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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The present invention relates to a shedding control method and device of a shedding device forming a warp
shedding in a loom.

[0002] In this specification, "back and forth direction" means the moving direction of the warp by warp let-off, "vertical
direction" the moving direction of a heald frame. "Front side" and "rear side" respectively mean the downstream side
and upstream side in the moving direction of the warp; "left" and "right" respectively mean leftward and rightward as
viewed from the downstream side in the moving direction of the warp. "Upper limit position" and "lower limit position"
respectively mean the positions where the heald frame is located at the upper limit and lower limit in the range of the
vertical motion of the heald frame. "Geometrical intermediate position" means the geometrical middle position between
the upper limit and lower limit positions of the heald frame.

Description of Prior Art

[0003] As a shedding device of a loom, there is disclosed one which divides a plurality of heald frames into a first and
a second heald frame groups and vertically moves the first and second heald frame groups to form a warp shedding
(see Patent Document 1). In this shedding device, each heald frame is vertically moved through a power converting
mechanism provided with a gear having an eccentric portion to be rotated in one direction by an electric motor for heald
frame in each heald frame. This shedding device has a quadric link comprising a swing lever, a connection rod and a
gear acting as a crank, for converting so-called rotational motion into reciprocal motion.

[0004] Generally, a quadric link for converting rotational motion to reciprocal motion converts, as shown in Fig. 3,
rotational motion of a pivot (a pin shaft 48 in Fig. 3) which rotates about an output shaft (output shaft 40 in Fig. 3) of a
rotary drive source into reciprocal motion of a swing lever (swing lever 28 in Fig. 3) supported so as to swing about a
support shaft (support shaft 34 in Fig. 3) through a connection member (connection member 44 in Fig. 3).

[0005] The foregoing shedding device detects a moving amount of a vertically moved heald frame by a sensor,
compares the detected moving amount with an ideal moving amount of the heald frame, and correct a phase angle of
the heald frame for a predetermined period from after starting of operation of a loom so as to coincide with a preset
shedding curve.

[Patent Document 1]

[0006] Japanese Patent Appln. PD No. 2000-80533 Official Gazette (Fig. 3)

[0007] A shedding control method of a loom according to the preamble of claim 1 is known from EP 1065306 A2.
[0008] However, one and another rotational positions of the pin shaft 48 when the heald frame is at a geometrical
intermediate position is, as evident from Fig. 3, not at a point-symmetrical position with an output shaft 40 as the center.
In view of this, as shown in comparative example 1 (two-dot chain lines) in Fig. 4., the first and second heald frame
groups moving in the vertical direction has cross points P at positions different from the geometrical intermediate position.
[0009] Also, as shown in comparative example 2 (two-dot chain lines) in Fig. 5, it is possible to bring the position of
one of the cross points P close to the geometrical intermediate position so that the positions of the cross points P may
become the geometrical intermediate position, by displacing the rotational phase angle of the output shaft of the motor
for the first heald frame by a predetermined amount; however, the other position of the cross point P gets further away
from the geometrical intermediate position.

[0010] As a result, the cross points of the heald frame groups cannot be set at the geometrical intermediate position,
thereby worsening a weaving property.

SUMMARY OF THE INVENTION

[0011] An object of the present invention lies in setting the cross points P of the heald frame groups at the geometrical
intermediate position and improving the weaving property.

[0012] The shedding control method and device according to the present invention is applied to controlling a shedding
device, of a loom, which vertically moves each of heald frames through a crank mechanism having an eccentric portion
to be rotated in one direction by a motor for heald frame provided in each heald frame.

[0013] The shedding control method comprises: rotating the eccentric portion at a first rotational speed in a first section
between an intermediate rotational position of the eccentric portion corresponding to when the heald frame is located
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at an intermediate position between an upper limit position and a lower limit position and a top dead center rotational
position of the eccentric portion corresponding to when the heald frame is located at the upper limit position; and rotating
the eccentric portion at a second rotational speed different from the first rotational speed in a second section between
a bottom dead center rotational position of the eccentric portion corresponding to when the heald frame is located at a
lower limit position and the intermediate rotational position. A relation in magnitude of the first and second rotational
speeds is made to correspond to a relation in dimension of the first and second sections.

[0014] The shedding control device comprises a control portion which rotates the eccentric portion at a first rotational
speed in a first section between an intermediate rotational position of the eccentric portion corresponding to when the
heald frame is located at an intermediate position between the upper limit position and the lower limit position and the
top dead center rotational position corresponding to when the heald frame is located at the upper limit position, and
which rotates at a second rotational speed different from the first rotational speed in a second section between the
bottom dead center rotational position of the eccentric portion corresponding to when the heald frame is located at the
lower limit position and the intermediate rotational position. The control portion makes the relation in magnitude of the
first rotational speed and the second rotational speed correspond to the relation in dimension of the first section and the
second section.

[0015] Here, "the dimension of section" means an angular size of a section, that is, the angle of the section, and means
a rotational angle required for the eccentric portion to move in the section, that is, a required amount of rotation of the
eccentric portion in the section.

[0016] By making the relation in magnitude of the first and second rotational speeds to the relation in dimention of the
first and second sections, the eccentric portion is rotated at a higher speed in a large section than a small section. This
makes the cross point of the heald frame and a so-called reverse shedding frame which is moved in the opposite direction
thereto approaches the geometrical intermediate position, thereby improving the weaving property of the loom.

[0017] The ratio of an average rotational speed of the first rotational speed and an average rotational speed of the
second rotational speed may be made to correspond to the ratio in dimension of the first section and the second section.
[0018] The rotational speed of the motor for heald frame in the first section and that in the second section may be set
for each heald frame.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019]

Fig. 1is a front elevation showing an embodiment of a loom provided with a shedding device according to the present
invention.

Fig. 2 is a circuit diagram of the loom shown in Fig. 1.

Fig. 3 is a schematic view for explaining a mechanism of the shedding device shown in Fig. 1.

Fig. 4 shows curves of movement of the heald frame showing the position of the heald frame in case of using the
shedding control technique according to the present invention as an embodiment and showing the position of the
heald frame in case of a conventional shedding control technique as a comparative example (conventional example)
1.

Fig. 5 shows curves of movement of the heald frame showing the position of the heald frame in the embodiment in
Fig. 4 and the showing position of the heald frame in the conventional shedding control technique as a comparative
example (conventional example) 2.

Fig. 6 is a graph for explaining the number of pulses to be supplied to the electric motor in the shedding control
method in Fig. 4.

Fig. 7 is a graph based on a rotational speed control of the electric motor by a technique different from the shedding
control technique in Fig. 6.

PREFERRED EMBODIMENT OF THE INVENTION

[0020] Referring to Figs. 1 through 5, the shedding device 10 is used as a device for forming a warp shedding by
reciprocating in the vertical direction a plurality of heald frames 18 arranged at intervals in the back and forth direction
between right and left frames (posts) 14 and 16 of a loom 12 together with healds disposed therein.

[0021] As shown in Fig. 1, frames 14, 16 are connected by an upper and a lower frames (beams) 20 and supported
so as to move in the vertical direction through a support member not shown in the frames 14, 16, 20.

[0022] A plurality of heald frmes 18 are divided into a first and a second heald frame groups each including a plurality
of heald frames 18. The first and second heald frame groups have such a relation as to be shifted in phase by 180° in
a rotational angle of the main shaft relative to each other to be vertically moved so that when one is moved upward, the
other may be moved downward. Also, the first and second heald frame groups intersect at the cross points P as shown
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in solid lines in Fig. 4 or 5, and the warp shedding amount becomes zero.

[0023] The shedding device 10 comprises a plurality of support mechanisms 22 provided in each heald frame 18 and
supporting the corresponding heald frame 18 so as to move vertically, and a plurality of drive mechanisms made to
correspond individually to the support mechanisms 22.

[0024] The support mechanisms 22 are divided into a first and a second support mechanism groups according to the
group to which the corresponding heald frames 18 belong. Likewise, the drive mechanisms are divided into a first and
a second drive mechanism groups 24 and 26 according to the group to which the corresponding heald frames and the
support mechanisms 22 belong.

[0025] The support mechanisms 22 of the first support mechanism group are made to correspond individually to the
heald frames 18 of the first heald frame group and the drive mechanisms of the first drive mechanism group 24, and are
driven by the corresponding drive mechanisms and move the corresponding heald frames 18 in the vertical direction.
[0026] The support mechanisms 22 of the second support mechanism group are made to correspond individually to
the heald frames 18 of the second heald frame group and the drive mechanisms of the second drive mechanism group
26, are driven by the corresponding drive mechanisms and move the corresponding heald frames 18 in the vertical
direction.

[0027] Each support mechanism 22 is a known mechanism which connects a pair of right and left swing levers 28
having a V-letter or a Y-letter shape by a link 30 extending in the rightward and leftward direction and which connects
each swing lever 28 on the right and left of the corresponding heald frame 18 by a connection rod 32 which extends
vertically.

[0028] The swing lever 28 on the left side has a V-letter shape, while the swing lever 28 on the right side has a Y-
letter shape. Both swing levers 28 are pivotally connected at one of the tips of the V-letter shape or Y-letter shape to
the link 30, and pivotally connected at another tip to the connection rod 32.

[0029] The swing levers 28, 28 on the right and left sides are supported pivotally at the base portions, that is, the
branch connections of the V-letter shape and Y-letter shape by common support shafts 34, 34 on the right and left sides
in each right and left swing lever groups so as to swing within a plane extending in the vertical direction as well as in the
rightward and leftward direction.

[0030] The right and left support shafts 34 and 34 extend in the back and forth direction between the frames 14 and
16 and are supported on the right frame 16 and the lower frame 20 respectively through a bracket. Consequently, the
plural swing levers 28, 28 are pivotally supported on a base through the right and left support shafts 34, 34.

[0031] The connection rod 32 is a member with one end of its screw rod screwed into a threaded hole of a long female
screw body. The connection rod 32 is disposed to extend vertically, pivotally connected at its upper end to the heald
frames 18, and pivotally connected at its lower end to the swing lever 28.

[0032] Each drive mechanism of the drive mechanism groups 24, 26 includes: a drive source, i.e., an electric motor
38, such as a servo motor assembled into the right frame 16 by the bracket 36 such that the rotation axis extends in the
back and forth direction; an eccentric joint 42 assembled into the output shaft 40 of the electric motor 38; and long
connection members 44 pivotally connected at one end to the eccentric joint 42.

[0033] Each connection member 44, which is a long plate-like member, is connected at the other end to the corre-
sponding remaining tip of the Y-letter shape of the right swing lever 28 through an arm member 50, which supports a
pivot 46, and connected by the pivot 46 so as to swing within a plane extending in the vertical direction as well as in the
rightward and leftward direction. The arm member 50 is attached to the swing lever 28 with a bolt, and the distance from
the support shaft 34 to the arm member 50 can be adjusted. By adjusting the distance from the support shaft 34 to the
arm member 50, the swinging angle of the swing lever 28 is changed, and the amount of motion (shedding amount) of
the heald frame 18 is adjusted.

[0034] Each eccentric joint 42 has a disk-like shape as viewed in the back and forth direction. A fitting hole (not shown)
of each eccentric joint 42 is fitted with the output shaft 40 so as not to rotate relatively. Each eccentric joint 42 has a pin
shaft 48 at an eccentric position relative to the output shaft 40, and assembles the one end portion of the connection
member 44 swingably by the pin shaft 48.

[0035] The pin shaft 48 is rotated around the rotation axis of the output shaft 40 in an eccentric state relative to the
output shaft 40.

[0036] By this, a crank mechanism having an eccentric portion (pin shaft 48) which is eccentric to the output shaft 40
is constituted. This crank mechanism acts as a motion converting mechanism for converting a rotational motion of the
electric motor 38 into a reciprocal motion of the connecting member 44.

[0037] The axes of the pivot connecting the heald frame 18 and the connection rod 32, the pivot connecting the
connection rod 32 and the swing lever 28, the pivot connecting the swing lever 28 and the link 30, and the pivot 46
connecting the swing lever 28 and the connection member 44 all extend in the back and forth direction.

[0038] The electric motors 38 of the first and second drive mechanism groups 24 and 26 are assembled into the
bracket 36 such that the output shaft 40 extends in the back and forth direction, and arranged in the upward and downward
direction and the rightward and leftward direction. Each electric motor 38 is connected to the corresponding support
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mechanisms 22 through the eccentric joint 42 and connection member 44.

[0039] Each electric motor 38 is set in one of the rotational directions, that is, either clockwise (cw direction in Fig. 3)
or counterclockwise (ccw direction in Fig. 3) as viewed from the downstream side in the moving direction of the warp.
In this embodiment, it is set in the counterclockwise rotation.

[0040] As shown in Fig. 2, a shedding control device 52 includes a servo amplifier 56 for driving the electric motor 38,
and an encoder 58 for detecting the rotation angle of the output shaft 40 of each electric motor 38.

[0041] A main control device 60 of the loom 12 outputs a main shaft rotation signal S2 such as operation, stop, inching,
etc., toamain shaftmotor 64. The main shaft motor 64 rotates a main shaft 66 according to the main shaft rotation signal S2.
[0042] An encoder 68 detects and outputs a rotational angle o of the main shaft 66 to the main control device 60 and
a shedding control circuit 70 as a main shaft rotational angle signal S3.

[0043] Operation setting values such as a setting value like the rotational frequency of the loom, and shedding setting
values such as shedding pattern, shedding amount, dwell amount, the rotational angle of the main shaft 66 at a cross
point P are inputted to a loom input/output device 62 by an operator. The loom input/output device 62 outputs such
information (setting value) respectively to the main control device 60 and the shedding control circuit 70 as an operation
setting signal S1 and a shedding setting signal S6.

[0044] In the shedding control circuit 70, a required amount of rotation for the output shaft 40 in each of section (B1,
B2, B3, and B4) divided into four in Fig. 3 is previously measured and inputted in correspondence to the shedding amount
of each heald frame 18.

[0045] The shedding control circuit 70 operates for each heald frame 18, a rotational speed of the servo motor 38 in
each section (B1, B2, B3 and B4) on the basis of information of the shedding setting signal S6, such as shedding pattern,
shedding amount, dwell amount, rotational angle of the main shaft 66 at the cross point P, and outputs the rotational
speed to the servo amplifier 56 as a heald frame drive signal S51, ..., S5i, ..., or S5n (i: frame No.) on the basis of a main
shaft rotational angle signal S3 from the encoder 68.

[0046] Each servo amplifier 56 drives the electric motor 38 for the heald frame on the basis of the heald frame drive
signal S51, ..., S5i, ..., or S5n and moves the heald frame 18 vertically.

[0047] Each encoder 58 detects the rotational angle of the output shaft 40 of the corresponding electric motor 38 and
outputs the detected rotational angle to the shedding control circuit 70 as a motor rotational angle signal S71, ..., S7i, ...,
or S7n. The shedding control circuit 70 controls the position of the electric motor 38 by feedback control. More concretely,
on the basis of the main shaft rotational angle signal S3, the shedding control circuit 70 obtains a deviation of the rotational
angle of the output shaft 40 and its target value from the motor rotational angle signal S7, and accelerates or decelerates
the rotational speed of the electric motor 38 in the direction for dissolving the deviation.

[0048] In this embodiment, the shedding control circuit 70 outputs to the servo amplifier 56 (in turn, the electric motor
38) the heald frame drive signal S51, ..., S5i, ..., or S5n for the output shaft 40 of the electric motor 38 to make one turn
while the main shaft 66 makes two turns.

[0049] As shown in Fig. 3, when the output shaft 40 makes one turn, the swing lever 28 is reciprocally swung only
once around the support shaft 34 in the range of a rotational angle vy. By this, the heald frame 18 is reciprocally moved
by a distance L in the vertical direction, following swinging of the swing lever 28, through the connection rod 32.
[0050] The center of the vertical moving distance L of the heald frame 18 in the vertical direction is adapted to be a
geometrical intermediate position of the heald frame (see Figs. 3 and 4).

[0051] In this embodiment, the rotational angles of the swing lever 28 from the upper limit position of the heald frame
18 to the geometrical intermediate position and from the geometrical intermediate position to the lower limit position are
respectively made approximately half the rotational angle y from the upper limit position to the lower limit position.
[0052] As shown in Fig. 3, in this embodiment, the rotational positions of the pin shaft 48 which is an eccentric portion,
when the heald frame 18 moves to the upper limit position, the geometrical intermediate position, the lower limit position
and the geometrical intermediate position in order are respectively made a top dead center rotational position (point),
an intermediate rotational position (point) in descent, a bottom dead center rotational position (point) and an intermediate
rotational position (point) in ascent.

[0053] As shown in Figs. 3 and 4, the range of rotation of the output shaft 40 can be divided into sections B1, B2, B3
and B4 on the basis of the bottom dead center, the intermediate rotational position in ascent, the top dead center rotational
position and the intermediate rotational position in descent respectively of the pin shaft 48.

[0054] The section B1 shows the distance from the rotational position (bottom dead center rotational position) of the
pin shaft 48 corresponding to when the heald frame 18 is located at the lower limit position to the rotational position (the
intermediate rotational position in ascent) of the pin shaft 48 corresponding to when the heald frame 18 is located at the
geometrical intermediate position).

[0055] The section B2 shows the distance from the rotational position (the intermediate rotational position in ascent)
of the pin shaft 48 corresponding to when the heald frame 18 is located at the geometrical intermediate position to the
rotational position (the top dead center rotational position) of the pin shaft 48 corresponding to when the heald frame
18 is located at the upper limit position.
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[0056] The section B3 shows the distance from the rotational position (the top dead center rotational position) of the
pin shaft 48 corresponding to when the heald frame 18 is located at the upper limit position to the rotational position (the
intermediate rotational position in descent) of the pin shaft 48 corresponding to when the heald frame 18 is located at
the geometrical intermediate rotational position.

[0057] The section B4 shows the distance from the rotational position (the intermediate rotational position in descent)
of the pin shaft 48 corresponding to when the heald frame 18 is located at the geometrical intermediate position to the
rotational position (the bottom dead center rotational position) of the pin shaft 48 corresponding to when the heald frame
18 is located at the lower limit position.

[0058] Since respective sections B1, B2, B3, B4 have different angular range from each other, namely, a required
rotational amount of the pin shaft 48, the values of an average rotational speed of the output shaft 40 of the electric
motor 38 different in respective sections B1, B2, B3 and B4 are set in each heald frame 18 (i.e., in each electric motor
38) in the shedding control circuit 70.

[0059] More concretely, the shedding control circuit 70 is set so that the rotational speed may be accelerated in a
section where the predetermined rotational amount of the pin shaft 48 is great, and that the rotational speed may be
reduced in a section where the predetermined rotation amount of the pin shaft 48 is small. By this, a required time for
the pin shaft 48 between the bottom dead center rotational position and either of the intermediate rotational positions,
and a required time between the top dead center rotational position and either of the intermediate rotational positions
become more the same, so that the cross point P further approaches the geometrical intermediate position.

[0060] The angular ranges of respective sections B1, B2, B3, B4, being determined by the position of the electric
motor 38 relative to the heald frame 18, the length of the connection member 44, the shedding amount and the like,
differ depending on the heald frames.

[0061] More concretely, as shown in Fig. 4, there is such a relation as, when the main shaft 66 makes two turns, the
output shaft 40 makes one turn, so that required rotational amounts a1, o2, a3 and a4 of the main shaft 66 corresponding
to the section B1, B2, B3 and B4 are all 180°.

[0062] The ratio am of the respective rotational speeds of the output shaft 40 in the sections B1, B2, B3, B4 relative
to the rotational speed of the main shaft 66 can be obtained by Formula (1).

am= fm/am...... (1)

[0063] Here, mrepresents a section No. (1 to 4), Bm represents an angle (°) of the output shaft 40 in the section Bm,
i.e., the required rotational amount of the pin shaft 48 as the eccentric portion, am represents the required rotational
angle (in this embodiment, both 180°) of the main shaft 66 corresponding to the section Bm, and am represents the ratio
of rotational speeds of the output shaft 40 corresponding to the rotational speed of the main shaft 66 in the section Bm.
The ratio am of rotational speeds means rotating the output shaft 40 at a speed am times the rotational speed of the
main shaft 66.

[0064] By Formula (1), for example, as shown in Fig. 3, in case the values of the required rotational angles 2 and 34
of the output shaft 40 in the sections B2 and B4 are respectively 105° and 75°, the required rotational angles o2 and o4
of the main shaft 66 corresponding to the sections B2 and B4 are both 180°, so that the ratios a2 and a4 of the rotational
angles are respectively 0.583 and 0.417 by Formula (1).

[0065] Consequently, the shedding control circuit 70 outputs a heald frame drive signal S5i which is 0.583 times and
0.417 times the rotational speed of the main shaft 66 in the sections B2 and B4 and drives the servo motor 38.

[0066] The sections B1 and B3 can be also obtained in the same manner as the above-mentioned steps. In case of
the embodiment in Fig. 3, the required rotational amounts of the pin shaft 48 are the same in the sections B1 and B3 as
well as in the sections B2 and B4, but differ depending on the frame Nos.

[0067] By this, the ratio of rotational speeds in respective sections of the servo motor 38 is set at the ratio of a
predetermined rotational amounts in respective sections of the pin shaft 48 through the rotational speed of the main
shaft 66. In the heald frame 18, the required time between the upper limit position and the geometrical intermediate
position and the required time between the lower limit position and the geometrical intermediate position become the
same, and those required times coincide with the required time of a half turn of the main shaft. Consequently, each
heald frame 18 reaches the geometrical intermediate position at each half turn of the main shaft 66. The heald frame
18 for reverse shedding to this heald frame 18 is also set likewise. Consequently, since each heald frame 18 reaches
the geometrical intermediate position at every half turn of the main shaft 66, the crosspoint P of the heald frames having
sheddings reverse to each other is located at the geometrical intermediate position.

[0068] Figs. 4 and 5 are curves of movement of one heald frame 18 of the first heald frame group and one heald frame
18 of the second heald frame group. The solid lines shown in Figs. 4 and 5 are based on this embodiment. As mentioned
above, both comparative example 1 of the two-dot chain lines shown in Fig. 4 and comparative example 2 of the two-
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dot chain lines shown in Fig. 5 relate to conventional arts. The rotational speeds of the servo motors in comparative
examples 1 and 2 are not changeable at respective sections, namely, to be the same, so that the crosspoint P is not
located in the geometrical intermediate position or changes constantly.

[0069] The heald frame drive signal S5 includes a pulse, and the electric motor (servo motor) 38 is controlled by a
pulse fed from the shedding control circuit 70 to the servo amplifier 56.

[0070] As shown above, in sections B2 and B4, in order to make the rotational speed of the output shaft 40 0.583
times and 0.417 times the rotational speed of the main shaft 66, it suffices to make the number of pulses to be fed to
the electric motor 38 as follows.

[0071] Generation of pulses to be fed to the electric motor 38 has a relation as shown in Formula (2). Formula (2) can
be transformed into Formula (3).

q°-Pmx180°/¢ = Bm......(2)

Pm= fm- ¢$/(180°xg) ...... (3)

[0072] Here, q shows the rotational angle (°/pulse) of the output shaft 40 per one pulse, and is set at 0.4 in this
embodiment. ¢ shows a unit rotational amount of the main shaft 66. In other words, when the main shaft 66 rotates by
the rotational angle ¢ (°), a predetermined number of pulses are generated. fm (m = 1, 2, 3, 4) shows a required rotational
amount (°) of the pin shaft 48, i.e., the output shaft 40 in section Bm (m =1, 2, 3, 4). Pm (m =1, 2, 3, 4) shows a
predetermined number of pulses to be generated at each rotational angle ¢ (°) of the main shaft 66 in section Bm.
[0073] The number of pulses P to be fed to the electric motor 38 every time the main shaft 66 rotates by 15° (¢ = 15°)
is obtained by using Formula (3). According to Formula (3), the number of pulses P2 = 21.9 = 22, the number of pulses
P4 = 15.6 = 16 are obtained.

[0074] Consequently, as shown in Fig. 6, it suffices that the shedding control circuit 70 outputs the heald frame drive
signal S5i while the main shaft 66 rotates in the ranges of rotation A2 and A4 of the main shaft 66 corresponding to
sections B2 and B4 every time the rotational angle ¢ advances by 15°.

[0075] The rotational speed preset in the shedding control circuit 70 may be computed in the shedding control circuit
70 or may be operated in the loom input and output device 62.

[0076] In the foregoing, it was explained that the rotational speeds of the output shaft 40 in sections B1, B2, B3 and
B4 are set at a fixed value for each section. In order to perform weft insertion surely, however, it is preferable for the
warp largely shed during the weft insertion period. For this reason, it is possible to set the number of pulses Pm, that is,
the rotational speed of the electric motor 38, according to respective small sections obtained by further dividing sections
B1, B2, B3, B4 into plural small sections as shown in the following so that the period for the first and second heald frame
groups to be located near the upper limit position and the lower limit position respectively can be made longer.

[0077] Section A1 (the required rotational amount of the main shaft 66 is o.1) of the main shaft 66 corresponding to
sections B1 and B2 and section A2 (the required rotational amount of the main shaft 66 is o2) are respectively divided
uniformly into k pieces of small sections A11, ..., A1j, ..., Alk and small sections A21, ..., A2j, ..., A2k. The required
rotational amounts of the main shaft 66 in the small section of sections A1 and A2 respectively become a1/k and a2/k.
Sections B1 and B2 are also divided into small sections B11, ..., B1j, ..., Blkand B21, ..., B2j, ..., B2k in correspondence
to small sections A11, ..., A1j, ..., Alk and small sections A21, ..., A2j, ..., A2k of sections A1 and A2.

[0078] The rotational angle 1 in section B1 and the rotational angles 11, ..., B1j, ..., B1k of small sections B11, ...,
B1j, ..., B1k have a relation as shown in Formula (4).

Bl= B11+ B12+ ...+ BL+..+ B1k......(4)

[0079] Here, B1 shows the required rotational angle of the output shaft 40 in section B1, and B11, 12, ..., B1j, ..., B1k
show the required rotational angles of the output shaft 40 corresponding to small sections B11, ..., B1j, ..., B1k which
are obtained by dividing section B1 into k pieces.

[0080] As mentioned above, since the required rotational amount of the main shaft 66 in small section A1j is a1/k, the
rotational speed of the output shaft 40 in the corresponding small section B1j (the required rotational amount of the
output shaft 40 is B1j) has the value in the following Formula (5) relative to a unit angle (i.e., 1°) of the main shaft 66.
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B1ia1/K) ......(5)

[0081] While in this embodiment the ratio of the required rotational amounts of corresponding small sections is made
coincident with the ratio of the required rotational amounts of sections B1 and B2, it may be increased or decreased in
the required rotational amounts corresponding some part of small sections. Consequently, the rotational angle B2 of the
output shaft 40 in section B2 can be expanded into the rotational angles 21, 22, ..., B2j, ..., B2k of the output shaft 40
corresponding to small sections B21, B22, ..., B2j, ..., B2k, as shown in Formula (6).

B2=(B2/B1)B11+(B2B1NB12+...+(B2UBDB1+...
+(B2/81)B 1k ......(6)

[0082] The rotational speed of the output shaft 40 in small section B2j (the required rotational amount of the output
shaft 40 is B 2j) has a value in the following Formula (7) relative to a unit angle (i.e., 1°) of the main shaft 66.

(B2/81)B1j/(a2/K) ...... (T)

[0083] More concretely, for example, the rotational angle of the main shaft 66 when the heald frame 18 is at the upper
limit position and the lower limit position is 120°, and the rotational angle of the main shaft 66 at the geometrical inter-
mediate position is 300°. In this case, when sections A1 and A2 are respectively divided into four small sections (namely,
k = 4), the rotational angle o of the main shaft 66 corresponding to one small section becomes 45°.

[0084] In table 1 which is said later of embodiment, in section B1, the required rotational amount 11 of the output
shaft 40 in small section B11 was set at 15° and a difference in required rotational amounts in adjacent small sections
was set at 2.5°, but they are set at different values, based on a test result. For example, the required rotational amount
B11 of the output shaft 40 in small section B11 is set smaller than 15° and a difference in required rotational amounts
in adjoining small sections is set larger than 2.5°.

[0085] The number of pieces k of the small sections as well as the difference between the required rotational amounts
of small section of sections B1, B2 and the required rotational amounts in the adjoining small sections are set at optimum
values, based on a test result.

[0086] The number of pieces k of the small sections may be varied between sections A1, A2 and sections B1, B2. For
example, it is possible to make four small sections in sections A1, A2, eight small sections in sections B1, B2, and to
make two small sections in sections B1, B2 correspond to each small section in sections A1, A2.

[0087] The number of pieces k of the small sections may be varied between sections A1 and A2, or may be varied
between sections B1 and B2. Further, the small sections in sections A1, A2 are uniformly divided, but they may be not
always divided uniformly. For example, the small sections near the geometrical intermediate position where there is little
change in moving speed of the heald frame 18 may be made larger.

[0088] Each value in Formula (4) can be made, as shown in Formula (9) which is said later, such that the rotational
angle B of the small sections is increased by 2.5° as it approaches section B2 (namely, to have a relation of 11 < 312
< B13 < p14).

[0089] Between sections B1 and B2 and between sections B3 and B4 respectively, there are the intermediate rotational
positions in ascent and in descent, and between sections B2 and B3 and between sections B4 and B1 respectively,
there are the top dead center rotational position and the bottom dead center rotational position (see Figs. 3 and 4).
[0090] In order to reduce the rotational angle speed of the output shaft 40 near the top dead center rotational position
and the bottom dead center rotational position and to accelerate the rotational angle speed of the output shaft 40 near
the intermediate rotational positions in ascent and in descent, in section B2 the rotational angles 321, 22, 23, f24
respectively corresponding to small sections B21, B22, B23, B24 of the output shaft 40 are adapted to have a relation
B21 < B22 < B23 < B24 as shown in Formula (10) which is said later (see Fig. 7). In the embodiment of table 1, the
required rotational angle B of the small sections is decreased by 3.5° as it approaches section B3.

B2=(B2/B1DB11+(B82/B1)B12+...+(B2UB1B1 + ...
+(B2UBDB1lk= B2k+..+ B2+..+ 22+ B21......(8) .
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[0091] Respective values in Formulas (4) and (8) become the values shown in Formulas (9) and (10).
B1=75°= 11+ B12+ B13+ B14
= B11+( B11+25°) +( B11+5°)+( B11+7.5°)
=15°+ 17.5° + 20° + 22.5° veree(9)
B2=105°= 24+ B23+ B22+ B21
= B24+( B24+35°) +( B24+7°)+( B24+105°)
=21° + 24.5° +'28° + 31.5° ver...(10)
[0092] Consequently, the shedding control circuit 70 outputs the rotational speed signal to the servo amplifier 56 as
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the heald frame drive signal S51 so that the rotational speed of the output shaft 40 in section 11 may become 0.33
times the rotational speed of the main shaft 66 and that the rotational speed of the output shaft 40 in section 21 may
become 0.47 times the rotational speed of the main shaft 66.

[0093]

output shaft 40 to the rotational speed of the main shaft 66.

[Table 1]

The calculation result of the above is shown in Table 1. Fig. 7 shows the ratio of the rotational speed of the

Rotational
angle of
main shaft

120° ~
165°

165° ~
210°

210° ~
255°

255° ~
300°

300° ~
345°

345° ~30°

30° ~ 75°

75°~120°

Section of
output
shaft and
required
rotational
amount

Section B1 (1 = 75°)

Section B2 (B2 = 105°)

Small
section of
output
shaft

B11

B12

B13

B14

B24

B23

B22

B21

Required
rotational
amount of
output
shaft in
small
section

15°

17.5°

20°

22.5°

31.5°

28°

24.5°

21°

Ratio of
rotational
speeds of
output
shaft to
main shaft

0.33

0.39

0.44

0.5

0.7

0.62

0.54

0.47

[0094]

The heald frame 18 was explained by dividing into the first and second heald frame groups, but it is possible

to divide them into a third or more heald frame groups on the basis of the specification of a cloth. The rotational speeds
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of the electric motor 38 corresponding to the heald frames 18 of those heald frame groups are controlled like the rotational
speeds of the electric motor 38 corresponding to the first and second heald frame groups so that both rotational amount
of the main shaft 66 while moving from the upper limit position to the geometrical intermediate position and rotational
amount of the main shaft 66 while moving from the lower limit position to the geometrical intermediate position may
become 180°.

[0095] While the connection member 44 is connected to the tip portion which extends upward from the swing lever
28 to the upper side of the support shaft 34, but it may be connected to the tip portion which extends downward.
[0096] The connection rod 32 is located on the side opposite to the drive mechanism groups 24, 26 of the support
shaft 34 in the rightward and leftward direction, but it may be located on the side of the drive mechanism groups 24, 26
of the support shaft 34.

[0097] The ranges of sections B1, B2, B3 and B4, being determined by the length of the connection member 44, a
physical relationship of the output shaft 40, a shedding amount and the like, are different per heald frame 18. Consequently,
the rotational speed of the output shaft 40 are set at each heald frame 18. Also, the shedding amount of the heald frame
18 may be changed depending on a weaving condition of the loom 12.

[0098] The output shaft 40, while being directly connected to the electric motor 38, may be connected to the output
shaft of the electric motor 38 through a reduction gear.

[0099] The presentinventionis notlimited to the foregoing embodiments but can be variously changed without departing
from the scope of the claims.

Claims

1. A shedding control method, of a loom, for vertically moving each of heald frames (18) through a crank mechanism
(24, 26) which has an eccentric portion (48) to be rotated in one direction by a heald frame driving electric motor
(38) provided in each heald frame, characterised in that it comprises the steps of:

rotating at a first rotational speed said eccentric portion (48) in a first section between an intermediate rotational
position of said eccentric portion (48) corresponding to when said heald frame (18) is located at an intermediate
position between an upper limit position and a lower limit position and between a top dead center rotational
position of said eccentric portion (48) corresponding to when said heald frame (18) is located at said upper limit
position; and

rotating at a second rotational speed different from said first rotational speed said eccentric portion (48) in a
second section between a bottom dead center rotational position of said eccentric portion (48) corresponding
to when said heald frame (18) is located at said lower limit position and said intermediate rotational position; and
wherein said relation in magnitude of said first rotational speed and said second rotational speed is made to
correspond to said relation in dimension of said first section and said second section.

2. A shedding control method according to claim 1, wherein a ratio of an average rotational speed of said first rotational
speed and an average rotational speed of said second rotational speed is made to correspond to a ratio in dimension
of said first section and said second section.

3. A shedding control method according to claim 1 or 2, wherein said rotational speed of said electric motor (38) for
said heald frame (18) in said first section and said rotational speed of said electric motor (38) for said heald frame
(18) in said second section are set for each heald frame (18).

4. A control device of a shedding device, of aloom, for vertically moving heald frames (18) through a crank mechanism
(24, 26) having an eccentric portion (48) to be rotated in one direction by an electric motor (38) for heald frames
provided in each heald frame (18), characterised in that it comprises:

a control portion which rotates at a first rotational speed said eccentric portion (48) in a first section between
an intermediate rotational position of said eccentric portion (48) corresponding to when said heald frame (18)
is located at an intermediate position of an upper limit position and a lower limit position and a top dead center
rotational position of said eccentric portion (48) corresponding to when said heald frame (18) is located at said
upper limit position; and which rotates said eccentric portion (48) at a second rotational speed different from
said first rotational speed in a second section between a bottom dead center rotational position corresponding
to when said heald frame (18) is located at said lower limit position and said intermediate rotational position; and
wherein said control portion makes a relation in magnitude of said first rotational speed and said second rotational
speed correspond to a relation in dimension of said first section and said second section.

10
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Patentanspriiche

1.

Verfahren zur Fachbildungssteuerung einer Webmaschine zum vertikalen Bewegen eines jeden der Schaftrahmen
(18) Uber einen Kurbelmechanismus (24, 26), welcher einen exzentrischen Abschnitt (48) aufweist, der in eine
Richtung durch einen elektrischen Schaftrahmen-Antriebsmotor (38) in Drehung versetzt wird, welcher an jedem
Schaftrahmen vorgesehen ist, dadurch gekennzeichnet, dass es folgende Schritte aufweist:

Rotieren des exzentrischen Abschnitts (48) mit einer ersten Rotationsgeschwindigkeit in einem ersten Bereich
zwischen einer Zwischendrehstellung des Exzenterabschnitts (48) der einer Stellung entspricht, in welcher der
Schaftrahmen (18) in einer Zwischenstellung zwischen einer oberen Grenzstellung und zwischen einer unteren
Grenzstellung und einer oberen Umkehrdrehstellung des Exzenterabschnitts (48) angeordnet ist, die einer
Stellung entspricht, in welcher der Schaftrahmen (18) an der oberen Grenzstellung angeordnet ist,

Drehen des Exzenterabschnitts (48) mit einer zweiten Rotationsgeschwindigkeit, die sich von der ersten Rota-
tionsgeschwindigkeit unterscheidet, in einem zweiten Bereich zwischen einer unteren Umkehrdrehstellung des
Exzenterabschnitts (48), die einer Stellung entspricht, in welcher der Schaftrahmen (18) an der unteren Grenz-
stellung angeordnet ist, und der Zwischendrehstellung, und

bei welcher die erste Rotationsgeschwindigkeit und die zweite Rotationsgeschwindigkeit in so einem Grof3en-
verhaltnis zueinander stehen, dass dieses dem Grof3enverhaltnis zwischen dem ersten Bereich und dem zweiten
Bereich entspricht.

Verfahren zur Fachbildungssteuerung nach Anspruch 1, bei welcher ein Verhalinis zwischen einer Durchschnitts-
rotationsgeschwindigkeit der ersten Rotationsgeschwindigkeit und einer Durchschnittsrotationsgeschwindigkeit der
zweiten Rotationsgeschwindigkeit so eingestellt wird, dass es einem GrolRenverhaltnis zwischen dem ersten Bereich
und dem zweiten Bereich entspricht.

Verfahren zur Fachbildungssteuerung nach Anspruch 1 oder 2, bei welchem die Rotationsgeschwindigkeit des
elektrischen Motors (38) fir den Schaftrahmen (18) im ersten Bereich und die Rotationsgeschwindigkeit des elek-
trischen Motors (38) fur den Schaftrahmen (18) im zweiten Bereich fir jeden Schaftrahmen (18) eingestellt sind.

Vorrichtung zur Fachbildungssteuerung einer Webmaschine, zum vertikalen Bewegen von Schaftrahmen (18) tber
einen Kurbelmechanismus (24, 26), welcher einen exzentrischen Abschnitt (48) aufweist, der in eine Richtung durch
einen elektrischen Schaftrahmen-Antriebsmotor (38) in Drehung versetzt wird, der an jedem Schaftrahmen vorge-
sehen ist, dadurch gekennzeichnet, dass die Vorrichtung folgendes aufweist:

einen Steuerungsbereich, der den Exzenterabschnitt (48) mit einer ersten Rotationsgeschwindigkeit dreht, und
zwar in einem ersten Bereich zwischen einer Zwischendrehstellung des Exzenterabschnitts (48), die einer
Stellung entspricht, in der der Schaftrahmen (18) in einer Zwischenstellung zwischen einer oberen Grenzstellung
und einer unteren Grenzstellung angeordnet ist, und einer oberen Umkehrdrehstellung des Exzenterabschnitts
(48), der einer Stellung entspricht, in welcher der Schaftrahmen (18) in seiner oberen Grenzstellung angeordnet
ist, und die den Exzenterabschnitt (48) mit einer zweiten Rotationsgeschwindigkeit dreht, die sich von der ersten
Rotationsgeschwindigkeit unterscheidet, und zwar in einem zweiten Bereich zwischen einer unteren Umkehr-
drehstellung, die einer Stellung entspricht, in welcher der Schaftrahmen (18) in seiner unteren Grenzstellung
angeordnet ist, und der Zwischendrehstellung, und

bei welcher der Steuerungsbereich eine Relation zwischen der Hohe der ersten Rotationsgeschwindigkeit und
der zweiten Rotationsgeschwindigkeit herstellt, die einer Relation des ersten Bereichs zum zweiten Bereich
entspricht.

Revendications

Procédé de commande de formation de la foule d’'un métier a tisser, pour déplacer a la verticale chaque cadre de
lisses (18) via un mécanisme a manivelle (24, 26) qui posséde une portion excentrique (48) qui doit tourner dans
une direction via un moteur électrique (38) d’entrainement de cadre de lisses prévu dans chaque cadre de lisses,
caractérisé en ce qu’il comprend les étapes consistant a :

faire tourner, a une premiére vitesse de rotation, ladite portion excentrique (48) dans une premiére section entre

une position de rotation intermédiaire de ladite portion excentrique (48) correspondant au moment ou le cadre
de lisses (18) se trouve dans une position intermédiaire entre une position limite supérieure et une position

11
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limite inférieure et une position de rotation de point mort haut de ladite portion excentrique (48) correspondant
au moment ou ledit cadre de lisses (18) se trouve a ladite position limite supérieure ; et

faire tourner, a une deuxiéme vitesse de rotation différente de ladite premiére vitesse de rotation, ladite portion
excentrique (48) dans une deuxiéme section entre une position de rotation de point mort bas de ladite portion
excentrique (48) correspondant au moment ou ledit cadre de lisses (18) se trouve a ladite position limite inférieure
et ladite position de rotation intermédiaire ; et

dans lequel ladite relation de valeur entre ladite premiére vitesse de rotation et ladite deuxiéme vitesse de
rotation correspond a ladite relation de dimension entre ladite premiére section et ladite deuxieme section.

Procédé de commande de formation de la foule selon la revendication 1, le rapport de la vitesse de rotation moyenne
de ladite premiére vitesse de rotation et de la vitesse de rotation moyenne de ladite deuxieéme vitesse de rotation
correspond au rapport de dimension entre ladite premiére section et ladite deuxiéme section.

Procédé de commande de formation de la foule selon la revendication 1 ou 2, dans lequel ladite vitesse de rotation
dudit moteur électrique (38) pour ledit cadre de lisses (18) dans ladite premiére section et ladite vitesse de rotation
dudit moteur électrique (38) pour ledit cadre de lisses (18) dans ladite deuxiéme section sont réglées pour chaque
cadre de lisses (18).

Dispositif de commande d’un dispositif de formation de la foule d’'un métier a tisser pour déplacer a la verticale des
cadres de lisses (18) via un mécanisme a manivelle (24, 26) possédant une portion excentrique (48) qui doit tourner
dans une direction via un moteur électrique (38) pour des cadres de lisses prévu dans chaque cadre de lisses,
caractérisé en ce qu’il comprend :

une portion de commande qui fait tourner, a une premiére vitesse de rotation, ladite portion excentrique (48)
dans une premiére section entre une position de rotation intermédiaire de ladite portion excentrique (48) cor-
respondant au moment ou le cadre de lisses (18) se trouve dans une position intermédiaire entre une position
limite supérieure et une position limite inférieure et une position de rotation de point mort haut de ladite portion
excentrique (48) correspondant au moment ou ledit cadre de lisses (18) se trouve a ladite position limite
supérieure ; et qui fait tourner ladite portion excentrique (48), a une deuxiéme vitesse de rotation différente de
ladite premiére vitesse de rotation, dans une deuxiéme section entre une position de rotation de point mort bas
de ladite portion excentrique (48) correspondant au moment ou ledit cadre de lisses (18) se trouve a ladite
position limite inférieure et ladite position de rotation intermédiaire ; et

dans lequel ladite portion de commande établit une relation de valeur entre ladite premiére vitesse de rotation
et ladite deuxiéme vitesse de rotation qui correspond a la relation de dimension entre ladite premiére section
et ladite deuxiéme section.

12
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