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(57)  Aloom (10) includes a control unit (54) and has
operation buttons including a low-speed forward rotation
button and a low-speed reverse rotation button. When
an abnormal signal (S0) is input while a program for ro-
tating a loom main shaft (42) to a predetermined rota-
tional phase is being executed, the control unit (54) stops
the loom main shaft (42), stops the execution of the pro-
gram, and enables only an operation signal from one of
the operation buttons that corresponds to a rotating di-
rection of the loom main shaft (42) that has been set
during the execution of the program until the loom main
shaft (42) reaches the predetermined rotational phase.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The presentinvention relates to a technique for
preventing weft bars from being formed upon stoppage
of a loom by rotating a loom main shaft after the loom is
stopped or when the loom is restarted. More particularly,
the present invention relates to a technique for reliably
restoring the state in which the loom can be reactivated
if automatic rotation performed after the loom is stopped
or when the loom is restarted is stopped due to some
kind of abnormality.

2. Description of the Related Art

[0002] If a cause of stoppage, such as a weft insertion
error and a warp breakage, occurs while a loom is in
operation, the loom is immediately stopped and a nec-
essary recovery procedure, such as removal of a broken
weft yarn and repair of a broken yarn, is performed before
restarting the loom. The recovery procedure may be per-
formed automatically using a known device when, for ex-
ample, the cause of stoppage is the weft insertion error,
whereas the recovery procedure is performed manually
when the cause of stoppage is a breakage of a warp yarn
or a selvage yarn. In the latter case, in order to prevent
weft bars from being formed due to elongation of warp
yarns, the loom main shaft is rotated to in the reverse
direction a cross timing of a shedding device at which a
warp shed is set to a central shed-closed state, thereby
setting a standby state in which the loom waits for an
operator (weaver) to arrive.

[0003] Ontheotherhand, inorderto satisfy anincreas-
ing demand for high-value-added weaving products,
many weaving mills use looms having shedding devices
capable of easily editing weave structures (for example,
a dobby machine, a jacquard machine, an electric shed-
ding device that causes heald frames to perform a shed-
ding motion using respective dedicated motors, etc.), so
that various kinds of weave structures can be obtained.
In this case, when, for example, the weave structure is
a complex weave, such as a twill weave, a satin weave,
and a dobby weave, itis not possible to set all of the warp
yarns to a shed-closed state even when the loom main
shaftis rotated in the reverse direction to the cross timing
in order to set the standby state in which the loom waits
for the weaver. As a result, weft bars are formed due to
elongation of the warp yarns or a movement of a cloth
fell caused by a tension difference between upper and
lower warp yarns. Accordingly, Japanese Unexamined
Patent Application Publication No. 6-116841 (Figs. 1 to
14) discloses a technique applied to an electronic dobby
machine for setting all of the warp yarns to the central
shed-closed state, thereby suppressing the formation of
weft bars due to elongation of the warp yarns. According
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to this technique, a shedding controller generates a pat-
tern obtained by inverting a current heald-frame selection
pattern when the loom main shaft is automatically rotated
in the reverse direction to the above-mentioned cross
timing. Such an operation regarding leveling is performed
by automatically rotating the loom main shaft reversely
after the loom is stopped in response to a stop signal.
Thus, the loom waits for the operator in the central lev-
eling state. Then, first, the operator commands low-
speed forward rotation of the loom main shaft to cancel
the central leveling state of the loom obtained by driving
the shedding device using the inverted pattern, and per-
forms a necessary recovery procedure, such as removal
of a broken weft yarn and repair of a broken warp yarn.
Then, the operator rotates the loom main shaft in the
reverse direction to a loom start position and restarts the
loom by operating an activation button.

[0004] Weftbars are also formed by causes other than
those described above. For example, weftbars (so-called
light-filling bars) are generated because a beating force
applied immediately after the loom is started is lower than
that in a normal operation. In order to prevent this, the
loom may be started by a method called a blank-beating
start. According to this method, when the loom is started,
blank weaving is performed in which beating-up motion
is carried out for a plurality of cycles without weftinsertion,
and then weft insertion is started. In addition, a starting
method called a blank-beating start with reverse rotation
is disclosed in Japanese Unexamined Patent Application
Publication No. 61-124651 (Fig. 2). In this method, when
the loom is started, first, the loom main shaft is automat-
ically rotated in the reverse direction by an amount cor-
responding to a period in which blank weaving is to be
performed. Then, the loom main shaftis started and blank
weaving, in which blank beating is carried out with in-
creased beating force, is performed by an amount cor-
responding to the amount of the above-mentioned re-
verse rotation. Then, the weft insertion is started. The
low-speed reverse rotation and blank weaving performed
when the loom is started are automatically carried out by
a controller that controls the operation of the loom. In
recent looms, the above-described techniques are used
individually or in combination depending on the kind of
weft bars.

[0005] Insuch aloom, if some kind of abnormality that
makes it impossible to continue the automatic rotation of
the main shaft occurs, for example, if an abnormality de-
tection signal is output in the loom while the above-de-
scribed automatic reverse rotation, automatic forward ro-
tation, or blank weaving at the start of the loom is being
performed, the loom immediately stops the process being
performed and stops the rotation of the loom main shatft.
In this case, the operator, such as the weaver, who is
responsible for the loom confirms the safety of the loom,
performs a recovery procedure necessary for the loom,
and restarts the loom after rotating the loom main shaft
to an activation start position. However, it is actually dif-
ficultto correctly rotate the loom main shaft to the original
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position where the operation can be started because the
timing (the rotational position of the main shaft) at which
the process involving the automatic rotation has been
stopped cannot be easily recognized. As a result, the
operator often starts the loom at a position displaced from
the correct position by more than one turn. When such
a recovery error occurs, a pattern displacement (double
pick or blank pick) will occur, which leads to weaving
defects.

SUMMARY OF THE INVENTION

[0006] In light of the above-described situation, an ob-
ject of the present invention is to allow an operator to
reliably rotate a loom main shaft to an adequate position
when an automatic rotation of the loom main shaft, which
is performed by executing a control program when the
loom is stopped or started, is stopped due to some kind
of abnormality.

[0007] The present invention is applied to a loom in-
cluding a control unit that stores one or more programs
for rotating a loom main shaft to predetermined rotational
phases corresponding to the programs and a warp shed-
ding device that is driven in association with a rotation of
the loom main shaft. The control unit executes at least
one of the programs to rotate the loom main shaft to the
predetermined rotational phase that corresponds to the
program in a period from when the loom is stopped in
response to a stop signal generated during a continuous
operation the loom to when the loom is activated and the
continuous operation, in which weft insertion is per-
formed, is restarted. The loom has operation buttons in-
cluding a low-speed forward rotation button and a low-
speed reverse rotation button. When an abnormal signal
is input while the program is being executed, the control
unit stops the loom main shaft, stops the execution of the
program, and enables only an operation signal from one
of the operation buttons that corresponds to a rotating
direction of the loom main shaft that has been set during
the execution of the program until the loom main shaft
reaches the predetermined rotational phase.

[0008] Accordingly, in the above-described period,
when the abnormal signal is input in the above-described
period while the program for rotating the loom main shaft
is being executed, the control unit stops the loom main
shaft, stops the execution of the program, and enables
only an operation signal from one of the operation buttons
including the low-speed forward rotation button and the
low-speed reverse rotation button that corresponds to a
rotating direction of the loom main shaft that has been
set during the execution of the program until the loom
main shaft reaches the predetermined rotational phase.
Thus, the operator can recognize whether or not the proc-
ess involving the rotation of the loom main shaft has been
interrupted depending on whether or not the loom can
be rotated by a button operation. Therefore, the manual
recovery operation can be reliably performed without a
mistake. With regard to the programs for rotating the loom
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main shaft to the predetermined rotational phases cor-
responding to the programs, the low-speed forward ro-
tation and the low-speed reverse rotation performed
manually by the operator in order to, for example, repair
a broken yarn are not included in the technical scope of
the present invention.

[0009] According to the present invention, the auto-
matic rotation of the loom main shaft performed by the
program includes a rotation for setting a warp shed to a
central shed-closed state after the rotation of the loom
main shaft is stopped in response to a stop signal and a
rotation for increasing a beating force by activating the
loom and performing blank weaving in which weft inser-
tion is not performed when the operation is started. In
addition, the rotation may also be performed automati-
cally by the control unit.

[0010] In the above-described case, the one or more
programs may include a program started after the rota-
tion of the loom main shaft is stopped in response to the
stop signal generated during the continuous operation,
the program including a process of rotating the loom main
shaft in a reverse direction at a low speed to the prede-
termined rotational phase, the predetermined rotational
phase corresponding to a warp cross timing of the warp
shedding device or a timing close to the warp cross tim-
ing. More preferably, the program further includes a proc-
ess of causing the control unit to output a leveling com-
mand to the warp shedding device when the loom main
shaft is rotated in the reverse direction. The warp shed-
ding device is capable of switching a warp shedding mo-
tion by driving an actuator in accordance with a shedding
pattern set for each of a plurality of steps and is also
capable of switching the warp shedding motion on the
basis of an inverted shedding pattern when the leveling
command is output, the inverted shedding pattern being
obtained by inverting the current shedding pattern so as
toreverse upper and lower positions of each heald frame.
In addition, the control unit sets a warp shed to a central
shed-closed state by executing the program so that the
leveling command is output and the loom main shaft is
rotated in the reverse direction to the predetermined ro-
tational phase.

[0011] In the case in which the present invention is
applied to a program related to the leveling operation as
described above, the operator necessarily operates the
low-speed reverse rotation button since the operation
signal that can be enabled is restricted, and accordingly
the leveling operation can be reliably completed. There-
fore, with regard to the manual operations performed by
the operator, the leveling operation is completed first,
and is then canceled. As a result, pattern displacements
that easily occur due to operational errors in the known
structure can be reliably prevented.

[0012] Inthe above-described latter structure, the one
ormore programs may include a programthat is executed
when the loom is started, the program including a blank
weaving process of rotating the loom main shaft in a for-
ward direction at a high speed to the predetermined ro-
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tational phase without performing the weft insertion,
thereby increasing a beating force against a cloth fell,
the predetermined rotational phase corresponding to an
end of a blank weaving period; and a low-speed rotating
process of rotating the loom main shaft at a low speed
to a first rotational phase that is determined on the basis
of the blank weaving period, the low-speed rotating proc-
ess being performed before the high-speed forward ro-
tation of the loom main shaft. The control unit executes
the program so that the loom main shaft is rotated at the
low speed to the first rotational phase and is then rotated
in the forward direction at the high speed to the prede-
termined rotational phase, thereby changing an opera-
tional state of the loom to the continuous operation in
which the weft insertion is performed.

[0013] In the case in which the present invention is
applied to a program related to the blank-beating start,
the operator necessarily operates a low-speed rotation
button (that is, one of the low-speed reverse rotation but-
ton and the low-speed forward rotation button that cor-
responds to the interrupted process) since the operation
signal that can be enabled is restricted. Accordingly, the
loom main shaft can be reliably rotated to a rotational
phase corresponding to the position at which blank weav-
ing in the interrupted blank-beating start is to be complet-
ed, thatis, to the rotational phase at which the loom main
shaft can be reactivated. Therefore, defects like pattern
displacements, which easily occur in the known structure
when the activation operation is started at a rotational
phase shifted by one or more turns, can be reliably pre-
vented.

[0014] More preferably, the control unit automatically
stops the loom main shaft that is being rotated in re-
sponse to an input of the enabled operation signal when
the loom main shaft reaches the predetermined rotational
phase that corresponds to the program. Accordingly,
when the user performs the operation of rotating the loom
main shaft for recovery, it is not necessary for the oper-
ator to check the state of rotation of the main shaft during
the execution of the interrupted program and recognize
the amount by which the main shaft is to be rotated for
recovery since the control unit automatically stops the
rotation. Therefore, the burden on the operator can be
reduced. When, for example, the amount of rotation of
the loom main shaft performed by the program is less
than one turn and the operator can easily recognize the
amount by which the main shatft is to be rotated from the
rotational state of the main shaft in the interrupted pro-
gram, the above-described automatic stopping function
may be omitted.

[0015] The burden on the operator can be further re-
duced ifthe control unitis connected to arecovery button,
and, when a recovery operation signal is input from the
recovery button, the control unit automatically rotates the
loom main shaft to the predetermined rotational phase
and cancels the process of enabling only the operation
signal from one of the operation signals.

[0016] In some shedding devices, such as electronic
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dobby machines and electronic jacquard machines, are-
versal-prohibiting angle range, that is, a reversal-prohib-
iting period in which the rotating direction cannot be re-
versed is provided to prevent a so-called harness-skip
that occurs when the rotating direction is reversed due
to the shedding-motion-selecting mechanism in these
shedding devices. Even when the program is stopped in
response to an abnormal signal in a loom having such a
shedding device, the rotating direction of the loom main
shaft is not reversed until the loom main shaft is rotated
to the predetermined rotational phase in the subsequent
recovery operation. Therefore, even when the loom in-
cludes such a shedding device, the operator can smooth-
ly perform the recovery operation without considering the
reversal-prohibiting period (so-called prohibiting band).

[0017] The control unit may store a plurality of pro-
grams for rotating the loom main shaft to the predeter-
mined rotational phases corresponding to the programs,
and one or more of the programs may be selectively op-
erated in a series of operations. Alternatively, a control
program for the loom may also include sub routines that
can select the programs, and the sub routines may be
selectively executed in a series of operations. Either
mode is included in the scope of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018]

Fig. 1 shows the overall structure of a loom;

Fig. 2 is a block diagram illustrating a control device
for controlling the loom;

Fig. 3 is a flowchart of a process performed in a pe-
riod from when a stop signal is generated to when
the loom is reactivated;

Fig. 4 is a diagram showing the state of the loom
during a period from when the loom is stopped in
response to the stop signal to when the loom is re-
activated and weft insertion is started, wherein a
warp shed is set to a central shed-closed state (lev-
eling state) after the stoppage of the loom;

Fig. 5 is a flowchart showing a process according to
afirstembodimentin which, after aroutine is stopped
in response to an abnormal signal in Fig. 4, areverse
rotation button is operated to rotate aloom main shaft
in a reverse direction to a predetermined rotational
phase (angle) set as a target in the stopped routine;
Figs. 6A and 6B are diagrams illustrating two kinds
of shedding patterns, wherein Fig. 6A shows a nor-
mal shedding pattern and Fig. 6B shows a pattern
obtained by inverting the normal shedding pattern;
Fig. 7 is a flowchart showing a process according to
a second embodiment which differs from the process
shown in Fig. 5 in that a recovery button is operated
instead of the reverse rotation button to rotate the
loom main shaft automatically in the reverse direc-
tion to the predetermined rotational phase (angle)
set as the target in the stopped routine;
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Fig. 8isadiagram corresponding to Fig. 4 that shows
the state of the loom during a period from when the
loom is stopped in response to the stop signal to
when the loom is reactivated and weft insertion is
started, wherein the loom is started by a starting
method called a blank-beating start with reverse ro-
tation by executing a routine, the diagram illustrating
a process performed when an abnormal signal is
generated during an automatic reverse rotation per-
formed in an operation of restarting the loom;

Fig. 9 is a flowchart showing a process according to
a third embodiment in which, after the blank-beating
start with reverse rotation is stopped in response to
the abnormal signal in Fig. 8, a reverse rotation but-
ton and an inching button are successively operated
to rotate the loom main shaft at a low speed to a
predetermined rotational phase (angle) set as a tar-
get in the stopped routine;

Fig. 10 is a diagram corresponding to Fig. 8, wherein
the loom is started by another starting method called
a blank-beating start with forward rotation by exe-
cuting a loom-start routine, the diagram illustrating
a process performed when an abnormal signal is
generated during a low-speed forward rotation per-
formed in an operation of restarting the loom;

Fig. 11is adiagram corresponding to Fig. 10, where-
in the loom is started by the blank-beating start with
forward rotation, the diagram illustrating a process
performed when an abnormal signal is generated
during blank weaving performed in the operation of
restarting the loom; and

Fig. 12 is a flowchart showing a process according
to a fourth embodiment in which, after the blank-
beating start with forward rotation is stopped in re-
sponse to the abnormal signal in Fig. 10 or Fig. 11,
an inching button is operated to rotate the loom main
shaft forward at a low speed to a predetermined ro-
tational phase (angle) set as a target in the stopped
routine.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0019] Embodiments of the present invention will be
described below with reference to the accompanying
drawings.

[0020] Fig. 1 shows the overall structure of a loom 10.
In the loom 10, a plurality of warp yarns 12 and a plurality
of sets of selvage yarns (not shown) are wound around
a warp beam 14, and are let off from the warp beam 14
in the from of a sheet. The warp yarns 12 and the selvage
yarns extend from the warp beam 14 to a cloth fell 22 via
a back roller 16, a plurality of healds 18, and a reed 20.
The warp yarns 12 are inserted through respective
healds 18 that are attached to a plurality of heald frames
19, and the heald frames 19 reciprocate so as to form a
shed 24 in the warp yarns 12. A weft yarn is inserted into
the shed 24 inthe warp yarns 12 by aweftinsertion device
(not shown). The inserted weft yarn is beaten up against
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the cloth fell 22 by the reed 20, and accordingly a woven
cloth 26 is obtained. The woven cloth 26 extends from
the cloth fell 22 to a take-up roller 30 via a guide roller
28, is conveyed by the take-up roller 30 and a pair of
press rollers 32, and is wound around a cloth roller 34.
[0021] Thereed 20 and the heald frames 19 are driven
by a beating-up motion driver 36 and a shedding motion
driver 38, respectively. The beating-up motion driver 36
and the shedding motion driver 38 are connected to a
main shaft 42 of the loom 10 and include known mech-
anisms for converting the rotation of the main shaft 42
into desired reciprocating motions. Accordingly, the beat-
ing-up motion driver 36 and the shedding motion driver
38 causesthereed 20 and the heald frames 19 to perform
a predetermined beating-up motion and a predetermined
warp shedding motion, respectively. A safety guard sen-
sor 43 having an optical axis that extends in a weaving-
width direction is disposed in front of the front end of a
moving range of the reed 20. When an obstacle enters
an area near the moving range of the reed 20, the safety
guard sensor 43 detects a blockage of light caused by
the obstacle and outputs an abnormal signal. In the
present embodiment, the shedding motion driver 38 is a
so-called electronic dobby machine that switches drive
modes of the heald frames 19 in accordance with shed-
ding patterns that are electrically stored in advance.
[0022] The warp beam 14 is driven by the rotation of
an output shaft of a let-off motor 44 that is transmitted to
the warp beam 14 after the speed thereof is reduced by
a known speed reduction mechanism, and thereby lets
off the warp yarns 12. In addition, the take-up roller 30
is driven by the rotation of a take-up motor 46 that is
transmitted to the take-up roller 30 after the speed thereof
is reduced by a known speed reduction mechanism, and
thereby operates in association with the pair of press
rollers 32 so as to convey the woven cloth 26 toward the
cloth roller 34.

[0023] The loom main shaft 42 is connected to a main
shaft motor 40 and an electromagnetic brake 48. Accord-
ingly, the loom main shaft 42 is driven by the main shaft
motor 40 and is decelerated by the electromagnetic brake
48.

[0024] Fig. 2 is a block diagram illustrating a control
device 50 of the loom and a shedding device 90 for gen-
erating a warp shedding motion. The control device 50
basically includes a setter 52 for setting various weaving
parameters and a main controller 54 for controlling the
loom using the parameters inputto the setter 52 and other
input data. The main controller 54 corresponds to the
above-described control unit.

[0025] The main controller 54 includes an input port
56 for receiving input signals, an output port 58 for out-
putting output signals, a central processing unit (CPU)
60 that outputs control signals to various circuit devices,
and a storage unit 62 for storing various information. The
storage unit 62 stores a plurality of control programs (con-
trol routines) made by a manufacturer in advance and
temporarily stores control data including current control
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values and the like.

[0026] The main controller 54 is connected to a drive
circuit 64 for driving the main shaft motor 40, adrive circuit
66 for driving the electromagnetic brake 48, a take-up
control circuit 68 for driving the take-up motor 46, a let-
off control circuit 70 for driving the let-off motor 44, a weft
insertion controller 72 for controlling weft insertion, and
a weft detection circuit 74 that determines success or
failure of the weft insertion by detecting an inserted weft
yarn and outputs a weft-insertion error signal if the weft
insertion fails. The circuit devices 64 to 74 are controlled
by signals output from the main controller 54.

[0027] The main controller 54 is also connected to an
activation button 81 operated for activating the loom, an
inching button 82 that functions as a low-speed forward
rotation button operated when forward inching rotation
is to be performed, a reverse rotation button 83 that func-
tions as a low-speed reverse rotation button operated
when reverse rotation is to be performed, a stop button
85 operated when continuous operation of the loom is to
be stopped, and a recovery button 84 operated when
automatic rotation of the loom main shaft, which will be
described below, is stopped the loom main shaft is to be
rotated to a rotational phase at which the operation of
the loom can be started. Accordingly, the main controller
54 receives operation signals including an activation op-
eration signal S1, an inching operation signal S2, a re-
verse rotation operation signal S3, a stop operation signal
S5, and a recovery operation signal S4 from the above-
mentioned operation buttons. In addition to the above-
described operation signals, the main controller 54 also
receives a weft-insertion error signal S12 from the weft
detection circuit 74, a main-shaft-angle signal 6 from an
angle-signal generator 76 connected to the loom main
shaft42, and an abnormal signal SO from the safety guard
sensor 43 disposed near the cloth fell at an input port 56.
The CPU 60 executes the control programs (control rou-
tines) stored in the storage unit 62 and controls the cir-
cuits 64 to 74 by outputting control signals through the
output port 58.

[0028] The angle-signal generator (ENC) 76, such as
a known absolute encoder or incremental encoder, is
connected to the main shaft 42 so as to detect the angle
0 as a rotational phase. The main-shaft-angle signal 6 is
used by the main controller 54 for activating and stopping
the loom and for controlling the overall operation of the
loom. In addition, as described below, the main-shaft-
angle signal 6 is also used for setting a central shed-
closed state in the loom upon occurrence of a cause of
stoppage and switching processes in a blank-beating
start in which blank weaving is performed for a plurality
of cycles when the loom is activated.

[0029] Thedrive circuit 64 supplies power correspond-
ing to a drive mode (high-speed forward rotation, low-
speed forward rotation, low-speed reverse rotation, etc.)
to the main shaft motor 40 depending on the kind of a
signal (an activation signal S6, a forward rotation signal
S7, or a reverse rotation signal S8) output from the main
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controller 54. For example, when the main shaft motor
40 is an induction motor, the drive circuit 64 may include
an inverter device that generates an alternating-current
power with a frequency corresponding to the drive mode
of the main shaft motor 40. Alternatively, the drive circuit
64 may also be a known drive circuit including a low-
frequency-output inverter device that functions as a low-
speed drive source, a commercial power source that
functions as a high-speed drive source, and an electro-
magnetic switch that selectively supplies power from the
inverter device or the commercial power source to the
primary winding of the main shaft motor 40 or switches
a voltage applied to the primary winding of the main shaft
motor 40 in order to change an activation torque.
[0030] When the loom is in operation, the drive circuit
64 receives an ON output of the activation signal S6 (ac-
tivation ON signal S6) from the main controller 54 and
rotates the main shaft motor 40 forward at a high speed,
thereby maintaining the normal operation state of the
loom. In addition, when the loom is driven forward, the
drive circuit 64 receives an ON output of the forward ro-
tation signal S7 (forward rotation ON signal S7) and ro-
tates the main shaft motor 40 forward at a low speed.
When the loom is driven in the reverse direction, the drive
circuit 64 receives an ON output of the reverse rotation
signal S8 (reverse rotation ON signal S8) and rotates the
main shaft motor 40 in the reverse direction at a low
speed.

[0031] Whenthe forward rotation, the reverse rotation,
or the operation of the loom is to be finished, the drive
circuit 66 receives an ON output of the brake signal S9
(brake ON signal S9) from the main controller 54 and
transmits power necessary for decelerating the main
shaft 42 to the electromagnetic brake 48. The electro-
magnetic brake 48 may be of any type as long as a brak-
ing force can be generated in response to a brake com-
mand, and is not limited to a brake that generates a brak-
ing force by applying an attractive force to a disc by ex-
citation.

[0032] The take-up control circuit 68 drives the take-
up motor 46 in accordance with a signal output from the
main controller 54. More specifically, when the loom is
in operation (while the activation signal S6 is turned on),
the take-up control circuit 68 drives the take-up motor 46
in synchronization with the rotation of the main shaft 42
at a speed corresponding to a weft-yarn density set by
the setter 52. In addition, when an activation preparation
signal S10 is output, the take-up control circuit 68 causes
the loom to perform a kickback operation (an operation
of rotating the take-up motor 46 in the forward or reverse
direction by a predetermined amount) depending on the
settings set by the operator. Accordingly, the cloth fell 22
is moved frontward or backward to prevent weft bars.
Even when the activation signal S6 is turned on, the take-
up control circuit 68 does not drive the take-up motor 46
during a blank weaving period (while a blank weaving
signal S11 is turned on).

[0033] The let-off control circuit 70 drives the let-off
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motor 44 in accordance with a signal output from the
main controller 54. More specifically, when the loom is
in operation (while the activation signal S6 is turned on),
the let-off control circuit 70 drives the let-off motor 44
suchthatawarp tension is maintained ata predetermined
value. In addition, similar to the take-up control circuit 68,
when the activation preparation signal S10 is output, the-
let-off control circuit 70 causes the loom to perform the
kickback operation depending on the settings set by the
operator. In addition, even when the activation signal S6
is turned on, the let-off control circuit 70 does not drive
the let-off motor 44 during the blank weaving period (while
the blank weaving signal S11 is turned on).

[0034] When, for example, the loom is an air jet loom,
the weftinsertion controller 72 includes a weft measuring-
and-storing device, weft insertion nozzles (a main nozzle
and a plurality of sub nozzles), and a weft-insertion con-
trol circuit for controlling these devices and the ejection
of fluid from the weft insertion nozzles. When the loom
is in operation (while the activation signal S6 is turned
on), the weft insertion controller 72 releases a weft yarn
by a length corresponding to a single pick from the weft
measuring-and-storing device and performs relay ejec-
tion of compressed fluid from the main nozzle and the
sub nozzles, thereby inserting the weft yarn into the warp
shed. However, even when the activation signal S6 is
turned on, the weft insertion in which the weft yarn is
released and the fluid is ejected from the weft insertion
nozzlesis not carried out during the blank weaving period
(while the blank weaving signal S11 is turned on).
[0035] The weft detection circuit 74 is a known circuit
that determines success or failure of the weft insertion
during the normal loom operation on the basis of a yarn
signal from a feeler head (not shown), such as an H1
feeler and an H2 feeler, disposed near a cloth edge ad-
jacent to a weft-arrival side of the loom. When a weft
insertion error occurs, the weft detection circuit 74 out-
puts a weft-insertion error signal S12 that represents the
situation. Even when the activation signal S6 is turned
on, the weft detection circuit 74 does not perform the weft
detection operation (does not output the weft-insertion
error signal S12) during the blank weaving period (while
the blank weaving signal S11 is turned on).

[0036] The setter 52 is provided for the circuits of the
control device 50 and includes, for example, a touch pan-
el having a function of displaying the states of set param-
eters and control information of the loom in the form of
characters, numbers, or graphics and a function as a
setting unit for inputting information. The setter 52 com-
municates information with the main controller 54, the
circuit devices 64 to 74, and a shedding controller 96,
which will be described below. The parameters set by
the setter 52 include parameters for starting and stopping
the loom (the detailed operations will be described below
with reference to Figs. 4, 8, 10, and 11) and weaving
parameters. The weaving parameters include, for exam-
ple, a weft-yarn density, a warp tension, information re-
garding the kinds of weft and warp yarns, set values for
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the weft insertion controller 72 and the weft detection
circuit 74, a warp shed pattern for the warp shedding
device 90, and a weft selection mode. The operator inputs
set values into the setter 52 by touching a display section
for setting values and then touching a selection menu,
number keys for inputting numerical values, etc., on a
screen (not shown). In addition, selection information
representing whether or not to use a control function, for
example, a leveling function which will be described be-
low, for the above-described electronic dobby machine
is setinto the setter 52 in advance by operating the screen
(not shown).

[0037] Theloom 10includes the warp shedding device
90. Inthe presentembodiment, the warp shedding device
90 includes an electronic dobby machine which outputs
an electric selection signal in accordance with a shedding
pattern set for each shedding step number and electri-
cally stored in advance and with which a shedding motion
of each heald frame can be arbitrarily selected.

[0038] The shedding device 90 basically includes a
drive shaft 92 connected to the main shaft 42 of the loom,
the shedding controller 96, and the shedding motion driv-
er 38 including selection solenoids 97 that receive an
output from the shedding controller 96 and that function
as actuators provided for respective heald frames and
selectively driven in response to an electric signal. The
drive shaft 92 is mechanically connected to the shedding
motion driver 38 and serves as a power source for moving
each heald frame by transmitting the rotating force of the
main shaft 42. In addition, the drive shaft 92 has a dog
93 formed integrally therewith for obtaining two step sig-
nals S16 and S17, and sensors 94 and 95 are arranged
S0 as to detect a detection piece of the dog 93 with an
angular delay. The step signals S16 and S17 are ob-
tained by the sensors 94 and 95, respectively, and are
transmitted to the shedding controller 96.

[0039] The sheddingcontroller 96 receives information
related to each shedding step number through the setter
52 in advance, the information including a motion mode
of each heald frame (selection of up-and-down motion
of the heald frame) and an output mode of selection sig-
nals for switching the inserted weft yarn in multiple-color
weft insertion, the weft insertion density, etc. The thus
received information is stored in a storage unit (not
shown) included in the shedding controller 96. The shed-
ding controller 96 determines the rotating direction of the
drive shaft 92 (in other words, the rotating direction of
the loom main shaft 42) on the basis of the step signals
S16 and S17 from the sensors 94 and 95, respectively,
increments or decrements the shedding step number in
accordance with the number of turns of the drive shaft
92, and updates the shedding pattern and the selection
pattern. Then, on the basis of the updated shedding pat-
tern and selection pattern, the shedding controller 96 out-
puts a selection signal S18 representing the motion mode
of each heald frame to the selection solenoids 97 that
function as the actuators for the respective heald frames
through an electronic circuit (not shown). In addition, the
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shedding controller 96 outputs various selection signals
S13, such as a weft selection signal, to the circuits in-
cluded in the loom and also outputs reversal-prohibiting
signals S15a and S15b to the main controller 54 for pro-
hibiting the reversal of the rotating direction when the
loom is in a reversal-prohibiting period that inevitably ex-
ists due to the structure of the electronic dobby machine.
When aleveling command S14 is received from the main
controller 54, the shedding controller 96 outputs the sig-
nal S18 on the basis of an inverted pattern obtained by
inverting a shedding pattern for reverse rotation with re-
spect to a current shedding step number, thereby per-
forming a leveling function for setting the warp shed to
the central shed-closed state.

[0040] The main controller 54 supplies the blank weav-
ing signal S11, whichis used in the third and the following
embodiments, to the weft insertion controller 72 and the
weft detection circuit 74. This signal is turned on during
the blank weaving period in which weft insertion is not
performed, and details thereof will be described later.
[0041] Fig. 3 shows a flowchart of a process during
which the loom is stopped in response to the weft-inser-
tion error signal S12 generated while the loom is in con-
tinuous operation, a necessary process, such as repair
of a yarn, is performed, and then the loom is restarted.
Fig. 4 is a chart illustrating the variation in the operational
state of the loom. In Fig. 4, the horizontal axis shows the
loom main-shaft angle 6, and the output mode of each
signal and the actual shedding pattern of the weft yarns
are shown along the vertical axis. More specifically, Fig.
4 shows, in order from the top, the actual warp shedding
pattern, pattern numbers of the heald-frame pattern out-
put by the shedding controller 96 for forward and reverse
rotations, and the logical output states of the step signals
S16 and S17 from the sensors 94 and 95, respectively.
In addition, the angular variation in the operational state
with respect to the rotation of the loom main shaft is
shown in time series toward the bottom with the angle
(timing) at which the weft-insertion error signal S12 is
generated being located at the center. In addition, the
actual warp shedding pattern obtained when the leveling
command S14 is input to the shedding controller 96 and
the logical output state of the heald-frame pattern output
by the shedding controller 96 for reverse rotation are
shown at the bottom.

[0042] Here, aprocessinwhichaweftbreakage, which
is one of the causes of stoppage, occurs while the loom
is in a high-speed, continuous operation with weft inser-
tion and then the loom is restarted will be explained below
as an example. In this example, when the weft breakage
occurs, the operator manually performs the recovery op-
eration instead of using an automatic recovery device,
and the loom waits for the operator in the state in which
the warp shed is set to the central shed-closed state. In
addition, in this example, the central shed-closed state
is set using the leveling function of the electronic dobby
machine, as described in detail below. These operations
are performed in response to various commands from

10

15

20

25

30

35

40

45

50

55

the main controller 54 by executing the control programs
(control routines) stored in the main controller 54 or the
shedding controller 96. The process will be described in
detail below with reference to Figs. 3 and 4.

[0043] Referring to Fig. 3, it is assumed that the weft
detection circuit 74 detects a weft breakage while the
loom is in continuous operation with weft insertion and
outputs the weft-insertion error signal S12 at 310°
(STO01). In this case, the main controller 54 determines
the cause of stoppage on the basis of signals output from
various sensors (ST002), and the process proceeds to
a step corresponding to the determined cause of stop-
page. In this example, the process proceeds to step
ST003, which corresponds to weft breakage. In step
ST003, the main controller 54 immediately turns off the
activation signal S6 and generates the brake signal S9
for a predetermined period. Accordingly, the drive circuit
64 stops supplying electricity to the main shaft motor 40
and the drive circuit 66 activates the electromagnetic
brake 48 by supplying electricity thereto, so that the loom
main shaft 42 is stopped. As a result, as shown in Fig.
4, the loom main shaft 42 rotates about one turn after the
detection of the weft insertion error and stops at 320°. In
Fig. 3, steps performed when the cause of stoppage is
awarp breakage are simply shown as STOXX. However,
a plurality of steps corresponding to other causes of stop-
page may, of course, be prepared.

[0044] Next, in order to set the loom 10 to the standby
state in which the loom 10 waits for the operator, the main
controller 54 turns off the brake signal S9 and turns on
the reverse rotation signal S8 so that the loom main shaft
42 rotates about one turn in the reverse direction to 300°,
where the warp shed is set to the central shed-closed
state (ST004). The main-shaft angle corresponding to
the standby state is set to an angle at which the heald
frames are at the central shed-closed position, that is, a
set cross timing 300° of the shedding device 90. The
reverse rotation is performed by executing a routine for
rotating the loom main shaft 42 in the reverse direction
to a predetermined rotational phase, which is 300° in this
example. The cross timing is set by adjusting the syn-
chronized position (angle) of the loom main shaft 42 and
the drive shaft 92, and is adequately adjusted in the range
of = several tens of degrees in terms of the loom main-
shaft angle depending on the weaving specification.
[0045] Here, the operation of the electronic dobby ma-
chine (shedding controller 96) will be briefly described
below. In the example shown in Fig. 4, the actual shed-
ding pattern is set such that six cycles, i.e.,3 - 4 - 5
- 6 - 1 ..., which correspond to six turns in the loom,
are included in a single repeat. A forward-rotation frame
pattern that contributes to the shedding pattern for for-
ward rotation is generated prior to the actual shedding
patternbyonecycleas4 -5 -6 -~ 1 -2 ...,inresponse
to the inputs from the step signals S16 and S17 obtained
from the sensors 94 and 95, respectively. In addition,
when the loom main shaft is rotated in the reverse direc-
tion, that is, when the actual shedding pattern changes
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in the direction from the right to the left in the figure as 6
- 554 5 3., areverse-rotation frame pattern that
contributes to the shedding pattern for reverse rotation
is generated prior to the actual shedding pattern by one
cycleas5 - 4 - 3 - 2...in the direction from the right
to the left in the figure in response to the inputs from the
step signals S16 and S17. A period in which the signal
of the solenoid-selection shedding pattern is output is
limited to a predetermined period in which a shed-closing
motion in a certain cycle is changed to a shed-opening
motion in the next cycle, that is, in a period around the
warp cross-timing.

[0046] Thereversal-prohibiting signals S15aand S15b
are output from the shedding controller 96 on the basis
of the step signals S16 and S17 from the sensors 94 and
95, respectively. Thisis because there is a period in which
a reversal of rotating direction of the drive shaft 92, that
is, a reversal of rotating direction of the main shaft 42 is
prohibited due to the mechanism for selecting the heald-
frame motion in the electronic dobby machine. If the ro-
tating direction of the drive shaft 92 is reversed in such
a period, a pattern displacement (heald-frame selection
failure) will occur. Accordingly, the shedding controller
96 determines a rotating direction when the activation
signal S6, the forward rotation signal S7, or the reverse
rotation signal S8 from the main controller 54 is turned
on and selectively outputs the reversal-prohibiting signal
S15aor S15bin synchronization with the step signal S16
or S17 depending on the determined rotating direction.
More specifically, when the rotating direction is forward,
only the reversal-prohibiting signal S15b that prohibits
reversal from forward rotation to reverse rotation is output
in synchronization with the step signal S17. When the
rotating direction is reverse, only the reversal-prohibiting
signal S15a that prohibits reversal from reverse rotation
to forward rotation is output in synchronization with the
step signal S16. The reversal-prohibiting signals S15a
and S15b are input to the main controller 54, and the
main controller 54 checks whether or not a reversal of
rotating direction of the loom main shaft prohibited in ac-
cordance with the state of signal input occurs when a
manual operation button is operated or automatic rotation
is started. If a prohibited reversal occurs, rotation of the
loom main shaft is stopped to prevent the above-de-
scribed pattern displacement.

[0047] Fig. 6A shows an example of the setting state
of a normal shedding pattern using six heald frames H1,
H2, ..., H6. In Fig. 6A, "X" shows that the heald frames
are at the upper position and the blank spaces show that
the heald frames are at the lower position. While the pat-
tern changes from pattern "1" to pattern "6", two heald
frames are at the lower position and the other heald
frames are at the upper position.

[0048] When the shedding controller 96 performs the
leveling operation, the loom main shaft is rotated one
turnin the reverse direction to establish the leveling state.
At this time, the current solenoid selection pattern is
changed into a pattern obtained by inverting the actual
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current shedding pattern before the reverse rotation is
started. Fig. 6B shows patterns obtained by inverting the
normal shedding patterns, the inverted patterns being
denoted by numbers having bars over them. Here, the
inverted patterns are patterns obtained by reversing up-
per and lower positions of the heald frames in the respec-
tive normal shedding patterns.

[0049] Accordingly, the main controller 54 outputs the
leveling command S14 to the shedding controller 96, and
the shedding controller 96 inverts the solenoid-selection
shedding pattern that is output to the selection solenoids
97. In addition, the main controller 54 turns off the brake
signal S9 and turns on the reverse rotation signal S8 so
that the loom main shaft is rotated about one turn in the
reverse direction. While the loom main shaft rotates
about one turn in the reverse direction, the actual shed-
ding pattern changes in accordance with the inverted pat-
tern. Accordingly, all of the heald frames H1, H2, ..., H6
move upward or downward. More specifically, when the
normal actual shedding pattern is pattern "5", four heald
frames H1, H4, H5, and H6 are set to the upper position
and the other two heald frames H2 an H3 are set to the
lower position. Therefore, while the loom main shaft ro-
tates about one turn in the reverse direction, the heald
frames H1, H4, H5, and H6 at the upper position are
moved downward and the heald frames H2 and H3 at
the lower position are moved upward in accordance with
the pattern obtained by inverting pattern "5". As a result,
all of the heald frames H1, H2, ..., H6 are moved to the
leveling position, that is, to the vertical center as the loom
shaft approaches an angle (300°) where the upper and
lower heald frames cross each other. Such a function is
not limited to the normal shedding pattern in which a sin-
gle repeat includes six cycles, and may also be obtained
in the plain-weave shedding pattern and other shedding
patterns.

[0050] Referring to Fig. 3 again, when the loom main
shaft is rotated in the reverse direction in step ST004,
the main controller 54 executes the leveling function by
outputting the leveling command S14 to the shedding
controller 96 at an angle earlier than the cross timing by
one-halfturn (180°) in terms of the loom main-shaft angle.
Accordingly, the shedding pattern obtained by inverting
the current shedding pattern is input to the selection so-
lenoids 97. In addition, the main controller 54 turns off
the brake signal S9 and turns on the reverse rotation
signal S8, so that the loom main shaft is rotated in the
reverse direction at a low speed. When the main-shaft
angle 6 reaches 300° due to the reverse rotation, all of
the heald frames 19 are moved to the central position
and the warp shed is set to the central shed-closed state
(central leveling). Then, the main controller 54 stops the
loom main shaft 42 and informs the operator that the
loom is in the standby state by turning on a tower lamp
(not shown) or presenting a display indicating the situa-
tion on the display screen of the setter 52 (ST005).
[0051] When the operator arrives at the loom that has
stopped, the operator manually repairs the broken weft
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yarn and rotates the loom main shaft to an activation start
position. More specifically, first, the operator operates
the inching button 82 and rotates the loom main shaft 42
forward at a low speed so that the state of the warp shed
is returned from the central shed-closed state based on
the above-described inverted pattern to the shedding
state based on the normal shedding pattern (ST006). The
angle at which the manual forward rotation is stopped is
not particularly limited as long as the operation of driving
the heald frames can be started in accordance with the
normal shedding pattern. More specifically, the main con-
troller 54 continuously outputs the forward rotation signal
S7torotate the loom main shaft 42 forward at alow speed
until the loom main shaft 42 leaves the reversal-prohib-
iting period of the electronic dobby machine (until the
main-shaft angle exceeds 210° at which the signal S15b
output in synchronization with the step signal S16 is
turned off). The operation of causing the loom main shaft
42 to leave the reversal-prohibiting period may be fin-
ished automatically by monitoring the output states of the
reversal-prohibiting signals S15a and S15b generated
by the shedding controller 96.

[0052] Next,the operator operates the reverse rotation
button 83 and the main controller 54 continuously outputs
the reverse rotation signal S8 so as to rotate the loom
main shaft in the reverse direction at a low speed until
the broken weft yarn appears at the cloth fell 22 (more
specifically, until the loom main shaft reaches 180°).
Then, the operator removes the broken weft yarn from
the warp shed (ST007). Then, the operator operates the
reverse rotation button 83 again and rotates the loom
main shaft 42 in the reverse direction at a low speed to
300°, which is the predetermined activation start position
(ST008). Then, the operator presses the activation button
81, so thatthe main controller 54 turns off the brake signal
S9 and turns on the activation signal S6. Accordingly,
the loom main shaft 42 is activated and rotated forward
at a high speed, and weft insertion is started (ST009).
Then, a continuous operation in which weft insertion is
continuously performed is started (ST010). Thus, the
process performed in the period from when the weft-in-
sertion error signal S12 is generated as a stop signal until
when the loom is reactivated is finished.

[0053] The above-described operation performed in
steps ST004 and STOO05 shown in Fig. 3 for setting the
warp shed to the central shed-closed state, that is, the
operation of performing the low-speed reverse rotation
of the loom main shaft and the leveling operation of the
shedding controller 96 corresponds to "an operation of
executing a program to rotate the loom main shaft to the
predetermined rotational phase that corresponds to the
program" according to the present invention. According
to the first embodiment of the present invention, when
some kind of abnormality occurs in the loom while the
automatic low-speed reverse rotation is performed in
step ST004 in accordance with the above-described rou-
tine, the main controller 54 immediately stops the routine
to stop the low-speed reverse rotation of the loom main
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shaft 42 and sets the loom to the standby state until the
operator arrives. Then, according to the present embod-
iment, the operator operates the reverse rotation button
83 so that the loom main shaft is rotated in the reverse
direction at a low speed to 300°, which is the predeter-
mined rotational phase set as the target in the interrupted
routine, so as to complete the reverse rotation for the
leveling operation. The detailed operation will be de-
scribed below with reference to Figs. 4 and 5.

[0054] ReferringtoFig.4,acaseisconsideredinwhich
a weft breakage occurs as a cause of stoppage when
the actual shedding pattern is pattern "4" in the continu-
ous operation of the loom. In this case, the weft detection
circuit 74 detects the weft breakage and outputs the weft-
insertion error signal S12 to the main controller 54 as a
stop signal. Accordingly, the main controller 54 turns on
the brake signal S9 and turns off the activation signal S6
so asto stop the loom main shaft 42. Therefore, as shown
in Fig. 4, the loom main shaft is rotated about one turn
after the issuance of the stop signal and is stopped at
320°. Then, the main controller 54 outputs the leveling
command S14 to the shedding controller 96 and exe-
cutes the leveling operation routine for rotating the loom
main shaft about one turn in the reverse direction to 300°,
which is the cross timing at which the central shed-closed
state can be obtained.

[0055] Indetail, thisroutine is performedin accordance
with a flowchart shown in Fig. 5. More specifically, when
the leveling operation routine is started, the main con-
troller 54 turns on the leveling command S14 and outputs
the reverse rotation signal S8 to the drive circuit 64 so
as to start the low-speed reverse rotation of the loom
main shaft 42 (ST021). Then, the process proceeds to a
monitoring step (ST022) for monitoring whether or not
an abnormal signal corresponding to some kind of ab-
normality of the loom is output. If such an abnormal signal
is not output, the process simply proceeds from ST022
to step ST023. Then, the main controller 54 determines
whether or not the main shaft 42 is rotated about one
turn in the reverse direction and the loom main-shaft an-
gle 6 has reached the target angle 300° (ST023). When
the result of determination is "NO", the process returns
to step ST022. Accordingly, monitoring of the abnormal
signal SO and determination of whether or not the main-
shaft angle 6 has reached the stop position are repeat-
edly performed. Then, when the main-shaft angle 6
reaches the target angle 300°, the process proceeds to
the next step, where the main controller 54 turns off the
leveling command S14 and the reverse rotation signal
S8 to stop the loom main shaft, thereby completing the
operation of setting the warp shed to the central shed-
closed state (central leveling state) (ST024). Then, the
process proceeds to step ST005 shown in Fig. 3 and the
loom 10 is set to the standby state.

[0056] Here, itisassumed thatthe safety guard sensor
43 detects some kind of obstacle and outputs the abnor-
mal signal SO before the loom main-shaft angle 8 reaches
300° (that is, during steps ST021 to ST023). When the
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abnormal signal SO is output, the main controller 54
changes the result of determination in step ST022 to
"YES", and the process proceeds to the next step, where
the main controller 54 turns on the brake signal S9 and
turns off the reverse rotation signal S8 so that the loom
main shaft 42 is stopped immediately. In addition, a dis-
play for informing the operator of the abnormality that
has occurred in the leveling operation and prompting the
operator to perform the recovery operation is presented
using the tower lamp (not shown), the display screen of
the setter 52, etc. (ST025). As a result, as shown in Fig.
4, the loom main shaft 42 stops at a position where the
main-shaft angle 6 is 150°. In this state, the main con-
troller 54 waits for an input from a manual operation but-
ton. Then, the operator operates the reverse rotation but-
ton 83 for completing the interrupted leveling operation
(ST026). In this embodiment, the main controller 54,
which functions as the control unit, performs the opera-
tion of step ST027 and the following steps to enable only
an operation signal from an operation button correspond-
ing to the rotating direction of the main shaft in the inter-
rupted routine among the inching button 82 and the re-
verse rotation button 83, which function as operation but-
tons of the loom.

[0057] First, when one of the operation button signals
S1to S5 is input, the main controller 54 determines the
kind of the input operation button signal (ST027). If the
signal is not from the reverse rotation button 83, the main
controller 54 outputs a command for displaying an error
to the setter 52 so that a necessary error display is per-
formed (ST028). Then, the process returns to step
ST026, and waits for another input from a manual oper-
ation button while informing the operator of the situation.
When the signal is determined to be the reverse rotation
operation signal S3 in step ST027, the process proceeds
to the next step, where the main controller 54 turns off
the brake signal S9 and turns on the reverse rotation
signal S8 so as to start low-speed reverse rotation of the
main shaft 42 (ST029). Then, it is determined whether
or not the reverse rotation operation signal S3 is turned
off (in other words, whether or not the "ON" state is being
maintained) (ST030). If the reverse rotation operation
signal S3 is turned off (that is, when the result of deter-
minationis "YES"), the process proceeds to the next step,
where the leveling command S14 and the reverse rota-
tion signal S8 are turned off and the brake signal S9 is
turned on so as to stop the loom main shaft 42 immedi-
ately (ST031). Then, the process returns to step ST026
and waits for another input of an operation button signal.
If the reverse rotation operation signal S3 is continuously
turned on in step STO030 (that is, when the result of de-
termination is "NO"), the process proceeds to step
ST032, where determination similar to thatin step ST023
is performed. More specifically, it is determined whether
or not the main-shaft angle 6 has reached the predeter-
mined rotational phase 300° (ST032). When the main-
shaft angle 6 reaches the target angle 300° and the result
of determination is changed to "YES", the process pro-
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ceeds to the next step, where the brake signal S9 is
turned on and the reverse rotation signal S8 and the lev-
eling command S14 are turned off, so that the low-speed
reverse rotation of the main shaft 42 is finished (ST033).
Thus, the recovery routine is finished. As a result, the
loom is stopped at 300°, which is set at the target angle
in the leveling operation routine, as shown in Fig. 4. Then,
the process is ended.

[0058] Thus, the interrupted rotating operation is com-
pleted and the warp shed is set to the central shed-closed
state inthe loom. Accordingly, the operator performs step
STO006 and the following steps in Fig. 3. More specifically,
the operator operates the inching button 82 and causes
the main shaft 42 to rotate forward until the loom main
shaft42 leavesthe reversal-prohibiting period of the elec-
tronic dobby machine (that is, until the main-shaft angle
0 exceeds 210°), so that the leveling state is canceled.
Then, the operator operates the reverse rotation button
83 and rotates the loom main shaft 42 in the reverse
direction at a low speed until the broken weft yarn ap-
pears at the cloth fell (until the main-shaft angle 6 reaches
180°). Then, the operator removes the broken weft yarn
from the warp shed, and then operates the reverse rota-
tion button 83 again to rotate the loom main shaft 42 in
the reverse direction at a low speed to 300°, which is the
predetermined activation start position. Then, the oper-
ator presses the activation button 81 to reactivate the
loom.

[0059] As described above, when the rotation of the
loom main shaft 42 is stopped in response to a stop sig-
nal, the leveling operation routine is performed in which
the leveling command S14 is output and the loom main
shaft is automatically rotated in the reverse direction at
alowspeedto300°, whichis the predetermined rotational
phase thatis set in advance in accordance with the cross
timing. Accordingly, the loom is set to the standby state
in which the warp shed is set to the central shed-closed
state. In this loom, if an abnormal signal is input while
the leveling operation routine is being executed, the loom
main shaft is stopped and the leveling operation routine
is interrupted. Then, among the operation buttons of the
loom including the low-speed forward rotation button and
the low-speed reverse rotation button, only the reverse
rotation operation signal S3 from the reverse rotation but-
ton 83, which is the low-speed reverse rotation button
that corresponds to the rotating direction of the main shaft
inthe above-mentioned routine, is enabled until the main-
shaft angle 6 of the loom main shaft 42 reaches 300°,
which is the predetermined rotational phase. Therefore,
even when the operator operates an operation button
other than the reverse rotation button, for example, even
when the operator operates the activation button 81 or
the inching button 82, the main controller 54 does not
allow the main shaftto rotate forward in response to these
operation signals. Accordingly, the operator necessarily
operates the reverse rotation button until the main-shaft
angle Breaches 300° and the leveling operation s reliably
completed. As a result, defects like pattern displace-
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ments, which easily occur in the known structure, can be
reliably prevented.

[0060] Inthe above-described first embodiment, when
some kind of abnormal signal is generated while the lev-
eling operation routine is being executed, the operation
signals from the operation buttons are restricted. How-
ever, the present invention is not limited to this. For ex-
ample, the above-described low-speed reverse rotation
may be performed by automatically rotating the loom
main shaft in the reverse direction in response to an op-
eration of the recovery button 84. Accordingly, a second
embodiment will be described below in which a function
of automatically rotating the loom main shaft 42 in the
reverse direction to 300°, which is the predetermined ro-
tational phase, in response to the operation of the recov-
ery button 84 is added to the structure of the above-de-
scribed first embodiment.

[0061] The second embodiment will be described be-
low with reference to Fig. 7, which is a flowchart obtained
by partially changing or adding steps to the flowchart of
Fig. 5, with respectto step ST026 and the following steps.
The flowchart shown in Fig. 7 mainly differs from that
shown in Fig. 5 in that determination of the kind of oper-
ation signal and the low-speed reverse rotation of the
loom main shaft 42 to 300° are performed automatically.
When the abnormal signal is generated and the leveling
operation is interrupted so that the loom is set to the
standby state, the main controller 54 waits for an input
of a manual operation button. Then, the operator oper-
ates the recovery button 84 as the manual operation but-
ton (ST026). When the operation signal is input, the proc-
ess proceeds to the next step, where the main controller
54 determines the kind of the operation signal (ST041).
In step ST041, the process is divided depending on the
input operation signal. When the reverse rotation oper-
ation signal S3 is input as in the first embodiment, the
process proceeds to step ST029 in Fig. 5 and the low-
speed reverse rotation is performed while the reverse
rotation button is continuously operated. In addition, if
the operation signal is input from an operation button
other than the reverse rotation button 83 or the recovery
button 84 (that is, when the activation operation signal
S1, the inching operation signal S2, or the stop operation
signal S5 is input), the process proceeds to step ST028
in Fig. 5 and the error operation is performed (the loom
main shaft is not rotated).

[0062] When the recovery button 84 is operated and
the recovery operation signal S4 is input in step ST026,
the main controller 54 successively performs steps
ST042 to ST046, which correspond to a recovery routine
for achieving automatic recovery. More specifically, the
brake signal S9 is turned off and the leveling command
S14 and the reverse rotation signal S8 are turned on so
asto start low-speed reverse rotation (ST042). Then, the
process proceeds to the next step, where the main con-
troller 54 performs steps similar to steps ST022 and
ST023 in Fig. 5. More specifically, the main controller 54
determines whether or not an abnormal signal is gener-
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ated in step ST043 and determines whether or not the
main-shaft angle has reached the stop angle 300°, which
is the target angle set in the interrupted leveling opera-
tion, in step ST044. Then, when the main-shaft angle 6
reaches 300°, the process proceeds to the next step,
where the brake signal S9 is turned on and the leveling
signal S14 and the reverse rotation signal S8 are turned
off so as to stop the reverse rotation of the loom main
shaft (ST046). Then, the process returns to the flowchart
of Fig. 5, as shown by the circled letter "A", and accord-
ingly the automatic reverse rotation for recovery is fin-
ished. When the steps shown in Figs. 5and 7 are finished,
the operation performed after step ST041 for enabling
only a specific operation signal and disabling other op-
eration signals is finished.

[0063] If it is determined that the abnormal signal SO
is output from, for example, the safety guard sensor 43
in step ST043 while the low-speed reverse rotation for
recovery is being performed, the brake signal S9is turned
on and the leveling signal S14 and the reverse rotation
signal S8 are turned off so as to stop the reverse rotation
of the loom main shaft (ST045), similar to step ST025 in
Fig. 5. Then, the process returns to step ST026 in the
flowchart of Fig. 5, as shown by the circled letter "B", and
waits for an input from an operation button again. Ac-
cordingly, the process once again waits for an operation
of the operator.

[0064] As described above, in the second embodi-
ment, if the leveling operation is interrupted by an abnor-
mal signal generated while the previous routine is being
executed, the operator operates the recovery button 84
so that the main controller 54 executes the routine for
recovery. Accordingly, the loom main shaft is automati-
cally rotated in the reverse direction at a low speed to
300°, which is the predetermined rotational phase set as
the target in the previous routine, so that the previously
interrupted routine can be completed. Therefore, similar
to the above-described first embodiment, defects like the
pattern displacements, which easily occur in the known
structure when manual recovery is performed, can be
reliably prevented. In addition, compared to the first em-
bodiment, the second embodiment is more preferable
since it is not necessary for the operator to check the
state of the loom and determine the rotating direction,
and the burden on the operator is further reduced.
[0065] In the above-described embodiments, the re-
covery operation performed when the rotation of the loom
main shaft 42 is stopped in response to the abnormal
signal SO generated while the low-speed reverse rotation
of the loom main shaft 42 is performed for setting the
loom 10 to the standby state is described as an example.
However, the present invention may also be applied to
recovery operations performed when other kinds of ro-
tating operations of the main shaft 42 are stopped. For
example, in the above-described loom, after the warp
shed is set to the central shed-closed state and the loom
is set to the standby state, the operator cancels the lev-
eling state by operating the inching button 82 and rotating
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the loom main shaft 42 forward at a low speed to a pre-
determined angle. However, such a low-speed forward
rotation for recovery may also be performed automati-
cally by executing a routine different from the above-de-
scribed routine in response to the recovery operation sig-
nal S4 from the recovery button 84. In such a case, the
loom main shaft 42 can be automatically stopped at an
angle at which the loom main shaft 42 leaves the above-
described reversal-prohibiting period. When the abnor-
mal signal SO is generated during such a low-speed for-
ward rotation and the loom main shaft 42 is stopped ac-
cordingly, another routine for recovery similar to that of
the above-described second embodiment may also be
executed in response to the operation of the recovery
button 84, so that low-speed forward rotation can be au-
tomatically performed until the main-shaft angle 6 reach-
es 210°, whichisthe above-described predetermined an-
gle. Alternatively, similar to the first embodiment, in order
to complete the interrupted operation of canceling the
leveling state, when an operation button is operated by
the operator, only the inching operation signal S2 from
the inching button 82 may be enabled and signals from
other operation buttons (for example, the reverse rotation
operation signal S3 from the reverse rotation button 83)
may be disabled until the main-shaft angle 6 reaches the
predetermined angle and the reversal-prohibiting signal
S15a or S15b is turned off. Accordingly, the operator is
reliably caused to cancel the leveling state.

[0066] Intheabove-described firstand second embod-
iments, the automatic rotating operation of the loom main
shaft 42 is performed by executing the routine, which
functions as a program, when the loom in continuous
operation is stopped in response to the weft-insertion er-
ror signal S12 that is output as a stop signal when a weft
breakage occurs. However, the automatic rotating oper-
ation may also be performed when other kinds stop sig-
nals are output. For example, the stop signal may also
be another kind of weft-insertion error signal, such as a
weft-insertion error signal output when the leading end
of the weft yarn does not arrive at the weft arrival side, a
warp breakage signal, a selvage-yarn breakage signal,
the stop operation signal S5 output from the stop button
85, a loom trouble signal, etc. In addition, in the above-
described embodiments, the abnormal signal SO from
the safety guard sensor 43 is described as the abnormal
signal in response to which the program for rotating the
main shaft to the predetermined rotational phase is
stopped. However, the abnormal signal is not limited to
this, and may also be the stop operation signal S5 output
from the stop button 85, a trouble signal output when a
drive device or amechanical device operates abnormally
in the loom, etc. Accordingly, the present invention may
also be applied to cases in which the automatic rotating
operation is stopped in response to the above-mentioned
signals.

[0067] In addition, the number of turns by which the
loom main shaft is rotated in the reverse direction in the
leveling operation is not limited to less than one as in the
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above-described embodiments, and the loom main shaft
may also be rotated more than one turns in the reverse
direction. This is because the number of turns of the re-
verse rotation depends on the amount of rotation by
which the loom main shaft rotates before it stops after
the weft-insertion error is generated, and there is a pos-
sibility that the loom main shaft rotates more than one
turn before it stops if the rotational speed of the loom is
high. In such a case, the control operation for stopping
the low-speed reverse rotation of the loom main shaft in,
for example, step ST044 may be performed by counting
the number oftimes the main-shaft angle reaches atarget
angle, as described below in a third embodiment.
[0068] Intheabove-describedfirstand second embod-
iments, a routine involving the rotation of the loom main
shaft 42 is performed to set the warp shed to the central
shed-closed state when the loom 10 is to be set to the
standby state after the rotation of the loom main shaft 42
is stopped in response to the generation of a stop signal.
However, the routine according to the present invention
is not limited to those executed when the loom stops, and
the present invention may also be applied to routines
executed before the weft insertion is started.

[0069] Forexample, the presentinvention may also be
applied to a loom that uses a starting method different
from a normal method to prevent weft bars from being
formed when weft yarns are beaten up with a low beating
force in a period immediately after the loom starts. More
specifically, the present invention may also be applied to
aloom that uses a starting method called a blank-beating
start. In the blank-beating start, when the loom is started,
the loom main shaft 42 is rotated in the forward or reverse
direction at a low speed to a predetermined activation
start position, and is then activated (rotated forward at a
high speed) so as to perform blank weaving, in which
weft insertion is not performed, for a predetermined pe-
riod so that the beating force can be increased. Then, a
normal operation with the weft insertion is performed. A
loom-start program (loom-start routine) executed when
the loom is started using the blank-beating start is also
considered as a control program (control routine) accord-
ing to the present invention.

[0070] As an example of the blank-beating start, a
blank-beating start with reverse rotation in which the loom
main shaftis rotated in the reverse rotation at a low speed
before the activation (high-speed forward rotation) of the
loom main shaft will be described below as a third em-
bodiment. In this case, the flow of a process performed
to reactivate the loom when a cause of stoppage occurs
is similar to that shown in Fig. 3 with regard to the steps
from the generation of the weft-insertion error signal in
continuous operation (ST001) to the reverse rotation to
the standby position (ST004). However, unlike the first
and second embodiments, the leveling operation for set-
ting the central shed-closed state using the shedding pat-
tern obtained by inverting the current shedding pattern
is not performed. Therefore, according to the presentem-
bodiment, the low-speed forward rotation (ST006) shown
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in Fig. 3 in which the operator cancels the leveling state
is omitted. In addition, the steps of removing the broken
weftyarn (ST007) and rotating the loom main shaft in the
reverse direction to the activation start position of the
loom (ST008) are similar to those of the first and second
embodiments. However, the operation of rotating the
loom main shaft when the loom is activated (ST009) dif-
fers from that of the first and second embodiments. Ac-
cordingly, the present embodiment will be described be-
low with reference to Fig. 8, which is a chart correspond-
ing to Fig. 4 that shows the variation in the operational
state of the loom.

[0071] Referring to Fig. 8, when the weft detection cir-
cuit 74 detects a weft breakage and outputs the weft-
insertion error signal S12 in the cycle where the actual
shedding pattern is pattern "4" while the loom is in con-
tinuous operation with weft insertion, the main controller
54 turns off the activation signal S6 and turns on the
brake signal S9. Accordingly, the drive circuit 64 stops
supplying electricity to the main shaft motor 40 and the
drive circuit 66 activates the electromagnetic brake 48
by supplying electricity thereto, so that the loom main
shaft 42 is stopped. As a result, as shown in Fig. 8, the
loom main shaft 42 rotates about one turn after the weft-
insertion error signal S12 is output and stops at 320°.
Next, in order to set the loom 10 to the standby state, the
main controller 54 turns off the brake signal S9 and turns
on the reverse rotation signal S8 so as to rotate the loom
main shaft 42 in the reverse direction to the angle where
the warp shed is set to the central shed-closed state.
Accordingly, the standby state is set and a display indi-
cating that the weft insertion error has occurred in the
loom is presented by, for example, turning on the tower
lamp (not shown). Unlike the first and second embodi-
ments, the leveling operation is not performed in the
present embodiment. When the operator arrives at the
loom, the operator operates the reverse rotation button
83 and the main controller 54 turns off the brake signal
S9 and turns on the reverse rotation signal S8 so as to
rotate the loom main shaft 42 in the reverse direction at
a low speed to 180° in actual shedding pattern "4" and
the broken weft yarn appears. Then, the operator re-
moves the broken weft yarn and operates the reverse
rotation button 83. Accordingly, the main controller 54
turns off the brake signal S9 and turns on the reverse
rotation signal S8 so as to further rotate the loom main
shaft 42 in the reverse direction at a low speed to the
cross timing corresponding to the activation start posi-
tion, that is, to 300° at which pattern "3" ends. Then, the
operator presses the activation button 81 and reactivates
the loom 10.

[0072] When the activation button 81 is pressed and
the activation operation signal S1 is input, the main con-
troller 54 executes a routine for staring the loom shown
in Fig. 9 and performs the blank-beating start with reverse
rotation to reactivate the loom. The "blank-beating start
with reverse rotation" is an operation in which high-speed
forward rotation of the loom main shaft 42 is performed
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without weftinsertion until the loom main shaft 42 reaches
a first angle that corresponds to the end of a blank weav-
ing period so as to increase the beating force against the
cloth fell, and in which the loom main shaft 42 is rotated
in the reverse direction at a low speed to a first rotational
phase (180°), which is determined in advance in accord-
ance with the blank weaving period, before the high-
speed forward rotation is started.

[0073] In other words, first, the loom main shaft 42 is
rotated about one and a half turns in the reverse direction
at a low speed to 180° (first rotational phase) from the
current activation start position 300°. Then, the loom
main shaft 42 is activated (rotated forward at a high
speed) and blank weaving without weft insertion is per-
formed until the loom main shaft 42 is rotated forward by
an amount equal to or larger than the amount of above-
mentioned reverse rotation and reaches 300° (predeter-
mined rotational phase). Accordingly, the beating force
is increased due to the acceleration during this period
(high-speed forward rotation), and then the weft insertion
is started so that the operational state is changed to con-
tinuous operation. In this case, "an operation of executing
a program to rotate the loom main shaft to the predeter-
mined rotational phase that corresponds to the program"”
includes both the low-speed reverse rotation and blank
weaving. In the third embodiment, a process for rotating
the main shaft 42 of the loom 10 to the position where
the loom 10 can be reactivated when some kind of ab-
normality occurs during the routine of the above-de-
scribed low-speed reverse rotation will be described as
an example.

[0074] Here, itis assumed that the broken weft yarn is
already removed and the main shaft 42 of the loom 10
is rotated in the reverse direction to the cross timing 300°,
which is an activation operation position. Since the steps
performed before this are already described above, ex-
planations thereof are omitted here. In this state, the op-
erator presses the activation button 81 so that the main
controller 54 starts a process shown in Fig. 9 as a routine
for starting the loom. Referring to Fig. 9, when the acti-
vation button 81 is pressed and the activation operation
signal S1 is input, the main controller 54 turns off the
brake signal S9 and turns on the reverse rotation signal
S8 so as to start low-speed reverse rotation of the loom
main shaft 42 (ST051). Then, the process proceeds to
the next step, where the generation of an abnormal signal
is monitored (ST052). If the abnormal signal SO or the
stop operation signal S5 is not output, it is determined
whether or not the main-shaft angle 6 has reached the
first rotational phase, that is, 180° (ST053). Since the
stop position corresponds to 180° that is reached after
the loom main shaft rotates one and a half turns due to
the above-described setting of the amount of reverse ro-
tation, the determination is made by counting the number
of times the main-shaft angle reaches 180°. More spe-
cifically, when it is determined that the main-shaft angle
has reached 180° twice, the result of determination is
changed to "YES" and itis determined that the loom main
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shaft has reached the reverse-rotation stop position. Ac-
cordingly, the process proceeds to step ST054.

[0075] The main controller 54 determines that the re-
sult of determination is "NO" if the main-shaft angle 6 has
not yet reached the stop position thereof. In such a case,
the process returns to step ST052, and the steps of mon-
itoring the generation of the abnormal signal SO and de-
termining whether or not the main-shaft angle 6 has
reached the stop position thereof are repeated. When
the loom main shaft 42 is rotated about one and a half
turns in the reverse direction at a low speed and reaches
the target angle 180°, as shown in Fig. 8, the main con-
troller 54 turns on the brake signal S9 and turns off the
reverse rotation signal S8 so as to stop the low-speed
reverse rotation (ST054). Then, the main controller 54
performs an operation called kickback for correcting the
cloth-fell position using the take-up control circuit 68 and
the let-off control circuit 70. Then, the main controller 54
turns on the activation signal S6 to start the activation
(high-speed forward rotation) of the loom main shaft 42
and also turns on the blank weaving signal S11 to start
blank weaving in which weft insertion is not performed
(STO55). Then, the process proceeds to the next step,
where itis determined whether or not the loom main shaft
42 hasreached a position (angle) at which blank weaving
is to be ended in step ST056. More specifically, in step
STO56, it is determined whether or not the loom main
shaft 42 has rotated about one and a half turns and the
main-shaft angle 6 has reached 300°, which corresponds
to the weft-insertion start timing, twice. In the determina-
tion step, if this state is not yet obtained (that is, if the
result of determination is "NO"), the determination step
is repeated without changing the activation state of the
loom 10 (STO056). If it is determined that the loom main
shaft 42 has rotated about one and a half turns after the
start of activation and the main-shaft angle 6 has reached
300°, which is the rotational phase at which blank weav-
ing is to be ended, the process proceeds to the next step.
Then, the blank weaving signal S11 is turned off and weft
insertion is started by activating the weft insertion device
and the weft detection circuit (in practice, weft insertion
is started after the main-shaft angle reaches 0°), so that
the operational state is changed to normal operation
(ST057). Accordingly, the routine for starting the loom
with blank-beating start is finished.

[0076] Next, the case will be considered in which the
abnormal signal SO is output from the safety guard sensor
43, similar to the above-described first embodiment, dur-
ing the operation started in step S051 for rotating the
loom main shaft about one and a half turns in the reverse
direction at a low speed to 180°, which is the first rota-
tional phase. Here, itis assumed that the loom main shaft
is stopped at 330° in actual shedding pattern "3" after
reaching 180° once. Such a state with respect to 180°
(that is, the count number "1" representing the number
of times the main-shaft angle has reached 180°) is stored
in the storage unit 62 as the control data and is used in
the recovery routine executed in the subsequent step. In
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this case, the process proceeds to the step branched
from step ST052, and the main controller 54 immediately
stops the low-speed reverse rotation. As a result, the
loom main shaft is stopped at, for example, 320°, as
shown in Fig. 8, and the routine is interrupted (ST058).
In addition, the main controller 54 turns on the tower lamp
(not shown) or displays abnormality information on the
display screen of the setter 52 so as to inform the operator
of the situation. The information displayed by the setter
52 preferably includes detailed information such as the
step of the blank-beating start at which the abnormality
has occurred, the procedure for recovering from the ab-
normality, etc.

[0077] When the operator arrives and operates the re-
verse rotation button 83 (ST059), the main controller 54
determines whether or not the operated button is the re-
verse rotation button 83 on the basis of the input opera-
tion signal (ST060). If the input signal is not the reverse
rotation operation signal S3 and is one of the operation
signals S1to S5, (thatis, when the result of determination
is "NO"), a display indicating that an error operation has
been performed is presented on the display screen of
the setter 52 and rotation of the loom main shaft based
ontheinputsignalis disabled (ST061). Then, the process
returns to step ST058 and waits for a manual operation
button signal again.

[0078] If it is determined that the button operated in
step ST059 is the reverse rotation button 83 (that is, when
the result of determination is "YES"), the process pro-
ceeds to the next step, where the main controller 54 per-
forms a routine corresponding to steps ST062 to STO68
that is different from the previous routine.

[0079] More specifically, the main controller 54 reads
outthe number of times the main-shaft angle has reached
180° before the stoppage of the previous routine, the
number of times being stored in the storage unit 62 at
the time of stoppage. Then, the main controller 54 sub-
tracts the number of times "1" read from the storage unit
62 from the number of times "2" set as the target in the
previous routine, and sets the result of subtraction as a
threshold "1". Then, the main controller 54 turns off the
brake signal S9 and turns on the reverse rotation signal
S8 so as to start low-speed reverse rotation to 180°,
which is the first rotational phase set as the target in the
previous routine, as shown in Fig. 8 (ST062). Then, the
main controller 54 counts the number of times the main-
shaft angle 6 reaches 180°, and determines whether or
not the count number has reached the above-described
threshold "1" so as to determine whether or not the main-
shaft angle 8 has reached 180° that corresponds to a
reversal position set as the target in the previously inter-
rupted routine. When the count number representing the
number of times the main-shaft angle 6 has reached 180°
reaches the above-described threshold "1", the brake
signal S9 is turned on and the reverse rotation signal S8
is turned off so as to stop the low-speed reverse rotation
of the loom main shaft 42 (ST063). As a result, the loom
main shaft is stopped at 180° after being rotated about
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one and a half turns in the reverse direction since the
start of the activation operation. Thus, the low-speed re-
verse rotation in the blank-beating start that has been
previously interrupted can be completed. Accordingly,
the operation of enabling only a specific operation signal,
that is, the reverse rotation operation signal S3 and dis-
abling other operation signals is finished. In the above-
described step ST063, the operation similar to step
STO030 in Fig. 5 according to the first embodiment, in
which it is determined whether or not the reverse rotation
operation signal S3 is turned off, the operation similar to
step ST031, which is performed when the signal S3 is
turned off, and the operation of waiting for an input from
an operation button again after the signal S3 is turned
off are, of course, also performed. However, the details
thereof are not described in the figure for convenience
of explanation.

[0080] Then, the process proceeds to the next step,
where the main controller 54 waits for an input of an op-
eration button signal again, and the operator operates
the inching button 82 (ST064). At this time, message in-
formation prompting the operator to operate the inching
button operation for recovery is preferably presented on
the display screen of the setter 52 or the like. Then, when
the operation signal is input, the process proceeds to the
next step, where the main controller 54 determines
whether or not the input operation signal is the inching
operation signal S2 (ST065). If one of the operation sig-
nals S1 to S5 other than the inching operation signal S2
isinput, (thatis, when the result of determination is "NO"),
a display (not shown) indicating that an error operation
has been performed is presented on the display screen
of the setter 52 and rotation of the loom main shaft based
ontheinputsignalis disabled (ST066). Then, the process
returns to step ST064 and waits for a manual operation
button signal again.

[0081] When the operation signal input in step ST064
is the inching operation signal S2 (that is, when the result
of determination is "YES"), the process proceeds to the
next step, where the loom main shaft is rotated forward
at a low speed to the angle at which blank weaving is to
be ended, that is, to 300° in actual shedding pattern "3"
that corresponds to the predetermined rotational phase
(ST067). More specifically, since blank weaving is not
performed in the previously interrupted routine, the
number of times the main-shaft angle is to reach 300°
before stopping the low-speed forward rotation for recov-
eryis setto "2", which is the same as the number of times
set as the target in the previous routine. Then, as shown
in Fig. 8, the brake signal S9 is turned off and the forward
rotation signal S7 is turned on so as to startthe low-speed
forward rotation to 300°, which is set as the target in the
previous routine. Then, the main controller 54 counts the
number of times the main-shaft angle 6 reaches 300°,
and determines whether or not the count number has
reached the above-described threshold "2" so as to de-
termine whether or not the main-shaft angle 6 has
reached 300° that corresponds to the angle set as the
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target in the previously interrupted routine. When the
countnumber representing the number of times the main-
shaft angle 6 has reached 300° reaches the above-de-
scribed threshold "2", the brake signal S9 is turned on
and the forward rotation signal S7 is turned off so as to
stop the low-speed forward rotation of the loom main
shaft 42 (ST068). As a result, the loom main shaft is
stopped at 300° at which pattern "3" ends, that is, at the
predetermined rotational phase, after being rotated for-
ward about one and a half turns since the start of the low-
speed forward rotation.

[0082] Thus, the forward rotation of the main shaft cor-
responding to blank weaving in the previously interrupted
blank-beating start is completed by performing the low-
speed forward rotation. Accordingly, the operation of en-
abling only a specific operation signal, that is, the inching
operation signal S2 and disabling other operation signals
is finished. Thus, the loom main shaft is returned to the
position corresponding to the activation start position.
Then, the operator presses the activation button 81 again
and reactivates the loom 10 if there is no problem.
[0083] More specifically, when the loom 10 is reacti-
vated, the main controller 54 executes the loom-start rou-
tine again in response to the input of the activation op-
eration signal S1 and rotates the loom main shaft 42
about one and a half turns in the reverse direction at a
low speed from the current activation start position to
180° in actual shedding pattern "2". Then, the main con-
troller 54 performs an operation called kickback for cor-
recting the cloth-fell position using the take-up control
circuit 68 and the let-off control circuit 70. Then, the main
controller 54 starts the activation (high-speed forward ro-
tation) of the loom main shaft 42 and turns on the blank
weaving signal S11 to start blank weaving in which weft
insertion is not performed and the beating force is in-
creased. The blank weaving signal S11is turned off when
the main shaft 42 is rotated about one and a half turns
since the activation thereof and reaches 300°, which is
the angle at which blank weaving is to be ended. Accord-
ingly, weft insertion is started by activating the weft in-
sertion controller 72 and the weft detection circuit 74 (to
be precise, weft insertion is started after the main-shaft
angle reaches 0°, which is the beating-up timing), and
the operational state is changed to normal operation.
Thus, the process for starting the loom 10 using the loom-
start routine is finished.

[0084] In step ST068, similar to the above-described
step ST063, the operation for determined whether or not
the inching operation signal S2 is turned off, the operation
performed when the signal S2 is turned off, and the op-
eration of waiting for an input from an operation button
again after the signal S2 is turned off are, of course, also
performed. However, the details thereof are not de-
scribed in the figure for convenience of explanation.
[0085] As described above, when the blank-beating
start is stopped in response to the generation of an ab-
normal signal in the loom, the main controller 54 enables
only the reverse rotation operation signal S3 among the
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operation signals until the loom main shaft reaches 180°,
which is the first rotational phase. Accordingly, the oper-
ator necessarily operates the reverse rotation button 83
and completes the operation of rotating the loom main
shaftinthereverse direction atalow speed to 180°, which
is the first rotational phase. Then, the main controller 54
enables only the inching operation signal S2 among the
operation signals until the loom main shaft reaches 300°,
which is the predetermined rotational phase. According-
ly, the operator necessarily operates the inching button
82 and completes the operation of rotating the loom main
shaft forward at a low speed to 300°, which is the prede-
termined rotational phase. Accordingly, the loom main
shaft can be returned to the rotational phase at which the
activation operation has been previously started. There-
fore, defects like pattern displacements, which easily oc-
cur in the known structure when the activation operation
is started at a rotational phase shifted by one or more
turns, can be reliably prevented.

[0086] Inthe above-described third embodiment, a re-
covery operation performed when the abnormal signal is
generated during the low-speed reverse rotation in the
blank-beating startis described as an example. However,
the above-described operation may also be similarly ap-
plied to the case in which the abnormal signal is gener-
ated during blank weaving. In such a case, in the flow-
chart shown in Fig. 9, a step similar to step ST052 in
which the generation of the abnormal signal is monitored
and steps performed when the abnormal signal is gen-
erated are added between steps ST055 and STO056.
More specifically, the added steps include a step of stop-
ping the high-speed forward rotation of the loom main
shaft and storing the information of a count number rep-
resenting the number of times the main-shaft angle has
reached 300°, which is the predetermined rotational
phase set as the target in blank weaving; a step of setting
a standby state in which the process waits for an input
of a manual operation button signal and determining
whether or not the input operation signal is the inching
operation signal; a step of performing an error operation
and returning to the standby state in which the process
waits for an input of a manual operation button signal if
the input signal is not the inching operation signal; a step
performed if the input signal is the inching operation sig-
nal, wherein a threshold that functions as stop informa-
tion for subsequently performed low-speed forward rota-
tion is determined as a result of subtraction of the count
number stored in the above-mentioned step from the
number of turns for the blank weaving that is set in ad-
vance, and wherein the low-speed forward rotation is
started; and a step of counting the number of times the
main-shaft angle reaches 300°, determining whether or
not the count number has reached the determined
threshold, and stopping the low-speed forward rotation
when the count number reaches the threshold.

[0087] Inaddition,inthe above-described third embod-
iment, the blank-beating start with reverse rotation is de-
scribed as an example. However, the present invention
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may also be applied to blank-beating start with forward
rotation instead of that with reverse rotation. If the blank-
beating start with reverse rotation is performed in the
case in which an elastic weft yarn is used, there is a risk
that the weft yarn that is already woven into the cloth will
shrink in the warp shed during the low-speed reverse
rotation, and this leads to a defect in the woven cloth. In
order to prevent this, a starting method in which the loom
main shaft is rotated in the forward direction, instead of
the reverse direction, at a low speed is also used. This
will be described in more detail below with reference to
Fig. 10 as a fourth embodiment. In this embodiment, "an
operation of executing a program to rotate the loom main
shaft to the predetermined rotational phase that corre-
sponds to the program" includes both the low-speed for-
ward rotation and blank weaving. In the blank-beating
startwith forward rotation, the amount of rotation for blank
weaving is set to an amount suitable for preventing weft
bars, and the sum of the amount of rotation for blank
weaving and that for the low-speed forward rotation per-
formed prior to blank weaving is set to be equal to the
amount of rotation corresponding to a multiple of the re-
peat number of the weave structure. Accordingly, pattern
displacements caused by errors in the settings of the
amounts of rotation for the low-speed forward rotation
and blank weaving can be prevented.

[0088] A case will be considered in which the repeat
number of the weave structure is "4", which means that
the actual shedding patternis repeated at a period of four
picks, and the amount of rotation of the main shaft in
blank weaving and that in the low-speed forward rotation
are both set to "2" turns for preventing weft bars. The
amount of rotation (the number of turns and the stop po-
sition) for the forward rotation and that for blank weaving
may, of course, be adequately changed depending on
the state of weft bars. The detailed operation of the blank-
beating start will be described below with reference to
Fig. 10.

[0089] Here, itis assumed that the weft-insertion error
signal S12is generated when the actual shedding pattern
is pattern "4". In this case, after the automatic reverse
rotation is performed and the loom is set to the standby
state, the operator operates the reverse rotation button
83 and removes the broken weft yarn generated in the
previous continuous operation while the loom main shaft
is at 180°. Then, the operator operates the reverse rota-
tion button 83 again and rotates the loom main shaft in
the reverse direction at a low speed to 300°, which cor-
responds to the activation start position. Then, when the
operator operates the activation button 81, as shown by
the dotted line in Fig. 10, the main controller 54 rotates
the loom main shaft two turns forward at a low speed to
300° at which the actual shedding pattern "1" ends, per-
forms a kickback operation as necessary, activates the
loom main shaft (high-speed forward rotation) to perform
blank weaving in which weft insertion is not performed
foraperiod corresponding to two turns, and then changes
the operational state to normal operation with weft inser-
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tion from 300° at which the actual shedding pattern "3"
ends (in practice, after the main-shaft angle reaches 0°).
However, here, it is assumed that the abnormal signal
S0 is output from the safety guard sensor 43 before the
low-speed forward rotation is completed and the low-
speed forward rotation routine is interrupted when the
loom main shaft 42 is at 60° in actual shedding pattern
"1". In this case, the operator operates the inching button
82 so that the main controller 54 rotates the loom main
shaft forward at a low speed to a position corresponding
to the original activation start position. More specifically,
the loom main shaft is rotated forward about two and a
half turns at a low speed to 300° in actual shedding pat-
tern "3", which is the stop angle for blank weaving that
has been expected to be performed after the interrupted
low-speed forward rotation. Thus, the loom main shaft
returns to the original activation operation position.
[0090] The loom-start routine for the blank-beating
start with forward rotation is performed by steps similar
to steps STO51 to STO57 in Fig. 9. More specifically, the
loom-start routine for the blank-beating start with forward
rotation can be obtained by changing "low-speed reverse
rotation" in steps ST051, ST053, and ST054 to "low-
speed forward rotation”. In addition, the operation per-
formed when the abnormal signal is generated is ob-
tained by changing steps ST058 to ST068 in Fig. 9 to
steps STO70to STO77 in Fig. 12. Steps ST070 to STO77
differ from steps ST058 to ST068 in Fig. 9 in that "low-
speed reverse rotation" is changed to "low-speed forward
rotation”. In addition, although two steps of low-speed
rotation including low-speed reverse rotation and low-
speed forward rotation are performed in the recovery op-
eration according to the above-described third embodi-
ment, in steps STO70 to STO77 of the present embodi-
ment, the loom main shaft is rotated to 300°, which is the
rotational phase of the previous activation operation, with
a single step of low-speed forward rotation. In the step
of monitoring whether or not the loom main-shaft angle
has reached the stop position (step ST076), a threshold
is determined on the basis of the state of rotation of the
loom main shaft 42 in the previous routine.

[0091] For example, when the number of times the
main-shaft angle reaches 300° is detected to control the
end of the operation including the low-speed forward ro-
tation and blank weaving, the number of counts repre-
senting the number of times the main-shaft angle reaches
300° is used as a threshold for monitoring the rotation.
More specifically, the difference between the count
number that corresponds to the final weft-insertion start
position and the count number obtained in the routine
performed before the generation of the abnormal signal
is set as the count number that functions as the threshold
for the recovery routine, and the thus obtained threshold
can be used for determination performed in step STO76.
As shown in Fig. 10, when an abnormal signal is gener-
ated during the previous routine and the loom main shaft
is stopped at 60° in actual shedding pattern "1" after ro-
tating more than one turns since the start of the low-speed
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forward rotation, the count number for 300° is "1". Ac-
cordingly, this count number is stored in the storage unit
in step STO70. Then, the count number used for moni-
toring in the recovery routine is determined as "3" by a
software algorithm (not shown) stored in the routine in
step STO74 where the low-speed forward rotation is start-
ed. Then, when the operator operates the inching button
82 to start the low-speed forward rotation for recovery
(STO74), the process proceeds to the next step, where
it is determined whether or not the inching operation sig-
nal S2is turned off (STO75). If the result of determination
is "YES", the low-speed forward rotation is stopped sim-
ilar to the above-described case (ST078), and the proc-
ess returns to step ST071, where the process waits for
an input from an operation button operated by the oper-
ator. If the result of determination is "NO", the process
proceeds to the next step, which is step ST076, where it
is determined whether or not the number of times the
main-shaft angle has reached 300° has reached "3". If
the result of determination is "YES", the process pro-
ceeds to step STO77 and the low-speed forward rotation
is stopped. Accordingly, the main controller 54 automat-
ically rotates the loom main shaft 42 forward at a low
speed by an amount corresponding to a little less than
three turns after the inching button 82 is operated, so that
the loom main shaft 42 is rotated to 300° at which actual
shedding pattern "3" ends. Thus, the loom main shaft 42
is stopped at 300°, at which the original activation oper-
ation has been started. Then, the operator operates the
activation button 81 so that the blank-beating start with
forward rotation is started again and the loom is reacti-
vated.

[0092] Inthe above-described fourth embodiment, the
recovery operation performed when the abnormal signal
SO0 is generated during the low-speed forward rotation in
the blank-beating start is described. However, the
present invention may also be applied to a recovery op-
eration performed when the abnormal signal SO is gen-
erated during blank weaving after the activation (high-
speed forward rotation) of the loom is started. Fig. 11
shows the case in which the abnormal signal SO is gen-
erated when the loom main shatft is rotated by an amount
corresponding to a little less than one turn after the acti-
vation of the loom and is stopped at 220° in actual shed-
ding pattern number "2". In this case, the operator press-
es the inching button 82, so that the main controller 54
rotates the loom main shaft by an amount corresponding
to a little more than one turn to the angle corresponding
to the original activation start position, that is, to 300° at
which actual shedding pattern "3" ends. Accordingly, the
loom main shaft is rotated to the position where the op-
eration can be started. The recovery routine executed by
operating the inching button 82 and the threshold used
for angle determination may be determined by a software
algorithm or the like as described above in the example
shown in Fig. 10, and detailed explanations thereof are
thus omitted.

[0093] Instead of operating a plurality of operation but-
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tons to rotate the loom main shaft 42 at a low speed as
described in the third and fourth embodiments, the low-
speed rotation of the loom main shaft 42 may also be
performed automatically, as described in the second em-
bodiment. In such a case, a recovery program (routine)
for causing the main controller 54 to perform the auto-
matic recovery operation may be stored as a control pro-
gram and be executed when the recovery button 84 is
operated.

[0094] Intheabove-describedfirstand second embod-
iments, an electronic dobby machine is described as an
example of a warp shedding device that sets the central
shed-closed state using an inverted pattern. However,
the present invention may also be applied to a shedding
device having a similar function, for example, an electric
shedding device that performs a shedding motion using
motors provided for respective heald frames. In addition,
although the loom that performs the leveling operation
and the loom that performs the blank-beating start are
described individually in the above-described first to
fourth embodiments, the present invention may, of
course, also be applied to looms that perform two or more
of the above-described operations.

[0095] The present invention is not limited to air jet
looms, and may also be applied to other kinds of fluid jet
looms, such as water jet looms.

Claims
1. Aloom (10) comprising:

a control unit (54) that stores one or more pro-
grams for rotating a loom main shaft (42) to pre-
determined rotational phases corresponding to
the programs; and

a warp shedding device (90) that is driven in
association with a rotation of the loom main shaft
(42),

wherein the control unit (54) executes at least one
of the programs to rotate the loom main shaft (42)
to the predetermined rotational phase that corre-
sponds to the program in a period from when the
loom (10) is stopped in response to a stop signal
generated during a continuous operation of the loom
(10) to when the loom (10) is activated and the con-
tinuous operation, in which weft insertion is per-
formed, is restarted,

wherein the loom (10) has operation buttons includ-
ing a low-speed forward rotation button and a low-
speed reverse rotation button, and, when an abnor-
mal signal (SO) is input while the program is being
executed, the control unit (54) stops the loom main
shaft (42), stops the execution of the program, and
enables only an operation signal from one of the op-
eration buttons that corresponds to a rotating direc-
tion of the loom main shaft (42) that has been set
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during the execution of the program until the loom
main shaft (42) reaches the predetermined rotational
phase.

The loom (10) according to Claim 1, wherein said
one or more programs include a program started af-
ter the rotation of the loom main shaft (42) is stopped
in response to the stop signal generated during the
continuous operation, the program including a proc-
ess of rotating the loom main shaft (42) in a reverse
direction at a low speed to the predetermined rota-
tional phase, the predetermined rotational phase
corresponding to a warp cross timing of the warp
shedding device (90) or a timing close to the warp
cross timing.

The loom (10) according to Claim 2, wherein the pro-
gram further includes a process of causing the con-
trol unit (54) to output a leveling command to the
warp shedding device (90) when the loom main shaft
(42) is rotated in the reverse direction,

wherein the warp shedding device (90) is capable of
switching a warp shedding motion by driving an ac-
tuator in accordance with a shedding pattern set for
each of a plurality of steps and is also capable of
switching the warp shedding motion on the basis of
an inverted shedding pattern when the leveling com-
mand is output, the inverted shedding pattern being
obtained by inverting the current shedding pattern
so as to reverse upper and lower positions of each
heald frame, and

wherein the control unit (54) sets a warp shed to a
central shed-closed state by executing the program
so that the leveling command is output and the loom
main shaft (42) is rotated in the reverse direction to
the predetermined rotational phase.

The loom (10) according to one of Claims 1 to 3,
wherein said one or more programs include a pro-
gram that is executed when the loom (10) is started,
the program including:

a blank weaving process of rotating the loom
main shaft (42) in a forward direction at a high
speed to the predetermined rotational phase
without performing the weft insertion, thereby in-
creasing a beating force against a cloth fell, the
predetermined rotational phase corresponding
to an end of a blank weaving period; and
alow-speed rotating process of rotating the loom
main shaft (42) at a low speed to afirst rotational
phase that is determined on the basis of the
blank weaving period, the low-speed rotating
process being performed before the high-speed
forward rotation of the loom main shaft (42),

wherein the control unit (54) executes the program
so that the loom main shaft (42) is rotated at the low
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speed to the first rotational phase and is then rotated
in the forward direction at the high speed to the pre-
determined rotational phase, thereby changing an
operational state of the loom (10) to the continuous
operation in which the weft insertion is performed.

The loom (10) according to one of Claims 1 to 4,
wherein the control unit (54) automatically stops the
loom main shaft (42) that is being rotated in response
to an input of the enabled operation signal when the
loom main shaft (42) reaches the predetermined ro-
tational phase that corresponds to the program.

The loom (10) according to one of Claims 1 to 5,
wherein the control unit (54) is connected to a recov-
ery button, and, when a recovery operation signal is
input from the recovery button, the control unit (54)
automatically rotates the loom main shaft (42) to the
predetermined rotational phase and cancels the
process of enabling only the operation signal from
one of the operation signals.
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