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(54) Tension detection apparatus for loom

(57) A tension detection apparatus for a loom in-
cludes a tension detection roller (1) that extends in a
weaving-width direction between a pair of loom frames
(F) and around which warp yarns (T) or a woven cloth is
wound, a tension detection lever (3) provided on at least
one of the loom frames (F) and connected to an end
portion of the tension detection roller (1) so as to support
the end portion, and a tension detector (5) connected to
the tension detection lever (3). The tension detection le-
ver (3) includes a base portion (3a) and an arm portion

(3c). The base portion (3a) is rotatably supported on the
at least one of the loom frames (F) by means of a first
shaft (7) that is parallel to the tension detection roller (1).
The arm portion (3c) extends from the base portion (3a)
and supports a second shaft (9) that supports the tension
detection roller (1). The second shaft (9) extends in the
weaving-width direction and is supported by the at least
one of the loom frames (F), on which the tension detection
lever (3) is supported, at a position different in the weav-
ing-width direction from a position at which the second
shaft (9) is supported by the tension detection lever (3).
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a tension de-
tection apparatus for a loom, the tension detection ap-
paratus including a tension detection roller, a tension de-
tection lever, and a tension detector. The tension detec-
tion roller extends in a weaving-width direction between
a pair of loom frames arranged with a gap therebetween
in the weaving-width direction, and warp yarns or a woven
cloth is wound around the tension detection roller. The
tension detection lever is provided on at least one of the
loom frames and connected to an end portion of the ten-
sion detection roller so as to support the end portion. The
tension detector is connected to the tension detection
lever. The tension detection lever includes a base portion
and an arm portion. The base portion is rotatably sup-
ported on the at least one of the loom frames by means
of a first shaft that is parallel to the tension detection
roller. The arm portion extends from the base portion and
supports a second shaft that supports the tension detec-
tion roller.

2. Description of the Related Art

[0002] Japanese Unexamined Patent Application Pub-
lication No. 2008-019516 (hereinafter referred to as Pat-
ent Document 1) discloses an example of the above-de-
scribed tension detection apparatus for a loom. The ten-
sion detection apparatus disclosed in Patent Document
1 detects a tension of warp yarns let off from a let-off
beam by using a tension roller around which the warp
yarns are wound. The tension roller according to Patent
Document 1 corresponds to a tension detection roller ac-
cording to the present invention.
[0003] The structure of the tension detection apparatus
disclosed in Patent Document 1 will now be described in
detail. The tension detection apparatus includes tension
detection levers that are supported on respective loom
frames at the left and right sides of the loom by means
of support shafts. Each tension detection lever is rotata-
bly supported on the corresponding loom frame at a boss
portion (base portion) thereof with a bearing interposed
between the tension detection lever and the loom frame.
The tension detection lever includes two arm portions
that extend from both sides of the boss portion at certain
angles. A load cell, which serves as a tension detector,
is connected to an end portion of one of the two arm
portions. The load cell is supported by the corresponding
loom frame at one end thereof, and is connected to the
arm portion of the tension detection lever at the other end
thereof. Therefore, the angular position (phase) of the
tension detection lever, which is rotatably supported by
the support shaft, around the support shaft is fixed (main-
tained) by the load cell.

[0004] A tension lever is rotatably connected to the oth-
er one of the two arm portions of the tension detection
lever with a shaft member and a bearing fitted to the shaft
member interposed therebetween. The tension lever is
connected to the tension detection lever at one end there-
of, supports the tension roller at an intermediate position
thereof, and is connected to an easing rod of an easing
mechanism at the other end thereof. The easing rod is
connected to the tension lever at one end (first end) there-
of, and is supported in a vertically rotatable manner at
the other end (second end) thereof by the loom frame or
a drive device that is fixed to the loom frame and actively
drives the easing rod in the front-rear direction. In other
words, the easing rod is supported at the second end
thereof such that the easing rod is rotatable with respect
to the loom frame, and the position of the easing rod is
regulated by the tension lever at the first end of the easing
rod.
[0005] In the tension detection apparatus disclosed in
Patent Document 1 that has the above-described struc-
ture, a load applied to the tension roller owing to the ten-
sion of the warp yarns is applied to the tension detection
lever through the shaft member as a force that tries to
rotate the tension detection lever around the support
shaft. The force is applied to the load cell as a tensile
load, and the load cell detects the load. Thus, the tension
of the warp yarns is detected.
[0006] The tension detection apparatus for a loom ac-
cording to the related art, such as the above-described
apparatus having the structure disclosed in Patent Doc-
ument 1, has low support rigidity, and therefore has the
following structural problem. That is, when, for example,
the tension of an object to be detected, which is warp
yarns or a woven cloth, is high according to the settings,
a high load is applied to the tension detection lever. In
such a case, there is a risk that the tension detection
apparatus (in particular, the tension detector) will be dam-
aged.
[0007] More specifically, in the structure of the related
art disclosed in Patent Document 1, the tension detection
lever receives not only the load applied to the tension
detection roller owing to the tension of the object to be
detected but also the weight loads of the tension detec-
tion roller and the lever (the tension lever in Patent Doc-
ument 1) that supports the tension detection roller. These
loads are all applied to one of the arm portions of the
tension detection lever, and the tension detection lever
receives the loads as the above-described force in the
rotation direction. The force is received by the load cell
that is connected to the other one of the arm portions and
supported by the loom frame. Thus, all of the above-de-
scribed loads are received by the load cell. In addition,
in the case where the tension roller, which serves as the
tension detection roller, is configured to perform an eas-
ing motion as in Patent Document 1, the load cell also
receives repeated load that is generated when the ten-
sion roller and the tension lever are reciprocated in each
cycle of the loom.
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[0008] An S-shaped load cell, such as the load cell
disclosed in Patent Document 1, is generally used in a
tension detection apparatus for a loom. The load cell in-
cludes a load cell body, connecting rods attached to the
load cell body at the ends thereof in the direction of load,
and bearings (spherical bearings) attached to the end
portions of the connecting rods. The load cell is connect-
ed to each of the loom frame and the tension detection
lever with one of the connecting rods and one of the bear-
ings interposed therebetween. Thus, the above-de-
scribed loads are supported by the connecting rods.
However, the connecting rods are shaft members having
a diameter that is smaller than the thickness of the load
cell body. Therefore, when a high tension is applied to
the object to be detected and a high load is applied to
the connecting rods accordingly, or when the repeated
load generated by the easing motion of the tension de-
tection roller is applied to the connecting rods, there is a
risk that the connecting rods will be damaged or break
after a long period of use.

SUMMARY OF THE INVENTION

[0009] In light of the above-described problems of the
apparatus according to the related art, an object of the
present invention is to provide a structure that is appli-
cable to the tension detection apparatus for a loom de-
scribed at the beginning of this specification and with
which the overall support rigidity of the apparatus can be
increased and damage of the apparatus can be made as
small as possible.
[0010] To achieve the above-described object, the
present invention is applied to the tension detection ap-
paratus for a loom described at the beginning of this spec-
ification, and is characterized in that the second shaft
extends in the weaving-width direction and is supported
by the at least one of the loom frames, on which the ten-
sion detection lever is supported, at a position different
in the weaving-width direction from a position at which
the second shaft is supported by the tension detection
lever.
[0011] The tension detection apparatus for a loom ac-
cording to the present invention may be used as an ap-
paratus (warp tension detection apparatus) that detects
a tension of warp yarns let off from a let-off beam at a
let-off side of a loom. In other words, a tension roller
around which the warp yarns are wound and which per-
forms an easing motion for reducing variation in tension
of the warp yarns during shedding motion may be used
as the tension detection roller. In this case, the tension
roller may be supported by the second shaft with a sup-
port lever interposed therebetween and perform the eas-
ing motion with an axial center of the second shaft serving
as a swing center.
[0012] In the case where the present invention is ap-
plied to the warp tension detection apparatus at the let-off
side, the second shaft may be rotatably supported by the
tension detection lever with a first bearing interposed

therebetween, and be rotatably supported by the at least
one of the loom frames with a second bearing interposed
therebetween. In addition, an easing mechanism that
causes the tension roller to perform the easing motion
may be connected to the second shaft at a side opposite
to the position at which the second shaft is supported by
the tension detection lever with respect to a position at
which the second shaft is supported by the least one of
the loom frames in the weaving-width direction. In addi-
tion, in this case, the second shaft may be supported by
the tension detection lever at a tension-roller side of the
position at which the second shaft is supported by the at
least one of the loom frames, and the easing mechanism
may be connected to the second shaft at a side opposite
to the tension-roller side of the position at which the sec-
ond shaft is supported by the at least one of the loom
frames.
[0013] According to the present invention, the second
shaft, which supports the tension detection roller and is
supported by the arm portion of the tension detection
lever, is supported by the loom frame, on which the ten-
sion detection lever is supported, at one or more positions
that are different in the axial direction of the second shaft
from the position at which the second shaft is supported
by the tension detection lever. Therefore, the angular po-
sition (position in the rotating direction) of the tension
detection lever, which is rotatably supported on the loom
frame by means of the first shaft, around the first shaft
is regulated with respect to the loom frame not only by
the load cell but also by the second shaft. Therefore,
compared to the structure of the related art in which the
load in the rotating direction applied to the tension de-
tection lever is received only by the load cell, the overall
support rigidity of the apparatus is increased and the load
applied to the tension detector is reduced. As a result,
the risk that the tension detection apparatus, in particular,
the support portion (connecting rod) of the tension de-
tector will be damaged can be made as low as possible.
[0014] Since the overall support rigidity of the appara-
tus is increased, vibration of the tension detection appa-
ratus due to vibration of the loom in the weaving operation
is suppressed. Accordingly, the load (disturbance load)
applied to the tension detector owing to the vibration of
the tension detection apparatus can be reduced. As a
result, the S/N ratio of the tension detection signal ob-
tained by the tension detector is increased and the ten-
sion can be appropriately detected while the load applied
to the tension detector is reduced.
[0015] With regard to the tension detection apparatus
for a loom according to the related art, it has been con-
sidered that the second shaft that supports the tension
detection roller and that is supported by the arm portion
of the tension detection lever must not be supported by
the loom frame and must be movable with respect to the
loom frame, as disclosed in Patent Document 1. More
specifically, it has been commonly considered that the
load applied to the tension detection roller owing to the
tension of the object to be detected cannot be transmitted
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to the load cell if the load is securely supported on the
loom frame or the like.
[0016] However, the inventors of the present invention
have conducted an intensive study and arrived at the
following new idea. That is, even if the shaft is securely
supported as described above, when the load is applied
to the shaft at a position different from the support position
thereof, the shaft is bent with the support position serving
as the fulcrum, so that the force based on the load can
be transmitted to a position different from the support
position or from the position at which the load is applied.
From this viewpoint, even when a part of the second shaft
is supported on the loom frame, the load that tries to bend
the second shaft is applied to the tension detection lever,
and is transmitted to the tension detector. The present
invention has been made on the basis of this new idea,
and provides a new structure that cannot be arrived at
from common general technical knowledge. Even when
the shaft is securely supported on a structural body such
as a frame, the support body is at least slightly bent (de-
formed) when the load is applied to the shaft. It is not
possible that the amount of bending is zero from the view-
point of mechanics of materials. As a result, the shaft is
bent. Therefore, even when the tension detection lever
is connected to the shaft at the side opposite to the ten-
sion-detection-roller side of the support position of the
shaft, the load is applied to the tension detector and the
tension can be detected.
[0017] The structure of the tension detection apparatus
according to the present invention can be effectively ap-
plied to a warp tension detection apparatus at a let-off
side of a loom, the warp tension detection apparatus de-
tecting the tension of the warp yarns by using a tension
roller that performs an easing motion. In the above-de-
scribed warp tension detection apparatus, the tension
roller performs the easing motion in which the tension
roller reciprocates in each cycle of the loom. Therefore,
as described above, not only the load due to the tension
of the warp yarns and the weight load of the tension roller
but also the repeated load due to the inertia during the
reciprocating movement and the urging force applied by
the drive device is applied to the tension detector through
the tension detection lever. Therefore, compared to the
tension detection apparatus in which the tension detec-
tion roller is used in a stationary state, a larger load is
applied to the support portion of the tension detector. As
a result, there is a risk that the tension detection appa-
ratus will be damaged in a shorter time. Accordingly, the
advantages of the present invention are more effective
when the present invention is applied to the warp tension
detection apparatus at the let-off side.
[0018] In the case where the present invention is ap-
plied to the above-described warp tension detection ap-
paratus at the let-off side, the easing mechanism that
causes the tension roller to perform the easing motion
may be connected to the second shaft at the side oppo-
site to the position at which the second shaft is supported
by the tension detection lever with respect to the position

at which the second shaft is supported by the loom frame.
In other words, the tension detection mechanism includ-
ing the tension detection lever that supports the second
shaft that receives the load and the tension detector and
the easing mechanism that causes the tension roller to
perform the easing motion may be arranged at either side
of the position at which the second shaft is supported by
the loom frame in the axial direction of the second shaft.
Accordingly, the load (disturbance load) applied to the
tension detector owing to the movement of the easing
mechanism can be reduced. As a result, not only can the
above-described damage can be suppressed by reduc-
ing the total load applied to the tension detector, but the
disturbance component other than the load due to the
tension of the warp yarns in the total load can be reduced.
Therefore, the S/N ratio of the tension detection signal
can be further increased and the tension detection can
be more effectively performed.
[0019] In particular, the position at which the second
shaft is supported by the tension detection lever may be
on the tension-roller side of the position at which the sec-
ond shaft is supported by the loom frame, and the easing
mechanism may be connected to the second shaft at the
side opposite to the tension-roller side of the position at
which the second shaft is supported by the loom frame.
In other words, the tension detection mechanism may be
connected to the second shaft at a position closer to the
tension roller than the position at which the second shaft
is supported by the loom frame. In such a case, the per-
centage of the load due to the tension of the warp yarns
in the total load applied to the tension detector can be
increased. As a result, the S/N ratio of the tension detec-
tion signal can be further increased.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

Fig. 1 is a plan view of a tension detection apparatus
for a loom according to an embodiment of the present
invention;
Fig. 2 is a side view of the main part of the tension
detection apparatus for a loom according to the em-
bodiment of the present invention;
Fig. 3 is a partially sectioned plan view of the main
part of the tension detection apparatus for a loom
according to the embodiment of the present inven-
tion;
Fig. 4 is a schematic perspective view of the tension
detection apparatus for a loom according to the em-
bodiment of the present invention;
Figs. 5A and 5B are a side view and a partially sec-
tioned plan view, respectively, of the main part of a
tension detection apparatus for a loom according to
another embodiment of the present invention; and
Figs. 6A and 6B are side views of tension detection
apparatuses for looms according to other embodi-
ments of the present invention.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0021] A tension detection apparatus for a loom ac-
cording to an embodiment of the present invention will
now be described with reference to Figs. 1 to 4. In this
embodiment, the tension detection apparatus of the
present invention is used as a warp tension detection
apparatus at a let-off side of a loom, as described above.
A plurality of warp yarns are drawn out from a warp beam
in the form of a sheet and are wound around a tension
roller, which serves as a tension detection roller. The
tension roller is connected to an easing mechanism and
is caused to swing in a reciprocating manner in the front-
rear direction (direction in which the warp yarns extend)
in each cycle of the loom. In the following description, for
each component, the side that faces the center of the
loom in the weaving-width direction is referred to as an
inner side, and the side opposite to the inner side is re-
ferred to as an outer side.
[0022] Referring to Figs. 1 to 4, the warp tension de-
tection apparatus according to the present embodiment
includes a tension roller 1 that serves as a tension de-
tection roller, tension detection levers 3, and load cells 5
that serve as tension detectors. In the present embodi-
ment, the tension detection levers 3 and the load cells 5
are provided at either end of the tension roller 1 in the
weaving-width direction. The tension roller 1 includes
shaft portions 1a at the ends thereof and is supported at
the shaft portions 1a by respective loom frames F with
the tension detection levers 3 interposed therebetween.
Thus, the warp tension detection apparatus according to
the present embodiment includes a pair of tension de-
tection levers 3 supported by the respective loom frames
F that are arranged with a gap therebetween in the weav-
ing-width direction, and a pair of load cells 5 connected
to the respective tension detection levers 3. The struc-
tures of the warp tension detection apparatus at both
sides thereof in the weaving-width direction are similar
to each other except that they are symmetrical in the
weaving-width direction. Therefore, only the structure at
one side of the apparatus is illustrated in Figs. 2 to 4 and
will basically be described in detail in the following de-
scription.
[0023] In the illustrated example, the tension detection
lever 3 includes a cylindrical base portion 3a having a
through hole 3a1 that extends in the axial direction. In
the present embodiment, the tension detection lever 3
also includes two arm portions 3b and 3c that are formed
integrally with the base portion 3a so as to project from
an outer peripheral surface of the base portion 3a. The
two arm portions 3b and 3c are disposed on either side
of the axis of the through hole 3a1 and extend perpen-
dicular to the axis. The loom frame F includes a frame
body Fb and a support bracket Fa provided on the frame
body Fb. A first shaft 7 is provided on the support bracket
Fa of the loom frame F so as to project inward from an
inner end surface of the support bracket Fa and extend
parallel to the weaving-width direction. The tension de-

tection lever 3 is rotatably supported by the first shaft 7
at the base portion 3a thereof with a bearing, such as a
needle bearing, interposed between the tension detec-
tion lever 3 and the first shaft 7. The bearing includes an
outer ring that is fitted to the through hole 3a1 in the base
portion 3a and an inner ring that is fitted to a portion of
the first shaft 7 that projects from the support bracket Fa.
Thus, the tension detection lever 3 is supported by the
support bracket Fa, the first shaft 7, and the bearing fitted
to the first shaft 7 such that the tension detection lever 3
is rotatable with respect to the loom frame F. The loom
frame F, the first shaft 7, and the tension detection lever
3 may instead be connected such that the first shaft 7
and the tension detection lever 3 are not rotatable with
respect to each other and the first shaft 7 is supported
by the loom frame F (support bracket Fa) with a bearing
interposed therebetween.
[0024] The arm portion 3b, which is one of the two arm
portions 3b and 3c of the tension detection lever 3 that
extends downward, is connected to the load cell 5 at an
end thereof. The load cell 5 includes an S-shaped load
cell body 5a and connecting rods 5b attached to the load
cell body 5a at the ends thereof in the direction in which
the load is applied. One of the connecting rods 5b of the
load cell 5 is connected to the arm portion 3b of the ten-
sion detection lever 3 with a spherical bearing interposed
therebetween. The other one of the connecting rods 5b
is supported by the support bracket Fa with a spherical
bearing interposed therebetween. Thus, the tension de-
tection lever 3, which is rotatably supported by the loom
frame F (first shaft 7), is connected to the loom frame F
at the arm portion 3b thereof with the load cell 5 inter-
posed between the tension detection lever 3 and the loom
frame F. Accordingly, the phase of the tension detection
lever 3 around the axis of the first shaft 7 is fixed (main-
tained) by the load cell 5.
[0025] The arm portion 3c, which is one of the two arm
portions 3b and 3c of the tension detection lever 3 that
extends upward, includes a cylindrical end portion in the
illustrated example. A through hole 3c1 is formed in the
cylindrical end portion. A second shaft 9 is rotatably fitted
to the through hole 3c1 in the arm portion 3c with a bear-
ing Ba (Fig. 3), such as a needle bearing, interposed
therebetween. The bearing Ba serves as a first bearing.
In other words, the second shaft 9 is rotatably supported
by the arm portion 3c of the tension detection lever 3 with
the bearing Ba interposed therebetween. The bearing Ba
includes an inner ring that is fitted to the outer peripheral
surface of the second shaft 9 and an outer ring that is
fitted to the through hole 3c1 in the arm portion 3c of the
tension detection lever 3. As described above, the phase
of the tension detection lever 3 around the axis of the
first shaft 7 is fixed (maintained) by the load cell 5. There-
fore, the position of the through hole 3c1 in the tension
detection lever 3 that supports the second shaft 9 around
the axis of the first shaft 7 is also fixed.
[0026] The second shaft 9 is supported by the tension
detection lever 3 at the inner end thereof, and extends
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outward in the weaving-width direction from the support
position thereof. A tension lever 11, which serves as a
support lever, is fixed to the second shaft 9 at a position
outside the position at which the second shaft 9 is sup-
ported by the tension detection lever 3 and between the
tension detection lever 3 and the support bracket Fa. In
the illustrated example, the second shaft 9 extends only
outward from the position at which the second shaft 9 is
supported by the tension detection lever 3, and the ten-
sion lever 11 is fixed to the second shaft 9 at a position
outside the tension detection lever 3. However, the sec-
ond shaft 9 may also extend inward from the support
position thereof, and the tension lever 11 may be fixed
to the second shaft 9 at a position inside the tension de-
tection lever 3.
[0027] The tension lever 11 includes two end portions
having respective through holes. One of the end portions
has a split clamping structure in which a slot that com-
municates with the through hole is formed at the rim and
the diameter of the through hole can be reduced by fas-
tening bolts 11a. The end portion of the tension lever 11
having the split clamping structure is fixed to the second
shaft 9 such that the tension lever 11 is at a predeter-
mined angle (approximately 90° in the illustrated exam-
ple) with respect to the arm portion 3c of the tension de-
tection lever 3.
[0028] The other one of the end portions of the tension
lever 11 has a bearing fitted to the through hole thereof,
and the corresponding shaft portion 1a of the tension
roller 1 is fitted to the end portion with the bearing inter-
posed therebetween. Thus, the shaft portions 1a at the
ends of the tension roller 1 are supported by the respec-
tive second shafts 9 with the tension levers 11 interposed
therebetween. The phases of the tension detection levers
3, which are provided on the left and right loom frames
F, around the first shafts 7 are fixed by the respective
load cells 5 so that the through holes 3c1 in the arm por-
tions 3c coincide with each other in side view. Therefore,
the axial centers of the second shafts 9 provided on the
respective loom frames F also coincide with each other
in side view. The tension levers 11 are fixed to the re-
spective second shafts 9 so that the tension levers 11
are at the same angle with respect to the respective ten-
sion detection levers 3 on the loom frames F at both sides.
Therefore, the tension roller 1 is supported by the tension
levers 11 so as to extend parallel to the first shafts 7 and
the second shafts 9.
[0029] A plurality of warp yarns T that are drawn out
from a warp beam (not shown) in the form of a sheet and
guided by a guide roller GR are wound around the tension
roller 1. The load applied to the tension roller 1 owing to
the tension of the warp yarns T is applied to the load cells
5 through the tension levers 11, the second shafts 9, and
the tension detection levers 3. The load cells 5 detect the
load applied thereto, and thus the tension of the warp
yarns T is measured.
[0030] The warp tension detection apparatus accord-
ing to the present embodiment has the above-described

basic structure. In this apparatus, each second shaft 9,
which is supported by the corresponding tension detec-
tion lever 3 and supports the tension roller 1, is supported
also by the loom frame F, on which the tension detection
lever 3 is supported, at a position different from the po-
sition at which the second shaft 9 is supported by the
tension detection lever 3. This will be described in more
detail.
[0031] As illustrated in Fig. 3, the second shaft 9 ex-
tends outward from the position at which it is supported
by the tension detection lever 3. In the illustrated exam-
ple, the second shaft 9 extends to a position outside the
loom frame F. The support bracket Fa of the loom frame
F has a through hole Fa1 at a position where the central
axis of the through hole Fa1 substantially coincides with
the central axis of the through hole 3c1 in the arm portion
3c of the tension detection lever 3. The second shaft 9
is inserted through the through hole Fa1 in the support
bracket Fa and is fitted to a bearing Bb that is fitted an
outer end portion of the through hole Fa1. The bearing
Bb serves as a second bearing. The second shaft 9 is
supported by the support bracket Fa with the bearing Bb
interposed therebetween at the outer end of the second
shaft 9 in the extending direction thereof. Thus, the sec-
ond shaft 9 is supported by the tension detection lever 3
with the bearing Ba (first bearing) interposed therebe-
tween at an end of a portion of the second shaft 9 that
projects inward from the loom frame F (support bracket
Fa), and is also supported by the loom frame F (support
bracket Fa) with the bearing Bb (second bearing) inter-
posed therebetween at a position near the outer end of
the loom frame F in the weaving-width direction.
[0032] As described above, in the warp tension detec-
tion apparatus according to the present embodiment, the
second shaft 9, which is supported by the tension detec-
tion lever 3 and supports the tension roller 1, is supported
at two different positions, that is, positions near one and
the other ends of the second shaft 9 in the extending
direction thereof (axial direction). In other words, the ten-
sion detection lever 3 is supported at two positions, which
are the position at which the tension detection lever 3 is
supported by the first shaft 7 and the position at which
the second shaft 9 is inserted through the tension detec-
tion lever 3. Thus, the warp tension detection apparatus
includes the support structure in which the second shaft
9, which supports the tension roller 1 that serves as the
tension detection roller, and the tension detection lever
3, which is included in a tension detection mechanism,
are supported by the loom frame F in the above-de-
scribed manner. Therefore, the overall support rigidity of
the loom frame F of the apparatus is increased, and the
risk of damage of the apparatus can be reduced com-
pared to that of the apparatus of the related art. In addi-
tion, since the overall support rigidity of the apparatus is
increased, vibration of the tension detection apparatus
due to vibration of the loom in the weaving operation can
be suppressed, and the influence of load (disturbance
load) caused by the vibration on the tension detection
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operation can be reduced.
[0033] In the warp tension detection apparatus of the
present embodiment, an easing mechanism 13, which
causes the tension roller 1 to perform an easing motion,
is connected to the second shaft 9 at a position outside
the loom frame F, more specifically, at a position outside
the position at which the second shaft 9 is supported by
the loom frame F (support bracket Fa). This will be de-
scribed in more detail.
[0034] As described above, the second shaft 9 is
formed so as to project outward from the loom frame F
(support bracket Fa). In other words, the length of the
second shaft 9 is such that the second shaft 9 extends
from the position at which it is supported by the tension
detection lever 3 to a position outside the loom frame F.
A portion of the second shaft 9 that projects from the
loom frame F is connected to an easing lever 13a of the
easing mechanism 13. The easing lever 13a is connected
to the second shaft 9 such that the easing lever 13a ex-
tends vertically, and is fixed to the second shaft 9 by a
split clamping structure formed at the top end of the eas-
ing lever 13a. The bottom end of the easing lever 13a is
connected to a first end of an easing rod 13b with a bear-
ing, such as a spherical bearing, interposed therebe-
tween. The easing rod 13b extends in the front-rear di-
rection, which is the direction in which the warp yarns T
extend from the tension roller 1 to the cloth fell.
[0035] A second end of the easing rod 13b is connected
to a drive device (not shown) that reciprocates the easing
rod 13b in the front-rear direction. The drive device is,
for example, a crank-type drive device including a drive
shaft and a crank lever. The drive shaft is supported by
the loom frame F and rotated by a main shaft of the loom
that serves as a drive source. The crank lever is attached
to the drive shaft and connected to the second end of the
easing rod 13b at a position displaced from the axial cent-
er of the drive shaft. When the drive device reciprocates
the easing rod 13b in the front-rear direction, the easing
lever 13a swings around the axial center of the second
shaft 9 in a reciprocating manner. Accordingly, the sec-
ond shaft 9, to which the easing lever 13a is fixed, rotates
in a reciprocating manner within an angle range that cor-
responds to the amount by which the easing lever 13a
swings. As a result, the tension lever 11, which is fixed
to the second shaft 9 at one end thereof, swings around
the axial center of the second shaft 9 in a reciprocating
manner, thereby causing the tension roller 1, which is
supported by the tension lever 11 at the other end thereof,
to perform the easing motion.
[0036] Thus, the tension detection lever 3 and the eas-
ing mechanism 13 are connected to the second shaft 9
at the inner side (tension-roller side) and the outer side
(side opposite to the tension-roller side), respectively, of
the position at which the second shaft 9 is supported by
the loom frame F. In other words, the tension detection
mechanism, which includes the load cell 5 and the ten-
sion detection lever 3 that supports the second shaft 9
to which the load is applied, and the easing mechanism

13, which causes the tension roller 1 to perform the eas-
ing motion, are disposed at either side of the position at
which the second shaft 9 is supported by the loom frame
F. Therefore, the load that is applied to the second shaft
9 owing to the movement of the easing mechanism 13
and that serves as a disturbance component (distur-
bance load) in the total load applied to the load cell 5 is
received by the loom frame F. As a result, the disturbance
load applied to the load cell 5 can be reduced and the
signal-to-noise (S/N) ratio of a tension detection signal
output from the load cell 5 can be increased.
[0037] In particular, in the present embodiment, the
tension detection mechanism is disposed at the ten-
sion-roller-1 side of the position at which the second shaft
9 is supported by the loom frame F. Accordingly, the per-
centage of the load due to the tension of the warp yarns
T in the total load applied to the load cell 5 can be in-
creased. As a result, the S/N ratio of the tension detection
signal can be further increased. The above-described
easing mechanism 13 is an active easing mechanism in
which the easing rod 13b is connected to the drive device
and is actively reciprocated in the front-rear direction.
However, the easing mechanism 13 may instead be a
passive easing mechanism in which the easing rod 13b
is supported by the loom frame F with a spring interposed
therebetween.
[0038] In the above-described embodiment, the ten-
sion detection mechanism, which includes the load cell
5 and the tension detection lever 3 that supports the sec-
ond shaft 9 to which the load is applied, is provided on
each of the left and right loom frames F, and the warp
tension detection apparatus includes a pair of tension
detection levers 3 and a pair of load cells 5. However,
the warp tension detection apparatus may instead be
such that the tension detection mechanism is provided
on only one of the loom frames F. In this case, the tension
detection lever 3 is provided only at one of the ends of
the tension roller 1. At the other end of the tension roller
1, the second shaft 9 is supported only by the loom frame
F and the end portion of the tension roller 1 is supported
by the second shaft 9 with the tension lever 11 interposed
therebetween. In addition, in the present embodiment,
each of the tension detection levers 3 provided on the
left and right loom frames F is connected to the load cell
5. However, the load cell 5 may instead be connected to
the arm portion 3b of only one of the tension detection
levers 3 while the arm portions 3b of the tension detection
levers 3 are connected to each other at the ends thereof
with a connection rod.
[0039] Although a pair of second shafts 9 are support-
ed by the respective loom frames F at the left and right
sides of the loom in the present embodiment, a single
second shaft 9 that extends in the weaving-width direc-
tion may be used instead. In the case where a single
second shaft 9 that extends in the weaving-width direc-
tion is provided, the second shaft 9 can be supported at
least at three positions by the loom frames F at either
side of the loom and the tension detection lever 3. There-
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fore, the overall support rigidity of the apparatus can be
further increased. In the case where a single second shaft
9 that extends in the weaving-width direction is provided,
the apparatus may be structured such that the easing
mechanism 13 is provided on only one of the loom frames
F at both sides of the loom and is connected to one end
of the second shaft 9.
[0040] Furthermore, in the present embodiment, the
easing mechanism 13 is connected to the second shaft
9 at the outer side (side opposite to the tension-roller-1
side) of the support position at which the second shaft 9
is supported by the loom frame F, and the tension detec-
tion mechanism is connected to the second shaft 9 at the
inner side (tension-roller-1 side) of the support position.
However, the easing mechanism 13 may instead be con-
nected to the second shaft 9 at the inner side of the sup-
port position while the tension detection mechanism is
connected to the second shaft 9 at the outer side of the
support position. Alternatively, the easing mechanism 13
and the tension detection mechanism may both be con-
nected to the second shaft 9 at the inner side or the outer
side of the support position.
[0041] The position at which the tension roller 1 is sup-
ported by the second shaft 9, that is, the position at which
the tension lever 11 is supported by the second shaft 9,
is inside the loom frame F in the present embodiment.
However, the tension roller 1 may instead be supported
by the second shaft 9 at a position outside the loom frame
F. More specifically, the position at which the second
shaft 9 is supported by the tension detection lever 3 (po-
sition of the first bearing Ba), the position at which the
second shaft 9 supports the tension roller 1 (position at
which the tension lever 11 is fixed), and the position at
which the second shaft 9 is supported by the loom frame
F (position of the second bearing Bb) may be arranged
reversely to the arrangement in the present embodiment.
In other words, the position at which the second shaft 9
is supported by the loom frame F, the position at which
the second shaft 9 supports the tension roller 1, and the
position at which the second shaft 9 is supported by the
tension detection lever 3 may be arranged in that order
from the inner side in the weaving-width direction. The
position at which the second shaft 9 supports the tension
roller 1 may be located at the outermost position. In the
case where the tension roller 1 is supported outside the
loom frame F, it is necessary that the loom frame F (sup-
port bracket Fa) be shaped so as to allow the easing
motion of the tension roller 1.
[0042] In the present embodiment, the position at
which the easing mechanism 13 (easing lever 13a) is
connected to the second shaft 9 is different from the sup-
port position of the tension roller 1 (position at which the
tension lever 11 is connected to the second shaft 9).
When the easing mechanism 13 rotates the second shaft
9 in a reciprocating manner, the tension lever 11 swings
in a reciprocating manner, thereby causing the tension
roller 1 to perform the easing motion. However, alterna-
tively, as illustrated in Figs. 5A and 5B, the easing mech-

anism may be connected to the tension lever 11 so as
to directly swing the tension lever 11 in a reciprocating
manner without the second shaft 9 interposed therebe-
tween. Fig. 5A illustrates a warp tension detection appa-
ratus viewed through a support bracket Fa from the inside
of a loom frame F. Fig. 5B is a partially sectioned plan
view of Fig. 5A in which parts including the part at which
the second shaft 9 is supported by the support bracket
Fa are sectioned.
[0043] The structure of Figs. 5A and 5B will be de-
scribed in more detail. In the illustrated structure, a ten-
sion lever 11’ includes a support portion 11b that supports
a tension roller 1 and an extending portion 11c that ex-
tends downward from the support portion 11b (see Fig.
5A). The support portion 11b corresponds to the tension
lever 11 in the example of Figs. 1 to 4. The tension lever
11’ is connected to an easing rod 13b of an easing mech-
anism at the bottom end of the extending portion 11c. In
the structure illustrated in Figs. 5A and 5B, the extending
portion 11c of the tension lever 11’ corresponds to the
easing lever 13a in the example illustrated in Figs. 1 to
4. In this structure, the easing mechanism is arranged
on the same side (outer side in the example illustrated
in Figs. 5A and 5B) of the loom frame F as the position
at which the second shaft 9 supports the tension roller
1. In addition, the tension lever and the easing lever are
integrated together.
[0044] As illustrated in Fig. 5B, the second shaft 9,
which is supported by a tension detection lever 3 and
supports the tension lever 11’, extends inward from the
position at which the second shaft 9 is supported by the
tension detection lever 3 in the weaving-width direction.
The second shaft 9 is supported by the support bracket
Fa with a bearing (needle bearing Bc in the illustrated
example) interposed therebetween at the position of the
loom frame F in the weaving-width direction. In the illus-
trated structure, the second shaft 9 is rotatably supported
by the tension detection lever 3 with a bearing metal Bd
interposed therebetween, and supports the tension lever
11’ in a non-rotatable manner.
[0045] In the structure illustrated in Figs. 5A and 5B,
the second shaft 9 may be non-rotatable if the tension
lever 11’ is supported in a manner such that the tension
lever 11’ is rotatable with respect to the second shaft 9.
In such a case, the second shaft 9 may be non-rotatably
supported by the loom frame F. In the case where the
second shaft 9 is non-rotatably supported by the loom
frame F, the second shaft 9 and the tension detection
lever 3 may be connected to each other such that they
are not rotatable with respect to each other.
[0046] In the above-described embodiment, the ten-
sion detection apparatus for a loom according to the
present invention is used as a warp tension detection
apparatus at a let-off side of a loom in which the tension
detection roller is a tension roller that performs the easing
motion. Other embodiments (or modifications) of the ten-
sion detection apparatus for a loom according to the
present invention will now be described.
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(1) In the above-described embodiment, the warp
yarns serve as the object to be detected and the
tension roller that performs the easing motion is used
as the tension detection roller. However, the tension
detection apparatus according to the present inven-
tion is not limited to this, and a guide roller that guides
the warp yarns or a woven cloth in a stationary state
may instead be used as the tension detection roller.
Therefore, for example, the guide roller GR de-
scribed in the embodiment may be used as the ten-
sion detection roller. Alternatively, the tension of the
woven cloth may be detected by using a guide roller
that guides the woven cloth at the take-up side of
the loom as the tension detection roller.

[0047] In the case where the guide roller that guides
the warp yarns or woven cloth in a stationary state is
used as the tension detection roller as described above,
it is not necessary that the tension detection roller be
supported at a position displaced from the axial center
of the second shaft as in the case of the tension roller
according to the above-described embodiment. The ten-
sion detection roller may instead be supported coaxially
with the second shaft. In other words, the second shaft
and the tension detection roller may be connected to each
other such that the axial centers thereof coincide with
each other. Alternatively, the tension detection roller may
have a shaft portion that functions as the second shaft.

(2) In the above-described embodiment, the tension
detection lever includes a base portion that is sup-
ported on the loom frame by means of the first shaft
and two arm portions that extend from the base por-
tion. One of the arm portions supports the second
shaft, and the other arm portion is connected to the
tension detector. However, the tension detection le-
ver of the tension detection apparatus according to
the present invention is not limited to those having
two arm portions, and may instead be configured to
include only one arm portion that supports the sec-
ond shaft and is connected to the tension detector.
In such a case, the position at which the tension de-
tector is connected to the arm portion may either be
farther from or closer to the base portion 3a than the
support position of the second shaft.

[0048] More specifically, as illustrated in Fig. 6A, a ten-
sion detection lever 3’ may include a single arm portion
3d. A support portion having a through hole 3d1 is pro-
vided near a middle portion of the arm portion 3d, and a
second shaft 9 is supported by the support portion. One
end of a tension detector (load cell 5) is connected to the
distal end of a portion of the arm portion 3d that extends
beyond the support portion. Alternatively, as illustrated
in Fig. 6B, a tension detection lever 3’’ may include a
single arm portion 3e. Similar to the above-described em-
bodiment, a support portion having a through hole 3e1
is provided at the distal end of the arm portion 3e, and a

second shaft 9 is supported by the support portion. One
end of a tension detector (load cell 5) is connected to the
arm portion 3e at a position between the base portion 3a
and the support portion.

(3) In the above-described embodiment, the second
shaft supported by the tension detection lever is sup-
ported also by the loom frame at a single location
(position) that is separated from the tension detec-
tion lever in the axial direction of the second shaft.
However, the present invention is not limited to this,
and the second shaft may be supported by the loom
frame at two or more positions that are different (sep-
arated) from the position at which the second shaft
is supported by the tension detection lever and from
each other.

[0049] In the case where the second shaft is supported
by the loom frame at two or more positions as described
above, the support positions are not limited to the outer
side (side opposite to the tension-detection-roller side)
of the position at which the second shaft is supported by
the tension detection lever as in the above-described em-
bodiment. The support positions may instead be at the
inner side (tension-detection-roller side) of the position
at which the second shaft is supported by the tension
detection lever. Alternatively, if structurally possible, the
second shaft may be supported by the loom frame at
both sides of the position at which the second shaft is
supported by the tension detection lever, and moreover,
at two or more positions at each side (in particular, the
outer side) of the position at the second shaft is supported
by the tension detection lever.
[0050] When the position at which the second shaft is
supported by the loom frame is on the tension-detec-
tion-roller side (side of the support position of the tension
detection roller) of the position at which the second shaft
is supported by the tension detection lever, the load ap-
plied to the tension detection lever (tension detector) ow-
ing to the tension of the object to be detected is reduced
compared to that in the case in which the position at which
the second shaft is supported by the tension detection
lever is on the tension-detection-roller side of the position
at which the second shaft is supported by the loom frame.
In particular, when the second shaft is supported by the
loom frame at two or more positions on the tension-de-
tection-roller side of the position at which the second shaft
is supported by the tension detection lever, the load ap-
plied to the tension detection lever (tension detector) ow-
ing to the tension of the object to be detected is further
reduced. In such a case, although the occurrence of dam-
age of the apparatus can be reduced, the component of
the detection signal obtained by the tension detector that
corresponds to the tension of the warp yarns is reduced
(S/N ratio is reduced) and there is a risk that the accuracy
of tension detection will be reduced. For this reason, the
number of positions at which the second shaft is support-
ed by the loom frame is preferably one or less at the
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tension-detection-roller side of the position at which the
second shaft is supported by the tension detection lever.
[0051] In the case where the second shaft is supported
by the loom frame at both sides of the position at which
the second shaft is supported by the tension detection
lever, the tension detection roller may be supported by
the second shaft by using a support lever at a position
between the positions at which the second shaft is sup-
ported by the loom frame. In such a case, the overall
support rigidity of the apparatus can be increased. In ad-
dition, the position at which the second shaft is supported
by the tension detection lever and the position at which
the second shaft supports the tension detection roller can
be arranged without any of the positions at which the
second shaft is supported by the loom frame interposed
therebetween. This structure is also advantageous in
performing tension detection.
[0052] The present invention is not limited to any of the
above-described embodiments, and various modifica-
tions are possible within the scope of the present inven-
tion.

Claims

1. A tension detection apparatus for a loom, compris-
ing:

a tension detection roller (1) that extends in a
weaving-width direction between a pair of loom
frames (F) arranged with a gap therebetween in
the weaving-width direction and around which
warp yarns (T) or a woven cloth is wound;
a tension detection lever (3) provided on at least
one of the loom frames (F) and connected to an
end portion of the tension detection roller (1) so
as to support the end portion; and
a tension detector (5) connected to the tension
detection lever (3),
wherein the tension detection lever (3) includes
a base portion (3a) that is rotatably supported
on the at least one of the loom frames (F) by
means of a first shaft (7) that is parallel to the
tension detection roller (1), and
an arm portion (3c) that extends from the base
portion (3a) and supports a second shaft (9) that
supports the tension detection roller (1), and
wherein the second shaft (9) extends in the
weaving-width direction and is supported by the
at least one of the loom frames (F), on which the
tension detection lever (3) is supported, at a po-
sition different in the weaving-width direction
from a position at which the second shaft (9) is
supported by the tension detection lever (3).

2. The tension detection apparatus according to Claim
1, wherein the tension detection roller (1) is a tension
roller around which the warp yarns (T) are wound

and which performs an easing motion for reducing
variation in tension of the warp yarns (T) during shed-
ding motion, the tension roller being supported by
the second shaft (9) with a support lever (11) inter-
posed therebetween and performing the easing mo-
tion with an axial center of the second shaft (9) serv-
ing as a swing center.

3. The tension detection apparatus according to Claim
2, wherein the second shaft (9) is rotatably supported
by the tension detection lever (3) with a first bearing
interposed therebetween, and is rotatably supported
by the at least one of the loom frames (F) with a
second bearing interposed therebetween, and
wherein an easing mechanism that causes the ten-
sion roller to perform the easing motion is connected
to the second shaft (9) at a side opposite to the po-
sition at which the second shaft (9) is supported by
the tension detection lever (3) with respect to a po-
sition at which the second shaft (9) is supported by
the least one of the loom frames (F) in the weaving-
width direction.

4. The tension detection apparatus according to Claim
3, wherein the second shaft (9) is supported by the
tension detection lever (3) at a tension-roller side of
the position at which the second shaft (9) is support-
ed by the at least one of the loom frames (F), and
wherein the easing mechanism is connected to the
second shaft (9) at a side opposite to the tension-
roller side of the position at which the second shaft
(9) is supported by the at least one of the loom frames
(F).
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