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Description

TECHNICAL FIELD

[0001] The present invention is in the field of wire
processing, for example in the field of processing steel
wires.

BACKGROUND

[0002] Production of wires on the one hand and sub-
sequent processing steps on the wires are commonly
performed at different locations. In order to transport wire
efficiently from production sites to sites at which subse-
quent processing occurs, wires are commonly wound on
spools. Several parameters of these wire spools are de-
termined or calculated during the production process,
e.g. the length of the wire on the spool and the weight of
the wire spool. These parameters are subsequently used
to determine, upon unwinding the spool, when the wire
will be completely unwound. Several methods and de-
vices exist for predicting at which point in time wire spools
are completely unwound. These methods and devices
either rely on calculations or measuring equipment to de-
termine the length of wire that is rolled on a coil. Unfor-
tunately, the methods relying on calculations are insuffi-
ciently accurate. On the other hand, existing measuring
equipment configured for measuring the actual length of
wire which is wound on or off the coil is either not suffi-
ciently accurate either, or it is very expensive.
[0003] As existing high-accuracy measuring equip-
ment is prohibitively expensive, less expensive measur-
ing equipment or calculations are often used for deter-
mining when wire will be completely unwound from a
spool. The resulting uncertainties result in process inef-
ficiencies. In particular, when wire is unwound earlier
than expected, loose wire ends may upset process lines
and the process lines need to be reversed in order for an
operator to be able to weld a subsequent wire to the end
of the previous wire.
[0004] Thus there remains a need for methods and de-
vices for accurately and cost-effectively predicting when
wire will be unwound from a spool.

SUMMARY

[0005] The devices and methods according to the
present disclosure meet the aforementioned needs.
[0006] The present invention provides in a method for
unwinding a cold drawn steel wire from a spool compris-
ing the steps:

- providing a spool, the spool carrying cold drawn steel
wire, the wire having a weight of at least 100 kg;

- providing a total turn count indicative of a total
number of turns of wire which are wound on the
spool;

- unwinding the spool at a speed of at least 1.0 m/s;

- registering a number of turns of wire that are un-
wound from the spool; and,

- predicting when the spool will be fully unwound by
means of the total turn count, and by means of the
number of turns of wire that are unwound from the
spool.

[0007] In particular, the method as disclosed here pro-
vides that the step of counting the number of turns of wire
that are unwound from the spool includes the following
sub-steps:

- registering a first turn count indicative of a first
number of turns of wire unwound off the spool;

- registering a first timestamp indicative of when the
first turn count was registered;

- registering a second turn count indicative of a second
number of turns of wire unwound off the spool; and,

- registered a second timestamp indicative of when
the second turn count was registered;

and wherein the step of predicting when the spool will be
fully unwound takes into account the total turn count, the
first timestamp, the second timestamp, the first turn
count, and the second turn count.
[0008] In a particular embodiment the present inven-
tion provides in a system for determining when a cold
drawn steel wire will be fully unwound comprising

- a mechanism for holding a spool, the spool carrying
cold drawn steel wire, the wire having a weight of at
least 100 kg;

- a memory unit configured to store a total turn count
indicative of a total number of turns of wire which are
wound on the spool;

- a mechanism for unwinding the spool at a speed of
at least 1.0 m/s;

- a turn counting unit configured for counting a number
of turns of wire that are unwound from the spool; and,

- a prediction unit configured for predicting when the
spool will be fully unwound using the total turn count,
and by means of the number of turns of wire unwound
from the spool.

[0009] Preferably, the system as disclosed herein pro-
vides that the counting unit is configured to:

- register a first turn count indicative of a first number
of turns of wire unwound off the spool; and,

- register a second turn count indicative of a second
number of turns of wire unwound off the spool;

wherein the system further comprises a time-keeping unit
configured to

- register a first timestamp indicative of when the first
turn count was registered; and,

- register a second timestamp indicative of when the
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second turn count was registered;

and wherein the prediction unit is configured to predict
when the spool will be fully unwound based on the total
turn count, the first timestamp, the second timestamp,
the first turn count, and the second turn count.
[0010] In a particular embodiment the present inven-
tion provides in a wire processing plant for processing
cold drawn steel wire comprising a plurality of wire
processing lines (100) for cold drawn processing steel
wire, each wire processing line (100) comprising a spool
(110) carrying cold drawn steel wire having a weight of
at least 100 kg, a wire processing station (130), and a
system for determining when a cold drawn steel wire will
be fully unwound as disclosed herein.
[0011] In a particular embodiment the wire processing
plant as disclosed herein further comprises a comparator
unit and a spool control unit, wherein

- the wire processing plant is configured to determine
a first predicted unwinding time of a first spool and
a second predicted unwinding time of a second
spool;

- the comparator unit is configured for comparing the
first predicted unwinding time and the second pre-
dicted unwinding time;

- the spool control unit is configured to
- slow down the first spool or slow down the second

spool when the difference between the first predicted
unwinding time and the second predicted unwinding
time is smaller than a predetermined value; and/or,

- automatically stop the first spool when the first spool
is fully unwound or when reaching a preset amount
of turns and/or automatically stop the second spool
when the second spool is fully unwound or when
reaching a preset amount of turns.

[0012] In a particular embodiment the present inven-
tion provides in a method for handling a cold drawn steel
wire comprising the steps:

- providing a spool;
- winding a cold drawn steel wire on the spool until at

least 100 kg of cold drawn steel wire has been wound
on the spool;

- counting the number of turns of wire being wound
on the spool, thereby obtaining a total turn count;

- storing the spool;
- unwinding the spool at a speed of at least 1.0 m/s;
- counting the number of turns of wire being unwound

from the spool, thereby obtaining a number of turns
of wire unwound from the spool; and,

- predicting when the spool will be completely un-
wound by means of the total turn count, and by
means of the number of turns of wire unwound from
the spool.

[0013] In a particular the method as provided herein

provides in a step of counting the number of turns of wire
that are unwound from the spool includes the following
sub-steps:

- registering a first turn count indicative of a first
number of turns of wire unwound off the spool;

- registering a first timestamp indicative of when the
first turn count was registered;

- registering a second turn count indicative of a second
number of turns of wire unwound off the spool; and,

- registered a second timestamp indicative of when
the second turn count was registered;

and wherein the step of predicting when the spool will be
fully unwound takes into account the total turn count, the
first timestamp, the second timestamp, the first turn
count, and the second turn count.
[0014] In a particular embodiment the present inven-
tion provides in a method for predicting when a spool will
be unwound, the method comprising the steps:

- receiving a total turn count indicating a total number
of turns of a cold drawn steel wire wound on the
spool, the spool carrying cold drawn steel wire, the
wire having a weight of at least 100 kg;

- receiving a number of turns of wire unwound from
the spool; and,

- calculating the point in time when the spool will be
unwound, based on the total turn count, and the
number of turns of wire unwound from the spool.

[0015] In a particular the method as provided herein
provides in the steps:

- receiving a first turn count indicative of a first number
of turns of the wire unwound off the spool;

- receiving a first timestamp indicative of when the first
turn count was determined;

- receiving a second turn count indicative of a second
number of turns of the wire unwound;

- receiving a second timestamp indicative of when the
second turn count was determined; and,

- calculating the point in time when the spool will be
unwound, based on the total turn count, the first
timestamp, the second timestamp, the first turn
count, and the second turn count.

[0016] In a particular embodiment the present inven-
tion provides in a computer program product configured
for executing a methods as disclosed herein.
[0017] In a particular embodiment the present inven-
tion provides in the use of a turn counting device for pre-
dicting when a spool comprising cold drawn steel wire
will be completely unwound.

DESCRIPTION OF THE FIGURES

[0018] The following description of the figures of spe-
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cific embodiments of the invention is only given by way
of example and is not intended to limit the present expla-
nation, its application or use. In the drawings, identical
reference numerals refer to the same or similar parts and
features.

Fig. 1 shows a wire processing line (100).
Fig. 2 shows a wire production line (200).

[0019] The following reference numerals are used in
the description and figures:
100 - wire processing line; 110 - spool; 120 - wire; 130 -
processing station; 200 - wire production line; 210 - spool;
220 - wire; 230 - wire production station.

DESCRIPTION OF THE INVENTION

[0020] As used below in this text, the singular forms
"a", "an", "the" include both the singular and the plural,
unless the context clearly indicates otherwise.
The terms "comprise", "comprises" as used below are
synonymous with "including", "include" or "contain", "con-
tains" and are inclusive or open and do not exclude ad-
ditional unmentioned parts, elements or method steps.
Where this description refers to a product or process
which "comprises" specific features, parts or steps, this
refers to the possibility that other features, parts or steps
may also be present, but may also refer to embodiments
which only contain the listed features, parts or steps. The
enumeration of numeric values by means of ranges of
figures comprises all values and fractions in these rang-
es, as well as the cited end points.
[0021] The term "approximately" as used when refer-
ring to a measurable value, such as a parameter, an
amount, a time period, and the like, is intended to include
variations of +/- 10% or less, preferably +/-5% or less,
more preferably +/-1% or less, and still more preferably
+/-0.1 % or less, of and from the specified value, in so
far as the variations apply to the invention disclosed here-
in. It should be understood that the value to which the
term "approximately" refers per se has also been dis-
closed.
All references cited in this description are hereby deemed
to be incorporated in their entirety by way of reference.
Unless defined otherwise, all terms disclosed in the in-
vention, including technical and scientific terms, have the
meaning which a person skilled in the art usually gives
them. For further guidance, definitions are included to
further explain terms which are used in the description
of the invention.
[0022] Provided herein are devices and methods
which allow accurately and cost effectively determining
when a spool of wire is completely unwound. The present
methods and devices are compatible with any type of
wire. Steel wire is specifically preferred. Preferably, the
steel wire is a cold-drawn steel wire. Preferably, the wire
is a cold-drawn steel bead wire. Bead wires are used for
reinforcing tire bead.

The term "spool" as used herein refers to a body on which
wire can be wound, or is wound. Preferably, the spool is
a low-flanged or unflanged cylinder but spools having a
differently shaped body exist as well. Synonyms for the
term "spool" are "bobbin" and "reel". Preferably, when
fully wound, the spool carries cold drawn steel wire hav-
ing a weight of at least 100 kg, optionally a weight be-
tween 200 kg and 2 metric tons, optionally a weight be-
tween 400 kg and 1 metric ton.
[0023] One of the methods provided herein is a method
for unwinding a wire from a spool comprising the steps
of providing a spool and a total turn count. The total turn
count is a numerical value which is indicative of the total
number of turns of wire which are wound on the spool.
As the spool is unwound, the number of turns of wire
which are unwound from the spool is registered. This
registration may for instance be performed using a low
cost hoigh sensor that detects metal/non metal, or a
change in material. An excavation in the spool, or a metal
piece mounted on the spool can therefore be detected
by the sensor. Optionally, a timestamp is registered as
well, the timestamp being indicative of the point in time
at which the number of turns of wire which are unwound
from the spool is registered. By means of the total turn
count and the number of turns of wire that are unwound
from the spool, and optionally by means of the timestamp,
it is calculated when the spool will be fully unwound. The
calculations can optionally be further based on parame-
ters such as the width of the spool, the diameter of the
smallest winding, the diameter of the largest winding, the
actual turning speed of the coil during processing, as well
as the wire speed or the default wire speed of the coil
during processing. A calculating device can calculate the
remaining time on the basis of these parameters. Upon
unwinding the spool the accuracy of the calculation in-
creases because less and less turns remain. On the basis
of the amount of turns remaining, the length of the wire
remaining can be calculated based on the internal diam-
eter and interpolation for the largest remaining diameter,
this combined with either the spool turning speed or the
wire speed permits to calculate the time at which the
spool will be completely unwound.
This method allows accurately and efficiently predicting
when a spool will be fully unwound which enhances the
efficiency of wire processing plants in which the method
is used. It is noted that with the present methods, there
is no need to know the length of wire on the spool, or the
length of the wire unwound from the spool, in order to
predict when the spool will be completely unwound. This
is advantageous because it is generally challenging to
pinpoint the precise length of wire wound on, or unwound
from a spool. Conversely, determining the number of
turns wound on or unwound from a spool is comparatively
easy as this merely involves counting the number of rev-
olutions of the spool.
The recitation "fully unwound" as used herein refers to
the condition when all the wire which is normally usable
in a process is unwound from the spool. Accordingly, the
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precise meaning of the recitation "fully unwound" is read-
ily apparent to the skilled person and depends on the
process in which the spool is unwound. For example, the
term "fully unwound" indicates that between 0 and 1
turns, between 0 and 2 turns, between 0 and 4 turns,
between 1 and 6 turns, between 1 and 20 turns, or any
preset amount of turns remain on the spool.
The recitation "turns of wire" refers to the number of rev-
olutions of wire which are present on a spool. A reference
to "an amount of turns of wire on a spool", to "an amount
of turns", to "a number of turns", or to a like expression
therefore refers to an indication of the number of com-
plete revolutions of wire which are present on a spool.
The expression "total turn count" refers to the total
number of turns which are wound on a spool. In other
words, the "total turn count" is the number of turns of wire
on the spool once the spool is finished, and before the
spool is unwound.
Preferably, the speed at which the wire is unwound from
the spool is higher than 1.0 m/s, or higher than 5.0 m/s.
Optionally, the speed at which the wire is unwound from
the spool is between 6.0 and 10.0 m/s.
Typically, the diameter of steel wires ranges between 0.5
mm and 5 mm. The diameter of the spool is typically
between 0.5 and 1.5m. The spool turning speed prefer-
ably ranges between 3 and 10 turns per second.
In some embodiments, the step of counting the number
of turns of wire that are unwound from the spool includes
a number of sub-steps. In particular, the sub-steps in-
clude registration of a first turn count and a second turn
count. The first turn count is indicative of a first number
of turns of wire unwound off the spool. The second turn
count is indicative of a second number of turns of wire
unwound off the spool. Also, and preferably concurrently,
a first timestamp and a second timestamp are registered.
The first timestamp is indicative of when the first turn
count was registered. The second timestamp is indicative
of when the second turn count was registered. Addition-
ally, the step of predicting when the spool will be fully
unwound takes into account the total turn count, the first
timestamp, the second timestamp, the first turn count,
and the second turn count.
Accordingly, the point in time when the spool is fully un-
wound can be more accurately determined.
Further provided herein is a system for determining when
a wire will be fully unwound. Preferably, the system is
configured for executing a method for unwinding a wire
from a spool as described elsewhere in the present dis-
closure.
The system comprises a mechanism for holding a spool.
The system further comprises a memory unit. The mem-
ory unit is configured to store a total turn count. The total
turn count is indicative of the total number of turns of wire
which are wound on the spool. The system further com-
prises a mechanism for unwinding the spool and a turn
counting unit. The turn counting unit is configured for
counting the number of turns of wire that are unwound
from the spool. Optionally, the turn counting unit is further

configured for registering a timestamp, the timestamp
being indicative of the point in time at which the number
of turns of wire which are unwound from the spool is
registered. The system additionally comprises a predic-
tion unit. The prediction unit is configured for predicting
when the spool will be fully unwound using the total turn
count, by means of the number of turns of wire unwound
from the spool, and optionally by means of the timestamp.
Such systems allow efficient and accurate determination
of the point in time when a spool of wire will be fully un-
wound.
In some embodiments, the system is configured for un-
winding the spool at a speed higher than 1.0 m/s, or high-
er than 5.0 m/s, optionally at a speed between 6.0 and
10.0 m/s.
[0024] In some embodiments, the counting unit is con-
figured to register a first turn count and a second turn
count. The first turn count is indicative of a first number
of turns of wire unwound off the spool. The second turn
count is indicative of a second number of turns of wire
unwound off the spool. The system further comprises a
time-keeping unit. The time-keeping unit is configured to
register a first timestamp and to register a second times-
tamp. The first timestamp is indicative of when the first
turn count was registered, and the second timestamp is
indicative of when the second turn count was registered.
In these embodiments, the system’s prediction unit is
configured to predict when the spool will be fully unwound
based on the total turn count, the first timestamp, the
second timestamp, the first turn count, and the second
turn count.
This further enhances the accuracy of the prediction of
the point in time when the spool will be fully unwound
Further provided herein is a wire processing plant, pref-
erably a bead wire processing plant, a (bead) wire pat-
enting line or a (bead) wire drawing line, that comprises
a plurality of wire processing lines. Each wire processing
line comprises a spool, a wire processing station, and a
system for determining when a wire will be fully unwound.
The wire processing station may be, for example, a wire
coating unit. The system for determining when a wire will
be fully unwound is described elsewhere in the present
disclosure.
In such a wire processing plant, a line operator can ac-
curately determine when different spools will be com-
pletely unwound. This in turn allows better planning the
replacement of unwound spools such that the wire
processing plant’s efficiency is increased and less time
is lost visually checking the state of the spools.
In some embodiments, the wire processing plant com-
prises from at least 5 to at most 40, from at least 10 to
at most 30, or from at least 15 to at most 25 wire process-
ing lines. Surprisingly, the efficiency enhancements
brought to wire processing plants according to the
present disclosure are especially pronounced for wire
processing plants having these numbers of wire process-
ing lines.
In some embodiments, the wire processing plant further
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comprises a comparator unit and a spool control unit.
The wire processing plant is configured to determine a
first predicted unwinding time of a first spool and a second
predicted unwinding time of a second spool. The com-
parator unit is configured for comparing the first predicted
unwinding time and the second predicted unwinding time.
The spool control unit is configured to slow down unwind-
ing of the first spool or to slow down unwinding of the
second spool when the difference between the first pre-
dicted unwinding time and the second predicted unwind-
ing time is smaller than a predetermined value. Addition-
ally or alternatively, the spool control unit is configured
to speed up unwinding of the first spool or to speed up
unwinding of the second pool when the difference be-
tween the first predicted unwinding time and the second
predicted unwinding time is smaller than a predetermined
value. Changing the unwinding speed in such a way en-
sures that no two spools become completely unwound
at the same time. Accordingly, continuous operation of
wire processing equipment can be ensured. Also, the
work of line operators is streamlined because they do
not need oversee two spool replacements at the same
time.
In some embodiments, the time difference between the
first and second predicted unwinding times below which
the spool control unit is configured to slow down or speed
up unwinding of the first or second spool is between 1
second and 1 hour, between 30 seconds and 30 minutes,
between 1 minute and 10 minutes, or between 2 minutes
and 5 minutes. Preferably, unwinding of the spool which
is predicted to be fully unwound the latest is slowed down.
Preferably, unwinding of the spool which is predicted to
be fully unwound the earliest is sped up.
Instead of, or in addition to changing controlling the speed
of unwinding, the spool control unit may be configured
to automatically stop the first spool when the first spool
is fully unwound and/or automatically stop the second
spool when the second spool is fully unwound. Stopping
the spools when they are fully unwound ensures that no
loose wire ends travel through the wire processing equip-
ment. Loose wire ends traveling through the wire
processing equipment is disadvantageous because it
commonly results in surplus downtime, thus reducing the
operating efficiency of the wire processing equipment.
Accordingly, by automatically stopping spools when they
are fully unwound, the uptime of wire processing facilities
is enhanced.
[0025] In the following paragraphs, the present meth-
ods are further explained in a context in which a wire is
produced at one location, at one point in time, and in
which the wire is processed at another location and/or at
another point in time. For example, the wire may be pro-
duced in a wire production plant in location A at time a,
and the wire may undergo additional process steps at a
wire processing plant in a different location B at a different
time b.
Accordingly, provided is a method for handling a wire.
The method comprises the step of providing a spool and

winding the wire on the spool. As the wire is wound on
the spool, the number of turns of wire being wound on
the spool is counted. The total number of turns of wire
that are wound on the spool is named the total turn count.
After the wire has been wound on the spool, the spool
may be stored. The spool may be stored for e.g. 1-7 days,
1-4 weeks, 1-12 months, 1-10 years, or longer. Option-
ally, the spool is transported to a different facility. After
storage and/or transport, the spool is unwound. As the
spool is unwound, the number of turns of wire being un-
wound from the spool is counted. Optionally, a timestamp
is registered as well, the timestamp being indicative of
the point in time at which the number of turns of wire
which are unwound from the spool is registered. The point
in time at which the spool will be completely unwound is
predicted by means of the total turn count, by means of
the counted number of turns of wire which have been
unwound from the spool, and optionally by means of the
timestamp.
These methods have the advantage that the production
of wire and the performance of additional processing
steps performed on a wire can be done at completely
different locations and at completely different times.
Preferably, the speed at which the wire is unwound from
the spool is higher than 1.0 m/s, or higher than 5.0 m/s.
Optionally, the speed at which the wire is unwound from
the spool is between 6.0 and 10.0 m/s.
In some embodiments, the step of counting the number
of turns of wire that are unwound from the spool includes
a number of sub steps. In particular, a first turn count and
a second turn count are registered. The first turn count
is indicative of a first number of turns of wire unwound
off the spool. The second turn count is indicative of a
second number of turns of wire unwound off the spool.
Also, a first timestamp and a second timestamp are reg-
istered. The first timestamp is indicative of when the first
turn count was registered. The second timestamp is in-
dicative of when the second turn count was registered.
Preferably, the first and second turn count are registered
at different times. In these embodiments, the step of pre-
dicting when the spool will be fully unwound takes into
account the total turn count, the first timestamp, the sec-
ond timestamp, the first turn count, and the second turn
count. Accordingly, the accuracy of the prediction of the
point in time at which the spool will be fully unwound is
increased.
Further provided is a method for processing a wire. The
method includes the steps of one or more of the following
methods, all of which have been described above: the
method for unwinding a wire from a spool, and the method
for handling a wire. In addition, the method comprises
the step of subjecting the wire to one or more process
steps as long as the spool has not been fully unwound.
The efficacy by which wire is processed is greatly en-
hanced by way of such methods.
Further provided is a method for predicting when a spool
will be unwound. Preferably, the method is executed by
a computer. The method comprises the step of receiving
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a total turn count. The total turn count indicates the total
number of turns of wire which are wound on the spool.
In addition, the method comprises the step of receiving
the number of turns of wire which are unwound from the
spool. Based on the total turn count and based on the
number of turns of wire unwound from the spool, the point
in time when the spool will be unwound is calculated.
Preferably, the calculation of the point in time when the
spool will be unwound takes into account the point in time
at which the number of turns of wire which are unwound
from the spool was determined and/or received. This
method allows accurately and efficiently predicting when
a spool will be fully unwound which enhances the effi-
ciency of wire processing plants in which the method is
used.
Preferably, the speed at which the wire is unwound from
the spool is higher than 1.0 m/s, or higher than 5.0 m/s.
Optionally, the speed at which the wire is unwound from
the spool is between 6.0 and 10.0 m/s.
In some embodiments, the method includes the steps of
receiving a first turn count and receiving a second turn
count. The first turn count is indicative of a first number
of turns of wire unwound off the spool. The second turn
count is indicative of a second number of turns of wire
unwound off the spool. The method further includes the
steps of receiving a first timestamp and a second times-
tamp. The first timestamp is indicative of when the first
turn count was determined. The second timestamp is in-
dicative of when the second turn count was determined.
As an alternative to receiving a first timestamp and a
second timestamp, the method may include the steps of
generating a first time stamp based on the point in time
when the first turn count is received, and generating a
second time stamp based on the point in time when the
second turn count is received. Based on the total turn
count, the first timestamp, the second timestamp, the first
turn count, and the second turn count, the point in time
when the spool will be unwound is calculated. Executing
the method according to this embodiment further enhanc-
es its accuracy.
Further provided is a computer program product config-
ured for executing a method for predicting when a spool
will be unwound as provided in the present disclosure.
Computer implementations further enhance the accura-
cy and the efficiency of such methods.
Further provided is the use of a turn counting device for
predicting when a spool of wire will be completely un-
wound. As explained above, the efficacy of wire process-
ing plants is increased by using turn counting devices in
such a way.

EXAMPLES

Example 1

[0026] Reference is made to Figs. 1 and 2. Fig 1 shows
a wire processing line (100). The wire processing line
(100) comprises a spool (110) from which a wire (120)

is unwound. The wire is subsequently led through a
processing station (130) in which the wire is processed.
The processing station (130) may be, for example, a coat-
ing station. The wire processing line (100) is comprised
in a wire processing plant. The wire processing plant also
comprises additional wire processing lines (100). Each
wire processing line comprises a system for determining
when a wire will be fully unwound.
[0027] The system for determining when a wire will be
fully unwound comprises a mechanism for holding a
spool, a memory unit, a mechanism for unwinding the
spool, a turn counting unit, and a prediction unit. During
normal operation, the mechanism for holding a spool
holds a spool and the memory unit stores a total turn
count, which is a number indicative of a total number of
turns of wire which are wound on the spool.
[0028] During normal operation, the mechanism for un-
winding the spool unwinds the spool at a rate which is
determined by the speed at which the wire is processed
in the processing station (130). As the wire is unwound,
the turn counting unit counts the number of turns of wire
that are unwound from the spool. This number and the
total turn count are used by the prediction unit to predict
when the spool will be fully unwound.
[0029] Fig. 2 shows a wire production line (200). The
wire production line (200) comprises a spool (210) and
a wire production station (230). Wire (220) is produced
in the wire production station (230). The wire (220) is
wound on the spool (210) where it is stored. As the wire
(220) is wound on the spool (210), the number of turns
of wire which are wound on the spool (210) is counted.
The total number of turns of wire which are wound on the
spool is the total turn count, which is used in the wire
processing line (100) of Fig. 1 to predict when the spool
(110,210) will be fully unwound.

Example 2

[0030] In a further example, reference is made to a
specific method for unwinding a cold drawn steel wire
from a spool. The method comprises the step of providing
a spool.
[0031] The spool carries 450 kg of cold drawn steel
bead wire. Other common amounts of wire carried by the
spool are metric 1 ton and 2 metric tons.
[0032] A turn count is provided which is indicative of
the total number of turns of wire which are wound on the
spool. The turn count corresponds to the number of turns
it takes for the spool to become fully unwound.
[0033] Then, the spool is unwound at a speed between
5 and 10 m/s. As the spool is unwound, the number of
turns of wire that are unwound from the spool are regis-
tered. The point in time when the spool will be fully un-
wound is predicted by means of the total turn count, and
by means of the number of turns of wire that are unwound
from the spool. The prediction yields an uncertainty of
when the wire will be fully unwound from the spool that
corresponds to the time it takes to unwind the last turn
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on the spool.
[0034] The uncertainty of the point in time when the
spool will be fully unwound is now estimated for a typical
case. Commonly, the spool of wire has a supporting cyl-
inder for supporting the wire which has a diameter of 0.5
m. The diameter of this supporting cylinder corresponds
to the diameter of the last turn of wire which is unwound
of the turn. Accordingly, the last turn of wire which is
unwound from the spool has a length of ca. 1.5 m. At an
unwinding speed of 7.0 m/s, the uncertainty on the exact
point in time at which the wire will be fully unwound is
well under one second.

Comparative example

[0035] Methods according to the present disclosure
are now compared with prior art methods.
[0036] One prior art method involves calculating the
length of wire based on the weight of wire on the spool,
and on the dimensions of the wire and the spool. Such
methods are cost-effective but not very accurate. Typi-
cally, the accuracy of the wire is calculated with an error
of 2.5 to 5.0 %. When the calculated length is used to
predict the time when the spool will be fully unwound, an
error of up to 30 minutes on the predicted time when the
spool will be fully unwound ensues. Such an error is large
in practice and causes inefficiencies in wire processing
facilities in which the method is used.
[0037] An alternative method of the prior art involves
measuring the length of wire by means of a measuring
wheel in contact with the wire as the wire is unwound
from the spool. This allows measuring the wire’s length
with an accuracy of 1.0 to 1.5 %. When the measured
value is used to predict the time when the spool will be
fully unwound, an error of 7 to 10 minutes on the predicted
time when the spool will be fully unwound ensues. Such
an error remains unsatisfactory large. Also, a measuring
wheel for measuring the wire’s length, while being a
cheap method, it is found to suffer considerably from wear
as well as other errors that might occur (e.g. the wire has
to be perfectly positioned on the measuring wheel or slips
might occur as well). Another prior art method involves
measuring the length of wire using a measuring laser.
Such methods are accurate, having a measuring error
of just 0.1 %. When such laser-measured lengths are
used to predict the time when the spool will be fully un-
wound, an error of about 30 seconds on the predicted
time when the spool will be fully unwound ensues. Such
an error is generally acceptable in industrial practice, but
unfortunately laser-based systems are prohibitively ex-
pensive and prone to errors due to pollution with the
chemical agents used in the treatment processes of the
wires as well as the dust.
[0038] Methods according to the present disclosure,
which are based on counting turns of wire which are un-
wound from spools, yield an uncertainty of just 1 turn.
Commonly, a spool has a diameter of 1 m. Accordingly,
the last turn which is unwound from such a spool has a

length of ca. 3 m. Wire is typically unwound at a speed
of 7 m per second. Accordingly, the time it takes for the
last turn to be unwound, which equals the uncertainty on
when the wire will be fully unwound, is typically less than
a second. Such an accuracy is an improvement of several
orders of magnitude over the most accurate prior art
methods. In addition, the counting-based methods of the
present disclosure require only simple, low-cost equip-
ment, making them highly cost-effective.

Claims

1. A method for unwinding a cold drawn steel wire from
a spool comprising the steps:

- providing a spool, the spool carrying cold drawn
steel wire, the wire having a weight of at least
100 kg;
- providing a total turn count indicative of a total
number of turns of wire which are wound on the
spool;
- unwinding the spool at a speed of at least 1.0
m/s;
- registering a number of turns of wire that are
unwound from the spool; and,
- predicting when the spool will be fully unwound
by means of the total turn count, and by means
of the number of turns of wire that are unwound
from the spool.

2. The method according to claim 1 wherein the step
of counting the number of turns of wire that are un-
wound from the spool includes the following sub-
steps:

- registering a first turn count indicative of a first
number of turns of wire unwound off the spool;
- registering a first timestamp indicative of when
the first turn count was registered;
- registering a second turn count indicative of a
second number of turns of wire unwound off the
spool; and,
- registered a second timestamp indicative of
when the second turn count was registered;

and wherein the step of predicting when the spool
will be fully unwound takes into account the total turn
count, the first timestamp, the second timestamp,
the first turn count, and the second turn count.

3. A system for determining when a cold drawn steel
wire will be fully unwound comprising

- a mechanism for holding a spool, the spool
carrying cold drawn steel wire, the wire having
a weight of at least 100 kg;
- a memory unit configured to store a total turn
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count indicative of a total number of turns of wire
which are wound on the spool;
- a mechanism for unwinding the spool at a
speed of at least 1.0 m/s;
- a turn counting unit configured for counting a
number of turns of wire that are unwound from
the spool; and,
- a prediction unit configured for predicting when
the spool will be fully unwound using the total
turn count, and by means of the number of turns
of wire unwound from the spool.

4. The system according to claim 3 wherein the count-
ing unit is configured to:

- register a first turn count indicative of a first
number of turns of wire unwound off the spool;
and,
- register a second turn count indicative of a sec-
ond number of turns of wire unwound off the
spool;

wherein the system further comprises a time-keep-
ing unit configured to

- register a first timestamp indicative of when the
first turn count was registered; and,
- register a second timestamp indicative of when
the second turn count was registered;

and wherein the prediction unit is configured to pre-
dict when the spool will be fully unwound based on
the total turn count, the first timestamp, the second
timestamp, the first turn count, and the second turn
count.

5. A wire processing plant for processing cold drawn
steel wire comprising a plurality of wire processing
lines (100) for cold drawn processing steel wire, each
wire processing line (100) comprising a spool (110)
carrying cold drawn steel wire having a weight of at
least 100 kg, a wire processing station (130), and a
system for determining when a cold drawn steel wire
will be fully unwound according to claim 3 or 4.

6. The wire processing plant according to claim 5 fur-
ther comprising a comparator unit and a spool control
unit, wherein

- the wire processing plant is configured to de-
termine a first predicted unwinding time of a first
spool and a second predicted unwinding time of
a second spool;
- the comparator unit is configured for comparing
the first predicted unwinding time and the sec-
ond predicted unwinding time;
- the spool control unit is configured to

- slow down the first spool or slow down the
second spool when the difference between
the first predicted unwinding time and the
second predicted unwinding time is smaller
than a predetermined value; and/or,
- automatically stop the first spool when the
first spool is fully unwound or when reaching
a preset amount of turns and/or automati-
cally stop the second spool when the sec-
ond spool is fully unwound or when reaching
a preset amount of turns.

7. A method for handling a cold drawn steel wire com-
prising the steps:

- providing a spool;
- winding a cold drawn steel wire on the spool
until at least 100 kg of cold drawn steel wire has
been wound on the spool;
- counting the number of turns of wire being
wound on the spool, thereby obtaining a total
turn count;
- storing the spool;
- unwinding the spool at a speed of at least 1.0
m/s;
- counting the number of turns of wire being un-
wound from the spool, thereby obtaining a
number of turns of wire unwound from the spool;
and,
- predicting when the spool will be completely
unwound by means of the total turn count, and
by means of the number of turns of wire un-
wound from the spool.

8. The method according to claim 7 wherein the step
of counting the number of turns of wire that are un-
wound from the spool includes the following sub-
steps:

- registering a first turn count indicative of a first
number of turns of wire unwound off the spool;
- registering a first timestamp indicative of when
the first turn count was registered;
- registering a second turn count indicative of a
second number of turns of wire unwound off the
spool; and,
- registered a second timestamp indicative of
when the second turn count was registered;

and wherein the step of predicting when the spool
will be fully unwound takes into account the total turn
count, the first timestamp, the second timestamp,
the first turn count, and the second turn count.

9. Method for predicting when a spool will be unwound,
the method comprising the steps:

- receiving a total turn count indicating a total
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number of turns of a cold drawn steel wire wound
on the spool, the spool carrying cold drawn steel
wire, the wire having a weight of at least 100 kg;
- receiving a number of turns of wire unwound
from the spool; and,
- calculating the point in time when the spool will
be unwound, based on the total turn count, and
the number of turns of wire unwound from the
spool.

10. The method according to claim 9 comprising the
steps:

- receiving a first turn count indicative of a first
number of turns of the wire unwound off the
spool;
- receiving a first timestamp indicative of when
the first turn count was determined;
- receiving a second turn count indicative of a
second number of turns of the wire unwound;
- receiving a second timestamp indicative of
when the second turn count was determined;
and,
- calculating the point in time when the spool will
be unwound, based on the total turn count, the
first timestamp, the second timestamp, the first
turn count, and the second turn count.

11. A computer program product configured for execut-
ing a method according to claim 9 or 10.

12. Use of a turn counting device for predicting when a
spool comprising cold drawn steel wire will be com-
pletely unwound.
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