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(54) Beating device for loom

(57)  Abeating device (50) for a loom includes a plu-
rality of rocking shafts (7, 9, 61i, 61j, 62i, 62j, 71i, 72i)
disposed distant from each other in a width direction of
cloth to be woven by the loom; a balance shaft (11a,
12a, 61a, 62a, 71a, 72aa, 72ab, 74) disposed farther
away from a reed (5) than the rocking shafts and ex-
tending in said width direction, the balance shaft being
disposed between the neighboring rocking shafts; a pair
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of connecting portions (11b and 11c, 12b and 12c, 61b
and 61c, 62b and 62c, 71b and 72c, 72b and 72b) for
respectively connecting two opposite ends of the bal-
ance shaft with ends of the neighboring rocking shafts;
and a plurality of sley swords (8, 11d, 12d, 12e, 61d, 63,
73). At least one of opposite end-segments of the bal-
ance shaft is formed integrally with at least one of the
connecting portions and/or at least one of the sley
swords to define an integrally molded unit.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The presentinvention relates to beating devic-
es used in looms.

2. Description of the Related Art

[0002] Beating devices for looms are generally pro-
vided with a rocking shaft which is rotated in response
to arotational force received from a main shaft of aloom,
a plurality of sley swords attached to the rocking shaft,
a reed holder supported by the sley swords, and a reed
securely held by the reed holder. The reed, the reed
holder, and the sley swords are thus linked with the rock-
ing shaft so as to be movable in a rocking motion with
respect to the rocking shaft acting as the axis of rocking
motion so that a beating operation can be performed in
response to a rotational force from the main shaft of the
loom. However, the center of mass of the rocking shaft
and its linked components is disposed closer to the reed
than the axis of rocking motion, meaning that there is a
significant positional difference between the center of
mass and the axis of rocking motion. In other words, this
can induce an unbalanced state of the rocking shaft and
its linked components. Such an unbalanced state can
cause vibration during the beating operation, which may
lead to abrasion of the components or generation of
noise. Moreover, such vibration is one of the main caus-
es that prevent looms from operating at higher speeds.
Japanese Examined Utility Model Registration Applica-
tion Publication No. 57-23514 (P.3, Fig. 1), for example,
discloses a beating device for solving the above-men-
tioned problem of the unbalanced state of the rocking
shaft and its integrally-linked components.

[0003] Accordingto Japanese Examined Utility Model
Registration Application Publication No. 57-23514,
three rocking shafts are provided such that the rocking
shafts are disposed longitudinally in the width direction
of cloth to be woven and distant from one another. More-
over, two balance shafts are disposed between the
neighboring rocking shafts and are positioned farther
away from a reed than the rocking shafts. Furthermore,
connecting members having through-holes are provid-
ed such that the rocking shafts and the balance shafts
extend through these through-holes so as to be linked
with one another. In detail, each balance shaft is provid-
ed with a pair of the connecting members respectively
at its opposite ends so that the opposite ends of the bal-
ance shaft can respectively be connected with the ends
of two of the rocking shafts. The balance shafts allow
the center of mass of the rocking shafts and their linked
components to be positioned near the axis of rocking
motion in order to prevent an unbalanced state. Moreo-
ver, the balance shafts move the sley swords in a rock-
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ing motion in order to perform the beating operation.
Since the rocking shafts are disposed in a discontinuous
fashion in the width direction instead of being disposed
entirely across the width direction, the overall weight of
the beating device is reduced. As a result, this reduces
the workload of the beating device and thus contributes
to a high-speed operation of the loom.

[0004] In Japanese Examined Utility Model Registra-
tion Application Publication No. 57-23514, however,
since the connecting members and the balance shafts
are connected with each other via bolts, and the balance
shafts and the sley swords are also connected with each
other via bolts, the strength of these connections is low.
This can lead to vibration and may therefore cause dif-
ficulties in performing an accurate beating operation. To
increase the strength of the connections, the connecting
sections between the connecting members and the bal-
ance shafts and between the sley swords and the bal-
ance shafts must be made larger. This, however, can
increase the weight. The increase in weight leads to a
larger power consumption and thus deteriorates the
high-speed function of the loom. Moreover, the increase
in weight can also generate a larger inertia force, which
increases the workload of a driver unit for rotating the
rocking shafts in forward and reverse directions. In such
a case, the rigidity of the driver unit must be increased.
Furthermore, the forming accuracy or the assembling
accuracy of the connecting members, the balance
shafts, and the sley swords may be adversely affected,
meaning that it is difficult to maintain these components
with high accuracy when these components are linked
with one another. As a result, this can lead to vibration
and may thus cause difficulties in performing an accu-
rate beating operation.

SUMMARY OF THE INVENTION

[0005] Accordingly, itis an object of the presentinven-
tion to provide a beating device for a loom which
achieves high-strength and high-precision connections
between balance shafts and rocking shafts and between
balance shafts and sley swords while also achieving
weight reduction in these connecting sections.

[0006] In order to achieve the above-mentioned ob-
ject, the present invention provides a beating device for
a loom, which includes a plurality of rocking shafts dis-
posed distant from each other in a width direction of
cloth to be woven by the loom; a balance shaft disposed
farther away from a reed than the rocking shafts and
extending in said width direction, the balance shaft be-
ing disposed between the neighboring rocking shafts; a
pair of connecting portions for respectively connecting
two opposite ends of the balance shaft with ends of the
neighboring rocking shafts; and a plurality of sley
swords. At least one of opposite end-segments of the
balance shaft is formed integrally with at least one of the
connecting portions and/or at least one of the sley
swords to define an integrally molded unit.
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[0007] Accordingly, at least one of the opposite end-
segments of the balance shaft and at least one sley
sword, and/or at least one of the opposite end-segments
of the balance shaft and at least one of the connecting
portions are integrally molded without being joined to-
gether by, for example, welding or using bolts. This con-
tributes to the weight reduction as well as achieving
high-strength and high-precision connections. Conse-
quently, this reduces vibration and thus allows the beat-
ing device to perform a proper beating operation.
[0008] Furthermore, the integrally molded unit may be
formed by integrally molding said at least one of the op-
posite end-segments of the balance shaft, said at least
one of the connecting portions, and at least one of the
rocking shafts disposed adjacent to the corresponding
connecting portion.

[0009] Accordingly, this contributes to the weight re-
duction as well as achieving high-strength and high-pre-
cision connections between the balance shaft and the
rocking shafts.

[0010] Furthermore, the integrally molded unit is pref-
erably composed of cast iron or cast steel.

[0011] Accordingly, since at least one of the opposite
end-segments of the balance shaft is formed by casting
using cast iron or cast steel, the balance shaft can ab-
sorb vibration better than a balance shaft formed of
steel. Balance shafts composed of cast iron are espe-
cially highly absorptive against vibration and can thus
reduce adverse effects such as abrasion or noise
caused by the vibration. As a result, this contributes to
the high-speed function of the loom.

[0012] Furthermore, the balance shaft is preferably
non-circular in cross-section such that a rocking-direc-
tion flexural-rigidity of the balance shaft is greater than
a flexural-rigidity of the balance shaft in a direction per-
pendicular to a rocking direction.

[0013] When the balance shaft receives a rotational
torque from the rocking shafts via the connecting por-
tions so as to move in a rocking motion with respect to
the rocking shafts as the axis of rocking motion, since
the balance shaft is non-circular in cross-section such
that flexural rigidity of the balance shaft in the direction
in which the balance shaft receives the rotational torque,
i.e. the rocking-direction flexural-rigidity, is greater than
the flexural rigidity of the balance shaft in the direction
in which the balance shaft does not receive the rotation-
al torque, i.e. the flexural-rigidity in the direction perpen-
dicular to the rocking direction, the balance shaft can be
prevented from bending in response to the rotational
torque, thus preventing vibration and improper beating
operation. Moreover, the lower flexural-rigidity in the di-
rection perpendicular to the rocking direction contrib-
utes to the weight reduction of the balance shaft. This
reduces the weight of the rocking components in the
beating device as well as the inertia force of the rocking
motion in the forward and reverse directions. As aresult,
a high-speed operation of the loom can be achieved.
[0014] Furthermore, the balance shaft may either be
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rectangular, oval, or substantially elliptic in cross-sec-
tion such that a cross-sectional dimension of the bal-
ance shaft in the rocking direction is longer than that in
the direction perpendicular to the rocking direction.
[0015] Accordingly, this ensures that the rocking-di-
rection flexural-rigidity of the balance shaft is greater
than the flexural-rigidity of the balance shaft in the di-
rection perpendicular to the rocking direction.

[0016] Furthermore, the balance shaft may either be
trapezoidal or fan-shaped in cross-section. If the bal-
ance shaft is trapezoidal in cross-section, a side of the
balance shaft distant from the reed is set longer than a
side of the balance shaft closer to the reed, and the rock-
ing-direction flexural-rigidity is thus set greater than the
flexural-rigidity in the direction perpendicular to the rock-
ing direction. On the other hand, if the balance shaft is
fan-shaped in cross-section, a side of the balance shaft
distant from the reed forms a circular-arc substantially
around an axis of rocking motion being the center of cur-
vature and is thus set longer than a side of the balance
shaft closer to the reed, and the rocking-direction flex-
ural-rigidity is thus set greater than the flexural-rigidity
in the direction perpendicular to the rocking direction.
[0017] Accordingly, this ensures that the rocking-di-
rection flexural-rigidity of the balance shaft is greater
than the flexural-rigidity of the balance shaft in the di-
rection perpendicular to the rocking direction.

[0018] Furthermore, the balance shaft may be sub-
stantially U-shaped in cross-section such that a central
portion of a side of the balance shaft closer to the reed
is depressed, and the rocking-direction flexural-rigidity
is thus set greater than the flexural-rigidity in the direc-
tion perpendicular to the rocking direction.

[0019] Accordingly, this ensures that the rocking-di-
rection flexural-rigidity of the balance shaft is greater
than the flexural-rigidity of the balance shaft in the di-
rection perpendicular to the rocking direction.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020]

Fig. 1is a front view of a beating device viewed from
a take-up side of a loom according to a first embod-
iment of the present invention;

Fig. 2 is a partially enlarged view of Fig. 1;

Fig. 3 is a cross-sectional view taken along line A-A
in Figs. 1 and 2 and illustrates a beating state of a
reed;

Fig. 4 is a cross-sectional view taken along line A-A
in Figs. 1 and 2 and illustrates a state in which the
reed is at its farthest drawn-back position;

Fig. 5 is a cross-sectional view taken along line B-B
in Figs. 1 and 2;

Fig. 6 is a cross-sectional view taken along line C-C
in Fig. 1;

Fig. 7 illustrates a first modification example of the
first embodiment;
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Fig. 8 illustrates a second modification example of
the first embodiment;

Fig. 9 illustrates a third modification example of the
first embodiment;

Fig. 10 illustrates a second embodiment according
to the present invention;

Fig. 11 illustrates a third embodiment according to
the present invention;

Fig. 12 illustrates a fourth embodiment according to
the present invention;

Fig. 13 illustrates a first modification example of the
fourth embodiment;

Fig. 14 illustrates a second modification example of
the fourth embodiment;

Fig. 15 illustrates a fifth embodiment according to
the present invention; and

Fig. 16 illustrates a sixth embodiment according to
the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0021] Embodiments of the present invention will now
be described with reference to the drawings. Figs. 1 to
6 illustrate a beating device 50 for an air-jet loom ac-
cording to a first embodiment of the present invention.
Fig. 1 is a front view of a take-up side of the loom, and
Fig. 2 is a partially enlarged view of Fig. 1. Figs. 3 and
4 each illustrate a cross-sectional view taken along line
A-AinFigs. 1 and 2. Specifically, Fig. 3 illustrates a beat-
ing state of a reed 5, whereas Fig. 4 illustrates a state
in which the reed 5 is at its farthest drawn-back position.
Fig. 5 is a cross-sectional view taken along line B-B in
Figs. 1and 2. Fig. 6 is a cross-sectional view taken along
line C-C in Fig. 1.

[0022] Referring to Figs. 1 to 4, the beating device 50
includes a pair of side supporters 2, 2 respectively pro-
vided on left and right frames 1, 1 of the loom; a pair of
first rocking shafts 3, 3 respectively supported by the
two side supporters 2, 2 in a rotatable manner; two driv-
ing units, which are not shown in the drawings, respec-
tively provided on the left and right sides of the loom for
driving the two first rocking shafts 3, 3 in response to
the rotation of a main shaft 4 of the loom; the reed 5 and
a reed holder 6 both extending longitudinally to cover
the whole width of cloth to be woven, which will be re-
ferred to as a weaving-width hereinafter; a pair of sec-
ond rocking shafts 7, 7 disposed adjacent to the respec-
tive first rocking shafts 3, 3; two sley swords 8, 8 sup-
porting the two longitudinal ends of the reed holder 6
and each having a through-hole through which one of
the firstrocking shafts 3, 3 and one of the second rocking
shafts 7, 7 extend so as to connect the two shafts with
each other; a pair of third rocking shafts 9, 9 which are
disposed distant from each other in the weaving-width
direction and are also distant from the two second rock-
ing shafts 7, 7 in the weaving-width direction; a beam
10 extending in the weaving-width direction and having
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its two longitudinal ends respectively supported by the
left and right frames 1, 1; a pair of intermediate support-
ing units 30, 30 disposed on the beam 10 and respec-
tively supporting the two third rocking shafts 9, 9 in a
rotatable manner; a pair of first composite members 11,
11 each of which corresponds to a set of one of the sec-
ond rocking shafts 7, 7 and one of the third rocking
shafts 9, 9 and is disposed between the two rocking
shafts 7 and 9 of the corresponding set; and a second
composite member 12 disposed between a set of the
third rocking shafts 9 and 9.

[0023] The neighboring second rocking shafts 7, 7
and third rocking shafts 9, 9 define two sets of rocking
shafts 7 and 9, and moreover, the neighboring third rock-
ing shafts 9, 9 define one set of rocking shafts 9 and 9.
Each first composite member 11 is disposed between
one of the two sets of rocking shafts 7 and 9. On the
other hand, the second composite member 12 is dis-
posed between the set of rocking shafts 9 and 9. Each
of the first composite members 11, 11 includes a balance
shaft 11a, and a pair of connecting portions 11b and 11c
which are respectively disposed at two longitudinal ends
of the balance shaft 11a and connect the ends of the
balance shaft 11a with an end of the corresponding sec-
ond rocking shaft 7 and an end of the corresponding
third rocking shaft 9. On the other hand, the second
composite member 12 includes a balance shaft 12a,
and a pair of connecting portions 12b and 12c¢ which are
respectively disposed at two longitudinal ends of the bal-
ance shaft 12a and connect the ends of the balance
shaft 12a with the ends of the two third rocking shafts 9,
9. Consequently, each balance shaft 11a is disposed be-
tween one of the two sets of the rocking shafts 7 and 9,
whereas the balance shaft 12a is disposed between the
set of rocking shafts 9 and 9.

[0024] The two firstrocking shafts 3, 3, the two second
rocking shafts 7, 7, and the two third rocking shafts 9, 9
are linked with one another via the two sley swords 8,
8, the two first composite members 11, 11, and the sec-
ond composite member 12, and moreover, are coaxially
supported by the two side supporters 2, 2 and the two
intermediate supporting units 30, 30. Thus, the two driv-
ing units for respectively driving the two first rocking
shafts 3, 3 move the first rocking shafts 3, 3, the second
rocking shafts 7, 7, and the third rocking shafts 9, 9 in a
rocking motion. The two longitudinal ends of the reed 5
are supported by the two sley swords 8, 8 via the reed
holder 6, and four intermediate portions of the reed 5
are supported by the two first composite members 11,
11 and the second composite member 12 via the reed
holder 6. Due to being linked with the rocking shafts 3,
7, and 9, the reed 5 and a plurality of sub-nozzles 31
supported by the reed holder 6 move together with the
rocking shafts 3, 7, and 9 in a rocking motion. This will
be described below in further detail.

[0025] Referring to Fig. 5, each intermediate support-
ing unit 30 includes a plate 13 fixed to the beam 10 via
bolts; a bracket 14 fixed to the plate 13 via bolts; a bear-
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ing holder 15 fixed to the bracket 14 via bolts; a bearing,
not shown in the drawing; and a bearing cover 16 at-
tached to the bearing holder 15 via bolts so as to secure
the bearing in position. All of the rocking shafts 3, 3, 7,
7, 9, 9 are coaxially supported by the two side support-
ers 2, 2 and the two intermediate supporting units 30,
30, and are thus prevented from vibrating so as to per-
form a proper beating operation.

[0026] The sley swords 8, 8 for supporting the ends
of the reed holder 6 are each provided with a slit at the
connecting section between the sley sword 8 and the
corresponding rocking shafts 3 and 7. The slit extends
longitudinally across the sley sword 8 and extends radi-
ally into the sley sword 8 so as to communicate with the
through-hole for the rocking shafts 3 and 7. Segments
of the sley sword 8 are fastened together via bolts so as
to close the slit, whereby the first rocking shaft 3 and the
second rocking shaft 7 are tightly connected with each
other.

[0027] Each first composite member 11 including the
balance shaft 11a, the pair of connecting portions 11b
and 11c, and a sley sword 11d extending from the bal-
ance shaft 11a towards the reed 5 is fabricated by cast-
ing. In detail, each first composite member 11 is formed
by castingiron into a casting mold, such that the balance
shaft 11a, the pair of connecting portions 11b and 11c
and the sley sword 11d are integrally molded to form a
single-piece unit.

[0028] Referring to Figs. 1 and 3, the pair of connect-
ing portions 11b and 11c extend from the balance shaft
11a towards the reed 5, and are respectively provided
with connection grooves 11f which are used for the con-
nection with the rocking shafts 9 and 7. The connection
groove 11f have a circular-arc surface. In a state where
the rocking shafts 9 and 7 are set in the corresponding
connection grooves 11f, a pair of shaft pressers 17 also
having a circular-arc surface is respectively attached to
the connecting portions 11b and 11c via bolts 18 so as
to press the rocking shafts 9 and 7 against the corre-
sponding connection grooves 11f. In other words, the
rocking shafts 9 and 7 are tightly secured between the
corresponding connection grooves 11f and the corre-
sponding shaft pressers 17. This allows the pair of con-
necting portions 11b and 11c to be tightly connected with
the respective rocking shafts 9 and 7, meaning that each
first composite member 11 and the corresponding rock-
ing shafts 7 and 9 are tightly connected to one another.
Accordingly, the rocking shafts 7 and 9 are rockable
about an axis of rocking motion 19.

[0029] Since the pair of connecting portions 11b and
11cis provided with the connection grooves 11f extend-
ing from the balance shaft 11a towards the reed 5 so as
to be respectively connected with the rocking shafts 9
and 7, the balance shaft 11a is positioned farther away
from the reed 5 than the rocking shafts 9 and 7, i.e. the
axis of rocking motion 19. This means that the center of
mass of the combination of the rocking shafts and the
components linked with the shafts, such as the reed 5,
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the reed holder 6, and the sub-nozzles 31, is set close
to the the axis of rocking motion 19 so as to prevent an
unbalanced state.

[0030] Referring to Fig. 6, the balance shaft 11a is
substantially elliptic in cross-section such that dimen-
sion A is greater than dimension B. Specifically, dimen-
sion A is the length of the cross-sectional ellipsoid in the
rocking direction, which is perpendicular to the direction
in which the axis of rocking motion 19 extends and to
an imaginary line extending through the axis of rocking
motion 19 and the center of mass 20 of the balance shaft
11a, whereas dimension B is the width of the cross-sec-
tional ellipsoid in the direction perpendicular to the rock-
ing direction and parallel to the imaginary line. The cent-
er of mass 20 of the balance shaft 11a is aligned with
the center of the ellipsoid in cross-section. Thus, the
flexural rigidity of the balance shaft 11ain a direction in
which the balance shaft 11a receives a rotational torque
from the rocking shafts 7 and 9, which will be referred
to as a rocking-direction flexural-rigidity, is greater than
the flexural rigidity of the balance shaft 11ain a direction
in which the balance shaft 11a does not receive the
torque, which will be referred to as a flexural-rigidity in
the direction perpendicular to the rocking direction. This
prevents the balance shaft 11a from bending in re-
sponse to the rotational torque so as to prevent an im-
proper beating operation. Moreover, the lower flexural-
rigidity in the direction perpendicular to the rocking di-
rection contributes to the weight reduction of the bal-
ance shaft 11a, thus allowing the loom to operate at a
higher rate.

[0031] Like the other segments in each first composite
member 11, the balance shaft 11a is formed of cast iron
that absorbs vibration. For this reason, vibration is re-
duced in the balance shaft 11a in comparison with, for
example, steel shafts formed by, for example, a drawing
process. This reduces adverse effects such as abrasion
or noise caused by the vibration between engagement
components such as shafts and bearings, and bearings
and bearing houses. Moreover, this also contributes to
the high-speed function of the loom.

[0032] Dimension A of the balance shaft 11ain cross-
section shown in Fig. 6 is preferably at least 1.1 times
greater than dimension B. This provides a higher rock-
ing-direction flexural-rigidity while still achieving weight
reduction of the balance shaft 11a.

[0033] Referring to Figs. 1 and 3, the sley sword 11d
extends from a section of the balance shaft 11a near the
connecting portion 11b towards the reed 5 and engages
with an intermediate section of the reed holder 6 via a
bolt to support a corresponding intermediate section of
the reed 5. Furthermore, the sley sword 11d is substan-
tially U-shaped in cross-section and has high rigidity,
and moreover, is provided with a cored hole 11g for the
purpose of weight reduction.

[0034] Like the first composite members 11, 11, the
second composite member 12 including the balance
shaft 12a, the pair of connecting portions 12b and 12c,
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and a pair of sley swords 12d and 12e respectively ex-
tending from two sections of the balance shaft 12a near
the connecting portions 12b and 12c towards the reed
5 is formed by casting iron into a casting mold. Thus,
the balance shaft 12a, the pair of connecting portions
12b and 12c, and the two sley swords 12d and 12e are
integrally molded to form a single-piece unit.

[0035] Furthermore, like the first composite members
11, 11, the pair of connecting portions 12b and 12c ex-
tend from the balance shaft 12a towards the reed 5, and
are respectively provided with connection grooves 12f
which are used for the connection with the rocking shafts
9,9. The connection grooves 12f have a circular-arc sur-
face. In a state where the third rocking shafts 9, 9 are
set in the corresponding connection grooves 12f, a pair
of shaft pressers 17 also provided for the second com-
posite member 12 is respectively attached to the con-
necting portions 12b and 12c via the bolts 18 so as to
press the third rocking shafts 9, 9 against the corre-
sponding connection grooves 12f. This allows the pair
of connecting portions 12b and 12c to be tightly connect-
ed with the respective third rocking shafts 9, 9, meaning
that the second composite member 12 and the third
rocking shafts 9, 9 are tightly connected to each other.
Accordingly, the third rocking shafts 9, 9 are rockable
about the axis of rocking motion 19.

[0036] Furthermore, like the first composite members
11, 11, the balance shaft 12a allows the center of mass
of the combination of the rocking shafts and the compo-
nents linked with the shafts to be set close to the axis
of rocking motion 19 so as to prevent an unbalanced
state. Moreover, the balance shaft 12a is provided with
the same cross-sectional shape as the balance shaft
11a of each first composite member 11. Consequently,
this prevents the balance shaft 12a from bending in re-
sponse to the rotational torque from the third rocking
shafts 9, 9, and contributes to the weight reduction of
the balance shaft 12a so as to allow the loom to operate
at a higher rate.

[0037] Referring to Figs. 1 and 3, the two sley swords
12d and 12e extend from the balance shaft 12a towards
the reed 5 and engage with two respective intermediate
sections of the reed holder 6 via bolts so as to support
two respective intermediate sections of the reed 5. Fur-
thermore, each of the sley swords 12d and 12e is sub-
stantially U-shaped in cross-section and has high rigid-
ity, and moreover, is provided with a cored hole 12g for
the purpose of weight reduction.

[0038] Although the balance shafts 11a and 12a of the
respective first composite members 11 and second
composite member 12 are substantially elliptic in cross-
section, the balance shafts 11a and 12a may alterna-
tively be rectangular or oval in cross-section. As a fur-
ther alternative, each of the balance shafts 11a and 12a
may be provided with a reinforcement rib.

[0039] Fig. 7 illustrates a first modification example of
the first embodiment, in which each of the balance
shafts 11a and the balance shaft 12a is provided with a
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rib on a side of the balance shafts 11a or 12a closer to
the axis of rocking motion 19. The dimension of the rib
in the direction perpendicular to the rocking direction is
defined as dimension C. This structure according to the
first modification example provides a higher flexural-ri-
gidity in the direction perpendicular to the rocking direc-
tion. The cross-sectional shape of each of the balance
shafts 11a and the balance shaft 12ais determined with-
out taking into consideration the rib since the rib is sup-
plemental and does not significantly affect the flexural
rigidity. However, providing a large rib such that the flex-
ural-rigidity in the direction perpendicular to the rocking
direction exceeds the rocking-direction flexural-rigidity
is not preferable. This is due to the fact that the large rib
may lead to an increase in weight, which goes against
the object of achieving weight reduction for allowing the
loom to operate at a higher rate while at the same time
providing a higher rocking-direction flexural-rigidity.
[0040] Alternatively, the balance shafts 11a and the
balance shaft 12a of the respective first composite
members 11, 11 and second composite member 12 may
be trapezoidal, fan-shaped, or U-shaped in cross-sec-
tion.

[0041] Fig. 8 illustrates a second modification exam-
ple of the first embodiment. In this example, the balance
shafts 11a and the balance shaft 12a of the respective
first composite members 11, 11 and second composite
member 12 are substantially fan-shaped in cross-sec-
tion such that a side of each of the balance shafts 11a
and the balance shaft 12a distant from the reed 5 forms
a circular-arc and is therefore longer than a side closer
to the reed 5. Since the side distant from the reed 5
forms a circular-arc substantially around the axis of
rocking motion 19 being the center of curvature, each
balance shaft 11a or 12a is prevented from interfering
with peripheral units disposed near that side when the
balance shaft 11a or 12a is rocking, and moreover, is
capable of maintaining a good balance. In other words,
because the center of mass 20 of each of the balance
shafts 11a and 12a is disposed farther away from the
axis of rocking motion 19, the center of mass of the en-
tire combination of the rocking shafts and the compo-
nents linked with the shafts can be set close to the axis
of rocking motion 19 even if the balance shafts 11a and
12a are not heavy components. Consequently, this con-
tributes to the reduction of the overall weight of the rock-
ing components in the beating device 50.

[0042] Fig. 9 illustrates a third modification example
of the first embodiment, in which each of the balance
shafts 11a and the balance shaft 12a of the respective
first composite members 11, 11 and second composite
member 12 is substantially U-shaped in cross-section,
such that the central portion of the side closer to the reed
5 is depressed. Similar to the second modification ex-
ample shown in Fig. 8, the center of mass 20 of each of
the balance shafts 11a and 12ais disposed farther away
from the axis of rocking motion 19 so as to achieve a
good balance.
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[0043] In the first embodiment, although the two lon-
gitudinal ends of the reed 5 are respectively supported
by the two sley swords 8, 8, the longitudinal ends of the
reed 5 may alternatively be supported by the composite
members.

[0044] Fig. 10 illustrates a second embodiment in
which a plurality of second composite members 12 are
provided such that two of the second composite mem-
bers 12 are engaged with the longitudinal ends of the
reed holder 6 in order to support the longitudinal ends
of the reed 5.

[0045] As described above, in the first and second
embodiments, the connecting portions 11b, 11c, 12b,
and 12c are provided with the connection grooves 11f
and 12f, and the rocking shafts 7 and 9 and the com-
posite members 11 and 12 are linked with one another
via the shaft pressers 17 disposed above the corre-
sponding connection grooves 11f and 12f. Alternatively,
the connecting portions 11b, 11¢, 12b, and 12¢c may be
provided with through-holes through which the corre-
sponding rocking shafts 7 and 9 extend so as to allow
the rocking shafts 7 and 9 and the composite members
11 and 12 to be linked with one another.

[0046] Fig. 11 illustrates a third embodiment in which
each pair of the connecting portions 11b and 11c is pro-
vided with through-holes 11h, and the pair of connecting
portions 12b and 12c is provided with through-holes
12h. Furthermore, the connecting portions 11b, 11c,
12b, and 12c are each provided with a slit extending lon-
gitudinally across the connecting portion 11b, 11c, 12b,
or 12c and extending radially inward so as to communi-
cate with the corresponding one of the through-holes
11h and 12h. The rocking shafts 7 and 9 are firmly fixed
in the corresponding through-holes 11h and 12h via the
bolts 18, whereby the rocking shafts 7 and 9 and the
composite members 11 and 12 are tightly connected
with one another.

[0047] As described above, in the first, second, and
third embodiments, the sley sword 11d of each first com-
posite member 11 extends from the corresponding bal-
ance shaft 11a towards the reed 5, and the sley swords
12d and 12e of each second composite member 12 ex-
tend from the corresponding balance shaft 12a towards
the reed 5. Alternatively, each of the sley swords 11d,
12d, and 12e may extend directly from the correspond-
ing one of the connecting portions 11b, 11¢, 12b, and
12c. Such a structure contributes to the weight reduction
of the sley swords 11d, 12d, and 12e.

[0048] Fig. 12 illustrates a fourth embodiment; Fig. 13
illustrates a first modification example of the fourth em-
bodiment; and Fig. 14 illustrates a second modification
example of the fourth embodiment. According to the
fourth embodiment and the first and second modification
examples of the fourth embodiment, each of the sley
swords 11d, 12d, and 12e extends directly from the cor-
responding one of the connecting portions 11b, 12b, and
12c. Similar to the third embodiment, each of the con-
necting portions 11b, 11c, 12b, and 12¢ in the fourth em-
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bodiment is provided with the corresponding one of the
through-holes 11h and 12h, and the slit extending lon-
gitudinally across the connecting portion 11b, 11c, 12b,
or 12c¢ and extending radially inward so as to communi-
cate with the corresponding one of the through-holes
11h and 12h. On the other hand, according to the first
modification example of the fourth embodiment, each of
the rocking shafts 7 and 9 is cut longitudinally so as to
form a flat surface on one side. Thus, the rocking shafts
7 and 9 are connected with the composite members 11
and 12 via the bolts 18 in a state such that the flat sur-
faces of the rocking shafts 7 and 9 are disposed on flat
connection surfaces of the corresponding connecting
portions 11b, 11¢, 12b, and 12c. Furthermore, according
to the second modification example of the fourth embod-
iment, two opposite sides of each of the rocking shafts
7 and 9 are cut longitudinally so as to form two flat sur-
faces parallel to each other. Thus, the rocking shafts 7
and 9 extend through the corresponding connecting por-
tions 11b, 11c, 12b, and 12c in a state such that the flat
surfaces face parallel connection surfaces provided in
the connecting portions 11b, 11¢, 12b, and 12¢, whereby
the rocking shafts 7 and 9 are connected with the com-
posite members 11 and 12 via the bolts 18.

[0049] In the embodiments described above, each of
the first composite members 11 is integrally molded to
form a single-piece unit including the balance shaft 11a,
the pair of connecting portions 11b and 11c¢, and the sley
sword 11d. Alternatively, the balance shaft 11a and at
least one of the pair of the connecting portions 11b and
11c and the sley sword 11d may be integrally molded to
form a first unit, and the remaining one of the pair of the
connecting portions 11b and 11c¢ and the sley sword 11d
may be made separately to form a second unit. In this
case, the first and second units may be combined to-
gether into a single composite using bolts. Similarly,
each second composite member 12 is integrally molded
to form a single-piece unit including the balance shaft
12a, the pair of connecting portions 12b and 12c, and
the pair of sley swords 12d and 12e. Alternatively, the
balance shaft 12a and at least one of the pair of con-
necting portions 12b and 12c and the pair of sley swords
12d and 12e may be integrally molded to form a first
unit, and the remaining one of the pair of connecting por-
tions 12b and 12¢ and the pair of sley swords 12d and
12e may be made separately to form a second unit. In
this case, the first and second units may be combined
together into a single composite using bolts.

[0050] Furthermore, although not integrally molded in
the above embodiments, the composite members 11
and 12 and the rocking shafts 7 and 9 may alternatively
be formed in an integrally molded manner. Examples of
such a structure will be described below in detail with
reference to a fifth embodiment shown in Fig. 15 and a
sixth embodiment shown in Fig. 6.

[0051] According to the fifth embodiment shown in
Fig. 15, a pair of first composite members 61 is provided.
Each first composite member 61 is formed by casting
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iron into a casting mold to form a single-piece unit in-
cluding a pair of rocking shafts 61i, 61j disposed distant
from each other; a balance shaft 61a disposed between
the two rocking shafts 61i, 61j; a pair of connecting por-
tions 61b, 61c for respectively connecting the two lon-
gitudinal ends of the balance shaft 61a with the ends of
the rocking shafts 61i, 61j; and a sley sword 61d extend-
ing from the balance shaft 61a towards the reed 5.
[0052] Furthermore, a second composite member 62
is connected with the two first composite members 61
via a pair of sley swords 63. Like the first composite
members 61, the second composite member 62 is
formed by casting iron into a casting mold to form a sin-
gle-piece unit including a pair of rocking shafts 62i, 62j
disposed distant from each other; a balance shaft 62a
disposed between the two rocking shafts 62i, 62j; and
a pair of connecting portions 62b, 62c for respectively
connecting the two longitudinal ends of the balance
shaft 62a with the ends of the rocking shafts 62i, 62].
[0053] The rocking shaft 61j of the first composite
member 61 on the left side of the drawing and the rock-
ing shaft 62i of the second composite member 62 are
connected with each other via the corresponding sley
sword 63 so as to define a single rocking-shaft assem-
bly. Similarly, the rocking shaft 61j of the first composite
member 61 on the right side of the drawing and the rock-
ing shaft 62 of the second composite member 62 are
connected with each other via the corresponding sley
sword 63 so as to define a single rocking-shaft assem-
bly. Consequently, two sets of rocking-shaft assemblies
are provided. Thus, each rocking shaft 61j defines a first
segment of one of the rocking-shaft assemblies, and the
corresponding one of the rocking shafts 62i and 62j de-
fines a second segment of the rocking-shaft assembly.
Consequently, the first composite members 61 and the
second composite member 62 form an integrated struc-
ture including a balance shaft, a pair of connecting por-
tions, and a pair of rocking shafts disposed distant from
each other.

[0054] Like the first embodiment shown in Fig. 6, the
balance shafts 61a and 62a of the respective first com-
posite members 61 and second composite member 62
are substantially elliptic in cross-section. Specifically,
the length of the cross-sectional ellipsoid in the rocking
direction is greater than the width of the cross-sectional
ellipsoid in the direction perpendicular to the rocking di-
rection and parallel to the imaginary line extending
through the axis of rocking motion 19 and the center of
mass 20 of the balance shaft 11a. This allows the rock-
ing-direction flexural-rigidity to be greater than the flex-
ural-rigidity in the direction perpendicular to the rocking
direction.

[0055] According to the sixth embodiment shown in
Fig. 16, a pair of first composite members 71 is provided.
Each first composite member 71 is formed by casting
iron into a casting mold to form a single-piece unit in-
cluding a balance shaft 71a; a connecting portion 71b
disposed adjacent to an end of the balance shaft 71a;
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and a rocking shaft 71i.

[0056] Furthermore, a pair of second composite
members 72 is provided. The second composite mem-
bers 72 are connected with the first composite members
71 via sley swords 73. Like the first composite members
71, each second composite member 72 is formed by
casting iron into a casting mold to form a single-piece
unit including balance shafts 72aa, 72ab disposed re-
spectively at the two longitudinal ends of the second
composite member 72; connecting portions 72c, 72b re-
spectively disposed adjacent to ends of the balance
shafts 72aa, 72ab; and a rocking shaft 72i. Furthermore,
a pair of intermediate supporting units 80 is provided for
rotatably supporting the corresponding rocking shafts
72i. The intermediate supporting units 80 are each pro-
vided with a shaft bearing of a two-body type, that is, a
half-cut metal type.

[0057] The balance shaft 71a of each first composite
member 71 and the balance shaft 72aa of one of the
second composite members 72 are connected with
each other via one of the sley swords 73 so as to define
a single first balance-shaft assembly. This means that
two first balance-shaft assemblies are provided. Each
first balance-shaft assembly is disposed between a cor-
responding set of the rocking shafts 71i and 72i dis-
posed distant from each other. Since each first balance-
shaft assembly is defined by the balance shaft 71a, the
balance shaft 72aa, and the sley sword 73 for connect-
ing the two shafts, the balance shaft 71a defines a first
segment of the balance-shaft assembly including a first
end of the balance-shaft assembly, and the balance
shaft 72aa defines a second segment of the balance-
shaft assembly including a second end of the balance-
shaft assembly. Consequently, each of the first compos-
ite members 71 is a single-piece unit which includes the
first segment of one of the first balance-shaft assem-
blies, i.e. the balance shaft 71a; the connecting portion
71b disposed adjacent to an end of the first segment of
the balance-shaft assembly; and the rocking shaft 71i.
[0058] The two second composite members 72 are
disposed distant from each other. This means that the
rocking shafts 72i, 72i of the two respective second com-
posite members 72 are disposed distant from each oth-
er. Between the two rocking shafts 72i, 72i are disposed
the two balance shafts 72ab, 72ab of the second com-
posite members 72 and a balance shaft 74. The balance
shaft 74 is connected between the two balance shafts
72ab, 72ab via two of the sley swords 73 so as to define
a single second balance-shaft assembly. In other words,
the second balance-shaft assembly is defined by the
balance shaft 74 occupying the intermediate portion of
the second balance-shaft assembly; one of the balance
shafts 72ab including a first end of the second balance-
shaft assembly; the other balance shaft 72ab including
a second end of the second balance-shaft assembly;
and the two sley swords 73 for connecting the shafts.
Accordingly, each of the second composite members 72
is a single-piece unit which includes one rocking shaft,
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a first balance shaft including an end of one of the first
balance-shaft assemblies; a second balance shaft in-
cluding an end of the second balance-shaft assembly;
and a pair of connecting portions. In detail, the single-
piece unit of each second composite member 72 in-
cludes the rocking shaft 72i; the balance shafts 72aa
and 72ab respectively disposed adjacent to the two op-
posite longitudinal ends of the rocking shaft 72i, and re-
spectively including an end of the corresponding first
balance-shaft assembly and an end of the second bal-
ance-shaft assembly; and the connecting portions 72b
and 72c respectively disposed at the two longitudinal
ends of the rocking shaft 72i.

[0059] The balance shafts 71a of the first composite
members 71 and the balance shafts 72aa and 72ab of
the second composite members 72 are substantially el-
liptic in cross-section as shown in Fig. 6 and are thus
non-circular in cross-section, except for the end seg-
ments of the shafts extending through the sley swords
73, which are circular in cross-section. Thus, the rock-
ing-direction flexural-rigidity is set greater than the flex-
ural-rigidity in the direction perpendicular to the rocking
direction.

[0060] The balance shaft 74 connecting the two sec-
ond composite members 72 disposed distant from each
other is formed by a drawing process and is circular in
cross-section. Alternatively, the balance shaft 74 may
be formed by casting or forging, and moreover, may be
formed into a non-circular shape in cross-section such
that the rocking-direction flexural-rigidity is set greater
than the flexural-rigidity in the direction perpendicular to
the rocking direction.

[0061] The technical scope of the present invention is
not limited to the above embodiments, and modifica-
tions are permissible within the scope and spirit of the
present invention.

Claims
1. A beating device (50) for a loom comprising:

a plurality of rocking shafts (7, 9, 61i, 61j, 62i,
62j, 71i, 72i) disposed distant from each other
in a width direction of cloth to be woven by the
loom;

a balance shaft (11a, 12a, 61a, 62a, 71a, 72aa,
72ab, 74) disposed farther away from a reed
(5) than the rocking shafts and extending in said
width direction, the balance shaft being dis-
posed between the neighboring rocking shafts;
a pair of connecting portions (11b and 11c, 12b
and 12c, 61b and 61c, 62b and 62c, 71b and
72c, 72b and 72b) for respectively connecting
two opposite ends of the balance shaft with
ends of the neighboring rocking shafts; and

a plurality of sley swords (8, 11d, 12d, 12e, 61d,
63, 73),
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the beating device (50) characterized in that:

at least one of opposite end-segments of
the balance shaft is formed integrally with
at least one of the connecting portions and/
or at least one of the sley swords to define
an integrally molded unit.

The beating device (50) according to Claim 1,
wherein the integrally molded unit is formed by in-
tegrally molding said at least one of the opposite
end-segments of the balance shaft, said at least
one of the connecting portions, and at least one of
the rocking shafts disposed adjacent to the corre-
sponding connecting portion.

The beating device (50) according to one of Claims
1 and 2, wherein the integrally molded unit is com-
posed of cast iron or cast steel.

The beating device (50) according to one of Claims
1 and 3, wherein the balance shaft is non-circular
in cross-section such that a rocking-direction flexu-
ral-rigidity of the balance shaftis greater than a flex-
ural-rigidity of the balance shaft in a direction per-
pendicular to a rocking direction.

The beating device (50) according to Claim 4,
wherein the balance shaft is either rectangular,
oval, or substantially elliptic in cross-section such
that a cross-sectional dimension of the balance
shaft in the rocking direction is longer than that in
the direction perpendicular to the rocking direction.

The beating device (50) according to Claim 4,
wherein the balance shaft is either trapezoidal or
fan-shaped in cross-section,

wherein, if the balance shaft is trapezoidal in
cross-section, a side of the balance shaft distant
from the reed is set longer than a side of the balance
shaft closer to the reed, and the rocking-direction
flexural-rigidity is thus set greater than the flexural-
rigidity in the direction perpendicular to the rocking
direction, and

wherein, if the balance shaft is fan-shaped in
cross-section, a side of the balance shaft distant
from the reed forms a circular-arc substantially
around an axis of rocking motion being the center
of curvature and is thus set longer than a side of the
balance shaft closer to the reed, and the rocking-
direction flexural-rigidity is thus set greater than the
flexural-rigidity in the direction perpendicular to the
rocking direction.

The beating device (50) according to Claim 4,
wherein the balance shaft is substantially U-shaped
in cross-section such that a central portion of a side
of the balance shaft closer to the reed is depressed,
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and the rocking-direction flexural-rigidity is thus set
greater than the flexural-rigidity in the direction per-
pendicular to the rocking direction.
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