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[57] , ABSTRACT

A shuttle arrangement for a circular loom for tape
yarn, consisting of a plurality of shuttles arranged hor-
izontally, wherein the inner sides of said shuttles are
supported by means of a pair of guide rings and the
outer sides of said shuttles are guided by a shuttle race
arrangement, and a pushing device is-mounted on a
cam disc for traversing said shuttle, on which disc a
heald lifting projection for inducing the shedding mo-
tion of the heald frames is mounted and, furthermore,
said shuttle is provided with a weft placing ring and a
weft yarn tension regulating device, and said pushing
device is provided with positively rotating rollers for
pushing the shuttle. '

7 Claims, 13 Drawing Figures
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1 . .
SHUTTLE ARRANGEMENT FOR A CIRCULAR
LOOM FOR A TAPE YARN

the present invention relates to a shuttle and a push-
ing apparatus for said shuttle, which are used for a cir-
cular loom in the manufacture of a tubular fabric from
tape yarn or the like.

A flat fabric similar to the tubular fabric of plain
weave design manufactured on a circular loom which
is provided with the shuttle and pushing apparatus for
said shuttle of the present invention, is now being man-
ufactured on any type of conventional loom or shuttle-
less loom, such as a rapier loom or the like. However,
the fabric woven on such loom generally has a draw-
back which is the existence of a twisted portion on the
tape yarn within the fabric. The generation of such
drawback cannot be avoided as long as the weft yarn
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is axially unwound or withdrawn from a pirn or cone -

which is stationary, i.e., said yarn is withdrawn axially
and some twists are inevitably applied thereon. This
means that a fabric without such drawback cannot be
manufactured on such a loom.

~ The outstanding feature of a tubular fabric manufac-
tured by a circular loom which is provided with the de-
vice of the present invention, is that such fabric has no
twisted weft yarns. This is because the weft yarn is un-
wound tangentially from the weft yarn package on a
shuttle, i.e., by the turning of said package on its axis.

Within a tubular fabric, the distance between the
neighbouring warp tape yarns is inversely proportional
to the number of warp yarns within the tubular fabric.
This is because the diameter of said fabric manufac-
tured on one loom is always the same even if such fab-
ric is woven from different numbers of warp yarns or
various tape yarns of different width. With regard to
the weft tape yarn. within a tubular fabric the distance
of the neighbouring weft yarns arranged in the woven
fabric is determined by the winding speed of said fab-
ric. Furthermore, when a tubular fabric made of a tape
yarn is manufactured on a circular loom, a beating op-
eration for the weft yarn is not employed.

In the case of a.circular loom, a shuttle must be forci-
bly pushed through the space or shed which is defined
by the upper and lower warp yarn sheets. To mechani-
cally induce such movement of the shuttle along its cir-
cular passage, the pushing of the shuttle must be ef-
fected from the outside of the warp yarn shed, i.e., ei-
ther from the area above the upper warp sheet, or from
underneath the lower warp sheet. Such forcible push-
ing can be done through an intermediate material, i.e.,
a warp yarn sheet of tape yarn, and such pushing can
be accomplished without damage to said tape yarn be-
cause of its high stiffness. In the case of the conven-
tional loom, during one cycle of operation only one
weft yarn can be inserted from one side of the fabric
across the width of the fabric to the other side of the
fabric, and then beaten into the fabric. This is because
only one shuttle can be picked into the warp yarn shed
by means of a picking stick for each cycle of operation.
However, with the circular loom a plurality of shuttles
can be accommodated. As each shuttle is carrying one
weft package, within one revolution of said circular
loom, the same number of warp yarns as shuttles can
be woven into a tubular fabric. In other words, if the
shuttle travelling speeds of both looms are equal, the
production rate on a circular loom is a multiple of the
production rate on a conventional loom, and this multi-
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ple corresponds to the number of shuttles accommo-
dated on the circular loom. This means that a circular
loom is a machine of high production rate compared to
a conventional loom. Furthermore, although a fabric
made from a circular loom is always tubular, it can, if
required, be made of a flat fabric by cutting the tubular
fabric along its longitudinal direction. But only one
kind of fabric, i.e., sheet like fabric, can be manufac-
tured on a conventional loom.

There is also a drawback on a circular loom provided
with a shuttle being pushed from the outside of the
lower warp yarn sheet by means of a roller which is
merely rotatably mounted on a pushing device. This
drawback is caused by the existence of some slippage
between the lower warp sheet and the roller, which
supports a shuttle in its given position, and which ro-
tates on said warp sheet when it travels along the shut-
tle race. If the rotation of said roller is not smooth, the
warp yarn lying between the roller of the shuttle and
the upper surface of the shuttle race will be dragged
from its normal position, and sometimes wound around
the roller. Such condition can result in the drawback of
breaking or splitting said warp yarn. Once this winding
on the roller occurs, there is a chance that the warp
yarn will become firmly held by the rollers of the shut-
tle and pushing device. Thus the smooth separation of
the warp yarn from the surface of the roller is highly re-
stricted. When the above-mentioned condition occurs,
it results in the warp yarn tension of said warp yarn be-
coming high, which inturn restricts the smooth circular
movement of the shuttle. In addition, sometimes, the
warp yarn is damaged or broken because of the un-
smooth separation of the warp yarn from the surface of
the roller. ‘

Therefore, tubular fabrics of good -quality, i.e., of
closely arranged weft yarn cannot be manufactured by
a circular loom without a weft yarn guiding member.

With respect to the arrangement of the weft yarn into
a fabric, when said fabric is woven on a type of circular
loom using a shuttle not provided with a weft yarn guid-
ing member as in the present invention, the weft yarn
can be-arranged by means of the tension of some warp
yarns within the upper and lower warp yarn sheets, in-
stead of the beating of said weft yarn into the shed. But
as long as the weft yarn being laid in the warp yarn shed
is not straight or is not arranged close to the fell of the
fabric, which is the case with the existing circular loom,
the inserted condition of the weft yarn within the fabric
must be loose.

The object of the present invention is to provide a
shuttle and its driving apparatus, which has no such
drawbacks as mentioned above.

In order to attain this object, the shuttle of the pres-
ent invention is provided with a weft placing ring and
also a weft yarn tension controlling apparatus, and a
driving apparatus for said shuttle which is provided
with a positively rotating driving roller.

When considering the ideal weaving condition, an
equal yarn tension for every warp yarn is important
while the weaving operation is in progress. But in the
case where a warp yarn tension apparatus is not pro-
vided for each warp yarn, such equal yarn tension for
every warp yarn cannot be realized.

A similar condition exists for the weft yarn being ar-
ranged in the warp yarn shed, and being withdrawn
from the weft yarn package on the shuttle. To control
the variation of the weft yarn tension, which occurs
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during a weaving period, the shuttle must be provided
with a weft yarn tension control apparatus, which acts
to release the frictional relation between the weft pack-
age and its holding device when the weft yarn tension
becomes higher than normal, and when the weft yarn
tension becomes very lower than the normal, the appa-
ratus brakes the rotation of the weft package. By this
means, the yarn tension of the weft yarn being arranged
in the warp yarn shed can always be maintained within
an allowable range, and there is no chance that the
woven tubular fabric will contain any floating portions
of weft yarn, because such floating portion generally
appear on fabric when the tension of said weft yarn is
outside the allowable range. As the weft yarn tension
is always maintained in its allowable range by the con-
trolling action of this weft yarn tension control appara-
tus, a good quality of tubular fabric can be woven on
a circular loom which is provided with the above-
mentioned devices of the present invention. Further-
more as the tension does not become to so high that it
will damage the yarn, the weft yarn can be prevented
from breakage.

Further features and advantages of the present inven-
tion will be clear from the ensuing description, refer-
ence being made to the accompanying drawings,
wherein:

FIG. 1 is a sectional view of a circular loom which is
provided with the devices of the present invention;

FIG. 2 is a plane view of the circular loom shown in
FIG. 1, which shows an arrangement of the warp yarns,
the shuttles and the heald frames; .

FIG. 3 is an explanatory and developed view showing
the relationship of a plurality of shuttles, a plurality of
pairs of heald eyes, and the shedding elements in the
present invention;

FIG. 4 is a detailed sectional snde view showing the
main functional parts in the circular loom as shown in
FIG. 1;

FIG. 5 is an explanatory perspective view showingb

the arrangement of the shuttle and its driving apparatus
in the present invention;

FIG. 6 is a perspective view of the shuttle driving ap-
~ paratus viewed from the opposite side to that of the
drawing of FIG. §;

FIG. 7 is a partial and sectional view of the weft yarn
arranging elements of the present invention;

FIG. 8 is a similar view to FIG. 6, but showing a modi-
fied embodiment;

FIG. 9 is a similar view to FIG. 7, showing a modified
embodiment; '

FIG. 10 shows the arrangement of the roller on the
shuttle and the shuttle race for the same in the present
invention;

- FIG. 11 is an explanatory perspective view of the
warp yarn tension control apparatus mounted on a
shuttle, in the present invention;

FIG. 12 is a side view of the apparatus shown in FIG.
11 when the weft yarn tension is very low;

FIG. 13 is a side view similar to FIG. 12, but when the
wett yarn tension is very high.

Generally, when a tubular fabric with, for example,
a circular peripheral length of 1,200 mm, is made of
tape yarn with, for example, a width of 1.5 mm, then
800 warp tape yarns or less (1,200/1.5 = 800) must be
prepared. Such number of the warp yarns are with-
drawn and unwound from the beam or the packages
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mounted on the creel, and fed to the fell of the woven
tubular fabric from all directions of the circle. ,

Suchi feeding of the warp yarns is generally by means
of the two warp feeding devices which are arranged on
both sides of the circular loom. In the circular loom,
the shuttle with one weft yarn package may pass
through the shed which is defined by the upper warp
yarn sheet and the lower warp yarn sheet, and by the
movement of said shuttle the weft yarn is laid as near
as possible to the fell of the tubular fabric. When the
relative relationships of the warp yarn sheets are al-
tered, said weft yarn can be woven into a fabric of
plane design.

The warp yarn density and the weft yarn density
within a tubular fabric generally is 16 warp yarns and
16 weft yarns per 25 mm width and length of the fabric
respectively, and sometimes 1t is 12 or 14 warp and
weft yarns per 25 mm.

In the case of weaving such tubular fabric from tape
yarn, a circular loom of the present invention as shown
in FIG. 1 is used. On such a circular loom, a plurality
of warp yarns 105, unwound from the two groups of the
warp yarn packages, are fed to the loom after passing

“through the warp feeding devices, provided on both

sides of the loom. Such warp feeding device consists of
a comb guide 102, a unit of the braking roller 98, a
swing arm 101, a swing guide roller and a braking shoe
apparatus 99, and also a unit of a connecting rod 121
and a driving disc 122, After leaving said feeding de-
vice, the warp yarns can enter the holes of the perfo-

- rated plate 96 from the surface of the guide roller 97.
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Such perforated plate 96 is situated above the level of
said guide roller 97, but below the warp shedding line
of the warp yarns.

A plurality of holes, the number of which is the same
as or more than the number of warp yarns, are provided
on the perforated plate 96. The warp yarns are guided
by the warp yarn guide rollers 97, on which said yarns

.are arranged side by side, and afterward they are rear-

ranged such that each warp yarn passes through one of
the holes on the perforated plate 96. Then-all of the
warp yarns are directed upward, so that they form a
cone, with its larger diameter at the top: At the top of
said cone the same number of guiding members are ar-
ranged on the members 90 as the number of the warp
yarns. At the same level as said top of the cone a guide
ring 11 is mounted on the shaft 4. By this arrangement
the warp yarn can extend from the hole of the perfo-
rated plate 96 to the guiding member on the member
90, and then enter the circular fell of the woven tubular
fabric 112, which is guided by said guide ring 11. As
shown in FIG. 2, all of the warp yarns are divided into
eight groups, i.e., eight sections I through VIII, that is,
each of the warp yarns shown in FIG. 2 represents all
of the warp yarns within one section. Four shuttles are
arranged concentrically with equal angular distance
therebetween.

As shown in FIG. 4, all of the warp yarns are divided
into two sheets of warp yarns 106 and 107. One of the
two sheets will be lifted while another will be lowered
from the level of the warp line 108 by the so called
shedding motion device, so that an upper warp yarn
sheet and a lower warp yarn sheet are formed. When
all of the warp yarns 105 are divided into an upper
warp yarn sheet 106 and a lower warp yarn sheet 107,
a transverse opening of triangular shape is formed be-
tween them, and through this opening a shuttle with
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one weft package 110 can travel along the horizontal
circular path. By the circular movement of the shuttle
the weft yarn 111 unwound from the weft yarn package
110 on the shuttle can be laid as near as possible to the
fell of the tubular fabric 112, so that said weft yarn 111
can be woven into the tubular fabric 112 in a plane
weave design. The tubular woven fabric 112 thus
woven can be lifted and folded into a flattened tubular
fabric and then taken up by means of a pair of take up
rollers 115 and 116 as shown in FIG. 1. After that the
fabric travels over the upper surface of the delivery
guide roller 117 and then it can be transported to a
winding apparatus, cutting apparatus, fusing apparatus
or printing machine.

In the present invention, the warp lines of the warp
yarns are arranged horizontally and, as the shuttle trav-
els along its horizontal circular path around the circular
fell of the woven tubular fabric, the weft yarn or yarns
are laid as near as possible to said circular fell.

One typical arrangement of the shuttle is shown in
FIG. 4. In the arrangement of FIG. 4 a shuttle race con-
sists of a bottom shuttle race 13, the cross section of
which is shaped like a block “C,” and a top shuttle race
14 shaped like a large ring. Between the top shuttle
race 14 and the bottom shuttle race 13, which are of
the same diameter, a plurality of shuttle guide rods 15
are vertically arranged with equal distance therebe-
tween, so that a warp yarn can freely pass between the
neighbouring rods 15. The height of said rods 15 must
be equal to or slightly longer than the maximum height
of the shed of warp. yarn.

The diameters of said top and bottom shuttle races
13 and 14 are larger than the diameter of the inner and
upper guide rings 11 and 12, Said shuttle races 13 and
14 and said guide rings 11 and 12 are arranged concen-
trically, and between them a shuttle can be mounted.
The guide ring 11 is mounted on the shaft 4 which is ro-
tatably mounted on the frame 1, as shown in FIG. 1.
But the rotation of the inner ring 11 is so restricted by
the woven tubular fabric 112 that the ring 11 will not
rotate at all, while the shaft 4 is rotating, because such
woven tubular fabric covers the wire guide (not shown)
provided on the inner guide ring 11. As the upper sur-
faces of the flange of the inner guide ring 11 is formed
in the shape of a cone, the outer edge of which is lower
than the inner edge, and also the bottom surface of the
upper guide ring 12 is formed in the shape of a cone,
the space defined by the surfaces of the cones is a ring
of V shaped cross section, and the apex of said V
shaped cross section is in the above-mentioned hori-
zontal plane. '

A shuttle, as shown in FIGS. 4, § and 7, is provided
with a shuttle frame 20, on which a weft yarn package
110 is accommodated and held by means of the holding
roller arrangement, on which arrangement the front
and back bottom rollers 22 and one upper roller 23 are
rotatably mounted on said shuttle frame 20. At the op-
posite side of the frame 20 from the side where these
rollers are mounted, a ring supporting member 25 of
hair pin shape is adjustably mounted on said frame 20.
Said ring supporting member 25 has a triangular sur-
face, and at one of the apexes of said triangle a weft
placing ring 27 is rotatably mounted between the two
inner surfaces of the supporting member 25. The outer
edge of said weft placing ring 27 is so shaped that it has
a tapered surface, the inclination of which is approxi-
mately equal to or less than the angle defined by the in-
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clined surfaces of the flanges of the inner guide ring 11
and the upper guide ring 12,

When the shuttle thus constructed is arranged be-
tween the shuttle race (13, 14 and 15) and the pair of
guide rings 11 and 12, the two bottom rollers 22 of the
shuttle are directly mounted on the upper surface of
the bottom shuttle race 13, while the upper roller 23 on
the. shuttle acts to prevent undesirable upward move-
ment of the shuttle by moving against the bottom sur-
face of the top shuttle race 14. By placing the weft plac-
ing ring 27 on the upper surface of the flange of the
inner guide ring 11, the shuttle can be held steady hori-
zontally, while moving around said guide ring 11.

At a lower level than that of said shuttle, shuttle race
and guide rings, a cam disc 7 is mounted on the shaft
4, so that it can rotate together with the shaft 4, On the
outside surface of said cam disc 7 a curved heald lifting
projection 9, which acts as the source of the shedding
motion for the warp yarn, is provided. The turning mo-
tion of said cam disc 7 is transported from a motor not
shown, via a pulley § as shown in FIG. 1.

On the upper surface of said can disc 7, the same
number of pushing roller brackets 31 as there are shut-
tles are secured. Rotatably mounted on the top of the
bracket 31 is a pushing roller 33. As shown in'FIGS. §
and 6, one end of a swingable arm 34 is pivotably
mounted on the axle on which said pushing roller 33 is
mounted, and at the opposite end of said arm 34 a driv-
ing roller 36, which is always in contact with said push-
ing roller 33, is rotatably mounted. Between said arm
34 and the bracket 31, a spring 37 is arranged so that
said roller 33 can be pulled downwardly. A rail 16
shaped like a circular ring is directly secured on the in-
side surface of the bottom shuttle race 13, as shown in
FIGS. 4 and 5, and said driving roller 36 is in contact
with the upper surface of said rail 16, From this ar-
rangement, when the cam disc 7 rotates, the driving
roller 36 rotates on the upper surface of said rail 16
under the spring pressure, and this means that the push-
ing roller 33 is always positively turned.

In the circular loom as shown in FIG. 1, a plurality of
guide rods 54 are arranged between the bottom surface
of the bottom shuttle race 13 and the upper surface of
the frame 1, and slidably mounted on each guide rod
54 is a sliding piece 56. As shown in FIG. 3, said sliding
pieces 56 are displaced upwardly and downwardly
along the guide rods 54, which displacement is induced
by the curved surface of the heald lifting projection 9
provided on the cam disc 7 as shown in FIG. 4. This
curved surface is indicated in the lower part of FIG. 3
by dots at different heights connected by a solid line.

* As shown in FIG. 4, a plurality of eyes 77 on the heald
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wires, are arranged outside of the shuttle race (13, 14
and 15). As said eyes 77 on the heald wires are
mounted on the heald frames (not shown in FIG. 4)
and said heald frames are connected to said sliding
pieces 56 by means of the connecting members (not
shown), when one of the heald frames 71 is moved up-
ward, one of the heald frames 72 is moved downward,
so that the relative positions of the eyes 77 of the heald
frames 71, which are indicated by the solid dot in FIG.
3, and the eyes 77 of the heald frames 72, which are in-
dicated by the dot and circle, can be altered according
to the upward or downward movement of the sliding
pieces 56, the movement of which is induced by the
heald lifting projection 9 on the cam disc 7 as shown in
FIG. 4. As shown in FIG. 3, the warp guide rod 24 of



7

the shuttle, shown by a broken line, is always arranged
in the position, where the shed is open, and the warp

yarns guided by the eyes 77 are always in contact with’

the upper and lower horizontal portions of the warp
guide rod 24. By this means the shedding of the warp
yarn 105 can be accomplished.

When the- cam disc 7 rotates, the pushing roller 33

3,871,413

mounted on the bracket 31 pushes the shuttle so that .

it travels around its circular path. In this case, the rota-
tional perioheral speed of the pushing roller 33, which
is positively turned by means of the positive rotation of
the driving roller 36 as mentioned above, is so selected
that it is equal to the rotational peripheral speed of the
roller 22 which rotates on the lower yarn sheet 107
lying on the bottom shuttle race 13.

Between the bottom roller 22 and the pushing roller
23 there is always some of the warp yarns which have
been separated from the lower warp yarn sheet 107,
and one side of said warp yarns is in contact with the
surface of the bottom roller 22, while the other side of
warp yarns touches the surface of the pushing roller 23.
Therefore even if the rotation of the roller 22 becomes
unsmooth, such warp yarns can be positively moved at
their normal moving speed by the effect of the positive
rotational speed of the pushing roller 23, By this ar-
rangement of the pushing roller 23, which is rotating
positively, and the bottom roller 22 on the shuttle,
- there is no chance of distrubance of the smooth separa-
tion of any of the warp yarn from the surface of the bot-
tom roller 22 which could result in damage to or break-
age of the warp yarn.

As shown in FIGS. 5 and 7, the shuttle of the present
invention is provided with a weft placing ring 27, which
is arranged as close as possible to the inner guide ring
11 and the upper guide ring 12. Furthermore a circular
weft placing groove 28 of trapezoid cross section, as
shown in FIG. 7, is formed on the outer peripheral sur-
face of said weft placing ring 27, so that such groove
can guide the weft yarn being arranged into the shed.

As shown in detail in FIG. 7 the tapered bottom sur-
face of the edge of said weft placing ring 27 is so
mounted on the tapered surface of the inner guide ring
11, that the lower warp.yarn sheet 107 is lying between
them. Therefore, the rotational movement of the shut-
tle around the inner guide ring 11 induces the rotation
of the weft placing ring 27 with. almost no slippage.
Thus the weft yarn 111 unwound from the weft yarn
package 110 on the shuttle, as shown in FIG. 5, engages
in and is guided by the circular weft placing groove 28.
By the rotation of the weft placing ring 27, almost with-
out slippage, as mentioned above, the weft yarn 111 of
short length can be arranged into the shed of the warp
in such a manner that it can extend tangentially from
the groove 28 to the weft yarn which is already laid at
the fell of the woven fabric.

As the outside of the weft placing ring 27 is arranged
as close as possible to the inner guide ring 11, and the
vertical cylindrical surface of said ring 11 acts to guide
the woven tubular fabric 112, which is pulled up, the
edge of the tape yarn can be arranged close to the fell
of the woven fabric 112. Then the weft yarn 111 thus
arranged can be woven into a fabric 112 when the rela-
tive positions of the upper warp yarn sheet and the
lower warp yarn sheet are reversed.

As the weft yarn 111 is positively guided by the weft
placing groove 28, and also as the weft yarn 111 ex-
tends from the groove 28 to the weft package 110 on
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the shuttle, and the withdrawal of said weft yarn 111
from the weft package 110 takes place in a direction
perpendicular to the axis of the package 110, i.e., side-
wardly, there.is no chance of the weft yarn 111 being
twisted. This means that no twisted portions of weft
yarns 111 appear within the tubular fabric 112 woven
on the circular loom of the present invention.

Another embodiment of the shuttle, as shown in
FIGS. 8, 9 and 10 is similar to the shuttle shown in
FIGS. § and 7. In this embodiment, the arrangement of
two bottom rollers 22 and one upper roller 23 is re-
placed by four positioning rollers 21. Such rollers 21
are so arranged that two of them are upper positioning
rollers and the other two are lower positioning rollers.
As shown in FIG. 10, each roller 21 is so positioned and
inclined that it is directed to one of the corners defined
by the shuttle guide rods 15 and either the bottom sur-
face of top shuttle race 14 or the top surface of bottom
shuttle race 13. Further, in this embodiment the back
bottom rolier 22 of the first described embodiment is
replaced by a roller 22', which is positioned away from
the bottom shuttle race 13, and there is no contact be-
tween the roller 22’ and the upper surface of the bot-
tom shuttle race 13, ' _

The arrangement of the ring supporting member 25
and the weft placing ring 27 of the first described em-
bodiment are replaced in this embodiment by a ring
supporting member 128, a pair of torque wires 123 and
upper and lower weft placing guide drums 126 and 127.
After the weft yarn 111 is withdrawn upwardly from
the weft package 110 and moves over the guide rod 30,
the yarn 111 is guided by a weft guide eye 29, fixed on
said member 128, so that it is directed tangentially to
the bottom of the groove provided on the weft placing
ring of this embodiment; The weft placing ring of this
embodiment consists of a stationary disc 129 formed
on a projecting portion of the ring supporting member
125, and upper and lower weft placing guide drums 126
and 127. The facing surfaces of said upper and lower
weft placing guide drums 126 and 127 define together
with the outer surface of said stationary disc 129, a weft
placing groove 128. That is, at the center of said sta-
tionary disc 129 the pair of weft placing guide drums
126 and 127 are rotatably mounted. '

In this embodiment of the shuttle, as shown in FIG.
8, the upper and lower warp yarn sheets 106 and 107,
can be guided by means of the warp yarn guide rod 24
and the torque wires 123, so that optimum open shed
of both said warp yarn sheets 106 and 107 is main-
tained. The two torque wires 123 are so arranged that,
in the event two groups of the warp yarns are separated
from the upper warp yarn sheet 106 and the lower warp
yarn sheet 107, respectively, and the height between
the lowered and raised warp yarn groups is less than the
fully opened shed defined by the upper and lower yarn
sheets 106 and 107, said wires can act to move said
warp yarn groups back into the upper and lower warp
yarn sheets after the torque wires pass between the two
warp yarn groups.

As the weft placing groove 128 is defined by the out-
side surface of the stationary disc 129 together with the
facing surfaces of the weft placing guide drums 126 and
127, the tension on the weft yarn 111 is properly main-
tained by the sliding friction caused by the sliding
movement of the weft yarn 111 on the outside surface
of the stationary disc 129.
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The weft yarn tension regulating device, as shown in
FIGS. 11, 12 and 13, is mounted on the shuttle of the
present invention. Such device consists of a pair of
package holder frames: 42, which are rotatably
mounted on center shafts 41 provided on both sides of
the shuttle frame 20, Two holding rollers 44 and 45 are
rotatably mounted on the side faces of said package
holder frames 42, with a distance therebetween which
is less than the diameter of the package 110 to be held
by them, so that the bobbin 48 is held between the two
package holder frames 42. One braking lever 47 is
mounted on the side face of each package holder frame
42, and its bottom end is pivotally mounted so that the
side of the braking lever 47 can touch the surface of the
bobbin 48, there is a three point contact on the surface
of the bobbin 40 by the lever 47 and the rollers 44 and
45. On the upper end of said braking lever 47, a longi-
tudinal recess 48 is provided, and into this recess a pin
49 on the frame 20 is always engaged. A projection 43
is provided at the bottom portion of the package holder
frame 42, and between said projection 43 and a pin 50
on the frame 20, as shown in FIGS. 12 and 13, a spring
46 is arranged. Furthermore, a weft guide rod 30 is se-

-cured to both package holder frames 42.

Regulation of the weft yarn tension is performed by
the weft yarn tension regulating device as follows.

As long as the tension rate of the weft yarn being
woven is normal, the weft guide rod 30 is situated at its
normal operating position. Such position is situated
above the warp line 108 as shown in FIG. 4. In this case
the weft yarn 111 unwound from the surface of the
package 110 is obliquely withdrawn upwardly from the
package 110, and then over the surface of the weft
guide rod 30 mounted on both package holder frames
42, and finally the weft yarn 111 enters either the weft
placing groove 28 of the weft placing ring 27, of the
first described embodiment, or the weft placing groove
128 via the weft guide eye 29, of the last described em-
bodiment. From there the weft yarn 111 extends tan-
gentially from the groove 28 or 128 to the fell of the
woven fabric 112,

If the tension of the weft yarn 111 being woven be-
comes very higher than its normal rate, the weft guide
rod 38 is pushed downwardly against the spring force
of the spring 46, sometimes down to the level of the
warp line 108 as shown in FIG. 4, which turns the bob-
bin holder frame 42 as shown in FIG. 9 counterclock-
wise. As a result of the turning of the package holder
frame 42, the three point contact on the bobbin 40
formed by the holding rollers 44 and 45 and the side of
the braking lever 47 is released. This is because the rel-
ative relation of the braking lever 47 and the holding
rollers 44 and 45 is widened. In this case the pin 4% on
the frame 20 will slide along the recess 48 of the brak-
ing lever 47, and the bobbin 40 can rotate freely on the
holding rollers 44 and 45, i.e., more of the weft yarn
111 is withdrawn from the package 110 due to the high
tension on the weft yarn 111, and the high tension is
eventually released. Therefore, there is no chance that
the weft yarn 111 will be broken due to the generation
of very high yarn tension.

If the tension of the weft yarn 111 becomes very
lower than normal, the spring force of the spring 46
acts to turn the package holder frame 42 in the clock-
wise direction in the drawings against the downward
pushing force applied on the weft guide rod 30 by the
weft yarn tension. This results in the distance between
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ing lever 47 becoming less, and the bobbin 40 becomes
more forcefully held by the three contact points of the
holding rollers 44 and 45 and the side of the braking
lever 47. This means that the unwinding of the weft
yarn 111 from the package 110 is stopped and the ten-
sion of the weft yarn 111 being woven is increased until
the tension on the weft yarn 111 returns to normal.
Of course, as long as the normal tension of the weft
yarn 111 is maintained by the friction generated be-
tween the bobbin 40 and the three contact points, the
extended length of the spring 46 does not change.
As the shuttle of the present invention is provided
with the above-mentioned weft yarn tension regulating
device, the weft yarn 111 being woven can always be
maintained within an allowable normal tension range.
Thus the arrangement of the weft yarn 111 within the
woven fabric 112 is always good, and a good quality
woven tubular fabric 112 can be woven by the circular
loom provided with the shuttle of the present invention.
As shown in FIG. 2, a plurality of the shuttles can be
used in the circular loom of the present invention. In
the example shown in FIG. 2 of one arrangement of the
shuttles, four shuttles are arranged at four positions and
the heald frames are divided into eight sections, I
through VII. Each section consists of four pairs of
heald frames, and one heald frame contains 12 head
wires. This means that (12 X2 X 4 X 8 =) 768 weft
yarns 111 can be fed to the circular loom.
As shown in FIGS. 2 and 3, at the sections I, IlI, V
and VII the warp yarns 165 are in the open shed condi-
tion, while at the sections II, IV, VI and VIII the warp
yarns 105 are in the altering shed condition, and four
shuttles are positioned corresponding to the sections I,
I, V and VI, respectively. As an example, a weft yarn
111 extended from the shuttle at the section III to the
fell of the tubular fabric 112 can be woven into the fab-
ric 112 within the section II, because in said section the
relative relation of the upper and lower warp yarn
sheets are altered by the shedding motion. Conse-
quently, with the present invention during one revolu-
tion of the cam disc 7 four weft yarns 111 can be woven
into a fabric. :
If we assumed that a tubular woven fabric should
have sixteen wefts within a 25 mm length, a length of
(25/16 X 4=) 6.25 mm of such a tubular woven fabric
can be manufactured within one revolution of the cam
disc 7 of the present invention. This makes the circular
loom of the present invention a high production ma-
chine. When this fact is combined with the fact that the
tubular fabric which can be manufactured on the circu-
lar loom of the present invention, has a very good qual-
ity, it is obvious that the present invention is very ad-
vantageous.
What is claimed is:
1. A shuttle arrangement for a circular loom for tape
yarn, comprising:
an inner guide ring, which guides the lower warp yarn
sheet, and also guides the woven tubular fabric;

an upper guide ring which defines a V shaped area
together with said inner guide ring, within which
area a weft yarn is inserted into the shed defined by
the upper and lower warp yarn sheets, and also
which guides the upper warp yarn sheet;

a shuttle race, provided with a top shuttle race and

a bottom shuttle race, and a plurality of shuttle
guide rods, and between said rods a warp yarn can
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freely pass, and the diameter of said shuttle race is
larger than the inner or upper guide rings, and this
shuttle race and said inner and upper guide rings
are arranged concentrically, so that the shuttle can
be horizontally held between this shuttle race and
said pair of the guide rings;

shuttle provided with a weft yarn package arranged
horizontally and the inner portion of said shuttle
can be inserted into the space defined by said inner
guide ring and upper guide ring, while the outer
portion of the shuttle is guided by said shuttle race
and, furthermore, said shuttle is provided with a
roller by which a pushing force is applied to the
shuttle so that the shuttle can travel along its circu-
lar path;

a shuttle driving apparatus, which is mounted on a
rotating cam disc provided with a curved projec-
tion so as to induce the shedding motion of the
heald frame, and which is provided with a pushing
roller for pushing said roller on the shuttle, and a
driving roller for positively driving said pushing rol-
ler.

2. A shuttle arrangement as claimed in clalm 1,

wherein the shuttle comprlses

a frame on which is mounted the weft yarn package
and a plurality of rollers, some of which engage the
upper and lower surfaces of the shuttle race, and
one of which rollers is situated at the back of the
shuttle, so as to be effected by the pushing force
against said roller on the shuttle;

a warp guide rod which guides the upper and lower
warp yarn sheets;

a weft placing ring mounted on the frame of the shut-
tle, which can be inserted into the space defined by
the inner and upper guide rings so that the weft
yarn can be arranged as close the fell as possible.

3. A shuttle arrangement as claimed in claim 2,

wherein the shuttle further comprises:

a weft placing ring provided with a weft placing
groove on its outermost periphery, so that said
groove can guide the weft tape yarn.

- 4. A shuttle arrangement as claimed in claim 2,

wherein the shuttle further comprises:

a weft placing ring provided with a weft placing
groove, which is defined by a stationary periphery
of a stationary disc and the facing surfaces of an
upper and lower weft placing guide drum, which
drums are arranged coaxially to said stationary
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disc.
5. A shuttle arrangement as claimed in claim 3,
wherein the shuttle further comprises:

a weft tension regulating device, which holds the
5 package in its correct position on the shuttle, so as

to brake the bobbin when the tension of the weft

yarn becomes very low, and free the rotation of the

weft yarn package when the tension of the weft

yarn is very high.

6. A shuttle arrangement as claimed in claim 5,
wherein the weft tension regulating device comprises:

a pair of package holder frames, which are rotatably
mounted on a frame of the shuttle;

a pair of holding roller, the distance between which’
is less than the diameter of the bobbin of the weft
yarn package, mounted on said each of the pack-
age holder frame, so that the bobbin mounted on
said rollers is held between the two package holder
frames;

a braking lever, one end of which is pivotally
mounted on said package holder frame, and the
other end of which is provided with .a longitudinal
recess, and said lever is so arranged that one of its
sides touches the bobbin so that together with said
two holding rollers there is a three point contact
with the surface of the bobbin;

a pin mounted on the frame of the shuttle so that it
is always engaged in said longitudinal recess;

a spring which is arranged between the frame of the
shuttle and each package holder frame;

a weft guide rod mounted on both of the package
holder frames.

7. A shuttle arrangement as claimed in claim 1,
wherein the shuttle driving apparatus further com-
prises:

a pushing roller bracket mounted on the cam disc,

and onto which said pushing roller is mounted;

a swing lever, one end of which is mounted on said
pushing roller bracket, while on the other end of
which said driving roller is mounted;

a spring arranged between said swing lever and the
pushing roller bracket;

and, furthermore, the bottom shuttle race is provided

20

25

30

3

W

40

45 with a rail on its outside surface, so that said driving
roller is pulled against the upper surface of said rail
by means of said spring.
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