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(54) METHOD FOR CONTROLLING WINDING A WOVEN CLOTH AND APPARATUS FOR WINDING 
A WOVEN CLOTH IN LOOM

(57) There is provided a method for controlling wind-
ing of a woven cloth (8) in a loom, wherein the cloth 88)
delivered through a surface roller (2) is wound on a cloth
roller (9) driven by a take-up motor (16) whose torque is
controllable. The method includes the steps of setting a
change command torque (21) that progressively increas-
es or decreases a torque of the take-up motor (16), driv-
ing the take-up motor according to the change command
torque (21) after setting the change command torque,
detecting variation of rotation speed of the take-up motor
(16), calculating load torque based on the change com-
mand torque (21), calculating winding torque based on
tension and winding diameter of the cloth (8), calculating
winding control torque by adding the load torque and the
winding torque, and driving the take-up motor (16) ac-
cording to the winding control torque. There is also pro-
vided an apparatus for winding of a woven cloth in a loom
by the above-described method.
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a method for
controlling winding a woven cloth and an apparatus for
winding a woven cloth in a loom.
[0002] An apparatus for winding a woven cloth in a
loom is known in which a cloth roller that winds a cloth
delivered from a surface roller is driven by an independ-
ent motor whose torque is controllable. The torque of the
independent motor for controlling winding the cloth is cal-
culated usually based on the tension and the winding
diameter of the cloth. The independent motor is control-
led by a controller to generate the calculated torque.
[0003] Japanese Patent Application Publication No.
2012-1825 discloses a controller for a cloth winding ap-
paratus in a loom. The apparatus of the Publication has
an independent motor driving a cloth roller and a reduc-
tion gear unit that is operatively engaged with the inde-
pendent motor. The entirety of the cloth roller driving mo-
tor and the reduction gear unit is movable supported and
a load cell is provided in the apparatus for detecting the
force applied to the independent motor and the reduction
gear system. Based on the force detected by the load
cell, the controller calculates the torque against winding
a woven cloth whose magnitude substantially corre-
sponds to that of the torque for winding the woven cloth
in the cloth roller. Then, the controller calculates the ten-
sion of the woven cloth being wound on the cloth roller
based on the calculated torque and performs controlling
of the independent motor based on the calculated tension
of the woven cloth.
[0004] The apparatus of the Publication is disadvanta-
geous in that a load cell is needed for detecting the torque
against winding the woven cloth and the entirety of the
independent motor and the reduction gear unit needs to
be provided in a movable manner and, therefore the cloth
winding apparatus becomes complicated in structure and
large is size.
[0005] The present invention is direct to providing a
method that permits easy and accurate controlling of
winding of a woven cloth and an apparatus that permits
easy and accurate winding of a woven cloth.

SUMMARY OF THE INVENTION

[0006] There is provided a method for controlling wind-
ing of a woven cloth in a loom, wherein the cloth delivered
through a surface roller is wound on a cloth roller driven
by a take-up motor whose torque is controllable. The
method includes the steps of setting a change command
torque that progressively increases or decreases a
torque of the take-up motor, driving the take-up motor
according to the change command torque after setting
the change command torque, detecting variation of rota-
tion speed of the take-up motor during changing the
change command torque, calculating load torque based

on the change command torque in a transitional region
between a rotation speed varying region and a rotation
speed stabilized region of the take-up motor, calculating
winding torque based on tension and winding diameter
of the cloth, calculating winding control torque by adding
the load torque and the winding torque, and driving the
take-up motor according to the winding control torque.
[0007] There is provided an apparatus for winding a
woven cloth in a loom, wherein the cloth delivered
through a surface roller is wound on a cloth roller driven
by a take-up motor whose torque is controllable by a con-
troller. The apparatus includes a rotation speed detector
that detects rotation speed of the take-up motor. The con-
troller includes a change command torque transmitting
section that stores a preset change command torque that
progressively increases or decreases a torque of the
take-up motor and transmits the change command
torque for driving the take-up motor, a load torque calcu-
lating section that calculates a load torque based on the
change command torque in a transitional region between
a rotation speed varying region and a rotation speed sta-
bilized region of the take-up motor, a winding torque cal-
culating section that calculates a winding torque based
on tension and winding diameter of the cloth, and a wind-
ing control torque command section that adds the wind-
ing torque and the load torque to calculate a winding con-
trol torque and commands the winding control torque for
driving the take-up motor.
[0008] Other aspects and advantages of the invention
will become apparent from the following description, tak-
en in conjunction with the accompanying drawings, illus-
trating by way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The invention together with objects and advan-
tages thereof, may best be understood by reference to
the following description of the presently preferred em-
bodiments together with the accompanying drawings in
which:

FIG. 1 is a schematic side view of an apparatus for
winding a woven cloth according to a first embodi-
ment of the present invention;

FIG. 2 is a diagram showing relation between the
progressively increasing command torque and the
rotation speed of a motor in the apparatus of FIG.1;

FIG. 3 is a diagram showing relation between the
progressively increasing command torque and the
rotation speed of a motor in an apparatus according
to a second embodiment of the present invention;

FIG. 4 is a diagram showing relation between the
progressively decreasing command torque and the
rotation speed of a motor in an apparatus according
to a third embodiment of the present invention;
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FIG. 5 is a diagram showing an example in which
the load torque is decreased in the apparatus ac-
cording to the third embodiment of the present in-
vention;

FIG. 6 is a diagram showing an example in which
the load torque is increased in the apparatus accord-
ing to the third embodiment of the present invention;

FIG. 7 is a diagram showing an example in which
the loaded torque is increased in an apparatus ac-
cording to another embodiment of the present inven-
tion;

FIG. 8 is a diagram showing another example in
which the loaded torque is increased in an apparatus
according to still another embodiment of the present
invention;

FIG. 9 is a diagram showing an example in which
the loaded torque is decreased in the apparatus ac-
cording to the another embodiment of the present
invention; and

FIG. 10 is a diagram showing an example in which
the loaded torque is decreased in the apparatus ac-
cording to the still another embodiment of the present
invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

First embodiment

[0010] The following will describe an apparatus ac-
cording to the first embodiment of the present invention
with reference to FIGS. 1 and 2. Referring to FIG. 1, the
apparatus for winding a woven cloth in a loom has a sur-
face roller 2 rotatably supported by a frame 1 of the loom
and connected to a draw motor 3 provided independently
of a loom drive motor (not shown). A servomotor is used
for the draw motor 3. The draw motor 3 is electrically
connected through signal lines 5 to a controller 4. During
the weaving operation of the loom, the draw motor 3 is
rotatable in synchronization with the loom drive motor.
Additionally, the draw motor 3 is reversible independently
of the operation of the loom drive motor.
[0011] A guide roller 6 and a press roller 7 are disposed
pressed against the surface roller 2. A woven cloth 8
guided by the guide roller 6 is routed along the surface
roller 2 and forwarded. During the weaving operation of
the loom, the cloth 8 is drawn by the surface roller 2 ro-
tating in the arrow direction shown in FIG. 1, and deliv-
ered through the press roller 7.
[0012] A cloth roller 9 for winding the cloth 8 is rotatably
supported by the frame 1 at a position below the surface
roller 2. The cloth roller 9 is connected to a take-up motor
16 through a worm wheel 11, a worm 13, and a gear train
15 which are housed in a worm wheel box 10, a worm

box 12 and a gear box 14, respectively. The cloth roller
9 is driven to rotate by the take-up motor 16 in arrow
direction as shown in FIG. 1 at a speed reduced by the
gear train 15, the worm 13 and the worm wheel 11 thereby
to wind the cloth 8 around the cloth roller 9. The winding
diameter of the cloth roller 9 is increased with the
progress of winding. The cloth roller 9 winds the cloth 8
delivered from the press roller 7 through a guide roller
24 and an anti-crease roller 25 that is disposed in contact
with the cloth 8 being wound on the cloth roller 9. In the
first embodiment, the worm wheel 11 and the worm 13
that are housed in the worm wheel box 10 and the worm
box 12, respectively are used as the reducer in drive
mechanism of the cloth roller 9. Alternatively, any other
type of reducer may be used.
[0013] The take-up motor 16 is a torque-controllable
motor such as a servo motor or a torque motor and may
be driven independently of the main drive motor of the
loom. The take-up motor 16 is electrically connected
through signal lines 17 to the controller 4. During the
weaving operation of the loom, the take-up motor 16 is
rotated in synchronization with the main drive motor and
the draw motor 3. However, the take-up motor 16 is re-
versible independently of the operation of the main drive
motor and the draw motor 3. The torque of the take-up
motor 16 is controlled in response to a command trans-
mitted from the controller 4 so that the cloth 8 maintains
a predetermined tension while the winding diameter of
the cloth roller 9 is increased with winding of the cloth 8.
[0014] The controller 4 includes a memory 18 for data
storage and a processor 19 for data calculation and also
for transmission and receipt of signals. The controller 4
further includes an input device 20 in the form of a function
panel (none of these being shown). The input device 20
includes a data display, a data input device, a take-up
motor control switch, a loom control switch, and other
various switches (none of these being shown).
[0015] The data such as rotation speed of the loom,
weft yarn density, cloth tension, diameter of the surface
roller 2, and reduction ratio of the worm wheel 11, the
worm 13 and the gear train 15 are inputted through the
input device 20 and stored in the memory 18. The con-
troller 4 receives rotation speed data from a rotation de-
tector (not shown) of the draw motor 3 through the signal
lines 5, rotation speed data from a rotation speed detector
16A of the take-up motor 16 through the signal lines 17,
and rotation speed data from a rotation detector (not
shown) of the loom drive motor and stores such data in
the memory 18.
[0016] The following will describe various programs for
the processor 19, which are stored in the memory 18 of
the controller 4. The programs are used for controlling a
series of steps for weaving operation.

(1) A program for calculating the winding diameter
of the cloth 8 on the cloth roller 9 based on the rotation
speed of the main drive motor, the weft yarn density,
the rotation speed of the draw motor 3, and the ratio
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between the diameters of the surface roller 2 and
the cloth roller 9 (a cloth winding diameter calculating
section).

(2) A program for calculating the cloth winding torque
based on the tension of the cloth 8 and the winding
diameter of the cloth 8 on the cloth roller 9 (a winding
torque calculating section).

(3) A program for calculating the ordinary rotation
speed of the take-up motor 16, that is the rotation
speed of the take-up motor 16 that allows the cloth
8 delivered from the surface roller 2 to be wound on
the cloth roller 9 without looseness, based on the
rotation speed of the main drive motor, the weft yarn
density, the winding diameter of the cloth, and the
reduction ratio, (an ordinary rotation speed calculat-
ing section).

(4) It is noted that the command torque according to
the present invention indicates a command torque
which is predetermined so that torque of the take-up
motor 16 is increased or decreased progressively.
A program for controlling the take-up motor 16 in
response to a command signal from the controller 4
based on the progressive increase command torque
graph 21 (see FIG. 2) that is stored in the memory
18 (a change torque command section). It is noted
that the progressive increase command torque
graph 21 is set so that torque is increased progres-
sively with the increment torque U after elapse of a
predetermined length of time T as shown in FIG. 2.

(5) A program for comparing the rotation speed of
the take-up motor 16 detected when the torque is to
be changed according to the progressive increase
command torque graph 21 with the ordinary rotation
speed (a comparing section).

(6) A program for calculating the load torque when
the take-up motor 16 has stopped its speed fluctua-
tion due to coincidence of the detected rotational
speed of the take-up motor 16 with the ordinary ro-
tation speed, based on the command torque 21C in
the transitional region FTB (see FIG. 2) between the
rotation speed varying region FT (see FIG. 2) and
the rotation speed stabilized region ST (see FIG. 2)
(a load torque calculating section).

(7) A program for controlling the take-up motor 16 to
be driven based on the winding control torque figured
out by adding the load torque to the winding torque
(a winding control torque command section).

[0017] The following will describe control for weaving
operation. After a cloth roller having a wound cloth is
doffed and a new cloth roller is installed in place in the
loom, the end of a new cloth is wound around the newly

installed cloth roller 9 and the loom is started for weaving
operation. At the start of the weaving operation, as shown
in FIG. 2, the controller 4 transmits to the take-up motor
16 a signal based on the progressive increase command
torque graph 21 according to the program stored in the
memory 18.
[0018] Since the take-up motor 16 is at a stop, the cloth
8 delivered extending from the surface roller 2 is loosened
between the press roller 7 and the cloth roller 9, and,
therefore, the tension of the cloth 8 is zero. When the
controller 4 generates a signal based on the command
torque 21A to the take-up motor 16, the rotation of the
take-up motor 16 is started and its rotation speed increas-
es quickly as indicated by dotted line R1 of FIG. 2 and
the cloth roller 9 winds the cloth 8. However, the take-up
motor 16 stops when the load torque, especially, the load
torque due to friction resistance of the anti-crease roller
25 exceeds the command torque 21A. After an elapse
of time T after the stop of the take-up motor 16, the con-
troller 4 generates to the take-up motor 16 a command
signal to increase the motor torque by the increment
torque U from the command torque 21A to the command
torque 21B. As a result, the rotation speed of the take-
up motor 16 is increased quickly again as indicated by
dotted line R2 of FIG. 2 and the take-up motor 16 winds
the cloth 8. When the load torque increased by friction
resistance of the anti-crease roller 25 exceeds the com-
mand torque 21B, the take-up motor 16 stops again.
[0019] With a further elapse of time T, the controller 4
sends to the take-up motor 16 a command signal to in-
crease the command torque from 21B to 21C by the in-
crement torque U. Accordingly, the rotation speed of the
take-up motor 16 is increased quickly again as indicated
by R3 in FIG. 2 and the cloth 8 is wound. The rotation
speed of the take-up motor 16 is then varied rapidly in a
region adjacent to the region of the rotation speed R3.
Then, the rotation speed R3 is larger than the aforemen-
tioned ordinary rotation speed. With a still further elapse
of time T, the controller 4 sends to the take-up motor 16
a command signal to increase the command torque from
21C to 21D by the increment torque U. In this case, rapid
change in the rotation speed of the take-up motor 16
does not occur by drive force of the command torque
21D, but converges to the ordinary rotation speed R4.
[0020] Thereafter, the take-up motor 16 maintains the
ordinary rotation speed R4 during the torque increase of
the take-up motor 16 according to the progressive in-
crease command torque graph 21. That is, two different
rotation changing regions appear in the controlling the
take-up motor 16, namely the rotation speed varying re-
gion FT between the command torques 21A and 21C
and the rotation speed stabilized region ST at the com-
mand torque 21D. In the rotation speed varying region
FT, the command torques 21A and 21 B are lower than
the load torque, especially, the load torque due to the
friction resistance of the anti-crease roller 25, with the
result that the rotation of the take-up motor 16 is brought
to a stop. At the command torque 21C, on the other hand,
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the take-up motor 16 is not stopped by the command
torque 21C, but its rotation speed is larger than the ordi-
nary rotation speed R4 and varies greatly. The rotation
speed of the take-up motor 16 becomes larger than the
ordinary rotation speed R4 because a loosen cloth is then
being wound. The rotation speed of the take-up motor
16 varies greatly because the load torque is approximat-
ed to the command torque 21C and, therefore, controlling
to increase or decrease the torque is repeated in a short
time.
[0021] In the rotation speed stabilized region ST, the
command torque 21D is greater than the sum of the wind-
ing torque by the tension of the cloth 8 and load torque,
which means that the take-up motor 16 stably rotates the
cloth roller 9 in according with the speed of the cloth 8
delivered for the surface roller 2. In the rotation speed
varying region FT, the transitional region FTB is a tran-
sitional region between the rotation speed varying region
FT and the rotation speed stabilized region ST, in which
the rotation speed is changed greatly at the command
torque 21C. When the controller 4 calculates the ordinary
rotation speed R4 of the take-up motor 16 according to
the program and generates a command signal for the
command torque 21 D, the controller 4 compares the
rotation speed detected and transmitted by the rotation
speed detector 16A of the take-up motor 16 with the cal-
culated ordinary rotation speed R4.
[0022] When the rotation speed detected by the rota-
tion speed detector 16A is converged to and stabilized
at the ordinary rotation speed R4, the controller 4 deter-
mines that the fluctuation of the rotation speed of the
take-up motor 16 is ended. The controller 4 calculates
the load torque for controlling the take-up motor 16 based
on the command torque 21C in the transitional region
FTB in which the rotation speed varying region FT is shift-
ed to the rotation speed stabilized region ST. In the first
embodiment, the value of the command torque 21C is
calculated as load torque. The load torque calculating
section is stored in the memory 18 of the controller 4.
[0023] The controller 4 then calculates the winding
control torque by adding the calculated winding torque
and the load torque of the command torque 21C and
generates a command signal for the winding control
torque to the take-up motor 16. The torque of the take-
up motor 16 is controlled in response to the signal for the
winding control torque sent by the controller 4, so that
the cloth roller 9 is driven so as to wind the cloth 8 at a
predetermined tension.
[0024] In the first embodiment, the take-up motor 16
should be rotated reverse for a predetermined amount
before a start for actual weaving operating and the take-
up motor 16 be operated according to the progressive
increase command torque graph 21. The tension of the
cloth 8 can be reduced to zero by reversing the take-up
motor 16, with the result that the weaving operation is
performed according to the progressive increase com-
mand torque graph 21 without considering the tension of
the cloth 8 and the load torque can be calculated accu-

rately in any loom.
[0025] Since the load torque varies with the change of
winding diameter of the cloth 8 on the cloth roller 9, the
load torque should be calculated regularly or randomly
based on the winding diameter of the cloth roller 9 and
the load torque thus calculated should be used for cal-
culating the winding control torque.
[0026] In the first embodiment, winding torque for wind-
ing the cloth against the tension of the cloth and load
torque caused by inertia moment of the cloth roller 9 and
sliding resistance by an axis of the cloth roller 9 are gen-
erated during driving of the cloth roller 9. When the anti-
crease roller 25 such as a touch roller or a nip roller is
used for anti-crease, large load torque is generated by
friction resistance of the anti-crease roller 25.
[0027] In the configuration according to the first em-
bodiment, load torque is easily calculated based on the
command torque in the transitional region FTB between
the rotation speed varying region FT and the rotation
speed stabilized region ST without disposition of a load
cell. The load torque generated in the apparatus for wind-
ing a woven cloth can be calculated easily based on the
fluctuation of the rotation speed of the take-up motor 16
by the progressive increase command torque graph 21
which has values that are stepwise increased at every
time T and is sent as a command signal. Since the take-
up motor 16 is controlled based on the winding control
torque calculated on the basis of the load torque, cloth
winding tension can be controlled with high accuracy.

Second embodiment

[0028] The following will describe the second embod-
iment of the present invention with reference to FIG. 3.
The same reference numerals will be used to denote
those components or elements which correspond to their
counterparts of the first embodiment and the description
thereof will not be reiterated. The second embodiment
differs from the first embodiment in that the second em-
bodiment relates to a method for calculating the load
torque during operating a loom in controlling the winding
of a cloth. During operating the loom, the take-up motor
16 may be stopped by a large load torque that applies to
the take-up motor 16 for some reason.
[0029] Referring to FIG. 3, when the take-up motor 16
is driven at the winding control torque CT in response to
a command from the controller 4, the rotation speed of
the take-up motor 16 is reduced due to a large load torque
and the take-up motor 16 is stopped (see R5). It is noted
that the surface roller 2 then continues to rotate and the
looseness of the cloth 8 occurs and the cloth 8 is loosened
between the surface roller 2 and the cloth roller 9. The
controller 4 sends to the take-up motor 16 a signal com-
manding the take-up motor 16 to operate at the command
torque 21E that corresponds to the sum of the current
winding control torque CT and the increment torque U.
The take-up motor 16 then winding the loosened cloth 8
increases its rotation speed quickly (see R6). Because
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the load torque is approximated to the command torque
21E, the rotation speed of the take-up motor 16 varies
quickly, with the result that rapid fluctuation in the rotation
speed of the take-up motor 16 occurs in the rotation
speed varying region FT.
[0030] When the time T has passed, the controller 4
sends a signal commanding the command torque 21F
that corresponds to the sum of the command torque 21E
and the increment torque U, with the result that the rota-
tion speed of the take-up motor 16 is converged to and
stabilized at the ordinary rotation speed R7 in the rotation
speed stabilized region ST. FTB shows the region be-
tween the rotation speed varying region FT and the ro-
tation speed stabilized region ST, in which the rotation
speed of the take-up motor 16 is fluctuated greatly at the
command torque 21E. The controller 4 calculates the
load torque based on the command torque 21E in the
transitional region FTB. It is noted that the load torque is
calculated in the same manner in the first embodiment.
The controller 4 calculates the next winding torque by
adding the calculated load torque to the current winding
torque and sends a signal for the calculated winding
torque to the take-up motor 16. In the description of the
second embodiment, though only one step of torque in-
creasing in the rotation speed varying region FT is shown
in FIG. 3, a plurality of progressive torque increasing
steps is performed in a similar manner as described with
reference to the first embodiment if the take-up motor 16
is stopped in the rotation speed varying region FT.
[0031] In the second embodiment, after weaving op-
erating the loom is started, the load torque can be calcu-
lated easily during the winding of the cloth 8, so that the
second embodiment offers the same advantageous ef-
fects as the first embodiment.

Third embodiment

[0032] Referring to FIG. 4 showing the third embodi-
ment of the present invention, the mechanical structure
and a part of the controlling function of the controller are
substantially the same as those of the first embodiment.
The same reference numerals will be used to denote
those components or elements which correspond to their
counterparts of the first embodiment and the description
thereof will not be reiterated. The third embodiment uses
a progressive decrease torque command instead of the
progressive increase torque of the first embodiment. The
take-up motor in taking-up operation is driven according
to the progressive decrease command torque. The load
torque during the weaving operation of the loom is not
constant, but it varies because the winding diameter of
the cloth 8 increases with the progress of the winding
operation. For example, the frictional resistance of the
anti-crease roller 25 which is set in contact with the cloth
8 being wound on the cloth roller 9 varies and hence the
load torque due to such frictional resistance increases
with an increase of the winding diameter of the cloth 8.
[0033] If winding the cloth 8 is performed based on the

load torque calculated at the beginning of the weaving
operation, there is a fear that the tension of the cloth 8
is reduced when the load torque is increasing and in-
creased when the load torque tends to be increasing,
and the tension is increased when the load torque tends
to be decreasing. In either case, the tension of the cloth
tends to vary out of a predetermined tension, with the
result that the cloth 8 may be degraded. The third em-
bodiment uses a method in which the load torque is cal-
culated at any appropriate time during the operation of
the loom, for example, each time when the winding di-
ameter of the cloth 8 increases by a predetermined
amount, or each time when the loom is restarted after a
stop of the loom due to a trouble associated with mispick-
ing or yarn break, thus the cloth winding torque being
controlled successfully.
[0034] Referring to FIG. 4, the following will describe
the progressive decrease command torque graph 26
showing the relation between command torque and ro-
tation speed of motor in the third embodiment. In the third
embodiment, the programs (4)-(6) of the programs (1)-(7)
in the first embodiment are stored in the memory 18 of
the controller 4 in the way that is described below. The
rest of the programs is stored in the same way as in the
first embodiment.

(4) A program for controlling the take-up motor 16 in
response to a command signal from the controller 4
based on the progressive decrease command
torque graph 26 that is stored in the memory 18 (a
change torque command section). It is noted that the
progressive decrease command torque graph 26 is
set so that the torque is decreased progressively with
the decrement torque D after elapse of a predeter-
mined length of time T, as shown in FIG. 4.

(5) A program for comparing the rotation speed of
the take-up motor 16 detected when the torque is to
be changed according to the progressive decrease
command torque graph 26 with zero (a comparing
section).

(6) A program for calculating the load torque when
the take-up motor 16 has stopped its speed fluctua-
tion due to a stop of the take-up motor 16, based on
the command torque 26A in the transitional region
FTB between the rotation speed varying region FT
and the rotation speed stabilized region ST, when
the fluctuation of the rotation speed of the take-up
motor 16 has ended due to the stopping of the take-
up motor 16 (a load torque calculating section).

[0035] As shown in FIG. 4, according to the progres-
sive decrease command torque graph 26, the controller
4 sends a signal for the progressive decrease command
torque graph 26 by the decrement torque D each time T
to the take-up motor 16. The controller 4 sends signals
for the respective target command torques 26A, 26B and
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26C in this order. When the signal for the command
torque 26C is sent, the rotation speed of the take-up mo-
tor 16 is changed from the ordinary rotation speed R9
and fluctuates as indicated by R10. After the fluctuation,
the take-up motor 16 stops and the rotation speed be-
comes zero R11 at the time T2. The large fluctuation of
the rotation speed at the command torque 26C occurs
because the load torque is approximated to the target
command torque 26C and the speed fluctuation occurs
as in the case of the first embodiment.
[0036] Thus, the rotation speed of the take-up motor
16 in the rotation speed stabilized region ST at the com-
mand torques 26A, 26B and the rotation speed varying
region FT at the command torque 26C varies. The rota-
tion speed varying region FT includes the transitional re-
gion FTB that appears after the rotation speed stabilized
region ST. The take-up motor 16 stops its rotation as
indicated by R11 when the command torque 26C be-
comes smaller than the load torque. The rotation speed
of the take-up motor 16 is detected by the rotation speed
detector 16A after the time T1 and the controller 4 deter-
mines whether or not the detected rotation speed is zero
through comparison by the comparing section.
[0037] When the rotation speed detected by the rota-
tion speed detector 16A becomes zero, the controller 4
determines that the fluctuation of the rotation speed of
the take-up motor 16 has ended. The controller 4 also
calculates the load torque for controlling the operation of
the take-up motor 16 based on the command torque 26C
in the transitional region FTB. In the third embodiment,
the value of the command torque 26C is calculated as
the load torque.
[0038] After the load torque (or the command torque
26C) is calculated, the winding control torque command
section in the controller 4 calculates the winding control
torque by adding the calculated winding torque and the
load torque and sends a signal for the winding control
torque to the take-up motor 16. The torque of the take-
up motor 16 that drives the cloth roller 9 is controlled
according to the signal for the winding control torque from
the controller 4 and the cloth roller 9 winds the cloth 8 at
a predetermined tension.
[0039] Referring to FIG. 5 showing an example of the
thirds embodiment, the following will describe a method
for calculating the load torque when the load torque LT1
is decreasing during the operation of the loom. The pre-
determined target command torque is shown as the pro-
gressive decrease command torque graph 27 and in-
cludes a predetermined tension and load torque of the
cloth 8. Though the progressive decrease command
torque graph 27 is set to be decreased linearly, it may
be set to be varied progressively in the same way as the
third embodiment shown in FIG. 4. It is noted that the
constant winding control torque CT during the operation
of the loom is indicated by dotted line for comparison with
the progressive decrease command torque graph 27.
[0040] When the winding diameter of the cloth 8 reach-
es a predetermined value at an arbitrarily selected time

T1 during the operation of the loom, the controller 4 sends
a signal for the predetermined progressive decrease
command torque graph 27 to the take-up motor 16. After
the signal for the progressive decrease command torque
graph 27 is sent, the command torque 27A at the time
T2 becomes the same as the torque that corresponds to
the sum of the predetermined tension TS1 of the cloth 8
at the time T2 and the load torque LT2 in the load torque
LT1 being decreased. Therefore, the take-up motor 16
stops, so that the rotation speed of the take-up motor 16
becomes zero in the transitional region FTB.
[0041] When the rotation speed detected by the rota-
tion speed detector 16A becomes zero, the controller 4
determines that the fluctuation of the rotation speed of
the take-up motor 16 has ended and calculates the load
torque LT2 for controlling to drive the take-up motor 16
based on the command torque 26A in the transitional
region FTB between the rotation speed varying region
FT and the rotation speed stabilized region ST. In the
third embodiment, the value of the calculated load torque
LT2 is used as the command torque 27A. The calculated
load torque LT2 is obtained by subtracting the predeter-
mined tension TS1 from the command torque 27A.
[0042] After the load torque LT2 is calculated, the con-
troller 4 calculates the new winding control torque by add-
ing the load torque LT2 to the winding torque calculated
by the program in the winding control command torque
section and sends a signal for the calculated winding
control torque to the take-up motor 16. The take-up motor
16 is controlled according to the new winding control
torque sent by the controller 4, drives the cloth roller 9
and restarts winding the cloth 8, accordingly. In the third
embodiment, the new calculated winding control torque
is modified appropriately by subtracting the unnecessary
load torque LT3 from the conventional winding control
torque CT that is set to be larger than a desired value
and the cloth 8 is wound, accordingly. Therefore, the con-
trolling of winding of the cloth 8 can be performed with a
high degree of accuracy without increasing the tension
of the cloth 8.
[0043] Referring to FIG. 6 showing another example
of the third embodiment, the following will describe a
method for calculating the load torque when the load
torque LT4 is increasing during the operation of the loom.
For example, when the winding diameter of the cloth 8
reaches a predetermined value, the controller 4 sends a
signal for the predetermined progressive decrease com-
mand torque graph 28 to the take-up motor 16. The com-
mand torque 28A at the time T1 becomes the same as
the torque that corresponds to the sum of the predeter-
mined tension TS2 of the cloth 8 at the time T2 and the
load torque LT5 being increased. Therefore, the take-up
motor 16 stops and the rotation speed of the take-up
motor 16 becomes zero, accordingly, in the transitional
region FTB.
[0044] When the rotation speed detected by the rota-
tion speed detector 16A becomes zero, the controller 4
determines that the fluctuation of the rotation speed of
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the take-up motor 16 has ended. The controller 4 calcu-
lates the load torque LT5 based on the command torque
28A in the transitional region FTB. The calculated load
torque LT5 is calculated by subtracting the predeter-
mined tension TS2 of the cloth 8 from the command
torque 27A. The calculated load torque LT5 is used for
calculating the winding control torque in the same way
as in the case of the example shown in FIG. 5. The new
calculated winding control torque is modified appropri-
ately by subtracting the unnecessary load torque LT6
from the conventional winding control torque CT that is
set to be larger than a desired value and the cloth 8 is
wound, accordingly. Therefore, the controlling of winding
of the cloth 8 can be performed with a high degree of
accuracy.
[0045] In the third embodiment including the examples
in FIGS. 5 and 6, even when fluctuation of the load torque
occurs in the apparatus for winding a woven cloth, the
load torque can be calculated easily based on the fluc-
tuation of the rotation speed of the take-up motor 16 at
the progressive decrease command torque graphs 26,
27, and 28. Controlling of winding of the cloth 8 can be
performed with a high degree of accuracy because the
take-up motor 16 is controlled according to the winding
control torque figured out by the calculated load torque.
Therefore, controlling of winding of the cloth 8 can be
performed with a high degree of accuracy.
[0046] The present invention is not limited to the
above-described embodiments, but may be variously
modified as exemplified below within the scope of the
invention.

(1) As shown in FIG. 7, the progressive increase
command torque graph 21 according to the first and
second embodiments, which is indicated by the two-
dot line in FIG. 7, may be replaced with the progres-
sive increase command torque graph 22 that in-
cludes the torque increasing curves L1, L2, L3 that
are connected into a continuous curve with the in-
crement torques U1, U2, U3, respectively. Each of
the torque increasing curves L1, L2, L3 represents
a torque increase in a predetermined length of time T

(2) As shown in FIG. 8, the progressive increase
command torque graph 21 according to the first and
second embodiments, which is indicated by the two-
dot line in FIG. 8, can be replaced with the progres-
sive increase command torque graph 23 according
to which the torque is increased continuously along
a curve.

(3) As shown in FIG. 9, the progressive decrease
command torque graphs 26, 27, 28 according to the
third embodiment may be replaced with the progres-
sive decrease command torque graph 29 that in-
cludes the torque decreasing curves L4, L5, L6 that
are connected into a continuous curve with the dec-
rement torques D1, D2, D3, respectively. Each of

the torque decreasing curves L4, L5, L6 represents
a torque decrease in a predetermined length of time
T.

(4) As shown in FIG. 10, the progressive decrease
command torque graphs 26, 27, 28 according to the
third embodiment may be replaced with the progres-
sive decrease command torque graph 30 according
to which the torque is decreased continuously along
a curve.

(5) The time T and the increment torque U in the
progressive increase command torque graph 21 ac-
cording to the first embodiment need not be constant.
For example, in the case that the command torque
21A is changed to the command torque 21B, the
command torque 21A may be changed to the com-
mand torque 21 B before the time T is passed if a
stop of the take-up motor is detected.

(6) The controller 4 may be configured so that the
progressive increase command torque graphs 21,
22, 23, the progressive decrease command torque
graphs 26, 27, 28, 29, 30, the rotation speed of the
take-up motor 16 driven according to the command
torque graphs 21-23, 26-30, and the calculated load
torque are indicated on a display of the input device
20 of the controller 4.

(7) In the first embodiment, it may be so configured
that the controller 4 determines that the rotation
speed of the take-up motor 16 is stabilized by rec-
ognizing that no variation occurs in the rotation of
the take-up motor 16 when the command torque in-
crease is commanded, instead of comparing the ro-
tation speed of the take-up motor 16 with the ordinary
rotation speed.

(8) In the first embodiment, when the cloth roller 9 is
newly installed, load torque is calculated, so that the
take-up motor 16 is driven based on the winding con-
trol torque figured out by adding the load torque to
the current winding control torque.

(9) In the first embodiment, if large load torque is
generated during winding of the cloth 8 or if load
torque is continuously varied by winding of the cloth
8, load torque is detected rapidly and the take-up
motor 16 is driven based on the winding control
torque figured out by adding the load torque to the
current winding control torque. Therefore, cloth
winding tension can be controlled with high accuracy
during operation of the loom.

(10) In the third embodiment, even when fluctuation
of the load torque occurs in the apparatus for winding
the woven cloth 8, the load torque can be calculated
regularly or randomly without stopping operation of
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the loom. Therefore, load torque can be calculated
as required during operation of the loom and the
take-up motor 16 can wind the cloth 8 with appropri-
ate winding control torque.

[0047] There is provided a method for controlling wind-
ing of a woven cloth in a loom, wherein the cloth delivered
through a surface roller is wound on a cloth roller driven
by a take-up motor whose torque is controllable. The
method includes the steps of setting a change command
torque that progressively increases or decreases a
torque of the take-up motor, driving the take-up motor
according to the change command torque after setting
the change command torque, detecting variation of rota-
tion speed of the take-up motor, calculating load torque
based on the change command torque, calculating wind-
ing torque based on tension and winding diameter of the
cloth, calculating winding control torque by adding the
load torque and the winding torque, and driving the take-
up motor according to the winding control torque. There
is also provided an apparatus for winding of a woven
cloth in a loom by the above-described method.

Claims

1. A method for controlling winding of a woven cloth (8)
in a loom, wherein the cloth (8) delivered through a
surface roller (2) is wound on a cloth roller (9) driven
by a take-up motor (16) whose torque is controllable,
characterized in that
the method includes the steps of:

setting a change command torque (21, 21A,
21B, 21C, 21D, 21E, 21F, 22, 23, 26, 26A, 26B,
26C, 27, 27A, 28, 28A, 29, 30) that progressively
increases or decreases a torque of the take-up
motor (16);
driving the take-up motor (16) according to the
change command torque (21, 21A, 21B, 21C,
21D, 21E, 21F, 22, 23, 26, 26A, 26B, 26C, 27,
27A, 28, 28A, 29, 30) after setting the change
command torque (21, 21A, 21B, 21C, 21D, 21E,
21F, 22, 23, 26, 26A, 26B, 26C, 27, 27A, 28,
28A, 29, 30);
detecting variation of rotation speed of the take-
up motor (16) during changing the change com-
mand torque (21, 21A, 21B, 21C, 21D, 21E, 21F,
22, 23, 26, 26A, 26B, 26C, 27, 27A, 28, 28A, 29,
30);
calculating load torque based on the change
command torque (21, 21A, 21B, 21C, 21D, 21E,
21F, 22, 23, 26, 26A, 26B, 26C, 27, 27A, 28,
28A, 29, 30) in a transitional region (FTB) be-
tween a rotation speed varying region (FT) and
a rotation speed stabilized region (ST) of the
take-up motor (16);
calculating winding torque based on tension and

winding diameter of the cloth (8);
calculating winding control torque (CT) by add-
ing the load torque and the winding torque; and
driving the take-up motor (16) according to the
winding control torque (CT).

2. The method for controlling winding the woven cloth
(8) in the loom according to claim 1, wherein the
change command torque (21, 21A, 21B, 21C, 21D,
21E, 21F, 22, 23, 28, 28A) is a progressive increase
command torque that progressively increases the
torque of the take-up motor (16), wherein the step
of driving the take-up motor (16) is a step of driving
the take-up motor (16) at a stop according to the
progressive increase command torque (21, 21A,
21B, 21C, 21D, 21E, 21F, 22, 23, 28, 28A) and
wherein the step of calculating the load torque is a
step of calculating the load torque based on the pro-
gressive increase command torque (21, 21A, 21B,
21C, 21D, 21E, 21F, 22, 23, 28, 28A) in the transi-
tional region (FTB) when the take-up motor (16) tran-
sitions from the rotation speed varying region (FT)
to the rotation speed stabilized region (ST).

3. The method for controlling winding the woven cloth
(8) in the loom according to claim 1, wherein the
change command torque (26, 26A, 26B, 26C, 27,
27A, 29, 30) is a progressive decrease command
torque that progressively decreases the torque of
the take-up motor (16), wherein the step of driving
the take-up motor (16) is a step of driving the take-
up motor (16) in taking-up operation according to the
progressive decrease command torque (26, 26A,
26B, 26C, 27, 27A, 29, 30) and wherein the step of
calculating the load torque is a step of calculating
the load torque based on the progressive decrease
command torque (26, 26A, 26B, 26C, 27, 27A, 29,
30) in the transitional region (FTB) when the take-
up motor (16) transitions from the rotation speed sta-
bilized region (ST) to the rotation speed varying re-
gion (FT).

4. The method for controlling winding the woven cloth
(8) in the loom according to claim 2, further compris-
ing a step of rotating the take-up motor (16) at a stop
reversely, wherein the step of calculating the load
torque is performed after the step of rotating the take-
up motor (16) at a stop reversely.

5. The method for controlling winding the woven cloth
(8) in the loom according to any one of claims 1
through 4, wherein the step of calculating the load
torque is performed when operation of the loom is
started.

6. The method for controlling winding the woven cloth
(8) in the loom according to any one of claims 1
through 5, wherein the step of calculating the load
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torque is performed when operation of the loom is
started and while the woven cloth (8) is wound.

7. An apparatus for winding a woven cloth (8) in a loom,
wherein the cloth (8) delivered through a surface roll-
er (2) is wound on a cloth roller (9) driven by a take-
up motor (16) whose torque is controllable by a con-
troller (4),
characterized in that
the apparatus includes
a rotation speed detector (16A) that detects rotation
speed of the take-up motor (16), the controller (4)
comprising:

a change command torque transmitting section
that stores a preset change command torque
(21, 21A, 21B, 21C, 21D, 21E, 21F, 22, 23, 26,
26A, 26B, 26C, 27, 27A, 28, 28A, 29, 30) that
progressively increases or decreases a torque
of the take-up motor (16) and transmits the
change command torque (21, 21A, 21B, 21C,
21D, 21E, 21F, 22, 23, 26, 26A, 26B, 26C, 27,
27A, 28, 28A, 29, 30) for driving the take-up mo-
tor (16);
a load torque calculating section that calculates
a load torque based on the change command
torque (21, 21A, 21B, 21C, 21D, 21E, 21F, 22,
23, 26, 26A, 26B, 26C, 27, 27A, 28, 28A, 29, 30)
in a transitional region (FTB) between a rotation
speed varying region (FT) and a rotation speed
stabilized region (ST) of the take-up motor (16);
a winding torque calculating section that calcu-
lates a winding torque based on tension and
winding diameter of the cloth (8); and
a winding control torque (CT) command section
that adds the winding torque and the load torque
to calculate a winding control torque (CT) and
commands the winding control torque (CT) for
driving the take-up motor (16).
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