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Apparatus for controlling weft inserting air pressure in a jet loom.

@ The apparatus provides for automatically ©
changing the data of various control factors =
necessary for air injection pressure controlling,
which control factors including the sampling
number of times at which the leading end of © 5
respective insert wefts arrive at the weft detec- 0|
tor (6), incremental step for air injection press-
ure adjustment, allowable minimum and
maximum limits of air pressure and other par-
ameters from the trial weaving operation to the
actual production weaving operation.

With various data of control factors, such as
sampling number of arrival times of the leading
ends of a plurality of inserted wefts detected by
the weft sensor (6) from which an average
arrival time is determined, incremental step for
air injection pressure adjustment, allowable
minimum and maximum limits of air pressure
and further parameters stored in the computer
control C,, the control factor data for the ftrial
weaving are changed to the control factor data
for the production weaving when the loom
operation is changed from the frial operation to
the production operation, and the values of the
air injection pressures detected by the pressure
detectors (13, 14) just when the above loom
operation change is made, are established as
the reference air pressures for the actual pro-
duction weaving operation.
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The present invention relates to an apparatus for
controlling weft inserting air pressure in a jet loom of
the type wherein a weft is inserted by air jets injected
from weft inserting nozzles the pressures of which are
controlled in accordance with the information rep-
resentative of the time at which the leading end of an
inserted weft arrives at a weft sensor adapted to
detect such leading end of the inserted weft.

In a jet loom wherein a weft is inserted by air jets
injected from weft inserting nozzles, the condition of
weft insertion is largely dependent on the pressure
setting for the air jets. Even if an optimum pressure is
established for a given weft during trial weaving oper-
ation, flying condition of the weft may be varied during
the subsequent actual production weaving operation
due to various influencing factors such as varying weft
supply cheese diameter, irregularities of the weft
itself, etc., with the result that successful weft inser-
tion may not achieved under the initially established
air pressure. The use of an electrically-operated air
pressure control valve is proposed by Publication of
Examined Japanese Patent Application No. 64-3969
(1989), which control valve is provided in the passage
for air under pressure to a weft inserting nozzle for
controlling the air injection pressure of the nozzle
according to the information representative of the time
at which the leading end of an inserted weft reaches,
or arrives at, a position defined by a weft sensor for
detecting the leading end of such inserted weft.

Various control factors are used in actuating the
above electrically-operated pressure control valve,
including averaged arrival time of the leading ends of
a plurality of inserted wefts, reference air injection
pressure and incremental step for air injection press-
ure adjustment, i.e. the minimum degree by which the
pressure is increased or decreased for adjustment. To
be more specific, an average arrival time is figured out
from a predetermined sampling number of detected
arrival times, and the air injection pressure is control-
led with respect to the reference pressure within a pre-
determined range according to the above average
arrival time. It is to be noted that the data of the control
factors used for the trial weaving operation are
established differently from those employed in the
actual production weaving operation. For example,
value of data for the incremental step air injection
pressure adjustment is set relatively large in the trial
weaving operation so as to permit the air injection
pressure to reach its optimum value as quickly as
possible, whereas it is set smaller in the production
weaving operation than in the trial weaving because
the weft insertion during production weaving has
already become relatively stabilized. For the same
reasons above, the range of maximum and minimum
limits of air injection pressure with respect to the refer-
ence pressure is set narrower in the production weav-
ing operation than in the trial weaving operation. In
view of the fact that the range of air injection pressure
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tends to influence the ease of controlling of weft
inserting condition, this range should desirably be set
moderately narrow for improvement in controlling of
weft insertion.

Since the data for the various control factors for
the production weaving operation are thus different
from those for the trial weaving operation, it is
unavoidable for machine operator to perform a troub-
lesome and time-consuming procedure of setting indi-
vidual data when shifting the loom operation from its
trial running to the actual production weaving oper-
ation.

Therefore, an object of the present invention is to
provide an apparatus which is capable of automati-
cally setting the data of control factors for the produc-
tion weaving operation from the data for the trial
weaving operation.

According to the invention, there is provided an
apparatus comprising weft detecting means for deter-
mining the time at which the leading end of each inser-
ted weft arrives at said weft detecting means,
pressure detecting means for detecting air injection
pressure of weft inserting nozzle, injection pressure
setting means for storing data of injection pressure
control factors for trial weaving operation and similar
data for production weaving operation and also stor-
ing data of detected injection pressure, said control
factors including the sampling number of the arrival
times, the incremental step for injection pressure
adjustment, the range of permissible maximum and
minimum limits of the injection pressure, etc., injection
pressure adjusting means responding to commands
from said injection pressure setting means for adjust-
ing the injection pressure of the weft inserting nozzle,
and selecting means for selecting the control factor
data for the trial weaving operation or the control fac-
tor data for production weaving operation, and the
injection pressure setting means is provided with a
function of setting the injection pressure detected by
said pressure detecting means just when the selec-
tion of the data for the production weaving operation
is made, as the reference injection pressure for that
production weaving operation.

According to another embodiment of the inven-
tion, the injection pressure setting means is provided
with a function of selecting the data of control factors
for the production weaving operation when the arrival
times of a predetermined sampling number fall within
a predetermined permissible range and the variation
of detected injection pressures falls within a predeter-
mined range, and also a function of setting the injec-
tion pressure detected by the pressure detecting
means just when the data of control factors for the pro-
duction weaving operation are selected by the injec-
tion pressure setting means, as reference injection
pressure for that production weaving operation.

In an embodiment of the invention, while the con-
trol factor data for the trial weaving operation are
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selected by the selecting means, the injection press-
ure setting means provides command to the injection
pressure adjusting means to perform the injection
pressure adjusting control according to that control
factor data for the trial weaving operation. When the
control factor data for the production weaving oper-
ation are selected by the selecting means, the injec-
tion pressure setting means provides command to the
injection pressure adjusting means to perform the
injection pressure adjusting control according that
control factor data for the production weaving oper-
ation. When the loom operation is thus changed from
the trial to production weaving, the injection pressure
setting means establishes the injection pressure
detected just when the selection is changed, as the
reference pressure with respect to which injection
pressure controlling is performed during the produc-
tion weaving operation.

In the second embodiment of the invention, the
injection pressure setting automatically selects the
control factor data for the production weaving oper-
ation when the arrival times of the predetermined
number of sampling fall within the predetermined per-
missible range and also the variation of the detected
pressure becomes stabilized as required.

The Apparatus allows for automatically changing
the data of various control factors necessary for air
injection pressure controlling, which control factors
including the sampling number of times at which the
leading end of respective insert wefts arrive at the weft
detector, incremental step for air injection pressure
adjustment, allowable minimum and maximum limits
of air pressure, etc., from the trial weaving operation
to the actual production weaving operation. With vari-
ous data of control factors, such as sampling number
of arrival times of the leading ends of a plurality of
inserted wefts detected by the weft sensor 6 from
which an average arrival time is determined, incre-
mental step for air injection pressure adjustment,
allowable minimum and maximum limits of air press-
ure, etc., stored in the computer control C,, the control
factor data for the trial weaving are changed to the
control factor data for the production weaving when
the loom operation is changed from the trial operation
to the production operation, and the values of the air
injection pressures detected by the pressure detec-
tors (13, 14) just when the above loom operation
change is made, are established as the reference air
pressures for the actual production weaving oper-
ation.

Examples of the invention and details thereof are
be described in detail below wiht reference to the
drawings which illustrate only specificembodiments in
which:

FIG.1 is a schematic diagram showing combi-

nation of the weft inserting apparatus and the air

pressure control circuit;

FIG. 2 shows a screen on the display device in the
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adjusting mode;

FIG. 3 shows a screen on the display device in the

detecting mode;

FIG. 4 shows a screen on the display device in the

production mode;

FIG. 5 shows part of the program for changing the

operational mode according to a first embodiment

of the invention;

FIG. 6 shows remaining part of the program for

changing the operational mode according to the

the first embodiment of the invention;

FIG. 7 shows part of the program for changing the

operational mode according to a second embodi-

ment of the invention; and

FIG. 8 shows the remaining part of the program

for changing the operational mode according to

the second embodiment of the invention.

The following will describe an first embodiment of
the invention while referring to FIGS. 1 through 5.

AweftY ejected from a main weft inserting nozzle
1 of a weaving loom is assisted in passing through a
shed by relayed air jets from a plurality of auxiliary
nozzles, or sub-nozzles 2, 3, 4, 5. If weft insertion is
done properly, the leading end of the weft can be
detected by a weft sensor 6 within a predetermined
range of rotational angle of the weaving loom. Signals
from the weft sensor 6, which represents the pre-
sence or absence of such detected weft, are transmit-
ted to a computer control C, which in turn commands
the loom to continue or to interrupt its operation
according to the signal that the control receives.

Injection of air from the main weft inserting nozzle
1 is controlled by a solenoid-operated valve V,, while
and injection of air from the auxiliary weft inserting
nozzles 2-5 is controlled by similar solenoid-operated
valves V,, V3, V,, Vi. That is, air is injected from the
respective nozzle when the solenoid of its associated
valve is energized thereby to open the valve, and the
air injection is stopped when the same solenoid is
deenergized thereby to close the valve. The valve V,
is connected to an air tank 7 for holding herein air
under pressure and supplying the air to the valve,
while the valves V,-V; are connected to a common air
tank 8 for holding air under pressure and supplying
the air to the valves. The air tanks 7, 9 are connected
to a main tank 11 for holding therein source air under
pressure, via electrically-operated air pressure con-
trol valves 9, 10, respectively, for controlling the air
pressures in the respective air tanks 7, 8, hence the
air injection pressures of the main weft inserting
nozzle 1 and the auxiliary weft inserting nozzles 2-5.

Each of the solenoid-operated valves V,-V; is
actuated to open or close according to commands
from the control C; which provides such commands in
response to signals transmitted from a rotary encoder
12 monitoring the current angle of rotation of the
weaving loom. Data for such commands to control the
valves V,-V; are stored in a data memory of the con-
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trol C,. Thus, the computer control C; functions to
control the operation of the weft inserting nozzles 1-5
according to the above command data and also to a
weft insertion confrol program stored in its program
memory.

Pressure detectors 13, 14 are connected at their
input to the air tanks 7, 8, respectively, for detecting
the air pressures in the tanks, and at the output to a
computer control C, for transmitting thereto infor-
mation of the detected air pressures, so that the con-
trol C, provides a feedback control for the pressure
control valves 9, 10 according to the current air press-
ures detected by the pressure detectors 13, 14. The
computer control C, is connected also to the weft sen-
sor 6 to receive therefrom information of time at which
the leading end of each inserted weft reaches, or
arrives at, the weft sensor 6 for controlling the oper-
ation of the pressure control valves 9, 10 so as to
adjust the air pressures in the air tanks 7, 8, in accord-
ance with an average arrival time which is determined
by the control C, from a predetermined sampling num-
ber of the weft leading end arrival times detected by
the weft sensor 6. The computer control C, has con-
nected thereto an input device 15, a display device 16
and an operational mode selector switch 17. Data
necessary for air injection pressure controlling may be
inputted to the control C, through the input device 15.

Referring now to FIG. 2, there is shown a screen
G, on the display device 16 in "adjusting" mode, indi-
cating thereon the respective control factors for air
injection pressure controlling in the trial weaving oper-
ation together with their data. On the screen Gy, a,
designates the data of the maximum step, or the incre-
mental step for air injection pressure adjustment. It is
noted that this maximum step a4 is used only when the
control range, or the difference between the reference
arrival time and the detected arrival time, becomes
greater than f,.y, represents the data of the sampling
number of the arrival times detected by the weft sen-
sor 6 from which an average arrival time is to be fig-
ured out. Pm1 and Ps1 indicate the values of initial air
pressures in the air tanks 7 and 8, respectively. (Pm,-
APm,) and (Pm+APm,) depict the values of allowable
minimum and maximum limits of air pressure in the air
tank 7, respectively. Similarly, (Ps.-APs;) and
(Ps+APs,) show the values of allowable minimum
and maximum limits of air pressure in the air tank 8,
respectively. These control factor data, or a4, B4, ¥4,
Pm,, APm;, Ps; and APs,, shown onthe G, screen are
employed in the adjusting mode for the trial weaving
operation.

FIG. 3 shows a screen G, in "detecting" or trial
mode, indicating thereon the data of the current arrival
time detected by the weft sensor 6, expressed in the
rotational angle ® of the loom, and the data of the cur-
rent air pressures Pmy, Ps, in the air tanks 7, 8, hence
the current air injection pressures of the main nozzle
and the auxiliary nozzles, or sub nozzles, detected by
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the pressure detectors 13, 14.

FIG. 4 shows a screen G; in "production" mode,
displaying the data of the respective control factors in
the mode of production weaving operation. The con-
trol factor data including ay, B2, v2, Pm,, APm,, Ps, and
APs, shown on the screen G; are used in the produc-
tion mode for the actual production weaving oper-
ation.

FIGS. 5§ and 6 shows a flow chart describing a
program for changing the operational mode from the
adjusting mode shown on the screens G; to the
detecting mode on the screen G, and further to the
production mode on the screen G;. The computer
control C; is operable in accordance with this program
to confrol the air injection pressures of the weft insert-
ing nozzles 1-5 during the trial and production weav-
ing operations.

When the mode selector switch 17 is placed in its
adjusting mode position, the computer control C,
selects the conftrol factor data for the adjusting mode
and displays them on the screen G4. Upon receiving
a loom start signal, the loom is started to operate for
trial weaving, with simultaneous changing of the dis-
play from the adjusting mode screen G, to the detect-
ing mode screen G,. While the loom is thus running
for the trial weaving operation, the screen G, succes-
sively displays the values of the current air injection
pressures of the main weft inserting nozzle 1 and the
auxiliary nozzles V,-Vg, or the pressures Pmj,, Ps, in
the air tanks 7, 8 detected by the pressure detectors
13, 14, as well as the value of the current arrival time
0. During this trial weaving operation in this detecting
mode, the control G, functions to control the air injec-
tionpressures in such a way that the detected arrival
time ® converge toward the reference arrival time.
During the initial period in the trial weaving operation,
in particular, controlling of the arrival time ® and air
injection pressures Pm,, Ps, is performed in such a
way that the weaving operation itself may be stabi-
lized. When the variation of the detected arrival time
©® and pressures Pm,, Ps, has become very little, the
mode selector switch 17 is changed from the adjust-
ing mode position to the production mode position.
Accordingly, the screen G, is changed to the screen
G;3;, and the control C, selects the control factor data
da, B2, Y2, Pmy, (Pmy-APMy), (Pmy+APM,), Psy, (Pso-
APs;), (Ps,+APs,) and displays them on the screen
Gs. That is, changing of the mode selector switch 17
from the adjusting mode to production mode position,
the control factor data for the adjusting mode (or data
for the trial weaving) are changed automatically to the
control factor data for the production mode (or data for
production weaving). It is to be noted that, when the
mode is thus changed, the values of the air injection
pressures Pm,, Ps, just detected by the pressure
detectors 13, 14 when the above mode changing is
made are established as the reference air pressures
of the main nozzle 1 and the auxiliary nozzles 2-5, re-
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spectively, for the actual production weaving oper-
ation. As it is apparent from the foregoing, changing
of the data of control factors for trial weaving operation
to those for production weaving operation can be
accomplished with extreme ease merely by changing
the mode selector switch 17, thus contributing greatly
to the reduction of downtime due to the conventional
time-consuming setting-up procedure and hence to
improvement in operating efficiency of a high-speed
jet loom.

The value o, of the incremental step in the adjust-
ing mode is set greater that the value az in the produc-
tion mode so that optimum reference pressures Pm;,
Pm, may be reached as quickly as possible during the
trial weaving operation in the adjusting mode. The
value B, of the control range, or the difference be-
tween the reference arrival time and the detected arri-
val time, in the adjusting mode is set smaller that the
value B3, in the production mode so that as precise
reference pressures Pm,, Pm, as possible may be
found out. Furthermore, the value , of the sampling
number of arrival times in the adjusting mode is set
smaller than the value , in the production mode for the
purpose of finding the optimum injection pressures
Pm,, Pm, as quickly as possible.

Though, in the above illustrated embodiment, the
values y,, v, of the sampling number, as well as the
values B4, B, of the control range, are set differentfrom
each other between the adjusting and production
modes, the values of either one pair, g4, y2 or B4, B2,
may be set different.

FIGS. 7 and 8 show a flow chart describing
another program for changing the operational mode
according to the second embodiment of the invention.
In addition to the program of FIGS. 5, 6, this program
includes an algorithm for automatically changing the
operational mode from the production mode back to
the adjusting mode when the reference air injection
pressure is changed during the production weaving
operation. Furthermore, the program has an
additional function of automatically changing the
operational mode from the adjusting mode to the pro-
duction mode when the arrival times of a predeter-
mined number of sampling fall consecutively within a
predetermined permissible range and also the detec-
ted pressures are found stabilized during the ftrial
weaving operation in the adjusting mode. Such auto-
matic mode changing can make possible changing at
the right time from the trial weaving to the production
weaving operation.

As it is now apparent from the foregoing, in the
first invention, wherein the injection pressure setting
means is provided with a function of selecting the data
of control factors in accordance with the selection
operation of the selector switch, it can make possible
injection pressure controlling for the trial weaving
operation and the production weaving operation
merely by a simple operation of the selector switch
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and also smooth changeover from the trial weaving to
the production weaving operation without any troub-
lesome and time-consuming setting-up procedure.

The second embodiment of the invention can
offer an advantageous effect in that the weaving oper-
ation can be shifted automatically from the trial weav-
ing to the actual production when the arrival times of
a predetermined sampling number fall within a per-
missible range and the variation in the detected press-
ures are found very little, thus realizing the
changeover from the trial weaving to the production
weaving operation even without any changing oper-
ation.

Designation of reference numbers

1 Weft inserting main nozzle; 2 Weft inserting
auxiliary nozzles; 6 Weft detector as the means for
determining the time at which the leading end of each
insert weft arrives at the weft detector; 9, 10 Elec-
trically-operated air pressure control valves as the
injection pressure adjusting means; 13, 14 Pressure
detectors; C, Computer control as the injection press-
ure setting means; 17 Operational mode selector
switch as the selecting means.

Claims

1. Apparatus for controlling weft inserting air press-
ure in a jet loom wherein weft insertion is accom-
plished by air injection from weft inserting nozzle
(1) and the air injection pressures of said nozzle
(1) is controlled in accordance with the infor-
mation representative of time at which the leading
end of aninserted weft arrives at a predetermined
position in the loom, said apparatus comprising:

weft detecting means (6) disposed at said
predetermined position in the loom for detecting
the leading end of each inserted weft to determine
the time at which the leading end has just arrived
at said weft detecting means (6);

pressure detecting means (13) for detect-
ing air injection pressure of said weft inserting
nozzle (1);

injection pressure setting means (9, C,) for
storing data of injection pressure control factors
for trial weaving operation and data of injection
pressure control factors for production weaving
operation and also storing data of detected injec-
tion pressure, said control factors including the
sampling number of said arrival times at which the
leading end of respective inserted wefts have
arrived at said weft detecting means, the incre-
mental step for injection pressure adjustment and
the range of permissible maximum and minimum
limits of the injection pressure;

injection pressure adjusting means (9, 10)
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responding to commands from said injection
pressure (C2, 9) setting means for adjusting the
injection pressure of said weft inserting nozzle
(1); and

selecting means for selecting the data of
control factors for the trial weaving operation or
the data of control factors for production weaving
operation;

said injection pressure setting means (9,
10) having a function of selecting (17)the data of
control factors for the trial weaving operation or
the data of control factor for production weaving
operation in accordance with the selecting oper-
ation of said selecting means (13, 14), and also a
function of setting the injection pressure detected
by said pressure detecting means just when said
selecting operation is made for the selection of
the data for the production weaving operation as
reference injection pressure for that production
weaving operation.

Apparatus for controlling weft inserting air press-
ure in a jet loom wherein weft insertion is accom-
plished by air injection from weft inserting nozzle
(1) and the air injection pressures of said nozzle
(1) is controlled in accordance with the infor-
mation representative of time at which the leading
end of an inserted weft arrives at a predetermined
position in the loom, said apparatus comprising:

weft detecting means (6) disposed at said
predetermined position in the loom for detecting
the leading end of each inserted weft to determine
the time at which the leading end has just arrived
at said weft detecting means (6);

pressure detecting means (13) for detect-
ing air injection pressure of said weft inserting
nozzle (1);

injection pressure setting means (9, C,) for
storing data of injection pressure control factors
for trial weaving operation and data of injection
pressure control factors for production weaving
operation and also storing data of detected injec-
tion pressure, said control factors including the
sampling number of said arrival times at which the
leading end of respective inserted wefts have
arrived at said weft detecting means (6), the
incremental step for injection pressure adjust-
ment and the range of permissible maximum and
minimum limits of the injection pressure; and

injection pressure adjusting means (9, 10)
responding to commands from said injection
pressure setting means (C,, 9) for adjusting the
injection pressure of said weft inserting nozzle
(1

said injection pressure setting means (C,,
9, 10, 17)) having a function of selecting the data
of control factors for the production weaving oper-
ation when the arrival times of a predetermined
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sampling number fall within a predetermined per-
missible range and the variation of detected injec-
tion pressures falls within a predetermined range,
and also a function of setting the injection press-
ure detected by said pressure detecting means
just when the data of control factors for the pro-
duction weaving operation are selected by said
injection pressure setting means (17, C,) as refer-
ence injection pressure for that production weav-
ing operation.

Apparatus for controlling weft inserting air press-
ure in a jet loom wherein weft insertion is accom-
plished by air injection from weft inserting nozzle
(1) and the air injection pressures of said nozzle
(1) is controlled in accordance with the infor-
mation representative of time at which the leading
end of aninserted weft arrives at a predetermined
position in the loom, said apparatus comprising:

weft detecting means (6) disposed at said
predetermined position in the loom for detecting
the leading end of each inserted weft to determine
the time at which the leading end has just arrived
at said weft detecting means (6);

pressure detecting means (13) for detect-
ing air injection pressure of said weft inserting
nozzle (1);

injection pressure setting means (9, C,) for
storing data of injection pressure control factors
for trial weaving operation and data of injection
pressure control factors for production weaving
operation and also storing data of detected injec-
tion pressure, said control factors including the
sampling number of said arrival times at which the
leading end of respective inserted wefts have
arrived at said weft detecting means, the incre-
mental step for injection pressure adjustment and
the range of permissible maximum and minimum
limits of the injection pressure;

injection pressure adjusting means (9, 10)
responding to commands from said injection
pressure setting means (C,) for adjusting the
injection pressure of said weft inserting nozzle

().

Apparatus as claimed in claim 3 futher comprising
selecting means for selecting the data of control
factors for the trial weaving operation or the data
of control factors for production weaving oper-
ation.

Apparatus as claimed in claim 3 or claim 4, said
injection pressure setting means (9, 10) having a
function of selecting (17) the data of control fac-
tors for the trial weaving operation or the data of
control factor for production weaving operation in
accordance with the selecting operation of said
selecting means.
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Apparatus as claimed in any of claims 3 to 5 said
injection pressure setting means further having a
function of setting the injection pressure detected
by said pressure detecting means (13, 14) just
when said selecting operation is made for the
selection of the data for the production weaving
operation as reference injection pressure for that
production weaving operation.

Apparatus as claimed in any of claims 3 to 6, said
injection pressure setting means (C,, 9, 10, 17)
having a function of selecting the data of control
factors for the production weaving operation
when the arrival times of a predetermined sampl-
ing number fall within a predetermined permiss-
ible range

Apparatus as claimed in any of claims 3 to 7 said
injection pressure setting means (C,, 9, 10) hav-
ing a function of selecting the data of control fac-
tors for the production weaving operation when
the variation of detected injection pressures falls
within a predetermined range.

Apparatus as claimed in any of claims 3 to 8, said
injection pressure (C,, 9, 10) setting means hav-
ing a function of setting the injection pressure
detected by said pressure detecting means (C,,
9, 10) just when the data of control factors for the
production weaving operation are selected by
said injection pressure setting means (C,, 9, 10)
as reference injection pressure for that produc-
tion weaving operation.

Air jet loom with an apparatus as claimed in any
of claims 1to 9
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