the degree of unevenness. Accordingly, this is
advantageous in making a quick adjustment of the loom,
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such as changing the pressure of weft-insertion nozzles,
as a countermeasure against such a problem. Further-
more, since the statistics may be calculated based on a
selected one of sampling elements (the number of sam-
plings in each sampling period), and the graph may be
switchable according to the selected sampling element,
the pattern for each sampling element can be deter-
mined.
[0013] Furthermore, since the statistics may be stored
in a set of sampling picks equivalent to one package of
a yarn supplier, the pattern for each yarn supplier can
be determined. For example, by comparing the degree
of temporal changes in the statistics of the weft arrival
timings during a period in which a problem occurs in the
weft-insertion process with the degree of temporal
changes in the statistics of the weft arrival timings with
respect to one package of a yarn supplier preliminarily
determined to be in a good quality state, such compar-
ison data can be used as feedback for determining the
degree of defectiveness of the current yarn supplier and
for improving the manufacturing quality of yarn suppli-
ers. Since the sampling-pick number equivalent to one
package of a yarn supplier changes significantly for
each type of weft yarn depending on the thickness of
the yarn, the characteristics of the yarn, and the wound
diameter of the yarn around the yarn supplier, the sam-
pling-pick number is specifically in a range of several
thousands of picks to several hundred-thousands of
picks. Furthermore, by calculating the statistics based
on data sampled for each color type of weft yarn, the
chronological changes of the statistics of the weft arrival
timings can be indicated for each color type of weft yarn,
whereby an appropriate process can be performed in-
dividually for each type of weft yarn.
[0014] Furthermore, since the statistics may be stored
such that each set of stored statistics corresponds to a
sampling pick code number, and the magnitudes of the
statistics may be displayed graphically, a temporal tran-
sition of the statistics can be checked visually on a
screen.
[0015] Furthermore, when one of the statistics in each
set exceeds a warning threshold value, a warning signal
may be output. From this warning signal, an operator is
notified of an abnormal weft-insertion condition and is
specifically informed of a chronological pattern of the
content of the abnormal condition. Thus, the operator
can identify the main cause of the abnormal weft-inser-
tion condition and can thus quickly take measures
against such a condition.
[0016] Furthermore, when the magnitudes of the sta-
tistics are being graphically displayed, at least one of an
output condition of the warning signal and a generation
status of a weft-insertion failure may be displayed in a
chronological fashion on the same display window. Ac-
cordingly, the operator is capable of checking a previous
output condition of a warning signal and a previous gen-
eration status of a weft-insertion failure, whereby the
main cause of the abnormal condition can be identified

in an accurate fashion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017]

Fig. 1 is a schematic diagram illustrating a relevant
section of a weft-insertion device 1 provided in a
loom according to the present invention;
Fig. 2 is a block diagram of a weft-insertion-condi-
tion display unit 20 included in the loom according
to the present invention and a first weft-sensor unit
21 related with the weft-insertion-condition display
unit 20;
Fig. 3 is a block diagram of display means 41 ac-
cording to the present invention;
Fig. 4 is a schematic diagram of an example of a
display window illustrating statistics displayed by
the display means 41 according to the present in-
vention;
Fig. 5 is a schematic diagram illustrating an exam-
ple of a display window illustrating settings of a
warning displayed by the display means 41 accord-
ing to the present invention;
Fig. 6 is a schematic diagram of an example of a
display window illustrating a warning displayed by
the display means 41 according to the present in-
vention; and
Fig. 7 is a schematic diagram of another example
of a display window illustrating the statistics dis-
played by the display means 41 according to the
present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0018] Fig. 1 illustrates a relevant section of a weft-
insertion device 1 in a fluidic-jet-type loom, such as an
air jet loom. In Fig. 1, a weft yarn 4 is pulled out from a
yarn supplier 3 supported by a holder 2, and is guided
to, for example, a rotatable weft-guide 6 provided in a
weft measuring/holding drum unit 5. While a stopper pin
8 holds the weft yarn 4 on the outer periphery of a drum
7 in a stationary state, the rotatable weft-guide 6 rotates
so as to wind the weft yarn 4 around the drum 7. Thus,
the weft yarn 4 is measured for a predetermined length
required for one cycle of weft insertion, and is held until
the weft insertion process for the measured weft yarn 4
is performed.
[0019] When the weft insertion process is to be per-
formed, the stopper pin 8 is driven by an operating unit
9 so as to be shifted away from the outer periphery of
the drum 7. The weft yarn 4 wound around the drum 7,
that is, the predetermined length of weft yarn 4 required
for one cycle of weft insertion, is thus released from the
drum 7 and is guided to a main nozzle 10, which func-
tions as a weft-insertion nozzle.
[0020] For each cycle of weft insertion, the main noz-
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zle 10 discharges an air jet 12 into a shed 14 formed
between sets of warp yarns 13 for a predetermined time
period so that the weft yarn 4 with the predetermined
length for one cycle of weft insertion is inserted into the
shed 14. Thus, the weft yarn 4 travels through a weft-
traveling path in the shed 14. The air jet 12 is set at an
appropriate pressure value via pressure-adjustment
means (not shown).
[0021] Furthermore, multiple groups of sub-nozzles
11 are arranged in the direction of weft insertion. While
the weft yarn 4 travels through the weft-traveling path in
the shed 14, the multiple groups of sub-nozzles 11 dis-
charge air jets 15 toward the traveling weft yarn 4 at
once or in a relay manner. In the latter case, that is, dis-
charging in a relay manner, the air jets 15 are discharged
according to the traveling rate of the weft yarn 4. Con-
sequently, this gives momentum to the weft yarn 4
traveling in the shed 14 in the direction of weft insertion.
The air jets 15 are also set at an appropriate pressure
value via pressure-adjustment means (not shown).
[0022] The discharging of air jet 12 and air jets 15 from
the main nozzle 10 and the multiple groups of sub-noz-
zles 11 defining the weft-insertion nozzles achieves
proper weft-insertion of the weft yarn 4. The inserted
weft yarn 4 is then beaten against a cloth fell 18 of cloth
17 with a reed 16. After the weft yarn 4 is woven into the
cloth 17, a trailing end of the inserted weft yarn 4 near
the main nozzle 10 is cut with a yarn cutter 19 so that
the inserted weft yarn 4 is cut off from the weft yarn 4
remaining in the main nozzle 10.
[0023] A first weft-sensor unit 21 is provided for de-
tecting the inserted weft yarn 4 and for determining
whether the weft insertion is properly performed. The
first weft-sensor unit 21 is provided with a sensor 24
which faces the weft-traveling path at a position near the
leading end of the inserted weft yarn 4. The sensor 24
detects the weft yarn 4 at this position, and such a po-
sition is where a properly inserted weft yarn 4 should
reach. The first weft-sensor unit 21 determines whether
the weft insertion is properly performed based on a
change in an output signal from the sensor 24 within a
predetermined weft detection period. The first weft-sen-
sor unit 21 generates a yarn signal S1 when the pres-
ence of the weft yarn 4 is detected, and then sends the
yarn signal S1 to a weft-insertion-condition display unit
20 provided in the loom according to the present inven-
tion. On the other hand, if the yarn signal S1 is not gen-
erated within the predetermined weft detection period,
that is, if the presence of the weft yarn 4 is not detected
due to weft-insertion failure, the first weft-sensor unit 21
outputs a loom aborting signal S2 to a loom controller
(not shown). When the loom controller receives the loom
aborting signal S2, the loom is aborted at a specific an-
gle.
[0024] Furthermore, a second weft-sensor unit 22 is
provided with a sensor 25 which faces the weft-traveling
path at a position distant from the leading end of the
inserted weft yarn 4. The sensor 25 detects a leading

end of a long-pick weft yarn 4 or a segment of a weft
yarn 4 accidentally cut and blown due to the air jets.
When the second weft-sensor unit 22 receives an output
signal from the sensor 25 indicating a detection of a
leading end of a long-pick weft yarn 4 or an accidentally-
cut segment of the weft yarn 4, the second weft-sensor
unit 22 accordingly generates an abnormal weft-inser-
tion signal S3.
[0025] The sensors 24 and 25 of the respective first
and second weft-sensor units 21 and 22 face the slits
formed between the dents of the reed 16 (i.e. slits
formed between dents of a profile reed) so that the sen-
sors 24 and 25 are prevented from interfering with the
beating motion of the reed 16. Generally, each of the
sensors 24 and 25 is a projecting/receiving sensor con-
taining both a projector and a photo-receiver. Each of
the projecting/receiving sensors 24 and 25 has a detec-
tion region on the weft-traveling path, such that when
the sensor 24 or 25 detects the weft yarn 4 on the weft-
traveling path, the sensor 24 or 25 generates an electric
output signal corresponding to an amount of light reflect-
ed from the weft yarn 4. Alternatively, the sensors 24
and 25 may be transmissive sensors or any other types
of sensors.
[0026] Fig. 2 illustrates internal structures of the weft-
insertion-condition display unit 20 provided in the loom
according to the present invention and the first weft-sen-
sor unit 21. In Fig. 2, the output signal from the sensor
24 provided for the first weft-sensor unit 21 is amplified
by an amplifier circuit 26, and is then input to a first input
terminal of a comparator 27 as a signal S0. The ampli-
fication degree of the amplifier circuit 26 is preliminarily
set at a value suitable for each type of weft yarn by an
amplification setting unit 28. A second input terminal of
the comparator 27 receives a threshold value used for
determining whether the inserted weft yarn 4 is present
or not present from a threshold setting unit 29, and the
comparator 27 then compares the output signal from the
amplifier circuit 26 with the threshold value. The thresh-
old value is preliminarily set at a level suitable for each
type of weft yarn by the threshold setting unit 29.
[0027] In a case where the threshold value ≤ the sig-
nal S0 from the amplifier circuit 26, the comparator 27
determines that the weft yarn 4 is present and thus gen-
erates, for example, the yarn signal S1 at H-level. The
H-level yarn signal S1 is then sent to a first input terminal
of a determination circuit 38 included in a weft-insertion
determination circuit-unit 31 and to a first input terminal
of weft-arrival-timing detection means 30 included in the
weft-insertion-condition display unit 20 of the loom ac-
cording to the present invention. As an alternative to the
example shown in Fig. 2, in which the signal S0 gener-
ated by amplifying the output signal from the sensor 24
is directly used for determining whether the weft yarn 4
is present or not present, a differentiator or an integrator
(not shown) may be provided between the amplifier cir-
cuit 26 and the comparator 27, such that the presence
of the weft yarn 4 may be determined based on a differ-
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ential signal of the signal S0 or an integral signal ob-
tained within a predetermined detection period. In that
case, the output signal from the differentiator or the in-
tegrator may be treated substantially equivalent to the
yarn signal S1.
[0028] On the other hand, an encoder 34 linked with
a main shaft 33 of the loom generates a θ-signal indi-
cating an angle θ of the rotating main shaft 33, and
sends the θ-signal to a timing-signal generator 35. The
timing-signal generator 35 receiving the θ-signal gener-
ates an ON-mode (H-level) weft-detection timing signal
S5 within a weft detection period, for example, a period
in which the angle θ of the main shaft 33 is from 200° to
290°. The timing-signal generator 35 then sends the tim-
ing signal S5 to a second input terminal of the determi-
nation circuit 38 and to a resetting circuit 36 and a timing-
setting circuit 37 included in the weft-insertion determi-
nation circuit-unit 31. On the other hand, the θ-signal is
also sent to the weft-arrival-timing detection means 30.
[0029] The determination circuit 38 receives the yarn
signal S1 and the timing signal S5. If the H-level yarn
signal S1 is input to the determination circuit 38 during
the period in which the weft-detection timing signal S5
is generated, the determination circuit 38 determines
that the weft insertion is properly performed and thus
maintains an output signal from its output terminal at L
level. In contrast, if the yarn signal S1 remains at L level
during the period in which the timing signal S5 is gener-
ated, the determination circuit 38 determines that an er-
ror has occurred in the weft insertion process, and out-
puts an H-level signal from its output terminal. The out-
put signal from the determination circuit 38 is sent to a
logic-signal generator 39. If the H-level signal is input to
the logic-signal generator 39, the logic-signal generator
39 generates the loom aborting signal S2 when receiv-
ing the leading edge of a signal from the timing-setting
circuit 37, the signal being output from the timing-setting
circuit 37 after the main shaft 33 reaches the final angle
(290°) in the weft detection period. The loom aborting
signal S2 is then sent to the loom controller (not shown)
so that the loom is aborted at a specific angle. The de-
termination circuit 38 is reset when receiving the leading
edge of a reset signal from the resetting circuit 36, the
reset signal being output from the resetting circuit 36
after the main shaft 33 reaches the final angle (290°) in
the weft detection period. Then the determination circuit
38 reset itself and prepares for the subsequent cycle of
weft insertion. On the other hand, after the loom recov-
ers from what had caused the loom to be aborted, the
logic-signal generator 39 is reset via a switch 23 oper-
ated by an operator (i.e. user).
[0030] In the above example, if once the yarn signal
S1 reaches the H-level during the input period of the
weft-detection timing signal S5, the weft-insertion deter-
mination circuit-unit 31 determines that the weft-inser-
tion is properly performed. Alternatively, other determi-
nation methods are permissible. For example, the fol-
lowing determination conditions may be applied for de-

termining whether the weft insertion is properly per-
formed: a condition in which the proper performance of
weft insertion is determined when the yarn signal S1
reaches the H-level at the final point of the input period
of the timing signal S5; or a condition in which the proper
performance of weft insertion is determined when the
yarn signal S1 continues to be at the H-level for a pre-
determined time period. These determination conditions
may be selected for each type of weft yarn 4 used, or
may be applied by combining two or more conditions.
Furthermore, the amplification degree set in the ampli-
fication setting unit 28 or the threshold value set in the
threshold setting unit 29 may be adjusted according to
the type of weft yarn 4 used (for example, the color or
the thickness of weft yarn 4). Furthermore, in a multiple-
color weft-insertion loom, the circuit structure may be
formed in a manner such that the determination condi-
tion, the amplification degree, and the threshold value
mentioned above are selected based on a selection sig-
nal of the weft yarn 4. Moreover, the determination proc-
ess by the comparator 27 and the weft-insertion deter-
mination circuit-unit 31 for determining whether or not
the weft insertion is properly performed may alternative-
ly be achieved by using a microcomputer or software.
In that case, the amplification degree, the threshold val-
ue, or the determination condition may be adjustable via
display means 41 used also as a setting unit for the
loom.
[0031] The weft-insertion-condition display unit 20
provided in the loom according to the present invention
includes the weft-arrival-timing detection means 30, sta-
tistic-computing means 40, and the display means 41.
The weft-arrival-timing detection means 30 detects a
weft arrival timing based on the θ-signal and the yarn
signal S1 obtained from the detection of the weft yarn 4
on the weft-traveling path, and generates an arrival-tim-
ing signal S4 within the corresponding weft-insertion cy-
cle. The arrival-timing signal S4 is then sent to the sta-
tistic-computing means 40. The arrival-timing signal S4
is a signal corresponding to the angle θ of the rotating
main shaft 33, such that the angle θ corresponds to the
weft arrival timing. Since the angle θ of the rotating main
shaft 33 is proportional to time, the arrival-timing signal
S4, for example, is also a signal on a time axis in which
the time elapsed from a reference angle (0°) is used as
a unit of measurement. Alternatively, the yarn signal S1
may be an output signal from the sensor 24 or the am-
plifier circuit 26.
[0032] The statistic-computing means 40 receives a
timing signal S7 from the timing-signal generator 35 and
the arrival-timing signal S4. The timing signal S7 is gen-
erated every time the angle θ of the main shaft 33 ex-
ceeds the reference angle (0°). The statistic-computing
means 40 counts the number of picks based on the input
number of the timing signals S7, and moreover, calcu-
lates statistics of the weft arrival timings before the cur-
rent number of picks reaches the preliminarily set
number of samplings (the preliminarily set number of
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picks). Such statistics are calculated based on the weft
arrival angles θ corresponding to the weft arrival timings
input over the preliminarily set number of samplings.
The statistics in each sampling period include at least
one of the maximum value of the weft arrival timings (i.
e. a weft arrival angle θ corresponding to the fastest weft
arrival timing), the minimum value of the weft arrival tim-
ings (i.e. a weft arrival angle θ corresponding to the
slowest weft arrival timing), and a standard deviation
value of the weft arrival timings, and to an average value
(angle θ) of the weft arrival timings. Referring to a bar
graph B shown in Fig. 4, the maximum value of the weft
arrival timings in each sampling period corresponds to
the upper end of each bar, whereas the minimum value
of the weft arrival timings in each sampling period cor-
responds to the lower end of each bar.
[0033] The difference in the maximum value and the
minimum value indicates the range of unevenness, and
moreover, the maximum and minimum values indicate
actual values defining the range of unevenness within
each sampling period. Since such actual values indicate
the range of unevenness better than the standard devi-
ation value, the actual values can be effectively used as
a basis for making adjustments for the loom. In view of
changes in, for example, numerical values indicating
such unevenness and the average value, it can be de-
termined that an instable weft insertion process (incon-
sistent weft arrival timings) is one of the main factors
that causes the loom to be aborted even when the in-
serted weft yarn 4 properly reaches the selvage edge of
the cloth 17. Since the fluctuation ranges of the maxi-
mum and minimum values are displayed, the pressure
of the weft-insertion nozzles (the main nozzle 10 and
the sub-nozzles 11), for example, can be advantageous-
ly changed in order to make an adjustment of the loom.
The standard deviation value numerically indicates the
degree of unevenness, and moreover, corresponds to
the degree of variance in a binomial distribution, or in
other words, the height of a peak. On the other hand,
the average value literally corresponds to an average of
the weft arrival timings with respect to the predeter-
mined number of picks in each sampling period, for ex-
ample, 32 picks, and roughly indicates the fluctuation of
the weft arrival angles.
[0034] For calculating the statistics, the number of
samplings in each sampling period can be set by select-
ing from a plurality of preliminarily set numerical values
(i.e. sampling elements). On the other hand, a sampling-
pick number defining the number of display data display-
ing multiple sets of statistics calculated based on the
selected numerical value (the number of samplings)
may be automatically selected in accordance with the
set number of samplings. Alternatively, the sampling-
pick number may be set manually by selecting from a
plurality of preliminarily set numerical values via a set-
ting window (not shown). Accordingly, an operator may
manually select the appropriate number of samplings or
the appropriate sampling-pick number from the corre-

sponding set of numerical values. The term "the number
of samplings" refers to the number of observed values
used as a basis for calculating the statistics of the weft
arrival timings in each sampling period. As will be men-
tioned later, when the number of samplings (the sam-
pling-pick number) is set at 32 picks, the statistic-com-
puting means 40 calculates the statistics for 1 sampling
pick based on the observed values of the weft arrival
timings for 32 picks. Moreover, when the statistics are
to be stored, the statistics are stored in a set of sampling
picks equivalent to 1 package worth of the yarn supplier
3.
[0035] In a case where the loom is a multiple-color
weft-insertion type, multiple weft-insertion devices 1 are
provided for corresponding color types of weft yarns. In
this case, in order to calculate the statistics based on
data sampled for each color type of weft yarn, the sta-
tistic-computing means 40 receives a weft-selection sig-
nal S8 from a weft-selection-signal generator 42, and
calculates, for each color type of weft yarn, at least one
of the maximum value of the weft arrival timings, the
minimum value of the weft arrival timings, and the stand-
ard deviation value of the weft arrival timings, and the
average value of the weft arrival timings. The statistic-
computing means 40 then sends the calculated values
to the display means 41 as a display data signal S9. In
this case, the weft-selection-signal generator 42 first re-
ceives the timing signal S7 and generates the weft-se-
lection signal S8 based on a weft-selection procedure
preliminarily set in the weft-selection-signal generator
42. The weft-selection-signal generator 42 then outputs
the weft-selection signal S8 to the statistic-computing
means 40, whereby one of the weft-insertion devices 1
(the weft measuring/holding drum unit 5 or the main noz-
zle 10 of the corresponding weft-insertion device 1) se-
lected in response to the weft-selection signal S8 is ac-
tivated.
[0036] The display means 41 stores the multiple sets
of statistics calculated by the statistic-computing means
40 such that the statistics correspond to the operating
time. Moreover, in response to a request for screen dis-
play on the display means 41, the display means 41
graphically displays the magnitudes of the multiple sets
of stored statistics in a chronological fashion.
[0037] Fig. 3 illustrates an example of the display
means 41. In Fig. 3, the display means 41 is provided
with a memory portion 46, a touch-screen display unit
47, a port 48, and a processing unit 49. The port 48 re-
ceives, for example, the display data signal S9 output
from the statistic-computing means 40, and transfers
signals between the processing unit 49 and an external
unit such as the statistic-computing means 40, or be-
tween the processing unit 49 and the touch-screen dis-
play unit 47. Moreover, the port 48 also outputs a warn-
ing signal to an external unit in a case where a warning
process is to be performed.
[0038] The memory portion 46 stores each set of sta-
tistics of the display data signal S9 such that the set of
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statistics corresponds to one of sampling pick code
numbers. The touch-screen display unit 47 graphically
displays the magnitudes of the statistics, and can be
used for inputting a request for screen display, each type
of command, and other relevant data. The processing
unit 49 controls the input/output operation of the port 48
in accordance with software, which will be described lat-
er. Moreover, the processing unit 49 also reads the sta-
tistics from the memory portion 46 in response to the
request for screen display received from the touch-
screen display unit 47, and commands the touch-screen
display unit 47 to graphically display the magnitudes of
the statistics.
[0039] The memory portion 46 is rewritable and stores
a series of software, such as a program for controlling
the touch-screen display unit 47 functioning as an input
unit, a program for calculating the statistics of the weft
arrival timings, and a program for performing the warn-
ing process. In addition, the memory portion 46 also
stores the calculated statistics, such as the average val-
ue and the standard deviation value in each sampling
period, such that these values correspond to the corre-
sponding sampling pick code number.
[0040] The processing unit 49 is a CPU, i.e. a micro-
processor, which controls the touch-screen display unit
47 in accordance with the software stored in the memory
portion 46.
[0041] As mentioned above, the display means 41 re-
ceives the statistics calculated by the statistic-comput-
ing means 40 at an end of each sampling period, and
stores the statistics together with the set number of sam-
plings and the corresponding sampling pick code
number via a memory. Moreover, the display means 41
displays a graph on a display window in which the time
axis is indicated by a horizontal axis which corresponds
to the sampling picks. With respect to the current weft-
insertion sampling pick code number being given the
number "0" on the time axis, the graph includes, for ex-
ample, a bar graph and a line graph illustrating the mag-
nitudes of the corresponding types of statistics. An op-
erator may switch the current display of the statistics by
changing the number of samplings or the sampling-pick
number, or may check the weft-insertion condition for
each type of yarn in order to perform an appropriate
process in accordance with the checked condition.
[0042] On the other hand, the processing unit 49 is
capable of performing the warning process when nec-
essary. Therefore, the processing unit 49 is preliminarily
provided with a warning threshold value with respect to
at least one type of statistic in each set of statistics.
Thus, when the loom is in operation, the processing unit
49 may compare one type of statistic received from the
statistic-computing means 40 with the corresponding
threshold value, and if the statistic exceeds the corre-
sponding threshold value, the processing unit 49 may
output a warning signal. Furthermore, in addition to dis-
playing the graph that shows the magnitudes of the sta-
tistics, the processing unit 49 may command the touch-

screen display unit 47 to chronologically display on the
same window at least one of an output condition of the
warning signal and a generation status of a weft-inser-
tion failure.
[0043] Fig. 4 illustrates an example of the display win-
dow of the touch-screen display unit 47 in an operating
state. The display window includes the line graph A cor-
responding to the average values of the weft arrival tim-
ings (weft arrival angles θ) in which the number of sam-
plings for each sampling period is set at 32 picks; a bar
graph B connecting the maximum values and the mini-
mum values of the weft arrival timings (weft arrival an-
gles θ) in which the number of samplings for each sam-
pling period is set at 32 picks; and a line graph C corre-
sponding to the standard deviation values of the weft
arrival timings (weft arrival angles θ). The number of
samplings "32", "100", or "1000" can be selected via a
corresponding one of sampling-number selection but-
tons 43 displayed at the bottom portion of the display
window. For example, the display portion of the window
of the touch-screen display unit 47 can be scrolled by a
unit of 50 samplings using left and right arrow scrolling
buttons 44. Furthermore, by pressing a reset button 45
provided at a lower right section of the window, the dis-
play data being displayed is reset so that new display
data is downloaded and displayed. Furthermore, the
touch-screen display unit 47 preferably displays in mul-
tiple colors such that each of the graphs A, B, and C and
the axes, for example, are displayed in different colors.
Consequently, this improves the visibility of the display.
Moreover, in a case where the loom is a multiple-color
weft-insertion type, the type of weft yarn 4 may be se-
lected via the display means 41, such that the window
switches to a chronological graph that illustrates the
multiple sets of statistics of the weft arrival timings cor-
responding to the selected type of weft yarn 4.
[0044] Accordingly, from the content displayed on the
touch-screen display unit 47, the operator can visually
check the chronological changes in the statistics of the
weft arrival angles. Thus, based on the changes in the
statistics graphically displayed with respect to the time
elapsed in the operation, the weft-insertion condition
can be readjusted so as to improve the quality of the
yarn supplier 3 and to achieve stable weft-insertion. Ac-
cordingly, this is advantageous in view of controlling the
weft insertion.
[0045] In an actual working site of a weaving factory,
the cause of an error can be identified from chronolog-
ical changes in at least two types of values of the dis-
played content. The following are examples of identify-
ing such a cause of an error:

1) if the average values of the weft arrival angles,
the maximum values, and the minimum values
change gradually such that these values change
vertically in a cycle of several tens of minutes to sev-
eral hours, it can be assumed that the error is due
to a pressure fluctuation of a compressor for the
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weft-insertion nozzles;
2) in view of the fact that the average values, the
maximum values, and the minimum values change
from (become larger than) usual values when the
loom is aborted frequently even if the inserted weft
yarns 4 properly reach the selvage edge of the cloth
17, it can be assumed in this case that the sub-noz-
zles 11 lack pressure, meaning that such a problem
can be solved by raising the pressure;
3) when the average values change and the stand-
ard deviation values become larger while the max-
imum values and the minimum values hardly
change, it can be assumed that the yarn supplier 3
is defective, meaning that such a problem can be
solved by replacing the yarn supplier 3 with a new
one; and
4) although the average values of the weft arrival
angles should become smaller (faster) as the
wound diameter of the yarn supplier 3 decreases,
if the average values become larger (slower), it can
be assumed that the yarn supplier 3 is defective,
meaning that such a problem can be solved by re-
placing the yarn supplier 3 with a new one.

[0046] Accordingly, when a problem occurs in the weft
insertion, since the loom is provided with a display func-
tion of the weft-insertion-condition display unit 20,
namely, a graphical display function for displaying data
related to the statistics of the weft arrival timings prelim-
inarily stored up to the current point, a weft-insertion-
condition displaying/analyzing unit that is independent
of a setting unit of the loom, for example, does not need
to be connected in order to identify the cause of the prob-
lem after the problem has occurred in the weft insertion.
Thus, the loom does not need to continue its operation
in order to be inspected for the cause of the problem by
such a weft-insertion-condition displaying/analyzing
unit. Accordingly, the present invention is advantageous
in that the cause of the problem can be quickly identified
from the content displayed on the weft-insertion-condi-
tion display unit 20.
[0047] On the other hand, the loom may possibly be
aborted due to, for example, a cut weft yarn occurring
during a sampling period of the weft arrival timings. In
this case, since the weft arrival angle during the reacti-
vation process (in a state where the rotational speed of
the loom is in a transient state) is usually different from
the regular operational state, if the statistics are calcu-
lated with the corresponding data, the calculated statis-
tics may be inaccurate. For this reason, when a problem
occurs, such inaccuracy can be prevented by calculat-
ing the statistics without including the data correspond-
ing to such a transient state and to an occurrence of an
aborted loom even when the inserted weft yarn 4 prop-
erly reaches the selvage edge of the cloth 17.
[0048] More preferably, the processing unit 49 is pre-
liminarily provided with a warning threshold value for at
least one of four types of statistics (i.e. the maximum

value, the minimum value, the average value, and the
standard deviation value). Specifically, the processing
unit 49 may compare one of the four types of statistics
received from the statistic-computing means 40 with the
corresponding threshold value, and if the statistic ex-
ceeds the corresponding threshold value, the process-
ing unit 49 may output a warning signal. Furthermore,
in addition to displaying the graph that shows the mag-
nitudes of the statistics, the processing unit 49 may com-
mand the touch-screen display unit 47 to chronologically
display on the same window at least one of the output
condition of the warning signal and the generation status
of the weft-insertion failure.
[0049] Fig. 5 illustrates a setting window of the touch-
screendisplayunit47,namely,a"WEFT-ARRIVAL-CON-
DITION/WARNING-SIGNAL SETTING" window. In Fig.
5, by touching a yarn package mark "1" corresponding
to one of the yarn suppliers 3 displayed on the window
in order to set the warning threshold value with respect
to weft color 1, the selected yarn package mark (the cor-
responding yarn supplier 3) is displayed differently (in a
shaded fashion in the drawing) from the remaining un-
selected yarn package marks. Thus, the warning thresh-
old value can be input for the weft color 1. The weft color
1, a weft color 2, a weft color 3, and a weft color 4 re-
spectively indicate four types of weft yarns 4, and such
code numbers correspond to the code numbers of cor-
responding main nozzles 10 for multiple-color weft-in-
sertion.
[0050] A "WARNING SIGNAL ON/OFF" section at the
left of the window in Fig. 5 is activated by selecting the
weft color 1 (the shaded section). The "WARNING SIG-
NAL ON/OFF" section is provided for setting or not set-
ting the warning signals for each pick, the average val-
ues, and the standard deviation values. Specifically, by
touching one of corresponding square boxes, an X is
displayed in the box indicating a warning-signal ON
state, and by touching the box again, the X disappears
so as to indicate a warning-signal OFF state. Using the
"WARNING SIGNAL ON/OFF" section, the warning sig-
nal can be selectively output when the subject type of
statistic exceeds the corresponding threshold value dur-
ing the weaving operation. During the warning-signal
ON state, a warning may be given to an operator by, for
example, aborting the loom or turning on an external
tower lamp.
[0051] With respect to the settings of each pick and
the average values, upper limits and lower limits can be
set in view of monitoring within a permissible range.
Moreover, an upper limit for the standard deviation val-
ues can also be set. In detail, regarding the setting of
"EACH PICK", weft arrival timings for one sampling de-
tected based on observed values over the predeter-
mined sampling-pick number are monitored so as to de-
termine whether each weft arrival timing is deviated from
the permissible range. Specifically, a warning signal is
generated when the determined maximum value ex-
ceeds the upper limit, or when the minimum value falls
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below the lower limit. Regarding the setting of the "AV-
ERAGE", a warning signal is generated when the deter-
mined average value exceeds the upper limit or falls be-
low the lower limit. Regarding the setting of the "STAND-
ARD DEVIATION", a warning signal is generated when
the determined standard deviation value exceeds the
upper limit. The upper limits and the lower limits for
"EACH PICK" and the "AVERAGE" are each set numer-
ically with respect to an angle of the rotating main shaft
33 corresponding to the corresponding weft arrival tim-
ing. On the other hand, the "STANDARD DEVIATION"
is set with respect to a numerical value. The lower limit
of the "STANDARD DEVIATION" does not need to be
monitored. The above values can be set at a desired
value for each of the remaining colors, i.e. the weft color
2, the weft color 3, and the weft color 4. When setting
these threshold values, the operator may first touch the
corresponding input section on the touch screen so that
a numerical pad (not shown) used for numerical input is
displayed. Then, the operator may touch the corre-
sponding numbers on the numerical pad in order to input
a numerical value.
[0052] To the right of each of the "AVERAGE" box and
the "STANDARD DEVIATION" box is provided a section
for setting the number of samplings for each sampling
period. By clicking a downward arrow in each section,
an appropriate number "1000" or "32", for example, can
be selected. Alternatively, the appropriate number can
be input using the numeric pad (not shown). The number
of samplings for each sampling period can be set in a
similar manner at a desired value for each of the remain-
ing colors, i.e. the weft color 2, the weft color 3, and the
weft color 4.
[0053] Fig. 6 illustrates an example of a "WARNING"
output window of the touch-screen display unit 47. Such
a window is displayed when one of the average values
of the weft arrival timings exceeds the upper limit thresh-
old value, or in other words, when the average arrival
time is slow. In either of the warning-signal ON and OFF
states, when the subject type of statistic exceeds the
corresponding threshold value, the content of the warn-
ing and the generation time are stored in the memory
portion 46, and moreover, the generation status of the
warning is displayed in the window. Furthermore, as
mentioned above, during the warning-signal ON state,
a warning may be given to an operator by, for example,
aborting the loom or turning on an external tower lamp
simultaneously with the output of the warning signal.
[0054] Fig. 7 illustrates another example of a window
of the touch-screen display unit 47. This window graph-
ically displays the magnitudes of statistics of weft-
traveling conditions with respect to the type of weft yarn
4 (weft color 1) selected in the window. Moreover, where
necessary, the window may display detailed data items
on the same screen, such as the aborting of the loom
due to weft-insertion failure, the content of the warning,
and the generation time of the aborting or the warning.
The window can be switched to another window corre-

sponding to each of the remaining colors, i.e. the weft
color 2, the weft color 3, and the weft color 4.
[0055] In place of displaying the output condition of
the warning signal and the generation status of the weft-
insertion failure in the same window, or in addition to
displaying such condition and status in the same win-
dow, the window may display the time and the content
of, for example, an adjustment made for the correspond-
ing weft-insertion device 1 or a replacement made for
the corresponding yarn supplier 3 as a countermeasure
against the warning or the weft-insertion failure. When
displaying such information, a screen (not shown) may
be operated so that the information is displayed in ad-
dition to the currently displayed content.
[0056] Although the sensors 24 and 25 for detecting
the weft yarn 4 in order to generate the yarn signal S1
are disposed at positions near the leading end of the
inserted weft yarn 4 in the example shown in Fig. 1, the
present invention is not limited to such a structure. For
example, a sensor may alternatively be provided closer
towards the upstream side of the weft-traveling path of
the weft yarn 4 so as to be, for example, disposed within
the shed 14 of the warp yarns 13. In this case, the sensor
detects the weft yarn 4 in a traveling state. Furthermore,
instead of directly detecting the leading end of the weft
yarn 4 in a traveling state, the sensor may alternatively
detect the weft yarn 4 in an indirect manner. Specifically,
this may be achieved by utilizing a characteristic in that
when the weft yarn 4 is released from the weft measur-
ing/holding drum unit 5 for a predetermined number of
times, the leading end of each segment of the weft yarn
4 can be determined that it has reached a position cor-
responding to the released length of the weft yarn 4. In
this case, the weft measuring/holding drum unit 5 may
be provided with a release sensor that detects the pass-
ing of the released weft yarn 4.
[0057] Furthermore, in the circuit structure shown in
Fig. 2, the sensor 24 may be replaced with the release
sensor mentioned above, and the comparator 27 and
the weft-arrival-timing detection means 30 may have a
circuit unit disposed therebetween such that the circuit
unit outputs the yarn signal S1 when at least one signal
is generated from the start of the weft-insertion process.
In response to the generation of the yarn signal from this
circuit unit, the weft yarn 4 is pulled out from the weft
measuring/holding drum unit 5 with weft-insertion fluid
by a length corresponding to the number of signals.
Consequently, it can be indirectly determined that the
leading end of the weft yarn 4 has reached the position
corresponding to the number of times the weft yarn 4
was released, or in other words, that the leading end of
the weft yarn 4 has reached the corresponding position.
Accordingly, the technical scope of the present invention
includes a unit that directly or indirectly detects the weft-
insertion condition using such a sensor and/or a circuit
unit.
[0058] Furthermore, although the statistic-computing
means 40 is in a block that is separate from that of the
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display means 41 in Figs. 2 and 3, a modification is per-
missible in which the process is performed in a single
block. The same applies to the weft-arrival-timing detec-
tion means 30 and the first weft-sensor unit 21.
[0059] Alternatively, the function of the weft-insertion-
condition display unit 20 provided in the loom according
to the present invention may be achieved by using a pro-
gram in a computer. This means that the weft-arrival-
timing detection means 30, the statistic-computing
means 40, and the display means 41 provided in the
weft-insertion-condition display unit 20 of the loom are
replaceable with input-output means, memory means,
and calculating means (controlling means) included in
a common computer. Furthermore, the present inven-
tion is not limited to air jet looms, and may be applied to
other fluidic-jet-type looms, such as water jet looms, that
are capable of detecting the weft arrival timing.

Claims

1. A weft-insertion-condition display unit (20) for a
loom, comprising:

weft-arrival-timing detection means (30) for de-
tecting each of weft arrival timings based on a
yarn signal obtained by detecting a weft yarn
(4) on a weft-traveling path;
statistic-computing means (40) for calculating
statistics of the weft arrival timings based on the
weft arrival timings detected for a predeter-
mined number of picks; and
display means (41) for storing the statistics cal-
culated by the statistic-computing means (40)
with respect to an operating time, and for dis-
playing a graph that shows magnitudes of the
stored statistics in a chronological fashion in re-
sponse to a request for screen display.

2. The weft-insertion-condition display unit (20) for the
loom according to Claim 1, wherein the statistics in-
clude an average value and at least one of a max-
imum value, a minimum value, and a standard de-
viation value.

3. The weft-insertion-condition display unit (20) for the
loom according to Claim 1, wherein the statistics are
calculated based on a selected one of sampling el-
ements, and wherein the graph is switchable ac-
cording to the selected sampling element.

4. The weft-insertion-condition display unit (20) for the
loom according to Claim 1, wherein the statistics are
stored in a set of sampling picks equivalent to one
package of a yarn supplier (3).

5. The weft-insertion-condition display unit (20) for the
loom according to Claim 1, wherein the statistics are

calculated based on the weft arrival timings sam-
pled for each color type of weft yarn (4).

6. The weft-insertion-condition display unit (20) for the
loom according to Claim 1, wherein the display
means (41) comprises a memory portion (46) for
storing the statistics output from the statistic-com-
puting means (40) such that each set of stored sta-
tistics corresponds to a sampling pick code number;
and a processing unit (49) that reads the statistics
from the memory portion (46) in response to a re-
quest from the display means (41) and that com-
mands a touch-screen display unit (47) to graphi-
cally display magnitudes of the statistics.

7. The weft-insertion-condition display unit (20) for the
loom according to Claim 6, wherein the processing
unit (49) is preliminarily provided with a warning
threshold value with respect to at least one statistic
in said each set of stored statistics, wherein the
processing unit (49) compares said at least one sta-
tistic calculated by the statistic-computing means
(40) with the warning threshold value, and wherein
the processing unit (49) outputs a warning signal
when said at least one statistic exceeds the warning
threshold value.

8. The weft-insertion-condition display unit (20) for the
loom according to Claim 7, wherein the processing
unit (49) allows the magnitudes of the statistics and
at least one of an output condition of the warning
signal and a generation status of a weft-insertion
failure to be displayed graphically in a chronological
fashion on the same display window.

17 18



EP 1 600 538 A2

11



EP 1 600 538 A2

12



EP 1 600 538 A2

13



EP 1 600 538 A2

14



EP 1 600 538 A2

15



EP 1 600 538 A2

16



EP 1 600 538 A2

17


	bibliography
	description
	claims
	drawings

