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(54) SUB-NOZZLE FOR AIR JET LOOM

(57) A sub-nozzle (2) for an air jet loom is provided,
the sub-nozzle having a hollow tubular shape having a
closed distal end, the sub-nozzle having a distal end por-
tion (13) having an ejection hole (10). In a view in a di-
rection of a center line (26) of the ejection hole, when X
is determined as a position that is a position on an outer
peripheral edge of the sub-nozzle and that is at a closest

distance from a center of the ejection hole, and Y is de-
termined as a position at which a line connecting the cent-
er of the ejection hole and the position X intersects with
a peripheral edge of the ejection hole, the ejection hole
is formed such that a distance between the position X
and the position Y is 0.75 mm or less in the view in the
direction of the center line.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a sub-nozzle
for an air jet loom, the sub-nozzle having a hollow tubular
shape having a closed distal end, the sub-nozzle having
a distal end portion having an ejection hole.

2. Description of the Related Art

[0002] Typically, a sub-nozzle for an air jet loom is
formed into a hollow tubular shape having a closed distal
end as described above, and has a distal end portion
having an ejection hole. A plurality of such sub-nozzles
are provided in a manner arranged in a weft-insertion
direction on a reed holder that supports a reed. The sub-
nozzles advance into warp sheds in a manner of pushing
warps aside as the reed swings during weaving. Thus,
to separate the warps better when the sub-nozzles ad-
vance into the warp sheds, the sub-nozzles are formed
to each have a small diameter. Moreover, the sub-noz-
zles each have a wall with a very small thickness accord-
ingly, which is typically 0.5 mm or less.
[0003] In such a sub-nozzle, since the ejection hole is
bored in the wall with the small thickness, the ejection
hole has a small length in a center-line direction of the
ejection hole and has a very small ratio of the length
thereof in the center-line direction to the diameter thereof.
Thus, with such a sub-nozzle, the degree of spreading
of a flow of air jetted from the ejection hole is high, and
directivity of a flow of air toward the inside of a weft guide
groove is low accordingly, leading to a problem of a small
weft conveying force with respect to the pressure of com-
pressed air to be supplied (hereinafter, referred to as
"supply pressure").
[0004] As a technology for addressing such a problem,
there is a technology disclosed in Japanese Unexamined
Utility Model Registration Application Publication No.
61-159386 (hereinafter, referred to as "related art"). More
specifically, to address the above-described problem, in
the related art, a sub-nozzle has an ejection hole that is
provided with a cylindrical member for guiding com-
pressed air in a direction toward the inside of a weft guide
groove.
[0005] However, since the sub-nozzle has a small di-
ameter as described above, the ejection hole of course
has a further small diameter. The cylindrical member that
is attached to such an ejection hole is a very small mem-
ber. Thus, it is difficult to fabricate such a cylindrical mem-
ber and to attach the cylindrical member to the ejection
hole. Consequently, manufacturing such a sub-nozzle
requires many work hours and high manufacturing cost.
[0006] Moreover, in the related art, the cylindrical
member is provided to protrude into the sub-nozzle. Due
to this, the compressed air supplied to the sub-nozzle

and flowing in the sub-nozzle collides with the cylindrical
member. Thus, a turbulence occurs in a flow of the com-
pressed air in the sub-nozzle, which may adversely affect
jetting of the compressed air from the sub-nozzle and
lead to a decrease in the conveying force.

SUMMARY OF THE INVENTION

[0007] Accordingly, an object of the present invention
is to provide a sub-nozzle for an air jet loom, the sub-
nozzle being capable of increasing a weft conveying
force with respect to a supply pressure by increasing di-
rectivity of a flow of air without provision of a member,
such as a cylindrical member, for guiding compressed air.
[0008] The present invention presupposes a sub-noz-
zle for an air jet loom, the sub-nozzle having a hollow
tubular shape having a closed distal end, the sub-nozzle
having a distal end portion having an ejection hole. Based
on this, to attain the above-described object, in the pre-
supposed sub-nozzle for the air jet loom, in a view in a
direction of a center line of the ejection hole, when X is
determined as a position that is a position on an outer
peripheral edge of the sub-nozzle and that is at a closest
distance from a center of the ejection hole, and Y is de-
termined as a position at which a line connecting the cent-
er of the ejection hole and the position X intersects with
a peripheral edge of the ejection hole, the ejection hole
is formed such that a distance between the position X
and the position Y is 0.75 mm or less in the view in the
direction of the center line.
[0009] Note that, the "ejection hole" according to the
present invention is not limited to an ejection hole formed
of a single hole, and includes an ejection hole having a
group of a plurality of holes formed in a region where an
ejection hole is to be formed. In this case, the position at
which the ejection hole is formed is the region where the
plurality of holes are formed, and the position of the center
of the region is the position of the center of the ejection
hole.
[0010] In the sub-nozzle for the air jet loom according
to the present invention, the ejection hole may be formed
such that the center line does not intersect with an axis
of the sub-nozzle.
[0011] In the sub-nozzle for the air jet loom according
to the present invention, the ejection hole may be formed
to have a tapered portion that is a portion formed such
that a hole diameter of an inner peripheral surface of the
ejection hole gradually increases toward an inner surface
of the sub-nozzle.
[0012] With the sub-nozzle for the air jet loom accord-
ing to the present invention, since the ejection hole is
formed at the position at the distance of 0.75 mm or less,
a weft conveying force with respect to a supply pressure
of compressed air can be increased without provision of
a member, such as the cylindrical member of the related
art, for guiding the compressed air. The details are de-
scribed as follows.
[0013] Sub-nozzles typically used for air jet looms in-
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clude a sub-nozzle in which a front surface having an
ejection hole has a planar shape extending to a distal
end portion; and a sub-nozzle that does not have such
a portion with a planar shape and in which a portion cor-
responding to the portion with the planar shape has an
arc surface, and a sectional shape in a direction orthog-
onal to an axial direction is formed in an ellipse (oval) or
a circle. In such a sub-nozzle, the ejection hole is formed
in a manner bored in a peripheral wall of the ejection
hole. For example, in a case where an ejection hole is
formed such that the center line faces a specific direction,
when the center of the ejection hole faces front and is
viewed in a direction of the center line (center-line direc-
tion), the angle of a direction of the thickness (hereinafter,
merely referred to as "thickness direction") of the periph-
eral wall (including a wall forming a distal end) with re-
spect to the center-line direction increases as the thick-
ness direction is closer to an outer peripheral edge (an
edge defining a contour) of the sub-nozzle.
[0014] When an ejection hole formed at a certain po-
sition is compared with an ejection hole formed close to
the outer peripheral edge of the sub-nozzle with the cent-
er-line direction unchanged from the former ejection hole,
the angle of the thickness direction of a portion of the
latter ejection hole including a peripheral edge portion
close to the outer peripheral edge of the sub-nozzle with
respect to the center-line direction is larger than that an-
gle of the former ejection hole. That is, in the case of the
latter ejection hole, the peripheral edge portion is formed
at a larger angle with respect to the thickness direction
than that angle of the former ejection hole. As the angle
of the boring direction of the peripheral edge portion with
respect to the thickness direction is larger, the inner pe-
ripheral surface of the ejection hole is longer in the center-
line direction in the peripheral edge portion.
[0015] With this regard, in the view in the center-line
direction, when X is determined as the position that is
the position on the outer peripheral edge of the sub-noz-
zle and that is at the closest distance from the center of
the ejection hole, and Y is determined as the position at
which the line connecting the center of the ejection hole
and the position X intersects with the peripheral edge of
the ejection hole, the ejection hole is formed such that
the distance between the position X and the position Y
is smaller, and hence the inner peripheral surface of the
ejection hole in the peripheral edge portion in the vicinity
of the position Y is longer.
[0016] Note that, as the inner peripheral surface of the
ejection hole that guides a flow of air to be jetted is longer
in the center-line direction, directivity of a flow of air after
jetting increases. Since the directivity of the flow of air
increases, a weft conveying force with respect to a pre-
determined supply pressure of compressed air increas-
es. Furthermore, the situation in which the weft conveying
force with respect to the predetermined supply pressure
of the compressed air increases represents, in other
words, that the supply pressure of the compressed air
required for obtaining a predetermined weft conveying

force can be low. By decreasing the pressure of the com-
pressed air to be supplied to the sub-nozzle during weft
insertion, air consumption by weaving can be decreased,
promoting energy savings.
[0017] Based on this, the results of assiduous study
by the inventors of the present invention showed that, by
forming the ejection hole at the position at the distance
of 0.75 mm or less, the sub-nozzle can obtain such a
conveying force that can decrease the air consumption
by a desirable amount. Thus, according to the present
invention, in the sub-nozzle for the air jet loom, the ejec-
tion hole is formed such that the distance is 0.75 mm or
less. Accordingly, the weft conveying force that can de-
crease the air consumption by a desirable amount can
be obtained.
[0018] Moreover, according to the present invention,
the directivity of the flow of air is increased to obtain such
a conveying force without provision of a cylindrical mem-
ber for guiding compressed air like the related art. As
compared with the related art, manufacturing cost of the
sub-nozzle can be significantly decreased, and the
above-described conveying force can be stably obtained.
[0019] Moreover, in the sub-nozzle for the air jet loom
according to the present invention, the ejection hole is
formed such that the center line of the ejection hole does
not intersect with the axis of the sub-nozzle. Even when
the ejection hole is formed at the same position, as com-
pared with a case where the ejection hole is formed such
that the center line intersects with the axis of the sub-
nozzle, the peripheral edge portion is formed at a larger
angle with respect to the thickness direction. The length
in the center-line direction of the inner peripheral surface
of the ejection hole is longer. Thus, the above-described
advantageous effect of increasing the weft conveying
force is attained by a higher degree, and it is possible to
decrease the air consumption more effectively.
[0020] Furthermore, since the ejection hole is formed
to have a tapered portion like one described above, as
a flow of air passes through the tapered portion whose
diameter gradually decreases toward the peripheral
edge of the ejection hole, the velocity of the flow of air
increases. Accordingly, the velocity of flow also increases
at the position of a weft traveling in the weft guide groove.
As compared with a configuration in which the ejection
hole does not have a tapered portion like one described
above, the weft conveying force with respect to the same
supply pressure increases, and it is possible to decrease
the air consumption.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021]

Fig. 1 is a front view of an air jet loom to which the
present invention is applied;
Fig. 2 is a view from arrow II in Fig. 1;
Fig. 3 is a front view of a sub-nozzle for the air jet
loom according to the present invention;
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Fig. 4 is a side view of Fig. 3;
Fig. 5 is an enlarged view of a distal end of the sub-
nozzle;
Fig. 6 is a sectional view taken along line VI-VI in
Fig. 5;
Fig. 7 is a sectional view taken along line VII-VII in
Fig. 5;
Fig. 8 is a sectional view taken along line VIII-VIII in
Fig. 5;
Fig. 9 is a sectional view taken along line IX-IX in
Fig. 5;
Fig. 10 is a graph showing, regarding the sub-nozzle
for the air jet loom according to the present invention,
a relationship between a wind velocity ratio of com-
pressed air to be jetted from the sub-nozzle and a
distance C; and
Fig. 11 illustrates another example of a sub-nozzle
for an air jet loom according to the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0022] As illustrated in Fig. 1 and Fig. 2, an air jet loom
to which a sub-nozzle according to the present invention
is applied includes a main-nozzle 1 for weft insertion and
a plurality of sub-nozzles 2 arranged along a weft
traveling passage to assist traveling of a weft delivered
out from the main-nozzle 1. The air jet loom includes a
reed 3 that performs beating of an inserted weft with re-
spect to a cloth fell of a woven cloth.
[0023] The reed 3 is a so-called modified reed and has
a configuration in which a large number of modified reed
dents 4 each having a recessed portion are arrayed. The
modified reed 3 is a known configuration, and thus, de-
tailed description thereof is omitted. In each of the reed
dents 4, the recessed portion is formed at a substantially
center portion thereof in the longitudinal direction. Based
on this, the large number of reed dents 4 are arrayed and
integrated together by upper and lower reed channels 5
and 6 to thereby constitute the modified reed 3. As a
result of the large number of reed dents 4 being thus
arrayed, the modified reed 3 has a weft guide groove 7
formed by the recessed portion of each of the reed dents
4.
[0024] On the loom, the modified reed 3 is attached at
the lower reed channel 6 to a reed holder 8 and disposed
such that the longitudinal direction of the reed channels
5 and 6 (the width direction of the modified reed 3) coin-
cides with the width direction of the loom (weaving-width
direction). In the air jet loom, the main-nozzle 1 is also
attached to the reed holder 8, and the main-nozzle 1 is
arranged, on the reed holder 8, on a thread supply side
of the modified reed 3.
[0025] Each of the sub-nozzles 2 is attached to a noz-
zle holder 9, and the nozzle holder 9 is attached to the
reed holder 8. Thus, each of the sub-nozzles 2 is ar-
ranged, in front of the modified reed 3, in a fixed manner
with respect to the reed holder 8. The plurality of sub-
nozzles 2 provided on the loom (on the reed holder 8)

are arranged at equal intervals in the weaving-width di-
rection (the width direction of the modified reed 3). In
addition, each of the sub-nozzles 2 is arranged such that
an ejection hole 10 thereof faces the weft guide groove 7.
[0026] Next, an embodiment of the sub-nozzle in the
air jet loom according to the present invention will be
described on the basis of Fig. 3 to Fig. 10.
[0027] As illustrated in Figs. 3 and 4, the sub-nozzle 2
is entirely a hollow rod body and is formed in a manner
that a distal end thereof is closed and a proximal end
thereof is open. In the illustrated example, a proximal end
portion 11 that is a portion of the sub-nozzle 2 close to
the proximal end is formed such that the shape of a plane
section (plane-sectional shape) which is a section in a
direction orthogonal to a center axis (hereinafter, merely
referred to as "axis") 14 of the sub-nozzle 2 is a circle. In
contrast, a main body portion 12 that is a portion closer
than the proximal end portion 11 to the distal end and
that is a portion including the closed distal end as de-
scribed above is formed such that the plane-sectional
shape is an ellipse. The main body portion 12 is formed
such that, in a sectional shape when the main body por-
tion 12 is divided along a major axis 42 of the ellipse that
is the plane-sectional shape, and a sectional shape when
the main body portion 12 is divided along a minor axis
43 of the ellipse, the distal end of each of the sectional
shapes defines an arc shape.
[0028] The main body portion 12 includes a distal end
portion 13 according to the present invention, and an
intermediate portion 40 that is a portion between the distal
end portion 13 and the proximal end portion 11. The distal
end portion 13 is a portion in which the ejection hole 10
may be formed. Note that, regarding the main body por-
tion 12, when the main body portion 12 is divided along
the major axis 42 of the ellipse that is the above-described
plane-sectional shape, and when one of the divided por-
tions is referred to as a front wall portion 18 and the other
one of the divided portions is referred to as a rear wall
portion 17, the ejection hole 10 is formed in the front wall
portion 18 of the distal end portion 13.
[0029] Regarding the ejection hole 10, the ejection hole
10 is formed of a single hole as illustrated in Fig. 5 ac-
cording to the present embodiment. Note that Fig. 5 is
an illustration when the front wall portion 18 in the distal
end portion 13 is viewed in a direction of a center line 26
(hereinafter, also referred to as "center-line direction") of
the ejection hole 10 (hereinafter, referred to as "front
view"). A portion (an outer opening portion 31) of the
ejection hole 10 being open in an outer surface 16 of the
sub-nozzle 2 has a hole diameter of about 1.6 mm in the
present embodiment. The ejection hole 10 is formed such
that the position of a center 33 of the ejection hole 10 is
located at a position deviated from the axis 14. More spe-
cifically, the ejection hole 10 is formed at a position such
that, when the sub-nozzle 2 is provided on the loom (on
the reed holder 8), the center 33 is located closer than
the axis 14 to the modified reed 3.
[0030] Based on this, the ejection hole 10 is formed
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such that a distance C between a position X and a position
Y in the drawing is 0.75 mm or less. The details of the
ejection hole 10 are described as follows.
[0031] First, as illustrated in Fig. 5, the position X is a
position that is a position on an outer peripheral edge of
the sub-nozzle 2 and that is at the closest distance from
the center 33 of the ejection hole 10. For example, in the
front view, the position X is a position at which, among
circles that are depicted to be in contact with the outer
peripheral edge of the sub-nozzle 2 about the center 33
of the ejection hole 10, a circle with the smallest radius
is in contact with the outer peripheral edge. The position
X can be also thus obtained. In the present embodiment,
the position X is located on the outer peripheral edge at
the distal end formed as described above of the main
body portion 12. Note that, while the ejection hole 10 is
formed such that the position of the center 33 is deviated
from the axis 14 as described above, in the present em-
bodiment, in the front view, the ejection hole 10 is formed
at a position at which a line (an imaginary line 32 in the
drawing) that passes through the center 33 of the ejection
hole 10 and the position X is at an angle of about 70°
with respect to a line (an imaginary line 41 in the drawing)
that is orthogonal to the axis 14.
[0032] In the present embodiment, the ejection hole 10
is formed such that the center line 26 of the ejection hole
10 extends from the side of an inner surface 15 toward
the side of the outer surface 16 of the sub-nozzle 2 and
is inclined toward the distal end of the sub-nozzle 2. More
specifically, Fig. 6 is a sectional view (a sectional view
taken along line VI-VI in Fig. 5) when the sub-nozzle 2
is cut along a plane passing through the center 33 of the
ejection hole 10 and the above-described position X. The
ejection hole 10 is formed such that the center line 26 is
at an angle of about 10° with respect to the direction
orthogonal to the axis 14 in that section. Since the posi-
tion X is the position on the outer peripheral edge of the
sub-nozzle 2 when viewed in the direction of the center
line 26 as described above, the position X is the position
on the outer peripheral edge of the rear wall portion 17
as illustrated in Fig. 6 according to the present embodi-
ment instead of the position on the outer peripheral edge
of the front wall portion 18.
[0033] The position Y is, in the front view, a position
that is a position on the peripheral edge of the ejection
hole 10 and that is a position of a point at which the im-
aginary line 32 intersects with the peripheral edge of the
ejection hole 10. Since Fig. 6 is a sectional view when
the sub-nozzle 2 is cut along the plane passing through
the center 33 of the ejection hole 10 and the position X
as described above, the position Y in Fig. 6 is a position
on an edge that is included in an edge of the outer opening
portion 31 of the sub-nozzle 2 and that is close to the
distal end.
[0034] The distance C between the position X and the
position Y when viewed in the center-line direction is a
distance between a line (an imaginary line 44 in the draw-
ing) that passes through the position X and that is parallel

to the center line 26 and a line (an imaginary line 45 in
the drawing) that passes through the position Y and that
is parallel to the center line 26 as illustrated in Fig. 6.
Based on this, the ejection hole 10 is formed such that
the distance C is 0.75 mm or less as described above,
and in the present embodiment, the ejection hole 10 is
formed at the position at the distance C = 0.5 mm.
[0035] In the present embodiment, the ejection hole 10
is formed such that the center line 26 of the ejection hole
10 does not intersect with the axis 14. More specifically,
Fig. 7 is the plane-sectional view (a sectional view taken
along line VII-VII in Fig. 5) at the position of the center
33 of the ejection hole 10, and as illustrated in Fig. 7, the
ejection hole 10 is formed such that the center line 26
(more accurately, an extension line of the center line 26)
thereof does not intersect with the axis 14. That is, the
ejection hole 10 is formed such that, when the ejection
hole 10 is bored in the sub-nozzle 2, a boring direction
of the ejection hole 10 is at a position eccentric from the
axis of the sub-nozzle 2.
[0036] In the present embodiment, the ejection hole 10
is formed to have a tapered portion that is a portion
formed such that a hole diameter of an inner peripheral
surface 34 of the ejection hole 10 gradually increases
toward the inner surface 15 of the sub-nozzle 2. More
specifically, as illustrated in Fig. 6, the ejection hole 10
is formed to be constituted by a straight portion 27 and
a tapered portion 28. The straight portion 27 is a portion
close to the outer surface 16 of the sub-nozzle 2 and is
a portion in which the inner peripheral surface 34 is
formed in parallel to the center line 26 of the ejection hole
10. The tapered portion 28 is a portion closer than the
straight portion 27 to the inner surface 15 of the sub-
nozzle 2 and is a portion formed such that the hole di-
ameter of the inner peripheral surface 34 gradually in-
creases toward the inner surface 15. Thus, in the ejection
hole 10, the hole diameter of the outer opening portion
31 differs from the hole diameter of a portion (an inner
opening portion 30) being open in the inner surface 15.
The hole diameter of the inner opening portion 30 is larger
than the hole diameter of the outer opening portion 31.
[0037] As described above, in the sub-nozzle 2 of the
present embodiment, the ejection hole 10 is formed such
that the distance C from the position X to the position Y
is 0.5 mm. With the sub-nozzle 2 having the thus formed
ejection hole 10, the inner peripheral surface 34 of the
ejection hole 10 is long in the center-line direction in the
vicinity of the position Y, and the length can provide such
a conveying force that can decrease the air consumption
by a desirable amount. The details are described as fol-
lows.
[0038] First, regarding the position Y, as described
above, the position Y is the position at which the line
connecting the center 33 of the ejection hole 10 and the
position X intersects with the peripheral edge of the ejec-
tion hole 10, and the position X is the position that is the
position on the outer peripheral edge of the sub-nozzle
2 and that is at the closest distance from the center 33
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of the ejection hole 10. Thus, the position Y is the position
that is the position on the peripheral edge of the ejection
hole 10 and that is closest to the outer peripheral edge
of the sub-nozzle 2.
[0039] Based on this, when the position of the ejection
hole 10 is considered separately in a direction orthogonal
to the axis 14 of the sub-nozzle 2 (the width direction)
and in a direction of the axis 14 of the sub-nozzle 2 (the
axial direction), in the front view, the position in the width
direction is recognized in the plane section. As described
above, the sub-nozzle 2 of the present embodiment is
formed such that the plane-sectional shape is the ellipse.
A typical sub-nozzle has a wall with a substantially uni-
form thickness. Accordingly, the direction of the thickness
in the plane section (the thickness direction) has a larger
angle at a position closer to the outer peripheral edge of
the sub-nozzle 2 with respect to the thickness direction
at the position of the center in the width direction.
[0040] Thus, when the ejection hole 10 is bored such
that the center-line direction is the specific direction, the
angle of the thickness direction at a position on the pe-
ripheral edge of the ejection hole 10 in the plane section
is larger as the position on the peripheral edge is closer
to the outer peripheral edge of the sub-nozzle 2. In other
words, in the plane section, the angle of the thickness
direction at a position on the peripheral edge of the ejec-
tion hole 10 with respect to the center-line direction of
the ejection hole 10 is larger as the position on the pe-
ripheral edge (the position of the center 33 of the ejection
hole 10) is closer to the outer peripheral edge of the sub-
nozzle 2.
[0041] In a view at the position Y that is the position on
the peripheral edge of the ejection hole 10 and that is
closest to the outer peripheral edge of the sub-nozzle 2,
the thickness direction at the position Y is at an angle θa
with respect to the center-line direction, as illustrated in
Fig. 8 (a sectional view taken along line VIII-VIII in Fig.
5) indicating the plane section at the position Y. While
the ejection hole 10 is formed such that the distance C
is 0.5 mm as described above in the present embodiment,
the angle θa is larger as the distance C is smaller (the
angle θa is smaller as the distance C is larger). As the
angle θa is larger, the length of the inner peripheral sur-
face 34 of the ejection hole 10 at that position is larger
in the center-line direction.
[0042] Similarly, the position of the ejection hole 10 in
the axial direction is recognized in a section in a direction
parallel to the axial direction (a section when divided
along the minor axis 43 of the ellipse, hereinafter, referred
to as "vertical section"). As described above, the main
body portion 12 of the sub-nozzle 2 is formed such that
the distal end of the main body portion 12 has an arc
shape in the vertical section. Accordingly, when the ejec-
tion hole 10 is formed at a position at a small (close)
distance from the outer peripheral edge of a portion on
the peripheral edge close to the outer peripheral edge of
the sub-nozzle, the portion (part) on the peripheral edge
is located on an arc surface in the axial direction.

[0043] When the part on the peripheral edge is located
on the arc surface in the axial direction in this way and
when the ejection hole 10 is bored such that the center-
line direction is the specific direction, the thickness direc-
tion at the position on the peripheral edge of the ejection
hole 10 in the vertical section has a larger angle with
respect to the center-line direction as the position on the
peripheral edge is closer to the outer peripheral edge of
the sub-nozzle 2. Based on this, in the view at the position
Y that is the position on the peripheral edge of the ejection
hole 10 and that is closest to the outer peripheral edge
of the sub-nozzle 2, the thickness direction at the position
Y is at an angle θb with respect to the center-line direction,
as illustrated in Fig. 9 (a sectional view taken along line
IX-IX in Fig. 5). While the ejection hole 10 is formed such
that the distance C is 0.5 mm in the present embodiment,
the angle θb is larger as the distance C is smaller (the
angle θb is smaller as the distance C is larger). As the
angle θb is larger, the length of the inner peripheral sur-
face 34 of the ejection hole 10 at that position is larger
in the center-line direction.
[0044] Since the ejection hole 10 is formed at the po-
sition with the small distance C in this way, at the position
Y, which is the position on the peripheral edge of the
ejection hole 10, and in the vicinity of the position Y, the
length of the inner peripheral surface 34 of the ejection
hole 10 in the center-line direction increases in the width
direction and the axial direction. Consequently, directivity
of a flow of air jetted from the ejection hole 10 increases,
and a weft conveying force with respect to a predeter-
mined supply pressure of compressed air can be in-
creased.
[0045] Fig. 10 is a graph showing, regarding the sub-
nozzle in which the ejection hole is formed in this way, a
relationship between a wind velocity of compressed air
jetted from the sub-nozzle, the wind velocity considerably
relating to the weft conveying force, and a distance C.
The graph shows the relationship for each of cases in
which two different types (0.3 MPa and 0.4 MPa) of the
pressures (supply pressures) of compressed air to be
supplied to the sub-nozzle 2 are set.
[0046] Moreover, in the graph, the horizontal axis rep-
resents the distance C; the vertical axis, however, does
not represent the above-described wind velocity itself but
employs a wind velocity ratio as a parameter. Note that
the wind velocity ratio is a ratio in which the wind velocity
of a flow of air jetted from an ejection hole of a compar-
ative sub-nozzle is considered as 100 with the same sup-
ply pressure. The wind velocity is measured at a prede-
termined position in a region where a flow of air acts in
the weft guide groove of the modified reed. The compar-
ative sub-nozzle in this case is a sub-nozzle having a
configuration in which an ejection hole is formed such
that, in a front view of a front wall portion, the position of
the center of the ejection hole is at a position on the axis
of the sub-nozzle and the ejection hole is formed at the
distance C of 0.8 mm.
[0047] As read from the graph of Fig. 10, in the sub-
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nozzle of the present embodiment in which the ejection
hole is formed such that the distance C is 0.5 mm, the
wind velocity ratio has a value of 105 or more with either
of the above-described two types of supply pressures.
In other words, in the sub-nozzle 2 of the present em-
bodiment, the wind velocity ratio is increased by 5% or
more due to the configuration in which the ejection hole
10 is formed such that the distance C is 0.5 mm. Conse-
quently, in the sub-nozzle 2 of the present embodiment,
it is possible to obtain a weft conveying force that can
decrease the air consumption by a desirable amount.
[0048] In the present embodiment, the ejection hole 10
is formed such that the center line 26 of the ejection hole
10 does not intersect with the axis 14 of the sub-nozzle
2. As compared with a case where the ejection hole 10
is formed such that the center line 26 of the ejection hole
10 intersects with the axis 14 (in the plane section, the
center line 26 is directed toward the center of the sub-
nozzle 2), the angle of the center line 26 with respect to
the thickness direction of the front wall portion 18 increas-
es. Accordingly, the length in the center-line direction of
the inner peripheral surface 34 of the ejection hole 10
increases. Thus, the above-described advantageous ef-
fect of increasing the weft conveying force is attained by
a higher degree, and consequently, it is possible to de-
crease the air consumption more effectively.
[0049] Furthermore, in the present embodiment, the
ejection hole 10 is formed to have the tapered portion
28. As compared with an ejection hole without a tapered
portion, the length in the center-line direction of the inner
peripheral surface 34 of the ejection hole 10 further in-
creases. Specifically, as described above, the ejection
hole 10 is formed such that the center-line direction of
the ejection hole 10 is at an angle with respect to the
thickness direction of the front wall portion 18. Moreover,
the inner peripheral surface 34 of the ejection hole 10 is
formed such that the hole diameter of the inner peripheral
surface 34 gradually increases toward the inner surface
15. As compared with a case where an ejection hole is
not formed in this way (a case without a tapered portion),
the position in the center-line direction of the inner open-
ing portion 30 is located further close to the rear wall
portion 17. Thus, the length in the center-line direction
of the inner peripheral surface 34 of the ejection hole 10
is longer than that in a case where an ejection hole does
not have such a tapered portion. Consequently, the
above-described advantageous effect of increasing the
weft conveying force is attained by a higher degree, and
it is possible to decrease the air consumption more ef-
fectively.
[0050] The present invention is not limited to the
above-described embodiment (the embodiment), and
can be implemented by any of the following modified em-
bodiments.

(1) In the embodiment, the ejection hole 10 is formed
such that the hole diameter of the outer opening por-
tion 31 is 1.6 mm. However, the sub-nozzle for the

air jet loom according to the present invention is not
limited to the sub-nozzle in which the hole diameter
of the outer opening portion is thus formed. The sub-
nozzle may have an ejection hole formed such that
the hole diameter of the outer opening portion differs
from the hole diameter of the present embodiment
as far as the ejection hole is formed such that the
distance between the position X and the position Y
(the distance C according to the embodiment) in the
view of the ejection hole in the center-line direction
is 0.75 mm or less.
(2) In the embodiment, the ejection hole is formed
to have the straight portion and the tapered portion.
In the straight portion, the inner peripheral surface
of the ejection hole is formed in parallel to the center
line of the ejection hole. The tapered portion is the
portion closer than the straight portion to the inner
surface, and in the tapered portion, the hole diameter
of the inner peripheral surface gradually increases
toward the inner surface. However, in the sub-nozzle
according to the present invention, the ejection hole
is not limited to the ejection hole formed to have such
a tapered portion, and may be formed straight en-
tirely in the center-line direction. Even with such a
sub-nozzle, the inner peripheral surface of the ejec-
tion hole is long in the center-line direction as de-
scribed above at the position Y that is the position
on the peripheral edge of the ejection hole and the
vicinity of the position Y.
Alternatively, the ejection hole may be formed such
that the hole diameter of the inner peripheral surface
of the ejection hole gradually increases toward the
inner surface entirely in the center-line direction of
the ejection hole. In the sub-nozzle having the thus
formed ejection hole, the length in the center-line
direction of the inner peripheral surface of the ejec-
tion hole at the position Y and in the vicinity of the
position Y is larger than that of an ejection hole hav-
ing a straight portion like the embodiment.
In the case of the configuration in which the ejection
hole has the tapered portion in the portion close to
the inner surface as described above, if the thickness
of the portion at the distal end of the sub-nozzle is
uniform, a step may be generated between the inner
peripheral surface of the tapered portion and the in-
ner surface of the portion at the distal end of the sub-
nozzle, in accordance with the degree of the increase
in diameter of the tapered portion. If such a step is
generated, as illustrated in Fig. 11, an inclined sur-
face 35 that has a curved surface shape and that
continues to an inner peripheral surface of a tapered
portion and to an inner surface at a distal end of the
sub-nozzle may be formed at a position inside the
portion at the distal end of the sub-nozzle having the
step.
(3) In the embodiment, the ejection hole is formed
such that the distance C is 0.5 mm. However, in the
sub-nozzle according to the present invention, the
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position at which the ejection hole is formed is not
limited to the position at the distance C of 0.5 mm,
and may be located at a position at a distance C of
0.75 mm or less. The details are described as fol-
lows.
Typically in a weaving factory, it is desired to de-
crease air consumption of an air jet loom as a meas-
ure for energy conservation. Moreover, the amount
of decrease is desirably an amount corresponding
to 3% or more of the wind velocity ratio. As read from
the graph of Fig. 10, as far as the distance C is 0.75
mm or less, the wind velocity ratio has a value larger
than 103 with either of the above-described two
types of supply pressures. That is, since the ejection
hole of the sub-nozzle is formed such that the dis-
tance C is 0.75 mm or less, the wind velocity ratio
can be increased by a proportion of 3% or more by
which the air consumption is desired to be de-
creased. Thus, the air consumption can be de-
creased as described above.
Note that the distance C is the distance between the
position Y and the outer peripheral edge of the sub-
nozzle in the front view. As the distance decreases,
the thickness of the wall of the sub-nozzle in the vi-
cinity of the position Y decreases. As the thickness
of the wall decreases, this likely leads to a breakage
of the sub-nozzle by the amount of decrease. In con-
trast, referring to the graph in Fig. 10, it is found that
the wind velocity ratio does not change when the
distance C is 0.15 mm or less with either of the supply
pressures of 0.3 MPa and 0.4 MPa. Thus, the dis-
tance C is desirably 0.15 mm or more.
(4) In the embodiment, the ejection hole is formed
such that the center line of the ejection hole does
not intersect with the axis of the sub-nozzle. Howev-
er, in the sub-nozzle according to the present inven-
tion, the ejection hole may be formed such that the
center line of the ejection hole intersects with the
axis of the sub-nozzle except a case where the
plane-sectional shape of the sub-nozzle is a circle.
Even with such a sub-nozzle, the inner peripheral
surface of the ejection hole is long in the center-line
direction as described above, in the thickness direc-
tion of the sub-nozzle at the position Y that is the
position on the peripheral edge of the ejection hole,
and in the vicinity of the position Y
(5) In the embodiment, in the front view, the ejection
hole is formed at the position at which the line (the
imaginary line 32, hereinafter referred to as "first im-
aginary line") that passes through the center of the
ejection hole and the position X is at the angle (spe-
cifically, the angle of about 70° with respect to the
second imaginary line) with respect to the axis of the
sub-nozzle and the line (the imaginary line 41, here-
inafter referred to as "second imaginary line") that is
orthogonal to the axis of the sub-nozzle. However,
in the sub-nozzle according to the present invention,
the ejection hole may not be formed at such a posi-

tion.
For example, even in a case where the first imaginary
line is formed at the position at an angle with respect
to the axis of the sub-nozzle and the second imagi-
nary line in the front view similarly to the embodiment,
the ejection hole may be formed at a position at which
the angle is larger than or smaller than the angle of
the embodiment.
The ejection hole may be formed at a position at
which the first imaginary line coincides with the axis
of the sub-nozzle in the front view. In this case, the
center of the ejection hole is located on the axis of
the sub-nozzle in the front view. Even in this case,
as it is clear from the description relating to the re-
lationship between the position Y and the shape of
the vertical section (the arc surface) for the position
of the ejection hole in the axial direction, as the dis-
tance C decreases, the length of the inner peripheral
surface of the ejection hole at the position Y and in
the vicinity of the position Y increases in the center-
line direction.
Furthermore, in the front view, the ejection hole may
be formed such that the center of the ejection hole
is located at the position deviated from the axis of
the sub-nozzle, and the ejection hole may be formed
at a position at which the first imaginary line is parallel
to the second imaginary line. Even in this case, as
it is clear from the description relating to the relation-
ship between the position Y and the shape of the
plane section (the ellipse) for the position of the ejec-
tion hole in the width direction, as the distance C
decreases, the length of the inner peripheral surface
of the ejection hole at the position Y and in the vicinity
of the position Y increases in the center-line direc-
tion.
(6) In the embodiment, the configuration of the ex-
ample in which the ejection hole of the sub-nozzle
according to the present invention is formed of the
single hole has been described. However, the sub-
nozzle according to the present invention is not lim-
ited to the sub-nozzle having the single hole func-
tioning as the ejection hole. For example, a plurality
of holes may be formed in a region where an ejection
hole is to be formed, and a group of the plurality of
holes may function as an ejection hole. In this case,
the region where the plurality of holes are made in
the surface of the sub-nozzle serves as a region cor-
responding to the outer opening portion of the ejec-
tion hole. The position of the center of the region
serves as a position corresponding to the center of
the ejection hole. Moreover, with such a sub-nozzle,
each hole is bored in the same direction, and the
center-line direction of the ejection hole serves as
the boring direction of the hole.

[0051] The present invention is not limited to the
above-described examples, and can be appropriately
modified within the scope not departing from the spirit of
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the present invention.

Claims

1. A sub-nozzle (2) for an air jet loom, the sub-nozzle
(2) having a hollow tubular shape having a closed
distal end, the sub-nozzle (2) having a distal end
portion (13) having an ejection hole (10),
wherein, in a view in a direction of a center line (26)
of the ejection hole (10), when X is determined as a
position that is a position on an outer peripheral edge
of the sub-nozzle (2) and that is at a closest distance
from a center of the ejection hole (10), and Y is de-
termined as a position at which a line connecting the
center of the ejection hole (10) and the position X
intersects with a peripheral edge of the ejection hole
(10),
the ejection hole (10) is formed such that a distance
between the position X and the position Y is 0.75
mm or less in the view in the direction of the center
line (26).

2. The sub-nozzle (2) for the air jet loom according to
Claim 1, wherein the ejection hole (10) is formed
such that the center line (26) does not intersect with
an axis (14) of the sub-nozzle (2).

3. The sub-nozzle (2) for the air jet loom according to
Claim 1 or 2, wherein the ejection hole (10) is formed
to have a tapered portion (28) that is a portion formed
such that a hole diameter of an inner peripheral sur-
face (34) of the ejection hole (10) gradually increases
toward an inner surface (15) of the sub-nozzle (2).
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