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(57) A method for feeding a plurality of yarns under equal to a desired tension, on two reference feeders (Fa,
controlled tension to a textile machine by way of respec- Fb) of one of the rows (LI, L2, ..., LY); the real tensions
tive feeders (F1,1,F1,2 ..., FY,X), the tension of the yarn (TRa and TRb) are measured of the yarns (Ha and Hb)
fed by a plurality of feeders (F1,1, F1,2 ..., FY,X) being fed by the reference feeders (Fa, Fb) by way of respective
monitored by respective tension sensors (S1,1, S1,2 ..., tension sensors (Za and Zb) which are located immedi-
SY,X) which are arranged immediately downstream of ately upstream of the textile machine (M); backwards-ad-
the feeder and are connected to a control unitwhich mod- justing the operating tensions (TLa and TLb) of the ref-
ulates an adjustment parameter of the feeder on the basis erence feeders (Fa and Fb) so that the respective real
of the signal received from the tension sensor (S1,1, tensions (TRa and TRb) correspond to the desired ten-
S$1,2 ..., SY,X) in order to stabilize the tension at an op- sion; the operating tension of the remaining feeders of
erating tension that can be configured by the user. The the row is set on the basis of a preset function which
feeders (F1,1,F1,2 ..., FY,X) are located on multiple rows correlates the position of the feeder with the respective
(LI, L2, ...,LY)at progressively increasing distances from operating tension and, in relation to the reference feeders
the textile machine (M), and they undergo a calibration (Fa and Fb), returns the operating tension values (TLa
procedure for calibrating the respective operating ten- and TLb) that were adjusted previously.
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Description

[0001] The present invention relates to a method for
feeding a plurality of yarns under controlled tension to a
textile machine.

[0002] Asisknown,ina generic weaving process, mul-
tiple yarns can be fed to a textile machine by way of re-
spective yarn feeders, for example feeders of the "posi-
tive" type.

[0003] This type of feeder is provided with a motorized
reel, on which the yarn is wound repeatedly (e.g., 3 or 4
windings). When the reel is rotated, the yarn is unwound
from a spool and is fed to a textile machine downstream.
[0004] The yarn tension in output from the feeder is
monitored continuously by a tension sensor, which can
be integrated in the feeder. A control unit, which is also
optionally integrated in the feeder, modulates the speed
of the reel on the basis of the signal received from the
tension sensor, so as to stabilize the tension of the yarn
fed to the textile machine at a level that can be set by the
user, to the advantage of the quality of the garment.
[0005] Asis known, it would be preferable to measure
the yarn tension in the immediate vicinity of the textile
machine, downstream of any transmission pulleys and
yarn guide rings which could alter the real value of the
tension with which the yarn enters the textile machine.
[0006] However, in some applications where the
number of yarns is very high, e.g., several hundred yarns
in processes for feeding yarn to sectional warping ma-
chines, the yarns can be arranged very close to each
other at the point where they enter the machine. There-
fore, there is insufficient space to arrange all the feeders
next to each other, if they have an integrated tension
sensor.

[0007] As a consequence, the feeders must be posi-
tioned at a certain distance from the warping machine,
and they may need to use the signal generated by an
external tension sensor which is preferably positioned
immediately upstream of the warping machine.

[0008] EP 1901984 B1 discloses a system of this type,
in which two tension sensors are used for each yarn, one
of which is arranged at the exit of the feeder and can be
integrated in it, while the other is arranged at the entry
of the textile machine. The control unit, based on an
adapted algorithm, controls the feeder by taking account
of the tension values measured by both sensors, so as
to limit the risk of instabilities arising.

[0009] A drawback of the system described in EP
1901984 B1 is its high cost, in that it envisages using two
tension sensors for each yarn.

[0010] Furthermore, in the above-mentioned applica-
tions for sectional warping machines and the like, even
positioning just the tension sensors at the point where
the yarns enter the machine is a difficult matter owing to
the reduced spaces.

[0011] The aim of the present invention is to provide a
method for feeding a plurality of yarns under controlled
tension to a textile machine, which makes it possible to
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precisely control the tension while considerably reducing
the number of tension sensors compared to conventional
solutions, like the one described in EP 1901984 B1.
[0012] This aim and other objects, which will become
clearer from the description that follows, are achieved by
a method having the characteristics recited in the ap-
pended claim 1, while the appended dependent claims
define other characteristics of the invention which are
advantageous, although secondary.

[0013] Now the invention will be described in greater
detail, with reference to some preferred but not exclusive
embodiments thereof, which are illustrated for the pur-
poses of non-limiting example in Figure 1, which is a
schematic illustration of an apparatus for feeding yarn
under controlled tension using the method according to
the invention.

[0014] With reference to Figure 1, a yarn feeding ap-
paratus 10 comprises a plurality of feeders F1,1,F1,2 ...,
FY,X.

[0015] In a way that is known per se, the yarn tension
in output from the feeder is monitored continuously by a
tension sensor S1,1, S1,2 ..., SY,X which is arranged
immediately downstream of the feeder, and optionally
incorporated in the feeder itself. The tension sensor is
connected to a control unit (not shown), which modulates
an adjustment parameter of the feeder on the basis of
the signal received from the respective tension sensor,
so as to maintain the tension of the yarn fed to the textile
machine substantially constant at a level that can be con-
figured by the user, which henceforth is referred to as
the operating tension.

[0016] In this embodiment, the feeders F1,1, F1,2 ...,
FY,X are all of the "positive" type. As is known, a positive
feeder is provided with a motorized reel W1,1, W1,2 ...,
WY, X on which ayarn H1,1, H1,2 ..., HY,X is wound re-
peatedly (e.g., 3 or 4 windings). When the reel is rotated,
the yarn is unwound from a spool R1,1, R1,2 ..., RY,X
and is fed to a textile machine downstream, e.g., a warp-
ing machine M (shown only schematically in Figure 1).
[0017] Therefore, in this type of feeder the adjustment
parameter modulated by the control unit is the rotation
speed of the reel W1,1, W1,2 ..., WY,X. The rotation
speed in fact determines the feeding speed of the yarn
and, as a consequence, the operating tension by differ-
ence with respect to the speed with which the yarn is
taken up by the downstream machine.

[0018] ThefeedersF1,1,F1,2...,FY,Xandtherespec-
tive spools R1,1, R1,2 ..., RY,X are located on a number
Y ofrows L1, L2, ..., LY, typically substantially horizontal
rows which are arranged at different heights. Each row
comprises a number X of feeders which are arranged at
progressively increasing distances from the warping ma-
chine M.

[0019] Inthe presentdescription, the various elements
(spools, feeders, reels, yarns) of eachrow L1, L2, ..., LY
are uniquely identified by a first subscript which varies
from 1 to Y, which identifies the number of the row from
the topmost row to the bottommost row, and a second
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subscript which varies from 1 to X, which identifies the
position of the element in the row, from the element clos-
est to the warping machine M to the element furthest
away, so as to provide a matrix.

[0020] In practice it has been found that, if all the feed-
ers are set on a same operating tension, then for each
one of the yarns H1,1, H1,2 ..., HY,X the real tension
measured immediately upstream of the warping machine
M is always higher than the operating tension, and is not
equal for all the feeders but increases as the distance of
the feeder from the warping machine M increases.
[0021] For example, with reference to the first row L1,
the real tension of the yarn H1,1 will be higher than the
operating tension but lower than the real tension of the
yarn HI,2, which in turn will be lower than the real tension
of the yarn HI,3, and so on up until the yarn H1,X.
[0022] The same applies for the yarns of the otherrows
L1, L2, .., LY.

[0023] According to the invention, in order to feed all
the yarns at a same desired tension measured immedi-
ately upstream of the warping machine M, the feeders
F1,1, F1,2 ..., FY,X are preliminarily subjected to a cali-
bration procedure to calibrate the respective operating
tensions, which comprises the following steps:

- setting a same operating tension, equal to a desired
tension, on at least two reference feeders Fa, Fb of
at least one of the rows L1, L2, ..., LY, where the
subscripts a and b identify two generic positions in
the row which are comprised between 1 and X;

- measuring the real tensions TRa and TRb of the
yarns Ha and Hb fed by the at least two reference
feeders Fa, Fb by way of respective tension sensors
Za and Zb which are located immediately upstream
of the warping machine M;

- backwards-adjusting the operating tensions TLa and
TLb of the reference feeders so that the respective
real tensions TRa and TRb correspond to the desired
tension;

- setting the operating tension of all the remaining
feeders of the row on the basis of a preset function
which correlates the position of the yarn feeder with
the respective operating tension and, in relation to
the reference feeders Fa and Fb, returns the oper-
ating tension values TLa and TLb that were adjusted
previously.

[0024] Preferably, at the beginning of the calibration
procedure all the feeders F1,1, F1,2 ..., FY,X, and not
justthe two reference feeders Fa, Fb, can be preliminarily
set to the desired tension.

[0025] For the purposes of example, if the feeders of
the row are all arranged at the same distance between
them, the function can be a linear function given by the
following formula:
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(i-a)/(b-a) = (TLi-TLa)(TLb-TLa)

whereiis the position of the feeder on which the operating
tension is to be set within its row, and is therefore com-
prised between 1 and X, and TLi is the operating tension
that needs to be set on such feeder.

[0026] Advantageously, especially if the calibration is
based on a linear function, the positions a and b corre-
spond to the two extreme positions of the row, that is to
say, positions 1 and X, so as to minimize error in the
construction of the mathematical function.

[0027] In an embodiment, the operating tensions on
the feeders of a preselected reference row are adjusted,
the same values are set on the feeders of one or more
of the other rows, e.g., the two or three closest rows, or
on all the other rows.

[0028] Inthe latter case, forexample, the skilled person
will be able to appreciate that by using only two tension
sensors Za and Zb to measure the real tensions TRa and
TRb of two yarns Ha and Hb immediately upstream of
the warping machine M, it is possible to control all the
feeders of the matrix, the number of which is given by
the product X*Y.

[0029] Preferably in this case, one of the intermediate
rows, more preferably one of the central rows, is used
as a reference row. In this manner, if there are slight
discrepancies between the rows (e.g., average tensions
that increase from the top row to the bottom row, or vice
versa), the operating tensions are calibrated on interme-
diate values.

[0030] Inan alternative embodiment, the method is re-
peated on allthe rows. In this case, the number of tension
sensors to be arranged at the entry to the warping ma-
chine M will be equal to 2*Y.

[0031] In yet another embodiment, the operating ten-
sion values set on the feeders of one row are applied on
the feeders of one or more of the other rows using a
"scaling factor", on the basis of a preset function that
takes account of the differences that are normally present
between different rows.

[0032] It should likewise be noted that the method ac-
cording to the invention could likewise be applied to ac-
cumulator feeders, i.e., feeders in which the yarn is
wound on a drum so as to form a stock, and is unwound
when needed by the downstream machine. The control
unit adjusts the braking intensity applied by braking
means which act by friction on the yarn at the exit of the
drum, on the basis of to the signal received from a tension
sensor, so as to maintain the tension of the yarn fed, i.e.
the operating tension, substantially constant at the level
set by the user. In this case, therefore, the adjustment
parameter is the braking intensity applied to the brake.
[0033] Mixed solutions could also be envisaged, using
some positive feeders and some accumulator feeders.
[0034] As the person skilled in the art will be able to
appreciate, the method described herein is particularly
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indicated and easily implementable in textile feeding ap-
paratuses that use yarns that are all mutually homoge-
neous, as is the case with the warping machines to which
the embodiment described herein refers.

[0035] Some preferred embodiments of the invention
have been described, but obviously the person skilled in
the art may make various modifications and variations
within the scope of protection of the claims.

[0036] In particular, the mathematical function on
which the calibration is based can be other than a simple
linear function, e.g., if the feeders are not all equally
spaced apart or, empirically, it is found that the operating
tension necessary in order to have the desired tension
immediately upstream of the machine does not increase
linearly with the distance. In this case, for example, a
different mathematical function can be applied, or a func-
tion built empirically and leveled off in each instance on
the operating tensions TLa and TLb thatare programmed
at the positions a and b on the basis of the values of the
respective measured real tensions TRa and TRb.
[0037] Inthisregard,iffora linearfunctionitis sufficient
to base the calibration method on two positions a and b,
if a more complex function is adopted, the construction
of such function can be based on measurements of the
real tension made on a greater number of yarns, e.g.,
the two end positions plus one or two intermediate posi-
tions in the row, by adding sensors.

[0038] Obviously, the rows do not necessarily all have
to have the same number of feeders.

[0039] Furthermore, although the embodiment illus-
trated shows the feeders arranged on multiple rows, ob-
viously the method can also be applied to the case where
only one row of feeders is present.

[0040] Thedisclosuresin ltalian Patent Application No.
102019000011451 from which this application claims pri-
ority are incorporated herein by reference.

[0041] Where technical features mentioned in any
claim are followed by reference signs, those reference
signs have been included for the sole purpose of increas-
ing the intelligibility of the claims and accordingly, such
reference signs do not have any limiting effect on the
interpretation of each element identified by way of exam-
ple by such reference signs.

Claims

1. A method for feeding a plurality of yarns under con-
trolled tension to a textile machine by way of respec-
tive feeders (F1,1, F1,2 ..., FY,X), the tension of the
yarn (H1,1, H1,2 ..., HY,X) fed by each one of said
feeders being monitored by arespective tension sen-
sor (51,1, S1,2 ..., SY,X) which is located immedi-
ately downstream of the feeder and is connected to
a control unit which is adapted to modulate an ad-
justment parameter of the feeder on the basis of the
signal received from the tension sensor (S1,1,
S1,2 ..., SY,X), so as to keep the tension of the yarn
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delivered to the textile machine (M) substantially
constant at an operating tension that can be set by
the user, said feeders (F1,1, F1,2 ..., FY,X) being
located on at least one row (LI, L2, ..., LY) at pro-
gressively increasing distances from the textile ma-
chine (M), characterized in that said feeders (F1,1,
F1,2 ..., FY,X) undergo a calibration procedure for
calibrating the respective operating tensions, which
comprises the following steps:

- setting a same operating tension, equal to a
desired tension, on at least two reference feed-
ers (Fa, Fb) of atleastone of the rows (LI, L2, ...,
LY);

- measuring real tensions (TRa and TRb) of the
yarns (Ha and Hb) fed by said at least two ref-
erence feeders (Fa, Fb) by way of respective
tension sensors (Za and Zb) which are located
immediately upstream of said textile machine
(M);

- backwards-adjusting the operating tensions
(TLa and TLb) of the reference feeders (Fa and
Fb) so that the respective real tensions (TRa
and TRb) correspond to said desired tension;

- setting the operating tension of all the remain-
ing feeders of the row on the basis of a preset
function which correlates the position of the yarn
feeder with the respective operating tension
and, in relation to said reference feeders (Faand
Fb), returns the operating tension values (TLa
and TLb) that were adjusted previously.

The method according to claim 1, characterized in
that said function is a linear mathematical function.

The method according to claim 1 or 2, characterized
in that said at least two reference feeders (Fa and
Fb) are arranged at the ends of the row.

The method according to claim 1, wherein said feed-
ers (F1,1, F1,2 ..., FY,X) are arranged on a plurality
of rows (LI, L2, ..., LY), characterized in that said
calibration procedure is performed on a predeter-
mined reference row, and the same operating ten-
sions are set on the feeders of at least one of the
other rows.

The method according to claim 4, characterized in
that one of the intermediate rows is used as a ref-
erence row.

The method according to claim 1, characterized in
that said calibration procedure is performed on all
the rows.

The method according to claim 1, characterized in
that each one of said feeders (F1,1, F1,2 ..., FY,X)
is provided with a motorized reel (W1,1, W1,2 ...,
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WY, X), of which the speed is controlled by said con-

trol unit and on which the yarn (H1,1, H1,2 ..., HY,X)

that is adapted to be fed to said textile machine (M)

is wound repeatedly, said adjustment parameter be-

ing the rotation speed of the reel (W1,1, W1,2..., 5
WY, X).

The method according to claim 1, characterized in
that each one of said feeders (F1,1, F1,2 ..., FY,X)
comprises a drum on which the yarn (H1,1,H1,2 ..., 10
HY,X)is wound so as to form a stock, and from which

it is unwound when needed by the downstream ma-
chine, and braking means which act by friction on

the yarn (H1,1, HI,2 ..., HY,X) at the exit of the drum

and which are controlled in terms of braking intensity 75

by said control unit, said adjustment parameter being
the braking intensity applied to said braking means.
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