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(54) SHEDDING METHOD AND DEVICE FOR LOOM

(57) A shedding method is provided that is applied
to a loom that has a plurality of heddle frames and a
plurality of heddle frame driving systems including a plu-
rality of shedding motors. Each of the heddle frame driv-
ing systems is configured such that rotation in a single
direction of one of the shedding motors drives the corre-
sponding one of the heddle frames independently via the
corresponding one of the crank mechanisms. The shed-

ding method for a loom includes: when stopping each
heddle frame in a shedding state, stopping the heddle
frame after the heddle frame has moved in a shed closing
direction by a preset amount from a top dead center or
a bottom dead center; and after the heddle frame is
stopped, restarting a shedding motion by reversing a ro-
tation direction of the shedding motor from the rotation
direction before the heddle frame was stopped.
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a shedding
method and a shedding device for a loom, and more par-
ticularly to a shedding method and a shedding device for
a loom equipped with heddle frames and heddle frame
driving systems, which include shedding motors. Each
of the heddle frame driving systems is configured such
that rotation in a single direction of one of the shedding
motors drives the corresponding heddle frame independ-
ently via a crank mechanism.
[0002] Heddles open and close the shed while guiding
the warp threads for weaving woven fabric. The heddles
are attached to a heddle frame. The warp threads of one
group that are moved in the same direction in one cycle
of weft insertion are passed through thread insertion
holes of the heddles of one heddle frame. Such heddle
frames are arranged in the front-rear direction of the loom
and moved up and down independently from each other.
[0003] Since plain weave is a method in which weaving
is performed with warp threads and weft threads inter-
secting alternately, the heddle frames are alternately
driven to move between the top dead center and the bot-
tom dead center.
[0004] In twill weave and satin weave, not all of the
heddle frames are driven to move alternately between
the top dead center and the bottom dead center. Instead,
in accordance with the weaving pattern, some of the hed-
dle frames are held in the shedding state and the other
heddle frames are driven to reciprocate.
[0005] When the heddle frames are driven such that
adjacent heddle frames are alternately moved up and
down, the tension applied to the warp threads by the hed-
dles has small differences among the warp threads. How-
ever, in the case of twill weave or satin weave, there is
a great difference between the tension applied to warp
threads by the heddles of the heddle frames held in the
shedding state (held frames) and the tension applied to
warp threads by the heddles of the moving heddle frames
(moved frames).
[0006] Conventionally, a device has been known that
includes easing levers and rollers. The easing levers
swing periodically to feed warp threads via rollers that
move back and forth in synchronism with periodic fluctu-
ation of the tension of the warp thread during one rotation
of the loom. The device absorbs periodic fluctuation of
the warp thread tension during one rotation of the loom
through swinging motion of the rollers. When the differ-
ence in tension between the held frames and the moved
frames is large, the slackness of the warp threads cor-
responding to the moved frames increases. In particular,
when some heddle frames are held in the shedding state
during weaving as in the case of twill weave or satin
weave, the imbalance in the vertical direction of the ten-
sion applied to the warp threads is increased depending
on the ratio of the numbers of the held frames and the

moved frames. The easing amount, which is the amount
of reduction of the difference in the tension of the warp
threads between the shedding state and the shed closing
state, is reduced because it is set in accordance with the
held frames, which are great in number and thus domi-
nant. However, with a small easing amount, slack occurs
in the warp threads of the moved frames when the shed
is closed. Therefore, particularly in the case of an air-jet
loom, such slack can be the cause of a mispick, in which
the weft thread comes off the shedding of the warp
threads at the weft insertion.
[0007] Also, in the case of a fabric having a large ver-
tical imbalance in the ratio of the number of the held
frames, if the number of the upper held frames, which
are held at the top dead center, is great, the cloth fell
(cloth portion) is pulled upward. In contrast, if the number
of the lower held frames, which are held at the bottom
dead center, is great, the cloth fell (cloth portion) is pulled
downward. If the cloth fell (cloth portion) is moved up and
down, the weft insertion performance and the quality of
the fabric are adversely affected (this may result in weav-
ing bars).
[0008] In the case of weaving high tension fabrics such
as denim, if there are a great number of held frames in
which the tension is almost as high as the high tension
limit, the tension cannot be increased any further. The
tension is determined as the average of the whole warp
threads, and high tension anomalies are likely to occur
if there are a great number of held frames.
[0009] Japanese Laid-Open Patent Publication No.
2005-89954 discloses a heddle driving device that con-
tinuously swings the heddle frames while holding the
frames.
[0010] When the heddle frames are held in the shed-
ding state, the heddle driving device swings the heddle
frames without stopping them. Thus, the heddle driving
device solves three problems: 1) the occurrence of the
above-mentioned mispicks, 2) adverse effects on the
weft insertion performance and the fabric quality, and 3)
the likelihood of the occurrence of high tension anomaly
due to a great number of held frames. However, in the
above-described heddle driving device, swinging of the
heddle frames results in a great driving load.

SUMMARY OF THE INVENTION

[0011] Accordingly, it is an objective of the present in-
vention to provide a shedding method and a shedding
device for a loom that are capable of, even in the case
where some heddle frames are held in the shedding state
during weaving, limiting increase in the motor load and
reduction of the fabric quality due to the difference in
warp threads tension between the moved frames and the
held frames.
[0012] To achieve the foregoing objective and in ac-
cordance with one aspect of the present invention, a
shedding method is provided that is used in a loom that
has a plurality of heddle frames and a plurality of heddle
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frame driving systems including a plurality of shedding
motors. Each of the heddle frame driving systems is con-
figured such that rotation in a single direction of one of
the shedding motors drives the corresponding one of the
heddle frames independently via corresponding one of
a plurality of crank mechanisms. The shedding method
for a loom includes: when stopping each heddle frame
in a shedding state, stopping the heddle frame after the
heddle frame has moved in a shed closing direction by
a preset amount from a top dead center or a bottom dead
center; and after the heddle frame is stopped, restarting
a shedding motion by reversing a rotation direction of the
shedding motor from the rotation direction before the
heddle frame was stopped.
[0013] With this configuration, each heddle frame per-
forms shedding motion by rotation in a single direction
of the corresponding shedding motor. In the present in-
vention, "performing shedding motion by rotation in a sin-
gle direction of the shedding motor" refers to a shedding
motion excluding the case in which the heddle frame is
caused to perform shedding motion by reciprocating ro-
tation of a shedding motor (for example, the forward ro-
tation when raising the heddle frame and the reverse
rotation when lowering the heddle frame). In the present
invention, "shed closing motion" refers to movement of
a heddle frame in the shed closing direction either from
the top dead center or the bottom dead center.
[0014] To achieve the foregoing objective and in ac-
cordance with another aspect of the present invention, a
shedding device is provided that is used in a loom that
has a plurality of heddle frames and a plurality of heddle
frame driving systems including a plurality of shedding
motors. Each of the heddle frame driving systems is con-
figured such that rotation in a single direction of one of
the shedding motors drives the corresponding one of the
heddle frames independently via corresponding one of
a plurality of crank mechanisms. The shedding device
for a loom comprises a control means, which is config-
ured to control the shedding motors such that each hed-
dle frame moves in accordance with a shedding curve.
The control means is configured to control each shedding
motor to rotate in one direction during movement of the
corresponding heddle frame. The control means is con-
figured to control the shedding motors to, when holding
each heddle frame in a shedding state, stop the heddle
frame after the heddle frame has moved in a shed closing
direction by a preset amount from a top dead center or
a bottom dead center. The control means is also config-
ured to, after the heddle frame is stopped, restart a shed-
ding motion of the heddle frame by reversing a rotation
direction of the shedding motor from the rotation direction
before the heddle frame was stopped.
[0015] Other aspects and advantages of the present
invention will become apparent from the following de-
scription, taken in conjunction with the accompanying
drawings, illustrating by way of example the principles of
the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] 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 partially omitted front view of a shedding
device according to a first embodiment;
Fig. 2 is a partially omitted plan view showing the
shedding device of Fig. 1;
Fig. 3 is a cross-sectional view taken along line 3-3
in Fig. 2;
Figs. 4A to 4C are front views showing shedding le-
vers;
Fig. 5 is a flowchart showing an operation control
program for shedding motors;
Figs. 6A to 6K is a schematic diagram showing shed-
ding curves of the heddle frames in satin weave
(weaving pattern 4/1);
Fig. 7A is a schematic diagram showing patterns of
change of the shed closing amount from the top dead
center;
Fig. 7B is a schematic diagram showing patterns of
change of the shed closing amount from the bottom
dead center;
Fig. 8 is a schematic diagram showing changes in
the moving direction of a heddle frame in the prior art;
Fig. 9 is a schematic diagram showing patterns of
change of the shed closing amount in another em-
bodiment; and
Fig. 10 is a front view of a crank mechanism accord-
ing to another embodiment.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0017] One embodiment of the present invention will
now be described with reference to Figs. 1 to 7B.
[0018] As shown in Fig. 1, a loom includes right and
left side frames 11, 12, between which shedding levers
13, 14 are supported to swing by support shafts 15A,
15B. Swinging motion of each shedding lever 13 is trans-
mitted to the corresponding shedding lever 14 via a trans-
mission rod 16, and the shedding levers 13, 14 swing in
synchronization. Vertically extending connecting rods
17, 18 are attached to the shedding levers 13, 14, re-
spectively. Multiple heddle frames 19 (sixteen in the
present embodiment) are each supported by a pair of the
connecting rods 17, 18. The swinging motion of the shed-
ding levers 13, 14 is converted into vertical motion of the
heddle frames 19 via the connecting rods 17, 18.
[0019] As shown in Figs. 1 to 3, multiple shedding mo-
tors 20A, 20B, 20C, 20D, 20E and 20F are arranged on
the side of one side frame 11. Since the shedding motors
20A, 20B, 20C, 20D, 20E, and 20F have the same con-
figuration, only the configuration related to the shedding
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motor 20D will be described below.
[0020] As shown in Fig. 2, the shedding motor 20D
includes a servo motor 201, a rotary encoder 202 pro-
vided at one end of the shaft (not shown) of the servo
motor 201, and a gear case 203, which houses a speed
reduction gear group (not shown) attached to the other
end of the shaft. Further, the shedding motor 20D has a
rotary shaft 204 connected to the reduction gear group.
[0021] As shown in Fig. 3, one end of a crank arm 21
is fixed to the rotary shaft 204. The other end of the crank
arm 21 is rotationally connected to one end of a rod-
shaped connecting member 22 via a crank pin 23. The
rotary shaft 204, the crank arm 21, and the connecting
member 22 constitute a crank mechanism.
[0022] As shown in Fig. 4A, 4B, and 4C, the shedding
levers 13 include three types of shedding levers 131,
132, 133.
[0023] The shedding lever 131 shown in Fig. 4A in-
cludes a connecting arm 241, which extends upward, a
lateral arm 25, which is connected to the connecting rod
17, and a downward arm 26, which is connected to the
transmission rod 16. The connecting rod 17 is connected
to the lateral arm 25 via a pivot pin 27. The transmission
rod 16 is connected to the downward arm 26 via a pivot
pin 28.
[0024] The connecting member 22 is connected to the
connecting arm 241 via an adapter 29, which serves as
a mounting position adjusting portion. The adapter 29 is
fixed to the connecting arm 241 by a screw 30. The screw-
ing position, or mounting position, of the adapter 29 with
respect to the connecting arm 241 can be changed in the
longitudinal direction of the connecting arm 241. The con-
necting member 22 is connected to the adapter 29 via a
connecting pin 31.
[0025] The shedding lever 132 shown in Fig. 4B and
the shedding lever 133 shown in Fig. 4C each have a
lateral arm 25 and a downward arm 26 that have shapes
and sizes identical to those of the lateral arm 25 and the
downward arm 26 of the shedding lever 131. Also, the
shedding levers 132, 133 respectively have connecting
arms 242, 243, which extend upward as with the shed-
ding lever 131. The connecting arms 242, 243 are at dif-
ferent angular distances from the lateral arm 25 in the
circumferential direction of the support shaft 15A.
[0026] The shedding motor 20D, the rotary shaft 204,
the crank arm 21, the connecting member 22, the shed-
ding levers 13, 14, the transmission rod 16, and the con-
necting rods 17, 18 constitute a heddle frame driving sys-
tem. The heddle frame driving system is configured such
that the corresponding heddle frame 19 is independently
driven by rotation in a single direction of a single shedding
motor 20D via the crank mechanism. The shedding mo-
tion "by rotation in a single direction of the shedding motor
20D" refers to a shedding motion excluding the case in
which the heddle frame 19 is caused to perform shedding
motion by reciprocating rotation of the shedding motor
20D (for example, the forward rotation when raising the
heddle frame 19 and the reverse rotation when lowering

the heddle frame 19).
[0027] As shown in Fig. 1, a total of eight shedding
motors 20A, 20B, 20C are arranged to correspond to
eight of the heddle frames 19 counted from the front of
the loom. In the present embodiment, the three stacked
motors adjacent to the side frame 11 are referred to as
the shedding motors 20A. Among the five motors located
on the outer side of the shedding motors 20A, the three
bottom motors are referred to as the shedding motors
20B, and the two top motors are referred to as the shed-
ding motors 20C.
[0028] As shown in Fig. 2, shedding motors 20D, 20E,
and 20F are arranged so as to form pairs with the shed-
ding motors 20A, 20B, and 20C. The connecting mem-
bers 22 and the shedding levers 13 shown in Fig. 1 are
heddle frame driving systems corresponding to the three
frame heddle frames 19 arranged on the front side of the
loom. The illustration of the connecting members con-
nected to the shedding motors 20B and 20C is omitted
for purposes of illustration.
[0029] The connecting members 22 connected to the
rotary shafts 204 of the shedding motors 20A have the
same length. The connecting members (not shown) con-
nected to the rotary shafts 204 of the shedding motors
20B also have the same length. The connecting mem-
bers (not shown) connected to the rotary shafts 204 of
the shedding motors 20C also have the same length.
Also, the lengths of the connecting members connected
to the rotary shafts 204 of the shedding motors 20D, 20E,
20F are set to the same lengths as the connecting mem-
bers 22 connected to the shedding motors 20A, 20B,
20C, respectively. That is, only three kinds with different
lengths of connecting members 22, which are connected
to the rotary shafts 204, are prepared.
[0030] The positions of the connecting arms 241, 242,
243 of the shedding levers 131, 132, 133 shown in Figs.
4A to 4C differ in the circumferential direction around the
center 151 of the support shaft 15A (the center of swing-
ing motion of the shedding levers 131, 132, 133). There-
fore, despite the fact that only three types of the connect-
ing members 22 are provided, the shedding motors 20A,
20B, 20C, 20D, 20E, and 20F can be arranged on the
side of the side frame 11 in two rows in the lateral direction
and in multiple stages in the vertical direction. This pre-
vents the installation space in the lateral direction of the
loom from being increased.
[0031] As shown in Fig. 1, the shedding motors 20A,
20B, 20C are controlled by a control means 32. Although
not illustrated in Fig. 1, the shedding motors 20D, 20E,
20F are also controlled by the control means 32. The
control means 32 includes a CPU, which executes vari-
ous computation processes, a ROM, which stores pro-
grams and data necessary for the control, a RAM, which
temporarily stores the computation results of the CPU,
and input and output ports, which input and output signals
from and to the outside. An input setting means 33, an
operation command switch 34, a start switch 35, and ro-
tary encoders 202 are connected to the control means

5 6 



EP 3 327 190 A1

5

5

10

15

20

25

30

35

40

45

50

55

32 to transmit signals.
[0032] The control means 32 stores a control program
for driving the shedding motors 20A to 20F. According
to the control program, the control means 32 rotates each
of the shedding motors 20A to 20F in one direction while
the heddle frames 19 are moving. Also, when holding the
heddle frames 19 in the shedding state, the control
means 32 drives the respective shedding motors 20A to
20F such that the heddle frames 19 are stopped after a
shed closing motion by a preset amount from the top
dead center or the bottom dead center. The control
means 32 also stores another control program, according
to which, when restarting the shedding motion of the hed-
dle frames 19, the control means 32 reverses the rotation
direction of the shedding motors 20A to 20F with respect
to the rotation direction before stopping and drives the
shedding motors 20A to 20F to rotate.
[0033] Figs. 6A to 6K show shedding curves that are
used as references when the control means 32 controls
members such as the shedding motors 20A when weav-
ing satin weave of the weaving pattern 4/1. These shed-
ding curves are stored in the control means 32. In Figs.
6A to 6K, the horizontal axis represents the loom rotation
angle and the vertical axis represents the vertical position
of the heddle frame 19.
[0034] The shedding curves are set such that, until a
heddle frame 19 in the shedding state is stopped after
passing the top dead center X, that heddle frame 19
moves with the same changes in the moving speed as
the other heddle frames 19. That is, the shedding curve
X-A shown in Fig. 6D is the same as the shedding curve
X-B shown in Fig. 6B of another heddle frame 19 that is
not held. In this embodiment, a shedding curve C-X,
along which the heddle frame 19 moves from the point
C shown in Fig. 6A to the top dead center X, is symmet-
rical with a shedding curve X-A shown in Fig. 6D, along
which the heddle frame 19 passes the top dead center
X and stops at the point A.
[0035] A preset amount L is permitted to be variably
set for each heddle frame 19. The preset amount L is a
lowering amount by which the heddle frame 19 is lowered
from the top dead center X to a stop position A. Depend-
ing on the stop position of the heddle frame 19, the shed-
ding amount of the warp threads by heddle frame 19 var-
ies. The optimal shedding amount of the warp threads
varies depending on the size and fiber type of the warp
threads used, the weaving pattern, or the weaving speed.
Therefore, to allow the heddle frame 19 to be stopped at
an appropriate stop position corresponding to the weav-
ing conditions, the preset amount L is permitted to be
variably set for each heddle frame 19.
[0036] As shown in Figs. 7A and 7B, the patterns of
change in the shed closing amount include patterns of
change L1, L2, L3, which indicate the shed closing
amount from the top dead center X, and patterns of
change L4, L5, L6, which indicate the shed closing
amount from the bottom dead center Y. The patterns of
change include a reference pattern indicated by a solid

line and patterns indicated by broken lines, with which
the stop position is higher or lower than the reference
pattern. The memory of the control means 32 does not
store the curves of all the patterns of change but stores
a reference pattern. The control means 32 is configured
to multiply the reference pattern by predetermined coef-
ficients and perform data processing so as to calculate
various patterns of change and use an appropriate pat-
tern of change.
[0037] The control executed in the case where the hed-
dle frame 19 begins to move and performs the shedding
motion from the state where it is held at a position rela-
tively close to the top dead center X will now be described
with reference to the flowchart of Fig. 5 and Figs. 6A to 6K.
[0038] The control means 32 starts forward rotation of
the shedding motor 20Afrom the point C in Fig. 6A (step
S1) and calculates the vertical position of the heddle
frame 19 based on the output signal of the rotary encoder
202 in step S2. Next, the control means 32 determines
whether the heddle frame 19 has reached a reverse po-
sition (in this case, the top dead center X) in step S3. If
the determination is NO, the control means 32 returns to
step S2. If the determination is YES, the control means
32 proceeds to step S4. The control means 32 deter-
mines whether to stop the heddle frame 19 in step S4
based on the stored shedding curve. If the determination
is NO, the control means 32 returns to step S2. In this
embodiment, since the heddle frame 19 is not held on
the shedding curves shown in Figs. 6B and 6C, the shed-
ding motor 20A continues to rotate forward. Figs. 6A to
6C show the movement of the heddle frame 19 during
this period. That is, the shedding motor 20A continues
forward rotation even if the heddle frame 19 reaches the
top dead center X. Even after the heddle frame 19 reach-
es the bottom dead center Y as shown in Fig. 6B, the
shedding motor 20A continues forward rotation so that
the heddle frame 19 moves from the bottom dead center
Y to the top dead center X as shown in Fig. 6C.
[0039] When the control means 32 holds the heddle
frame 19 at a position relatively close to the top dead
center X as shown in Fig. 6D, that is, when the determi-
nation of step S4 is YES, the control means 32 proceeds
to step S5 and stops the shedding motor 20A at a pre-
determined deceleration (point A in Fig. 6D). The decel-
eration of the shedding motor 20A at this time is set such
that the heddle frame 19 to be stopped moves in accord-
ance with a shedding curve identical to the shedding
curve for the other heddle frames 19 and that the heddle
frame 19 is stopped at a position lower than the top dead
center X by the preset amount L. Fig. 6D shows the move-
ment of the heddle frame 19 during this period.
[0040] Next, the control means 32 proceeds to step S6
and determines whether to cancel the held state and re-
start the shedding motion based on the stored shedding
curves. When restarting the shedding motion, the control
means 32 proceeds to step S7. After starting the reverse
rotation of the shedding motor 20A in step S7 (point D in
Fig. 6F), the control means 32 proceeds to step S8. In
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step S8, the control means 32 calculates the vertical po-
sition of the heddle frame 19 based on the output signal
of the rotary encoder 202.
[0041] Next, the control means 32 determines whether
the heddle frame 19 has reached a reverse position (the
top dead center X) in step S9. If the determination is NO,
the control means 32 returns to step S8. If the determi-
nation is YES, the control means 32 proceeds to step
S10. The control means 32 determines whether to hold
the heddle frame 19 in step S10 based on the stored
shedding curve. If the determination is NO, the control
means 32 returns to step S8.
[0042] In this embodiment, since the heddle frame 19
is not held on the shedding curves shown in Figs. 6G and
6H, the shedding motor 20A continues to rotate in re-
verse. Figs. 6F and 6H show the movement of the heddle
frame 19 during this period. That is, even if the heddle
frame 19 reaches the top dead center X, the shedding
motor 20A continues the reverse rotation. As shown in
Figs. 6F and 6G, even after the heddle frame 19 reaches
the top dead center X, the reverse rotation is continued.
In this state, the heddle frame 19 moves from the top
dead center X to the bottom dead center Y as shown in
Fig. 6G and then moves from the bottom dead center Y
to the top dead center X as shown in Fig. 6H.
[0043] If the determination in step S10 is YES, the con-
trol means 32 proceeds to step S11 and stops the shed-
ding motor 20A at a predetermined deceleration in step
S11. The deceleration of the shedding motor 20A at this
time is set such that the heddle frame 19 to be stopped
moves in accordance with a shedding curve identical to
the shedding curve for the other heddle frames 19 and
that the heddle frame 19 is stopped at a position lower
than the top dead center X by the preset amount L. Fig.
6I shows the movement of the heddle frame 19 during
this period.
[0044] Next, the control means 32 proceeds to step
S12 and determines whether to cancel the held state and
restart the shedding motion based on the stored shed-
ding curves. When restarting the shedding motion, the
control means 32 proceeds to step S1 and starts the for-
ward rotation of the shedding motor 20A. Figs. 6I, 6J,
and 6K show the movement of the heddle frame 19 during
this period. Fig. 6K is the same as Fig. 6A.
[0045] After the heddle frame 19 reaches the top dead
center X or the bottom dead center Y, the control means
32 changes the preset amount L, which is the amount of
movement in the shed closing direction, in accordance
with the weaving condition for each heddle frame 19 such
that appropriate stop positions are set. When the heddle
frame 19 is held at a position relatively close to the top
dead center X, the control means 32 uses the patterns
of change L1, L2, L3 of the shed closing amount shown
in Fig. 7A to adjust the preset amount L such that the
shedding state of the warp threads becomes optimal for
the size and fiber type of the warp threads used, the weav-
ing pattern, or the weaving speed. Therefore, the heddle
frame 19 to be held is stopped at an appropriate stop

position that corresponds to the weaving conditions such
as the size and fiber type of the warp threads used, the
weaving pattern, or the weaving speed.
[0046] When the holding position of the heddle frame
19 is not relatively close to the top dead center X, but
rather relatively close to the bottom dead center Y, the
heddle frame 19 starts moving from the holding position
relatively close to the bottom dead center Y. A position
relatively close to the top dead center X refers to any
position between the top dead center X and the midpoint
between the dead center X and the bottom dead center
Y. A position relatively close to the bottom dead center
Y refers to any position between the bottom dead center
Y and the midpoint between the dead center X and the
bottom dead center Y. After performing continuous re-
ciprocations between the bottom dead center Y and the
top dead center X and reaching the bottom dead center
Y, the shedding motor 20A is stopped such that the hed-
dle frame 19 stops at the position higher than the bottom
dead center Y by the preset amount L after the shed is
closed by the preset amount L. In this case, the control
means 32 uses the patterns of change L4, L5, L6 of the
shed closing amount shown in Fig. 7B to adjust the preset
amount such that the shedding state of the warp threads
becomes optimal for the size and fiber type of the warp
threads used, the weaving pattern, or the weaving speed.
[0047] A position relatively close to the top dead center
X refers to any position between the top dead center X
and the midpoint between the dead center X and the
bottom dead center Y. A position relatively close to the
bottom dead center Y refers to any position between the
bottom dead center Y and the midpoint between the dead
center X and the bottom dead center Y.
[0048] That is, in this embodiment, the heddle frame
19, which is held in accordance with the weaving pattern
during the operation of the loom, is not stopped at the
top dead center X or the bottom dead center Y. Instead,
when the holding position is relatively close to the top
dead center X, the heddle frame 19 is stopped at position
moved in the shed closing direction from the top dead
center X only by the preset amount L, and then the rota-
tion direction of the shedding motor 20A is reversed from
the rotation direction before the heddle frame 19 was
stopped, so that shedding motion is restarted as shown
in Fig. 6D.
[0049] In contrast, in the heddle driving device dis-
closed in Japanese Laid-Open Patent Publication No.
2005-89954, which has been discussed in BACK-
GROUND OF THE INVENTION, when the heddle frame
is held at a shedding position relatively close to the top
dead center, the operation of the motor is continued so
as to swing the heddle frame in the vicinity of the top
dead center as shown in Fig. 8. Therefore, in the heddle
driving device disclosed in Japanese Laid-Open Patent
Publication No. 2005-89954, the driving load is great
since the heddle frame is swung in the holding range.
[0050] Further, a holding position relatively close to the
top dead center X or a holding position relatively close
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to the bottom dead center Y can be changed by repeating
forward rotation and reverse rotation of the shedding mo-
tor 20A and changing the amount of the forward rotation
and the amount of the reverse rotation. However, in the
case of plain weave, that is, if the heddle frame 19 does
not intermittently stop but operates continuously, the load
of the shedding motor 20A becomes excessive.
[0051] In the present embodiment, when the heddle
frame 19 is caused to perform shedding motion, the shed-
ding motor 20A is driven to rotate in one direction. This
prevents the load of the shedding motor 20A from being
excessive.
[0052] The present embodiment achieves the follow-
ing advantages.

(1) The shedding method is applied to a loom having
the heddle frames 19 and the heddle frame driving
systems including the shedding motors 20A to 20F.
Each of the heddle frame driving systems is config-
ured such that rotation in a single direction of the
shedding motor 20A, which is one of the shedding
motors 20A to 20F, drives the corresponding heddle
frame 19 independently via a crank mechanism.
When the heddle frame 19 is held in the shedding
state, the control means 32 stops the heddle frame
19 after the heddle frame 19 is moved in the shed
closing direction from the top dead center X or the
bottom dead center Y only by a preset amount. After
stopping the heddle frame 19, the control means 32
reverses the rotation direction of the shedding motor
20A from the rotation direction before stopping the
heddle frame 19, thereby restarting the shedding
motion.
Therefore, as compared with a case where, in ac-
cordance with the weaving pattern, some of the hed-
dle frames 19 move while the other heddle frames
19 are stopped at the top dead center X or the bottom
dead center Y, the difference in tension between the
warp threads corresponding to the held frames and
the warp threads corresponding to the moved frame
decreases. This reduces the motor load caused by
the difference in tension of the warp threads between
the moved frames and the held frames and deterio-
ration of the quality of the fabric even when some of
the heddle frames 19 are held in the shedding state
during weaving as in the case of twill weave or satin
weave. Also, after the heddle frames 19 are stopped,
the rotation direction of the shedding motor 20A is
reversed from the rotation direction before the stop-
ping. Thus, although the held heddle frame 19 is
moved in the shed closing direction from the top dead
center X or the bottom dead center Y, a sufficient
shedding amount for stable weft insertion is ensured.

(2) The preset amount is permitted to be variably set
for each heddle frame 19. The shedding amount of
the warp threads by the held frames varies depend-
ing on the stop positions of the held frames, and the

optimal value of the shedding amount of the warp
threads differs depending on the size and fiber type
of the warp threads used, the weaving pattern, or
the weaving speed. Therefore, if the preset amount
is permitted to be variably set for each heddle frame
19, the heddle frames 19 can be stopped at appro-
priate stop positions in accordance with the weaving
conditions.

(3) The heddle frame 19 held in the shedding state
moves in accordance with a shedding curve identical
to the shedding curve for the other heddle frames 19
until the heddle frame 19 is stopped after a shed
closing motion from the top dead center X or the
bottom dead center Y. The change in the moving
speed of the heddle frame 19 until it is stopped after
the shed closing motion from the top dead center X
or the bottom dead center Y may be different from
those of the other heddle frames 19. However, if the
identical shedding curve is employed, the warp
threads in the shedding motion by adjacent heddle
frames 19 move in the same manner. This improves
the handling of the warp threads. Further, since there
is no need to store data of shedding curves dedicated
to holding of the heddle frames 19 in the control
means 32, the memory capacity of the control means
32 can be reduced.

(4) The shedding device is employed in a loom hav-
ing heddle frames and heddle frame driving systems
including shedding motors. Each of the heddle frame
driving systems is configured such that rotation in a
single direction of the shedding motor 20A, which is
one of the shedding motors 20A to 20F, drives the
corresponding heddle frame 19 independently via a
crank mechanism. The shedding device includes the
control means 32, which controls the shedding mo-
tors 20A such that the heddle frames 19 move in
accordance with the shedding curve. The control
means 32 controls the shedding motors 20A to rotate
in one direction during the movement of the heddle
frames 19. When holding the heddle frame 19 in the
shedding state, the control means 32 controls the
shedding motor 20A such that the heddle frame 19
is stopped after being moved in the shed closing di-
rection from the top dead center X or the bottom dead
center Y by the preset amount, and thereafter the
rotation direction of the shedding motor 20A is re-
versed from the rotation direction before the heddle
frame 19 was stopped, so that shedding motion of
the heddle frame 19 is restarted.

[0053] Therefore, as compared with a shedding device
in which, in accordance with the weaving pattern, some
of the heddle frames 19 move while the other heddle
frames 19 are held at the top dead center X or the bottom
dead center Y, the difference in tension between the warp
threads corresponding to the held frames and the warp
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threads corresponding to the moved frame decreases.
This reduces the motor load caused by the difference in
tension of the warp threads between the moved frames
and the held frames and deterioration of the quality of
the fabric even when some of the heddle frames 19 are
held at the holding position during weaving as in the case
of twill weave or satin weave. Also, after the heddle
frames 19 are stopped, the rotation direction of the shed-
ding motor 20A is reversed from the rotation direction
before the stopping. Thus, although the held heddle
frame 19 is moved in the shed closing direction from the
top dead center X or the bottom dead center Y, a shed-
ding amount is ensured.
[0054] The present invention is not limited to the
above-described embodiment, but may be modified as
follows.
[0055] As shown in Fig. 9, the predetermined deceler-
ation at which the shedding motor 20A is stopped after
the moving direction of the heddle frame 19 is changed
does not necessarily need to be the deceleration at which
the heddle frame 19 being stopped moves in accordance
with a shedding curve identical to the shedding curve for
the other heddle frames 19. Instead, the predetermined
deceleration may be constant until the heddle frame 19
reaches the holding position. Also, as indicated by the
long dashed double-short dashed lines in Fig. 9, the time
required to stop the heddle frame 19 may be significantly
extended. If the time required to stop the heddle frame
19 is extended, the load on the shedding motor 20A and
the heddle frame driving system will be correspondingly
reduced.
[0056] The predetermined deceleration at which the
shedding motor 20A is stopped after the moving direction
of the heddle frame 19 is changed may be a deceleration
at which the heddle frame 19 being stopped moves in
accordance with a shedding curve identical to the shed-
ding curve for the other heddle frames 19. In this case,
the heddle frame 19 stopped at the holding position may
be moved to the top dead center X or the bottom dead
center Y out of synchronizing with other moving heddle
frames 19.
[0057] Instead of calculating needed target shedding
curves by multiplying the data of the reference shedding
curve by coefficients corresponding to the weaving con-
ditions, data of multiple shedding curves corresponding
to the weaving conditions may be stored in the memory.
[0058] The acceleration and deceleration represented
by the shedding curves, which indicate changes in the
moving speed of the heddle frame 19, are preferably set
in accordance with the rotational speed of the main motor
of the loom.
[0059] The connecting arms 241, 242, 243 may be con-
nected to the connecting members 22 without the adapt-
ers 29.
[0060] The distance from the top dead center X to the
upper holding position of the heddle frame 19 does not
necessarily need to be the same as the distance from
the bottom dead center Y to the lower holding position.

Depending on the weaving pattern, there are cases
where the holding position is preferably closer to the up-
per side and cases where the holding position is prefer-
ably closer to the lower side.
[0061] As shown in Fig. 10, a crank mechanism driving
the heddle frame 19 may be provided below the heddle
frame 19. A crank disk 40 is fastened to the output shaft
(not shown) of the shedding motor M. The crank disk 40
and the lower part of the heddle frame 19 are connected
to each other via a connecting rod 41. The crank disk 40
and the connecting rod 41 constitute a crank mechanism,
which converts rotation of the shedding motor M into ver-
tical movement of the heddle frame 19. The control
means 32 executes a feedback control of the shedding
motor M based on the rotation angle information obtained
from a rotary encoder 42 incorporated in the shedding
motor M.
[0062] A shedding method is provided that is applied
to a loom that has a plurality of heddle frames and a
plurality of heddle frame driving systems including a plu-
rality of shedding motors. Each of the heddle frame driv-
ing systems is configured such that rotation in a single
direction of one of the shedding motors drives the corre-
sponding one of the heddle frames independently via the
corresponding one of the crank mechanisms. The shed-
ding method for a loom includes: when stopping each
heddle frame in a shedding state, stopping the heddle
frame after the heddle frame has moved in a shed closing
direction by a preset amount from a top dead center or
a bottom dead center; and after the heddle frame is
stopped, restarting a shedding motion by reversing a ro-
tation direction of the shedding motor from the rotation
direction before the heddle frame was stopped.

Claims

1. A shedding method for a loom that has a plurality of
heddle frames (19) and a plurality of heddle frame
driving systems (13, 14, 16-18, 21, 22, 20D, 204)
including a plurality of shedding motors (20D),
wherein each of the heddle frame driving systems
(13, 14, 16-18, 21, 22, 20D, 204) is configured such
that rotation in a single direction of one of the shed-
ding motors (20D) drives the corresponding one of
the heddle frames (19) independently via corre-
sponding one of a plurality of crank mechanisms (21,
22, 204; 40, 41),
the shedding method for a loom comprising:

when stopping each heddle frame (19) in a shed-
ding state, stopping the heddle frame (19) after
the heddle frame (19) has moved in a shed clos-
ing direction by a preset amount from a top dead
center or a bottom dead center; and
after the heddle frame (19) is stopped, restarting
a shedding motion by reversing a rotation direc-
tion of the shedding motor (20D) from the rota-
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tion direction before the heddle frame (19) was
stopped.

2. The shedding method for a loom according to claim
1, wherein the preset amount is permitted to be var-
iably set for each heddle frame (19).

3. The shedding method for a loom according to claim
1 or 2, wherein the heddle frame (19) held in the
shedding state is moved from the top dead center or
the bottom dead center in accordance with a shed-
ding curve identical to a shedding curve for the other
heddle frames (19) until the held heddle frame (19)
is stopped after rotation of the shedding motor (20D)
has been continued by a preset amount.

4. A shedding device for a loom that has a plurality of
heddle frames (19) and a plurality of heddle frame
driving systems (13, 14, 16-18, 21, 22, 20D, 204)
including a plurality of shedding motors (20D),
wherein
each of the heddle frame driving systems (13, 14,
16-18, 21, 22, 20D, 204) is configured such that ro-
tation in a single direction of one of the shedding
motors (20D) drives the corresponding one of the
heddle frames (19) independently via corresponding
one of a plurality of crank mechanisms (21, 22, 204;
40, 41),
the shedding device for a loom comprises a control
means (32), which is configured to control the shed-
ding motors (20D) such that each heddle frame (19)
moves in accordance with a shedding curve,
the control means (32) is configured to control each
shedding motor (20D) to rotate in one direction dur-
ing movement of the corresponding heddle frame
(19), and
the control means (32) is configured to control the
shedding motors (20D) to

when holding each heddle frame (19) in a shed-
ding state, stop the heddle frame (19) after the
heddle frame (19) has moved in a shed closing
direction by a preset amount from a top dead
center or a bottom dead center, and
after the heddle frame (19) is stopped, restart a
shedding motion of the heddle frame (19) by re-
versing a rotation direction of the shedding mo-
tor (20D) from the rotation direction before the
heddle frame (19) was stopped.
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