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METHOD AND EQUIPMENT FOR FLATNESS CONTROL IN COOLING A
STAINLESS STEEL STRIP

The present invention relates to a method and an equipment to control flatness
in connection with cooling after annealing in a finishing line of a stainless steel

strip.

When producing a thin metal strip, such as a thin stainless steel strip, the
material for the strip is first hot-rolled to a thickness of 3 mm and then cold-
rolled in order to further reduce the thickness. The cold rolling is carried out in
several passes through one cold-rolling mill or in several subsequent cold-rolling
mills. Cold rolling increases the mechanical strength of the stainless steel,
particularly austenitic stainless steel, which mechanical strength is itself
desirable for many applications. However, the strips also become practically
impossible to work, e.g. to bend, stamp, emboss. It is therefore to anneal the
strips upon completion of the cold-rolling process, by heating the strips to a
temperature above the recrystallization temperature of the steel, i.e. to a
temperature above 1050 °C. The strip is then cooled in a cooling box. When
heating the strip in the annealing furnace, oxides form on the sides of the strip,
partially in the form of oxide scale. The cooled strip is descaled for instance in a
shot-blasting machine and then pickled in a pickling bath. After pickling the
terminating cold rolling is then achieved as skin-pass rolling. The strip from skin-
pass rolling can be used for instance in welding tube manufacturing.
Alternatively, the strip from skin-pass rolling can further be treated in an
annealing furnace in order to achieve the individual and desired properties for
use of the strip in many applications.

When treating the strip in separate stages the flatness of the strip shall control
in order to have a good quality for the strip product. The EP patent application
1153673 relates to a metal plate flatness controlling method and device by
preventing waviness from occurring at the edge portions of a plate or sheet
when it is cooled to the room temperature after completing hot rolling. The
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method controls the flatness of the metal sheet or plate by homogenizing the
surface temperature distribution of the metal sheet or plate through measuring
the surface temperatures of the metal sheet or plate at the edge portions and
the centre portion across its width between two rolling stands of a tandem
finishing mill or at the entry to and/or exit from a reversing finishing mill or after
completing hot rolling or after hot levelling and the cooling the metal sheet or
plate after completing the finishing rolling. The object of the EP patent
application 1153673 is to lead heat onto the surface of the metal sheet or plate
in order to maintain a uniform temperature crosswise to the metal sheet or plate

before lowering of the temperature during rolling.

The JP patent application 2002-045907 describes a method and a device for
controlling flatness of a metal sheet. The surface temperature of the metal sheet
is measured between finishing mills of a hot tandem mill or on the outlet of a
tandem mill as well as the residual stress of thermal stress, which is generated
at the normal temperature, is estimated based on the surface temperature and
the residual stress imparted in the width direction with the finishing mill is
controlled so that wave shapes are not generated by that residual stress. The
object of the JP patent application 2002-045907 is to achieve a flat metal sheet
before lowering of the temperature during rolling.

The method and the device described in the JP patent application 2002-045908
is different from the methods and devices of the EP patent application 1153673
and JP patent application 2002-045907 described above that the object of this
JP patent application 2002-045908 is to straighten the unflatness, followed from
the previous process steps, during hot rolling of thick plates or sheets made of

iron, aluminium or titanium using as a cooling medium only water.

The flatness control based on the temperature measurement described in the
above mentioned prior art publications, JP patent applications 2002-045907 and
2002-045908 as well as the EP patent application 1153673, relates to the
methods to keep the surface temperature distribution of the material before to
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be rolled in finishing rolling, such as skin-pass rolling, stable in order that a good
and uniform rolling result for the flatness is achieved.

The object of the present invention is to create an improved method and
equipment in order to control flatness for a thin metal strip through determining
the temperature of a thin metal strip during cooling when the thin metal strip is
annealed in a finishing line. The essential features of the present invention are
enlisted in the appended claims.

In accordance with the present invention a hot thin stainless steel strip from the
finishing annealing treatment is conducted through the cooling area, the
temperature determination area and the flathess control. The cooling area
contains at least two groups of feeding devices for the cooling medium or
media, such as nozzles, which are located in an essentially transversal position
to the direction of the strip movement so that the cooling effect of one group is
extended essentially in the whole area of the strip width. The temperature
determination area contains a temperature determination device, which is
advantageously located above the stainless steel strip. The temperature
determination device is also located so that at least one group of the nozzles is
located after the temperature determination device in the direction of the strip
movement. The flatness control contains a device, which controls the flatness in
the separate areas in the transversal direction of the strip to the direction of the
strip movement. The flatness control device is located after the cooling area in
the direction of the strip movement and the flatness control device is further

located advantageously beneath the strip.

The feeding devices for the cooling medium or media, the temperature
determination device and the flatness control device are electrically connected
with a central processing unit, such as a computer, which controls the operation
of the cooling and flatness control of the invention. The central processing unit
also records the data received from the temperature determination device and
the flatness control device. The central processing unit utilizes this
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predetermined and recorded data in the operation control of the feeding devices

for the cooling medium or media in the cooling area.

The nozzles, which are used for feeding cooling medium or media to the
stainless steel strip in accordance with the invention, are mechanically
connected to the source of the cooling medium or to the sources of the cooling
media. At least one group of the nozzles located in an essentially transversal
position to the direction of the strip movement is located beneath the strip to be
cooled. The cooling medium is advantageously water, which is fed onto the strip
through the nozzles located beneath the strip. However, the cooling medium is
partly also gas, inert gas like nitrogen or argon, and gas is fed onto the strip at
least through the nozzles located beyond the strip.

The flatness control according to the invention is carried out using a roll-type
control device. This roll-type control device contains a rotatable shaft and the
flatness control units are contiguously mounted around the shaft so that the
flatness control units are extended at least in the whole area of the strip width.
The width of each flatness control unit in the transversal direction of the strip to
the direction of the strip movement is preferably essentially the same. The
flatness control is divided into zones, which widths represent the widths of the
flatness control units. The flatness control units rotate within the rotatable shaft
so that the flatness control units have a continuous mechanical contact with the
strip.

The temperature determination device is advantageously a thermoscanner,
which is installed movable transversally to the direction of the strip movement
and which essentially continuously scans the surface of the strip in order to
determine the surface temperature of the stainless steel strip. The
thermoscanner operates so that the thermoscanner determines the surface
temperature of the strip in zones in the transversal direction of the strip to the
direction of the strip movement. The widths of the zones for the temperature
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determination are essentially similar in widths to the zones of the flatness

control.

The groups of nozzles in an essentially transversal position to the direction of
the strip movement and used for feeding the cooling medium or media onto the
surface of the stainless steel strip are located in the width to the strip so that
each flatness control zone is provided with one nozzle, and one group of
nozzles covers the whole width of the strip. The nozzle is designed so that each
nozzle forms an essentially wedge-shaped shower of the cooling medium or
media onto that zone whereto the nozzle is directed. Thus each nozzle in one
group covers with the cooling medium essentially only one zone on the strip.

When the method and equipment of the invention is in the operation, the hot
strip is first precooled in the cooling area wherein by means of a plurality of
groups of nozzles inert gas is blasted onto the surface of the strip. In the
precooling area at least one group of nozzles is advantageously installed for
blasting water as cooling medium on the surface of the strip to be cooled. Then
the thermoscanner determines the temperature in separate zones of the strip
and the value of the temperature determination in each zone is compared with
the data recorded in the central processing unit for the flatness of the strip.
When the value of the temperature is essentially different from the
predetermined desired value of flatness, the strip is further cooled blasting
water through at least one group of nozzles onto the surface of the strip before
the flatness control. The value of the flatness control is recorded in the central
processing unit and the data is used for adjusting the nozzles at least in the
precooling area in order to achieve the desired temperature for the prospective
flatness of the whole width of the strip.

The method and equipment of the invention is particularly suitable for the strip
which thickness is below 1 millimeter. When desired flatness is achieved within
the invention, the speed of the strip in the finishing line is increased and
therefore the capacity of the finishing line is also greater.
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The present invention is described in more details in the following referring to
the drawings wherein

Fig. 1 illustrates one preferred embodiment of the invention in schematical
manner as a beyond view in lancing position,

Fig. 2 illustrates the embodiment of Fig. 1 in schematical manner seen in

glancing underarm position.

In accordance with Figs. 1 - 2 the hot strip 1 to be cooled is moving to the
direction, which is illustrated by the arrow 2. The strip 1 is by an illustration
manner divided into zones 3. The strip 1 goes first through a precooling area 4,
which contains groups of nozzles 5 and 6. The nozzles 5 and 6 are
mechanically connected with sources of cooling media (not illustrated), and the
groups nozzles 5 and 6 are in individual manner, nozzle by nozzle, electrically
connected 10 to a central processing unit, a computer 7. The groups of nozzles
5 and 6 are located in a transversal position to the movement direction 2 of the
strip 1 in such a way that cooling medium is blasted through one nozzle 5 and 6
in the group to one zone 3 of the strip 1. The nozzles 5 and 6 are constructed
so that the cooling media forms a wedge-shaped blast as illustrated in the
drawings. The nozzles 5 and 6 are located to the strip 1 so that each nozzle 5
and 6 has the peak angle (a) for the wedge-shaped blast between 20 and 30
degrees. The cooling medium fed through nozzles 5 is gas and fed through
nozzles 6 the cooling medium is water. The amount of cooling media is adjusted
for each separate nozzle 5 and 6 utilizing the predetermined values recorded in
the computer 7.

After moving through the precooling area 4 the temperature of the separate
zones 3 of the strip 1 is determined with a thermoscanner 8, which is electrically
connected 14 with the computer 7. The determined temperature values from the
separate zones 3 are recorded into the computer 7, and these new determined
temperature values are compared with the predetermined and desired
temperature values in each separate zone 3 in the computer 7. When the
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determined and predetermined desired values of the temperature are different
from each other, the group of nozzles 9 having a nozzle for each zone 3,
located in a transversal position and after the thermoscanner 8 installed
movable transversally shown by the arrow 17 to the movement direction 2 of the
strip 1, is utilized to even the differences in the temperature values. The group
of nozzles 9 is electrically connected 15 with the computer 7 so that each
nozzle 9 is adjusted in individual manner, nozzle by nozzle, to blast water as
cooling medium onto the strip 1, when the blast is necessary because of the
difference between the predetermined and determined temperature values. The
strip 1 is further moved to the flatness control 11. The flatness of the strip 1 is
determined utilizing flatness control units 12, which are installed around a
rotatable shaft 13 of the flatness control 11. The flatness control units 12 are
unit by unit electrically connected 16 with the computer 7 and the flatness
control values determined by each unit 12 are recorded in the computer 7. The
flatness control units 12 have the same width as the zones 3 which are
illustrated in longitudinal direction to the strip 1.
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CLAIMS

1. Method for controlling flatness of a stainless steel strip in connection with
cooling after annealing in a finishing line, characterized in that the strip (1) is
first in the direction of the strip movement (2) cooled feeding at least one
cooling medium through at least one group of feeding devices (5,6) located
transversally to the direction of the strip movement for the whole width of the
strip (1), the amount of the cooling medium being adjusted utilizing the recorded
and predetermined data (7) of desired temperature of the strip for flatness, the
temperature of the strip is then determined (8) and after the temperature
determination a further step of cooling is carried out feeding at least one cooling
medium through at least one group of feeding devices (9) located transversally
to the direction of the strip movement (2), when the determined value of
temperature is different from the predetermined value of temperature, before
the flatness is controlled using a control device (11) containing a plurality of
flatness control units (12) and locating transversally to the direction of the strip

movement (2).

2. Method according to the claim 1, characterized in that the temperature is
determined utilizing a thermoscanner (8), which is movable transversally (17) to
the direction of the strip movement (2), and using the thermoscanner (8) the
temperature is determined in longitudinal zones (3) of the strip and which zones

(3) are defined by the width of the flatness control units (12).

3. Method according to the claims 1 or 2, characterized in that the group of
feeding devices (5,6,9) for the cooling medium are individually adjusted in
amounts of cooling medium using the predetermined and respectively
determined data.

4. Method according to the claims 1, 2 or 3, characterized in that the cooling

medium is wedge-shaped blasted through the nozzles (5,6,9) onto the strip.
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5. Method according to the claim 4, characterized in that the peak angle (o) for
the wedge-shaped blasting for the groups of nozzles (5,6,9) is between 20 and

30 degrees.

6. Equipment for controlling flatness of a stainless steel strip in connection with
cooling after annealing in a finishing line, characterized in that by means of the
flatness control units (12) of the flatness control device (11) the width of the strip
(1) is defined in longitudinal zones (3) in utilization for determining the
temperature (8) of the strip and in utilization for locating the feeding devices
(5,6,9) for the cooling media in the cooling areas before and after the

temperature determination (8).

7. Equipment according to the claim 6, characterized in that the feeding
devices (5,6,9) for the cooling media are located in the whole width of the strip
(1) transversally to the direction of the strip movement (2).

8. Equipment according to the claim 6 or 7, characterized in that at least one

group of feeding devices (9) is located after the temperature determination.

9. Equipment according to the claim 6, 7 or 8, characterized in that at least the
feeding devices (6,9) for using as cooling medium water are located beneath

the strip (1).

10. Equipment according to any of the claims 6 - 9, characterized in that the

thermoscanner (8) is utilized for the temperature determination.

11. Equipment according to any of the claims 6 - 10, characterized in that the
feeding devices for cooling media (5,6,9), the device (8) for the temperature
determination and the flatness control units (12) are electrically connected
(10,14,15,16) with a central processing unit (7).
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