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(57)  Rolling plant (10) and method for producing a
strip (P) starting from a slab (50) having a certain starting
thickness, comprising at least one walking beam heating

furnace (16) configured to heat at least the slab (50) to

a starting temperature, and a rolling train (25) operatively
disposed in line with at least one roughing stand (23) and
configured to reduce the thickness of an intermediate
rolled product (51) at exit from the roughing stand (23),
until the final strip (P) is obtained; the rolling train (25)
comprising at least one pre-finishing stand (26) for ob-
taining a pre-finished rolled product (52), and a plurality
of finishing stands (31) for obtaining the final strip (P);

44

PLANT AND METHOD FOR THE PRODUCTION OF FLAT ROLLED PRODUCTS

the plant (10) comprising load cells (40) directly associ-
ated with the pre-finishing stand (26) for detecting the
rolling force applied on the pre-finished rolled product
(52), arapid heating device (28), interposed between the
pre-finishing stand (26) and the finishing stands (31), for
heating the pre-finished rolled product (52), and a com-
mand and control unit (44) connected both to the load
cells (40) and also to the rapid heating device (28) and
configured at least to selectively activate the latter (28),
at least as a function of the rolling force detected by the
load cells (40).
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Description
FIELD OF THE INVENTION

[0001] The present invention concerns a plant and a
method for the production of flat rolled products such as,
for example, but without limitation to generality, steel
strips wound in the form of caoils.

BACKGROUND OF THE INVENTION

[0002] Rolling plants known as Hot Strip Mills, hereaf-
ter referred to by the acronym "HSM", are known, de-
signed for the hot production of metal strips starting from
slabs, typically with a thickness ranging from approxi-
mately 150 mm to approximately 350 mm.

[0003] Usually, HSMs comprise gas heating furnaces
ofthe "Walking Beam" type, in which the slabs are heated
to the rolling temperature in order to be subsequently
subjected to a number of between three and eight rough-
ing rolling passes, in one or more reversible stands, in
order to obtain an intermediate bar having a considerably
reduced thickness compared to the starting one, typically
from 35 to 80 mm. The intermediate bar is then subjected
to a certain number of finishing rolling steps in order to
obtain the final thickness of the strip.

[0004] For all plants that use slab heating by means of
"Walking Beam" type heating furnaces, it is common to
present the problem of the formation of cold impressions,
or "skid marks", in correspondence with the resting sur-
faces of the slabs on the fixed longitudinal members
present inside the furnace. In fact, the longitudinal mem-
bers are typically water-cooled so that they can maintain
their mechanical characteristics even at temperatures
above 1000 °C; in the contact zones where the (hotter)
slab rests on the (colder) longitudinal members with
some portions of its lower surface, the temperature is
lower than the remaining lower surface that has not been
in contact with the longitudinal members, and this tem-
perature difference also endures outside the oven.
[0005] By wayofexample only,the "skid marks", which
extend over the entire width of the slab, can have alength
of approximately 200 mm, a difference in local tempera-
ture approximately 100 °C lower than the rest of the sur-
face, and an average temperature difference, in the sec-
tion concerned, comprised between approximately 15 °C
and approximately 30 °C.

[0006] These cold impressions of the slab have a neg-
ative impact on the thickness control during the rolling
steps, at the expense of the quality of the finished product
both in terms of uniformity in the sizes of the thickness
and also in terms of microstructural uniformity. This last
requirement is of fundamental importance for some types
of steel applications, in particular deep molding or elec-
trical steel applications.

[0007] Inthe state of the art, some solutions have been
proposed in which there are provided pyrometric temper-
ature detectors downstream of the last reversible stand
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in order to identify the skid marks, and one or more heat-
ing inductors located upstream of the finishing train to
carry out an additional heating as a function of the tem-
peratures identified by the pyrometric detectors, in order
to compensate for the lower thermal energy of the skid
marks and try to make the temperature of the bars uni-
form.

[0008] However,the pyrometric detectors read the sur-
face temperature of the bar, typically the temperature of
the upper surface, which is not substantially affected by
significant temperature variations, since the skid marks
are particularly present on the lower surface of the bars.
Therefore, such a temperature measurement, carried out
according to the state of the art, does not always allow
to accurately identify the position of the actual tempera-
ture variations with respect to the length of the bars, re-
sulting in partial inefficiency or inaccuracy of the action
of the inductors.

[0009] Furthermore, a pyrometric measurementcan in
any case be influenced by the presence of both water as
well as scale on the surface of the bar, further affecting
the goodness of the measurement carried out and, there-
fore, of the subsequent thermal recovery interventions.
[0010] In any case, by its very nature, a pyrometric
measurementis in any case a surface measurement, not
representative of the average temperature of the section.
[0011] Inorderto determine the extentof the additional
heating, it is therefore necessary to trace, through ther-
mal models, the value of the average temperature in the
section from the value of the surface temperature, an
evaluation that is not always precise.

[0012] Therefore, since the rolling force is a function
of the average temperature of the bar, it is clear that this
known technique cannot provide guarantees about the
magnitude of the average temperature and of the finish-
ing rolling action and, therefore, about the goodness of
the thickness control of the finished product.

[0013] Itis therefore a purpose of the presentinvention
to provide a Hot Strip Mill plant and to develop a method
for the production of flat rolled products that allow to ef-
fectively make the average temperature ofthe bar atentry
to the finishing train uniform, reducing and even eliminat-
ing the qualitative issues caused by the skid marks.
[0014] Another purpose of the present invention is to
produce thin thicknesses without negatively affecting the
productivity of the plant, which can reach up to 6 million
tons/year.

[0015] Another purpose of the present invention is to
provide a plant and to develop a method for the produc-
tion of rolled products that allow to keep the mechanical
and geometric properties uniform along the entire length
of the coil produced.

[0016] The Applicant has devised, tested and embod-
ied the present invention to overcome the shortcomings
of the state of the art and to obtain these and other pur-
poses and advantages.
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SUMMARY OF THE INVENTION

[0017] The present invention is set forth and charac-
terized in the independent claims. The dependent claims
describe aspects that represent evolutions and improve-
ments with respect to the independent claims.

[0018] In accordance with the above purposes, a roll-
ing plant according to the present invention is applied to
produce a steel strip starting from a slab having a certain
starting thickness.

[0019] In particular, the plant according to the present
invention comprises at least one heating furnace, for ex-
ample of the gas type normally called Walking Beam, in
which the slabs rest on fixed longitudinal members and
are made to advance inside it by means of mobile longi-
tudinal members, until the slabis heated to a certain start-
ing temperature, for example comprised between ap-
proximately 1150 °C and 1280 °C.

[0020] Typically, the plant according to the present in-
vention comprises at least one roughing stand of the re-
versible type, configured to subject the heated slab to
one or more rolling passes in order to obtain an interme-
diate rolled product, for example with a thickness com-
prised between approximately 35 mm and approximately
80 mm.

[0021] According to the presentinvention, the plant al-
so comprises a finishing rolling train disposed operatively
in line with the roughing stand and configured to reduce
the thickness of the intermediate rolled product, until a
final strip is obtained having a final thickness, in some
solutions, even lowerthan 1.2 mm, even down to 0.9 mm.
[0022] Therefore, the plantis configured as a new gen-
eration rolling plant, compared to traditional Hot Strip
Mills, which operates in coil to coil mode, in which the
rolled product is obtained starting from single slabs, for
example with a thickness comprised between approxi-
mately 150 mm and approximately 350 mm, with all the
operational, dimensional and production characteristics
that this type of plant entails.

[0023] Again according to the present invention, the
finishing rolling train is advantageously divided into a pre-
finishing train consisting of at least one pre-finishing
stand, and a finishing train consisting of a plurality of fin-
ishing stands. The pre-finishing train and the finishing
train always operate in tandem and are therefore syn-
chronized with each other.

[0024] The at least one pre-finishing stand is suitable
to reduce the thickness of the intermediate rolled product
in order to obtain a pre-finished rolled product, for exam-
ple with a thickness comprised between approximately
10 mm and approximately 50 mm.

[0025] Thefinishing stands, onthe otherhand, are con-
figured to reduce the thickness of the pre-finished rolled
product in order to obtain the final strip, for example with
a thickness comprised between approximately 0.9 mm
and approximately 26 mm.

[0026] In accordance with one aspect of the present
invention, the plant comprises mechanical deformation
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detection means, which are directly associated with at
least the last pre-finishing stand, in order to constantly
detect the rolling force applied on the pre-finished rolled
product.

[0027] In accordance with another aspect of the
present invention, the plant advantageously provides a
rapid heating device consisting of selectively activatable
elements or modules, which is interposed between the
last pre-finishing stand and the plurality of finishing
stands so as to heat the pre-finished rolled product.
[0028] This heatingcanoccur up to an exittemperature
from the rapid heating device comprised between ap-
proximately 1000 °C and approximately 1150 °C, or in
any case a temperature such that, also as a function of
the operating and product parameters, the temperature
of the final strip at exit from the last finishing stand is
higher than at least 830 °C, and in some cases is higher
than 900 °C.

[0029] Moreover, the solution according to the present
invention provides that the plant is provided with a com-
mand and control unit, which is connected both to the
mechanical deformation detection means of the last pre-
finishing stand and also to the rapid heating device, so
as to selectively activate the rapid heating device so that
it can supply a localized heating surplus, or over-heating,
at least as a function of the rolling force detected by the
mechanical deformation detection means, in order to in-
crease the temperature of the skid marks and therefore
make the temperature of the bar uniform on its entire
length.

[0030] Infact, the skid marks that are generated in the
heating furnace on the resting surface of the slab on the
fixed longitudinal members, resulting in more slab por-
tions at geometrically defined intervals having a lower
temperature than the rest of the slab itself, determine a
greater resistance to deformation of the material, which
translates into an increase in the rolling force in corre-
spondence with the colder portions.

[0031] The value of this load increase is detected by
the mechanical deformation detection means and sent
to the command and control unit which, as a function of
the rolling speed at exit of the pre-finished rolled product,
also taking into account its thickness, commands to the
rapid heating device alocalized over-heating in the afore-
mentioned zones of greater resistance to deformation,
and therefore with a lower temperature, which are de-
tected by the mechanical deformation detection means
of the last pre-finishing stand.

[0032] The Applicant has verified that there is a corre-
lation between the average temperature of the bar and
the rolling force, whereby from the measurement of the
latter, thatis, of the variation in applied force, itis possible
to derive the average temperature variation of the bar, in
a specific portion thereof.

[0033] An example of this relationship is that an in-
crease intherolling force of approximately 4%, compared
to the nominal load, corresponds to a variation in the
average temperature of the bar of approximately 20 °C.
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[0034] From here, knowing the thickness of the pre-
finished product at exit from the last pre-finishing stand,
itis possible to establish the localized over-heating value
that has to be actuated by the rapid heating device in
order to make the temperature of the cold impressions
uniform.

[0035] Therefore, with the solution according to the
present invention the plant is able to produce flat rolled
products by effectively making the average temperature
of the bar at entry into the finishing train uniform, to the
advantage of the dimensional and microstructural quality
of the finished rolled product.

[0036] Since the bar exiting from the pre-finishing train
advances at a relatively low speed, of the order of 0.6 -
1.5 m/s, it is possible to carry out a precise and accurate
tracking of the ski marks along the bar itself through the
variations of the rolling force of the last pre-finishing
stand. Thanks to the rapid response times (reactivity) of
the rapid heating device, itis possible to carry out a closed
loop adjustment of the inductors in order to thermally
compensate for the cold bands caused by the skid marks,
and therefore "level out" the temperature profile and de-
liver a bar with a uniform temperature on its entire length
to the finishing train.

[0037] According to an advantageous embodiment,
the rapid heating device comprises both first thermal in-
duction modules, which are able to be selectively acti-
vated and regulated by the command and control unit as
a function of the rolling force detected by the mechanical
detection means, and also second thermal induction
modules, the latter being able to be selectively activated
and regulated by the command and control unit.

[0038] In particular, the rapid heating device can use
the first 2-3 modules to perform the task of levelling out
the temperature delta of the skid marks, while the sub-
sequent modules can be dedicated to heating the head
of the bar and, with a progressive increase in the power,
also the body and tail of the bar, so that it can exit from
the last finishing step at the target temperature, which is
predefined as a function of the rolled product.

[0039] Each module can be activated or deactivated
independently of the other modules, and each module
can work at different powers.

[0040] The number of modules of the inductor can be
comprised between 6 and 12, preferably between 8 and
10, of which two first modules and the remaining second
modules.

[0041] Each module can have a nominal power com-
prised between 3 MW and 7 MW, preferably between 4
MW and 5 MW.

[0042] The overall nominal power of the inductor can
be, for example, comprised between 38 MW and 45 MW.
[0043] In accordance with one example embodiment,
the number of modules is equal to 10, wherein each mod-
ule has anominal power of 4.3 MW. Therefore the overall
nominal power of the inductor is 43 MW.

[0044] Advantageously, to be assured that the result
of the thermal restoration of the skid marks is actually
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successful, a thermo-scanner is provided at least at exit
from the rapid heating device, which also acts as a control
of the transverse thermal profile of the product and any
relative over-heating of the edges. Overall, the heating
can advantageously occur up to an exit temperature from
the rapid heating device comprised between approxi-
mately 1000 °C and approximately 1150 °C, or in any
case at a temperature such that, also as a function of the
operating and product parameters, the temperature of
the final strip, at exit from the last finishing stand, can be
higher than at least 830 °C and in some cases higher
than 900 °C.

[0045] This advantageous aspect of the solution ac-
cording to the presentinvention allows the steel toremain
substantially in the monophasic field and, therefore, with-
out phase transformations, before exiting from the last
finishing stand.

[0046] According to another aspect of the present in-
vention, the continuous finishing rolling train comprises
between one and three pre-finishing stands and between
five and six finishing stands.

[0047] The present invention also concerns a rolling
method for producing a final strip starting from a slab
having a certain starting thickness, in a rolling plant of
the type described heretofore.

[0048] According to one aspect of the present inven-
tion, the method comprises at least one detection step
in which the rolling force applied on the intermediate
rolled product is constantly detected by means of the
mechanical deformation detection means; at least one
heating step in which the pre-finished rolled product is
heated by means of the rapid heating device; and a com-
mand step in which the rapid heating device is selectively
activated by means of the command and control unit, at
least as a function of the rolling force detected by the
mechanical deformation detection means, in order to
thermally compensate for any cold zones and make the
temperature of the bar uniform on its entire length.
[0049] In accordance with another aspect of the
present invention, the rolling plant provides to produce
strips with a final thickness comprised between approx-
imately 0.9 mm and approximately 26 mm, which can be
wound onto reels without speed-up for productions of up
to 3 million tons per year, and with a modest speed-up
for productions of up to 6 million tons per year.

DESCRIPTION OF THE DRAWINGS

[0050] These and other aspects, characteristics and
advantages of the present invention will become appar-
ent from the following description of some embodiments,
given as a non-restrictive example with reference to the
attached drawings wherein:

- fig. 1 is a schematic representation of an embodi-
ment of a new generation HSM plant for the produc-
tion of flat rolled products, in accordance with the
present invention;
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- fig. 2 shows a graph which correlates, for a defined
segment of pre-finished rolled product, the variation
in rolling force used in a certain time segment;

- figs. 3 and 4 are graphic representations of the re-
lationship between the temperature trend of the bar
affected by skid marks and the consequent thickness
variation, respectively, ina HSM of a known type and
the corresponding trend in the case of a new gener-
ation HSM plant for the production of flat rolled prod-
ucts, in accordance with the present invention; and

- figs. 5 and 6 are graphical representations of the
relationship between rolling speed and exit temper-
ature for the same final rolled product with different
tail speeds in a new generation HSM plant for the
production of flat rolled products, in accordance with
the present invention; in fig. 5 the rolling speed for
head/body/tail is the same; in fig. 6 the tail is rolled
with modest speed-up.

[0051] We must clarify that the phraseology and termi-
nology used in the present description, as well as the
figures in the attached drawings also in relation as to how
described, have the sole function of better illustrating and
explaining the present invention, their purpose being to
provide a non-limiting example of the invention itself,
since the scope of protection is defined by the claims.
[0052] To facilitate comprehension, the same refer-
ence numbers have been used, where possible, to iden-
tify identical common elements in the drawings. It is un-
derstood that elements and characteristics of one em-
bodiment can be conveniently combined or incorporated
into other embodiments without further clarifications.

DESCRIPTION OF SOME EMBODIMENTS OF THE
PRESENT INVENTION

[0053] With reference to fig. 1, this shows a plant 10
in accordance with the present invention for the produc-
tion of a flat rolled product, for example a final strip P,
with a thickness comprised between approximately 0.9
mm and approximately 26 mm, wound in order to form a
coil starting from slabs 50 having a starting thickness
comprised between approximately 150 mm and approx-
imately 350 mm.

[0054] The plant10comprisesone ormore gas heating
furnaces 16, for example of the type known in the field
with the term "walking beam", configured to receive and
heat to a certain starting temperature T1 at least one slab
50, supplied even at ambient temperature. Advanta-
geously, at exit from the gas heating furnace 16 the slab
50 has a temperature comprised between approximately
1150 °C and approximately 1280 °C.

[0055] Asis known, in this type of furnace 16 the slabs
50 rest on fixed longitudinal members and are moved by
means of mobile longitudinal members, not shown in the
attached drawings, which are water-cooled so as not to
undergo deformations and/or structural failures under the
weight of the slabs at the heating temperatures.
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[0056] As schematically shown in fig. 2, the lower sur-
face of the slab 50 has, transversely, some impressions
50a known by the term "skid marks", which are formed
in correspondence with the zones where the slab 50 rests
on the cooled longitudinal members.

[0057] Theseimpressions50a have alength of approx-
imately 200 mm and have a surface temperature approx-
imately 100 °C lower than the surface that has not been
in contact with the longitudinal members, and this tem-
perature difference persists even outside the furnace.
Considering the average temperature in the section of
the slab 50, the temperature in correspondence with the
impressions 50a is comprised between approximately
15°C and approximately 30°C lower than in the zones
not affected by skid marks.

[0058] During rolling, this average temperature delta
is attenuated, and the corresponding zone affected by
the skid mark is lengthened due to the effect of the crush-
ing as a function of the slab thickness/bar thickness ratio.
[0059] By way of example, considering an initial slab
thickness of 200 mm and a thickness at exit from the last
pre-finishing stand of 15 mm, the length of the bar affect-
ed by the skid mark will be 200x200/15 = 2667 mm and
the average temperature delta is reduced to 10 - 20 °C.
[0060] By way of example only, a warehouse 40 is also
part of the plant 10, disposed substantially in line and
upstream of the heating gas furnace 16 and configured
to store the slabs 50, for example coming from another
production site or from another production area of the
same establishment. This warehouse 40, only schema-
tized in fig. 1, allows to selectively feed at least one slab
50 to the gas furnace 16, according to desired feeding
sequences and timings.

[0061] A first water descaling device 20, a vertical or
edging pass stand 21 and a reversible roughing stand
23, which is configured to subject the slab 50 to a certain
number of passes and reduce its thickness until an inter-
mediate rolled product 51 is obtained, are disposed, in
sequence, downstream of the gas heating furnace 16.
The intermediate rolled product 51 has, in an advanta-
geous embodiment, a thickness comprised between ap-
proximately 35 mm and 80 mm. As an indication only, at
the end of the desired roughing passes, the intermediate
rolled product 51 has an average temperature, in the
zones not affected by the impressions 50a, ranging be-
tween approximately 1000 °C and approximately 1150
°C.

[0062] It is not excluded, in other embodiments, that
two roughing stands 23 can be provided, with corre-
sponding vertical stands 21.

[0063] According to a further aspect of the present in-
vention, the at least one reversible roughing stand 23 is
in turn equipped with descaling means mounted on-
board and forming an integral part of the stand itself,
which are disposed both on the entry side and also on
the exit side of the stand (not shown in the drawings).
[0064] A second descaling device 24 and a continuous
finishing rolling train 25 are disposed, in succession,
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downstream of the reversible roughing stand 23.
[0065] In particular, the continuous finishing rolling
train 25 consists of two macro rolling units, one pre-fin-
ishing unit comprising two pre-finishing stands 26 and
onefinishing unit comprising a plurality of finishing stands
31, in this specific case five.

[0066] The continuous finishing rolling train 25 is con-
figured to progressively reduce the thickness of the in-
termediate rolled product 51 in order to obtain the final
strip P, with a minimum thickness of approximately 1 mm.
[0067] In some embodiments, not shown in the draw-
ings, the plant 10 can also comprise a vertical or edging
pass stand 21, both downstream of the reversible rough-
ing stand 23, and also upstream of the continuous finish-
ing rolling train 25.

[0068] In general, the number of pre-finishing stands
26 of the finishing rolling train 25 is comprised between
one and three, while the number of finishing stands 31
is comprised between five and six and their number and
disposition is chosen as a function of the steel grades,
the use of the finished product and the minimum and
maximum thicknesses that the final strip P assumes dur-
ing rolling.

[0069] In the solution according to the present inven-
tion, two pre-finishing stands 26 are provided, distanced
from the remaining finishing stands 31 of the finishing
rolling train 25, so that a pre-finished rolled product 52
having a thickness comprised between approximately 10
mm and approximately 50 mm exits from the pre-finishing
stands 26.

[0070] In addition, the pre-finishing stands 26 are dis-
posed at a certain distance D from the roughing stand
23, so that the intermediate rolled product 51 is never
simultaneously in operative engagement with both types
of stands.

[0071] In the solution according to the present inven-
tion, at least one load cell 40, only schematized in the
attached drawings, is associated with the last pre-finish-
ing stand 26, by means of which the increases in the
rolling force are detected, which are caused by the great-
erresistance to crushing of the "colder" impressions 50a
compared to the rest of the pre-finished rolled product 52.
[0072] It is not excluded that, in place of the load cell
40, another mechanical deformation detection device
can be used, suitable for the purpose of continuously
detecting the rolling load applied in order to obtain the
pre-finished rolled product 52.

[0073] As graphically shown in fig. 2, each impression
50a corresponds to a corresponding peak "A" of the roll-
ing force which, for a temperature of approximately 20
°C lower, corresponds to an increase of approximately
4% of the force required for rolling compared to the bar
parts comprised between two consecutive skid marks.
[0074] In the example solution shown in the drawings,
downstream of the pre-finishing stands 26 there is dis-
posed a flying shear 27, of the "crop shear" type, to trim
the heads and tails of the pre-finished rolled product 52
in order to facilitate its entry into the finishing stands 31
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and to reduce the chances of obstruction, especially for
the production of final strips having a thickness of less
than 3.0 mm.

[0075] The plant 10 according to the present invention
further comprises a rapid heating device 28 interposed
between the pre-finishing stands 26 and the finishing
stands 31 of the continuous rolling train 25.

[0076] The rapid heating device 28 is configured to
heat, in a selective and adjustable manner, the pre-fin-
ished rolled product 52 before it enters the finishing
stands 31.

[0077] Preferably, the rapid heating device 28 compris-
es, for example, an induction furnace consisting of ther-
mal induction modules which are able to be selectively
activated, even independently of each other.

[0078] In particular, the rapid heating device 28 com-
prises two first thermal induction modules 41 disposed
immediately downstream of the flying shear 27 and, in
this specific case, five second thermal induction modules
42. Both the first and also the second thermal induction
modules 41 and 42 are preferably of the transverse flow
type, so as to affect the entire cross-section of the pre-
finished rolled product 52.

[0079] Moreover, the plant 10 according to the present
invention comprises a command and control unit 44
which is connected both to the load cell 40 associated
with the last stand 26 of the pre-finishing unit, and also
to the rapid heating device 28, so as to selectively and
individually command both the drive as well as the over-
heating intensity to be given to the cold impressions 50a.
[0080] Since the bar exiting from the pre-finishing train
advances at a relatively low speed, of the order of 0.6 -
1.5m/s, itis possible to carry out an accurate and precise
tracking of the skid marks along the bar itself, through
the variations of the rolling force of the last pre-finishing
stand. Thanks to the rapid response times (reactivity) of
the rapid heating device 28, it is possible to carry out a
closed loop adjustment of the inductors in order to ther-
mally compensate for the cold bands caused by the skid
marks, and then level out the temperature profile and
deliver a pre-finished rolled product 52 with a uniform
temperature onits entire length to the finishing stands 31.
[0081] In particular, the first thermal induction modules
41 are selectively commanded to perform a localized
over-heating in correspondence with the impressions
50a, so as to substantially "level out" the surface temper-
ature thereof. The second thermal induction modules 42
are instead selectively driven to raise the overall temper-
ature of the pre-finished rolled product 52, in a
head/body/tail differentiated manner, in order to obtain a
certain constant target temperature for the entire length
of the product 52 at exit from the rapid heating device 28.
[0082] Advantageously, to be assured that the result
of the thermal restoration of the skid marks is actually
successful, a thermo-scanner 45 is provided at exit from
the rapid heating device 28, which also acts as a control
of the transverse thermal profile of the product 52, and
any relative over-heating of the edges.
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[0083] By way of example only, the temperature to
which the pre-finished rolled product 52 is heated, that
is, the temperature that it assumes at exit from the rapid
heating device 28, reaches a value advantageously com-
prised between approximately 1000 °C and approximate-
ly 1150 °C.

[0084] This allows to reduce the value of the rolling
mass flow MF| required to obtain the aforementioned
optimum temperature of at least 830 °C, for example
comprised between 830 °C and 920 °C, at the exit of the
last finishing stand 31.

[0085] Advantageously, downstream of the rapid heat-
ing device 28 and upstream of the finishing stands 31
there is also disposed a third water descaling device 29,
having the function of further cleaning the surface of the
pre-finished rolled product of scale, before it enters the
finishing stands 31.

[0086] Therefore, the scale that has been created on
the surface of the pre-finished rolled product 52 is effec-
tively removed, thereby preventing qualitative defects on
the rolled strip P such as, for example, rolled-in scale.
[0087] By way of example only, in the embodiment of
a plant 10 shown, downstream of the finishing stands 31
there is disposed a cooling device 33 comprising a plu-
rality of showers 34 which are able to be selectively ac-
tivated even independently of one another to cool the
strip P.

[0088] In addition, two winding reels 36, 38 are dis-
posed at exit from the showers 34 in order to wind the
strip P into coils and for its subsequent storage and ship-
ment.

[0089] The solution according to the presentinvention,
thanks to the standardization of the average temperature
of the pre-finished rolled product 52, by means of the
closed loop adjustment of the modules 41 and 42 of the
rapid heating device 28 that selectively over-heat the cold
bands of the intermediate bar which are detected through
the variations of the rolling force on the last pre-finishing
stand and that raise the overall temperature of the pre-
finished rolled product 52, allows an optimal control of
the thickness during the finishing rolling, guaranteeing
the exit temperature from the last finishing stand of at
least 830 °C.

[0090] The presentinvention also concerns a method
for the production of a strip P, wound to form a coil, start-
ing from slabs 50 having a starting thickness comprised
between approximately 150 mm and approximately 350
mm.

[0091] The method provides to heat at least one slab
50inthe gas heating furnace 16 to atemperature of 1150
- 1280 °C, and then feed the latter toward the first des-
caling device 20.

[0092] Subsequently, the slab 50 is moved toward the
edging pass stand 21 and then toward the reversible
roughing stand 23, in correspondence with which it is
subjected to somerolling passes thatreduce its thickness
until the intermediate rolled product 51 is obtained, hav-
ing a thickness comprised in a range of approximately
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35 mm to approximately 80 mm. Preferably, the number
of rolling passes carried out by the reversible roughing
stand 23 is no higher than five.

[0093] Theintermediate rolled product51isthentrans-
ported to the second descaling device 24, in which it is
subjected to surface descaling and subsequently moved
toward the continuous rolling train 25.

[0094] The intermediate rolled product 51 then enters
the pre-finishing stands 26 where its thickness is reduced
further, until the pre-finished rolled product 52 with a
thickness comprised between approximately 10 mm and
approximately 50 mm is defined.

[0095] In this step, the load cell 40 associated with the
last pre-finishing stand 26 detects the variations of the
rolling force which are applied by the pre-finishing stand
26 on the pre-finished rolled product 52, because of the
cold impressions 50a generated upstream, as men-
tioned, by the contact of the slab 50 with the longitudinal
members of the gas furnace 16.

[0096] The measurement carried out by the load cells
40 on the last pre-finishing stand 26 accurately detects
the trend of the rolling forces and therefore the position
of the skid marks along the pre-finished rolled product
52, this measurement is transmitted to the command and
controlunit44 which provides to command a certain over-
heating to the first modules 41 in correspondence with
the impressions 50a detected, in order to level out the
thermal differences and make the average temperature
of the pre-finished rolled product 52 that is fed to the
finishing stands 31 uniform.

[0097] Upstream of the rapid heating device 28, the
pre-finished rolled product 52 is subjected to a thermal
scan by means of a thermal scanner 43, suitable to per-
form a complete thermal scan of the section of the pre-
finished rolled product 52 entering the device 28.
[0098] This scan allows to identify the temperature of
the pre-finished rolled product 52, substantially on its en-
tire length considering its complete cross-section, in or-
der to communicate the real temperature conditions of
the product 52 itself to the command and control unit 44
and, consequently, to command the second modules 42,
so as to define the extent of the heating to be given to
the entire pre-finished rolled product 52 and to make its
temperature uniform.

[0099] Downstream of the rapid heating device 28 the
pre-finished rolled product 52 is subjected to another
thermal scan by means of a thermal scanner 45 in order
to check its temperature at exit, both in its length and
also in the transverse thermal profile. The transverse
thermal profile can be modified by acting on the shifting
position of the individual rapid heating modules 28.
[0100] Thanks to the thermal uniformity given by the
rapid heating device 28, itis possible to feed the finishing
stands 31 with a thermally uniform product 52 at a value
advantageously comprised between approximately 1000
°C and approximately 1150 °C and, at the same time,
reduce the value of the rolling mass flow MF | required,
in order to obtain the aforementioned optimal tempera-
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ture of at least 830 °C, for example comprised between
830 °C and 920 °C, at the exit of the last finishing stand.
[0101] To better clarify the product characteristics and
the advantages deriving from the solution according to
the presentinvention, please note a comparison between
what is shown graphically in figs. 3 and 4.

[0102] Fig. 3 shows a traditional HSM plant, in which
we have a roughing stand 92, a finishing rolling train 94
provided with finishing stands in substantial continuity
with each other, downstream of which there is provided
a cooling device 96, to produce a final strip P.

[0103] Asdisclosed in the state of the art, in traditional
HSM plants the temperature control of the bar at exit from
the roughing stand 92 is carried out by means of pyro-
metric detectors 93, with all the disadvantages already
explained.

[0104] By performing a control scan of the final strip P
at exit from the finishing rolling train 94, the following are
outlined: curve B1, relating to the temperatures, and
curve C1, relating to the thicknesses, both in relation to
a segment of strip P.

[0105] As can be seen, although some thermal meas-
urement has been made with the pyrometric detectors
93, both the trend of the temperatures as well as the trend
of the thicknesses, in the unit of length of the finished
strip P, have peaks and troughs with considerable differ-
ential, in particular in correspondence with the impres-
sions 50a caused by the skid marks, to the detriment of
the quality of the final strip P produced.

[0106] Instead, with the plant 10 solution according to
the presentinvention, carrying out the same control scan
of the final strip P, at exit from the finishing rolling train
25, the following are outlined: curve B, relating to the
temperatures, and curve C, relating to the thicknesses,
both in relation to a same segment of strip P.

[0107] For better understanding, we have overlapped
the curves B and C delineated by the scan of the strip P
produced with the plant 10 according to the present in-
vention with the respective curves B1 and C1 obtained
with the traditional plant described above.

[0108] One can see that, both in relation to the tem-
peratures and also in relation to the thicknesses, there
is a much more constanttrend of the curves, to the benefit
of a greater thermal and dimensional uniformity of the
final strip P. This uniformity results in a higher quality of
the final strip P obtained with the plant 10 according to
the present invention.

[0109] The reduction of the rolling mass flow MF, al-
lows to carry out the rolling with a reduced rolling speed
V|, preferably lower than 12 m/s, and at the same time
to reach the optimum temperature of at least 830 °C at
the exit of the continuous rolling train 25 also for the tail
of the final strip P, eliminating the need for the "speed-
up" as a tool for reaching the target temperature. An ex-
ample of such an embodimentis schematized graphically
in fig. 5.

[0110] Accordingtosomeembodiments, itmay be nec-
essarytoresortto speed-upinordertobe abletoincrease
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line productivity when making very thin thicknesses, or
to reach very high productivity with other thicknesses. An
example of such an embodiment is schematized graph-
ically in fig. 6.

[0111] Itis clear that modifications and/or additions of
parts or steps may be made to the plant 10 and to the
method for the production of flat rolled products as de-
scribed heretofore, without departing from the field and
scope of the present invention, as defined by the claims.
[0112] Itis also clear that, although the present inven-
tion has been described with reference to some specific
examples, aperson of skillin the art will be able to achieve
other equivalent forms of method and plant 10 for the
production of flat rolled products, having the character-
istics as set forth in the claims and hence all coming within
the field of protection defined thereby.

[0113] In the following claims, the sole purpose of the
references in brackets is to facilitate their reading and
they must not be considered as restrictive factors with
regard to the field of protection defined by the claims.

Claims

1. Rolling plant (10), for producing a final strip (P) start-
ing from a slab (50) having a certain starting thick-
ness, comprising at least one walking beam heating
furnace (16) configured to heat at least said slab (50)
to a certain temperature, and a finishing rolling train
(25) operatively disposed in line with at least one
roughing stand (23) and configured to reduce the
thickness of an intermediate rolled product (51), at
exit from said roughing stand (23), until said final
strip (P) is obtained; said finishing rolling train (25)
comprising at least one pre-finishing stand (26) able
to reduce the thickness of said intermediate rolled
product (51) in order to obtain a pre-finished rolled
product (52), and a plurality of finishing stands (31)
able to reduce the thickness of said pre-finished
rolled product (52), in order to obtain said final strip
(P), characterized in that it comprises mechanical
deformation detection means (40) directly associat-
ed at least with the last of said at least one pre-fin-
ishing stand (26) and able to detect the rolling force
applied on said pre-finished rolled product (52), a
rapid heating device (28), interposed between said
atleast one pre-finishing stand (26) and said plurality
of finishing stands (31), for heating said pre-finished
rolled product (52), and a command and control unit
(44) connected both to said mechanical deformation
detection means (40) and also to said rapid heating
device (28) and configured at least to selectively ac-
tivate said rapid heating device (28), at least as a
function of the rolling force detected by said mechan-
ical deformation detection means (40), in order to
thermally compensate for any cold zones and make
the temperature of the bar uniform on its entire
length.
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Plant (10) as in claim 1, characterized in that said
rapid heating device (28) comprises first thermal in-
duction modules (41) able to be selectively activated
and regulated by said command and control unit
(44), as a function of the rolling force detected by
said mechanical deformation detection means (40).

Plant (10) as in any claim hereinbefore, character-
ized in that said rapid heating device (28) comprises
second thermal induction modules (42) able to be
selectively activated and regulated by said com-
mand and control unit (44), as a function of a certain
target temperature of said intermediate rolled prod-
uct (52) to be obtained at exit from said heating de-
vice (28).

Plant (10) as in the previous claims, characterized
in that said first thermal induction modules (41) and
said second thermal induction modules (42) are of
the transverse flow type.

Plant (10) as in any claim hereinbefore, character-
ized in that it comprises thermal scanning means
(45) disposed at exit from said rapid heating device
(28) and configured for the transverse thermal de-
tection of said pre-finished rolled product (52).

Plant (10) as in any claim hereinbefore, character-
ized in that it comprises first thermal scanning
means (43) disposed upstream of said rapid heating
device (28) and configured to thermally scan said
prefinished rolled product (52).

Rolling method, for producing a final strip (P) starting
from a slab (50) having a certain starting thickness,
in a rolling plant (10) comprising at least one walking
beam heating furnace (16) configured to heat atleast
said slab (50) to a certain starting temperature, and
a finishing rolling train (25) disposed operatively in
line with at least one roughing stand (23) and con-
figured to reduce the thickness of an intermediate
rolled product (51), at exit from said roughing stand
(23), until said final strip (P) is obtained; said finishing
rolling train (25) comprising at least one pre-finishing
stand (26) able to reduce the thickness of said inter-
mediate rolled product (51) in order to obtain a pre-
finished rolled product (52), and a plurality of finish-
ing stands (31) able to reduce the thickness of said
pre-finished rolled product (52) in order to obtain said
final strip (P), characterized in that it comprises at
least one detection step in which, by means of me-
chanical deformation detection means (40) directly
associated at least with the last of said at least one
pre-finishing stand (26), the rolling force applied on
said pre-finished rolled product (52) is detected, at
least one heating step in which, by means of a rapid
heating device (28) interposed between said at least
one pre-finishing stand (26) and said plurality of fin-
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ishing stands (31), said pre-finished rolled product
(52) is heated, and a command step in which, by
means of a command and control unit (44) connect-
ed both to said mechanical deformation detection
means (40) and also to said rapid heating device
(28), said rapid heating device (28) is selectively ac-
tivated at least as a function of said rolling force de-
tected by said mechanical detection means (40), in
order to thermally compensate for any cold zones
and make the temperature of the bar uniform on its
entire length.

Method as in claim 7, characterized in that in said
detection step, said mechanical deformation detec-
tion means (40) detect one or more impressions
(50a) of said pre-finished rolled product (52) to which
there corresponds a greater resistance to deforma-
tion of the material which involves an increase in the
rolling force exerted by said pre-finishing stand (26).

Method as in claim 8, characterized in that in said
rapid heating step, first thermal induction modules
(41) of said rapid heating device (28) are selectively
activated by said command and control unit (44) to
carry out alocalized over-heating in correspondence
with said impressions (50a) of said pre-finished
rolled product (52), atleast as a function of the great-
er resistance to deformation of the material which
involves an increase in the rolling force, in order to
increase the temperature of said impressions (50a)
and make the temperature of said pre-finished rolled
product (52) uniform on its entire length.
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