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Description
Technical Field

[0001] The present disclosure generally relates to flat-
ness control of a strip of rolled material. In particular, a
method of controlling flatness of a strip of rolled material
in a production line, a control system for controlling flat-
ness of a strip of rolled material in a production line, and
a production line comprising a control system, are pro-
vided.

Background

[0002] In aproduction line for rolled material, there are
typically several different process steps, for example a
smelter, hot rolling mills, cold rolling mills, a furnace, an
annealer, a stretch leveler, a slitter, a coiler and an un-
coiler. A key parameter of such production line is yield
of the final process step and the resources required (ef-
ficiency of the overall process). Flatness of the rolled ma-
terial is also a key parameter that has a direct impact on
process yield atthe final process step. Today in the rolling
millindustry, itis common to operate the different process
steps in isolation.

[0003] EP 1110635 B1 discloses a method for control-
ling flatness of a strip of rolled material, and a system
which employs the method. Measurements of the flat-
ness of the strip during rolling are compared to both a
first flatness target and to a second flatness target. A
flatness target for each of one or more subsequent proc-
esses and a measured flatness error are used to adapt
a control signal for a mill stand to control and regulate
the flatness of subsequent production of rolled material
of the same specification.

[0004] JP S6020088 B2 discloses a plate rolling
processing facility comprising a hot strip mill, tandem cold
mills and a flatness meter. The flatness meter is provided
on an outlet side of the tandem cold mill. The facility fur-
ther comprises a flatness calculator for calculating a flat-
ness by dividing a length of a plate wave with an ampli-
tude of the plate wave. The facility further comprises a
flatness control device for calculating a work roll crown.
The facility further comprises a crown correction device
for calculating an optimum value in terms of plate-through
property and coil winding shape, based on the work roll
crown. The assembly further comprises a crown control
device for calculating a roll bending force correction value
based on a difference from a desired crown value output
from an adder.

Summary

[0005] In flatness control of a strip of rolled material,
key factors determining how well flatness errors can be
removed are the mechanical actuators of the cold rolling
mills and the thickness profile of the incoming material.
The thickness profile of the strip is created in the hot
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rolling mills and cannot be substantially changed in the
cold rolling mills without causing flatness defects. If the
mechanical actuators do not allow the roll gap of the re-
spective cold rolling mill to be formed according to the
thickness profile of the incoming material, there will likely
be flatness errors in the strip. Thus, when the strip having
a particular thickness profile is passed through a cold
rolling mill having a particular roll gap, differences be-
tween the thickness profile and the roll gap cause flatness
errors of the strip. Additionally, if there are multiple cold
rolling mills having different types of roll gaps, this might
also cause flatness errors.

[0006] Furthermore, if a roll gap of a cold rolling mill is
controlled according to the method in EP 1110635 B1,
there is a risk that a required flatness target lies outside
acceptable operating conditions of the cold rolling mill.
In other words, very large corrections may be required
by the flatness target of the cold rolling mill to achieve
the desired flatness downstream. Thus, in some cases,
either the required flatness compensations cannot be
achieved by the cold rolling mill or there might be a risk
of causing strip break.

[0007] One objectof the presentinvention is to provide
a method of controlling flatness of a strip of rolled mate-
rial, which method enables a reduced flatness error.
[0008] A further object of the present invention is to
provide a method of controlling flatness of a strip of rolled
material, which method enables reduced flatness errors
of the strip downstream of a cold rolling mill.

[0009] A still further object of the present invention is
to provide a method of controlling flatness of a strip of
rolled material, which method enables reduced flatness
errors of the strip downstream of a subsequent process
with respect to a cold rolling mill.

[0010] A still further object of the present invention is
to provide a method of controlling flatness of a strip of
rolled material, which method reduces a risk of strip
break.

[0011] A still further object of the present disclosure is
to provide a method of controlling flatness of a strip of
rolled material, which method provides an increased
yield.

[0012] A still further object of the present invention is
to provide a method of controlling flatness of a strip of
rolled material, which method solves several or all of the
foregoing objects in combination.

[0013] A still further object of the present disclosure is
to provide a control system for controlling flatness of a
strip of rolled material in a production line, which control
system solves one, several or all of the foregoing objects.
[0014] Astill further object of the present invention is
to provide a production line comprising a control system,
which production line solves one, several or all of the
foregoing objects.

[0015] According to one aspect of the present inven-
tion, there is provided a method of controlling flatness of
a strip of rolled material in a production line comprising
a hot rolling mill and at least one cold rolling mill, down-
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stream of the hot rolling mill, the method comprising de-
termining flatness data associated with the strip in one
ormore of the atleast one cold rolling mill and/or following
passing of the strip through one or more of the at least
one cold rolling mill; determining a thickness profile target
of the strip for the hot rolling mill based on the flatness
data, the thickness profile target indicating a change in
thickness over a width of the strip through the hot rolling
mill; and passing the strip through the hot rolling mill and
adjusting the thickness of the strip based on the thickness
profile target.

[0016] The production line comprises a hot rolling side
with one or more hot rolling mills and a cold rolling side
with one or more cold rolling mills. Hot rolling is a metal-
working process that occurs above the recrystallization
temperature of the material. Cold rolling occurs with the
metal below its recrystallization temperature, which in-
creases the strength via strain hardening. The rolled ma-
terial may for example be aluminium, steel or copper.
[0017] Instead of using a thickness profile target in the
hot rolling side that is not necessarily optimal for the
downstream cold rolling side or processes downstream
of the cold rolling side, the method makes use of a thick-
ness profile target thatis based on anormal or achievable
flatness influencing effect downstream of the hot rolling
mill. In this way, the downstream flatness influencing ef-
fect can match the incoming thickness profile of the strip
and thereby reduce or eliminate flatness errors. The
thickness profile target used in the hot rolling mill gener-
ates one or more flatness correction needs downstream
of the hot rolling side. By selecting the thickness profile
target such that these flatness correction needs can be
met by the one or more cold rolling mills and/or by a
subsequent process, flatness errors in the strip can be
reduced.

[0018] In other words, by determining the thickness
profile target of the strip for the hot rolling mill based on
the flatness data, the hot rolling mill will generate a thick-
ness profile of the strip that downstream processes, such
as one or more cold rolling mills, can better compensate
flatness for. The method thereby provides a feedback of
flatness influencing effects from a cold rolling side, or
downstream of a cold rolling side, to a hot rolling side of
the production line. In the hot rolling mill, there are better
possibilities of adjusting thickness profile problems,
which later translate to flatness problems. The method
thereby challenges the norm in the prior art regarding
what is considered to be a good thickness profile from a
hot rolling mill. Today, the norm is to have a thickness
profile from a hot rolling mill where the shape is similar
to a second order polynomial with the center of the strip
being 0.5 % higher, e.g. having a crown of 0.5 %.
[0019] Each cold rolling mill may comprise at least one
mechanical actuator arranged to control one or more rolls
of the cold rolling mill. In this case, the flatness data may
comprise a flathess model associated with one of the at
least one mechanical actuator, where the flatness model
defines an effect on the strip by the mechanical actuator.
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By adjusting a roll by means of a mechanical actuator, a
roll gap of the cold rolling mill can be changed. The flat-
ness models thus define a capacity of the mechanical
actuators to change flatness of the strip.

[0020] In this variant, the method makes use of one or
more flatness models that can actually be achieved by
the one or more mechanical actuators. By determining
the thickness profile target based on these one or more
flatness models, the roll gap can match the incoming
thickness profile of the strip to reduce or eliminate flat-
ness errors. For example, by selecting the thickness pro-
file target such that flatness correction needs down-
stream can be met by the mechanical actuators of the
one or more cold rolling mills, thermal actuators of the
cold rolling mills become "emancipated" and can instead
be used to correct local defects in the strip.

[0021] The method may thus comprise determining,
for one or more mechanical actuators, the flathess model
that can be achieved by the mechanical actuator. By de-
termining the thickness profile target of the strip for the
hot rolling mill based on the one or more flatness models,
the hot rolling mill provides a thickness profile that the
mechanical actuators can compensate. In this way, an
increased flatness of the strip is achieved downstream
of the cold rolling mill.

[0022] As used herein, the terms shape and flatness
can be used interchangeably. One or more flatness mod-
els may be associated with each mechanical actuator.
Each flatness model may depend on various parameters,
such as a position of the associated mechanical actuator
and/or a width of the strip.

[0023] The determination of the thickness profile target
based on the flatness data may comprise machine learn-
ing. The machine learning may employ mathematical
models, for example based on a measured flatness of
the strip downstream of one or more of the at least one
cold rolling mill, a flatness model for each of one or more
mechanical actuators, and/or a thickness profile target
of the hot rolling mill, as sample data.

[0024] Alternatively, the determination of the thickness
profile target may be made using different statistical tech-
niques including fuzzy logic and neuro-fuzzy logic control
methods.

[0025] Each hot rolling mill may comprise one or more
actuators, such as one or more mechanical actuators
arranged to control one or more rolls of the hot rolling
mill and/or one or more thermal actuators. Each hot roll-
ing mill may be configured to modify the thickness profile
of the strip being rolled. The hot rolling side may comprise
one or more thickness profile measurement devices.
[0026] Each hot rolling mill may be controlled based
on a thickness profile target. Each hot rolling mill may
further comprise a thickness profile controller configured
to control the hot rolling mill to minimize thickness profile
errors using actuators in the hot rolling mill.

[0027] Each hot rolling mill may be a single mill stand
or a tandem mill with multiple mill stands. Alternatively,
or in addition, the production line may comprise a revers-
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ible hot tandem mill.

[0028] Each cold rolling mill may comprise one or more
actuators, such as one or more mechanical actuators.
Each mechanical actuator may be configured to control
one or more of the rolls of the cold rolling mill. In this way,
the roll gap of the cold rolling mill can be adjusted. The
mechanical actuators may for example be controlled to
provide bending of work rolls, skewing of work rolls, bend-
ing of intermediate rolls, side-shifting of intermediate rolls
etc. One or more of the cold rolling mills may also com-
prise one or more thermal actuators.

[0029] Each cold rolling mill may be configured to mod-
ify a flatness profile of the strip being rolled. The cold
rolling side may comprise one or more shape meters.
[0030] Each cold rolling mill may be controlled based
on one or more flatness models. Each cold rolling mill
may further comprise a flatness controller configured to
control the cold rolling mill to minimize flatness errors
using actuators in the cold rolling mill. Each cold rolling
mill may be a single mill stand or a tandem mill with mul-
tiple mill stands. Alternatively, or in addition, the produc-
tion line may comprise a reversible cold tandem mill.
[0031] Theflatnessdata may comprise a flathess mod-
el associated with each of one or more of the at least one
mechanical actuator for a plurality of cold rolling mills,
and the determination of the thickness profile target may
comprise determining a thickness profile target of the
strip for the hot rolling mill that best matches a combina-
tion of the flatness models.

[0032] The method may thus comprise determining a
plurality of flatness models associated with respective
mechanical actuators of a plurality of cold rolling mills.
Each flatness model may for example be expressed as
a polynomial over the width of the strip and is in this case
strip width dependent. Each flatness model fora mechan-
ical actuator may be determined as a flatness influence
of the mechanical actuator.

[0033] Each actuator of a cold rolling mill, either me-
chanical or thermal, has an influence on the flatness of
the strip passing through the cold rolling mill. The flatness
model is a model of this influence on the flatness by the
actuator when the strip is passed through the cold rolling
mill.

[0034] The influence on the flatness by each actuator
may depend on a setting of the actuator and/or the actual
rolling conditions. The actual rolling conditions may for
example comprise the thermal crown on work rolls (de-
pending on the strip speed and possible previous pass-
es), the hardness of the strip, and/or the total roll force.
[0035] The method may further comprise determining
a thickness profile model of the strip for the hot rolling
mill, the thickness profile model defining an effect on the
strip by one or more mechanical actuators of the hot roll-
ing mill. The determination of the thickness profile target
may comprise an optimization of the thickness profile
model of the hot rolling mill to best match the flatness
model, e.g. for mechanical actuators in the most down-
stream cold rolling mill. Alternatively, or in addition, the
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determination of the thickness profile target may com-
prise an optimization of the thickness profile model for a
plurality of hotrolling mills to best match the flatness mod-
el of one or more mechanical actuators of the at least
one cold rolling mills. In any case, the thickness profile
model that solves the optimization problem may be set
as the thickness profile target. Alternatively, the flatness
model may be normalized in amplitude to a desired crown
and then used as the thickness profile target.

[0036] Incase the flathness data comprises one or more
flatness models associated with one or more mechanical
actuators for each of a plurality of cold rolling mills, the
determination of the thickness profile target may com-
prise determining a thickness profile target of the strip
for the hot rolling mill that best matches a combination
of the flatness models. The flatness models of mechan-
ical actuators of a plurality of cold rolling mills may be
combined to a combined flatness model representing the
total impact on the flatness of the strip by the plurality of
cold rolling mills. The thickness profile target may then
be determined based on the combined flatness model.
[0037] The production line may comprise a plurality of
cold rolling mills, and the flatness data may comprise a
flatness model associated with each of one or more of
the at least one mechanical actuator of the most down-
stream cold rolling mill. By determining the thickness pro-
file target of the strip for the hot rolling mill based on the
flatness model of a mechanical actuator of the most
downstream cold rolling mill, the best conditions for ob-
taining a high flatness immediately downstream of the
last cold rolling mill are provided. The thickness profile
target may be determined to mirror the flatness model
associated with the one or more of the at least one me-
chanical actuator of the most downstream cold rolling
mill.

[0038] The flatness model may be dependent on a
width of the strip. That is, for a first width of the strip, one
mechanical actuator may have a first flatness model, and
for a second width of the strip, different from the first
width, the mechanical actuator may have a second flat-
ness model, different from the first flathess model. The
flatness model may also be dependent on various other
parameters.

[0039] The flatness data may comprise a measured
flatness of the strip. The flatness data may comprise a
measured flatness of the strip after passing through a
subsequent process with respect to each of the at least
one cold rolling mill. The subsequent process may for
example be a strip coiling process, a strip uncoiling proc-
ess and/or a galvanization or aluminizing process.
[0040] In this variant, the method can make use of a
flatness effect on the strip from one or more subsequent
processes, i.e. downstream of the most downstream cold
rolling mill. By determining the thickness profile target
based on the flatness effect by a subsequent process,
the flatness effect can match the incoming profile thick-
ness of the strip to reduce or eliminate flatness errors.
Besides, since the flatness effect by a subsequent proc-
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ess is compensated in the hot rolling side, and not in the
cold rolling side, the risk of strip break is reduced or elim-
inated.

[0041] The flatness data may be determined by means
of one or more shape meters.

[0042] A shape meter may for example be a Stressom-
eter. The flatness data comprising a measured flatness
of the strip may comprise a plurality of flatnesses meas-
ured along a length of the strip.

[0043] The thickness profile target may be determined
based on a width of the strip. Thatis, the thickness profile
target may be determined based on the flatness data and
the width of the strip.

[0044] According to a further aspect of the present in-
vention, there is provided a control system for controlling
flatness of a strip of rolled material in a production line
comprising a hot rolling mill and at least one cold rolling
mill, downstream of the hot rolling mill, and one or more
shape meters, the control system comprising atleast one
data processing device and at least one memory having
acomputer program stored thereon, the atleast one com-
puter program comprising program code which, when
executed by one or more of the atleast one data process-
ing device, causes one or more of the at least one data
processing device to perform the steps of determining
flatness data associated with the strip in one or more of
the at least one cold rolling mill and/or following passing
of the strip through one or more of the at least one cold
rolling mill by means of said one or more shape meters;
determining a thickness profile target of the strip for the
hot rolling mill based on the flatness data, the thickness
profile targetindicating a change in thickness over a width
of the strip through the hot rolling mill; and controlling the
hot rolling mill to adjust a thickness of the strip based on
the thickness profile target when passing the strip
through the hot rolling mill.

[0045] The control system may issue a control signal
to the hot rolling mill based on the thickness profile target
to control the thickness profile of the strip. The control
system may for example comprise a thickness profile
controller and a flatness controller. In this case, the thick-
ness profile controller and the flatness controller may
comprise the at least one data processing device and
the at least one memory as defined above.

[0046] According to a further aspect of the present in-
vention, there is provided a production line comprising a
hot rolling mill, at least one cold rolling mill, downstream
of the hot rolling mill, one or more shape meters, and a
control system according to the present invention. The
production line according to this aspect may be of any
type according to the present disclosure.

Brief Description of the Drawings

[0047] Further details, advantages and aspects of the
present disclosure will become apparent from the follow-
ing embodiments taken in conjunction with the drawings,
wherein:
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Fig. 1:  schematically represents a production line;
and
Fig. 2:  schematically represents a typical flatness

model and a typical thickness profile target.
Detailed Description

[0048] In the following, a method of controlling flatness
of a strip of rolled material in a production line, a control
system for controlling flatness of a strip of rolled material
in a production line, and a production line comprising a
control system, will be described. The same or similar
reference numerals will be used to denote the same or
similar structural features.

[0049] Fig. 1 schematically represents a production
line 10. The production line 10 comprises a plurality of
hot rolling mills 12 and a plurality of cold rolling mills 14.
The cold rolling mills 14 are arranged downstream of the
hotrolling mills 12. In the example in Fig. 1, the production
line 10 comprises two hot rolling mills 12 and five cold
rolling mills 14. The production line 10 thus comprises a
hot rolling side comprising the hot rolling mills 12 and a
cold rolling side comprising the cold rolling mills 14.
[0050] Fig. 1 further shows a strip 16 of rolled material,
for example aluminium. In Fig. 1, the strip 16 is conveyed
to the right through each hot rolling mill 12 and through
each cold rolling mill 14. In this example, the hot rolling
mills 12 and the cold rolling mills 14 are each composed
in a multi stand tandem mill. In the first hot rolling mill 12,
the strip 16 is a slab that is squeezed between rolls such
that the thickness is reduced.

[0051] The production line 10 of this example further
comprises a plurality of thickness profile measurement
devices 18. However, the production line 10 may alter-
natively comprise only one thickness profile measure-
ment device 18 downstream of the last hot rolling mill 12.
Each thickness profile measurement device 18 is config-
ured to measure a thickness profile of the strip 16. In the
example in Fig. 1, one thickness profile measurement
device 18 is arranged upstream of the most upstream
hot rolling mill 12, one thickness profile measurement
device 18 is arranged downstream of the most down-
stream hotrolling mill 12, and one thickness profile meas-
urement device 18 is arranged between each pair of ad-
jacent hot rolling mills 12.

[0052] Each hot rolling mill 12 comprises a plurality of
rolls 20 and one or more mechanical actuators 22 for
controlling the rolls 20. Similarly, each cold rolling mill 14
comprises a plurality of rolls 24 and one or more mechan-
ical actuators 26 for controlling the rolls 24. Each hot
rolling mill 12 and each cold rolling mill 14 also comprises
thermal actuators (not illustrated).

[0053] Each hot rolling mill 12 is configured to modify
a thickness profile of the strip 16 by means of its mechan-
ical actuators 22. To this end, each hot rolling mill 12 is
controlled based on a thickness profile target. The thick-
ness profile target indicates a change in thickness over
the width of the strip 16 through the hot rolling mill 12.
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[0054] Each cold rolling mill 14 is configured to modify
a flatness of the strip 16 by means of its mechanical ac-
tuators 26. To this end, each cold rolling mill 14 is con-
trolled by means of one or more flatness models. Each
flatness model defines a flatness effect on the strip 16
caused by one of the mechanical actuators 26.

[0055] The production line 10 of this specific example
further comprises a coiler 28, an uncoiler 30 and a gal-
vanization or aluminizing station 32. Each of the coiler
28, the uncoiler 30 and the galvanization or aluminizing
station 32 constitutes an example of a subsequent proc-
ess with respect to each of the cold rolling mills 14. The
production line 10 of this specific example further com-
prises a cleaning and pickling station 34 between the hot
rolling side and the cold rolling side.

[0056] The production line 10 further comprises a plu-
rality of shape meters 36. Each shape meter 36 is con-
figured to measure a flatness of the strip 16. In the ex-
ample inFig. 1, one shape meter 36 is arranged upstream
ofthe most upstream cold rolling mill 14, one shape meter
36 is arranged downstream of the last cold rolling mill 14,
and one shape meter 36 is arranged between each pair
of adjacent cold rolling mills 14. One shape meter 36 is
also arranged downstream of the uncoiler 30, i.e. be-
tween the uncoiler 30 and the galvanization or aluminiz-
ing station 32.

[0057] The production line 10 further comprises a con-
trol system 38. The control system 38 comprises at least
one data processing device 40 and at least one memory
42. In Fig. 1, the control system 38 is illustrated as com-
prising two data processing devices 40 and two memo-
ries 42. The at least one memory 42 comprises program
code which, when executed by one or more of the at least
one data processing device 40, causes one or more of
the at least one data processing devices 40 to perform,
or command performance of, various steps as described
herein.

[0058] In this specific example, the control system 38
comprises a thickness profile controller 44 and a flatness
controller 46. Each of the thickness profile controller 44
and the flatness controller 46 comprises a data process-
ing device 40 and a memory 42. The control system 38
for controlling the production line 10 may however be
implemented in different ways.

[0059] The flatness controller 46 controls the cold roll-
ing mills 14 to minimize flatness errors based on signals
received from the cold rolling mills 14 and/or from the
shape meters 36. The thickness profile controller 44 con-
trols the hot rolling mills 12 to minimize thickness profile
errors based on signals received from the hot rolling mills
12 and/or the thickness profile measurement devices 18,
and from the flatness controller 46.

[0060] The deformation of the thickness profile of the
strip 16 induced by rolling depends on several factors,
such as temperature of the strip 16, aspect ratio of the
strip 16, i.e. width divided by thickness, and the ratio co-
efficient of friction to strip entry thickness. The predomi-
nant factor is the aspect ratio of the strip 16. If the aspect
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ratio is greater than 30, deformation of the strip 16 is
essentially plane strain, i.e. the strip 16 is reduced in
thickness and increased in length with little or no change
in width. In cold rolling, especially when rolling thin strips
16, the aspect ratio is typically much higher than 30. In
hot rolling on the other hand, the aspect ratio is typically
less than 30, particularly for the most upstream hot rolling
mill(s) 12, and thus a profile deformation of the strip 16
occurs with a significant increase in width of the strip 16.
[0061] The ability to change the thickness profile of the
strip 16 decreases as the aspect ratio increases. Con-
versely, the ability to correct shape defects of the strip
16 increases and is greatest at the final or most down-
stream cold rolling mill 14.

[0062] In cold rolling, the thickness profile of the strip
16 and the flatness of the strip 16 are associated. This
means that there will be less or no flatness defects in
cold rolling if one can provide a roll gap to mirror the
incoming thickness profile of the strip 16, i.e. equal elon-
gation transverse the strip 16. The thickness profile of
the strip 16 is mainly established in the hot rolling side.
Downstream of the hot rolling side, the strip 16 is too cold
and too thin compared to its width to be able to change
its thickness profile without causing shape issues. It is
therefore difficult or impossible to change the thickness
profile of the strip 16 in the cold rolling side without caus-
ing flatness problems.

[0063] Fig. 2 schematically represents an example of
atypical flatness model 48 and a typical thickness profile
target 50. The flatness model 48 is a combination of a
second order polynomial and a fourth order polynomial.
A flatness model 48 of a mechanical actuator 26 is one
example of flatness data associated with the strip 16 in
a cold rolling mill 14. A plurality of flathess models 48
may be determined for one mechanical actuator 26. In
particular, one or more flatness models 48 may be de-
termined for mechanical actuators 26 of the most down-
stream cold rolling mill 14.

[0064] The thickness profile target 50 in Fig. 2 is a sec-
ond order polynomial. The thickness profile target 50 is
1 % thicker at the center of the strip 16. The thickness
profile target 50 in Fig. 2 thus has a 1 % crown.

[0065] As shown in Fig. 2, there is a discrepancy be-
tween the thickness profile target 50 and the flatness
model 48. This discrepancy cause difficulties for the cold
rolling mill 14 to maintain the incoming thickness profile
in the roll bite and thus achieve good flatness.

[0066] By making the thickness profile target 50 more
closely conform to the flatness model 48, the mechanical
actuator 26 of the cold rolling mill 14 can better address
flatness errors by means of its roll gap. To this end, the
flatness controller 46 is further configured to determine
one or more flatness models 48 for one or more mechan-
ical actuators 26. The thickness profile controller 44 may
receive one or more flatness models 48 from the flatness
controller 46 and determine a thickness profile target 50
for the one or more hot rolling mills 12 based on a com-
bination of the flatness models 48. The thickness profile
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target determined in this way is notlimited to a polynomial
or a combination of polynomials, but can be expressed
in alternative ways. The thickness profile target 50 can
forexample be determined by means of machine learning
using one or more flatness models 48, one or more meas-
ured flatnesses (e.g. a flatness measured immediately
downstream of the last cold rolling mill 14) and the thick-
ness profile target 50 as training data.

[0067] The thickness profile target 50 is based on one
or more flatness models 48 that can actually be achieved
by the respective mechanical actuator 26.

[0068] Therefore, the mechanical actuators 26 of the
cold rolling mills 14 can match the thickness profile from
the hot rolling mills 12 to reduce flatness errors. Even if
a good flatness is obtained in the most downstream cold
rolling mill 14, this flathess may change in subsequent
processes, for example when the strip 16 is subjected to
coiling and uncoiling. This change may for example de-
pend on cooling effects and where in the coil a particular
section of the strip 16 is positioned. The thickness profile
target 50 may therefore be determined based on a meas-
ured flatness of the strip 16 after passing through any of
the subsequent processes 28, 30, 32. Also a measured
flatness of the strip 16 constitutes an example of flatness
data. As shown in Fig. 1, a flatness of the strip 16 is
measured immediately upstream of the coiler 28 and im-
mediately downstream of the uncoiler 30. A flatness ef-
fect by the coiling and uncoiling can then be determined
based on difference between these measured flatness-
es. By determining the thickness profile target 50 based
on the flatness effect from the coiling and uncoiling, the
strip 16 can be made more flat after uncoiling. Moreover,
since the flatness effect from coiling and uncoiling is ad-
dressed in the hot rolling side and not in the cold rolling
side, the risk for strip break is reduced.

[0069] While the present disclosure has been de-
scribed with reference to exemplary embodiments, it will
be appreciated that the present invention is not limited
to what has been described above. For example, it will
be appreciated that the dimensions of the parts may be
varied as needed. Accordingly, it is intended that the
presentinventionis limited only by the scope of the claims
appended hereto.

Claims

1. A method of controlling flatness of a strip (16) of
rolled material in a production line (10) comprising a
hot rolling mill (12) and at least one cold rolling mill
(14), downstream of the hot rolling mill (12), the meth-
od comprising:

- determining flatness data associated with the
strip (16) in one or more of the at least one cold
rolling mill (14) and/or following passing of the
strip (16) through one or more of the at least one
cold rolling mill (14);
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- determining a thickness profile target (50) of
the strip (16) for the hot rolling mill (12) based
on the flatness data, the thickness profile target
(50) indicating a change in thickness over a
width of the strip (16) through the hot rolling mill
(12); and

- passing the strip (16) through the hot rolling
mill (12) and adjusting the thickness of the strip
(16) based on the thickness profile target (50).

The method according to claim 1, wherein each cold
rolling mill (14) comprises at least one mechanical
actuator (26) arranged to control one or more rolls
(24) of the cold rolling mill (14), and wherein the flat-
ness data comprises a flatness model (48) associ-
ated with one of the at least one mechanical actuator
(26), the flatness model (48) defining an effect on
the strip (16) by the mechanical actuator (26).

The method according to claim 2, wherein the pro-
duction line (10) comprises a plurality of cold rolling
mills (14), wherein the flatness data comprises a flat-
ness model (48) associated with each of one or more
of the at least one mechanical actuator (26) for a
plurality of cold rolling mills (14), and wherein the
determination of the thickness profile target (50)
comprises determining a thickness profile target (50)
of the strip (16) for the hot rolling mill (12) that best
matches a combination of the flatness models (48).

The method according to claim 2 or 3, wherein the
production line (10) comprises a plurality of cold roll-
ing mills (14), and wherein the flatness data com-
prises a flatness model (48) associated with one or
more of the at least one mechanical actuator (26) of
the most downstream cold rolling mill (14).

The method according to claim 4, wherein the thick-
ness profile target (50) is determined to mirror the
flatness model (48) associated with each of one or
more of the at least one mechanical actuator (26) of
the most downstream cold rolling mill (14).

The method according to any of claims 2 to 5, where-
in the flatness model (48) is dependent on a width
of the strip (16).

The method according to any of the preceding
claims, wherein the flatness data comprises a meas-
ured flatness of the strip (16).

The method according to claim 7, wherein the flat-
ness data comprises a measured flatness of the strip
(16) after passing through a subsequent process (28,
30, 32) with respect to each of the at least one cold
rolling mill (14).

The method according to any of the preceding
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claims, wherein the flatness data is determined by
means of one or more shape meters (36).

10. A control system (38)for controlling flatness of a strip

(16) of rolled material in a production line (10) com-
prising a hot rolling mill (12) and at least one cold
rolling mill (14), downstream of the hot rolling mill
(12), and one or more shape meters (36), the control
system (38) comprising at least one data processing
device (40) and at least one memory (42) having at
least one computer program stored thereon, the at
least one computer program comprising program
code which, when executed by one or more of the
atleast one data processing device (40), causes one
or more of the at least one data processing device
(40) to perform the steps of:

- determining flatness data associated with the
strip (16) in one or more of the at least one cold
rolling mill (14) and/or following passing of the
strip (16) through one or more of the at least one
coldrolling mill (14)by means of said one or more
shape meters (36);

- determining a thickness profile target (50) of
the strip (16) for the hot rolling mill (12) based
on the flatness data, the thickness profile target
(50) indicating a change in thickness over a
width of the strip (16) through the hot rolling mill
(12); and

- controlling the hot rolling mill (12) to adjust a
thickness of the strip (16) based on the thickness
profile target (50) when passing the strip (16)
through the hot rolling mill (12).

11. A production line (10) comprising a hot rolling mill

(12), at least one cold rolling mill (14), downstream
of the hot rolling mill (12), one or more shape meters
(36), and a control system (38) according to claim 10.

Patentanspriiche

1.

Verfahren zur Steuerung einer Flachheit eines Strei-
fens (16) gewalzten Materials in einer Fertigungs-
strale (10), umfassend ein Warmwalzwerk (12) und
mindestens ein dem Warmwalzwerk (12) nachge-
schaltetes Kaltwalzwerk (14), wobei das Verfahren
Folgendes umfasst:

- Bestimmen von Flachheitsdaten, die dem
Streifen (16) in einem oder mehreren des min-
destens einen Kaltwalzwerks (14) zugeordnet
sind, und/oder Verfolgen des Durchflihrens des
Streifens (16) durch eines oder mehrere des
mindestens einen Kaltwalzwerks (14);

- Bestimmen eines Dickeprofilziels (50) des
Streifens (16) fir das Warmwalzwerk (12) ba-
sierend auf den Flachheitsdaten, wobei das Di-
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ckeprofilziel (50) eine Anderung der Dicke iiber
eine Breite des Streifens (16) durch das Warm-
walzwerk (12) angibt; und

- Durchfilhren des Streifens (16) durch das
Warmwalzwerk (12) und Angleichen der Dicke
des Streifens (16) basierend auf dem Dickepro-
filziel (50).

Verfahren nach Anspruch 1, wobei jedes Kaltwalz-
werk (14) mindestens einen mechanischen Aktor
(26), der so angeordnet ist, dass er eine oder meh-
rere Walzen (24) des Kaltwalzwerks (14) steuert,
umfasst und wobei die Flachheitsdaten ein Flach-
heitsmodell (48), das einem des mindestens einen
mechanischen Aktors (26) zugeordnet ist, umfas-
sen, wobei das Flachheitsmodell (48) eine Wirkung
auf den Streifen (16) durch den mechanischen Aktor
(26) definiert.

Verfahren nach Anspruch 2, wobei die Fertigungs-
stral3e (10) eine Vielzahl von Kaltwalzwerken (14)
umfasst, wobei die Flachheitsdaten ein Flachheits-
modell (48), das jedem von einem oder mehreren
des mindestens einen mechanischen Aktors (26) fir
eine Vielzahl von Kaltwalzwerken (14) zugeordnet
ist, umfassen und wobei die Bestimmung des Dicke-
profilziels (50) das Bestimmen eines Dickeprofilziels
(50) des Streifens (16) fir das Warmwalzwerk (12),
das am besten mit einer Kombination der Flachheits-
modelle (48) Ubereinstimmt, umfasst.

Verfahren nach Anspruch 2 oder 3, wobei die Ferti-
gungsstralBe (10) eine Vielzahl von Kaltwalzwerken
(14) umfasst und wobei die Flachheitsdaten ein
Flachheitsmodell (48), das einem oder mehreren
des mindestens einen mechanischen Aktors (26)
des letzten nachgeschalteten Kaltwalzwerks (14)
zugeordnet ist, umfassen.

Verfahren nach Anspruch 4, wobei das Dickeprofil-
ziel (50) so bestimmt wird, dass es das Flachheits-
modell (48), das jedem von einem oder mehreren
des mindestens einen mechanischen Aktors (26)
des letzten nachgeschalteten Kaltwalzwerks (14)
zugeordnet ist, widerspiegelt.

Verfahren nach einem der Anspriiche 2 bis 5, wobei
das Flachheitsmodell (48) von einer Breite des Strei-
fens (16) abhangig ist.

Verfahren nach einem der vorhergehenden Anspri-
che, wobei die Flachheitsdaten eine gemessene
Flachheit des Streifens (16) umfassen.

Verfahren nach Anspruch 7, wobei die Flachheits-
daten eine gemessene Flachheit des Streifens (16)
nach dem Durchlaufen eines Folgevorgangs (28, 30,
32) mit Bezug auf jedes von dem mindestens einen
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Kaltwalzwerk (14) umfassen.

Verfahren nach einem der vorhergehenden Ansprii-
che, wobei die Flachheitsdaten mittels eines oder
mehrerer Planheitsmesser (36) bestimmt werden.

Steuerungssystem (38) zur Steuerung einer Flach-
heit eines Streifens (16) gewalzten Materials in einer
FertigungsstraBe (10), umfassend ein Warmwalz-
werk (12) und mindestens ein dem Warmwalzwerk
(12) nachgeschaltetes Kaltwalzwerk (14) und ein
oder mehrere Planheitsmesser (36), wobei das
Steuerungssystem (38) mindestens eine Datenver-
arbeitungsvorrichtung (40) und mindestens einen
Speicher (42), in dem mindestens ein Computerpro-
gramm gespeichert ist, umfasst, wobei das mindes-
tens eine Computerprogramm Programmcode um-
fasst, der, wenn er durch eine oder mehrere der min-
destens einen Datenverarbeitungsvorrichtung (40)
ausgefiihrt wird, bewirkt, dass eine oder mehrere der
mindestens einen Datenverarbeitungsvorrichtung
(40) die folgenden Schritte durchfiihren:

- Bestimmen von Flachheitsdaten, die dem
Streifen (16) in einem oder mehreren des min-
destens einen Kaltwalzwerks (14) zugeordnet
sind, und/oder Verfolgen des Durchflihrens des
Streifens (16) durch eines oder mehrere des
mindestens einen Kaltwalzwerks (14) mittels
des einen oder der mehreren Planheitsmesser
(36);

- Bestimmen eines Dickeprofilziels (50) des
Streifens (16) fir das Warmwalzwerk (12) ba-
sierend auf den Flachheitsdaten, wobei das Di-
ckeprofilziel (50) eine Anderung der Dicke iiber
eine Breite des Streifens (16) durch das Warm-
walzwerk (12) angibt; und

- Steuern des Warmwalzwerks (12), um eine Di-
cke des Streifens (16) basierend auf dem Dicke-
profilziel (50) beim Durchfiihren des Streifens
(16) durch das Warmwalzwerk (12) anzuglei-
chen.

FertigungsstraBe (10), umfassend ein Warmwalz-
werk (12), mindestens ein dem Warmwalzwerk (12)
nachgeschaltetes Kaltwalzwerk (14), einen oder
mehrere Planheitsmesser (36) und ein Steuerungs-
system (38) nach Anspruch 10.

Revendications

Procédé de contrdle de la planéité d’'une bande (16)
de matériau laminé dans une chaine de production
(10) comprenant un laminoir a chaud (12) et au
moins un laminoir a froid (14), en aval du laminoir a
chaud (12), ce procédé comprenant :
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- la détermination de données de planéité asso-
ciées a la bande (16) dans un ou plusieurs des
au moins un laminoir a froid (14) et/ou le suivi
du passage de la bande (16) a travers un ou
plusieurs des au moins un laminoir a froid (14) ;
- la détermination d’'un profil d’épaisseur cible
(50) de la bande (16) pour le laminoir a chaud
(12) en se basant sur les données de planéité,
ce profil d’épaisseur cible (50) indiquant un
changement d’épaisseur sur une largeur de la
bande (16) a travers le laminoir a chaud (12) ; et
-le passage de labande (16)a travers le laminoir
a chaud (12) et le réglage de I'épaisseur de la
bande (16) en se basant sur le profil d’épaisseur
cible (50).

Procédé selon la revendication 1, dans lequel cha-
que laminoir a froid (14) comporte au moins un ac-
tionneur mécanique (26) agencé de fagon a com-
mander un ou plusieurs rouleaux (24) du laminoir a
froid (14), et dans lequel les données de planéité
comprennent un modele de planéité (48) associé a
un des au moins un actionneur mécanique (26), ce
modele de planéité (48) définissant un effet sur la
bande (16) par I'actionneur mécanique (26) .

Procédé selon la revendication 2, dans lequel la
chaine de production (10) comprend une pluralité de
laminoirs a froid (14), les données de planéité com-
prenantun modéle de planéité (48) associé achacun
d’un ou de plusieurs des au moins un actionneur
meécanique (26) pour une pluralité de laminoirs a
froid (14), et dans lequel la détermination du profil
d’épaisseur cible (50) comprend la détermination
d’un profil d’épaisseur cible (50) de la bande (16)
pour le laminoir a chaud (12) qui correspond le mieux
a une combinaison des modeles de planéité (48).

Procédé selon la revendication 2 ou 3, dans lequel
la chaine de production (10) comprend une pluralité
de laminoirs a froid (14), et dans lequel les données
de planéité comprennent un modele de planéité (48)
associé a un ou plusieurs des au moins un action-
neur mécanique (26) du laminoir a froid (14) le plus
en aval.

Procédé selon larevendication 4, dans lequel le pro-
fil d’épaisseur cible (50) est déterminé de facon a
refléter le modéle de planéité (48) associé a chacun
d’un ou de plusieurs des au moins un actionneur
meécanique (26) du laminoir a froid (14) le plus en
aval.

Procédé selon I'une quelconque des revendications
2 a5, dans lequel le modele de planéite (48) dépend

d’une largeur de la bande (16).

Procédé selon I'une quelconque des revendications
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précédentes, dans lequel les données de planéité
comprennent une planéité mesurée de la bande
(16).

Procédé selon la revendication 7, dans lequel les
données de planéité comprennent une planéité me-
surée de la bande (16) aprés son passage a travers
un processus ultérieur (28, 30, 32) par rapport a cha-
cun des au moins un laminoir a froid (14).

Procédé selon I'une quelconque des revendications
précédentes, dans lequel les données de planéité
sont déterminées au moyen d’un ou de plusieurs dis-
positifs de mesure de forme (36).

Systeme de commande (38) pour contrdler la pla-
néité d’'une bande (16) de matériau laminé dans une
chaine de production (10) comprenant un laminoir a
chaud (12) et au moins un laminoir a froid (14), en
aval du laminoir a chaud (12), et ou plusieurs dispo-
sitifs de mesure de forme (36), ce systéme de com-
mande (38) comprenant au moins un dispositif de
traitementde données (40) et au moins une mémoire
(42) ayant au moins un programme informatique
stocké dans celle-ci, cet au moins un programme
informatique comprenant un code de programme
qui, lorsqu’il est exécuté par un ou plusieurs des au
moins un dispositif de traitement de données (40),
fait en sorte qu’un ou plusieurs des au moins un dis-
positif de traitement de données (40) exécute les
étapes consistant a :

- déterminer des données de planéité associées
a la bande (16) dans un ou plusieurs des au
moins un laminoir a froid (14) et/ou a suivre le
passage de la bande (16) a travers un ou plu-
sieurs des au moins un laminoir a froid (14) au
moyen desdits un ou plusieurs dispositifs de me-
sure de forme (36) ;

- déterminer un profil d’épaisseur cible (50) de
la bande (16) pour le laminoir a chaud (12) en
se basant sur les données de planéité, ce profil
d’épaisseur cible (50) indiquant un changement
d’épaisseur sur une largeur de la bande (16) a
travers le laminoir a chaud (12) ; et a

- commander le laminoir a chaud (12) afin de
régler une épaisseur de la bande (16) en se ba-
sant sur le profil d’épaisseur cible (50) lors du
passage de la bande (16) a travers le laminoir
a chaud (12).

Chaine de production (10) comprenant un laminoir
a chaud (12), au moins un laminoir a froid (14), en
aval du laminoir a chaud (12), un ou plusieurs dis-
positifs de mesure de forme (36), et un systeme de
commande (38) selon la revendication 10.
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