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(54) WEFT TRAVELING CONDITION DETECTION APPARATUS IN AIR JET LOOM

(67) A weft traveling condition detection apparatus
in an air jet loom detects a traveling condition of a weft
yarn that is inserted through a weft passage by air injec-
tion of a main nozzle and a sub-nozzle. The apparatus
includes a balloon sensor, and a first weft sensor, and a
comparison processer determining a time difference.
The apparatus includes a first memory storing data of
values representing the time difference relative to an in-

jection pressure of the sub-nozzle, a second weft sensor,
and an averaging processor averaging an integrated volt-
age for different injection pressure of the sub-nozzle to
determine the average of the integral value, a second
memory storing data of values representing the average
of integral value relative to the injection pressure, and a
display on which the data of values stored in the first and
second memories are indicated in one chart.
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Description
BACKGROUND OF THE INVENTION

[0001] The presentinvention relates to a weft traveling
condition detection apparatus in an air jet loom and more
specifically to an apparatus that detects the traveling con-
dition of a weft yarn in an air jet loom in which weft inser-
tion through a weft passage is accomplished by means
of air jet issued from a main nozzle and a sub-nozzle.
[0002] Inan airjetloom, weftinsertion is greatly affect-
ed by the setting of air pressure. Japanese Patent Appli-
cation Publications H04-241135 and 2016-186144 dis-
close a device for controlling weft insertion air pressure
in an air jet loom which permits reducing unnecessary
air consumption while preventing loosening of a weft yarn
and insertion failure.

[0003] Inthe pressure control device of the Publication
HO04-241135, weft release end timing at the weft meas-
uring and storing device of the loom and weft leading end
arrival timing are determined and the injection pressure
of a main nozzle is controlled based on the weft leading
end arrival timing. In addition, the injection pressure of
the main nozzle and the injection pressure the sub-nozzle
are controlled based on the time difference between the
weft leading end arrival timing and the weft release end
timing. Specifically, when the time difference between
the weft leading end arrival timing and the weft release
end timing is greater than a target value, the injection
pressure of the sub-nozzle is increased. When the time
difference between the weft leading end arrival timing
and the weft release end timing is smaller than the target
value, the injection pressure of the sub-nozzle is reduced.
[0004] Inthe pressure control device of the Publication
2016-186144, aweftyarn sensoris disposed ata position
on the side of a reed passage (weft passage) that is ad-
jacent to the main nozzle, and a fully-stretched timing of
the weft yarn is estimated based on the output signal
generated by the weft yarn sensor. Specifically, the pres-
sure control device performs the integration of the output
voltage for each weftinsertion and calculates the average
of voltage for a plurality times of weft insertion for each
different injection pressure of the sub-nozzle. The rela-
tionship between the injection pressure of the sub nozzle
and the average of voltage is determined, and subse-
quently, a linear approximation is derived from the rela-
tionship between the injection pressure of the sub-nozzle
and the weft yarn stretch timing, which is grasped by
stroboscopic observation, and the above relationship be-
tween the injection pressure of the sub-nozzle and the
average of voltage, thus the weft yarn stretch timing being
estimated.

[0005] When a weft yarn stored in the weft measuring
and storing device is released therefrom and is traveling
through the reed passage (weft passage) by air injection
of the main nozzle and the sub-nozzle, part of the weft
yarn that is opposite from the leading end thereof tends
to be loose in a waved shape before the leading end of
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the weft yarn arrives at a specified position corresponding
to the end of the weft insertion. The weft yarn is stretched
taut at a timing close to the end of the weft insertion.
[0006] In determining the optimal injection pressure of
the sub-nozzle during the weft insertion, the point of
change in the time difference between the timing TW at
which the leading end of a weftyarn arrives atthe terminal
end of the weft insertion range and the timing TBW at
which a release of the weft yarn is completed at the weft
measuring and storing device (or TW-TBW) may be used
as areference for the determination. In the pressure con-
trol device of the Publication 2016-186144, the optimum
injection pressure of the sub-nozzle is determined using
the relationship between the integral value and the injec-
tion pressure of the sub-nozzle.

[0007] The optimum injection pressure that is deter-
mined based on the variation point in the integral value
according to the pressure control device of the Publica-
tion 2016-186144 is generally consistent with the opti-
mum injection pressure that is determined based on the
variation point of change in the time difference between
the timing TW and the timing TBW. However, the opti-
mum injection pressure thus obtained merely provides
the lower limit of the injection pressure, the injection pres-
sure below which may cause loosening of the weft yarn.
Because it is unclear that how much allowance with re-
spect to the lower limit of the injection pressure is needed
to carry out the weft insertion efficiently, it is difficult to
determine the injection pressure of the sub-nozzle with
such lower limit.

[0008] The presentinvention, which has been made in
light of the above-described problems, is directed to pro-
viding a weft traveling condition detection apparatus in
an air jetloom that permit determining an optimum injec-
tion pressure of a sub-nozzle easily.

SUMMARY OF THE INVENTION

[0009] In accordance with an aspect of the present in-
vention, there is provided a weft traveling condition de-
tection apparatus of an air jetloom, wherein the weft trav-
elling condition detection apparatus is configured to de-
tect a traveling condition of a weft yarn that is inserted
through a weft passage by air injection of a main nozzle
and a sub-nozzle including a balloon sensor, a first weft
sensor, a comparison processer, a first memory, a sec-
ond weft sensor, an averaging processor, a second mem-
ory, and a display. The balloon sensor detects a release
of the weft yarn from a weft measuring and storing device
and generates a weft release signal. The first weft sensor
is disposed at a position on the side of the weft passage
that is opposite from the main nozzle with respect to a
center of aweaving width of the airjetloom and generates
a weft detection signal. The comparison processer de-
termines a time difference based on a comparison be-
tween a weft release timing obtained from the weft re-
lease signal generated by the balloon sensor and a weft
sensor arrival timing obtained from the weft detection sig-
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nal generated by the first weft sensor. The first memory
stores data of values representing the time difference
relative to an injection pressure of the sub-nozzle and
including a first boundary pressure, wherein the first
boundary pressure separates a variable region where
the time difference varies with a change of the injection
pressure of the sub-nozzle from a stabilized region where
the time difference remains stable with a change of the
injection pressure of the sub-nozzle. The second weft
sensor is disposed at a position within the weaving width
and on the side of the weft passage that is adjacent to
the main nozzle with respect to the center of the weaving
width and generates a weft detection signal for each weft
insertion. The averaging processor averages an integrat-
ed voltage for a plurality of times of weft insertion to de-
termine an average of integral value for different injection
pressure of the sub-nozzle, wherein the integrated volt-
age is obtained by integration of an output voltage of the
weft detection signal generated by the second weft sen-
sor. The second memory stores data of values repre-
senting the average of integral value relative to the injec-
tion pressure of sub-nozzle and including a second
boundary pressure, wherein the second boundary pres-
sure separates a variable region where the average of
the integral value varies with a change of the injection
pressure of the sub-nozzle from a stabilized region where
the average of integral value remains stable with a
change of the injection pressure of the sub-nozzle. The
display shows a chart on which the data of values stored
in the first memory and the data of values stored in the
second memory are indicated in one chart.

[0010] Other aspects and advantages of the invention
will become apparent from the following description, tak-
en in conjunction with the accompanying drawings, illus-
trating by way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The invention together with objects and advan-
tages thereof, may best be understood by reference to
the following description of the embodiments together
with the accompanying drawings in which:

FIG. 1 is a schematic view of a weft insertion appa-
ratus of an air jet loom having a weft traveling con-
dition detection apparatus according to an embodi-
ment of the present invention;

FIG. 2 is a schematic diagram showing positions of
an end sensor and a first weft sensor along a line (a)
and various timings along a line (b) with respect to
the weaving width of the weft insertion apparatus of
FIG. 1;

FIG. 3 is a line chart showing a relationship between
injection pressure of sub-nozzle and the time differ-
ence between the weft sensor arrival timing and the
weft release timing;
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FIG. 4 is a chart showing a wave form of output volt-
age of a weft detection signal of a second weft sen-
sor;

FIG. 5is aline chart showing a relationship between
the injection pressure of the sub-nozzle and the av-
erage of integral value; and

FIG. 6 is a chart shown on a display device in which
a first curve and a second curve are shown.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0012] The following will describe an embodiment of
the present invention with reference to FIGS. 1 through
6. In the description of the present embodiment, the term
"upstream" and "downstream" will be used to indicate
directions with respect to the moving direction of a weft
yarn being inserted through a warp shed, or weftinsertion
direction.

[0013] Referringto FIG. 1, there is shown a weft inser-
tion apparatus 10 of an air jet loom including a weft in-
sertionnozzle 11,ayarn supply package 12, aweft meas-
uring and storing device 13, areed 14, a plurality of sub-
nozzles 15 and a control device 16. The control device
16 is equipped with a display device 16a having display
and input functions.

[0014] The yarn supply package 12 is disposed up-
stream of the weft insertion nozzle 11. With the rotation
of a winding arm (not shown) of the weft measuring and
storing device 13, a weft yarn Y is pulled out from the
yarn supply package 12 and wound around a storage
drum 17 to be stored on the storage drum 17.

[0015] The weft measuring and storing device 13 has
a weft stop pin 18 and a balloon sensor 19 that detects
arelease of a weft yarn Y from the weft measuring and
storing device 13. The weft stop pin 18 and the balloon
sensor 19 are arranged at positions around the storage
drum 17, and the balloon sensor 19 is disposed in side-
by-side relation to the weft stop pin 18 on the weft releas-
ing side of the weft stop pin 18. The weft stop pin 18 is
electrically connected to the control device 16. The weft
stop pin 18 is operable to release the weft yarn Y stored
on the storage drum 17 when the air jet loom is rotated
to a predetermined angular position thereof that is preset
in the control device 16. The timing at which the weft stop
pin 18 is actuated to release a weft yarn Y corresponds
to the weft insertion start timing.

[0016] The balloon sensor 19 is electrically connected
to the control device 16. The balloon sensor 19 detects
a weft yarn Y being released from the storage drum 17
during the weft insertion and generates a weft yarn re-
lease signal to the control device 16. After a specific
number of weft yarn release signals (three times in the
present embodiment) has been generated by the balloon
sensor 19, the control device 16 causes the weft stop pin
18 to engage with the storage drum 17 so as to stop the
release of weft yarn Y from the storage drum 17, thus a
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weft insertion being ended.

[0017] The operation timing of the weft stop pin 18 to
stop the weft yarn Y is set depending on the number of
turns of weftyarn Y to be wound around the storage drum
17 that is required for the storage of a predetermined
length of the weft yarn Y corresponding to the weaving
width of the air jet loom. According to the present em-
bodiment, the length of the weft yarn Y wound around
the storage drum 17 for three turns corresponds to the
weaving width TL of the air jet loom, so that the control
device 16 is configured to send a signal to the weft stop
pin 18 to stop the weft yarn Y upon receiving three weft
yarn release signals from the balloon sensor 19. The weft
yarn release signal, or a signal generated by the balloon
sensor 19 and representing a release of a weft yarn Y
from the storage drum 17, corresponds to the weft de-
tection signal of the presentinvention. The control device
16 recognizes the weft release timing based on a signal
transmitted by an encoder 20 and representing a specific
angular position of the loom.

[0018] The weftinsertion nozzle 11 includes a tandem
nozzle 21 that pulls out a weft yarn Y from the storage
drum 17 and a main nozzle 22 that inserts a weft yarn Y
into a weft passage 14a in the reed 14. A brake 23 is
disposed upstream of the tandem nozzle 21 to apply
brake to the weft yarn Y before the weft insertion ends.
[0019] The main nozzle 22, the sub-nozzles 15 and
the reed 14 are mounted to a slay (not shown) and make
reciprocating back and forth motion. The tandem nozzle
21, the brake 23, the weft measuring and storing device
13 and the yarn supply package 12 are fixed to a bracket
that is mounted to a frame (not shown) of the air jet loom
or a floor surface (not shown).

[0020] An end sensor 24 is provided at a position ad-
jacent to the downstream end of the weft passage 14a.
The end sensor 24 is positioned downstream of the weav-
ing width TL so as to detect the arrival of a weft yarn Y
at a position adjacent to an end of a woven cloth that is
opposite from the main nozzle 22. The end sensor 24 is
electrically connected to the control device 16. The con-
trol device determines whether the weft insertion has
been made successful or failed based on the presence
or absence of aweft detection signal from the end sensor
24. The weft detection signal from the end sensor 24
indicates the arrival of a weft yarn Y at the downstream
end of a woven cloth, which is recognized as the weft
insertion end timing |IE by the control device 16 based on
a signal from the encoder 20 representing the angular
position of the air jet loom.

[0021] A first weft sensor 25 is disposed near the weft
passage 14a within the weaving width TL at a position
that is upstream of the end sensor 24. The first weft sen-
sor 25 is positioned at an intermediate position with re-
spect to the weft passage 14a and disposed at a position
on the side of the weft passage 14a thatis opposite from
the main nozzle 22 with respect to the center of the weav-
ing width TL. The first weft sensor 25 is electrically con-
nected to the control device 16 and generates a weft
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detection signal. The weft detection signal from the first
weft sensor 25 is recognized by the control device 16 as
the first weft sensor arrival timing IS of the leading end
of a weft yarn Y based on the signal generated by the
encoder 20 and representing the angular position of the
air jet loom.

[0022] The first weft sensor 25 includes a light emitter
and a light receiver each made of an optical fiber. During
the operation of the air jet loom, the light emitter emits a
lighttowards the weft passage 14a, and the lightreflected
by the reed 14 and the weft yarn Y is received by the light
receiver. Such light is sent to a filler amplifier (not shown)
having a photodiode. In the filler amplifier, the light is
converted to an electric signal by the photodiode, and
the electric signal is amplified and sent to the control de-
vice 16.

[0023] The main nozzle 22 is connected via a pipe 22a
to amain valve 22v which is in turn connected to the main
air tank 26 via a pipe 22b. The tandem nozzle 21 is con-
nected via a pipe 21a to a tandem valve 21v that is con-
nected to the main air tank 26 via the pipe 21b. Thus, the
main nozzle 22 and the tandem nozzle 21 are both con-
nected to the main air tank 26.

[0024] The main air tank 26 is connected through a
main pressure meter 27, a main regulator 28, a source
pressure meter 29 and a filter 30 to a common air com-
pressor 31 which is installed in the weaving factory. Com-
pressed air supplied from the air compressor 31 is ad-
justed to a specific pressure by the main regulator 28 and
stored in the main air tank 26. The pressure of the com-
pressed air that is supplied to the main air tank 26 is
constantly monitored by the main pressure meter 27.
[0025] The sub-nozzles 15 are divided into six groups
each including four sub-nozzles 15 and a sub-valve 32
is connected to the sub-nozzles 15 of each group via a
pipe 33. The sub-valve 32 is connected to a common
sub-air tank 34.

[0026] The sub-air tank 34 is connected to a sub-reg-
ulator 36 via a sub-pressure meter 35. The sub-regulator
36 is connected through a pipe 36a to a pipe 28a which
is connected between the main pressure meter 27 and
the main regulator 28. Compressed air from the air com-
pressor 31 is adjusted to a specific pressure by the sub-
regulator 36 and stored in the sub-air tank 34. The pres-
sure of the compressed air that is supplied to the sub-air
tank 34 is constantly monitored by the sub-pressure me-
ter 35.

[0027] The main valve 22v, the tandem valve 21v, the
sub-valves 32, the source pressure meter 29, the main
pressure meter 27, the sub-pressure meter 35 and the
brake 23 are electrically connected to the control device
16. The timings and the durations of operation of the main
valve 22v, the tandem valve 21v, the sub-valves 32 and
the brake 23 are preset in the control device 16. In addi-
tion, the control device 16 receives detection signals from
the source pressure meter 29 and the main pressure me-
ter 27 and the sub-pressure meter 35.

[0028] The control device 16 generates a signal to the
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main valve 22v and the tandem valve 21v before the weft
insertion start timing at which the weft stop pin 18 is ac-
tuated for weft yarn releasing operation that causes air
injection from the main nozzle 22 and the tandem nozzles
21. The control device 16 also generates a signal to the
brake 23 before the weft insertion end timing at which
the weft stop pin 18 stops the weft yarn Y on the storage
drum 17 for application of brake to the weft yarn Y
traveling at high speed so as to reduce the impact on the
weft yarn Y at the weft insertion end timing IE.

[0029] Referring to Fig. 2, positions of the end sensor
24 and the first weft sensor 25 within the weaving width
TL are indicated above the upper line (a). Weft release
timings B1, B2, B3 which is represented by a weft release
signal generated by the balloon sensor 19, weft interme-
diate position arrival timing IS which is represented by a
weft detection signal generated by the first weft sensor
25, weft insertion end timing IE which is detected by the
end sensor 24, and brake start timing BT at which brake
is applied by the brake 23 are indicated on the lower line
(b).

[0030] Referring to Fig. 2, L, 2L and 3L on the upper
line (a) represent the positions of the leading end of a
weft yarn Y that correspond to the lengths of the weft
yarn Y for one turn, two turns and three turns around the
storage drum 17, respectively, as measured from the up-
stream end of the weaving width TL. When a weft yarn
Y travels taut without being loosened, the leading end of
the weft yarn Y reaches at the positions L, 2L, 3L at the
first, second, third weft release timings B1, B2, B3 at
which the first, second, third weft release signals gener-
ated by the balloon sensor 19 and a weft detection signal
generated by the end sensor 24, respectively. Thus, the
positions L, 2L, 3L will be referred to as the ideal leading
end positions L, 2L, 3L in the following description of the
embodiment.

[0031] Referring to Fig. 2, the weft release timings B1,
B2, B3 on the line (b) correspond to the angular positions
of the loom where the first, second, and third weft release
signals are generated from the balloon sensor 19, re-
spectively. The angular positions of the loom for the re-
spective weft release signals can be obtained from sig-
nals of the encoder 20. The angular positions of the loom
at various timings are determined by the angular position
signals from the encoder 20.

[0032] The weftinsertion end timing IE corresponds to
the angular position of the loom where the end sensor
24 generates a weft detection signal. The brake start tim-
ing BT is presetin the control device 16 at such an angular
position of the loom where the weft yarn Y is braked be-
fore the weft insertion end timing IE.

[0033] The first weft sensor 25 is disposed upstream
of the leading end position BL of a weft yarn Y within the
weaving width TL of the loom to be located at the brake
start timing BT of the brake 23 with respect to the weft
insertion direction. That is, the first weft sensor 25 is dis-
posed upstream of the leading end position BL of the
weft yarn Y that is estimated from the brake start timing
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BT and the speed of the weft yarn Y.

[0034] According to the present embodiment, the first
weft sensor 25 is disposed at the ideal leading end po-
sition 2L of a weft yarn Y with a length that corresponds
to two turns of the weft yarn around the storage drum 17
as measured from the position corresponding to the up-
stream end of the woven cloth. When aweftyarnY travels
taut without being loosened, the leading end of the weft
yarn 'Y arrives at the ideal leading end position 2L at the
second weft release timing B2, so that the first weft sen-
sor arrival timing IS of the weft yarn Y that is detected by
the first weft sensor 25 should coincide with the second
weft release timing B2. However, if the air injection pres-
sure of the sub-nozzles 15 is lower and hence their weft
yarn conveying performance is unmatched with the weft
release performance of the weft insertion nozzle 11 due
to the lower air injection pressure from the sub-nozzles
15, the weft yarn Y may be loosened, with the result that
the first weft sensor arrival timing IS of the weft yarn Y is
delayed by a time difference A relative to the second weft
release timing B2.

[0035] The control device 16 determines the time dif-
ference A based on the comparison between the second
weft release timing B2 and the first weft sensor arrival
timing 1S. The control device 16 of the present embodi-
mentfunctions as acomparison processer that compares
the second weft release timing B2 obtained from the weft
release signal generated by the balloon sensor 19 with
the first weft sensor arrival timing IS obtained from the
weft detection signal generated by the first weft sensor
25.

[0036] The traveling condition of a weft yarn Y during
the weft insertion may be monitored by grasping such
time difference A between the second weft release timing
B2 and the first weft sensor arrival timing IS. The second
weft release timing B2 takes place immediately before
the brake start timing BT of the brake 23. Thus, the first
weft sensor 25 detects the weft traveling condition of a
weft yarn Y before braking by the brake 23 is applied to
the weft yarn Y

[0037] Data of various fabric conditions and weaving
conditions are stored in the control device 16. The fabric
conditions include types of yarn used for the weft yarn
such as material and count, the density of the weft yarn,
the types of yarn used for the warp yarn such as material
and count, the density of the warp yarn, the weaving width
and the weave of the fabrics to be woven. The weaving
conditions include rotation speed of loom, pressure of
the compressed air in the main air tank 26 and the sub-
air tank 34, the opening degree of the main valve 22v
and the tandem valve 21v, the weft insertion start timing
and the target weft insertion end timing are stored in the
control device 16.

[0038] The following will describe a method of setting
an optimal injection pressure of the sub-nozzles 15 as
an example of controlling the weft insertion apparatus 10
in which the weft traveling condition is monitored based
on the time difference A between the second weft release
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timing B2 and the first weft sensor arrival timing IS.
[0039] Referring to FIG. 3, there is shown a first curve
AD1 that indicates a relationship between the injection
pressure of the sub-nozzle 15 and the time difference A
between the second weft release timing B2 and the first
weft sensor arrival timing IS. In the first curve AD1, the
time difference A between the second weft release timing
B2 and the first weft sensor arrival timing IS is plotted at
differentinjection pressures of the sub-nozzle 15 with the
weft insertion end timing IE fixed constant by adjusting
the injection pressure of the weft insertion nozzle 11. In
other words, the first curve AD1 corresponds to data of
values representing the time difference A relative to the
injection pressure of the sub-nozzle 15.

[0040] It has been found out that there exists a point
X1 on the first curve AD1 which corresponds to a first
boundary pressure P1 of the sub-nozzle 15 and at which
a variable region where the time difference A varies con-
siderably with the injection pressure of the sub-nozzle 15
is changed to a stabilized region where the time differ-
ence A remains stable with a change of the injection pres-
sure of the sub-nozzle 15. In other words, the first bound-
ary pressure P1 separates the variable region from the
stabilized region. It is noted that variation of the time dif-
ference A, or bias angle, occurs to a greater extent in the
variable region than in the stabilized region. The first
boundary pressure P1 serves as a reference value, or a
lower limit value, in determining the optimum injection
pressure of the sub-nozzle 15 during the weft insertion
of the weft yarn Y.

[0041] Dataofthefirstcurve AD1is storedin the control
device 16. The control device 16 thus functions as the
first memory of the present invention that stores data of
values representing the time difference A relative to the
pressure of the sub-nozzle 15 including the first boundary
pressure P1.

[0042] As shown in FIG. 1, a second weft sensor 45 is
disposed at a position within the weaving width TL and
on the side of the weft passage 14a that is adjacent to
the main nozzle 22 with respect to the center of the weav-
ing width TL. The second weft sensor generates a weft
detection signal for each weft insertion. The second weft
sensor 45 is electrically connected to the control device
16. A filler amplifier 46, a band-pass filter 47, a full-wave
rectifying circuit48, an averaging circuit49, an integrating
circuit 50, and an A/D converter 51 which are arranged
in this order as seen from and the second weft sensor 45.
[0043] Thesecond weftsensor45includes alightemit-
ter and a light receiver each made of an optical fiber.
During the operation of the air jet loom, the light emitter
emits a light towards the weft passage 14a, and the light
reflected by the reed 14 and the weft yarn Y is received
by the light receiver. Such light is entered to the filler
amplifier 46 having a photodiode. In the filler amplifier
46, the lightis received and converted to an electric signal
by the photodiode, and the electric signal is amplified and
sent to the band-pass filter 47.

[0044] Referring to FIG. 4, the wave form W1 show a
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fluctuation of detection output voltage of the second weft
sensor 45 in which loosening of the weft yarn Y is in-
creased with anincrease of the output voltage signal from
the second weft sensor45. The control device 16 controls
the integrating circuit 50 to perform real-time integration
of the output voltage for each weft insertion based on the
weft detection signal having passed through the band-
pass filter 47, the full-wave rectifying circuit 48 and the
averaging circuit 49 and stores data of the integrated
voltage for an integration period from the timing at which
a weft yarn Y starts passing through the weft passage
14a, or the weft yarn Y passes through the second weft
sensor 45, to the timing at which the weft insertion is
ended.

[0045] Subsequently, the integrated voltages obtained
from a plurality of times of weft insertion (e.g. 100 times
of weft insertion) are averaged to determine the average
of integral value for differentinjection pressure of the sub-
nozzle15. The control device 16 thus functions as the
averaging processor that averages the integrated volt-
age for different injection pressure of the sub-nozzle 15
obtained by integration of the output voltage of the weft
detection signal from the second weft sensor 45, wherein
the integrated voltage is obtained by integration of an
output voltage of the weft detection signal generated by
the second weft sensor 45. The control device 16 deter-
mines the relationship between the injection pressure of
the sub-nozzle 15 and the average of the voltage, or the
average of integral value.

[0046] Referring to FIG. 5, there is shown a second
curve AD2 that indicates a relationship between the in-
jection pressure of the sub-nozzle 15 and the average of
integral value (the average of voltage). In other words,
the second curve AD2 corresponds to data of values rep-
resenting the average of integral value relative to the in-
jection pressure of the sub-nozzle 15. It has been found
out that there exists a point X2 on the second curve AD2
which corresponds to a second boundary pressure P2
and at which the variable region where the average of
integral varies considerably with the injection pressure
of the sub-nozzle 15 is changed to a stabilized region
where the average of integral remains stable with a
change of the injection pressure of the sub-nozzle 15.
The second boundary pressure P2 separates the varia-
ble region from the stabilized region. In addition, even if
the injection pressure of the sub-nozzle 15 is increased
to the value higher than the second boundary pressure
P2, the weft yarn stretch timing hardly changes.

[0047] Data of the second curve AD2 is stored in the
control device 16. The control device 16 thus functions
as the second memory that stores the data of values
representing the average of integral value relative to the
injection pressure of the sub-nozzle 15 including the sec-
ond boundary pressure P2.

[0048] As shown in FIG. 6, the control device 16 is
adapted to show the first and second curves AD1, AD2
in one chart on the display device 16a. In other words,
the display device 16a corresponds to the display of the
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present invention on which the data of value stored in
the first memory and the data of value stored in the sec-
ond memory are indicated in the same chart.

[0049] The display device 16a shows a pressure that
is recommended for the sub-nozzle 15 between the first
boundary pressure P1 and the second boundary pres-
sure P2 depending on the type of weft yarn Y. In addition,
the display device 16a shows a pressure that is recom-
mended for the sub-nozzle 15 between the first boundary
pressure P1 and the second boundary pressure P2 de-
pending on the rotation speed of the loom.

[0050] The control device 16 is configured to indicate
the recommended pressure depending on the type of
weft yarn Y by A on the display device 16a. When the
weft yarn Y is relatively thin, for example, low pressure
Pa between the first and second pressures P1, P2 is
indicated on the display device 16a by the control device
16. When the weft yarn Y is relatively thick, medium pres-
sure Pb between the first and second pressures P1, P2
is indicated on the display device 16a. When the weft
yarn Y is a twisted yarn, large pressure Pc between the
first and second pressures P1, P2 is indicated on the
display device 16a.

[0051] The control device 16 is configured to indicate
the recommended pressure depending on the rotation
speed of the loom by A on the display device 16a. When
the rotation speed of the loom is relatively low, for exam-
ple, low pressure Pa between the first and second pres-
sures P1, P2isindicated on the display device 16a. When
the rotation speed of the loom is relatively high, large
pressure Pc between the first and second pressures P1,
P2 is indicated on the display device 16a.

[0052] The following will describe the operation effect
of the present embodiment.

[0053] If the injection pressure of the sub-nozzle 15
becomes lower than the first boundary pressure P1, the
weft yarn Y tends to travel through the weft passage 14a
in aloosened state. Thus, the first boundary pressure P1
serves as one of the reference value, or lowest limit, in
determining optimal injection pressure of the sub-nozzle
15. Because no substantial change occurs in the timing
at which the weft yarn Y is stretched in the weft passage
14a by an increase of the injection pressure of the sub-
nozzle 15 beyond the second boundary pressure P2, in-
creasing the injection pressure of the sub-nozzle 15
greater than the second boundary pressure P2 only re-
sults in increased consumption of air. Thus, the second
boundary pressure P2 serves as one of the reference
values, or the upper limit of the injection pressure of the
sub-nozzle 15, in determining the optimal injection pres-
sure of the sub-nozzle 15

[0054] Because the average of integral value is deter-
mined by the control device 16 based on the detection
of a loosened weft yarn by the second weft sensor 45
that is disposed at a position on the side of the weft pas-
sage 14a that is adjacent to the main nozzle 22 with re-
spect to the center of the weaving width TL, traveling of
the weft yarn Y is easily influenced by the injection pres-
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sure of the sub-nozzle 15. The time difference A is de-
termined by the control device 16 based on the first weft
sensor arrival timing IS that is detected by the first weft
sensor 25 disposed on the side of the weft passage 14a
that is opposite from the main nozzle 22 with respect to
the center of the weaving width TL. The position of the
weft yarn Y traveling the weft passage 14a causes vari-
ation in the first weft sensor arrival timing IS, so that the
time difference A is less influenced by the injection pres-
sure of the sub-nozzle 15, as compared with the average
ofintegralvalue. Consequently, an influence of a reduced
injection pressure of the sub-nozzle 15 appears in the
average of integral value earlier than in the time differ-
ence A, so that the first boundary pressure P1 is lower
than the second boundary pressure P2.

[0055] Referring to the first and second curves AD1,
AD2 indicated in the chart shown on the display device
16a, pressure between the first and second pressures
P1, P2 corresponds to the desirable injection pressure
range for the sub-nozzle 15 that allows a weft yarn Y to
travel through the weft passage stably and effectively.
The operator of the loom may check the display device
16a in which the first and second curves AD1, AD2 are
plotted in the same chart and determine the injection
pressure of the sub-nozzle 15 within the desirable injec-
tion pressure range depending on difficulty of the weft
insertion with suitable allowance taken into account so
that an optimum injection pressure is set easily for the
sub-nozzle 15.

[0056] The above-described weft traveling condition
detection apparatus of the present embodiment offers
the following effects.

(1) The control device 16 stores data of the first curve
AD1 that represents the time difference A relative to
the injection pressure of the sub-nozzle 15 and in-
cludes the first boundary pressure P1, and the sec-
ond curve AD2 that represents the average of inte-
gral value relative to the injection pressure of the
sub-nozzle 15 and includes the second boundary
pressure P2. The first and second curves AD1, AD2
are shown in the same chart on the display device
16a in which the range between the first boundary
pressure P1 and the second boundary pressure P2
corresponds to the injection pressure range of the
sub-nozzle 15 that allows the weft yarn to travel
through the weft passage stably and effectively. With
the first and second curves AD1, AD2 plotted in the
same chart on the display device 16a, the operator
of the loom determines the injection pressure of the
sub-nozzle 15 within the desirable injection pressure
range depending on the difficulty of the weftinsertion
and other factors with suitable allowance, so that the
optimum injection pressure of the sub-nozzle 15 may
be set easily.

(2) The first weft sensor 25 is disposed within the
range of the weaving width TL, so that the first bound-
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ary pressure P1 appears more clearly in the value
representing the time difference A between the sec-
ond wetft release timing B2 based on the weft detec-
tion signal from the first weft sensor 25 and the first
weft sensor arrival timing IS based on the weft re-
lease signal from the balloon sensor 19 relative to
the pressure of the sub-nozzle including the first
boundary pressure P1. As a result, the optimum in-
jection pressure of the sub-nozzle 15 may be deter-
mined and set easily.

(3) The display device 16a shows recommended
pressure for the sub-nozzle 15 according to the type
of weft yarn between the first and second pressures
P1 and P2. This permits setting the injection pres-
sure of the sub-nozzle 15 suitable for the type of weft
yarn.

(4) The display device 16a shows the recommended
pressure according to the rotation speed of the loom
between the first boundary pressure P1 and the sec-
ond boundary pressure P2. This permits setting the
injection pressure of the sub-nozzle 15 suitable for
the rotation speed of the loom,

[0057] The present invention is not limited to the
above-described embodiment, but it may be modified in
various manners within the scope of the presentinvention
as exemplified below.

[0058] The first weft sensor 25 need not necessarily
be provided. In this case, the control device 16 may de-
termine the time difference by comparing the weft arrival
timing based on the weft detection signal from the end
sensor 24 with the weft release timing based on the weft
release signal from the balloon sensor 19. The end sen-
sor 24 functions as a weft sensor that is disposed at a
position on the side of the weft passage 14a that is op-
posite from the main nozzle 22 with respect to the center
of the weaving width TL.

[0059] The recommended pressure according to the
type of weft yarn need not necessarily be indicated by
the up-pointing triangle A in the chart, but it may be indi-
cated by numerical value.

[0060] The recommended pressure according to the
rotation speed of the loom need not necessarily be indi-
cated by the up-pointing triangle A in the chart on the
display device 16a, but it may be indicated by numerical
value.

[0061] The recommended pressure according to the
type of weft yarn need not necessarily be indicated on
the display device 16a.

[0062] The recommended pressure according to the
rotation speed of the loom need not necessarily be indi-
cated on the display device 16a.

[0063] A weft traveling condition detection apparatus
in an air jet loom detects a traveling condition of a weft
yarn that is inserted through a weft passage by air injec-
tion of a main nozzle and a sub-nozzle. The apparatus
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includes a balloon sensor, and a first weft sensor, and a
comparison processer determining a time difference.
The apparatus includes a first memory storing data of
values representing the time difference relative to an in-
jection pressure of the sub-nozzle, a second weft sensor,
and an averaging processor averaging an integrated volt-
age for different injection pressure of the sub-nozzle to
determine the average of the integral value, a second
memory storing data of values representing the average
of integral value relative to the injection pressure, and a
display on which the data of values stored in the first and
second memories are indicated in one chart.

Claims

1. A weft traveling condition detection apparatus in an
air jet loom, wherein the weft travelling condition de-
tection apparatus is configured to detect a traveling
condition of a weft yarn (Y) that is inserted through
aweft passage (14a) by air injection of a main nozzle
(22) and a sub-nozzle (15), characterized by com-
prising:

a balloon sensor (19) that detects a release of
the weftyarn (Y) from a weft measuring and stor-
ing device (13) and generates a weft release
signal;

a first weft sensor (25) that is disposed at a po-
sition on the side of the weft passage (14a) that
is opposite from the main nozzle (22) with re-
spect to a center of a weaving width (TL) of the
air jet loom and generates a weft detection sig-
nal;

a comparison processer (16) that determines a
time difference (A) based on a comparison be-
tween a weft release timing obtained from the
weft release signal generated by the balloon
sensor (19) and a weft sensor arrival timing ob-
tained from the weft detection signal generated
by the first weft sensor (25);

a first memory (16) that stores data of values
representing the time difference (A) relative to
an injection pressure of the sub-nozzle (15) and
including a first boundary pressure (P1), where-
in the first boundary pressure (P1) separates a
variable region where the time difference (A) var-
ies with a change of the injection pressure of the
sub-nozzle (15) from a stabilized region where
the time difference (A) remains stable with a
change of the injection pressure of the sub-noz-
zle (15);

a second weft sensor (45) that is disposed at a
position within the weaving width (TL) and on
the side of the weft passage (14a) that is adja-
cent to the main nozzle (22) with respect to the
center of the weaving width (TL), and generates
a weft detection signal for each weft insertion;
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an averaging processor (16) that averages an
integrated voltage for a plurality of times of weft
insertion to determine an average of integral val-
ue for differentinjection pressure of the sub-noz-
zle (15), wherein the integrated voltage is ob-
tained by integration of an output voltage of the
weft detection signals generated by the second
weft sensor (45);

asecond memory (16) that stores data of values
representing the average of integral value rela-
tive to the injection pressure of the sub-nozzle
(15) and including a second boundary pressure
(P2), wherein the second boundary pressure
(P2) separates a variable region where the av-
erage of the integral value varies with a change
of the injection pressure of the sub-nozzle (15)
from a stabilized region where the average of
integral value remains stable with a change of
the injection pressure of the sub-nozzle (15);
and

a display (16a) on which the data of values
stored in the first memory (16) and the data of
values stored in the second memory (16) are
indicated in one chart.

The weft traveling condition detection apparatus in
the air jet loom according to claim 1, characterized
in that the first weft sensor (25) is disposed within
the weaving width (TL).

The weft traveling condition detection apparatus in
the air jet loom according to claim 1 or 2, character-
ized in that a recommended pressure between the
first and second pressures (P1, P2) according to a
type of weft yarn (Y) is indicated on the display (16a).

The weft traveling condition detection apparatus in
the air jet loom according to any one of claims 1
through 3, characterized in that a recommended
pressure between the first and second pressures
(P1, P2) according to a rotation speed of the loom
is indicated on the display (16a).
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