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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The presentinvention relates to a display meth-
od which is used in a display device provided in a loom
to graphically display statistics regarding a weft insertion
condition along a time axis and which facilitates a deter-
mination of the cause of an abnormality when the abnor-
mality occurs in the statistics.

2. Description of the Related Art

[0002] Japanese Unexamined Patent Application
Publication No. 2006-9233 (hereinafter referred to as
Patent Document 1) discloses an invention titled "WEFT-
INSERTION-CONDITION DISPLAY UNIT FOR LOOM".
According to this invention, statistics regarding a weft
insertion condition are graphically displayed along the
time axis in time series. According to the technique de-
scribed in Patent Document 1, a graphical display is
shown such that time-series variation in the statistics of
weft arrival angles during weft insertion in each prede-
termined sampling period can be visually recognized.
Therefore, it can be determined whether or not an ab-
normality, such as dispersion, has occurred in the weft
arrival angles in each sampling period on the basis of the
variation in the statistics. According to Patent Document
1, in addition to the graphical display, occurrence status
of weft insertion failures may also be displayed along the
same time axis as the time axis along which the statistics
are displayed, so that causes of an abnormality in the
weft insertion operation can be determined. However,
according to the technique describedin Patent Document
1, the display regarding the occurrence status of weft
insertion failures merely shows whether or not a weft in-
sertion failure has occurred in each sampling period and
the type of the weft insertion failure that has occurred in
each sampling period.

[0003] Ifit is determined that there is an abnormality
in the statistics of weft arrival angles from the graphical
display, the cause of the abnormality is preferably deter-
mined as soon as possible. If, for example, the cause of
the abnormality is a root cause, such as an abnormality
in a weft yarn or a yarn supplier being used or an abnor-
mality in a weft insertion device, the cause must be elim-
inated to prevent repetition of the abnormality. Therefore,
if there is an abnormality in the statistics as described
above, it is preferable that the cause of the abnormality
can be easily determined.

[0004] If, for example, the above-described abnormal-
ity in the statistics occurs continuously after a certain time
point in a weaving operation, it can be determined that
the cause of the abnormality is aroot cause, as described
above. However, if the abnormality in the statistics occurs
temporarily instead of continuously, it is conceivable that
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various causes are to blame and it is difficult to determine
the exact cause. Even if the occurrence of the abnormal-
ity in the statistics is temporary, it is possible that the
cause of the abnormality is the abnormality in the yarn
supplier or the weft insertion device. Therefore, also in
this case, it is necessary to determine the cause.
[0005] However, the display unit described in Patent
Document 1 merely shows whether or not a weftinsertion
failure has occurred, and therefore the cause of the ab-
normality in the statistics cannot be determined from the
display contents. As a result, it takes a long time to de-
termine the cause.

SUMMARY OF THE INVENTION

[0006] Accordingly, an object of the present invention
is to provide a display method which is used in a display
device having a display function of graphically displaying
statistics regarding a weft insertion condition in a loom
along a time axis and which facilitates a determination
of the cause of an abnormality when the abnormality oc-
curs in the statistics.

[0007] Toachievethe above-described object, accord-
ing to the present invention, information regarding a
cause of variation in a travelling motion of a weft yarn is
displayed on the same screen as a display screen on
which the statistics regarding weft arrival times are dis-
played. More specifically, a weft-insertion-condition dis-
play method according to the present invention is used
in a loom which includes a display device and in which
a weft arrival time is detected each time a weft insertion
operation is performed. The display device calculates
statistics regarding the weft arrival times for each of pre-
determined sampling periods on the basis of the detected
weft arrival times, stores the statistics that are sequen-
tially calculated during aweaving operation in time series,
and graphically displays the stored statistics in time se-
ries along a time axis. The weft-insertion-condition dis-
play method includes the step of displaying information
regarding a cause of variation in a travelling motion of a
weft yarn on the same screen as a display screen on
which the statistics are displayed.

[0008] The above-mentioned "cause of variation in a
travelling motion of a weft yarn" is a cause of variation in
a travelling motion (travelling speed, travelling statues,
etc.) of a weft yarn in a shed of warp yarns, that is, a
cause of variation in the weft arrival times, which is af-
fected by the travelling motion of the weft yarn. The in-
formation regarding the "cause of variation in a travelling
motion of a weft yarn" is displayed along the time axis
together with the graphical display of the statistics re-
garding the weft arrival times at the weft arrival side on
the same screen. The above-described information in-
cludes: (1) information regarding a replacement of ayarn
supplier; (2) information regarding resetting of a weft-
insertion operational condition (in particular, a weft inser-
tion start time); and (3) information which is other than
(1) or (2) and which relates to a change in a weaving
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condition which may cause the variation in the travelling
motion of the weft yarn (for example, a change in a weft
insertion pattern, a warp shedding pattern, a weft density,
or a rotational speed of the loom).

(1) The information regarding a replacement of a
yarn supplier includes detection information regard-
ing the time point at which the yarn supplier for sup-
plying the weft yarn is replaced by a new yarn sup-
plier. The replacement of the yarn supplier is detect-
ed by a sensor. More specifically, the loom may in-
clude a yarn supplying device that is provided with
a sensor such as a package sensor or a pick-tail
sensor. When the remaining amount of the weft yarn
on the yarn supplier becomes equal to or less than
a predetermined amount or when the weft yarn on
the yarn supplier is completely consumed in the
weaving operation, itis necessaryto replace the yarn
supplier with a new yarn supplier. Such a state is
detected by the above-mentioned sensor. The
above-described information regarding the replace-
ment of the yarn supplier is information regarding
the detection of the state in which the yarn supplier
is to be replaced by a new yarn supplier.

(2) The information regarding resetting of a weft-in-
sertion operational condition is information regarding
areset operation performed to return a weft-insertion
operational condition to an initial value after the weft-
insertion operational condition is changed in the
loom, which performs a weft insertion control oper-
ation for changing the weft-insertion operational con-
dition in accordance with the arrival angles of the
weft yarn.

In general, many looms have an automatic control
function for maintaining the arrival angle of the in-
serted weft yarn constant by changing the weft-in-
sertion operational condition in accordance with the
actually detected weft arrival angles. The weft arrival
angle varies as the weaving operation progresses
and the winding diameter of the yarn supplier varies
(decreases). Therefore, in the case where the weft-
insertion operational condition is constant, the arrival
angle gradually changes as the weaving operation
progresses evenwhenthere are no particular chang-
es in the weft insertion device or in other compo-
nents. Therefore, in the looms having the above-de-
scribed automatic control function, the weft-insertion
operational condition is gradually changed as the
weaving operation progresses and the winding di-
ameter decreases. When the weft yarn on the yarn
supplier is completely consumed and the yarn sup-
plier is replaced by a new yarn supplier, the reset
operation is performed to return the weft-insertion
operational condition, which has been changed in
accordance with the reduction in the winding diam-
eter of the yarn supplier as described above, to the
initial value. The above-described information re-
garding resetting of the weft-insertion operational
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condition is information showing that the reset oper-
ation has been performed in accordance with the
automatic control function for the weft insertion op-
eration.

The weft-insertion operational condition includes, for
example, a weftinsertion start time and/or a stopper-
pin retracting time at which a stopper pin is retracted
in a measuring-and-storing device. The weft inser-
tion start time includes an ejection start time of a
main nozzle used in the weft insertion operation, and
also includes an ejection start time of an auxiliary
main nozzle in the case where the loom includes the
auxiliary main nozzle. In addition, the weft-insertion
operational condition also includes an ejection pres-
sure and an ejection stop time of the main nozzle
(and those of the auxiliary main nozzle) and an ejec-
tion pressure, an ejection start time, and an ejection
stop time of sub-nozzles (each group of sub-nozzles)
used in the weft insertion operation. In addition, if
the loom includes a weft yarn brake, an activating
time of the weft yarn brake is also included in the
weft-insertion operational condition.

As described above, the reset operation of the weft-
insertion operational condition is performed when
the yarn supplier is replaced by a new yarn supplier.
Therefore, the information regarding resetting of the
weft-insertion operational condition described in
above item (2) can also be considered as being in-
cluded in the information regarding the replacement
of the yarn supplier described in (1).

(3) The information regarding a change in a weaving
condition is the information which is other than (1)
and (2) and which relates to a change in the weaving
condition which may cause the variation in the trav-
elling motion of the weft yarn. Such a weaving con-
dition includes, for example, conditions relating to a
weaving mode, such as the weft density, the warp
shedding pattern, and the rotational speed of the
loom. In addition, there may be a case in which the
weft insertion pattern is changed in the weaving op-
eration of asingle cloth, and the weftinsertion pattern
is also included in the above-mentioned weaving
condition in such a case.

[0009] The change in the weft insertion pattern (order
of weftinsertion) will now be described in detail. Inaloom
capable of performing multi-color weft insertion, the re-
lationship between weft yarns and weft insertion sys-
tems, which eachinclude amain nozzle and a measuring-
and-storing device, may be changed as necessary in the
operation of weaving a single cloth. In such a case, the
weft insertion pattern is changed accordingly. For exam-
ple, a sorting device from which a weft yarn of color C1
is supplied and a main nozzle used for inserting the weft
yarn of color C1 may be switched from storing device No.
1 and main nozzle No. 1 to storing device No. 2 and main
nozzle No. 2, respectively. In the case where the loom
is an air jet loom, the main nozzles No. 1 and No. 2 are
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disposed at different positions, and therefore the position
at which each weft yarn travels along a weft yarn guide
groove in a reed changes. Therefore, the change in the
weft insertion pattern also affects the travelling motion of
the weft yarn.

[0010] The change in the weaving mode, such as the
warp shedding pattern, the weft density, the rotational
speed of the loom, etc., is basically performed automat-
ically in accordance with the weaving pattern set in ad-
vance, as in the case of changing pile weave to ground
weave inatowel loom. However, there is also a possibility
that an operator will manually change the weaving mode
in the weaving operation, although the manual changes
is not performed very often. Also in such a case, infor-
mation regarding the change is included in the above-
described information regarding a change in a weaving
condition.

[0011] The above-described state in which the infor-
mation regarding the cause of variation in the travelling
motion of the weft yarn and the statistics are "displayed
on the same screen"” includes the state in which a display
screen which shows the information regarding the cause
of variation in the travelling motion of the weft yarn (here-
inafter also referred to as "variation cause information")
is placed on a display screen which shows the graphical
display of the statistics regarding the weft arrival angles
at the weft arrival side (hereinafter also referred to as
"statistics display”). In addition, the above-mentioned
state also includes the state in which the display screen
for the statistics display and the display screen for the
variation cause information are shown next to each other
on a screen of the display device. In addition, the above-
mentioned state also includes a display mode in which
the statistics display and the display of the variation cause
information are displayed together.

[0012] According tothe presentinvention, the informa-
tion regarding the cause of variation in the travelling mo-
tion of the weft yarn is displayed on the same screen as
a screen on which the statistics regarding the weft arrival
times are graphically displayed in time series along the
time axis. Therefore, in the case where there is an ab-
normality in the statistics shown on the display screen,
itcan be easily determined whether or notthe abnormality
has been caused by the cause of which the information
is displayed on the same screen.

[0013] More specifically, in the case where an abnor-
mality in the statistics regarding the weft arrival times
occurs temporarily at a certain time point in a weaving
operation or continuously after the certain time point, it
is conceivable that various causes are to blame. As ex-
plained in the description of the related art section, the
cause of the abnormality is preferably determined as
soon as possible. However, it takes a long time and it is
cumbersome to check all the probable causes one by
one.

[0014] According tothe presentinvention, the operator
can easily check on the screen of the display device
whether or not a change which affects the travelling mo-
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tion of the weft yarn, such as a replacement of the yarn
supplier, resetting of a weft-insertion operational condi-
tion, or a change in a weaving condition, has been made
at the time point at which the abnormality in the statistics
has occurred. Therefore, the operator can determine
whether or not the abnormality in the statistics has oc-
curred due to the above-mentioned change, and the
cause of the abnormality can be easily determined in a
short time.

[0015] In particular, the travelling motion of the weft
yarn tends to vary when the yarn supplier is replaced by
a new yarn supplier or when the weft-insertion operation-
al condition (weft insertion start time) is changed. The
cause of variation and the graphical display of the statis-
tics regarding the arrival times can be compared with
each other in time series along the time axis. Therefore,
the relationship between them can be visually recognized
and the causal relation can be easily determined.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016]

Fig. 1 is a diagram illustrating the main section of a
weft insertion device included in an air jet loom;
Fig. 2 is a block diagram illustrating an example of
a setting-and-display unit according to the present
invention;

Fig. 3 is a diagram illustrating a display example in
which statistics, the number of stoppages, and the
operational information are displayed on a display
screen of the setting-and-display unit;

Fig. 4 is a diagram illustrating the state in which a
window for showing the operational information is
displayed on the display screen shown in Fig. 3;
Fig. 5 is a diagram illustrating a display screen in
which a portion corresponding to a specific period in
the display screen shown in Fig. 3 is enlarged;

Fig. 6 is a diagram illustrating the state in which a
legend window is displayed on the display screen
shown in Fig. 5; and

Fig. 7 is a diagram illustrating the state in which an
input history window is displayed on the display
screen shown in Fig. 5.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0017] Fig. 1is a diagram illustrating the main section
of an air jet loom as an example of a fluid jet loom to
which the present invention is applied. The air jet loom
shown in Fig. 1 includes, for example, a two-color weft
insertion device 1. In the weft insertion device 1 shown
in Fig. 1, weft yarns 4 of colors C1 and C2 are pulled out
from respective yarn suppliers 3 which are supported by
holders 2, and are guided to the insides of, for example,
rotatable yarn guides 6 included in drum-type measuring-
and-storing devices 5. While the weft yarns 4 are retained
by stopper pins 8 on outer peripheral surfaces of drums



7 EP 2 166 140 A2 8

7 in a stationary state, the rotatable yarn guides 6 rotate
so that the weft yarns 4 are wound around the outer pe-
ripheral surfaces of the drums 7. Thus, a predetermined
length of each weft yarn 4 which is necessary for a single
cycle of weft insertion is wound around the outer periph-
eral surface of the corresponding drum 7, and is stored
until the weft yarn 4 is inserted.

[0018] The operations of the measuring-and-storing
devices 5 (rotating operations of the rotatable yarn guides
6 and the reciprocal operations of the stopper pins 8) and
the operations of weft-insertion main nozzle units 10,
which will be described below, are performed in order of
selection of the weft yarns 4 under the control of a weft
insertion controller 31 included in a control device 20.
Package sensors 39 are disposed near the yarn suppliers
3. Each package sensor 39 generates a detection signal
S4whenthe remaining amount of the weftyarn 4 supplied
by the corresponding yarn supplier 3 becomes equal to
or less than a predetermined amount.

[0019] At a weft-insertion start time, the stopper pin 8
corresponding to the weft yarn 4 selected by the weft
insertion controller 31 is removed from the outer periph-
eral surface of the corresponding drum 7 by an operating
unit 9. Accordingly, the weft yarn 4 wound around the
outer peripheral surface of the drum 7, that is, the pre-
determined length of weft yarn 4 which is necessary for
asingle cycle of weftinsertion, is setto a releasable state
on the drum 7. Then, the weft-insertion main nozzle unit
10 corresponding to the selected weft yarn 4 performs
an air ejection operation so that the weft yarn 4, which is
inserted through the main nozzle unit 10, is released from
the drum 7 and is subjected to weft insertion. In this ex-
ample, each main nozzle unit 10 may be of a two-nozzle
type in which an auxiliary main nozzle 10a and a primary
main nozzle 10b are arranged in series along the direc-
tion of the weft yarn 4.

[0020] Atthe setweft-insertion starttime, the mainnoz-
zle unit 10 corresponding to the selected weft yarn 4
starts to eject compressed air 12 toward a shed 14 of
warp yarns 13. The ejection of the compressed air 12 is
continued for a set ejection period, so that the predeter-
mined length of weft yarn 4 is inserted into the shed 14.
Due tothisweftinsertion operation, the weftyarn 4 travels
along a weft traveling path in the shed 14. The com-
pressed air 12 is supplied to a common pressure regu-
lating valve 27 from a compressed air source 26, and the
pressure of the compressed air 12 is adjusted to a pres-
sure suitable for the weft insertion operation by the pres-
sure regulating valve 27. Then, the compressed air 12 is
supplied to the auxiliary main nozzle 10a and the primary
main nozzle 10b of each main nozzle unit 10 through
respective electromagnetic on-off valves 28. The elec-
tromagnetic on-off valves 28 are operated in order of se-
lection of the weft yarns 4 under the control of the weft
insertion controller 31.

[0021] As described above, the weft insertion device
1 shown in Fig. 1 is a two-color weft insertion device. If,
for example, multi-color weft insertion for two or more
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colorsis to be performed, the yarn suppliers 3, the meas-
uring-and-storing devices 5, and the main nozzle units
10 are provided for respective colors and the weft yarns
are inserted in order of weft selection. In the case where
single-color weft insertion is to be performed, a single
measuring-and-storing device 5 and a single main nozzle
unit 10 are, of course, provided.

[0022] While the inserted weft yarn 4 travels along the
weft traveling path in the shed 14, a plurality of groups
of sub-nozzles 11 are caused to eject compressed air 15
toward the weft traveling path in the traveling direction
of the weft yarn 4. The sub-nozzles 11 perform simulta-
neous ejection of the compressed air 15 or relay ejection
thereof in synchronization with the travelling speed of the
weft yarn 4. Thus, the weft yarn 4 that travels through
the shed 14 is accelerated in the weft insertion direction.
The compressed air 15 is supplied to a pressure regu-
lating valve 29 from the compressed air source 26, and
the pressure of the compressed air 15 is adjusted to a
suitable pressure by the pressure regulating valve 29.
Then, the compressed air 15 is supplied to the sub-noz-
zles 11 of each group through electromagnetic on-off
valves 30 provided for respective groups. In the weft in-
sertion operation, the electromagnetic on-off valves 30
provided for the respective groups perform simultaneous
ejection or relay ejection toward the corresponding
groups of sub-nozzles 11 in the weft insertion operation
under the control of the weftinsertion controller 31. Thus,
the weft yarn 4 is accelerated in the weft insertion direc-
tion.

[0023] After the weft yarn 4 is normally inserted by the
ejection operation performed by the corresponding main
nozzle unit 10 and the groups of sub-nozzles 11, a beat-
ing up motion is performed in which the weft yarn 4 is
beaten up against a cloth fell 18 of a woven cloth 17 by
areed 16. Thus, the weft yarn 4 is woven into the woven
cloth 17. Then, the weft yarn 4 is cut by a yarn cutter 19
at a weft insertion side, and is separated from the weft
yarn 4 in the primary main nozzle 10b.

[0024] Afirstweftfeeler 21, a sensor 24 of the first weft
feeler 21, a second weft feeler 22, and a sensor 25 of
the second weft feeler 22 are used for determining wheth-
er or not the weft insertion operation is normally per-
formed. The sensor 24 of the first weft feeler 21 is posi-
tioned such that the sensor 24 faces the weft traveling
path in a region near the edge of the woven cloth 17 at
a weft arrival side and such that the weft yarn 4 reaches
the sensor 24 ifthe weftyarn 4 is normally inserted. Thus,
the sensor 24 can detect the leading end of the weft yarn
4 if the weft yarn 4 is normally inserted. The detection is
performed by comparing a level of a detection signal gen-
erated by the sensor 24 in a normal arrival time period
(predetermined detection time period) of the weft yarn 4
with a reference signal level. Thus, the sensor 24 of the
firstweft feeler 21 can detect a weft insertion failure (short
pick, bent pick, etc.) in which the leading end of the in-
serted weft yarn 4 does not reach the position of the sen-
sor 24. The detection period is generally set in terms of
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rotational angle of a main shaft 33.

[0025] When the sensor 24 detects an arrival of the
weft yarn 4 within the above-described detection period,
the sensor 24 generates a corresponding output signal.
Atthis time, the first weft feeler 21 generates ayarn signal
S1 indicating that a normal weft insertion has been per-
formed on the basis of the output signal from the sensor
24, and transmits the yarn signal S1 to a main controller
36 and a statistic calculator 40 in the control device 20.
The main controller 36 continues the operation of the
loom (weaving operation) under the condition that the
yarn signal S1, which indicates that a normal weft inser-
tion has been performed, is being obtained. The statistic
calculator 40 and an arithmetic unit 54 form a statistic
calculation unit 38. As described in detail below, to dis-
play a weft insertion condition, statistics regarding arrival
times (arrival angles) of the weft yarn 4 are calculated on
the basis of the yarn signal S1 in each of predetermined
sampling periods.

[0026] If the yarn signal S1 is not generated in the
above-described detection period, that is, if a weft inser-
tion failure occurs and the arrival of the weft yarn 4 has
not been detected by the sensor 24, the first weft feeler
21 determines that an abnormality has occurred in the
weft insertion operation and outputs a weft stop signal
S2. The weft stop signal S2 is transmitted to the main
controller 36 and the arithmetic unit 54.

[0027] If the main controller 36 receives the weft stop
signal S2, the main controller 36 immediately performs
stop control and stops the loom at a predetermined angle.
In this case, the loom is stopped due to an abnormality
in the weft insertion operation of the weft yarn 4, and the
cause of stoppage of the loom corresponds to "weft stop"
in Figs. 3 and 4, which will be described below. As de-
scribed in detail below, to display the status of loom stop-
pages in a predetermined sampling period in a visually
recognizable manner, the arithmetic unit 54 accumulates
the number of times the loom is stopped due to the ab-
normality detected by the first weft feeler 21 in the weft
insertion operation of the weft yarn 4.

[0028] Thesensor25ofthe second weftfeeler22faces
the weft traveling path at a position farther from the edge
of the woven cloth 17 at the weft arrival side than the
sensor 24 in the weft insertion direction. More specifical-
ly, the sensor 25 is positioned such that the weft yarn 4
does not reach the sensor 25 if the weft yarn 4 is normally
inserted. The sensor 25 is provided to detect a weft in-
sertion failure such as breakage of the weft yarn 4 and
long pick. The detection is performed by comparing a
level of a detection signal generated by the sensor 25 at
an abnormal arrival time (arrival angle) of the weft yarn
4 in a detection period with a reference signal level. The
detection period is generally set in terms of rotational
angle of a main shaft 33. If the second weft feeler 22
receives an output signal from the sensor 25 within the
detection period, the second weft feeler 22 determines
that an abnormality has occurred in the weft insertion
operation and outputs a weft stop signal S3. The weft
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stop signal S3 is transmitted to the main controller 36
and the arithmetic unit 54.

[0029] If the main controller 36 receives the weft stop
signal S3, the main controller 36 immediately stops the
loom at a predetermined angle, similar to the case in
which the weft stop signal S2 is received. Also in this
case, the loom is stopped due to an abnormality in the
weft insertion operation of the weft yarn 4, and the cause
of stoppage of the loom corresponds to "weft stop” in
Figs. 3and 4, which will be described below. As described
in detail below, to display the status of loom stoppages
in a predetermined sampling period in a visually recog-
nizable manner, the arithmetic unit 54 accumulates the
number of times the loom is stopped due to the abnor-
mality detected by the second weft feeler 22 in the weft
insertion operation of the weft yarn 4.

[0030] The arithmetic unit 54 of the statistic calculation
unit 38 individually accumulates the number of stoppages
due to the abnormality detected by the first weft feeler
21 in the weft insertion operation of the weft yarn 4 and
the number of stoppages due to the abnormality detected
by the second weft feeler 22 in the weft insertion opera-
tion of the weft yarn 4. In addition, the arithmetic unit 54
calculates the sum of the individually accumulated num-
bers of stoppages as necessary.

[0031] Breakage of the warp yarns 13 is detected by
a dropper device 50, and an abnormality, such as break-
age, of selvage yarns 51 used for forming leno structures
at the edges of the woven cloth is detected by selvage
devices 52 disposed at either side of the woven cloth.
The dropper device 50 includes the same number of
droppers as the number of warp yarns 13. Each warp
yarn 13 is inserted through the corresponding dropper
and retains the dropper at a predetermined height such
that the dropper hangs therefrom. The selvage devices
52 form the leno structures for restraining the ends of the
inserted weft yarn 4 by twisting the selvage yarns 51 each
time the weft yarn 4 is inserted.

[0032] If one of the warp yarns 13 breaks in the weav-
ing operation, the dropper at a yarn breakage position
falls and an electric closed circuit is formed between that
dropper and an electrode (not shown). When the electri-
cally connected state of the closed circuit is detected, the
dropper device 50 determines that one of the droppers
has fallen and generates a warp stop signal S10. The
warp stop signal S10 is transmitted to the main controller
36 and the arithmetic unit 54.

[0033] If one of the selvage yarns 51 breaks in the
weaving operation, a selvage yarn sensor (not shown)
provided in the corresponding selvage device 52 detects
the breakage of the selvage yarn 51 and generates a
warp stop signal S11. The warp stop signal S11 is trans-
mitted to the main controller 36 and the arithmetic unit 54.
[0034] When the main controller 36 receives the warp
stop signal S10 or the warp stop signal S11, the main
controller 36 immediately stops the loom at a predeter-
mined angle, similar to the case in which the abnormality
regarding the weft yarn 4 occurs. In this case, the loom
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is stopped due to an abnormality regarding the warp
yarns 13 or the selvage yarns 51, and the cause of stop-
page of the loom corresponds to "warp stop" in Figs. 3
and 4, which will be described below. As described in
detail below, to display the status of loom stoppages in
a predetermined sampling period in a visually recogniz-
able manner, the arithmetic unit 54 individually accumu-
lates the number of times the loomis stopped in response
to the warp stop signal S10 and the number of times the
loom is stopped in response to the warp stop signal S11.
In addition, the arithmetic unit 54 calculates the sum of
the individually accumulated numbers of stoppages.
[0035] The control device 20 controls the loom in syn-
chronization with the rotation of the main shaft 33 of the
loom, displays the weft insertion condition, and performs
other necessary control operations. For this purpose, the
control device 20 includes the weft insertion controller
31, the main controller 36, the statistic calculation unit
38, a setting-and-display unit 41, and a weft-selection-
signal generator 42. An encoder 34 is connected to the
main shaft 33 to detect the rotational angle of the main
shaft 33. In the weaving operation, the encoder 34 gen-
erates a signal representing a rotational angle 6 of the
main shaft 33, and outputs the signal to the weft insertion
controller 31, the main controller 36, the weft-selection-
signal generator 42, and the statistic calculator 40.
[0036] The main controller 36 controls the main oper-
ation of the loom or the operation of stopping the loom
onthe basis of the signal representing the rotational angle
0 of the main shaft 33. The weft-selection-signal gener-
ator 42 determines the amount of rotation of the main
shaft 33 from the rotational angle 6 and generates a weft
selection signal S8 on the basis of the order of weft se-
lection set in advance. The weft-selection-signal gener-
ator 42 transmits the weft selection signal S8 to the weft
insertion controller 31, the statistic calculator 40, and the
arithmetic unit 54. The weftinsertion controller 31 selects
the weft yarn 4 corresponding to the weft selection signal
S8 and performs the weft insertion operation of the se-
lected weft yarn 4 in synchronization with the rotation of
the main shaft 33. The weft insertion operation is per-
formed by controlling the operations of the corresponding
measuring-and-storing device 5 and the corresponding
main nozzle unit 10 in the weft insertion device 1 and the
operation of the sub-nozzles 11 in accordance with the
rotational angle 6 suitable for the selected weft yarn 4.
[0037] The statistic calculator 40 calculates statistics
regarding the arrival times of the weft yarns 4 in each
sampling period on the basis of the arrival times detected
each time the weft yarns 4 are inserted. For this purpose,
the statistic calculator 40 counts the number of picks (the
number of times the weft insertion operation is per-
formed) each time the rotational angle 6 reaches a ref-
erence rotational angle (0°) on the basis of the signal
representing the rotational angle 6. In addition, the sta-
tistic calculator 40 detects the arrival angles of the weft
yarns 4, that is, the rotational angles 6 at the time when
the weft yarns 4 arrive, on the basis of the rotational an-
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glesBatwhichtheyarnsignal Slisinputin each sampling
period which includes a predetermined number of sam-
ples (predetermined number of picks). Then, the statistic
calculator 40 calculates the statistics of the weft arrival
times for each sampling period. The statistics of the weft
arrival times are calculated individually for each of the
types of yarnsin accordance with the weft selection signal
S8.

[0038] The thus-calculated statistics include an aver-
age of the weft arrival times at the weft arrival side (av-
erage of the rotational angles 6 at which the weft yarns
4 arrive) and one or more of a minimum value (rotational
angle 0 corresponding to the earliest weft arrival time),
a maximum value (rotational angle 6 corresponding to
the latest weft arrival time), and a standard deviation of
the weft arrival times. As described above, theses sta-
tistics are calculated for each of the types of yarns.
[0039] The difference between the maximum value
and the minimum value indicates the range of dispersion
of the weft arrival times, and the maximum and minimum
values indicate the actual values defining the range of
dispersion in each sampling period. Since the maximum
and minimum values are actual values, they are more
usefulin making adjustments for the loom than the stand-
ard deviation because the range of dispersion can be
recognized.

[0040] When the maximum and minimum values are
determined, ranges of variations in the maximum and
minimum values can be recognized. This is advanta-
geous in making adjustments for the loom, for example,
in changing the pressures of the weft insertion nozzles
(the main nozzle units 10 and the sub-nozzles 11). The
standard deviation is a numerical measure of dispersion,
and corresponds to the degree of dispersion, in other
words, the peak height of the binomial distribution. In
contrast, the average is calculated as the average of weft
arrival angles for a predetermined number of picks, for
example 1,000 picks, included in each sampling period.
A rough tendency of variation in the weft arrival angle
can be recognized from the average of the weft arrival
angles.

[0041] Asdescribed below with reference to Fig. 2, the
setting-and-display unit 41 functions as a display device
for displaying the statistics and information regarding the
causes of variations in the travelling motion of the weft
yarns 4. The setting-and-display unit 41 includes, for ex-
ample, a touch-panel setting input unit 37 for setting the
sampling number for each sampling period. In the proc-
ess of calculating the statistics, the sampling number for
each sampling period can be set by selecting one of a
plurality of sampling numbers displayed on a setting
screen of the setting-and-display unit 41.

[0042] Inasetting process performed before the weav-
ing operation, an operator selects a suitable sampling
number from the sampling numbers displayed on the set-
ting screen of the setting-and-display unit 41. Here, the
sampling number is the number of actually measured
weft arrival times based on which the statistics regarding
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the weft arrival times are calculated for each sampling
period. As in the example described below, when the
sampling number is set to 1,000 picks, the statistic cal-
culator 40 calculates the statistics for each sampling pe-
riod based on the actually measured weft arrival times
for 1,000 picks. A storage capacity for storing the statis-
tics is large enough to store at least the number of sta-
tistics corresponding to a single package of yarn supplier
3.

[0043] The statistic calculator 40 receives the weft se-
lection signal S8 from the weft-selection-signal generator
42 to calculate the statistics on the basis of data obtained
individually for each color of weft yarn. The statistic cal-
culator 40 calculates the average of the weft arrival times
and one or more of the maximum value of the weft arrival
times, the minimum value of the weft arrival times, and
the standard deviation of the weft arrival times for each
color of weftyarn. Then, the statistic calculator 40 outputs
a display data signal S9 for causing the setting-and-dis-
play unit 41 to display the calculated statistics.

[0044] The arithmetic unit 54 receives the weft-selec-
tion signal S8 to calculate the number of stoppages of
the loom for each color of weft yarn. The arithmetic unit
54 also receives the weft stop signals S2 and S3 and the
warp stop signals S10 and S11. The arithmetic unit 54
accumulates the number of stoppages of the loom for
each cause of stoppage in each sampling period, and
generates a display data signal S12 in accordance with
the result of the accumulation for each color of weft yarn.
The display data signal S12 is transmitted to the setting-
and-display unit 41 to display the numbers of stoppages
as a display of the occurrence status of loom stoppages.
[0045] As described above, the setting-and-display
unit 41 is provided to present a graphical display of the
statistics regarding the weft insertion operation and a dis-
play of variation cause information, that is, information
regarding the causes of variations in the travelling motion
of the weft yarns 4. The statistic calculation unit 38 (the
statistic calculator 40 and the arithmetic unit 54) receives
a command necessary for showing the graphical display
from the setting-and-display unit 41, and outputs the dis-
play data signals S9 and S12 to the setting-and-display
unit41. The setting-and-display unit 41 is capable of per-
forming two-way communication with the weft insertion
controller 31, the main controller 36, and the weft-selec-
tion-signal generator 42 to exchange data for setting con-
ditions of statistic calculation, data of statistics display
and variation cause information regarding the weft inser-
tion operation, and data for setting and changing the
weaving conditions. The setting-and-display unit 41 is
also capable of performing two-way communication with
the statistic calculator 40 and the arithmetic unit 54 to
exchange data regarding the graphical display of the sta-
tistics and other information.

[0046] The setting-and-display unit 41 receives the
display data signals S9 and S12 at the end of each sam-
pling period. On the basis of the data represented by the
display data signal S9, the setting-and-display unit 41
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stores the statistics which have been successively cal-
culated by the statistic calculator 40 during the weaving
operation in time series. Then, the setting-and-display
unit 41 graphically displays the stored statistics in time
series along the time axis on the display screen. In ad-
dition, on the basis of the data represented by the display
data signal S12, the setting-and-display unit 41 displays
the occurrence status of loom stoppages, that is, the
numbers of stoppages, in each sampling period in a vis-
ually recognizable manner on the same time axis as the
time axis on which the statistics are graphically displayed.
[0047] Fig. 2illustrates an example of the inner struc-
ture of the setting-and-display unit 41. Referring to Fig.
2, the setting-and-display unit 41 includes a storage unit
46, a touch-panel screen display unit 47, a port 48, and
a processor 49. The port 48 receives the display data
signal S9 used for displaying the statistics and the display
data signal S12 used for displaying the numbers of stop-
pages, and transmits and receives signals and data to
and from the external devices including the statistic cal-
culator 40 and the arithmetic unit 54 and the internal de-
vices including the screen display unit 47 and the proc-
essor 49.

[0048] The storage unit 46 is rewritable, and stores the
data regarding the statistics represented by the display
data signal S9 and the data regarding the numbers of
stoppages represented by the display data signal S12 in
association with the sampling numbers. The storage unit
46 stores a program for controlling the touch-panel
screen display unit 47, a program for graphically display-
ing the statistics and the number of stoppages, and other
necessary software.

[0049] The screen display unit 47 serves as a display
device. On the basis of the display data signal S9, the
screen display unit 47 graphically displays the statistics
in time series along the time axis on the display screen.
In addition, on the basis of the display data signal S12,
the screen display unit 47 displays the numbers of stop-
pages of the loom in each sampling period in a visually
recognizable manner on the same time axis as the time
axis for graphically displaying the statistics. A portion of
the display screen of the screen display unit 47 functions
as the touch-panel-type setting input unit 37, and the op-
erator can input display requests, various commands,
data regarding the sampling number, etc. by touching
the display screen. The data regarding the sampling
number is transmitted to the statistic calculator 40 and
the arithmetic unit 54 through the port 48.

[0050] The setting-and-display unit 41 has a first dis-
play function and a second display function. According
to the first display function, the setting-and-display unit
41 displays the statistics regarding the arrival times of
the weft yarns 4 and the variation cause information, that
is, information regarding the causes of variations in the
travelling motion of the weft yarns 4, on the same screen.
The variation cause information is displayed in a "oper-
ational information" section, as described in detail below
with reference to Figs. 3 and 4. In addition, according to
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the first display function, the occurrence status of loom
stoppages caused by the abnormality regarding the weft
yarns 4 and the occurrence status of loom stoppages
caused by the abnormality regarding the warp yarns 13
are individually displayed, as described below.

[0051] Inthe second display function, a section of the
display that corresponds to a time period designated on
the time axis is magnified and the occurrence status of
loom stoppages within the designated time period is dis-
played for each cause of loom stoppages. In addition, in
the second display function, a list of input history can be
shown on the same screen as the magnified display as
the information regarding changes in the settings of the
weaving conditions made in the designated time period.
[0052] The processor 49 includes a central processing
unit (CPU), that is, a microprocessor, and controls the
input/output operation of the port 48 in accordance with
predetermined software stored in the storage unit46. The
processor 49 also controls the screen display unit 47 and
reads the statistics and the numbers of stoppages of the
loom from the storage unit 46 in response to the requests
for the screen display input from the setting-and-display
unit 41. In addition, the processor 49 causes the screen
display unit 47 to show the graphical display of the sta-
tistics and the numbers of stoppages of the loom.
[0053] As described above, the statistic calculation
unit 38 and the setting-and-display unit 41 calculate the
statistics, accumulate the numbers of stoppages, store
the thus-obtained statistics and the numbers of stoppag-
es, and graphically displays the stored statistics and
numbers of stoppages in time series along the time axis
on the display screen. These functions may also be pro-
vided using a control computer included in the main con-
troller 36 or a dedicated computer, such as a microcom-
puter, by causing the computer to execute corresponding
software processes.

[0054] In the structure shown in Figs. 1 and 2, blocks
having the respective functions are separately provided.
However, the functions may be provided as a single block
by using a computer. In addition, the function of the con-
trol device 20 may also be provided as a program by
using acomputer. Thus, the functional block of the control
device 20 may be replaced by input/output means, stor-
age means, calculating (controlling) means, and display-
ing means of a computer.

[0055] Figs. 3 and 4 illustrate an example of a display
screen 61 for the statistics shown by the screen display
unit 47. The display screen 61 shown in Fig. 3 displays
the statistics, the numbers of stoppages, and the varia-
tion cause information in each sampling period of the
weaving process on a single screen. The graphical dis-
play of the statistics regarding the arrival times one of
the weft yarns 4 in time series along the time axis (here-
inafter referred to simply as "display regarding statistics")
is shown as a graph having a horizontal axis (X axis) and
a vertical axis (Y axis). The unit of the horizontal axis of
the graph is a single sampling period. The numbers on
the scale of the horizontal axis are the numbers of picks,
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which are proportional to the elapse oftime in the weaving
operation. Therefore, the horizontal axis can be regarded
as the time axis.

[0056] The sampling number (number of picks) corre-
sponding to each sampling period can be set by touching
one of selection buttons 43 for selecting "32", 100", and
"1000"ina display frame 57 which functions as the setting
input unit 37. In Figs. 3 and 4, a selection button 43 cor-
respondingto "1000"is shaded. This means that the sam-
pling number corresponding to each sampling period is
set to 1,000 picks.

[0057] The negative (-) signs on the horizontal axis in
Figs. 3 and 4 indicate that the time shown along the hor-
izontal axis is the past, that is, before the current time
point (0). Accordingly, the time point indicated as "-10"
on the horizontal axis is 10 sampling periods before the
current time point (0), that is, 10,000 picks before the
current time point since the number of picks can be cal-
culated as 10x 1,000 (sampling number) = 10,000. Thus,
the graph shows the weaving period in the past going
back from "0" to "-100" by 100 sampling periods along
the horizontal axis, and the total number of picks included
in the displayed period can be calculated as 100,000
picks. The displayed period can be shifted along the time
axis as necessary by touching scroll buttons 44 having
rectangular marks indicating the left and right directions.
[0058] The graph on the display screen 61 has two
vertical axes (Y axes) at the left and right sides. The ver-
tical axis at the left side shows the arrival time of one of
the weft yarns 4 in terms of rotational angle 6 (°). The
vertical axis at the right side shows the standard devia-
tion.

[0059] In the graph on the display screen 61, line A
graphically displays the average of the weft arrival times
(weft arrival angles) in each sampling period including
1,000 picks along the time axis using the angles (°) on
the scale of the vertical axis at the left side as references.
In addition, the discontinuous bars B graphically display
lines obtained by vertically connecting the maximum and
minimum weft arrival times (weft arrival angles) in each
sampling period including 1,000 picks along the time axis
using the angles (°) on the scale of the vertical axis at
the left side as references. In addition, line C shows the
standard deviation of the weft arrival times (weft arriving
angles) along the time axis using the values on the scale
of the vertical axis at the right side as references.
[0060] Yarn supplier marks 45 shown at the top of the
display screen 61 indicate yarn types, that is, colors C1
and C2 of the weft yarns 4, and the yarn type of the weft
yarn 4 for which the display is currently shown. In the
display screen 61, the yarn supplier mark 45 denoted by
"1" is shaded. This means that a display corresponding
to the color C1 is shown on the screen. In the case where
the loom is capable of performing multi-color weft inser-
tion, one of the types (colors) of weft yarns 4 can be
selected by touching the corresponding yarn supplier
mark 45 on the display screen 61, and accordingly the
display can be switched to the graph of weft arrival times
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for the selected yarn type. The screen display unit 47
may be capable of showing a color display in which the
lines and bars (A, B, and C) in the graph, the horizontal
axis and the vertical axes at the left and right sides, etc.
are displayed in different colors or in which the display
color is changed for each yarn type. In such a case, vis-
ibility can be improved.

[0061] Inthe example of the display screen 61 shown
in Figs. 3 and 4, the setting-and-display unit 41 graphi-
cally displays the occurrence status of loom stoppages
in a section above the graphical display regarding the
statistics in accordance with the first display function. As
the occurrence status of loom stoppages, the information
regarding "weft stops", which are stoppages of the loom
due to the abnormality regarding the selected weft yarn
4, and the information regarding "warp stops", which are
stoppages of the loom due to abnormality (breakage) of
thewarpyarns 13 or the selvage yarns 51, are graphically
displayed individually on the horizontal axis. In addition,
the variation cause information, which is the information
regarding the causes of variations in the travelling motion
of the weft yarn 4, is displayed in the "operational infor-
mation" section.

[0062] In the example shown in Figs. 3 and 4, the
number of stoppages of the loom is displayed for each
cause as the stoppage information such that it can be
visually checked whether the number of stoppages is
once or plural times, in other words, such that the number
of stoppages can be visually recognized. Although the
sum of the number of "weft stops" and the number of
"warp stops" (total number of stoppages) is not displayed
in the example of the display screen, it may also be dis-
played in a suitable display mode as necessary. In addi-
tion, it is not necessary that the number of "weft stops"
and the number "warp stops" be displayed individually,
and the display may also be such that only the sum of
the numbers is displayed.

[0063] Inthe display of "weft stop", the number of stop-
pages due to weft insertion failures in the weft insertion
operation can be displayed for each of the colors (types)
of weft yarnsin accordance with the selection of the color.
Thus, the number of stoppages can be checked for each
of the yarn types individually.

[0064] The display mode of the stoppage information
will be described in more detail. In the display screen 61,
each of the displays of "weft stop" and "warp stop" is
shown along an auxiliary axis which is parallel to the time
axis (X axis) for the graphical display of the statistics and
which has a scale corresponding to the scale on the time
axis. The number of stoppages that have occurred in
each sampling period (1,000 picks) is displayed for each
sampling period. The intervals between the points on the
scale of time (pick) on the auxiliary axis are the same as
the intervals between the points labeled -10, -20, -30, ...,
on the scale of time (pick) on the time axis. Therefore, it
can be said that the numbers of stoppages ("weft stop”
and "warp stop") are displayed on the same time axis as
the time axis for displaying the statistics. If, for example,

10

15

20

25

30

35

40

45

50

55

10

a space for displaying the information of loom stoppages
can be provided along the time axis (X axis) for the graph-
ical display, the numbers of stoppages may also be di-
rectly displayed in the space along the time axis (X axis)
instead of using the auxiliary axis parallel to the time axis
(X axis).

[0065] The display of "weft stop" shows the sum (total
number) of the number of times the weft stop signal S2
is output from the first weft feeler 21 and the number of
times the weft stop signal S3 is output from the second
weft feeler 22. As described above, the "weft stop” is a
stoppage of the loom caused by a wetft failure. However,
the "weft stop" may also include a stoppage of the loom
caused by breakage of a weft yarn to be supplied. In the
case where the breakage of a weft yarn to be supplied
is included, a yarn breakage sensor (not shown) is dis-
posed on each of the paths of the weft yarns 4 between
the yarn suppliers 3 and the measuring-and-storing de-
vices 5, and the number of times a signal is output from
each yarn breakage sensor is accumulated together with
the numbers of times the signals are output from the first
weft feeler 21 and the second weft feeler 22.

[0066] Inaddition, the display of "warp stop" shows the
sum (total number) of the number of times the warp stop
signal S10 is output from the dropper device 50 and the
number of times the warp stop signal S11 is output from
the selvage devices 52. The stoppage caused by a break-
age of the warp yarns (ground warp yarns) 13 is also
called a dropper stop. The stoppage caused by a break-
age of the selvage yarns (leno yarns) 51 is also called a
leno breakage stop. In a loom having catch cords, stop-
pages caused by a breakage of the catch cords are also
included in the "warp stop".

[0067] As described above, the setting-and-display
unit 41 displays the occurrence status of loom stoppages
in accordance with the first display function such that the
number of stoppages can be visually recognized. Accord-
ingly, if there is an abnormality in the statistics, it can be
easily determined whether or not the abnormality is due
to the stoppages of the loom. Further, the occurrence
status of loom stoppages (number of stoppages) caused
by the abnormality regarding the selected weft yarn 4
and the occurrence status of loom stoppages (number
of stoppages) caused by the abnormality regarding the
warp yarns 13 are individually displayed. Therefore, the
operator can accurately determine whether or not the
abnormality in the statistics is due to the stoppages of
the loom by taking into account the fact that the influence
of a stoppage of the loom on the statistics differs depend-
ing on the cause of the stoppage.

[0068] Inthe display mode of the stoppage information
shown in Figs. 3 and 4, the numbers of stoppages of the
loom in each sampling period are graphically shown in
the form of bars. As shownin an enlarged view of a circled
section provided for additional illustration in Fig. 3, the
number of stoppages can be visually recognized as the
number of line images in each bar, in other words, the
thickness of each bar. More specifically, in the case
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where the line-shaped graphical images are used as
shown in Fig. 3, if the loom is stopped twice or more, the
number of line images corresponding to the number of
stoppages are displayed next to each other along the
horizontal axis (X axis) without intervals therebetween,
so that a bar is formed. Therefore, the case in which the
loom is stopped twice or more can be visually distin-
guished from the case in which the loom is stopped once
since a bar with a larger thickness is displayed. The
above-mentioned line images, each of which corre-
sponds to a single stoppage, may also be disposed next
to each other with intervals therebetween in the case
where the loom is stopped twice or more. In such a case,
the number of stoppages can be recognized as the
number of line images.

[0069] Inthe example shown in Figs. 3 and 4, there is
a limit to the number of stoppages that can be displayed
within a display area for each sampling period on the
display screen 61. More specifically, the number of scale
units (dots) provided along the time axis for each sam-
pling period is three, and therefore the number of stop-
pages that can be displayed is limited to three. Therefore,
even if the loom is stopped four times or more, the display
of the number of stoppages is the same as that for the
case in which the loom is stopped three times. More spe-
cifically, the display area provided for each sampling pe-
riod (1,000 picks) includes three dots along the X axis
direction (direction of the time axis), and a graphical im-
age having a single dot in the direction of the horizontal
axis (X axis) and 17 dots in the direction of the vertical
axis (Y axis) is used as the display (line image) corre-
sponding to a single stoppage. Therefore, in the example
shown in Figs. 3 and 4, the maximum number of stop-
pages that can be displayed in the display area is three.
[0070] As described above, in the example shown in
Figs. 3 and 4, the number of stoppages that can be dis-
played is limited to three. This is because a situation
where the loom is stopped three times or more due to
the same cause (weft stop or warp stop) in a single sam-
pling period, which includes 1,000 picks at a maximum,
is originally abnormal and hardly occurs in an actual
weaving operation. Therefore, the above-mentioned lim-
itation does not cause any serious problem in practical
application.

[0071] Withregardto the display of the number of stop-
pages, block-shaped graphical images having the same
width as the width of a display area corresponding to a
single sampling period can be stacked in the Y-axis di-
rection so that the number of stoppages can be recog-
nized as the height of a bar-shaped image. Alternatively,
the number of stoppages may be displayed in the form
of a numerical character. In such a case, a large number
of stoppages can be displayed without reducing the dis-
play range along the time axis.

[0072] As described above, the display of the number
of stoppages may also be such that there is no limit to
the number of stoppages that can be displayed as in the
above-described case, and a large number of stoppages
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can be displayed. In such a case, the actual number of
stoppages of the loom can be directly displayed. Thus,
the display mode of the number of stoppages in a visually
recognizable manner includes both the display mode in
which the maximum number of stoppages that can be
displayed is limited and the display mode in which there
is no limit to the number of stoppages that can be dis-
played.

[0073] Withregard to the display of the variation cause
information in the display screen 61 shown in Figs. 3 and
4, a display section labeled "operational information" is
provided between the display section for the graph of the
statistics and the display section of "warp stop", and the
above-described variation cause information, that is, in-
formation regarding the causes of variations in the trav-
elling motion of the weft yarns 4, is displayed on this
display section. The display section labeled "operational
information" is provided along the auxiliary time axis
which is parallel to the time axis (horizontal axis), and
symbols "P", "R", and "W", which indicate the variation
cause information, are shown on the auxiliary time axis.
Meanings of the symbols can be checked by opening a
small window which displays an operational-information
legend screen 35 as shown in Fig. 4 by touching a legend
button 32 shown in Fig. 3.

[0074] Referring to the operational-information legend
screen 35, "P" (package sensor) shows the information
regarding a replacement of the yarn suppliers 3, and in-
dicates the time point at which any of the yarn suppliers
3 have been replaced in response to the detection signal
S4 from the corresponding package sensors 39. In ad-
dition, "R" (weft control reset) shows the information re-
garding a reset operation performed to return weft-inser-
tion operational conditions (for example, weft-insertion
start time) to initial values after the weft-insertion opera-
tional conditions are changed in accordance with the ar-
rival angles of each weft yarn 4 in a weft insertion control
operation. Thus, "R" indicates the time point at which the
weft-insertion operational conditions are returned to the
initial values. In addition, "W" (pattern change) indicates
the time point at which the shedding pattern of the warp
yarns 13 is changed as an example of the information
regarding changes in the weaving conditions.

[0075] The above-described weft insertion control op-
eration will now be described in detail. In general, many
looms have an automatic control function for maintaining
the arrival time of each weft yarn 4 constant by controlling
the weft-insertion operational conditions, such as the weft
insertion start time (time at which the stopper pins 8 are
removed and/or the ejection start time of the main nozzle
units 10) in accordance with the detected arrival angles
of the weft yarns 4. As described above, the arrival time
of each weft yarn 4 varies as the weaving operation
progresses and the winding diameter of the correspond-
ing yarn supplier 3 decreases. Therefore, in a loom hav-
ing the above-mentioned automatic control function, the
weft-insertion operational conditions are controlled in ac-
cordance with areduction inthe winding diameter of each
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yarn supplier 3.

[0076] When the weaving operation progresses and
the remaining amount of the weft yarn 4 on one of the
yarn suppliers 3 becomes equal to or less than a prede-
termined amount, or when the weft yarn 4 on one of the
yarn suppliers 3 is completely consumed, that yarn sup-
plier 3 is replaced by a new yarn supplier 3. In such a
case, the above-described weft-insertion operational
conditions, which have been changed by the automatic
control function, are returned to the initial values. This is
the reset operation of the weft insertion control (weft con-
trol reset).

[0077] The detection signal S4 from each package
sensor 39 is input to the main controller 36, and the main
controller 36 performs a loom stop control operation
when the detection signal S4 is input. Then, the corre-
sponding yarn supplier 3 is manually replaced with a new
yarn supplier 3 by the operator, or is automatically re-
placed with a new yarn supplier 3. Then, the main con-
troller 36 reactivates the loom and restarts the weaving
operation. In the loom in which the yarn supplier 3 is
manually replaced by the operator, the reset operation
for resetting the weft insertion start time, which has been
changed by the above-described automatic control func-
tion, to the initial value is performed when the operator
operates a reset button.

[0078] In the loom in which the yarn supplier 3 is au-
tomatically replaced, the detection signal S4 is input to
the weft insertion controller 31, and the reset operation
is performed in the weft insertion controller 31. The reset
operation for resetting the weft insertion start time is per-
formed when the detection signal S4 is generated by one
of the package sensors 39. Therefore, it can be consid-
ered that the detection signal S4 is included in the vari-
ation cause information, that s, the information regarding
the causes of variations in the travelling motion of the
weft yarn 4. The detection signal S4 is input not only to
the main controller 36 and the weft insertion controller
31 but also to the setting-and-display unit 41 as the var-
iation cause information.

[0079] As shown by the imaginary lines in Fig. 1, two
or more yarn suppliers 3 to be successively used may
be provided in a so-called pick-tailed state in which the
head and tail ends of the respective weft yarns 4 on the
yarn suppliers 3 are tied into a knot so that the weft yarns
4 can be continuously supplied. In such a case, a pick-
tail sensor (joint sensor) 39a is placed between the ad-
jacentyarn suppliers 3 in the pick-tailed state and is used
in place of the package sensor 39. The detection signal
obtained by the pick-tail sensor 39a is supplied to the
main controller 36, etc., instead of the detection signal
S4 from the package sensors 39 as the signal indicating
the replacement of the corresponding yarn supplier 3.
[0080] The variation cause information is not limited to
those shown in Figs. 3 and 4, and symbols indicating
other information regarding changes in the weaving con-
ditions, such as the weft insertion pattern, the weft den-
sity, the rotational speed of the loom, etc., may also be
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displayed. The symbols displayed as the variation cause
information are not limited to the alphabets as shown in
Figs. 3 and 4, and may also be other kinds of symbols
or character strings which can be recognized. The sym-
bols of the variation cause information may also be dis-
played on a magnified display screen 62 shown in Figs.
5 and 6, which will be described below. In Figs. 3 and 4,
the statistics display and the display of the variation cause
information are both shown on the same display screen
61. Alternatively, however, the statistics display may be
shown on the display screen 61 and the display of the
variation cause information may be shown on the oper-
ational-information legend screen 35 shown in an addi-
tional window that is displayed on the display screen 61.
Also in this case, it can be said that the statistics display
and the display of the variation cause information are
shown on the same screen.

[0081] Figs. 5 to 7 show examples of the magnified
display screen 62 corresponding to a specific range in
the display screen 61. The magnified display screen 62
is displayed by the second display function provided by
the setting-and-display unit 41. When the operator des-
ignates a certain time period onthe time axisinthe display
screen 61 shown in Figs. 3 and 4, the setting-and-display
unit 41 executes the second display function. According
to the second display function, a magnified display of the
statistics of the arrival times and the number of stoppages
for the designated time period is shown in the magnified
display screen 62, as shownin Figs. 5to 7. Inthe example
shown Figs. 5 to 7, the variation cause information, that
is, the information regarding the causes of variations in
the travelling motion of the weft yarn 4 is not displayed
on the magnified display screen 62. However, the varia-
tion cause information may also be displayed on the mag-
nified display screen 62.

[0082] Inthe examples shown in Figs. 5to 7, the mag-
nified display screen 62 is shown so as to replace the
previous display screen 61. However, the magnified dis-
play screen 62 may also be shown so as to overlap the
previous display screen 61 instead of replacing the pre-
vious display screen 61, or be shown next to the previous
display screen 61 in a split screen. In the magnified dis-
play, the number of stoppages, which represents the oc-
currence status of loom stoppages, is displayed for each
cause of stoppage, that is, for each kind of detector (sen-
sor) which detects the cause of stoppage. The time period
for which the magnified displayed is shown in Figs. 5 to
7 is simply an example, and more detailed display can
be obtained if the time period to be shown is reduced and
intervals between the points on the scale along the X-
axis direction are increased. The magnified display
screen 62 shown in Fig. 5 can be closed by touching a
close button 55 in the lower right section. Accordingly,
the display screen 61 shown in Fig. 3 reappears.
[0083] As described above, the screen display unit 47
is of a touch panel type, and serves also as the setting
input unit 37. Therefore, the operator can set the time
period for which the magnified display is to be shown by
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touching the display screen 61 at a certain position. In
this case, the portion of the display screen 61 touched
by the operator functions as the setting input unit 37.
More specifically, when the operator touches the screen
at a middle section of the time period on the time axis for
which the magnified display is to be shown, a time point
corresponding to the position at which the screen is
touched is designated. Then, the magnified display is
shown for a time period including predetermined periods
before and after the designated time point.

[0084] However, itis not necessary thatthe time period
for which the magnified display is to be shown be set by
designating a middle point of the time period as a refer-
ence time point. For example, the time period for which
the magnified display is to be shown may also be set by
designating a start point or an end point of the time period
as a reference time point. In addition, instead of setting
the time period for which the magnified display is to be
shown on the basis of a single designated time point and
a predetermined period, the time period may be set by
designating two time points as the start point and the end
point. In addition, it is not necessary that the time points
(the middle point, the start point, and the end point) on
the basis of which the time period is set be designated
by touching the touch-panel display screen, and the time
points may also be designated (set) by inputting numer-
ical values, such as pick numbers.

[0085] Here, the above-described designating opera-
tion (period setting operation) for setting the time period
serves also as an operation for showing the magnified
display. In other words, the magnified display is automat-
ically shown when the period setting operation is per-
formed. However, the period setting operation and the
magnified-display showing operation may also be per-
formed individually. In addition, in the magnified-display
showing operation, the operator may be allowed to arbi-
trarily set the magpnification ratio.

[0086] The time period for which the magnified display
is to be shown may be set on the basis of the time point
arbitrarily set by the operator. More specifically, the time
period is not limited to the time period that can be arbi-
trarily set by the operator. Instead, a specific time period,
for example, a predetermined period before the current
time point can be set on the basis of a set value (time
point in the past or number of picks to go back from the
current time point) in the setting-and-display unit 41 in
advance. In this case, when the magnified-display show-
ing operation is performed without performing the period
setting operation, the magnified display for the set time
period is shown. Thus, the magnified-display showing
operation serves also as the period setting operation.
[0087] InFig.5, when alegend button 53 labeled "leg-
end" in an upper right section of the magnified display
screen 62 is touched by the operator, a small window for
showing the legend is displayed on the same screen, as
shown in Fig. 6. Then, a legend screen 58 on which re-
quired information is shown is displayed in the small win-
dow. More specifically, the legend screen 58 includes a
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display frame 59 for the number of stoppages which
shows the relationship between display patterns with
which the numbers of stoppages are displayed in differ-
ent ways and the causes of stoppages.

[0088] In the example shown in Fig. 6, the causes of
stoppages are indicated by the names (HI feeler, H2 feel-
er, dropper, and leno) of detectors (sensors) used for
detecting the causes of stoppages. The H1 feeler corre-
sponds to the first weft feeler 21 and the sensor 24, and
stoppages of the loom caused in response to the detec-
tion result obtained by the H1 feeler are also called H1
stops. In addition, the H2 feeler corresponds to the sec-
ond weft feeler 22 and the sensor 25, and stoppages of
the loom caused in response to the detection result ob-
tained by the H2 feeler are also called H2 stops.

[0089] The legend screen 58 also includes a display
frame 60 for the arrival angle showing the relationships
between the kinds of lines and bars used in the graphical
display of the statistics regarding the arrival angles and
the data including the maximum and minimum values,
the average, and the standard deviation. In Fig. 6, the
legend screen 58 can be closed by touching a close but-
ton 56 in the lower right section.

[0090] Thus, the magnified display for the time period
designated on the time axis can be shown and the oc-
currence status of stoppages of the loom can be dis-
played for each of the causes of stoppages individually.
Therefore, the operator can easily visually check whether
or not there is an abnormality in the statistics and deter-
mine the cause of the abnormality in consideration of the
causes of stoppages. Therefore, accurate determination
can be performed.

[0091] Ifthe operator can easily determine that the ab-
normality in the statistics is due to stoppages of the loom
after checking the display contents, it can be determined
that the abnormality does not largely affect the future
weaving operation and the abnormality can be ignored.
In contrast, if there is an abnormality in the statistics in a
certain sampling period but the number of stoppages of
the loom is not so large as to affect the statistics, it can
be determined that the cause of the abnormality is not
stoppages of the loom. In such a case, it can be assumed
that the abnormality is due to an abnormality in the weft
yarns 4 or the device. Thus, according to the above-de-
scribed display, it can be easily determined whether or
not the abnormality in the statistics is caused by the stop-
pages of the loom, and accordingly the cause of the ab-
normality can be determined in a short time.

[0092] Fig. 7 shows an example in which the informa-
tion regarding changes in the set values of the weaving
conditions (in particular, the weft-insertion operational
conditions) is displayed as the above-described "input
history". When the operator touches an input history but-
ton 63 in an upper right section of the magnified display
screen 62 shown in Fig. 5, a small window for showing
the input history is displayed on the same screen, as
shown in Fig. 7. Then, the "input history" regarding
changes in the set values of the weaving conditions is



25 EP 2 166 140 A2

displayed on an input-history display screen 64 shown
in the smallwindow (weft-insertion operational conditions
are shown as an example in Fig. 7). In the display screen
64, information regarding changes in the set values of
the weft-insertion operational conditions made by the op-
erator in the time period for which the magnified display
is shown is displayed in order of age such that the oldest
information is at the bottom. As described below, in the
display of the information regarding changes in the set
values of the weft-insertion operational conditions (here-
inafter referred to as information of changes in the set-
tings), the processes of showing the magnified display
and designating the time period are not essential, and
are performed as necessary.

[0093] When, for example, each sampling period in-
cludes 1,000 picks as shown at the bottom of the screen
in Fig. 5, a time period for which the magnified display
for the weft yarn 4 of color C1 is shown in Fig. 7 corre-
sponds to a time period between the current time point
and 11 sampling periods before the current time point,
that is, a time period in which 11,000 picks of the weft
yarn 4 of color C1 are inserted. In the case where, for
example, four types of weft yarns 4 are evenly selected
and inserted, the above-mentioned time period corre-
sponds to a weaving time period of the loom in which
44,000 picks of weftyarns 4 are inserted. The information
of changes in the settings of the weft-insertion operation-
al conditions included in the displayed input history is the
information showing changesin the setvalues of the weft-
insertion operational conditions made in a weaving time
period of the loom in which 11,000 picks of the weft yarn
4 of color C1 are inserted.

[0094] Inthe example shownin Fig. 7, the input-history
display screen 64 is displayed in a window different from
the display screen 62 which shows the statistics, and is
placed on the magnified display screen 62. Thus, in the
example shown in Fig. 7, an additional window is opened
on the magnified display screen 62 shown in Fig. 5, and
the input history is shown on the display screen 64 in the
additional window as the information of changes in the
settings of the weft-insertion operational conditions. Also
in this display mode, it can be said that the statistics and
the input history are displayed on the same screen. In-
stead of placing the display screen 64 which shows the
input history on the magnified display screen 62 as de-
scribed above, the display screen 64 may also be dis-
played next to the magnified display screen 62 on the
same screen. In addition, a time period may be desig-
nated on the display screen 61 shown in Fig. 3 or 4, and
the input history in the designated time period may be
displayed on the same screen as the display screen 61.
[0095] In the input-history display screen 64, a button
23 is used to scroll the screen which is being displayed,
and is operated to scroll the screen downward. In addi-
tion, a close button 65 is used to close the window of the
input-history display screen 64 and display only the pre-
vious display screen 62 again.

[0096] The items displayed in the example of the dis-
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play regarding the input history shown in Fig. 7 will now
be described. In the display screen 64, "SUB 1", "AUX-
ILIARY MAIN", "MAIN", and "RETAINING PIN" respec-
tively correspond to the sub-nozzles 11 of the first group,
the auxiliary main nozzles 10a, the primary main nozzles
10b, and the stopper pins 8, which are the devices for
which the settings have been changed. The groups of
sub-nozzles 11 include the first group, the second

group, ..., in order from the group closest to the main
nozzle units 10.
[0097] Inthedisplay,"C1"and"C2" correspondto color

1 and color 2, respectively, and show the type of the weft
yarn 4 for which the setting value is changed among the
plurality of types of weft yarns 4 inserted by the multi-
color weft insertion device 1. In the case where three or
more main nozzle units 10 are used in the weft insertion
operation (including the case where the weft yarns 4 of
the same type are inserted from two or more of the main
nozzle units 10), "C3", "C4", ... are also displayed.
[0098] In addition, "ON" and "OFF" show the ejection
start time and the ejection end time, respectively, for the
nozzles (the main nozzle units 10 and the sub-nozzles
11) used in the weft insertion operation. For the stopper
pins 8, "ON" shows the time at which the stopper pin 8
corresponding to the selected weft yarn 4 is moved away
from the drum 7 to set the weft yarn 4 in the releasable
state and "OFF" shows the time at which the stopper pin
8 is moved toward the drum 7 to retain the weft yarn 4.
[0099] In addition, the numerals in "65 — 70", "185 -
190", etc., show the rotational angles 6 (crank angles) of
the main shaft 33 of the loom. More specifically, "65 —
70" and "185 - 190" show the cases in which the set
value is changed from 65° to 70° and from 185° to 190°,
respectively, in terms of crank angle.

[0100] In addition, [-2], [-6], etc., at the rightmost posi-
tion show the times at which the changes in the settings
have been made. More specifically, [-2] shows that the
corresponding change has been made two sampling pe-
riods before the current time. In the case where the in-
formation of a plurality of changes is displayed in a his-
torical format, it is necessary to allow the operator to rec-
ognize the time points at which the changes have been
made. Therefore, the information of changes in the weft-
insertion operational conditions shown in Fig. 7 includes
not only the devices for which the set values have been
changed and the changes in the set values but also the
information (time information) regarding the periods in
which the changes have been made or the times at which
the changes have been made.

[0101] According to the above-described definitions,
"SUB 1 C1 ON 65 - 70 [-2]", for example, means that
the ejection start time for the first group of sub-nozzles
11 in the weft insertion operation of the weft yarn 4 of
color 1 has been changed from 65° to 70° in terms of
crank angle in a sampling period that is two sampling
periods before the current time in the statistics regarding
color 1.

[0102] In the display of input history shown in Fig. 7,
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the information of changes in the settings of the weft-
insertion operational conditions for different types of weft
yarns 4 is shown together instead of showing the infor-
mation regarding each type of weft yarn 4 individually.
Thus, all of the information regarding the changes in the
set values of the weft-insertion operational conditions
made in the above-described period is displayed as the
history. The input history to be displayed is not limited to
the information of changes in the set values of the weft-
insertion operational conditions for the weft insertion op-
eration of the weft yarn 4 for which the statistics are being
displayed, and may also include the information of chang-
es in the weft-insertion operational conditions for the weft
insertion operation of other types of weft yarns 4. In ad-
dition, as described below, the input history to be dis-
played may also include the information of changes in
the settings of the weaving conditions other than the con-
ditions regarding the weft insertion operation (weft-inser-
tion operational conditions).

[0103] However, if the information of changes in the
set values of the weaving conditions which are irrelevant
to the displayed statistics is displayed on the input history
display screen 64, there is a risk that the operator will
make a wrong decision based on the displayed informa-
tion. For example, in the case where an abnormality is
found in the display of statistics regarding the weft yarn
4 of color C1 and the input history is displayed accord-
ingly, the operator desires to check only the information
of changes in the weft-insertion operational conditions
for the weft insertion operation of the weft yarn 4 of color
C1. However, if many other kinds of information of chang-
es are displayed on the same display screen, it may take
a long time for the operator to check the desired infor-
mation. In addition, in the case where the weft-insertion
operational conditions for the weft insertion operation of
another type of weft yarn 4 have been changed in the
sampling period in which the abnormality has occurred
in the statistics, there is arisk that the operator willwrong-
ly recognize that the information of changes is the infor-
mation regarding the weft yarn 4 of color C1. To prevent
this, the information of changes in the settings of the
weaving conditions which is to be displayed as the input
history may be limited to the information corresponding
to the weft insertion operation of the weft yarn 4 for which
the statistics are being displayed. Alternatively, the dis-
play of information of changes in the set values of the
weaving conditions for the weft insertion operation of oth-
er types of weft yarns 4 may be prohibited. In addition,
to reduce the number of displayed items, specific weav-
ing conditions (for example, the ejection times of the main
nozzle units 10 and the sub-nozzles 11) may be desig-
nated and the input history including only the information
of changes in the set values of the designated weaving
conditions may be displayed.

[0104] According to the above-described embodi-
ment, if there is an abnormality in the statistics (the av-
erage, the maximum and minimum values, and the stand-
ard deviation) regarding the arrival times (arrival angles)
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of the weft yarns 4 shown on the display screen 61 in
Fig. 3 in the weaving operation, the operator can check
the status and location of the abnormality from the ab-
normal graph characteristics (line A which shows the av-
erage value, discontinuous bars B which each connect
the maximum and minimum values to each other, and
line C which shows the standard deviation) on the time
axis in the display screen 61. In addition, the operator
can check the variation cause information, that is, the
information regarding the causes of variations in the trav-
elling motion of the weft yarn 4 by referring to the section
of the operational information on the same screen, that
is, by checking the absence or presence of the symbols
"P" (package sensor), "R" (weft control reset), and "W"
(pattern change). Then, the operator compares the ab-
sence or presence of the above-mentioned symbols with
the status and location of the abnormality on the time axis.
[0105] Onthe basis of the comparison on the time axis,
it can be easily determined whether or not the cause of
the abnormality in the statistics corresponds to the infor-
mation of "P" (package sensor), "R" (weft control reset),
or "W" (pattern change). Thus, not only the statistics re-
garding the arrival times (arrival angles) of the weft yarns
4 but also the variation cause information can be checked
onthetime axis of the same display screen 61. Therefore,
the causal relation of the abnormality in the statistics can
be easily checked visually on the display screen 61, and
it is not necessary to perform a cumbersome process of
checking various probable causes.

[0106] In particular, the travelling motion of the weft
yarns 4 tends to vary when the respective yarn suppliers
3 are replaced by new yarn suppliers or when the weft-
insertion operational conditions (for example, weft inser-
tion start time) are changed. The causes of the variations
in the travelling motion of the weft yarns 4 and the graph-
ical display of the statistics regarding the arrival times
can be compared with each other in time series on the
time axis. Therefore, the relationship between them can
be visually recognized and the causal relation can be
easily determined in a short time.

[0107] If the relationship cannot be sufficiently deter-
mined by the comparison on the time axis, the operator
can designate a time period on the display screen 61 and
display the magnified display screen 62 corresponding
to certain sampling periods as shown in Fig. 5. Then, the
time point at which the abnormality has occurred can be
checked on the magnified display screen 62. In addition,
the operator can also touch the legend button 53 or the
input history button 63 as necessary to display the legend
screen 58 or the input-history display screen 64 and
check the loom stoppage information (weft stop and warp
stop) or the information of input history (changes in weft-
insertion operational conditions) on the respective
screens.

[0108] Ifthereisanabnormality in the statistics regard-
ing the arrival angles of the weft yarns 4 and it is deter-
mined that the set values of the weft-insertion operational
conditions of the weft yarns 4 have been changed in the
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sampling period in which the abnormality has occurred,
the operator can assume that there has been a problem
in the operation of changing the set values (in the newly
set values) from the above-described information. In par-
ticular, there may be a case in which there are no other
factors, such as loom stoppages which can be checked
from the above-described display of the status of loom
stoppages or the variation cause information including
the information of replacements of the weft yarns 4 (yarn
suppliers 3) or resetting of the weft-insertion operational
conditions (for example, weft insertion start time), which
may cause the abnormality. In such a case, the operator
can assume from the information of input history that,
instead of the causes shown by the above-described var-
iation cause information, the changes in the set values
ofthe weaving conditions (weft-insertion operational con-
ditions) made by the operator are most likely the cause
of the abnormality. Therefore, the operator can check the
input-history display screen 64 as necessary and deter-
mine the cause of the abnormality.

[0109] As described above, according to the example
shown in the figure, the loom stoppage information (weft
stop and warp stop) is displayed in addition to the statis-
tics regarding the arrival times (arrival angles) of the weft
yarn 4 and the variation cause information. In addition,
the input history (weft-insertion operational conditions)
can also be visually checked as necessary. Therefore,
the cause of the abnormality in the statistics can be com-
prehensively determined on the basis of the variation
cause information, the loom stoppage information, and
the input history in time series.

[0110] The display mode of the input history described
in the above-described embodiment may also be modi-
fied as follows.

[0111] That is, in the above-described embodiment,
the time period for which the magnified display is to be
shown is set, and the input history corresponding to the
set time period is shown. Alternatively, however, an ar-
bitrarily time point may be designated on the time axis
and a set number of changes in the settings may be dis-
played as the input history in order from the change made
at a time point closest to the designated time point. In
this case; the changes in the settings to be displayed
may be limited to those made before the designated time
point. Alternatively, a set number of changes made at
times before and after the designated time point may be
displayed as the input history.

[0112] With regard to the designation of the time peri-
od, in the example shown in the figures, the time period
is designated using the current time point as the origin.
However, an arbitrarily time period in the past can be
designated and the input history for the designated time
period can be displayed. In addition, the process of des-
ignating the time period or the specific time point can be
omitted. Instead, a predetermined time period before the
currenttime point or a predetermined number of changes
made before the current time point may be displayed as
the input history in response to an operation of a history
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display button.

[0113] In addition, in the display of the input history,
only the information regarding changes in the set values
of the weaving conditions in the weft insertion operation
are shown as the input history. However, as other kinds
of weaving conditions, information regarding changes in
the settings of the weft insertion pattern, the warp shed-
ding pattern, the weft density, the rotational speed of the
loom, etc., may also be displayed on the input-history
display screen 64. Thus, in the information regarding the
causes of variations in the travelling motion of the weft
yarns according to the present invention, the information
which is included in the information regarding changes
in the weaving conditions and which relates to the chang-
es in the settings made by the operator can be displayed
as the input history.

[0114] Inthe above-described display of the input his-
tory, the information of changes in the settings to be dis-
played as the input history for the designated time period
includes the information (time information) regarding the
time points at which the changes in the settings have
been made or the sampling periods in which the changes
in the settings have been made. However, in the case
where the designated time period is harrow, for example,
in the case where a single sampling period is designated,
the time information may be omitted. In addition, the in-
formation regarding the newly set values may be omitted,
and only the information showing the weaving conditions
which have been changed and the times at which the
weaving conditions have been changed may be dis-
played. In such a case, the detailed information (set val-
ues, detailed times, operators who have made the chang-
es, etc.) may be displayed on another display screen.
[0115] The present invention is not limited to air jet
looms, and may also be applied to water jet looms. In
addition, the present invention is not limited to fluid jet
looms, and may also be applied to other shuttleless
looms, such as rapier looms.

Claims

1. Aweft-insertion-condition display method for a loom
which includes a display device and in which a weft
arrival time is detected each time a weft insertion
operation is performed, the display device calculat-
ing statistics regarding the weft arrival times for each
of predetermined sampling periods on the basis of
the detected weft arrival times, storing the statistics
that are sequentially calculated during a weaving op-
eration in time series, and graphically displaying the
stored statistics in time series along a time axis,
wherein the weft-insertion-condition display method
is characterized by comprising the step of:

displaying information regarding a cause of var-
iation in a travelling motion of a weft yarn on the
same screen as a display screen on which the
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statistics are displayed.

The weft-insertion-condition display method accord-
ing to claim 1, wherein the information includes in-
formationregarding areplacementof ayarn supplier.

The weft-insertion-condition display method accord-
ing to claim 1, wherein the loom performs a weft in-
sertion control operation for changing a weft-inser-
tion operational condition in accordance with weft
arrival angles, and wherein the information includes
information regarding a reset operation for resetting
the weft-insertion operational condition to an initial
value after the weft-insertion operational condition
is changed.

The weft-insertion-condition display method accord-
ing to claim 1, wherein the information includes in-
formation regarding a change in a weaving condition
other than the information described in claims 2 and
3.
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FIG. 2
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FIG. 3
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FIG. 4
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