EP 3 597 806 A1

(19) Europdisches

: Patentamt

European
Patent Office

Office européen
des brevets

(11) EP 3 597 806 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
22.01.2020 Bulletin 2020/04

(21) Application number: 19182463.0

(22) Date of filing: 26.06.2019

(51) IntClL:
DO03D 51/06 (2006.01)

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DKEE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
KH MA MD TN

(30) Priority: 19.07.2018 JP 2018135612

(71) Applicant: Tsudakoma Kogyo Kabushiki Kaisha
Kanazawa-shi, Ishikawa-ken 921-8650 (JP)

(72) Inventors:
+ ITO, Naoyuki
Ishikawa-ken, 921-8650 (JP)
* KOBORI, Yuichiro
Ishikawa-ken, 921-8650 (JP)

(74) Representative: Eisenfiihr Speiser
Patentanwalte Rechtsanwilte PartGmbB
Postfach 31 02 60
80102 Miinchen (DE)

(54)

(57)  Rotation of a main shaft (10) is stopped by a first
braking step that is started at a time point at which a stop
command has been generated or later, the first braking
step dropping a rotation rate of the main shaft (10) toward
a predetermined stop rotation rate that is lower than a
steady rotation rate by changing a command rotation rate

METHOD FOR STOPPING LOOM AND LOOM FOR REALIZING STOPPING METHOD

two times or more; and a second braking step of actuating
an electromagnetic brake (60) at a time point at which
the rotation rate has reached the stop rotation rate or
later and braking the main shaft (10). In addition, the com-
mand rotation rate is changed in the first braking step
every period of one rotation or more of the main shaft (10).
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The presentinvention relates to a loom includ-
ing a control device that controls the rotation of a main
shaft on the basis of a predetermined command rotation
rate and an electromagnetic brake that brakes the main
shaft, the control device being configured to control the
rotation of the main shaft on the basis of a preset steady
rotation rate in steady operation.

2. Description of the Related Art

[0002] In a loom in steady operation, the driving of a
driving motor is controlled such that a main shaft is rota-
tionally driven at a preset steady rotation rate, and the
operation is performed. In addition, the loom includes a
control device, and the control device controls the driving
of the driving motor on the basis of a predetermined com-
mand rotation rate. The control device includes, for ex-
ample, an inverter. The output frequency of the inverter
is set to a frequency corresponding to the command ro-
tation rate and hence the driving motor is controlled at a
rotation rate corresponding to the command rotation rate.
Thus, in the steady operation, the steady rotation rate
serves as the command rotation rate and the driving of
the driving motor is controlled (the main shaft is rotation-
ally driven).

[0003] In addition, the loom typically includes an elec-
tromagnetic brake for stopping the rotation of the main
shaft as disclosed in, for example, Japanese Unexam-
ined Patent Application Publication No. 6-158478. In the
loom, a stop command is generated when the operation
is required to be stopped, the electromagnetic brake is
actuated in response to the generation of the stop com-
mand, a braking force acts on the main shaft, and the
rotation of the main shaft is stopped. In a typical loom, a
braking operation (control on the electromagnetic brake
etc.) is performed such that the rotation of the main shaft
is stopped at a time point at which the main shaft has
been rotated by about one rotation (or two rotations) by
inertia since the time point at which the stop command
has been generated. In other words, the braking opera-
tion is performed such that the rotation of the main shaft
is stopped in a short stop period in which the main shaft
is rotated by only about one rotation (or two rotations) by
inertia (a braking period with the electromagnetic brake).
[0004] However, when the rotation of the main shaft is
stopped in such a short stop period, an excessive load
may be applied to a mechanical component (the main
shaft, a part that is moved by the main shaft as a drive
source, its drive transmission part, etc.) that is driven by
the driving motor, or the electromagnetic brake in accord-
ance with a weaving condition or the like.

[0005] To be specific, for example, when the steady
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rotation rate is set high, the mechanical component that
moves (rotates) in accordance with the high rotation rate
is to be stopped by the above-described motion in the
short stop period. Hence, the braking operation is per-
formed in a state in which a large load is applied to the
mechanical component due to the inertia corresponding
to the speed. Also with regard to the electromagnetic
brake, a braking force so large that stops the main shaft
rotating at such a high rotation rate (high rotation speed)
within the above-described short stop period acts on the
main shaft. Hence, the load to be applied to the electro-
magnetic brake in the braking operation becomes mark-
edly large. Although the steady rotation rate is not set
high as described above, for example, when the number
of heald frames included in the mechanical component
is large, the inertia of the mechanical component that is
driven by the driving motor increases as the weight of
the mechanical component increases. Hence, the brak-
ing operation is performed in a state in which a large load
is applied to the mechanical component like the above-
described situation.

[0006] Ifalargeload is applied to the mechanical com-
ponent or the electromagnetic brake in this way every
time when the rotation of the main shaft is stopped, the
mechanical component may be broken or a braking
member such as a brake shoe of the electromagnetic
brake may wear early. If the wear of the braking member
of the electromagnetic brake progresses, the braking
force decreases, and hence the braking member is re-
quired to be replaced.

[0007] With regard to the load that is applied to a me-
chanical elementor the like such as one described above,
a long stop period may be set instead of a short stop
period such as one described above, and the rotation
speed of the main shaft may be reduced in such a long
stop period (at a more gentle speed-reduction gradient)
to stop the rotation. However, when a braking operation
is performed to stop the rotation of the main shaftin such
a long stop period, the braking with the electromagnetic
brake is performed for the long period every braking op-
eration, and due to this, the braking member of the elec-
tromagnetic brake may wear early like the above-de-
scribed situation.

[0008] Therefore, as disclosed in Japanese Unexam-
ined Patent Application Publication No. 2007-332477, a
braking operation may be performed by using a combi-
nation of regenerative braking and braking with the elec-
tromagnetic brake. To be specific, in the braking opera-
tion disclosed in Japanese Unexamined Patent Applica-
tion Publication No. 2007-332477, when the stop com-
mand is generated as described above, the rotation
speed of the main shaft is reduced first by the regener-
ative braking, and then the rotation of the main shaft is
stopped by actuation of the electromagnetic brake. With
the braking operation, since the rotation rate of the main
shaft is lower than the steady rotation rate at the time
point at which the electromagnetic brake starts acting,
the load that is applied to the mechanical element or the
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like is reduced although the braking period with the elec-
tromagnetic brake is a short period such as one described
above.

[0009] However, with the braking operation disclosed
in Japanese Unexamined Patent Application Publication
No. 2007-332477, the inverter of the control device may
be burn-damaged. To be specific, in the case of the brak-
ing operation disclosed in Japanese Unexamined Patent
Application Publication No. 2007-332477, the braking
operation is performed such that the entirety of the stop
period from the generation of the stop command until the
rotation of the main shaft is stopped is a short period.
Therefore, the braking operation is set such that the brak-
ing period with the electromagnetic brake is a short period
and the braking period by the regenerative braking is a
short period. That is, the braking operation is set such
that the regenerative braking of dropping the rotation rate
of the main shaft to the rotation rate at which the electro-
magnetic brake is actuated is performed in a short period.
Hence, the regenerative braking is performed to contin-
uously reduce the rotation speed of the main shaft (at a
steep speed-reduction gradient) in the short period.
[0010] When the regenerative braking is performed,
regenerative electric power is generated from the driving
motor toward the inverter by the regenerative braking.
When the generation of such regenerative electric power
causes a problem, a capacitor or a resistor (hereinafter,
also referred to as "resistor or the like") is typically pro-
vided in a circuit that is connected to the inverter. The
generated regenerative electric power is absorbed in a
manner stored in the capacitor or in a manner converted
into thermal energy by the resistor and released to the
outside, to prevent the excessive regenerative electric
power from flowing to the inverter.

[0011] However, for example, when the rotation rate
in steady operation is high as described above (when
there is a large difference between the steady rotation
rate and the rotation rate of the main shaft at the time
point at which the electromagnetic brake is actuated, the
rotation rate being determined with regard to the above-
described load), and when the regenerative braking is
continuously performed in a short period as described
above, the regenerative electric power to be generated
is markedly large. Thus, the regenerative electric power
may not be completely absorbed by the resistor or the
like. In this case, a problem due to the regenerative brak-
ing may occur such that the excessive regenerative elec-
tric power flows to the inverter and the inverter is burn-
damaged. To prevent such burn-damage of the inverter,
a resistor or the like having a large capacity may be em-
ployed. In this case, however, the apparatus cost may
increase.

SUMMARY OF THE INVENTION

[0012] Accordingly, an object of the present invention
is to provide a method for stopping a loom, based on that
a braking operation is performed by using a combination
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of regenerative braking and braking with an electromag-
netic brake as described above, the method reducing a
load that is applied to a mechanical element or the like
such as one described above and not causing a problem
due to the regenerative braking such as one described
above; and also to provide a loom that can realize the
stopping method.

[0013] To attain the object, a method for stopping a
loom and a loom for realizing the stopping method ac-
cording to the present invention presuppose a loom in-
cluding a control device that controls rotation of a main
shaft on the basis of a predetermined command rotation
rate, and an electromagnetic brake that brakes the main
shaft, the control device being configured to control the
rotation of the main shaft on the basis of a preset steady
rotation rate in steady operation.

[0014] The method for stopping the loom according to
the present invention includes a first braking step that is
started at a time point at which a stop command has been
generated or later, the first braking step dropping a rota-
tion rate of the main shaft toward a predetermined stop
rotation rate thatis lower than the steady rotation rate by
changing the command rotation rate two times or more;
and a second braking step of actuating the electromag-
netic brake at a time point at which the rotation rate has
reached the stop rotation rate or later and braking the
main shaft, the second braking step stopping the rotation
of the main shaft. The command rotation rate is changed
in the first braking step every period of one rotation or
more of the main shaft.

[0015] In addition, a loom according to the presentin-
vention includes an angle detector that detects a rotation
angle of the main shaft and a storage unit that stores
rotation rate information that is information relating to the
command rotation rate and that is obtained using a pre-
determined stop rotation rate and a predetermined
number of times of change of the command rotation rate,
the number of times of change being two or more, and
period information that is information for determining a
period in which the command rotation rate is changed
and that the period is set to a period of one rotation or
more of the main shaft. Furthermore, the control device
of the loom includes a drive command unit that receives
an input of angle information that is obtained on the basis
of a detection signal from the angle detector, that obtains,
for a first change time point of the command rotation rate
based on generation of a stop command and a second
or later change time point of the command rotation rate
obtained on the basis of the angle information and the
period information with reference to the first change time
point, the command rotation rate corresponding to each
of the change time points from the rotation rate informa-
tion, and that outputs a drive command based on each
of the obtained command rotation rates at corresponding
one of the change time points; and a drive unit that drives
the driving motor on the basis of the drive command from
the drive command unit.

[0016] Note that the "stop rotation rate" is determined
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as a rotation rate lower than the steady rotation rate, and
is determined as a rotation rate such that a load that is
applied to a mechanical element or the like such as one
described above due to the braking with the electromag-
netic brake is within a permissible load range even when
the braking period with the electromagnetic brake is a
short period like one described above. The "permissible
load" described here is substantially a load that does not
cause the above-described problem caused by the ex-
cessive load that is applied to the mechanical element
or the like due to the braking with the electromagnetic
brake when the braking period with the electromagnetic
brake is a short period such as one described above.
[0017] In the method for stopping the loom, the first
braking step may be performed on the basis of a preset
rotation rate drop amount and the period. Furthermore,
in the loom, the rotation rate information may include a
preset rotation rate drop amount.

[0018] With the method for stopping the loom and the
loom according to the present invention, the braking op-
eration from the time point at which the stop command
has been generated until the rotation of the main shaft
is stopped is performed in the first braking step of the
braking (that is, the regenerative braking) of changing
the command rotation rate and hence changing the ro-
tation rate of the main shaft (reducing the rotation speed
of the main shaft), and the second braking step of the
braking with the electromagnetic brake. The speed re-
duction in the first braking step (the regenerative braking)
is performed to lower the rotation rate of the main shaft
to the stop rotation rate. The stop rotation rate is deter-
mined as a rotation rate lower than the steady rotation
rate, and is determined as a rotation rate such that a load
that is applied at the braking with an electromagnetic
brake is within the above-described permissible load
range even when the braking period with the electromag-
netic brake is a short period like one described above.
Accordingly, with such a braking operation, a problem in
which the mechanical component is broken or a problem
in which the braking member of the electromagnetic
brake wears early due to the load that is applied at the
braking with the electromagnetic brake does not occur.
[0019] Based on this, according to the present inven-
tion, the braking in the first braking step is performed by
changing the command rotation rate two times or more.
Thatis, in the first braking step, the operation of dropping
the rotation rate of the main shaft from the steady rotation
rate toward the stop rotation rate is performed by the
regenerative braking that is performed a plurality of times
in a divided manner. Accordingly, the drop amount of the
rotation rate by the single regenerative braking is a small
amount, and the regenerative electric power generated
by the single regenerative braking is also small.

[0020] In addition, according to the present invention,
the change of the command rotation rate that is per-
formed two times or more is performed every period of
one rotation or more. That is, the plurality of times of the
regenerative braking in the first braking step each are

10

15

20

25

30

35

40

45

50

55

performed every period of one rotation or more of the
main shaft from the start of the previous braking to the
start of the next braking. Accordingly, the small regener-
ative electric power generated by each regenerative
braking is completely absorbed by the resistor or the like
in the period. Consequently, for example, even when the
rotation rate in steady operation is high as described
above, a situation in which the resistor or the like cannot
completely absorb the regenerative electric power gen-
erated by the regenerative braking does not occur. Thus,
a problem caused by the regenerative braking as de-
scribed above does not occur.

BRIEF DESCRIPTION OF THE DRAWINGS
[0021]

Fig. 1 is a block diagram of the periphery of a drive
control device of a loom of the present invention; and
Fig. 2 is an explanatory view illustrating a sequential
flow until the rotation of a main shaft is stopped by
a method for stopping the loom of the present inven-
tion.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0022] An embodiment of the present invention is de-
scribed below with reference to Figs. 1 and 2.

[0023] As illustrated in Fig. 1, a loom includes a main
shaft 10, a driving motor 20 that rotationally drives the
main shaft 10, and a drive control device 30 that controls
the driving of the driving motor 20. The loom also includes
awarp shedding device (notillustrated) that forms/closes
awarp shed, and areed (notillustrated). In a typical loom,
the warp shedding device and so forth are coupled to the
main shaft 10 via a drive transmission mechanism (not
illustrated). Thus, the warp shedding device and so forth
are driven during weaving in a predetermined mode while
the main shaft 10 serves as a drive source.

[0024] In addition, the loom includes an input setting
unit 40 for inputting and setting set values, such as a
steady rotation rate that is the rotation rate of the main
shaft 10 in steady operation and a shedding pattern in-
dicative of a shedding order of a heald frame in the warp
shedding device. The input setting unit 40 is connected
to the drive control device 30.

[0025] Thedrive control device 30 includes a main con-
trol unit 32 that is connected to the input setting unit 40,
and a drive command unit 34 that is connected to the
main control unit 32. The drive command unit 34 includes
a storage unit 34a that stores the set values such as the
steady rotation rate. The set values such as the steady
rotation rate are input to and set in the input setting unit
40, and are transmitted to and stored in the drive com-
mand unit 34 from the input setting unit 40 via the main
control unit 32.

[0026] The drive control device 30 also includes an in-
verter 36 that controls the driving of the driving motor 20.
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The inverter 36 is connected to the drive command unit
34. With the connection, the drive control device 30 out-
puts a frequency command signal (a drive command)
corresponding to a target rotation rate of the main shaft
10 from the drive command unit 34 to the inverter 36,
controls the inverter 36 on the basis of the frequency
command signal, and hence controls the driving of the
driving motor 20. To be specific, for example, in steady
operation of the loom, the drive command unit 34 outputs
the frequency command signal corresponding to the
steady rotation rate stored in the storage unit 34a to the
inverter 36 in the drive control device 30. The inverter 36
generates an output frequency corresponding to the fre-
quency command signal, and controls the driving of the
driving motor 20 such that the driving motor 20 is driven
at the rotation rate corresponding to the steady rotation
rate. Thatis, the driving motor 20 is controlled to be driven
at the rotation rate corresponding to the output frequency
of the inverter 36.

[0027] The loom also includes an angle detector 50
that detects the rotation angle of the main shaft 10. The
angle detector 50 detects the rotation angle in units of
one rotation of the main shaft 10. The angle detector 50
is connected to the main control unit 32 of the drive control
device 30. The angle detector 50 outputs a detection sig-
nal based on the detected rotation angle of the main shaft
10 to the main control unit 32. The main control unit 32
obtains angle information on the main shaft 10 on the
basis of the input detection signal, and outputs an angle
signal based on the angle information to the drive com-
mand unit 34.

[0028] The loom also includes an electromagnetic
brake 60 for stopping the rotation of the main shaft 10 by
causing a braking force to act on the main shaft 10. The
electromagnetic brake 60 is connected to the drive com-
mand unit 34. With the connection, the electromagnetic
brake 60 receives the input of a braking command signal
thatis output from the drive command unit 34, and causes
a braking force to act on the main shaft 10.

[0029] In the above-described loom, according to the
present invention, the drive control device 30 provides
control to perform a braking operation from a time point
at which a stop command has been generated until the
rotation of the main shaft 10 is stopped by using braking
(regenerative braking) that changes a command rotation
rate serving as the basis of the frequency command sig-
nal from the drive command unit 34 and hence changes
the rotation rate (a main shaft rotation rate) (reduces the
speed) of the main shaft 10, and braking (electromag-
netic braking) with the electromagnetic brake 60. The
regenerative braking is performed by reducing the rota-
tion rate of the main shaft 10 that rotates at the steady
rotation rate to a stop rotation rate that is determined as
a rotation rate lower than the steady rotation rate. Then,
the drive control device 30 controls the dropping of the
main shaft rotation rate toward the stop rotation rate by
the regenerative braking that is performed a plurality of
times in a divided manner. Further, the plurality of times
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of the regenerative braking each are performed every
period of one rotation or more of the main shaft 10 from
the start of previous braking to the start of next braking.
A specific configuration of the drive control device 30 is
as follows.

[0030] Regarding the stop rotation rate first, when the
rotation of the main shaft 10 is to be stopped by electro-
magnetic braking, the stop rotation rate is a rotation rate
that is determined with regard to a load that is applied to
awarp shedding device and so forth coupled to the main
shaft 10 or a mechanical element or the like such as a
drive transmission mechanism. Of course the stop rota-
tion rate is a rotation rate that is lower than the steady
rotation rate. For example, if the steady rotation rate is
set to a markedly high rotation rate as compared with the
rotation rate of a typical loom, when electromagnetic
braking is applied on the main shaft 10 that is rotated at
the steady rotation rate, the load that is applied to the
mechanical element or the like becomes excessive and
the above-described problem may occur. With regard to
the load that is applied to the mechanical element or the
like by the electromagnetic braking, the rotation rate that
does not cause the above-described problem and that is
permissible (a permissible rotation rate) is obtained, and
then the stop rotation rate is determined as a rotation
rate equal to or lower than the permissible rotation rate.
[0031] In this embodiment, an example is provided in
which the steady rotation rate is set to 1800 rpm as a
markedly high rotation rate as described above. The ex-
ample is described below. The load that is applied to the
mechanical element or the like during electromagnetic
braking varies depending on the specifications and weav-
ing conditions of the loom. In this embodiment, the per-
missible rotation rate that is obtained on the basis of the
load is 1000 rpm. Based on this, the stop rotation rate is
determined as a rotation rate equal to or lower than the
permissible rotation rate as described above, and the
permissible rotation rate is determined at 1000 rpm that
is the upper limit of the permissible rotation rate. The set
value of the stop rotation rate is input to and set in the
input setting unit 40 and stored in the storage unit 34a of
the drive command unit 34 similarly to the set value of
the steady rotation rate and so forth.

[0032] The drop of the main shaft rotation rate by the
regenerative braking from the steady rotation rate toward
the stop rotation rate is caused by regenerative braking
that is performed a plurality of times in a divided manner
as described above. Hence, in the dropping process, the
frequency command signal serving as the drive com-
mand that is output from the drive command unit 34 is
changed a plurality of times to perform the regenerative
braking a plurality of times. That is, the command rotation
rate serving as the basis of the frequency command sig-
nal is changed a plurality of times. In this way, a change
of the command rotation rate represents a change of the
frequency command signal that is output from the drive
command unit 34.

[0033] A drop amount of the command rotation rate (a



9 EP 3 597 806 A1 10

rotation rate drop amount) in every change is determined
such that the regenerative electric power generated by
the regenerative braking due to the change does not ex-
ceed the permissible amount of the regenerative electric
power that can be absorbed by the resistor or the like. In
this embodiment, the rotation rate drop amount is uni-
formly determined as 200 rpm. In other words, in this
embodiment, when the main shaft rotation rate is
dropped from 1800 rpm that is the steady rotation rate
to 1000 rpm that is the stop rotation rate, the command
rotation rate is changed four times by dropping the com-
mand rotation rate by 200 rpm each.

[0034] Then,inthisembodiment, todrop the main shaft
rotation rate, the rotation rate drop amount determined
as 200 rpm as described above is stored as a set value
in the drive control device 30. In addition, the drive com-
mand unit 34 of the drive control device 30 calculates the
command rotation rate every change by subtracting the
rotation rate drop amount (200 rpm) from the command
rotation rate serving as the basis of the previously output
frequency command signal. That is, the drive command
unit 34 of this embodiment has a function for calculating
the command rotation rate every change (a calculation
function) in this way. Note that the set value of the rotation
rate drop amount (200 rpm) is input to and set in the input
setting unit 40 and stored in the storage unit 34a of the
drive command unit 34 similarly to the set values of the
steady rotation rate and so forth. The rotation rate drop
amount stored in the storage unit 34a of the drive com-
mand unit 34 in this way corresponds to rotation rate
information according to the present invention.

[0035] Moreover, each regenerative braking is per-
formed every period of one rotation or more of the main
shaft 10 from the start of previous braking to the start of
next braking. Thatis, the change of the command rotation
rate (the output of the changed frequency command sig-
nal) that is performed a plurality of times is performed
such that the change (output) is performed every period
of one rotation or more of the main shaft 10.

[0036] However, whentheregenerative braking is per-
formed due to the change of the command rotation rate,
the regenerative electric poweris generated as described
above. Hence, the above-described resistor or the like
has to be in a state in which the resistor or the like can
absorb the regenerative electric power generated in this
way, at each change time point of the command rotation
rate (an output time point of the frequency command sig-
nal). Therefore, in this period, the resistor or the like
needs to be determined as being in the aforementioned
state at each change time point of the command rotation
rate. In this embodiment, the period (a set period) is uni-
formly determined as a period corresponding to two ro-
tations of the main shaft 10. That is, in this embodiment,
the command rotation rate is changed every two rotations
of the main shaft 10 since the previous change time point
of the command rotation rate (dropped by 200 rpm each).
The set value of the set period is input to and set in the
input setting unit 40 and stored in the storage unit 34a of
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the drive command unit 34 similarly to the above.
[0037] Furthermore, the storage unit 34a of the drive
command unit 34 stores an information reading program
(hereinafter, merely referred to as "program") for reading
the set period determined as described above at each
change time point of the command rotation rate (each
output time point of the frequency command signal) and
stored in the storage unit 34a. Based on this, the drive
command unit 34 performs the next change of the com-
mand rotation rate on the basis of the set period read by
using the program. The set value of the set period and
the program stored in the storage unit 34a of the drive
command unit 34 in this way correspond to period infor-
mation according to the present invention.

[0038] Note that, in this embodiment, the set period is
a period uniformly corresponding to two rotations of the
main shaft 10 as described above. Thus, for the set period
stored in the storage unit 34a, only one (common) period
(the period corresponding to two rotations of the main
shaft 10) is set. In this embodiment, the program is set
to read the common set period at each change time point
of the command rotation rate. At each change time point,
the common set period is read from the storage unit 34a
in the drive command unit 34 using the program.
[0039] Intheloom including the above-described drive
control device 30, a stop operation of stopping the loom
(the main shaft 10) from the steady operation state in
which the main shaft 10 is rotated at the steady rotation
rate is performed, for example, by an operator operating
a stop button of the input setting unit 40. In this case, a
stop signal is output from the input setting unit 40 to the
main control unit 32. The stop operationis also performed
when weaving abnormality (for example, a weaving de-
fect, such as warp yarn breakage or defective weft inser-
tion) during weaving occurs. In this case, an abnormality
signalis output to the main control unit 32 from a detecting
device (not illustrated) that detects the weaving abnor-
mality.

[0040] When the stop signal or the abnormality signal
is input to the main control unit 32, the main control unit
32 generates a stop command and outputs the stop com-
mand to the drive command unit 34. The timing at which
the stop command is generated is determined as a pre-
determined timing in one cycle of the loom (one rotation
of the main shaft 10).

[0041] In response to the input of the stop command,
the drive command unit 34 calculates a command rota-
tion rate corresponding to a first change time point of the
command rotation rate (a first calculation rotation rate)
by the calculation function on the basis of the steady ro-
tation rate and the rotation rate drop amount that is the
rotation rate information stored in the storage unit 34a.
To be specific, the drive command unit 34 calculates the
first calculation rotation rate (1600 rpm) by subtracting
the rotation rate drop amount (200 rpm) from the steady
rotation rate (1800 rpm). The drive command unit 34
changes the command rotation rate from the steady ro-
tation rate to the first calculation rotation rate at a prede-
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termined start timing of the regenerative braking after the
timing at which the stop command is generated (for ex-
ample, at a time point at which the rotation angle of the
main shaft 10 has reached 360° (0°) the first time since
the input of the stop command), and outputs a frequency
command signal serving as a drive command based on
the first calculation rotation rate to the inverter 36. Con-
sequently, the inverter 36 controls the driving of the driv-
ing motor 20 in accordance with an output frequency
based on the frequency command signal, and hence the
main shaft rotation rate is dropped from 1800 rpm that is
the steady rotation rate to 1600 rpm. The predetermined
start timing of the regenerative braking corresponds to a
first change time point of a command rotation rate ac-
cording to the present invention.

[0042] Furthermore, the drive command unit 34 deter-
mines a second change time point of the command ro-
tation rate on the basis of the set period (the period in-
formation) read using the program, at the first change
time point of the command rotation rate. To be specific,
the drive command unit 34 determines the second
change time point of the command rotation rate at a time
point at which a period corresponding to two rotations of
the main shaft 10 has elapsed since the first change time
point of the command rotation rate. Then, the drive com-
mand unit 34 monitors the rotation angle of the main shaft
10 from the rotation angle at the first change time point
of the command rotation rate on the basis of the angle
signal (angle information) output from the main control
unit 32.

[0043] In addition, the drive command unit 34 calcu-
lates a command rotation rate corresponding to the sec-
ond change time point of the command rotation rate (a
second calculation rotation rate), at a predetermined cal-
culation timing of the command rotation rate, between
the first change time point of the command rotation rate
and the second change time point of the command rota-
tion rate. To be specific, the calculation timing is deter-
mined as a time point at which the rotation angle of the
main shaft 10 has reached 100° the second time since
the first change time point of the command rotation rate.
Then, at a time point at which it is determined that the
rotation angle of the main shaft 10 has reached the cal-
culation timing as the result of the monitoring, the drive
command unit 34 reads the rotation rate drop amount
stored in the storage unit 34a again. The drive command
unit 34 calculates the second calculation rotation rate
(1400 rpm) by subtracting the read rotation rate drop
amount (200 rpm) from the first calculation rotation rate
(1600 rpm).

[0044] At atime point at which it is determined that the
rotation angle of the main shaft 10 has reached the sec-
ond change time point of the command rotation rate as
the result of the monitoring, the drive command unit 34
changes the command rotation rate from the first calcu-
lation rotation rate to the second calculation rotation rate,
and outputs a frequency command signal based on the
second calculation rotation rate to the inverter 36. Ac-
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cordingly, the main shaft rotation rate is dropped from
1600 rpm to 1400 rpm.

[0045] Thereafter, the drive command unit 34 repeats
similar control, calculates command rotation rates (cal-
culation rotation rates) corresponding to third and fourth
change time points of the command rotation rate, and
changes the command rotation rate ateach of the change
time points. Accordingly, the main shaft rotation rate is
dropped by 200 rpm each from 1400 rpm to 1000 rpm
that is the stop rotation rate. A braking step by the regen-
erative braking that drops the main shaft rotation rate
from the steady rotation rate toward the stop rotation rate
by changing the command rotation rate a plurality oftimes
as described above corresponds to a first braking step
according to the present invention.

[0046] The drive command unit 34 calculates a com-
mand rotation rate (a calculation rotation rate) corre-
sponding to the next change time point of the command
rotation rate, at a calculation timing between a change
time point of the command rotation rate and the next
change time point of the command rotation rate as de-
scribed above. Then, at each calculation time point, the
drive command unit 34 has a function of comparing the
calculated calculation rotation rate with the stop rotation
rate stored in the storage unit 34a, and determining
whether both values meet each other or not. When the
drive command unit 34 determines that the calculation
rotation rate meets the stop rotation rate as the result of
the comparison, the drive command unit 34 invalidates
the calculation function at the calculation time point of
the calculation rotation rate or later, and sets an actuation
flag of the electromagnetic braking with the electromag-
netic brake 60, in the drive command unit 34.

[0047] Accordingly, at a time point at which the calcu-
lation rotation rate (1000 rpm) corresponding to the fourth
change time point of the command rotation rate has been
calculated, the calculation function of the drive command
unit 34 at the calculation time point or later is invalidated.
Thus, at the calculation time point or later, although the
rotation angle of the main shaft 10 reaches the calculation
timing, the calculation rotation rate is not calculated be-
cause the calculation function is invalidated.

[0048] Furthermore, at the calculation time point, the
actuation flag of the electromagnetic braking is setin the
drive command unit 34. Then, in the state in which the
actuation flag of the electromagnetic braking is setin the
drive command unit 34, when it is determined that the
rotation angle of the main shaft 10 has reached the fourth
change time point of the command rotation rate as the
result of monitoring the rotation angle of the main shaft
10 as described above, the drive command unit 34 ac-
tuates the electromagnetic brake 60 to apply the electro-
magnetic braking on the main shaft 10. That is, a second
braking step by the electromagnetic brake 60 is started.
Accordingly, the main shaft rotation rate is dropped from
the stop rotation rate, and the rotation of the main shaft
10 is stopped in the second braking step. Thereafter, the
invalidated state of the calculation function of the drive
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command unit 34 is reset at the next start time point of
the loom.

[0049] Regarding the dropping of the main shaft rota-
tion rate of this embodiment as described above, the ac-
tual change of the main shaft rotation rate has a shape
indicated by a broken line in Fig. 2. Also, a solid line in
Fig. 2 indicates a process of the change of the command
rotation rate that is performed a plurality of times.
[0050] As described above, with the method for stop-
ping the loom according to this embodiment, the opera-
tion of the loom is stopped by dropping the main shaft
rotation rate to the stop rotation rate by the regenerative
braking in the first braking step, and then stopping the
rotation of the main shaft 10 by the electromagnetic brak-
ing in the second braking step. Thus, with the method for
stopping the loom, the electromagnetic braking is applied
to the main shaft 10 after the main shaft rotation rate has
been dropped to the stop rotation rate by the regenerative
braking, and hence a load that is applied to the mechan-
ical element or the like by the electromagnetic braking is
reduced.

[0051] Also, in the first braking step, as described
above, the main shaft rotation rate from the steady rota-
tion rate toward the stop rotation rate is dropped by the
regenerative braking and the regenerative braking is per-
formed a plurality of times in a divided manner, and the
change amount of the command rotation rate (the rota-
tion rate drop amount) in each regenerative braking is
200 rpm. Accordingly, the regenerative electric power
that is generated by each regenerative braking is re-
duced. In addition, the command rotation rate is changed
every period corresponding to two rotations of the main
shaft 10. Consequently, the regenerative electric power
that is generated by each regenerative braking is sub-
stantially absorbed by the above-described resistor or
the like until the next regenerative braking is started.
Thus, for example, even when the steady rotation rate is
high as described above, a situation in which the resistor
or the like cannot completely absorb the regenerative
electric power generated by the regenerative braking
does not occur.

[0052] In the above description, an embodiment of a
loom according to the present invention (hereinafter, re-
ferred to as "the embodiment") has been described. How-
ever, the present invention is not limited to the one de-
scribed in the embodiment, and other embodiments
(modifications) described below can be implemented.
[0053] (1) In the embodiment, the present invention
has been described as the example in which the steady
rotation rate is as high as 1800 rpm. However, the steady
rotation rate does not have to be high, and the present
invention may be applied to a case with a low steady
rotation rate. That is, the load applied to the mechanical
elementor the like may become excessive when the elec-
tromagnetic braking is applied to the main shaft not only
in the case of a high steady rotation rate is high, but also
in the case of a low steady rotation rate. In such a case,
the present invention may be applied. To be specific,
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even when the steady rotation rate is 1000 rpm or lower,
if the weight of the mechanical element or the like is large
due to a reason such as a large number of heald frames
in the warp shedding device, the inertia is also large.
Consequently, the load that is applied to the mechanical
element or the like by the electromagnetic braking be-
comes excessive, and in such a case, the presentinven-
tion may be applied.

[0054] (2) Regarding the stop rotation rate, in the em-
bodiment, the permissible rotation rate is obtained with
regard to the load that is applied to the mechanical ele-
ment or the like by the electromagnetic braking as de-
scribed above, and the stop rotation rate is determined
as the upper limit thereof (= the permissible rotation rate).
However, according to the present invention, the stop
rotation rate is desirably determined as long as the stop
rotation rate is equal to or lower than the permissible
rotation rate obtained as described above. Hence, the
stop rotation rate may be determined as a rotation rate
lower than the permissible rotation rate (preferably, a ro-
tation rate close to the upper limit thereof).

[0055] (3) The main shaft rotation rate is dropped from
the steady rotation rate toward the stop rotation rate by
the regenerative braking that is performed a plurality of
times in a divided manner according to the present in-
vention. In this embodiment, the change amount of the
command rotation rate (the rotation rate drop amount) in
each regenerative braking is uniformly 200 rpm. The ro-
tation rate drop amount may be determined such that the
regenerative electric power generated by the regenera-
tive braking due to the change of the command rotation
rate (dropping the command rotation rate by the rotation
rate drop amount) does not exceed the permissible
amount of the regenerative electric power that can be
absorbed by the resistor or the like. Thus, the rotation
rate drop amount is not limited to aforementioned 200
rpm, and may be desirably determined within a range not
exceeding the permissible amount.

[0056] To be specific, for example, even when the ro-
tation rate drop amountis 400 rpm that is larger than 200
rpm of the embodiment, as long as the resultantly gen-
erated regenerative electric power does not exceed the
permissible amount, 400 rpm can be employed as the
rotation rate drop amount. In this case, when the steady
rotation rate and the stop rotation rate are the same as
those of the embodiment and the rotation rate drop
amount is uniform like the embodiment, the regenerative
braking is performed two times.

[0057] The rotation rate drop amount is not limited to
the uniformly determined amount as described above.
For example, regarding the above-described rotation
rate drop amounts of 200 rpm and 400 rpm, when the
steady rotation rate and the stop rotation rate are the
same as those of the embodiment, the rotation rate drop
amount of the first regenerative braking may be 400 rpm
and then the rotation rate drop amount of the subsequent
regenerative braking may be changed to 200 rpm. In this
case, the regenerative braking by the rotation rate drop
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amount of 200 rpm is performed two times at the second
time or later.

[0058] (4) Regarding the command rotation rate serv-
ing as the basis of the drive command (the frequency
command signal) thatis output at each change time point,
in the embodiment, the rotation rate drop amount is
stored in the storage unit and the command rotation rate
is obtained by the calculation using the rotation rate drop
amount. However, inthe presentinvention, the command
rotation rate corresponding to each change time point is
not limited to the one obtained by the calculation using
the rotation rate drop amount, and may be one that is
previously stored in the storage unit and that is read at
a corresponding change time point.

[0059] Tobe specific, forexample, when the main shaft
rotation rate is to be dropped four times in a divided man-
ner by 200 rpm each from 1800 rpm (the steady rotation
rate) to 1000 rpm (the stop rotation rate) similarly to the
embodiment, the changed rotation rates (intermediate
rotation rates) 1600 rpm, 1400 rpm, and 1200 rpm in the
process of the dropping are stored as the command ro-
tation rates in the storage unit. Furthermore, the interme-
diate rotation rates and the stop rotation rate are stored
in the storage unit in association with the number of times
of changes of the command rotation rate since the gen-
eration of the stop command. Then, at each change time
point, the command rotation rate (the intermediate rota-
tion rate, the stop rotation rate) corresponding to the
number of times of the change of the command rotation
rate at that change time point may be read.

[0060] (5) Regarding the period (the set period) from
the output of the drive command (the frequency com-
mand signal) to the output of the next drive command, in
the embodiment, the set period is uniformly determined
as the period corresponding to two rotations of the main
shaft. According to the present invention, the set period
is determined to satisfy the condition that the above-de-
scribed resistor or the like can absorb the regenerative
electric power thatis generated by the regenerative brak-
ing at each output (change) time point (an absorption
possible state).

[0061] Then, the period in which the absorption possi-
ble state (an absorption possible period) is taken varies
depending on the performance capable of absorbing the
regenerative electric power of the resistor or the like to
be employed. Hence, when the set period is determined
as a period corresponding to the absorption possible pe-
riod, the set period varies depending on the performance
of the resistor or the like although the rotation rate drop
amount is the same. To be specific, comparing with the
embodiment, when the resistor or the like having high
performance is employed, the set period is set to a period
shorter than that of the embodiment although the rotation
rate drop amount is the same 200 rpm. Note that, since
the set period is determined in units of one rotation of the
main shaft, in this case, the set period is a period corre-
sponding to one rotation of the main shaft. When the
resistor or the like having low performance is employed,
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the set period is set to a period longer than that of the
embodiment.

[0062] Since the set period is desirably determined as
long as the set period satisfies the condition (the period
longer than the absorption possible period) as described
above, when the shortest period that satisfies the condi-
tion is a period corresponding to n rotations (n is an in-
teger equal to or larger than 1) of the main shaft, the set
period may be a period corresponding to n+1 rotations
of the main shaft or longer. Note that the set period is
preferably determined in the shortest period with regard
to the entirety of the stop period from the generation of
the stop command until the rotation of the main shaft is
stopped.

[0063] Furthermore, the magnitude of the regenerative
electric power that is generated during the regenerative
braking is proportional to the rotation rate drop amount.
Hence, the set period is determined as a period corre-
sponding to the rotation rate drop amount to satisfy the
condition. As described above, the rotation rate drop
amount in each regenerative braking in the first braking
step is not limited to 200 rpm according to the embodi-
ment, and does not have to be uniform. Therefore, each
set period in the first braking step is not limited to the
uniform period such as one in the embodiment, and may
be determined as a period that varies depending on each
rotation rate drop amount.

[0064] Note that the set period may be uniformly de-
termined as long as the set period satisfies the condition
although the rotation rate drop amount in each regener-
ative braking is not uniform as described above. Moreo-
ver, even when the rotation rate drop amount in each
regenerative braking is uniform, each set period does not
have to be uniformly determined, and each set period
may be determined as a different period.

[0065] As described above, the set period can be de-
sirably determined as long as the set period satisfies the
condition in accordance with the performance of the re-
sistor or the like or the rotation rate drop amount.
[0066] (6) The present invention is not limited to the
above-described embodiments, and may be modified in
various ways within the scope of the present invention.

Claims

1. A method for stopping a loom, the loom including a
control device (30) that controls rotation of a main
shaft (10) on the basis of a predetermined command
rotation rate, and an electromagnetic brake (60) that
brakes the main shaft (10), the control device (30)
being configured to control the rotation of the main
shaft (10) on the basis of a preset steady rotation
rate in steady operation, the method comprising:

a first braking step that is started at a time point
at which a stop command has been generated
or later, the first braking step dropping a rotation
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rate of the main shaft (10) toward a predeter-
mined stop rotation rate that is lower than the
steady rotation rate by changing the command
rotation rate two times or more; and

a second braking step of actuating the electro-
magnetic brake (60) at a time point at which the
rotation rate has reached the stop rotation rate
or later and braking the main shaft (10), the sec-
ond braking step stopping the rotation of the
main shaft (10),

wherein the command rotation rate is changed
in the first braking step every period of one ro-
tation or more of the main shaft (10).

The method for stopping the loom according to Claim
1,

wherein the first braking step is performed on the
basis of a preset rotation rate drop amount and the
period.

Aloom including a driving motor (20) that rotationally
drives a main shaft (10), an angle detector (50) that
detects a rotation angle of the main shaft (10), a con-
trol device (30) that controls driving of the driving
motor (20) on the basis of a predetermined command
rotation rate, and an electromagnetic brake (60) that
brakes the main shaft (10), the control device (30)
being configured to control rotation of the main shaft
(10) on the basis of a preset steady rotation rate in
steady operation,

wherein the control device (30) includes

a storage unit (34a) that stores rotation rate in-
formation that is information relating to the com-
mand rotation rate and that is obtained using a
predetermined stop rotation rate and a prede-
termined number of times of change of the com-
mand rotation rate, the number of times of
change being two or more, and period informa-
tion that is information for determining a period
in which the command rotation rate is changed
and that the period is set to a period of one ro-
tation or more of the main shaft (10),

a drive command unit (34) that receives an input
ofangle information that is obtained on the basis
of a detection signal from the angle detector
(50), that obtains, for a first change time point
of the command rotation rate based on genera-
tion of a stop command and a second or later
change time point of the command rotation rate
obtained on the basis of the angle information
and the period information with reference to the
first change time point, the command rotation
rate corresponding to each of the change time
points fromthe rotation rate information, and that
outputs a drive command based on each of the
obtained command rotation rates at correspond-
ing one of the change time points, and
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10

a drive unit that drives the driving motor (20) on
the basis of the drive command from the drive
command unit (34).

The loom according to Claim 3,
wherein the rotation rate information includes a pre-
set rotation rate drop amount.
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