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(67)  The calibrating method is applied to weaving
lines comprising a plurality of yam feeders (D1, D2, ...,
Dn) delivering respective yarns (Fl, F2, ..., Fn) to a down-
stream machine (MU) via respective feeding paths. The
operation of each feeder is controlled by a respective
tension control loop subject to the output (TO) of a re-
spective tension sensor (SD1, SD2, ..., SDn) to maintain
the tension of the unwinding yam substantially constant
and equal to a desired tension (TD). A testcycle is carried
out with all the feeding paths arranged at their exact op-
erative configuration. During the test cycle, the tensions
of all the yarns is subsequently measured in proximity of
their respective insertion points into the machine (MU)
by means of the same measuring device. For each feed-
er, a correction factor (K) is calculated on the basis of
the ratio of the real tension (TM) measured by the meas-
uring device (SR) to a reference tension (TR) input to the
control loop. The respective correction factor (K) is ap-
plied to the control loop of each feeder to compensate
for the difference between the measured real tension
(TM) and the desired tension (TD).
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Description

[0001] The present invention relates to a calibrating
method for controlled-tension yarn feeders in weaving
lines, where a weaving line should be generally intended
here as any yarn-processing line for production of fabric
or mesh, thereby also including knitting lines and the like.
[0002] As known, a general weaving line comprises a
plurality of yarn feeders associated to a single down-
stream machine. Such feeders can be of the so-called
"positive" type, in which the yarn is wound on a motorized
drum which draws it from a reel and feeds it to the down-
stream machine, or of the so-called "negative" type, in
which the yarn is unwound from a stationary drum by the
machine itself. Depending on the requirements, a line
can be provided of either feeders which are all of the
same type or feeders of different types.

[0003] The operation of each feeder is controlled in
order to maintain the tension of the yarn fed to the ma-
chine substantially constant and equal to a predeter-
mined value, which can be the same value for all the
feeders or only for groups of feeders, depending on the
pattern to be produced. In particular, as well known to
the person skilled in the art, while the product is manu-
factured it is very important to minimize both the fluctu-
ations of tension of each single feeder and the differences
of tension between those feeders of the line which should
operate at the same level of tension, in order to prevent
defects in the finished products and to optimize the yield.
[0004] For the above tension control, each feeder of
the line is typically provided with a respective sensor
which measures the tension immediately downstream of
the feeder and is usually incorporated in the feeder itself.
In the positive feeders, where the tension depends on
the difference between the speed of rotation of the drum
of the feeder and the comsumption speed of the down-
stream machine, the tension is controlled by a control
loop which modulates the speed of rotation of the drum
on the basis of the signal received from the tension sen-
sor. In the negative feeders, a brake is provided which
comprises a hollow, frustoconical braking member which
is biased against the delivery edge of the stationary drum
by an electric actuator controlled on the basis of the signal
received from the tension sensor, in order to brake the
unwinding yarn in a controlled manner.

[0005] A typical tension sensor comprises a pair of
aligned yarn-guide eyelets having a detecting finger ar-
ranged therebetween which deviates the yarn running
between the eyelets and, therefore, is subject to the ten-
sion of the yarn.

[0006] A known drawback of the above tension control
system is that, although all the sensor installed on the
line are considered to be substantially identical, small
differences actually exist among them due to the manu-
facturing tolerances. These differences may affect the
measuring accuracy of the sensor and, even worse, af-
fect it in a variable manner from a feeder to another in
the same line.
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[0007] Moreover, even if all the sensor are assumed
to be ideally identical to one another, the real conditions
in which each of them operates, once installed on the
line, can be very different from both the controlled, nom-
inal conditions in which it was calibrated in the factory,
and the conditions in which the other sensors operate.
This circumstance may cause the real yarn tension down-
stream of the sensor to be altered and, even worse, to
be altered in a variable manner from a feeder to another
in the same line, which feeders, on the contrary, should
operate at the same level of tension. As well known to
the person skilled in the art, some factors which can alter
the tension downstream of the the sensor depend on the
positioning of the feeder which incorporates the sensor
and are, e.g., the exit angle of the yarn from the tension
sensor, the angle of entry of the yarn into the respective
yarn-guide eyelet of the machine, the distance between
the feeder and - the point of insertion of the yarn into the
product, and the like.

[0008] In addition, it should be considered that the
yarns downstream of the respective feeders may follow
different paths. In fact, some yarns could follow a recti-
linear path to the yarn-guide eyelet of the machine, other
yarns could be deviated by various yarn-guide eyelets,
resulting in the real tension under which the yarn enters
the machine being further altered.

[0009] Itis also well known to the person skilled in the
art that different yarn-guide eyelets, even if made of a
same material (typically, ceramics), may have slightly dif-
ferent rugosities. Other factors which can affect the yarn
tension downstream of the feeder in a different manner
from a feeder to another are, e.g., the running speed of
the yarn, the type of yarn, etc.

[0010] For allthe above reasons and other, it has been
found that, during the weaving process, the real tensions
of the yarns fed to the machine not only differ from the
desired tension on which the feeders are set but, even
worse, those feeders which should theoretically operate
at the same level of tension often operate at levels of
tension which actually differ from one another of a
non-negligible amount, thereby causing defects and un-
desired distorsions in the product.

[0011] Ithasbeenfoundinpractice thatthe realtension
of the yarn measured at the point of insertion into the
machine may differ by 20% to 25% from the tension
measured by the sensor, to different levels within that
range from a feeder to another.

[0012] EP 1901 984 discloses a feeding apparatus, in
which each feeder has a second sensor associated
thereto which measures the yarn tension near the down-
stream machine and, in operation, corrects the measure-
ment performed by the first sensor in real time as a func-
tion of the difference between the two measured values.
[0013] Although the system of EP 1 901 984 improves
the accuracy of the tension control on the single feeder,
however it is not completely satisfactory, both because
it increases the cost of the apparatus, since a second
sensor must be provided for each feeder, and because
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the second sensors, in turn, though nominally identical,
will inevitably differ from one another and will have dif-
ferent behaviours depending on their positioning. In gen-
eral terms, also the second sensors will generate alter-
ations which will be variable from a feeder to another.
[0014] Therefore, itis a main object of the invention to
provide a calibrating method for controlled-tension yarn
feeders in weaving lines, which allows the differences to
be minimized between the real tensions of the yarns
which are desired to be fed at the same level of tension,
while compensating for both the unevenness due to the
intrinsic differences between the various sensors and the
differences deriving from the different conditions in which
the various feeders operate.

[0015] The above object and other advantages, which
will better appear from the following description, are
achieved by the calibrating method having the feature
recited in claim 1, while the dependent claims state other
advantageous, though secondary, features of the inven-
tion.

[0016] The invention will be now described in more de-
tail with reference to a few preferred, non-exclusive em-
bodiments, shown by way of non limiting example in the
attached drawings, wherein:

- Fig. 1is a diagrammatical plan view showing an an-
gular portion of a circular knitting line to which the
calibrating method of the invention is appliable;

- Fig. 2 is a block diagram of the knitting line of Fig. 1;

- Fig. 3 is a circuit diagram of a tension control loop
associated to one feeder of the line of Fig. 2, which
has been calibrated on the basis of a first embodi-
ment of the method according to the invention;

- Fig. 4 is a circuit diagram of a tension control loop
associated to one feeder of the line of Fig. 2, which
has been calibrated on the basis of a second em-
bodiment of the method according to the invention;

- Fig. 5is a flowchart showing a few steps of the cal-
ibrating method according to the invention.

[0017] With initial reference to Fig. 1, a general yarn
processing line comprises a machine MU, which in the
example of Fig. 1 is a circular knitting machine, which is
surrounded by a plurality of yarn feeders D1, D2, ..., D8.
The feeders deliver respective yarns F1, F2, ..., F8 from
respective reels R1, R2, ..., R8 to respective inlet eyelets
OM1, OM2, ..., OM8 of the machine MU. In the example
of Fig. 1, the line is provided with a first series of so-called
"negative" feeders D1, D3, D5, D7 which are arranged
on an outer circumference, and with a second series of
so-called "positive" yarn feeders D2, D4, D6, D8 which
are arranged on an inner circumference.

[0018] As shown in the Figures, with the positive feed-
ers the yarn is wound on a motorized rotary drum RD2,
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RD4, RD6, RD8, which draws the yarn from the respec-
tive reel R2, R4, R6, R8 and feeds it to the downstream
machine MU; with the negative feeders, the yarn is un-
wound from a stationary drum S1, S3, S5, S7 by the
machine MU itself.

[0019] The operation of each feeder is controlled in
such a way as to maintain the tension of the yarn fed to
the machine MU substantially constant and equal to a
predetermined value which, in the example described
herein, for simplicity is assumed to be the same for all
the feeders, but could also be the same only for groups
of feeders (e.g., the positive feeders could operate at a
first level of tension and the negative feeders at a second
level of tension).

[0020] To this purpose, having now reference also to
Fig. 2, each feeder is provided with a respective tension
sensor SD1, SD2, ..., SDn which is arranged near the
delivery end of the feeder. As shown diagrammatically
in Fig. 2, each sensor conventionally comprises a pair of
aligned yarn-guide eyelets OC’1, OC"1, OC’2, OC"2, ...,
OC’n, OC"n having a detecting finger T1, T2, ..., Tn ar-
ranged therebetween, which deviates the yarn running
through the eyelets and, therefore, is subject to the ten-
sion of the yarn.

[0021] With the positive feeders, in which the tension
depends on the difference between the speed of rotation
of the drum and the comsumption speed of the down-
stream machine, the tension is controlled by a control
loop which modulates the speed of rotation of the drum
on the basis of the signal received from the tension sen-
sor. The negative feeders make use of a brake provided
with a hollow, frustoconical braking member B1, B3, B5,
B7 (Fig. 1) biased against the delivery edge of the sta-
tionary drum by an electric actuator (not shown) which
is driven on the basis of the signal of the tension sensor,
so that the unwinding yarn is braked in a controlled man-
ner.

[0022] The measurements of the various sensors may
be affected in a variable manner by the inevitable, small
manufacturing differences between the sensors. Accord-
ingly, these differences may alter the accuracy of meas-
urement of the sensor and, even worse, may alteritin a
variable manner from a sensor to another in the same
line.

[0023] Furthermore, there are other factors which may
alter the real tension of the yarn downstream of the sen-
sors before entering the machine, in a variable manner
from a feeding path to another. For example, as shown
in Figs. 1 and 2, the exit angles of the yarn from the
respective sensors, as well as the angles of entry of the
yarns into the eyelets of the machine, are usually different
from one feeder to another. Moreover, the yarns dow-
stream of the respective feeders could follow different
paths through a variable number of deviating yarn-guide
eyelets (not shown). Other factors which may affect the
tension in a different manner from one feeder to another
are, e.g., differentyarn-feeding speeds v1, v2, ..., vn (Fig.
2), different types of yarn, etc.
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[0024] All the above differences may cause the real
tensions of the various yarns fed to the machine to be
typically different both from the desired tension and from
one another. This circumstance, as mentioned above,
may cause defects and distorsions in the product.
[0025] In order to minimize the above differences, a
preliminary calibration according to the invention is car-
ried out, which comprises the steps of:

- carrying out a test cycle, resulting in the production
of a sample CT (Fig. 2), with all the feeding paths
arranged in their exact operative configuration;

- during the test cycle, subsequently measuring the
real tensions TM of all the yarns in proximity of their
respective insertion points into the machine by
means of the same tension-measuring instrument
SR;

- for each feeder, calculating a correction factor K on
the basis of the ratio of the real tension TM measured
by the measuring instrument SR to the reference ten-
sion TR input to the control loop; and

- applyingtherespective correction factor K to the con-
trol loop of each feeder to compensate for the differ-
ence between the measured tension TM and the de-
sired tension TD.

[0026] Advantageously, in the examples described
herein the correction factor K is equal to the ratio of the
measured tension TM to the reference tension TR input
to the control loop, according to the formula:

K=TM/TR.

[0027] Accordingtoafirstembodimentoftheinvention,
as shown in Fig. 3, the compensation is carried out by
multiplying the value of the tension signal TO detected
by the tension sensor SD1, SD2, ..., SDn by the correc-
tion factor K, thereby obtaining a compensated feedback
tension TF = TO x K as an input to the adder node of the
control loop. In the diagram of Fig. 3, ET indicates the
tension error calculated by the control loop on the basis
of the difference between the compensated feedback
tension TF and the reference tension TR, A indicates the
adjusting block which includes both the control unit and
the adjusting device (brake or motor depending on the
type of feeder), and DT represents all the factors which
may affect the yarn tension dowstream of the feeder.

[0028] In practice, the correction is carried out by pro-
gramming the software which controls the feeder in such
a way that a correction factor K can be set, by using
programming techniques which fall within the normal
knowledge of the person skilled in the art and therefore
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are notdisclosed in detail herein. The steps of the method
are diagrammatically shown in the flowchart of Fig. 5.
[0029] During the test cycle, the user first sets refer-
ence tension TR to the desired tension TD, then meas-
ures the tension at the entry to machine TM by the in-
strument SR and inputs it to the control unit C1, C2, ...,
Cn (Fig. 2) associated to the feeder. Now, the control unit
C1, C2, ..., Cn automatically calculates the value of cor-
rection factor K as the ratio TM/TR(=TD) and inputs it to
the feedback branch of the control loop, as described
above.

[0030] Alternatively, during the test cycle the user can
first modify the reference tension TR input to the control
loop by repeated attempts until the measuring instrument
SR exactly measures the desired tension, and than input
the resulting value to the control unit, which will conse-
quently calculate the value of the correction factor K as
a ratio TM(=TD)/TR.

[0031] It has been found in practice that the values of
the correction factor calculated according to the two
above-mentioned criteria can be applied independently.
However, it is preferable that the same criteria is used
with all the feeders which must operate at the same level
of tension.

[0032] Inasecond embodiment of the method accord-
ing to the invention, which is shown diagrammatically in
Fig. 4, the compensation is carried out by multiplying the
desired tension TD by 1/K, thereby obtaining a compen-
sated reference tension TR = TD x 1/K as an input to the
adding node of the control loop.

[0033] In practice, the user can perform the test cycle
in a way similar to the first embodiment and, once the
value of K has been calculated by the control unit, this
value is input to the control loop so that the reference
value is changed from the desired value TD (set by the
user) to TR, according to what described above.

[0034] Also in this case, the user can alternatively ad-
just the reference tension TR input to the control loop by
repeated attempts until the measuring instrument SR ex-
actly indicates the desired tension, and than input the
resulting value to the control unit which will calculate the
value of K accordingly as a ratio TM(=TD)/TR.

[0035] Of course, it is preferable to perform the meas-
urement, by instrument SR, as close as possible to the
point of entry of the yarn into the machine, depending on
the limits of encumbrance deriving from the configuration
of the machine, in order to minimize the influence of any
other altering factors downstream of the instrument.
However, it is very important that the point chosen for
the measurement is the same for all the feeding paths.
[0036] The calibrating method according to the de-
scribed embodiments has many advantages because it
allows the real tensions of the yarns feeding the machine
to be levelled to a desired value, regardless of the pos-
sible differences between the various sensors and the
different feeding conditions. To this purpose, the person
skilled in the art will appreciate that any inaccuracies of
the measuring instrument used for the calibration will be
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compensated because will affect all the feeding paths in
the same manner. However, as the person skilled in the
art will understand, reference tension TR could also be
corrected by a factor, e.g., an empirically calculated fac-
tor, in order to take into account possible errors of the
measuring instrument.

[0037] Inaddition, theline calibrated by using the meth-
od according to the invention has the advantage that, if
the operative tension is set to a different value with re-
spect to the value used during the calibration, it will not
be necessary to perform a new calibration because the
system will apply the same correction factor to the control
loop adjusted on the new reference value.

[0038] A few preferred embodiments have been de-
scribed herein, but of course many changes can be made
by the person skilled within the scope of the claims. In
particular, although in the described embodiments the
method has been applied to a line employing a circular
knitting machine, of course the same method can be ap-
plied to textile lines using rectilinear machines or other
types of machines.

Claims

1. A calibrating method for weaving lines comprising a
plurality of yarn feeders (D1, D2, ..., Dn) delivering
respective yarns (F1, F2, ..., Fn) to a downstream
machine (MU) via respective feeding paths, the op-
eration of each of said feeders being controlled by a
respective tension control loop subject to the output
(TO) of a respective tension sensor (SD1, SD2, ...,
SDn) to maintain the tension of the unwinding yarn
substantially constant and equal to a desired tension
(TD), characterized in thatitcomprises the steps of:

- carrying out a test cycle with all the feeding
paths arranged at their exact operative config-
uration;

- during said test cycle, measuring subsequently
the tensions of all the yarns in proximity of their
respective insertion points into the machine
(MU) by means of the same measuring device;
- for each feeder, calculating a correction factor
(K) on the basis of the ratio of the real tension
(TM) measured by the measuring device (SR)
to a reference tension (TR) input to the control
loop;

- applying the respective correction factor (K) to
the control loop of each feeder to compensate
for the difference between said measured real
tension (TM) and said desired tension (TD).

2. The calibrating method of claim 1, characterized in
that said correction factor (K) is given by the formula:
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K=TM/TR,

where K is said correction factor, TM is the real ten-
sion measured by said measuring device (SR), and
TR is said reference tension input to the control loop.

The calibrating method of claim 1 or 2, character-
ized in that said compensation is obtained by mul-
tiplying said output signal (TO) by said correction
factor (K) to obtain, as an input to the adder node of
the control loop, a compensated feedback tension
(TF) according to the formula:

TF=TOxK,

where TF is said compensated feedback tension
(TF) and TO is said output signal.

The calibrating method of claim 1 or 2, character-
ized in that said compensation is obtained by mul-
tiplying said desired tension (TD) by the inverse of
said correction factor (1/K) to obtain, as an input to
the adder node of the control loop, said reference
tension (TR) on the basis of the formula:

TR=TD x 1/K,

where TR is said reference tension (TR).

The method of any of claims 1 to 4, characterized
in that, in order to calculate the correctiuon factor
(K), during said test cycle the reference tension (TR)
is set to the desired tension (TD).

The method of any of claims 1 to 4, characterized
in that, in order to calculate the correctiuon factor
(K), during said test cycle the reference tension (TR)
is progressively adjusted until the measured real ten-
sion (TM) becomes equal to the desired tension
(TD).
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