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Description
TECHNICAL FIELD

[0001] The present disclosure relates to a weft yarn
feeding arrangement. In particular the present disclosure
relates to a weft yarn feeding arrangement suitable for a
weaving machine operated at high speed and potentially
also with yarns with relatively high weight per length unit.

BACKGROUND

[0002] Weft yarn pre-winders are used to eliminate
yarn tension variations to ensure high textile quality and
productivity of a textile machine, e.g. a shuttleless weav-
ing machine or knitting machine.

[0003] A general development trend in weaving is that
the speed of the weaving machine is constantly being
increased. At the same time the weavers strive to weave
coarser yarns and also weaker yarns. Coarser yarns and
higher speeds lead to increased tension of the weft yarn.
Using conventional weft yarn pre-winders, increased
speeds as well as coarser yarns result in a bigger take
off yarn balloon in the weft yarn pre-winder, which needs
to be reduced using a high braking force but thereby un-
fortunately leading to an undesirably high output yarn
tension.

[0004] For example, when weaving a carpet, coarse
Jute is often used as weft yarn. The balloon braking el-
ements in a conventional weft yarn pre-winder is typically
either a brush ring or a flexible truncated-cone formed
brake element. With the machine speeds oftoday a brush
ring is often worn out in as little as a day and a flexible
truncated-cone brake element can be worn out in a few
months.

[0005] Another example is weaving technical fabric
with coarse synthetic yarns; where one faces the same
problem as in a carpet weaving machine.

[0006] Further, when using a shuttleless weaving ma-
chine in the form of a rapier weaving machine, the inser-
tion means in the rapier weaving machine consists of one
or two rigid or flexible rapiers that mechanically transfers
the weft yarn from one end of the shed of the machine
to the other. The most common system is two rapiers
which meet in the middle of the shed where the weft yarn
tip is transferred from the first, giving, rapier to the sec-
ond, receiving, rapier. The first rapier is first accelerating
from zero to full speed and then decelerating to zero
again at the tip transfer point. This type of motion is anal-
ogous for the second rapier. This leads to a weft yarn
tension that goes from low to high and then back to low
again. In fact, when the rapier decelerates the mass in
the weft yarn causes it to move faster than the rapier
itself causing a surplus of yarn. This effectincreases with
the yarn count, i.e. the yarn weight per length unit, and
is a real problem for coarse yarns and fast machines. In
order to solve this problem passive or controlled yarn
brakes are being used.
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[0007] If the machine speed is to be increased, the
mechanical arrangement for the rapier mechanism must
be made as light as possible. On the other hand, higher
speeds mean higher yarn tension which requires a more
rigid and stronger rapier system.

[0008] Weaker yarns are cheaper and are thus attrac-
tive to use. Weaker yarns have less tensile strength and
if a too high brake force is applied in order to control the
balloon, or to give enough tension for the rapier function,
the risk for yarn break is increasing rapidly. GB 1355687
describes a yarn feeder where a member directly con-
nected to the weaving machine moves back and forth to
remove yarn in unison with the movement of the rapier
from a yarn package during both a forward and return
movement of the rapier. Hereby, the speed at which the
yarn is drawn from the yarn package can be reduced to
one half. The arrangement in GB 1355687 thereby pro-
vides a yarn buffer that enables the machine to draw yarn
with a lower force than if the yarn would by drawn directly
from the yarn package.

[0009] EP 0467059 A1 describes a weft yarn feeding
device for feeding weft yarn to a rapier weaving machine,
forming an intermediate yarn buffer between a weft yarn
storage and the weaving machine, the weft yarn feeding
device comprising a yarn guide provided on a moving
member driven by a controlled motor comprised in the
weft yarn feeding device to cause the moving member
to move back and forth.

[0010] However, the deflection of the moving element
forming the intermediate yarn buffer is only used to main-
tain the tension of the inserted weft after weft insertion.
[0011] There is a constant desire to improve weft yarn
feeding to textile machines. Hence, there is a need for
an improved weft yarn feeding device.

SUMMARY

[0012] Itis an object of the presentinvention to provide
an improved weft yarn feeder arrangement. This object
and/or others are obtained by the weft yarn feeding de-
vice as set out in the appended claims.

[0013] Ashasbeenrealized, it would be advantageous
to reduce the speed at which yarn is drawn from a yarn
storage such as weft yarn pre-winder or a bobbin feeder
to a weaving machine. This would reduce the forces re-
quired to cope with when increasing the speed of the
weaving machine, in particular when a coarser yarn hav-
ing a relatively high weight per length unit is used such
as Jute, some synthetic yarns or carbon fiber.

[0014] Also, while the device described in GB 1355687
allows for a reduced speed at which the yarn is drawn
from the yarn feeder, it has limitations and drawbacks.
First the device of GB 1355687 has a limitation in that
the speed reduction can only be 50% and not more. Also,
the fact that the member is directly connected to the
weaving machine and moves back and forth to remove
yarn in unison with the movement of the rapier from a
yarn package during both a forward and return movement
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of the rapier makes it impossible to draw yarn from the
yarn storage when the rapier is not moving such as during
beat up. In other words, in GB 1355687 it is only possible
to draw yarn from a yarn storage when the rapier is mov-
ing. As a result, a significant fraction of the time available
during a weaving cycle is not used to draw yarn from the
yarn storage. This is because during a significant fraction
of the weaving cycle the rapier(s) is/are typically not mov-
ing. Second, the device moves in unison with the rapier.
This results in that the speed at which the yarn is drawn
from the yarn feeder is directly proportional to the speed
of the rapier and hence varies significantly during a weft
insertion cycle of a rapier machine. The fact that the de-
vice in accordance with GB 1355687 moves in unison
with the rapiers as it is mechanically coupled to the drive
of the rapiers in the weaving machine limits the function-
ality as it is not possible to improve the function by fol-
lowing another movement in order to even out the speed
even more and/or compensate for other movements in
the weaving machine. Third, the device requires a trave-
ler guided along a rail, which imposes additional friction
forces, which could be a disadvantage in some applica-
tions.

[0015] Inaccordance with one embodimentaweftyarn
feeding device for feeding yarn to a weaving machine is
provided. The yarn feeding device forms an intermediate
yarn buffer between a weft yarn storage and the weaving
machine. In the weaving machine weft yarn is inserted
into the shed and the weaving machine is provided with
at least one rapier. The weft yarn feeding device has at
least one yarn guide provided on a moving member driv-
en by a controlled motor comprised in the yarn feeding
device to cause the moving member to move back and
forth. When in use, yarn is drawn from a weft yarn storage
via said at least one guide provided on said moving mem-
ber to the weaving machine. The moving member can
move back and forth along some path as determined by
the drive of the controlled motor and the mechanism used
to achieve the back and forth movement. Hereby a yarn
buffer of variable size can be formed. The motor can be
driven to increase the yarn buffer when the weft yarn
insertion speed of a rapier is low and to release yarn from
the yarn buffer when the yarn insertion speed of a rapier
is high. For example, yarn can be released when the yarn
insertion speed of the rapieris above some preset thresh-
old value and the yarn buffer can be increased when the
yarn insertion speed of the rapier is below some preset
threshold value or when the there is no yarn insertion. In
general, the yarn buffer will provide an arrangement that
can hold a bit of yarn that can be drawn with a small force
during at least a part of the weaving cycle compared to
the force required if the yarn would have been drawn
directly from the yarn storage. This will cause the maxi-
mum yarn take off speed from the weft yarn storage to
be significantly reduced.

[0016] In accordance with one embodiment the motor
is adapted to be controlled using a model of a parameter
related to a set of positions of the rapier(s) in the weaving
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machine. Hereby the motor can be driven to adjust the
yarn buffer in a pattern mirroring/representing the move-
ments in the weaving machine. In particular the motor
can be adapted to be controlled using a model of different
angular positions in the weaving machine at particular
points in the time of the weaving cycle. Hereby the motor
can be driven to ultimately adjust the yarn buffer to draw
yarn from the weft yarn storage at essentially constant
speed.

[0017] In accordance with one embodiment the motor
can be adapted to move the moving member in a pattern
to minimize the maximum speed of the yarn drawn from
the weft yarn storage during a weaving cycle of the weav-
ing machine. This can be achieved by controlling the yarn
buffer such that the take of speed from the yarn storage
is constantduring an entire cycle of the weaving machine.
[0018] In accordance with one embodiment the motor
is adapted to move the moving member, with its yarn
guide, in a pattern whereby the maximum speed of the
yarn drawn from the weft yarn storage is less than 50%
of the maximum speed of the rapier(s). This can be
achieved by using the time when no yarn insertion takes
place to increase the yarn buffer and by releasing yarn
from the yarn buffer when the insertion speed of a rapier
is higher than a preset insertion speed.

[0019] In accordance with one embodiment the motor
is adapted to move the moving member in a pattern to
also compensate for yarn movement caused by at least
one of the following events in the weaving machine: weft
selector movement, beat up, yarn cutting, rapier start,
weft yarn tip transfer and weft yarn arrival. This can be
achieved by programming any such event into a model
controlling the motor and by supplying the angular posi-
tion of the weaving machine to the controller controlling
the motor.

[0020] Inaccordance with one embodimentthe moving
member is an arm. The arm can be directly mounted on
the motor. In particular the arm can be connected to the
output shaft of the motor. Hereby a simple and robust
mechanism for driving the moving member back and forth
can be achieved.

[0021] Inaccordance with one embodimentthe moving
member is a member following a linear path. The moving
member can be driven back and forth along the linear
path. Hereby an alternative mechanism for providing the
back and forth movement can be achieved.

[0022] In accordance with one embodiment the weft
yarn feeding device is adapted to draw the yarn from a
weft yarn storage comprising a pre-winder. In an alter-
native embodiment, the weft yarn feeding device is
adapted to draw yarn directly from a bobbin.

[0023] The invention also extends to methods for con-
trolling a weft yarn feeding device in accordance with the
above and to a controller and computer program product
for controlling the weft yarn feeding device in accordance
with the above. The invention further extends to an ar-
rangement comprising a weft yarn feeding device in ac-
cordance with the above. The arrangement can in some



5 EP 3 481 979 B1 6

embodiments comprise a slip feed device for the weft
yarn.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The present invention will now be described in
more detail by way of non-limiting examples and with
reference to the accompanying drawings, in which:

- Fig. 1 is a view illustrating a weft yarn feeding ar-
rangement,

- Figs. 2 and 3 are views illustrating alternative weft
yarn feeding arrangement configurations,

- Fig.4isadiagramillustrating different speed param-
eters as a function of weaving cycle angle in a weav-
ing machine,

- Figs. 5a and 5b illustrate some steps when control-
ling a weft yarn feeding device,

- Fig. 6 is a schematic view of a controller,

- Fig. 7 illustrate the principles of a slip feed device for
the weft yarn,

- Figs. 8 - 10 show different exemplary embodiments
of a weft yarn feeding device with a slip feed device,

- Fig. 11illustrates an alternative slip feed device, and

- Fig. 12 illustrates an alternative set up of a weft yarn
feeding arrangement.

DETAILED DESCRIPTION

[0025] Inthefollowing a weftyarnfeedingarrangement
for a weaving machine will be described. In the figures,
same reference numerals designate identical or corre-
sponding elements throughout the several figures. It will
be appreciated that these figures are for illustration only
and are not in any way restricting the scope of the inven-
tion. Also, itis possible to combine features from different
described embodiments to meet specific implementation
needs.

[0026] In order to reduce the speed at which yarn is
drawn from a weft yarn pre-winder or directly from a bob-
bin, a yarn feeding device is provided comprising a con-
trolled motor. The motor is a motor designated for the
device and can be controlled independently of the move-
ments of a weaving machine. The yarn feeding device
comprises a yarn path deviating/yarn deflecting arm with
a yarn guide, or a similar member, driven by the motor.
The yarn feeding device forms an intermediate yarn buff-
er between the weft yarn storage and the weaving ma-
chine. In accordance with some embodiments the yarn
feeding device is adapted to draw yarn directly from a
bobbin. In accordance with an advantageous embodi-
ment a pre-winder is provided after the bobbin and the
device is adapted to draw yarn from the pre-winder. By
using a pre-winder before the yarn feeding device, the
weft yarn tension in to the yarn feeding device is lower
and typically much more even than if the yarn feeding
device would take yarn directly from the bobbin. The weft
yarn tensionin to the device is transferred, and potentially
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even amplified, via the yarn feeding device to the weaving
machine. Hence, a pre-winder before the yarn feeding
device ensures alowerand much more evenyarn tension
to the weaving machine which results in less stops and
a better weaving process. The aim is to reduce and to
even out the yarn take off speed, either from the bobbin
or if a pre-winder is provided, from the pre-winder. By
this step two things are achieved:

The maximum yarn take off speed from the weft yarn
storage is lower. This will for example reduce the wear
of balloon braking elements if a pre-winder is used. As
the speed is lower also the balloon will be smaller and
the balloon braking elements can be set to a lower yarn
tension, thereby reducing the wear even further.

[0027] Also, the reduced yarn take off speed will give
a lower yarn tension which in turn gives a lower stress
on the yarn and also a lower stress on the rapier insertion
mechanism. In accordance with one embodiment the tar-
get is set to have approximately constant yarn take off
speed from the yarn storage such as a pre-winder or
directly from a bobbin. This means that the yarn that the
rapier takes is coming both from the intermediate yarn
buffer formed by the device and also at the same time
from the weft yarn storage. The maximum yarn speed
from the weft yarn storage can then typically be reduced
with more than 50% or up to 70% or even more of the
maximum speed of the rapier.

[0028] Fig. 1 shows an exemplary embodiment of a
weft yarn feeding device 16 forming a motor driven yarn
buffer device between a weft yarn storage and a weaving
machine 10. In Fig. 1, the weaving machine 10 is adouble
sided rapier weaving machine having two rapiers 11 and
12. In the embodiment of Fig. 1 the weft yarn storage
comprises a pre-winder 14. The pre-winder 14 caninturn
draw yarn 40 from a bobbin 13.

[0029] The weft yarn feeding device 16 comprises a
motor 18. The motor is a motor 18 designated for the
yarn feeding device 16 and separate from any motor of
the weaving machine 10. The motor 18 drives a moving
member 19. In Fig. 1 the moving member 19 is an arm
directly connected to the motor 18. The moving member
can be directly connected to the output shaft 15 of the
motor 18. However, it is also envisaged that the arm is
not directly connected to the motor 18. The moving mem-
ber can also be another type of element driven by the
motor 18. The motor 18 is adapted to drive the moving
member to a desired position based on an input signal.
It is preferred that that the motor is a high performance
electrical motor. The electrical motor should be fast
enough to enable rapid movements required by the mov-
ing member 19. In another exemplary embodiment (not
shown) the moving memberis driven back and forth along
a linear path by the motor or a path with some pre-deter-
mined deviation from a linear path. The moving member
19 is provided with at least one guide 20 adapted to guide
yarn 40 along a path formed by the position of the moving
member 19. The guide 20 can be any suitable element
which is able to form a yarn loop. For example, the guide
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20 can be an element on which the yarn 40 can slide or
roll. Hence, the guide 20 will move between two different
position, one first position where a maximum yarn buffer
is formed and a second position where a minimum yarn
buffer is formed. The first and second position can typi-
cally be the same for consecutive weaving cycles, but
could in some embodiments differ from one weaving cy-
cle to a following weaving cycle. The first and second
positions will be determined by the control of the motor
that can be based on the angular position of the weaving
machine.

[0030] The motor 18 can be driven in any suitable way
to provide any desired movement of the moving member.
In particular a controller (see below) can be used to drive
the separate motor 18 of the yarn feeding device to per-
form a movement pattern that does not exactly follow a
pattern related to the actual motion of the rapier(s). In
other words, the drive of the motor 18 is autonomous
relative to the drive of the rapiers of the weaving machine.
[0031] InFig. 1 an arrangement where guide elements
22,24 are provided before and after the weft yarn feeding
device 16 is shown. When the moving member 19 of the
weft yarn feeding device moves, the yarn 40 running from
the guide element 22 via the guide 20 on the moving
member 19 and via the guide member 24, a yarn buffer
of varying length will be formed. The length of the yarn
buffer can differ based on the application at hand, but
can typically be in the order of a few decimeters. For
example, atleast 10 cm or atleast 20 cm of yarn. In some
applications, the buffer can be larger such as at least 40
cm or at least 70 cm of yarn.

[0032] The configuration shown in Fig. 1 will add about
360° extra friction angles for the yarn 40. This will in-
crease the yarn tension and potentially reduce the pos-
itive effect from the weft yarn feeding device 16. By pro-
viding the guide elements 22 and 24 spaced more apart,
the added friction angles can be reduced. Fig. 2, which
is similar to the arrangement of Fig. 1, shows an embod-
iment with the guide elements 22 and 24 spaced more
apart. The guide elements can in accordance with some
embodiments be spaced apart with at least 25 cm or 50
cm. In accordance with some embodiments the guide
elements 22, 24 can be spaced apart with at least 100
cm. A consequence of a set-up as shown in Fig. 2 is that
the friction angles of the guide elements 22, 24 will vary
with the position of the guide 20.

[0033] In accordance with some other embodiments
one or both the guide elements are omitted. This will limit
the friction angles and keep them constant. In Fig. 3 an
embodiment with no guide elements 22, 24 is shown. In
the configuration of Fig. 3 the added friction angle is al-
ways around 180°, such as between 150° and 210°.
Hence the only yarn guide element of the moving member
that the yarn passes from the yarn storage to the weaving
machine is the guide 20. This is made possible by locating
the yarn storage closer to the weaving machine than the
weft yarn feeding device and arranging the yarn guide
20 move between two end positions, where the two end
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positions, the yarn output from the yarn storage, and the
yarn input to the weaving machine are located essentially
along one line. It also enables a layout that is more com-
pactin a direction perpendicular to the insertion direction.
[0034] Control of the moving member is primarily
based on the rapier movement, with the target to have:

* aweftyarntake off speed from the weft yarn storage
thatis within a small target range and preferably con-
stant,

* alow yarn tension in to the weaving machine,

¢ alow torque need for the motor

[0035] These factors can be balanced in different ways
to achieve a desired yarn take off speed at different an-
gular weaving cycle positions of the weaving machine.
In Fig. 4 an exemplary set-up for a double sided rapier
weaving machine is illustrated where the yarn speed at
insertion is shown by the line 50. This speed is the result
of the rapiers at different angular weaving cycle positions
in the weaving machine. The movement of the moving
member (and the yarn guide used to form a yarn loop)
driven by the controlled motor is depicted by the line 60.
As can be seen in Fig. 4, the motor can be driven to
release yarn from the yarn buffer formed by the yarn loop
when the rapier is picking yarn at a high speed, in par-
ticular higher than the average yarn pick speed, and to
fill the yarn buffer when the rapier is picking yarn at a low
speed, in particular lower than the average yarn pick
speed, and also during the part of the weaving machine
cycle when none of the rapiers are engaged in picking
yarn. During most of the weaving machine cycle, yarn is
taken from the weft yarn storage with relatively small var-
iations in the take-of-speed. Such a control method can
result in that the yarn take-off speed from the weft yarn
storage will be essentially the same during the entire
weaving cycle of the weaving machine as is depicted by
line 70. As a result, the maximum yarn take-off speed
can be significantly reduced.

[0036] The diagram of Fig. 4 is for illustration purpose
only. The machine angles are approximate and serve(s)
only as examples. The timing of the different actions in
the weaving machine differs for different machine types.
[0037] Here during machine angle 0to 70 degrees, the
reed is moving backwards and the shed is opening. The
rapiers are not engaged in picking any yarn. In this time
interval, the controlled motor 18 is programmed to drive
the moving member 19 in a movement in order to in-
crease the yarn buffer by pulling yarn from the yarn stor-
age.

[0038] At 70 degrees, the giving rapier takes the yarn
and the insertion starts.

[0039] At70-90degrees, the controlled motor 18is pro-
grammed to drive the moving member 19 in a movement
to increase the yarn buffer. The speed at which the mov-
ing member is driven is decreased, preferably gradually,
as the rapier speed increases. In this phase both the
moving member and the weaving machine takes yarn
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from the yarn storage. The combined speed of the rapier
and the moving member result in a weft yarn take off
speed from the yarn storage speed close to the average
yarn speed.

[0040] At 90 degrees, the moving member changes
direction of its movement and now the moving member
is driven to release yarn, by controlling the motor to drive
the moving member in the other direction. The result of
the moving member release speed and the rapier speed
still gives a yarn storage speed in the same magnitude
as the average yarn speed.

[0041] At 90 to 130 degrees the yarn feeding device
releases yarn from the buffer. The weaving machine
takes yarn both from the buffer and from the yarn storage.
[0042] At 130 degrees, the rapier has reached its top
speed. The moving member is at maximum negative
speed and this is the point when most yarn is released
from the buffer.

[0043] At 130 to 180 degrees the rapier decelerates
and at 180 degrees the rapier speed is zero.

[0044] At 130 to 165 the yarn feeding device still re-
leases yarn from the buffer.

[0045] At 165 degrees, the moving member is driven
to change direction and the yarn buffer is increased.
[0046] At165to 195 degreestheyarnbufferincreases.
When the rapier speed is close to zero the yarn tension
drops as a result of the retardation of the rapier and the
mass forces of the yarn. The moving member is control-
led to be driven to build up the buffer to both counteract
the tension drop and to increase the yarn in the buffer to
have enough yarn for the receiving rapier cycle. In this
period, the weaving machine takes yarn from the yarn
storage. As the moving member is moved to build up the
yarn buffer and the rapier still moves, both the rapier and
the moving member takes yarn from the yarn storage,
thus increasing the yarn tension at the yarn tip, which is
desired in order to ensure a safe yarn tip transfer function.
[0047] At 180 degrees, the transfer takes place. The
giving rapier transfers the yarn tip to the receiving rapier.
[0048] Between 180 and 300 degrees the receiving ra-
pier cycle takes place, and the movements of the rapier
and moving member of the yarn feeding device is repeat-
ed in a similar or analogous way as for the giving rapier
described above.

[0049] At 300 degrees, the receiving rapier releases
the yarn and the weft insertion is ready.

[0050] At 270 degrees, the moving member is driven
to increase the buffer, to increase the yarn tension before
the end of insertion and to build up the buffer for next
insertion.

[0051] Between 300 and 360 degrees the beat up,
when the reed is pushing in the inserted weft thread into
the woven fabric, takes place. During this period, the
moving member is moved to increase the buffer to be
ready for the next pick of the weaving machine.

[0052] The aim during all or at least most of the above
described different angular intervals of a weaving ma-
chine cycle is to achieve an even weft yarn take off speed
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from the yarn storage that is the same as the average
weft yarn take off speed (with some pre-determined tol-
erance) or a weft yarn take off speed below a pre-deter-
mined maximum weft yarn take off speed. The motor is
therefore controlled to be driven to adjust the buffer
formed by the moving member to even out the take-off
speed from the yarn storage.

[0053] To reach the target of a mainly constant yarn
speed from the weft yarn supply a relatively big motor
and a long yarn loop forming moving member is typically
needed. In some cases, there is not space enough for
arrangements requiring much space, or for other reasons
a system having a smaller size is desired. If for example
aweaving machine has 8 weft yarn channels, 8 separate
weftyarn feeding devices are needed, one for each chan-
nel. Multiple weft yarn feeding devices require a lot of
space that might not be available. A smaller system can
then be a good alternative. A system with a smaller motor
and/or a smaller yarn loop forming moving member can-
not result in a mainly constant yarn speed from the weft
yarn supply. However, such a system will still reduce the
highest yarn speeds and result in lower yarn tension.
Thus, such a system will still be advantageous and an
improvement compared to existing weft yarn feeding sys-
tems.

[0054] Inthe above description, a single or double sid-
ed rapier weaving machine having one or two rapiers has
been assumed. Further, there exists other types of weav-
ing machines with more than one shed, for example a
carpet or velvet machine has typically two sheds, with
two or more sets of rapiers that move in parallel from the
same side. The here described weft yarn feeding device
can then be implemented in such a way that one yarn
loop forming moving member is designed to feed/supply
yarn to more than one rapier in the same time. For ex-
ample, the moving member 19 can have two yarn guides
20 that are connected upstream with two weft yarn stor-
ages and downstream with two rapiers working in parallel
to two different sheds in the same weaving machine.
Generally, the weft yarn feeding device as described
herein can be used in any type of rapier weaving ma-
chine.

[0055] In Fig. 5a, a flow chart illustrating some steps
that can be performed when controlling a motor used to
drive aweftyarn feeding arrangement as described here-
in. The weft yarn feeding arrangement will form a yarn
buffer having variable length. First, in a step 501, a model
of the movements of the weaving machine at different
angular weaving cycle positions of the weaving machine
is determined. The movement model can typically reflect
the weft yarn movement or weft yarn tension variations
at different angular weaving cycle positions of the weav-
ing machine. Next, in a step 503 a position signal indic-
ative of the current angular weaving cycle position of the
weaving machine is received. Then, in an optional step
505, a model of different events in the weaving machine
are determined. The events can for example be one or
more of weft selector movement, beat up, yarn cutting,
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rapier start, yarn tip transfer and yarn arrival. Then, in a
step 507, the movement of the motor 18 and thereby the
yarn buffer formed by the yarn feeding device comprising
the motor and associated parts are controlled based on
the model of the weaving machine at different angular
weaving cycle positions. The control can in accordance
with some embodiments also take into account different
events in the weaving machine during each weaving cy-
cle as will be described in more detail below. The model
can also take into account the geometry of the yarn feed-
ing device such thatthe model can translate a drive signal
to the motor to a corresponding adjustment of the weft
yarn buffer. In other words, by modelling how a particular
drive signal will change the yarn buffer, the motor drive
signal can be controlled to adapt the yarn buffer size to
match the movements in the weaving machine to meet
the ultimate aim of reducing the maximum weft yarn take
off speed from the yarn storage.

[0056] In Fig. 5b a control model illustrating the above
is depicted. First in a model step 521, a difference be-
tween the weft yarn movement caused by the insertion
into the weaving machine and the desired set weft yarn
take off speed is determined. The difference value de-
termined in step 521 is translated to a desired buffer ad-
justment illustrated in model step 523. Knowing how the
buffer is to be adjusted, a motor drive signal is output
based on the geometry of the weft yarn buffer (or a model
thereof) and the desired buffer adjustment. As a result,
the motor will be driven to cause the buffer to be adjusted
over time to keep the set weft yarn take off speed from
the yarn storage at the set speed.

[0057] In Fig. 6 a controller 26 for controlling a weft
yarn feeding device is depicted. The controller 26 can
comprise an input/output 81 for receiving input signals
indicative of the angular weaving cycle position of the
weaving machine and for outputting a motor control sig-
nal to the motor 18. The controller 26 further comprises
a micro-processor that also can be referred to a process-
ing unit 82. The processing unit 82 is connected to and
can execute computer program instructions stored in a
memory 83. The memory 83 can also store data that can
be accessed by the processing unit 82. The data in the
memory can in particular comprise a model of the move-
ments of the weaving machine 10. The computer pro-
gram instructions can be adapted to cause the controller
to control the motor in accordance with the teachings
herein. The controller can be located at any suitable lo-
cation. For example, the controller can be integrated in
the motor 18. The controller can input output data using
any suitable means. Both wireless and wireline commu-
nication devices can be used.

[0058] To limit the load on the motor, a light weight
moving arm or other yarn loop forming member can be
used. It can be of several types, for example using light
and stiff materials like carbon fiber, or a light weight de-
sign in aluminum sheet.

[0059] A moving member working partly counter to the
rapier movement as described hereinabove will give fur-
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ther advantages. As earlier described, in a double sided
rapierweaving machine, the rapier and thus the weft yarn
is slowing down strongly twice in each insertion cycle.
To keep the yarn stretched, a controlled brake is often
used. For coarse weft yarns the brake force mustbe very
high, which has negative effects on both the weft yarn
and the weft insertion function, as well as the fact that a
very large and energy consuming controlled brake is
needed. During the retardation of the rapier, the weft yarn
feeding device as described herein will drive the moving
member 19 in order to increase the yarn buffer. This ac-
tion will also stretch the weft yarn towards the rapier and
takes up weft yarn from the weft yarn storage. This action
will act to reduce the need for a controlled tensioner, or
even in some applications eliminate it. Hence the weft
yarn feeding device can be controlled to increase the
weftyarn buffer at events when the yarnis to be stretched.
This can for example be when a rapier is retarding.
[0060] Another event is at beat up and cutting of the
weft yarn, where often a surplus of weft yarn between
the pre-winder and weaving machine is created due to
the geometry and movement of the shed/slay and other
parts involved in the weftinsertion. Today a spring loaded
take up device is often used, but has some disadvantag-
es. One disadvantage is that the spring loaded system
is sometimes to slow to follow the yarn slack that is cre-
ated. Another disadvantage is that the yarn force is used
to overcome the spring force and move the take up de-
vice, thus creating additional yarn tension. That problem
can be avoided with a weft yarn feeding device as de-
scribed herein. The here described weft yarn feeding de-
vice can be controlled to compensate for the drop in yarn
tension by moving the member 19 to stretch the yarn.
Similarly, before a yarn tension peak is reached the mem-
ber 19 can be moved to decrease the yarn tension.
[0061] In another exemplary embodiment, a slip feed
device is added. The slip feed device is a driven roller
that rotates with a peripheral speed that is higher than
the necessary yarn speed. Such a device is described in
US 5660213. When the weaving machine rapier pulls the
weft yarn during the insertion, the yarn will be pulled
against the roller and the friction between the yarn and
the rotating roller will contribute to pull the yarn further
thus decreasing the yarn tension. As soon as the roller
gives more speed to the yarn than what is consumed by
the weaving machine the force from the yarn against the
roller will decrease and hence the pulling force will also
decrease until a balance is reached and the roller will not
give any further force to the yarn. Fig. 7 depicts an ex-
emplary slip feed device 28 in two different views.
[0062] Using a slip feed device in the weft yarn feeding
device as described herein can lower the yarn tension in
to the weaving machine.

[0063] By combining a weft yarn feeding device with a
motor driven yarn buffer as described herein with a slip
feed device, the disadvantage of the added friction an-
gles can be reduced, and even turned into a yet better
system. Several layouts are possible. The system can
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be optimized for low yarn tension, or the combination can
be used to build a compact system thatfits to the available
space at the weaving machine.

[0064] In Fig. 8 a weft yarn feeding device comprising
amotor driven yarn buffer combined with a slip feed roller
after the yarn buffer is shown.

[0065] If the slip feed device is instead placed before
the yarn buffer, the yarn tension of the yarn fed to the
buffer will be lower. The load on the yarn buffer will be
lower enabling a lower strength and thus weight of the
moving arm (when an arm is used) in the weft yarn feed-
ing device. Both the lower yarn tension on the moving
arm and the lower weight will reduce the load on the
motor that drives the arm. Such a configuration is shown
in Fig 9.

[0066] A slip feed device can also be provided both
before and after the yarn buffer. In accordance with one
embodiment the same slip feed device is used both be-
fore and after the yarn buffer. A configuration using the
same slip feed device both before and after the yarn buff-
er is shown in Fig. 10.

[0067] Theslipfeeddevice 28 canbe designedinmany
different ways. One design is shown in Fig. 11. The de-
sign in Fig. 11 comprises two rolls 29, 30. The rolls are
arranged following each other along the path of the yarn.
The rolls 29, 30 can be controlled to move in relation to
each other.

[0068] As is realized numerous variations and altera-
tions can be made to achieve the reduced yarn take-off
speed and other advantages obtained by the methods
and devices as described herein. For example, the motor
driven moving element can have different configurations.
The number of guides on the moving element can be
more than one. One alternative configuration is shown
in Fig. 12. In Fig 12, a weft yarn feeding device 16 has
an arm provided with two yarn guides 20. The guides 20
can then be formed by a pair of elements each. In the
shown embodiment one guide is located at each end of
an arm forming the moving element. The arm can be
driven to rotate back and forth to adjust the yarn buffer
of the yarn feeding device. Further, the motor used can
be any suitable motor that can be controlled to drive a
moving member in accordance with the above.

Claims

1. Aweft yarn feeding device (16) for feeding weft yarn
(40) to a weaving machine (10), the yarn feeding
device forming an intermediate yarn buffer between
a weft yarn storage and the weaving machine (10),
wherein the yarn is inserted into the shed of the
weaving machine having atleast one rapier (11, 12),
the weft yarn feeding device comprising at least one
yarn guide (20) provided on a moving member (19)
driven by a controlled motor (18) comprised in the
weft yarn feeding device to cause the moving mem-
ber to move back and forth, characterised in that
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the weft yarn feeding device (16) is configured to
draw yarn from a weft yarn storage (13, 14) via said
at least one guide (20) provided on said moving
member (19) to the weaving machine (10).

The yarn feeding device (16) according to claim 1,
wherein the controlled motor (18) is adapted to be
controlled using a model of a parameter or a set of
parameters related to a set of positions of the rapi-
er(s) in the weaving machine (10) at different angular
weaving cycle positions in the weaving machine at
corresponding particular points in the time of the
weaving cycle.

The yarn feeding device (16) according to claim 1 or
2, wherein the yarn storage (13, 14) is located closer
to the weaving machine (10) than the weft yarn feed-
ing device and wherein the yarn guide (20) is ar-
ranged to move between two end positions, where
the two end positions, a yarn output from the yarn
storage, and a yarn input to the weaving machine
are located essentially along one line.

The yarn feeding device (16) according to any of
claims 1 - 3, wherein the controlled motor (18) is
adapted to move the moving member (19) based on
the rapier(s) movement in a pattern that keeps the
weft yarn take off speed from the weft yarn storage
within a target range or is constant during a weaving
cycle of the weaving machine.

The yarn feeding device (16) according toclaim4,
wherein the controlled motor (18) is adapted to move
the moving member (19) in a pattern whereby the
maximum speed of the yarn drawn from the weft yarn
storage (13, 14) is less than 50% of the maximum
speed of the rapier(s).

The yarn feeding device (16) according to any of
claim 1 - 5, wherein the controlled motor (18) is
adapted to move the moving member (19) in a pat-
tern to also compensate for yarn movement caused
by at least one of the following events in the weaving
machine: weft selector movement, beat up, yarn cut-
ting, rapier start, weft yarn tip transfer and weft yarn
arrival.

The yarn feeding device (16) according to any of
claim 1 - 6, wherein the moving member (19) is an
arm.

The yarn feeding device (16) according to claim 7,
wherein the arm is directly mounted on the output
shaft of the motor (18).

The yarn feeding device (16) according to any of
claim 1 - 6, wherein the moving member (19) is a
member following a linear path.
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The yarn feeding device (16) according to any of
claims 1 - 9, wherein the weft yarn feeding device is
adapted to draw the yarn from a weft yarn storage
comprising a yarn pre-winder (14).

The yarn feeding device (16) according to any of
claims 1-9, wherein the weft yarn storage is a bobbin
(13) and the weft yarn feeding device is adapted to
draw yarn (40) directly from the bobbin.

A weft yarn feeding arrangement comprising a weft
yarn storage (13, 14), a weft yarn feeding device (16)
according to any of claims 1 - 11, a weaving machine
(10) and a slip feed device (28) interconnected be-
tween the weft yarn feeding device and the weaving
machine.

The yarn feeding arrangement according to claim
12, wherein a slip feed device (28) is interconnected
between the weft yarn(s) storage (13, 14) and the
weft yarn feeding device (16).

A method of controlling a weft yarn feeding device
(16) feeding yarn (40) to a weaving machine (10),
the yarn feeding device forming an intermediate yarn
buffer between a weft yarn storage and the weaving
machine (10), wherein yarn is inserted into the shed
of the weaving machine having at least one rapier
(11, 12), the weft yarn feeding device comprising at
leastone yarn guide (20) provided on a moving mem-
ber (19) driven by a controlled motor (18) of the weft
yarn feeding device to cause the moving member to
move back and forth, characterised in that yarn is
drawn from a weft yarn storage (13, 14) by the weft
yarn feeding device (16) via said at least one guide
(20) provided on said moving member (19) to the
weaving machine (10), and in that the method com-
prising using a model of the movements of the weav-
ing machine at different angular weaving cycle po-
sitions of the weaving to control the motor using a
signal representative of the current position of the
weaving machine.

A computer program product comprising computer
program code adapted to, when executed on a com-
puter causes the computer to control a motor (18) in
accordance with claim 14.

Patentanspriiche

1.

Schussfadenzufiihrvorrichtung (16) zum Zufiihren
von Schussfaden (40) zu einer Webmaschine (10),
wobei die Fadenzufiihrvorrichtung einen Fadenzwi-
schenpuffer zwischen einem Schussfadenspeicher
und der Webmaschine (10) bildet, wobei der Faden
in das Webfach der Webmaschine eingelegt wird,
das mindestens einen Greifer (11, 12) aufweist, wo-
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bei die Schussfadenzufiihrvorrichtung mindestens
eine Fadenfiihrung (20) umfasst, die auf einem be-
weglichen Element (19) bereitgestellt ist, das von
einem gesteuerten Motor (18) angetrieben wird, der
in der Schussfadenzufiihrvorrichtung umfasst ist,
um zu bewirken, dass sich das bewegliche Element
vor und zuriick bewegt, dadurch gekennzeichnet,
dass die Schussfadenzufiihrvorrichtung (16) konfi-
guriert ist, um Faden von einem Schussfadenspei-
cher (13, 14) Gber die mindestens eine Flihrung (20),
die auf dem beweglichen Element (19) bereitgestellt
ist, zu der Webmaschine (10) zu ziehen.

Fadenzufiihrvorrichtung (16) nach Anspruch 1, wo-
bei der gesteuerte Motor (18) ausgelegt ist, um unter
Verwendung eines Modells eines Parameters oder
eines Satzes von Parametern gesteuert zu werden,
die sich auf einen Satz von Positionen des Greifers
(der Greifer) in der Webmaschine (10) bei unter-
schiedlichen Webzyklus-Winkelpositionen in der
Webmaschine an entsprechenden bestimmten
Punkten in der Zeit des Webzyklus beziehen.

Fadenzufiihrvorrichtung (16) nach Anspruch 1 oder
2, wobei sich der Fadenspeicher (13, 14) naher an
der Webmaschine (10) befindet ist als die Schuss-
fadenzufiihrvorrichtung und wobei die Fadenfiih-
rung (20) angeordnet ist, um sich zwischen zwei
Endpositionen zu bewegen, wobei sich die beiden
Endpositionen, ein Fadenausgang aus dem Faden-
speicher und ein Fadeneingang in die Webmaschine
im Wesentlichen entlang einer Linie befinden.

Fadenzufiihrvorrichtung (16) nach einem der An-
spriiche 1 - 3, wobei der gesteuerte Motor (18) aus-
gelegt ist, um das bewegliche Element (19) auf der
Grundlage der Greiferbewegung(en) in einem Mus-
ter zu bewegen, das die Schussfaden-Abzugsge-
schwindigkeit aus dem Schussfadenspeicher inner-
halb eines Zielbereichs halt oder das wahrend eines
Webzyklus der Webmaschine konstant ist.

Fadenzufiihrvorrichtung (16) nach Anspruch 4, wo-
bei der gesteuerte Motor (18) ausgelegt ist, um das
bewegliche Element (19) in einem Muster zu bewe-
gen, wobei die maximale Geschwindigkeit des Fa-
dens, der aus dem Schussfadenspeicher (13, 14)
gezogen wird, weniger als 50% der maximalen Ge-
schwindigkeit des Greifers (der Greifer) betragt.

Fadenzufiihrvorrichtung (16) nach einem der An-
spriiche 1 - 5, wobei der gesteuerte Motor (18) aus-
gelegtist, um das bewegliche Element (19) in einem
Muster zu bewegen, um auch die Fadenbewegung
zu kompensieren, die durch mindestens eines der
folgenden Ereignisse in der Webmaschine bewirkt
wird: Bewegung des Schussfadenwahlers, An-
schlag, Fadenschneiden, Greiferstart, Ubergabe der
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Schussfadenspitze und Ankunft des Schussfadens.

Fadenzufiihrvorrichtung (16) nach einem der An-
spriiche 1 - 6, wobei das bewegliche Element (19)
ein Arm ist.

Fadenzufiihrvorrichtung (16) nach Anspruch 7, wo-
bei der Arm direkt auf der Abtriebswelle des Motors
(18) montiert ist.

Fadenzufiihrvorrichtung (16) nach einem der An-
spriiche 1 - 6, wobei das bewegliche Element (19)
ein Element ist, das einem linearen Weg folgt.

Fadenzufiihrvorrichtung (16) nach einem der An-
spriiche 1 -9, wobei die Schussfadenzufiihrvorrich-
tung ausgelegtist, um den Faden aus einem Schuss-
fadenspeicher zu ziehen, der einen Fadenvorwickler
(14) umfasst.

Fadenzufihrvorrichtung (16) nach einem der An-
spriiche 1 -9, wobei der Schussfadenspeicher eine
Spule (13)istund die Schussfadenzufihrvorrichtung
ausgelegt ist, um Faden (40) direkt von der Spule
zu ziehen.

Schussfadenzufiihranordnung, umfassend einen
Schussfadenspeicher (13, 14), eine Schussfaden-
zuftihrvorrichtung (16) nach einem der Anspriiche 1
- 11, eine Webmaschine (10) und eine Schlupfzu-
fuhrvorrichtung (28), die zwischen der Schussfaden-
zuftihrvorrichtung und der Webmaschine zwischen-
geschaltet ist.

Fadenzufiihranordnung nach Anspruch 12, wobei
die Schlupfzufihrvorrichtung (28) zwischen dem
Schussfadenspeicher (13, 14) und der Schussfa-
denzufiihrvorrichtung (16) zwischen geschaltet ist.

Verfahren zum Steuern einer Schussfadenzufiihr-
vorrichtung (16), die einer Webmaschine (10) Faden
(40) zufuhrt, wobei die Fadenzufiihrvorrichtung ei-
nen Fadenzwischenpuffer zwischen einem Schuss-
fadenspeicher und der Webmaschine (10) bildet,
wobei Faden in das Webfach der Webmaschine ein-
gelegt wird, das mindestens einen Greifer (11, 12)
aufweist, wobei die Schussfadenzufiihrvorrichtung
mindestens eine Fadenflihrung (20) umfasst, die auf
einem beweglichen Element (19) bereitgestellt ist,
das von einem gesteuerten Motor (18) der Schuss-
fadenzufiihrvorrichtung angetrieben wird, um zu be-
wirken, dass sich das bewegliche Element vor und
zuriick bewegt, dadurch gekennzeichnet, dass
Faden von einem Schussfadenspeicher (13, 14)
durch die Schussfadenzufiihrvorrichtung (16) Gber
die mindestens eine Fihrung (20), die an dem be-
weglichen Element (19) bereitgestellt ist, zu der
Webmaschine (10) gezogen wird, und dass das Ver-
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fahren die Verwendung eines Modells der Bewegun-
gen der Webmaschine bei verschiedenen Webzyk-
lus-Winkelpositionen des Webens umfasst, um den
Motor unter Verwendung eines Signals zu steuern,
das fir die aktuelle Position der Webmaschine re-
prasentativ ist.

Computerprogrammprodukt, umfassend Computer-
programmcode, der ausgelegtist, wenn er aufeinem
Computer ausgefiihrt wird, zu bewirken, dass der
Computer einen Motor (18) gemal Anspruch 14
steuert.

Revendications

Dispositif d’amenée de fil de trame (16) pour amener
un fil de trame (40) a une machine a tisser (10), le
dispositif d’'amenée de fil formant un tampon de fil
intermédiaire entre un stockage de fil de trame et la
machine a tisser (10), dans lequel le fil est inséré
dans lafoule de tissage de la machine a tisser ayant
au moins une lance (11, 12), le dispositif d’amenée
de fil de trame comprenant au moins un guide de fil
(20) prévu sur un élément mobile (19) entrainé par
un moteur commandé (18) compris dans le dispositif
d’amenée de fil de trame pour amener I'élément mo-
bile a se déplacer dans les deux sens, caractérisé
en ce que

le dispositif d’amenée de fil de trame (16) est confi-
guré pour tirer un fil a partir d’'un stockage de fil de
trame (13, 14) via ledit au moins un guide (20) prévu
sur ledit élément mobile (19) jusqu’a la machine a
tisser (10).

Dispositif d’amenée de fil (16) selon la revendication
1, dans lequel le moteur commandé (18) est congu
pour étre commandé en utilisant un modeéle d’un pa-
rameétre ou un ensemble de parameétres liés a un
ensemble de positions de la ou des lance(s) dans la
machine a tisser (10) au niveau de positions de cycle
de tissage angulaires différentes dans la machine a
tisser a des points particuliers correspondants dans
le temps du cycle de tissage.

Dispositif d’amenée de fil (16) selon la revendication
1 ou 2, dans lequel le stockage de fil (13, 14) est
situé plus prés de la machine a tisser (10) que le
dispositif d'amenée de fil de trame et dans lequel le
guide de fil (20) est agencé pour se déplacer entre
deux positions d’extrémité, ou les deux positions
d’extrémité, une sortie de fil a partir du stockage de
fil, et une entrée de fil vers la machine a tisser sont
situées sensiblement le long d’'une seule ligne.

Dispositif d’amenée de fil (16) selon I'une quelcon-
que des revendications 1 a 3, dans lequel le moteur
commandé (18) est congu pour déplacer I'élément
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mobile (19) sur la base du mouvement de lance(s)
selon un motif qui conserve la vitesse d’enlévement
de fil de trame a partir du stockage de fil de trame a
I'intérieur d’'une plage cible ou constante pendant un
cycle de tissage de la machine a tisser.

Dispositif d’amenée de fil (16) selon la revendication
4, dans lequel le moteur commandé (18) est congu
pour déplacer I’élément mobile (19) selon un motif
de sorte que la vitesse maximale du fil tiré a partir
du stockage de fil de trame (13, 14) fait moins de 50
% de la vitesse maximale de la ou des lance(s).

Dispositif d’amenée de fil (16) selon I'une quelcon-
que des revendications 1 a 5, dans lequel le moteur
commandé (18) est congu pour déplacer I'élément
mobile (19) selon un motif pour également compen-
ser un mouvement de fil provoqué par au moins un
des événements suivants dans la machine a tisser :
mouvement de sélecteur de trame, frappe, coupe de
fil, démarrage de lance, transfert de bout de fil de
trame et arrivée de fil de trame.

Dispositif d’amenée de fil (16) selon I'une quelcon-
que des revendications 1 a 6, dans lequel I'élément
mobile (19) est un bras.

Dispositif d’amenée de fil (16) selon la revendication
7,dans lequel le bras est directement monté sur I'ar-
bre de sortie du moteur (18).

Dispositif d’amenée de fil (16) selon I'une quelcon-
que des revendications 1 a 6, dans lequel I'élément
mobile (19) est un élément suivant un chemin linéai-
re.

Dispositif d’amenée de fil (16) selon I'une quelcon-
quedesrevendications 1 a9, dans lequel le dispositif
d’amenée de fil de trame est congu pour tirer le fil a
partir d’'un stockage de fil de trame comprenant un
pré-enrouleur de fil (14).

Dispositif d’amenée de fil (16) selon I'une quelcon-
que desrevendications 1a9, danslequelle stockage
de fil de trame est une bobine (13) et le dispositif
d’amenée de fil de trame est congu pour tirer le fil
(40) directement a partir de la bobine.

Agencement d’amenée de fil de trame comprenant
un stockage de fil de trame (13, 14), un dispositif
d’amenée de filde trame (16) selon'une quelconque
des revendications 1 a 11, une machine a tisser (10)
et un dispositif de glissement (28) interconnecté en-
tre le dispositif d’amenée de fil de trame etla machine
a tisser.

Agencement d’'amenée de fil selon la revendication
12, dans lequel un dispositif de glissement (28) est
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interconnecté entre le stockage de fil(s) de trame
(13, 14) et le dispositif d’'amenée de fil de trame (16).

Procédé de commande d’un dispositif damenée de
fil de trame (16) amenant un fil (40) a une machine
a tisser (10), le dispositif d’'amenée de fil formant un
tampon de fil intermédiaire entre un stockage de fil
de trame et la machine a tisser (10), dans lequel un
fil est inséré dans la foule de tissage de la machine
a tisser ayant au moins une lance (11, 12), le dispo-
sitif d’amenée de fil de trame comprenant au moins
un guide de fil (20) prévu sur un élément mobile (19)
entrainé par un moteur commandé (18) du dispositif
d’amenée de fil de trame pour amener I'élément mo-
bile a se déplacer dans les deux sens,

caractérisé en ce que

un fil est tiré a partir d'un stockage de fil de trame
(13, 14) par le dispositif d’amenée de fil de trame
(16) via ledit au moins un guide (20) prévu sur ledit
élément mobile (19) jusqu’a la machine a tisser (10),
et en ce que

le procédé comprenant l'utilisation d’'un modele des
mouvements de la machine a tisser a des positions
de cycle de tissage angulaires différentes du tissage
pour commander le moteur en utilisant un signal re-
présentatif de la position courante de la machine a
tisser.

Produit formant programme informatique compre-
nant un code de programme informatique congu
pour, quand il est exécuté sur un ordinateur, amener
I'ordinateur a commander un moteur (18) selon la
revendication 14.
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