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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The presentinvention relates to an information display apparatus for a loom. In particular, the invention relates
to an information display apparatus for a loom that at least includes, as a plurality of members that influence a warp
path, a warp guide roller and healds attached to each of a plurality of heald frames, and in which warp yarns that are let
off from awarp beam are redirected toward a cloth fell by the warp guide roller, passed through the healds of corresponding
ones of the heald frames, and guided to the cloth fell.

2. Description of the Related Art

[0002] As illustrated in Fig. 1, in a general loom, warp yarns 101 are let off from a warp beam 102 around which the
warp yarns 101 are wound, fed over a plurality of guide rollers 103 for guiding the warp yarns 101 (including a tension
roller 105 that detects the warp tension with a tension sensor 104, the same applying hereinafter), and redirected toward
a cloth fell 106. Subsequently, the warp yarns 101 are guided through a dropper device 107, which is a warp yarn
breakage detection device for detecting warp yarn breakage, are passed through healds 109 of a plurality of heald
frames 108 that are arranged, and reach the cloth fell 106. Due to vertical motion (shedding motion) of the heald frames
108 (healds 109), a shed is formed by the warp yarns 101. A weft yarn 110 is inserted into the shed and beaten up
toward the cloth fell 106 by a reed 111 so as to be weaved into the warp yarns 101, and thereby a fabric 112 is formed.
The fabric 112, which has been woven in this way, passes over a surface roller 113 and the like and is taken up by a
take-up roller 114.

[0003] In general, the path of the warp yarns 101 (hereinafter simply referred to as the "warp path" in the present
application) from one of the guide rollers 103 that is located nearest to the healds 109 (hereinafter referred to as a "warp
guide roller", which corresponds to the tension roller 105 in the example illustrated in Fig. 1) to the cloth fell 106 is
adjusted in a pre-weaving operation that is performed before weaving is started in accordance with weaving conditions
(such as the types of the warp yarns 101 and the weft yarn 110, and set tension and the like of the warp yarns 101).
Since the warp path changes due to shedding motion of the warp yarns 101, one or both of the warp path that exists
when the shed is closed and the warp path that exists when the shed is open is/are adjusted.

[0004] The warp path is determined in accordance with the positional relationship between the cloth fell 106 and a
plurality of members that exist on the warp path and that influence the warp path, such as the tension roller 105, the
dropper device 107, the healds 109 of the heald frames 108, and the like. Therefore, the aforementioned adjustment is
performed by adjusting the position of at least one of the plurality of members that influence the warp path. To be specific,
the adjustment is performed by changing the position of the tension roller 105 or by adjusting the amount of shedding
of the heald frames 108 for causing the healds 109 to perform shedding motion.

[0005] An existing device for such adjustment is disclosed in, for example, Japanese Unexamined Patent Application
Publication No. 6-10240 (hereinafter referred to as "Patent Document 1"). With the device described in Patent Document
1, the warp path is adjusted by adjusting the position of a support arm for supporting a guide roller, which serves as a
member that influences the warp path, in the height direction by using an adjustment screw.

[0006] When an operator adjusts the position of a member that influences a warp path in order to adjust the warp path
by using the device described in Patent Document 1 or the like, whether or not the adjustment is appropriate can be
determined only by actually performing test weaving after the adjustment has been made and seeing if weaving is
performed in desirable conditions. Thus, at present, the amount of adjustment to be performed depends on the experience
and intuition of an operator. That is, the conditions of the warp path that influence weaving include, for example, the
length of the warp path and the shed angle of warp yarns when the shed is open. However, even when the loom is
jogged after adjusting the positions of the aforementioned members so as to shed warp yarns, it is difficult for an operator
to accurately determine whether or not the conditions are appropriate for weaving from visual observation. Thus, at
present, it is necessary to actually perform test weaving to determine whether or not the adjustment is appropriate.
Therefore, in an existing adjustment operation, an initial adjustment is first performed on the basis of the experience
and intuition of an operator, and then test weaving is performed to determine whether or not further adjustment is
necessary, and readjustment is performed if necessary. It takes time and effort to perform such an adjustment operation,
which involves trial and error.

[0007] The length of the warp path, which is one of the conditions of the warp path that influence weaving, is the largest
and accordingly the warp tension is the highest when the shed is open. Therefore, when the warp path is adjusted and
the warp tension becomes excessively high when the shed is open, the warp yarns are over-tensioned during weaving,
whereby the quality of a fabric may decrease and warp yarn breakage may frequently occur depending on the circum-
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stances. However, it is difficult to measure the warp tension by visual observation even when the shed of warp yarns is
opened in a pre-weaving operation of the loom. As described above, it is necessary to perform test weaving to determine
whether or not the warp tension is appropriate.

[0008] Regarding the shed angle of warp yarns when the shed is open, if the warp yarns are yarns that tend to become
fuzzy, such as spun yarns or the like, it is desirable that the warp paths (the shed angle of warp yarns when the shed is
fully open) be adjusted so that they are not aligned with one another in a side view when the shed is fully open, i.e., so
that they are dispersed vertically to some extent when the shed is fully open. This is because, in the case where the
shedding curve has a dwell angle so that the state of the shed of warp warns can be maintained when the shed is fully
open during weaving, if the warp paths are excessively aligned with one another, fuzz of the warp yarns may become
entangled, and thereby a shedding error may occur and warp yarn breakage may occur depending on the circumstances.
However, if the degree of dispersion of warp yarns (hereinafter referred to as the "dispersion degree") is too large, a
large difference in the warp tension may occur between the heald frames and may negatively influence weaving. Thus,
in practice, it is necessary that the warp paths be dispersed to a level that is difficult to determine by visual observation.
Therefore, as with the case described above, whether or not the dispersion degree is appropriate cannot be determined
by visual observation even when the shed of warp yarns is opened in a pre-weaving operation, and it is necessary to
perform test weaving as described above.

[0009] As heretofore described, it is not efficient to adjust the warp path only on the basis of the experience and intuition
of an operator without any reference data. In particular, when adjusting the warp path when the shed is open, it is very
difficult for an inexperienced operator to make the warp path be dispersed while considering the warp tension.

SUMMARY OF THE INVENTION

[0010] An object of the present invention is to display numerical information and the like regarding the warp path,
which serves as reference data for adjusting the warp path, to enable an operator to accurately grasp the path length
of warp yarns and the shed angle and the like of warp yarns when the shed is open, which indicate the conditions of the
warp path, and thereby enable the operator to perform an operation of adjusting the warp path in a short time.

[0011] To achieve the object described above, an information display apparatus for a loom according to the present
invention is configured as follows. According to the present invention, there is provided an information display apparatus
for a loom, the loom at least including, as a plurality of members that influence a warp path, a warp guide roller and
healds attached to each of a plurality of heald frames, in which loom warp yarns that are let off from a warp beam are
redirected toward a cloth fell by the warp guide roller, passed through the healds of corresponding ones of the plurality
of heald frames, and guided to the cloth fell, the information display apparatus including a setting device in which positional
information about a disposition of the plurality of members is set; a calculating device that calculates numerical information
about the warp path on the basis of the positional information; and a display device that displays the numerical information
calculated by the calculating device and/or a diagram based on the numerical information on a screen.

[0012] Here, the phrase "a plurality of members that influence a warp path" refers to members that restrict the positions
of the warp yarns in the up-down direction (hereinafter "a plurality of members that influence a warp path" are also
referred to as "restricting members"). The restricting members are not limited to the warp guide roller and the healds of
the heald frames of a shedding device, which are described above. For example, if the loom is provided with a warp
breakage detection device (dropper device), the restricting members may include a member of the warp breakage
detection device that restricts the position of a warp yarn. The restricting members may include another restricting
member that may be provided in the loom.

[0013] The term "warp guide roller" refers to one of a plurality of guide rollers that guides the warp yarns and that is
located nearest to the healds. The plurality of guide rollers include a tension roller for detecting the warp tension.
[0014] The term "a disposition of the plurality of members" refers to the positions of the members with respect to the
horizontal direction (front-back direction) and the vertical direction (up-down direction). As the positional information, the
distances from a predetermined reference position (reference surface) to the restricting members are set in the setting
device. The positions of the members are not the positions of the entireties of the members and the positions of the
entireties devices including the members. For example, if a restricting member is a heald, the position of the restricting
member is the position of a mail eye of the heald through which a warp yarn is threaded. If a restricting member is an
oval tube of a dropper device, the position of the restricting member is the position of a contact point between the oval
tube and a warp yarn. A mail eye of a heald is a through hole formed in the heald through which a warp yarn is threaded.
For a movable member such as a heald, the positional information set in the setting device may be the positions of the
heald corresponding to arbitrary main shaft rotation angles (crank angles), such as that when the shed of warp yarns is
fully open and the position of the heald when the shed is closed. The position of the heald for only a specific crank angle
may be set.

[0015] In the present invention, the term "warp yarns" refers to, strictly speaking, a "warp sheet". A large number of
warp yarns that are let off from a warp beam are divided into sheet-shaped groups for corresponding heald frames, and
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the sheet-shaped groups of warp yarns, i.e., warp sheets are passed through the healds of the corresponding heald
frames. Since the paths of the warp yarns included in a warp sheet that is passed through the healds of the same heald
frame are the same, the meaning of a warp path is the same as that of the path of a warp sheet in the present invention.
[0016] The calculating device may calculate for each heald frame on the basis of the positional information, as the
numerical information, a numerical value related to a dispersion degree of the warp yarns located on a cloth-fell side of
the heald frame by using a horizontal distance from the cloth fell to the healds of the heald frame and a vertical distance
from a cloth-fell-side reference surface that is a horizontal surface passing through the cloth fell to mail eyes of the healds
when a shed of the warp yarns is fully open.

[0017] Here, the phrase "a numerical value related to a dispersion degree of the warp yarns located on the cloth-fell
side of the heald frame" may refer to, for example, the angle between the warp yarns and a predetermined reference
surface (horizontal surface) (see Fig. 5A) or the angle between the warp yarns and an imaginary vertical surface parallel
to the healds (see Figs. 8A and 8B), the warp yarns being located on the cloth-fell side of the heald frame (the cloth-fell
side of the healds through which the warp yarns are threaded in a side view of the warp paths, the same applying
hereinafter). Alternatively, the numerical value may be the position of the intersection of the warp yarns and an imaginary
surface extending in the up-down direction at a specific position between the heald frame and the cloth fell (see Figs.
9A and 9B).

[0018] The calculating device may calculate for each heald frame on the basis of the positional information, as the
numerical information, a numerical value related to a dispersion degree of the warp yarns located on a non-cloth-fell
side of the heald frame by using a horizontal distance from the healds of the heald frame to a non-cloth-fell-side restricting
portion that restricts the warp path at a position that is on the non-cloth-fell side of the healds and that is nearest to the
healds and a vertical distance from a non-cloth-fell-side reference surface that is a horizontal surface passing through
the non-cloth-fell-side restricting portion to mail eyes of the healds when a shed of the warp yarns is fully open.

[0019] Here, the term "a non-cloth-fell-side restricting portion" refers to a final contact point, in the feed direction of
the warp yarns, between the warp yarns and a restricting member that restricts the warp path at a position that is nearest
to the healds and that is on the non-cloth-fell side of the heald frame (on the side of the healds, through which the warp
yarns are threaded, on which the warp guide roller is located in a side view of the warp path, the same applying hereinafter).
[0020] On the cloth-fell side of the heald frame, another restricting member does not exist between the cloth fell and
the healds serving as restricting members. On the non-cloth-fell side heald frame, another restricting member, such as
a warp restricting pipe, a restricting member included in a warp yarn breakage detection device, or the like, may be
disposed between the heald frame and the warp guide roller serving as a restricting member. For example, if a warp
yarn breakage detection device is disposed between the heald frame and the warp guide roller and a restricting member
of the warp yarn breakage detection device restricts the warp path when the shed is opened, a part of the restricting
member serves as a non-cloth-fell-side restricting portion. On the other hand, if another restricting member is not disposed
between the warp guide roller and the healds, a part of the warp guide roller serves as a non-cloth-fell-side restricting
portion.

[0021] During shedding, the warp yarns are divided into two groups, one of which is moved to the upper shedding
position and the other of which is moved to the lower shedding position. There exists a restricting member that restricts
the path of only one of these groups. For example, if the warp yarn breakage detection device is a dropper device, an
oval tube of the dropper device, which serves as a restricting member, restricts only the path of warp yarns that are
moved to the lower shedding position and does not restrict the path of warp yarns that are moved to the upper shedding
position. Therefore, when only the dropper device exists between the heald frame and the warp guide roller (for example,
see Fig. 7), a non-cloth-fell-side restricting portion for the warp yarns at the lower shedding position is a part of the oval
tube and a non-cloth-fell-side restricting portion for the warp yarns at the upper shedding position is a part of the warp
guide roller. In this case, there exist two non-cloth-fell-side restricting portions and there exist two non-cloth-fell-side
reference surfaces that pass through the non-cloth-fell-side restricting portions.

[0022] The phrase "a numerical value related to a dispersion degree of the warp yarns located on a non-cloth-fell side
of the heald frame" refers to, for example, the angle between each of the warp yarns and a predetermined reference
surface (horizontal surface) on the non-cloth-fell side of the heald frame (see Fig. 5B), the angle between each of the
warp yarns and an imaginary vertical surface extending parallel to the healds on the non-cloth-fell side of the heald
frame (see Figs. 8A and 8B), or the like. The numerical value may be the position, in the up-down direction, of an
intersection of each of the warp yarns and an imaginary surface extending in the up-down direction at a specific position
between the heald frame and the non-cloth-fell-side restricting portion (see Figs. 9A and 9B).

[0023] The calculating device calculate for each heald frame on the basis of the positional information, as the numerical
information, a path length from the warp guide roller to the cloth fell when a shed of the warp yarns is fully open by using
the following distance information:

a horizontal distance from the cloth fell to the healds of the heald frame,
a vertical distance from the cloth-fell-side reference surface to mail eyes of the healds of the heald frame when the
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shed of the warp yarns is fully open,

a horizontal distance from the healds of the heald frame to the non-cloth-fell-side restricting portion,

a vertical distance from the non-cloth-fell-side reference surface to the mail eyes of the healds of the heald frame
when the shed of warp yarns is fully open,

a horizontal distance from the non-cloth-fell-side restricting portion to a warp restricting portion of the warp guide
roller, and

a vertical distance from a let-off-side reference surface thatis a horizontal surface passing through the warp restricting
portion of the warp guide roller to the non-cloth-fell-side restricting portion (non-cloth-fell-side reference surface).

[0024] Here, the phrase "a warp restricting portion of the warp guide roller" refers to the final contact point between
the warp guide roller and the warp yarns in the feed direction of the warp yarns.

[0025] Asdescribed above, if another restricting member is not disposed between the warp guide roller and the healds,
the warp restricting portion of the warp guide roller serves as a non-cloth-fell-side restricting portion. Therefore, in this
case, "a horizontal distance from the non-cloth-fell-side restricting portion to a warp restricting portion of the warp guide
roller" and "a vertical distance from the let-off-side reference surface that is a horizontal surface passing through the
warp restricting portion of the warp guide roller to the non-cloth-fell-side restricting portion (non-cloth-fell-side reference
surface)" are zero.

[0026] If the position of the cloth fell in the vertical direction is the same as that of the warp restricting portion of the
warp guide roller and therefore the warp line (a line connecting the cloth fell to the warp restricting portion of the warp
guide roller, the same applying hereinafter) is horizontal, the cloth-fell-side reference surface and the let-off-side reference
surface both coincide with the warp line (for example, see Fig. 2). However, in some looms, the position of the warp
restricting portion of the warp guide roller is higher than that of the cloth fell, and therefore the warp line is inclined (for
example, see Fig. 7). In this case, the cloth-fell-side reference surface and the let-off-side reference surface do not
coincide with the warp line, and the position of the let-off-side reference surface in the vertical direction is higher than
that of the cloth-fell-side reference surface.

[0027] Thedisplay device may display the numerical information and/or the diagram based on the numerical information
for at least two of the heald frames simultaneously on a single screen.

[0028] With the present invention, numerical information about the warp path is calculated on the basis of positional
information about the disposition of a plurality of members that influence the warp path, and the calculated numerical
information is displayed on a screen of a display device as the numerical information and/or a diagram based on the
numerical information. Therefore, by looking at the display, an operator can accurately grasp the conditions of the warp
path that influence weaving as numerical information or the like, which has been difficult to perform by visual observation.
Thus, in contrast to existing technologies, with which whether or not the conditions of the warp path are appropriate for
weaving cannot be determined without performing test weaving, with the present invention, whether or not the conditions
of the warp path are appropriate for weaving can be determined by using the numerical information and the like displayed
on the display unit as reference data without performing test weaving. If the position of one of the members that influence
the warp path is mechanically adjusted, by updating the positional information about the disposition of the member, the
conditions of the warp path after the adjustment are displayed as numerical information and the like on a screen of the
display device. Therefore, initial determination as to whether or not the adjustment is appropriate can be performed
without carrying out test weaving, and thereby an operation of adjusting the warp path can be performed easily in a short
time.

[0029] Since the conditions of the warp path are represented as numerical information, by building a database of the
numerical information in association with the evaluation of weaving and problems that occurred during weaving performed
under the conditions, adjustment of the warp path performed in a pre-weaving operation can be performed more easily
and appropriately.

[0030] Numerical values related to the dispersion degree of warp yarns located on the cloth-fell side of the heald
frames are calculated for each of the heald frames as numerical information about the warp path, and they are displayed
on a screen of a display device as numerical information and/or a diagram based on the numerical information. Therefore,
by looking at the display, an operator can accurately grasp the dispersion degree of the warp yarns located on the
cloth-fell side of the heald frames as numerical information and the like, which has been difficult to perform by visual
observation. Thus, in particular, when spun yarns and the like, which tend to become fuzzy, are used as the warp yarns,
by using eth numerical information and the like as reference data, an operator can make the warp paths be dispersed
to a level at which a large difference in the warp tension does not occur between the heald frames, i.e., to a level that
is difficult to determine by visual observation. Accordingly, entanglement of fuzz of the warp yarns, shedding failure, and
warp yarn breakage, which may occur when the warp paths are excessively aligned with one another, can be prevented
without negatively influencing weaving. If the position of one of the members that influences the warp path is mechanically
adjusted, by updating the positional information about the disposition of the member, the dispersion degree of warp
yarns after the adjustment is displayed as numerical information and the like on a screen of the display device. Therefore,
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initial determination as to whether or not the adjustmentis appropriate can be performed without carrying out test weaving,
and thereby an operation of adjusting the dispersion degree of warp yarns can be performed easily in a short time.
[0031] Numerical values related to the dispersion degree of warp yarns located on the non-cloth-fell side of the heald
frames are calculated for each of the heald frames as numerical information about the warp path and displayed on a
screen of a display device as numerical information and/or a diagram based on the numerical information. Therefore,
by looking at the display, an operator can accurately grasp the dispersion degree of the warp yarns located on the non-
cloth-fell side of the heald frames as numerical information and the like, which has been difficult to perform by visual
observation. Thus, the advantageous effect the same as described above can be obtained.

[0032] The path length of warp yarns from the warp guide roller to the cloth fell when the shed of warp yarns is fully
open is calculated for each of the heald frames as numerical information about the warp path and displayed on a screen
of a display device as numerical information and/or a diagram based on the numerical information. Therefore, by looking
at the display, an operator can accurately grasp the path length of warp yarns as numerical information and the like,
which has been difficult to perform by visual observation. Thus, the operator can determine whether or not the path
length of warp yarns is appropriate for weaving by using the numerical information and the like displayed on the display
device as reference data. If the position of a member that influences the warp path is mechanically adjusted, by updating
the positional information about the disposition of the member, the length of the warp path after the adjustment is
displayed as numerical information and the like on a screen of the display device. Therefore, initial determination as to
whether or not the adjustmentis appropriate can be performed without carrying out test weaving, and thereby an operation
of adjusting the path length of warp yarns can be performed easily in a short time.

[0033] By displaying the numerical information and/or the diagram based on numerical information for at least two of
the heald frames simultaneously on a single screen, the numerical information and the like calculated for each of the
heald frames can be compared with each other at a glance, and thereby the warp paths can be easily made dispersed.

BRIEF DESCRIPTION OF THE DRAWINGS
[0034]

Fig. 1 schematically illustrates a loom for which the present invention is used;

Fig. 2 illustrates the warp path according to a first embodiment of the present invention;

Fig. 3 is a block diagram illustrating the structure of an information display apparatus;

Fig. 4 illustrates an example of a display screen of the information display apparatus;

Figs. 5A to 5C are partial enlarged views of the warp path illustrated in Fig. 2, Fig. 5A illustrating a path on the
cloth-fell side of a heald frame, Fig. 5B illustrating a path on the non-cloth-fell side of the heald frame, and Fig. 5C
illustrating a path from a non-cloth-fell-side restricting portion to a tension roller;

Figs. 6A to 6C are front views illustrating the positional relationship among a heald frame, a heald, and a warp yarn;
Fig. 6A illustrating a state when the shed is closed, Fig. 6B illustrating a state when the shed is upwardly open; and
Fig. 6C illustrating a state when the shed is downwardly open;

Fig. 7 illustrates the warp path according to a second embodiment of the present invention;

Figs. 8A and 8B illustrate the shed angle according to a modification of the present invention; and

Figs. 9A and 9B illustrate the numerical values related to the dispersion degree of warp yarns according to a
modification of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0035] Hereinafter, a first embodiment of the present invention will be described with reference to Figs. 2 to 6C.
[0036] Fig. 2 illustrates the paths of warp yarns 11 when the shed is open in a loom for which an information display
apparatus 10 according to the present invention is used. The loom according to the present embodiment includes a
plurality of members that influence the paths of the warp yarns 11, i.e., restricting members as follows: a tension roller
12 serving as a warp guide roller, an oval tube 13 (also referred to as a lower yarn restricting pipe) of a dropper device
that is a warp yarn breakage detection device, an upper yarn restricting pipe 14 that restricts upward motion of the warp
yarns 11 when the warp yarns 11 are shed, and healds 15 attached to eight heald frames (not shown). In Fig. 2, regarding
the components of the dropper device, only the oval tube 13 is illustrated and other components of the dropper device
are omitted. The healds 15 are illustrated by alternate long and short dash lines passing through the centers of mail
eyes 24 of the healds 15 (the positions at which the warp yarns 11 are bent) in the front-back direction. The heald frames,
which support the healds 15, are not illustrated. The positions of the restricting members can be adjusted by using
adjustment means (not shown) with respect to the horizontal direction (front-back direction) and the vertical direction
(up-down direction) of the restricting members.

[0037] The upper yarn restricting pipe 14 and the oval tube 13 are disposed between the heald frames, i.e., the healds
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15 and the tension roller 12. The upper yarn restricting pipe 14 is a restricting member that restricts the warp yarns 11
that are moved to an upper shedding position when the shed is opened at a position that is on the non-cloth-fell side of
the heald frames and that is nearest to the healds 15. The oval tube 13 is a restricting member that restricts the warp
yarns 11 that are moved to an upper shedding position when the shed is opened at a position that is on the non-cloth-
fell side of the heald frames and that is nearest to the healds 15. Therefore, in the present embodiment, there exist two
non-cloth-fell-side restricting portions according to the presentinvention. One of the non-cloth-fell-side restricting portions,
which restricts the warp yarns 11 that are moved to the upper shedding position, is a part of the upper yarn restricting
pipe 14. The other of the non-cloth-fell-side restricting portions, which restricts the warp yarns 11 that are moved to the
lower shedding position, is a part of the oval tube 13. To be specific, two points, i.e., the final contact point between the
upper yarn restricting pipe 14 and the warp yarns 11 in the feed direction of the warp yarns 11 and the finial contact
point between the oval tube 13 and the warp yarns 11 in the feed direction of the warp yarns 11 are respectively non-
cloth-fell-side restricting portions 14a and 13a according to the present embodiment. Two surfaces, i.e., a horizontal
surface passing through the non-cloth-fell-side restricting portion 13a of the oval tube 13 and a horizontal surface passing
through the non-cloth-fell-side restricting portion 14a of the upper yarn restricting pipe 14 are non-cloth-fell-side reference
surfaces according to the present embodiment.

[0038] In the present embodiment, numerical information about the warp path according to the present invention
(hereinafter referred to as "warp path numerical information") is calculated for each of warp sheets (hereinafter simply
referred to as "warp yarns") corresponding to the eight heald frames. The warp path numerical information calculated
in the present embodiment includes the following two items: the angle between each of the warp yarns 11 and a
corresponding reference surface when the shed is fully open (hereinafter also referred to as the "shed angle"), and the
path length of each of the warp yarns 11 from the tension roller 12 to a cloth fell 16 when the shed is fully open (hereinafter
also simply referred to as the "path length").

[0039] Here, the shed angle, which corresponds to a numerical value related to a dispersion degree of the warp yarns
according to the present invention, serves as an indicator of the dispersion degree of the warp yarns 11 in the up-down
direction when the shed is fully open. In the present embodiment, on the cloth-fell side of the heald frames, i.e., the
healds 15, a horizontal surface passing through the cloth fell 16, i.e., a cloth-fell-side reference surface according to the
present invention is the reference surface for the shed angle. On the non-cloth-fell side of the heald frames, horizontal
surfaces passing through the two non-cloth-fell-side restricting portions 13a and 14a, i.e., non-cloth-fell-side reference
surfaces are the reference surfaces for the shed angle. As illustrated in Fig. 2, there are four shed angles corresponding
to the combinations of in front of/behind the heald frames and upper/lower shed positions of warp yarns: a front upper
shed angle 61, a front lower shed angle 6gg,,, a rear upper shed angle 6gt,, and a rear lower shed angle 6gg,,. These
angles are calculated for each of the heald frames. The index n attached the symbols of the shed angles represents the
"frame number" of the eight heald frames. In the present embodiment, the heald frames are indexed by 1 to 8 in the
order of increasing distance from the cloth fell 16.

[0040] Besides the structure illustrated in Fig. 2, the structure of the loom is the same as that of a general loom
described in "Description of the Related Art", which is illustrated in Fig. 1. Therefore, description of such structure will
be omitted. In the present embodiment, an input setting device (not shown) disposed on the loom also functions as the
information display apparatus 10 according to the present invention. The input setting device includes, for example, a
touch panel for performing various settings of the loom. However, the information display apparatus 10 according to the
present invention may be a device that is independent from the loom, such as a personal computer or the like in which
a software for executing the function of the present invention is installed.

[0041] Inthe loom used as an example in the present embodiment, a warp line WL, which is a line connecting a warp
restricting portion 12a of the tension roller 12 (the final contact point between the warp yarns 11 and the tension roller
12 in the warp feed direction) and the cloth fell 16, is horizontal. However, as in another embodiment illustrated in Fig.
7, the present invention is also applicable to a loom in which the warp line WL is inclined.

[0042] Next,referringtoFig. 3, the information display apparatus 10 according to the presentinvention will be described.
The information display apparatus 10 includes a setting device 17, a calculating device 20, and a display device 21.
Positional information about the disposition of the restricting members is set in the setting device 17. The calculating
device 20 calculates the warp path numerical information on the basis of the positional information about the restricting
members. The display device 21 displays the numerical information calculated by the calculating device 20 and/or a
diagram based on the numerical information on a screen.

[0043] The setting device 17 includes an input unit 18 for inputting the positional information about the restricting
members and a storage unit 19 including a memory for storing the input positional information and the like. The input
unit 18 may be a dedicated keyboard or may be a touch panel that also functions as a display panel of a display unit 23
of the display device 21, which will be described below. The inputunit 18 is used not only to input the positional information
about the restricting members but also to operate the calculating device 20 and the display device 21.

[0044] In the storage unit 19, positional information about the disposition of the restricting members, i.e., the positions
of the restricting members in the horizontal direction (front-back direction) and the vertical direction (up-down direction),
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to be specific, the horizontal distances and the vertical distances from a predetermined reference position (reference
surface) to the restricting members are set and stored. In the present embodiment, as illustrated in Fig. 2, the reference
position in the horizontal direction is the position of the cloth fell 16. The reference position in the vertical direction is a
horizontal surface passing through the cloth fell 16, i.e., a cloth-fell-side reference surface according to the present
invention. However, as described above, since the warp line WL of the loom according to the present embodiment is
horizontal, the cloth-fell-side reference surface, which is the reference position in the vertical direction, coincides with
the warp line WL. For example, as the positional information about the oval tube 13, the horizontal distance ¢ from the
cloth fell 16 to the non-cloth-fell-side restricting portion 13a of the oval tube 13 and the vertical distance s from the warp
line WL to the non-cloth-fell-side restricting portion 13a of the oval tube 13 are input. Positional information about other
restricting members will be described below in detail.

[0045] As illustrated in Fig. 3, the positional information about the restricting members, which has been input through
the input unit 18, is stored in the storage unit 19. In addition to the positional information about the restricting members,
equations for calculating the shed angle and the path length, which serve as warp path numerical information, and a
calculation program for executing the calculation are set and stored in the storage unit 19. Moreover, a display control
program that causes the display unit 23 of the display device 21 to display the warp path numerical information, which
has been calculated by the calculating device 20, in a predetermined mode as described below is set and stored in the
storage unit 19.

[0046] The calculating device 20 loads the calculation program from the storage unit 19 in accordance with a display
command signal that is output from the input unit 18 as the input unit 18 is operated; calculates the shed angle and the
path length, which serve as warp path numerical information, on the basis of the equations and the positional information
about the restricting members, which are stored in the storage unit 19; and outputs the calculation result to a display
control unit 22 of the display device 21, which will be described below.

[0047] The display device 21 includes the display unit 23, which includes a liquid crystal panel and the like, and the
display control unit 22, which controls the display unit 23. When receiving a calculation result from the calculating device
20, the display control unit 22 loads a display control program from the storage unit 19 and displays the calculation result,
i.e., the warp path numerical information on the display unit 23 in a predetermined display mode in accordance with the
display program. There are the following three display modes: a display mode in which the calculation result is displayed
as numerical information, a display mode in which the calculation result is displayed as a diagram based on the calculation
result, and a display mode in which the numerical information and the diagram are displayed on the same screen.
[0048] Fig. 4 illustrates an example of a display mode for displaying warp path numerical information on the display
unit 23. In this example, a table for displaying warp path numerical information is disposed in an upper part of a screen
of the display unit 23. In a lower part of the screen, a diagram based on the numerical information, which represents the
paths of the warp yarns 11 when the warp yarns 11 are seen in a side view when the shed is fully open, is disposed.
However, in Fig. 4, warp path numerical information to be displayed in the cells of the table is omitted. The meanings
of the terms used in the cells of the table will be described below.

[0049] The term "frame number" in the uppermost row refers to the numbers of the heald frames in the order of
increasing distance from the cloth fell 16. A frame number corresponds to the warp yarns 11 passed through the healds
15 of a corresponding one of the heald frames, i.e., awarp sheet thatis shed by the heald frame. In the example illustrated
in Fig. 4, the table has columns 1 to 20 for "frame number", which means that the table can be used for up to twenty
heald frames. Since the loom according to the present embodiment includes eight heald frames as illustrated in Fig. 2,
columns for "frame number" from 1 to 8 are used.

Cells for Shed Angle

[0050] The term "shed angle" refers to the angle between each of the warp yarns 11 and a corresponding reference
surface when the shed is fully open, as described above.

[0051] The term "in front of frame" indicates that the shed angle is the shed angle of the warp yarns 11 that are located
between the cloth fell 16 and the heald frames, i.e., the healds 15.

[0052] The term "behind frame" indicates that the shed angle is the shed angle of the warp yarns 11 that are located
between the heald frames, i.e., the healds 15 and the non-cloth-fell-side restricting portion 13a or the non-cloth-fell-side
restricting portion 14a.

[0053] The term "upper yarn" indicates that the shed angle is the shed angle of the warp yarns 11 that are moved to
the upper shedding position when the shed is opened.

[0054] The term "lower yarn" indicates that the shed angle is the shed angle of the warp yarns 11 that are moved to
the lower shedding position when the shed is opened.
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Cells for Yarn Length

[0055] The term "yarn length" refers to the path length of the warp yarns 11.

[0056] The term "upper yarn fully open" indicates that the yarn length is the path length of the warp yarns 11 that are
moved to the upper shedding position (the shedding position above the warp line) when the shed of the warp yarns 11
is fully opened.

[0057] The term "lower yarn fully open" indicates that the yarn length is the path length of the warp yarns 11 that are
moved to the lower shedding position (the shedding position below the warp line) when the shed of the warp yarns 11
is fully opened.

[0058] The term "infront of frame" indicates that the yarn length is the path length of the warp yarns 11 that are located
between the cloth fell 16 and the heald frame, i.e., the healds 15.

[0059] The term "behind frame" indicates that the yarn length is the path length of the warp yarns 11 that are located
between the heald frame, i.e., the healds 15 and the non-cloth-fell-side restricting portion 13a or the non-cloth-fell-side
restricting portion 14a.

[0060] The term "entire path" indicates that the yarn length is the path length of the warp yarns 11 from the cloth fell
16 to the tension roller 12.

[0061] Next, referring to Fig. 2, positional information about the restricting members, which is input through the input
unit 18 of the setting device 17 and stored in the storage unit 19 of the setting device 17, will be described. As described
above, in the present embodiment, the horizontal distances and the vertical distances from the predetermined reference
position (reference surface) to the restricting members are set and stored as positional information about the restricting
members. Here, the reference position in the horizontal direction is the position of the cloth fell 16, and the reference
position in the vertical direction is the position of the cloth-fell-side reference surface. In the present embodiment, the
cloth-fell-side reference surface coincides with the warp line WL. Therefore, the horizontal distances from the cloth fell
16 to the restricting members and the vertical distances from the warp line WL to the restricting members are set in the
setting device 17 as the positional information about the restricting members. Positional information that is input for each
of the restricting members will be described below. The alphabet symbols used in the description below correspond to
the alphabet symbols in Fig. 2.

Healds of Heald Frames
Horizontal Direction
[0062] Regardingthe healds 15 ofthe heald frames, the following two items of horizontal positional information are input:

al: the horizontal distance from the cloth fell 16 to the heald frame nearest to the cloth fell 16 (hereinafter also
referred to as the "first frame"), and
p: the pitch of the heald frames (the distance between adjacent heald frames).

[0063] Here, the horizontal distance from the cloth fell 16 to the first frame is, to be specific, the horizontal distance
from the cloth fell 16 to the centers of the mail eyes 24 of the healds 15 of the first frame (positions at which warp yarns
are bent).

[0064] The pitch of the heald frames is the same as the pitch of the healds 15, i.e., the pitch of the mail eyes 24. When
the "frame number" of a heald frame is denoted by n (n =1, 2, ..., 8), the horizontal positional information a,, of the healds
15 of each of the heald frames can be calculated from the values of a; and p by using the following equation.

ap = a; + (n - 1)xp
Vertical Direction
[0065] Regarding the healds 15 of the heald frames, the following two items of vertical positional information are input:
x: the vertical distance (absolute value) from the cloth-fell-side reference surface (warp line WL) to the mail eyes
24 of the healds 15 that are located at the upper shedding position when the shed of warp yarns is fully open, and

y: the vertical distance (absolute value) from the cloth-fell-side reference surface (warp line WL) to the mail eyes
24 of the healds 15 that are located at the lower shedding position when the shed of warp yarns is fully open.
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[0066] In Fig. 2, in which the paths of the warp yarns 11 are schematically illustrated, the positions of the mail eyes
24 of the healds 15 in the vertical direction are the same. In reality, however, the amounts of shedding of the heald
frames, i.e., the amounts of displacement of the healds 15 in the up-down direction, generally differ between the heald
frames. Therefore, when the amounts of shedding of the heald frames differ from each other, the positional information
x and y are input for each of the heald frames. When the "frame number" of the heald frames are denoted by n, the
vertical positional information (x,, y,) of the heald frames are (x4, y4), (X5, ¥5), ..., (Xg, ¥g) in the order of increasing
distance from the cloth fell 16. If the amount of upward shedding and the amount of downward shedding are the same
when the shed is fully open (in the case where x,, = y,,), the positional information for each of the heald frames may be
represented by a single value.

[0067] The positional information x and y are input as values representing the position in the vertical direction at which
each of the warp yarns 11 that is threaded through the mail eye 24 is bent. Alternatively, the positional information x
and y may be approximated by the vertical distance from the cloth-fell-side reference surface to (the center of) the mail
eye 24. As a further alternative, the positional information x and y may be determined by using set values of the shedding
amount for a shedding device (not shown) so as to correspond to the amount of upward displacement and the amount
of downward displacement from the positions at which the heald frames are located when the shed is closed (hereinafter
also referred to as the "upper shedding amount" and the "lower shedding amount"). When the set values of the shedding
amounts are used as the positional information x and y, the positional information x and y correspond to the vertical
distance from the warp line WL to (the center of) the mail eye 24. However, since the size of the mail eye 24 is larger
than the diameter of each of the warp yarn 11, the warp yarn 11, which is threaded through the mail eye 24, becomes
displaced in the up-down direction during shedding motion. Therefore, when it is necessary to input the positional
information x and y more accurately, it is preferable that the displacement of the warp yarn 11 in the up-down direction
in the mail eye 24 be considered. This will be described below with reference to Figs. 6A to 6C.

Upper Yarn Restricting Pipe
Horizontal Direction
[0068] Regarding the upper yarn restricting pipe 14, the following horizontal positional information is input:

b: the horizontal distance from the cloth fell 16 to the non-cloth-fell-side restricting portion 14a of the upper yarn
restricting pipe 14.

Vertical Direction
[0069] Regarding the upper yarn restricting pipe 14, the following vertical positional information is input:

t: the vertical distance from the cloth-fell-side reference surface (warp line WL) to the non-cloth-fell-side restricting
portion 14a of the upper yarn restricting pipe 14.

Oval Tube (Lower Yarn Restricting Pipe) of Dropper Device Horizontal Direction
[0070] Regarding the oval tube 13, the following horizontal positional information is input:
c: the horizontal distance from the cloth fell 16 to the non-cloth-fell-side restricting portion 13a of the oval tube 13.
Vertical Direction
[0071] Regarding the oval tube 13, the following vertical positional information is input:

s: the vertical distance from the cloth-fell-side reference surface (warp line WL) to the non-cloth-fell-side restricting
portion 13a of the oval tube 13.

Tension Roller (Warp Guide Roller)
Horizontal Direction

[0072] Regarding the tension roller 12, the following horizontal positional information is input:

10
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d: the horizontal distance from the cloth fell 16 to the warp restricting portion 12a of the tension roller 12.

[0073] Basically, the distance d is input on the basis of the position of the tension roller 12 in the horizontal direction
when the shed of the warp yarns 11 is fully open. That is, in a general loom, the tension roller 12 may take any of a
plurality of positions in the horizontal direction so that the tension roller 12 can perform easing operation so as to suppress
variation in the tension of the warp yarns 11 due to shedding motion. In the present embodiment, to obtain the conditions
of the paths of the warp yarns 11 when the shed is fully open, the distance d is input on the basis of the position of the
warp restricting portion 12a of the tension roller 12 when the shed is fully open. However, as necessary, the distance d
may be input on the basis of a neutral position of the tension roller 12. For example, in the case of performing an active
easing operation using a drive motor (not shown) or the like, the distance d may be input on the basis of the middle
position. In the case of performing a passive easing operation using a spring (not shown) or the like, the distance d may
be input on the basis of the position of the tension roller at which the warp tension when the shed is closed and the force
of the easing spring balance with each other.

Vertical Direction

[0074] The position of the warp restricting portion 12a of the tension roller 12 in the vertical direction is located on the
cloth-fell-side reference surface. Therefore, it is not necessary to input vertical positional information about the tension
roller 12.

Supplementary Description regarding Input of Positional Information about Healds of Heald Frames

[0075] When inputting positional information about the healds 15 of the heald frames, it is preferable that displacement
of the warp yarns 11 in the mail eyes 24 in the up-down direction be considered in order to obtain accurate warp path
numerical information. This will be described below in detail.

[0076] Fig. 6A is a front view of one of the healds 15, which serves as a restricting member. The mail eye 24, which
is a through-hole through which the warp yarn 11 is threaded, is formed at substantially the center of the heald 15. The
mail eye 24 is an elongated hole having a dimension in the longitudinal direction of the heald 15 that is larger than the
diameter of the warp yarn 11. Therefore, the warp yarn 11, which is passed through the mail eye 24, is displaceable to
some extent in the vertical direction in the mail eye 24. The heald 15 is attached to a heald frame (not shown) through
heald support members 25 at the upper and lower ends thereof. To be specific, cutouts 26, which are shaped like
elongated holes, are formed at the upper and lower ends of the heald 15. The cutouts 26 are hooked over the heald
support members 25 of the heald frame, and thereby the heald 15 is supported by the heald frame. The dimension of
each of the heald support members 25 in the longitudinal direction is slightly smaller than the dimension of a corresponding
one of the cutouts 26 in the longitudinal direction. Therefore, the heald 15 is supported by the heald frame with a certain
amount of play 27 in the up-down direction.

[0077] Fig. 6B illustrates the position of the warp yarn 11 relative to the mail eye 24 when the shed is upwardly open
and the position of the heald 15 relative to the heald support members 25, i.e., the heald frame. When the shed is
upwardly open, the warp yarn 11 is downwardly displaced in the mail eye 24 and the path of the warp yarn 11 is restricted
by the lower end of the mail eye 24. Fig. 6C illustrates the position of the warp yarn 11 relative to the mail eye 24 when
the shed is downwardly open and the position of the heald 15 relative to the heald support members 25, i.e., the heald
frame. When the shed is downwardly open, the warp yarn 11 is upwardly displaced in the mail eye 24 and the path of
the warp yarn 11 is restricted by the upper end of the mail eye 24. The heald support members 25 are displaced to lower
parts of the cutouts 26.

[0078] As described above, the position of the warp yarn 11 relative to the mail eye 24 and the position of the heald
15 relative to the heald frame changes depending on whether the heald frame is at the upper shedding position or at
the lower shedding position. Therefore, itis preferable that this change be considered when inputting the vertical positional
information about the healds 15, which serve as restricting members.

[0079] In particular, the vertical positional information about the healds 15 is input by using the amount of shedding,
i.e., the amount of displacement of the heald frame, as described above, the positional information x and y of the healds
15 in the vertical direction correspond to the vertical distance from the warp line WL to (the center of) the mail eyes 24.
In order to input the positional information more accurately, it is preferable that the displacement of the warp yarns 11
in the up-down direction in the mail eyes 24 be considered.

[0080] For example, it is assumed that the following vertical positional information about the healds, which serve as
restricting members, is input as the amount of shedding:

x: the vertical distance (absolute value) from the cloth-fell-side reference surface (warp line WL) to the mail eyes
24 of the healds 15 that are at the upper shedding position when the shed of warp yarns is fully open, and
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y: the vertical distance (absolute value) from the cloth-fell-side reference surface (warp line WL) to the mail eyes
24 of the healds 15 that are at the lower shedding position when the shed of warp yarns is fully open. In this case,
the dimension of each of the mail eyes 24 in the longitudinal direction may be set in the setting device 17 beforehand,
the positional information x may be obtained by correcting the upper shedding amount, which has been input, by
subtracting half the dimension of the mail eye 24 in the longitudinal direction from the input upper shedding amount,
and the positional information y may be obtained by correcting the lower shedding amount, which has been input,
by subtracting half the dimension of the mail eye 24 in the longitudinal direction from the input lower shedding
amount. However, such correction need not be performed if an error in the warp path numerical information due to
displacement of the warp yarn 11 in the up-down direction in the mail eye 24 is small.

[0081] When the heald frame is located at the lower shedding position, the positions of the healds 15, i.e., the mail
eyes 24, are upwardly displaced by an amount corresponding to the play 27 between the healds 15 and the heald frame
as compared with the lower shedding amount. Therefore, when inputting the positional information y by using the amount
of shedding, the amount of play between the healds 15 and the heald frame may be set in the setting device 17 beforehand
and the positional information y may be corrected by subtracting the amount of play therefrom. However, also in this
case, if an error in the warp path numerical information due to the play 27 between the healds 15 and the heald frame
is small, such correction may be omitted.

[0082] Next, referring to Figs. 5A to 5C, calculation of the warp path numerical information, i.e., the shed angle and
the path length, which is performed by the calculating device 20, will be described in detail. In Figs. 5A to 5C, a state in
which the healds 15 of one of the eight heald frames that is nearest to the cloth fell 16, i.e., the healds 15 of the first
frame are at the upper shedding position is illustrated as a representative example. A calculation method that is used
to calculate the shed angle and the path length described below is only an example. The shed angle and the path length
can also be calculated by using another calculation method.

Shed Angle and Path Length of Warp Yarns located between Cloth Fell and Heald Frames

[0083] In Fig. 5A, the shed angle of the warp yarns 11 that are located between the cloth fell 16 and a heald frame,
i.e., between the cloth fell 16 and the healds 15 (hereinafter also simply referred to as "in front of the frame") is, as
described above, the angle between each of the warp yarns 11 and a horizontal surface passing through the cloth fell
16 (cloth-fell-side reference surface) when the shed is fully open.

[0084] Now, it is assumed that the following items of positional information about the healds 15 of the heald frames
are input to the setting device 17 as known dimensions:

a,: the horizontal distance from the cloth fell 16 to the mail eyes 24 of the healds 15 of the first frame, and
X4 the vertical distance from the cloth-fell-side reference surface (warp line WL) to the mail eyes 24 of the healds
15 of the first frame, which is located at the upper shedding position when the shed of warp yarns is fully open.

[0085] In this case, regarding the first frame, the shed angle in front of the frame (front upper shed angle) 6g4 when
the shed is upwardly open (the shed angle of upper yarns) and the path length in front of the frame (front upper yarn
length) Lg4 when the shed is upwardly open (the path length of upper yarns) are calculated using the following set of
equations.

— tan-! X
O =tan” —
a,

2 2
Leri =43, +X,

[0086] Since the horizontal positional information a, of the healds 15 of each of the heald frames can be represented
as a, = a4 + (n - 1)Xp using the pitch p of heald frames as described above, when the pitch p of heald frames and the
positional information x,, and y,, of the healds 15 of each of the heald frames are input, the shed angle in front of the
frame (front upper shed angle 6, front lower shed angle 6rg,) and the path length in front of the frame (front upper
yarn length Lgr,,, front lower yarn length Lgg,,) for the n-th frame are calculated using the following set of equations.

(1)
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aX ay
Op 1, =tan” —- ' Op g, =tan” =+
a a

n n

Ler, =\/a“2 +xn2 , Leg, =,/an2 +y“2 2)

[0087] In the set of equations (2), a, corresponds to "a horizontal distance from the cloth fell to the healds" according
to the present invention. Here, x,, and y,, each correspond to "a vertical distance from the cloth-fell-side reference surface
that is a horizontal surface passing through the cloth fell to the mail eyes of the healds when the shed of the warp yarns
is fully open" according to the present invention.

Shed Angle and Path Length of Warp Yarns located between Heald Frames and Non-cloth-fell-side Restricting Portion

[0088] In Fig. 5B, the shed angle of the warp yarns 11 located between a heald frame, i.e., the healds 15 and the
non-cloth-fell-side restricting portion 14a of the upper yarn restricting pipe 14 (hereinafter, a position between the heald
frame and the non-cloth-fell-side restricting portion will also be simply referred to as a position "at the rear of the frame")
is, as described above, the angle between each of the warp yarns 11 and a horizontal surface passing through the non-
cloth-fell-side restricting portion 14a (non-cloth-fell-side reference surface) when the shed is fully open.

[0089] In the present embodiment, as described above, the upper yarn restricting pipe 14 and the oval tube 13, which
serve as restricting members, are disposed between the heald frames and the tension roller 12. Therefore, when the
shed is upwardly open as illustrated in Fig. 5B, a horizontal surface passing through the non-cloth-fell-side restricting
portion 14a of the upper yarn restricting pipe 14 is the non-cloth-fell-side reference surface. When the shed is downwardly
open (not shown), a horizontal surface passing through the non-cloth-fell-side restricting portion 13a of the oval tube 13
is the non-cloth-fell-side reference surface.

[0090] Now, it is assumed that the following items of positional information about the upper yarn restricting pipe 14
are input to the setting device 17 as known dimensions:

b: the horizontal distance from the cloth fell 16 to the non-cloth-fell-side restricting portion 14a of the upper yarn
restricting pipe 14, and

t: the vertical distance from the cloth-fell-side reference surface (warp line WL) to the non-cloth-fell-side restricting
portion 14a of the upper yarn restricting pipe 14.

[0091] In this case, regarding the first frame, the shed angle at the rear of the frame (rear upper shed angle) 64
when the shed is upwardly open (upper yarn) and the path length at the rear of the frame (rear upper yarn length) Lg4
when the shed is upwardly open (upper yarn) are calculated using the following set of equations.

Lr =y(b=2,) +(x, - )’ 3)

[0092] By using the horizontal positional information a,, of the healds 15 of the n-th heald frame, the shed angle at the
rear of the frame (rear upper shed angle 6g,, rear lower shed angle 6gg,) and the path length at the rear of the frame
(rear upper yarn length Lrt,, rear lower yarn length Lgg,) for the n-th frame are calculated using the following set of
equations. Here, ¢ and s are positional information about the oval tube 13, which restricts the warp yarns 11 at the lower
shedding position (not shown).
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[0093] In the set of equations (4), (b - an) and (c - an) correspond to "a horizontal distance from the healds to a
non-cloth-fell-side restricting portion that restricts the warp path at a position that is on the non-cloth-fell side of the
healds and that is nearest to the healds" according to the present invention. (x,, - t) and (y,, - s) correspond to "a vertical
distance from a non-cloth-fell-side reference surface that is a horizontal surface passing through the non-cloth-fell-side
restricting portion to mail eyes of the healds when a shed of the warp yarns is fully open". These distances may be
directly input to the setting device 17 as the positional information about the restricting members.

Entire Path

[0094] Referring to Fig. 5C, it is assumed that the following positional information about the tension roller 12 is input
to the setting device 17 as a known dimension:

d: the horizontal distance from the cloth fell 16 to the warp restricting portion 12a of the tension roller 12.

[0095] In this case, the path length Lyt from the warp restricting portion 12a of the tension roller 12 to the non-cloth-
fell-side restricting portion 14a of the upper yarn restricting pipe 14 is calculated using the following equation.

Lyp =+/(d=b)* +12 o)

[0096] By using Lyt of this equation, and Lgt4 and Lgt4, which have been calculated, the entire path length Lat, for
the first frame when the shed is upwardly open is calculated using the following equation.

Lat;=Lgr;tLlgrri+Llwr (6)

[0097] The entire path length Lat, for the n-th frame when the shed is upwardly open and the entire path length Lag,,
for the n-th frame when the shed is downwardly open are calculated using the following set of equations.

La;,=Lgrn+LgrrantLlwr
L aghy LesntTLrentT Lws

where LWB =\’(d—C)2+SZ (7)

[0098] In equations (5) and (7), (d - b) and (d - ¢) correspond to "a horizontal distance from the non-cloth-fell-side
restricting portion to a warp restricting portion of the warp guide roller" according to the present invention. Here, tand s
correspond to "a vertical distance from a let-off-side reference surface that is a horizontal surface passing through the
warp restricting portion of the warp guide roller to the non-cloth-fell-side restricting portion (non-cloth-fell-side reference
surface)" according to the present invention. These distances may be directly input to the setting device 17 as the
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positional information about the restricting members. In the present embodiment, other restricting members, i.e., the
upper yarn restricting pipe 14 for restricting the paths of upper yarns and the oval tube 13 for restricting the paths of
lower yarns are disposed between the tension roller 12, which serves as a warp guide roller, and the healds 15. If another
restricting member for restricting the paths of upper yarns is not disposed between the tension roller 12 and the healds
15, the path length Lyt is zero. If another restricting member for restricting the paths of lower yarns is not disposed
between the tension roller 12 and the healds 15, the path length L\ is zero.

[0099] The shed angle and the path length, which have been calculated as described above, are output to the display
control unit 22 of the display device 21 and displayed on the display unit 23 in a predetermined display mode, for example,
in a mode in which the numerical information and a diagram based on the numerical information are displayed as
illustrated in Fig. 4. An operator can accurately grasp the conditions of the paths of the warp yarns 11 by referring to
numerical information about the shed angle and the path length displayed on the display unit 23, which has been difficult
to perform by visual observation. By looking at the diagram based on the numerical information, the operator can intuitively
grasp the dispersion degree of the warp yarns. The diagram based on the numerical information may be drawn in such
a way that the paths of the warp yarns 11 are exaggerated in order to facilitate understanding of the dispersion degree
of the warp yarns.

[0100] If the position of a restricting member is mechanically adjusted, the adjusted positional information about the
disposition of the restricting member may be input again. For example, if the upper yarn restricting pipe 14 is moved
vertically upward, the vertical positional information t of the upper yarn restricting pipe 14, which has been input, may
be updated by adding the amount of the vertical movement, and the calculating device 20 may perform recalculation by
using the updated positional information t. As a result of the recalculation, the shed angle and the path length that have
been adjusted are displayed on the screen of the display device 21 as the numerical information and the like. Therefore,
initial determination as to whether or not the adjustmentis appropriate can be performed without carrying out test weaving,
and thereby an operation of adjusting the paths of the warp yarns 11 can be performed easily in a short time.

[0101] In the embodiment described above, the present invention is applied to a loom in which the warp line WL is
horizontal. However, the present invention is not limited thereto. As illustrated in Fig. 7, the present invention can be
applied to a loom in which the warp line WL is inclined. As compared with the loom illustrated in Fig. 2, in the loom
illustrated Fig. 7, the upper yarn restricting pipe 14, which serves as a restricting member, is omitted; and the position
of a warp restricting portion 12b of the tension roller 12 is higher than that of the cloth fell 16 and therefore the warp line
WL is inclined. Hereinafter, a second embodiment, in which the present invention is applied to the loom illustrated in
Fig. 7, will be described in detail.

[0102] In the loom according to the present embodiment, the cloth-fell-side reference surface and the let-off-side
reference surface do not coincide with the warp line WL, and the let-off-side reference surface is located at a position
higher than that of the cloth-fell-side reference surface in the vertical direction. On the non-cloth-fell side of the heald
frames, the tension roller 12 is a restricting member that restricts the warp yarns 11 that are moved to the upper shedding
position when the shed of the warp yarns 11 is opened at a position nearest to the healds 15; and the oval tube 13 is a
restricting member that restricts the warp yarns 11 that are moved to the lower shedding position when the shed of the
warp yarns 11 is opened at a position nearest to the healds 15. Therefore, according to the present embodiment, non-
cloth-fell-side restricting portions are the following two points: the final contact point (warp restricting portion 12b) between
the tension roller 12 and the warp yarns 11 in the feed direction of the warp yarns 11, and the final contact point between
the oval tube 13 and the warp yarns 11 in the feed direction of the warp yarns 11. According to the present embodiment,
there are two non-cloth-fell-side reference surfaces, i.e., a horizontal surface passing through the warp restricting portion
12b (non-cloth-fell-side restricting portion) of the tension roller 12 and a horizontal surface passing through the non-
cloth-fell-side restricting portion 13a of the oval tube 13. The non-cloth-fell-side reference surface passing through the
warp restricting portion 12b of the tension roller 12 is the same as a let-off-side reference surface.

[0103] As in the embodiment described above, to obtain the shed angle and the path length for each of the heald
frames when the shed of warp yarns is fully open as warp path numerical information, if the horizontal positional information
a,, of each heald frame is represented as a,, = a; + (n - 1)Xp using the pitch p of heald frames, for the n-th frame, the
shed angles (front upper shed angle 6, front lower shed angle 6y, rear upper shed angle 8z, rear lower shed
angle 6rgy,), and the path lengths (front upper yarn length L1, front lower yarn length Lgg,,, rear upper yarn length Lgt,,,
rear lower yarn length Lgg,,, entire path length L1, when the shed is upwardly open, and entire path length L,g, when
the shed is downwardly open) are calculated using the following set of equations.
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.4 4y
G o =tan” =% , O g, =tan” =
n an an
- X _t -1 yn -S
6y, =tan™ =2 , 6. .. =tan
RTn d_an R Bn c_an
, / 2 2
LFTn= an2+xnz ! LFBn= an +yn
Lere =4@=2,) +(, -1 Leg, =v(€—2,) + (¥, -9’
Lat,=LegrntLrra ) Lag,=LggnatLrentLuws

mere Luy=N@- 607 (g

[0104] When the offset amount of the warp restricting portion 12b of the tension roller 12 with respect to the cloth fell
16 is denoted by u and it is assumed that an upward offset is represented by a positive value of u, the shed angles and
the path lengths are calculated, for example, using the following set of equations, including the case where the upper
yarn restricting pipe 14 (horizontal distance b, vertical distance t) is not omitted.

Ok 1, = tan™ a: J B ga =tan-]a_:

OrTn = tan” ;n_;: ' x Ba = tan” Zn_;ns

Leta =\/an2+xn2 ’ Lrge ='\'an2+Yn2

Lora =Vb-2,0 +(x, =) Lsn = V(e -8,) +(¥, =5)’
Lar,=Lgg,+LrratLlwr ) Lag,=LegntLrentLuws

whereLy, =yd=b) +(t=u)’ . Lyp=y(@-0)" +G+p)* o

[0105] Ifb=d andu =t, the set of equations (9) is the same as the set of equations (8), which is used to calculate the
warp path numerical information in the case where the upper yarn restricting pipe 14 is omitted as illustrated in Figs. 8A
and 8B.

[0106] Heretofore, two embodiments of an information display apparatus according to the present invention have been
described. However, the present invention is not limited to these embodiments and can be modified in various ways.
Reference Position and the like for Positional Information about Restricting Members

[0107] Inthe embodiments described above, the horizontal positional information about the restricting members is set
with reference to the cloth fell. Alternatively, another specific reference position may be set and the distances from the
reference position to the restricting members may be set. However, in this case, it is necessary that the distance from
the reverence position to the cloth fell be set. Likewise, the reference surface of the vertical positional information about
the restricting members may be a horizontal surface other than the cloth-fell-side reference surface, such as the let-off-
side reference surface. As the positional information about the healds of each of the heald frames, for example, regarding
the horizontal direction, the distance from the non-cloth-fell-side restricting portion to the centers of the mail eyes of the
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healds of the heald frame may be set; and regarding the vertical direction, the distance from the non-cloth-fell-side
reference surface to the mail eyes of the healds of the heald frame when the shed of warp yarns is fully open may be set.

Shed Angle as Numerical Value related to Dispersion Degree of Warp Yarns

[0108] Inthe embodiments described above, the angle between each of the warp yarns and a corresponding horizontal
reference surface when the shed of the warp yarns is fully open, i.e., the angle between the warp yarn and the cloth-fell-
side reference surface at a position in front of the frame and the angle between the warp yarn and the non-cloth-fell-
side reference surface at a position at the rear of the frame are calculated as numerical values related to the dispersion
degree of the warp yarns. Alternatively, the angle between each of the warp yarns and an imaginary vertical surface
extending in the longitudinal direction (vertical direction) of the healds of the heald frames (hereinafter referred to as
"imaginary vertical reference surface") may be calculated.

[0109] For example, as illustrated in Fig. 8A, imaginary vertical reference surfaces o, (heald frame No.n =1, 2, ...)
for respective heald frames may be set so as to pass through the centers of the mail eyes 24. In this case, regarding
the warp yarn 11 for the n-th frame, the imaginary vertical reference surface for the warp yarn 11 at a position in front
of the frame is the same as that of the warp yarn 11 at a position at the rear of the frame.

[0110] As illustrated in Fig. 8B, an imaginary vertical reference surface for all heald frames may be set at each of a
position in front of the frame and a position at the rear of the frame. In this case, an imaginary vertical reference surface
Bg for the warp yarns 11 located in front of the frame is set between the cloth fell 16 and one of the heald frames that is
nearest to the cloth fell 16 (the first frame), and an imaginary vertical reference surface Bg for the warp yarns 11 located
at the rear of the frame is set between one of the heald frames that is farthest from the cloth fell 16 (the eighth frame in
the embodiments described above) and the non-cloth-fell-side restricting portion 14a. Other Numerical Values related
to Dispersion Degree of Warp Yarns

[0111] In the embodiments described above, the angle between each of the warp yarns 11 and a predetermined
reference surface is calculated as a numerical value related to the dispersion degree of warp yarns. Alternatively, the
positions of the intersections of imaginary planes (for example, the imaginary vertical reference surfaces g and Bg in
Fig. 8B) that are respectively set between the heald frames and the reference positions (cloth fell 16 and non-cloth-fell-
side restricting portion 14a) and the warp yarns 11 in the up-down direction, i.e., the distances Hgt,,, Hrt,,, @and the like
from a horizontal reference surface (cloth-fell-side reference surface) to the intersections may be calculated (Fig. 9A).
In Fig. 9A, the cloth-fell-side reference surface coincides with the warp line WL.

[0112] In this case, the imaginary planes are set so as to extend in the up-down direction and extend parallel to the
heald frames with respect to the width direction of the heald frames. At this time, regarding the warp sheet for the n-th
frame, the heights of all of the positions at which the warp yarns included in the warp sheet intersect the imaginary planes
are the same. Therefore, the imaginary planes need not be the planes extending vertically in the up-down direction as
illustrated in Fig. 9A as long as the imaginary planes extend parallel to the heald frames with respect to the width direction.
Planes yg and yg illustrated in Fig. 9B, which are inclined with respect to a horizontal surface in a side view of the warp
shed, may be used as the imaginary planes. In the case of Fig. 9B, as in the case of Fig. 9A, the distances Hgt,, and
HrT, from the horizontal reference surface may be calculated. Alternatively, as illustrated in Fig. 9B, the distance Hgy,,
and Hgir,,, from a reference surface in a direction in which the imaginary planes extend in the up-down direction may be
calculated. Relationship between Warp Path Numerical Information to be Obtained and Conditions of Shed and the like
[0113] Warp path numerical information to be obtained need not be that when the shed of warp yarns is fully open.
Warp path numerical information for another specific main shaft rotation angle (including the case of a plurality of angles)
may be obtained. In this case, it is necessary that positional information about the restricting members (members that
influence the warp path) that are necessary for the specific main shaft rotation angle be set and stored in the storage
unit 19. In the embodiments described above, the shed angle and the path length of warp yarns when the shed is fully
open are calculated as warp path numerical information. Instead of calculating both of these, the case of calculating
only one of these is included in the scope of the present invention.

Regarding Display of Shed Angle as Obtained Warp Path Numerical Information

[0114] Inthe embodiments described above, both of the numerical information and the diagram based on the numerical
information are displayed. Alternatively, only one of them may be displayed.

Claims

1. Aninformation display apparatus (10) for a loom, the loom at least including, as a plurality of members that influence
a warp path, a warp guide roller (12) and healds (15) attached to each of a plurality of heald frames, in which loom
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warp yarns (11) that are let off from a warp beam are redirected toward a cloth fell (16) by the warp guide roller (12),
passed through the healds (15) of corresponding ones of the plurality of heald frames, and guided to the cloth fell
(16), the information display apparatus (10) comprising:

a setting device (17) in which positional information about a disposition of the plurality of members is set;

a calculating device (20) that calculates numerical information about the warp path on the basis of the positional
information; and

a display device (21) that displays the numerical information calculated by the calculating device (20) and/or a
diagram based on the numerical information on a screen.

The information display apparatus (10) for a loom according to Claim 1,

wherein the calculating device (20) calculates for each heald frame on the basis of the positional information, as
the numerical information, a numerical value related to a dispersion degree of the warp yarns (11) located on a
cloth-fell side of the heald frame by using a horizontal distance from the cloth fell (16) to the healds (15) of the heald
frame and a vertical distance from a cloth-fell-side reference surface that is a horizontal surface passing through
the cloth fell (16) to mail eyes (24) of the healds (15) when a shed of the warp yarns (11) is fully open.

The information display apparatus (10) for a loom according to Claim 1 or 2,

wherein the calculating device (20) calculates for each heald frame on the basis of the positional information, as
the numerical information, a numerical value related to a dispersion degree of the warp yarns (11) located on a non-
cloth-fell side of the heald frame by using a horizontal distance from the healds (15) of the heald frame to a non-
cloth-fell-side restricting portion (13a, 14a, 12b) that restricts the warp path at a position that is on the non-cloth-fell
side of the healds (15) and that is nearest to the healds (15) and a vertical distance from a non-cloth-fell-side
reference surface that is a horizontal surface passing through the non-cloth-fell-side restricting portion (13a, 14a,
12b) to mail eyes (24) of the healds (15) when a shed of the warp yarns (11) is fully open.

The information display apparatus (10) for a loom according to any one of Claims 1 to 3,

wherein the calculating device (20) calculates for each heald frame on the basis of the positional information, as
the numerical information, a path length from the warp guide roller (12) to the cloth fell (16) when a shed of the warp
yarns (11) is fully open by using the following distance information:

a horizontal distance from the cloth fell (16) to the healds (15) of the heald frame,

a vertical distance from the cloth-fell-side reference surface to mail eyes (24) of the healds (15) of the heald
frame when the shed of the warp yarns (11) is fully open,

a horizontal distance from the healds (15) of the heald frame to the non-cloth-fell-side restricting portion (13a,
14a, 12b),

a vertical distance from the non-cloth-fell-side reference surface to the mail eyes (24) of the healds (15) of the
heald frame when the shed of warp yarns (11) is fully open,

a horizontal distance from the non-cloth-fell-side restricting portion (13a, 14a, 12b) to a warp restricting portion
(12a, 12b) of the warp guide roller (12), and

a vertical distance from a let-off-side reference surface that is a horizontal surface passing through the warp
restricting portion (12a, 12b) of the warp guide roller (12) to the non-cloth-fell-side restricting portion (non-cloth-
fell-side reference surface) (13a, 14a, 12b).

5. The information display apparatus (10) for a loom according to any one of Claims 1 to 4,

wherein the display device (21) displays the numerical information and/or the diagram based on the numerical
information for at least two of the heald frames simultaneously on a single screen.
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