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IMPROVING THE FLATNESS OF A ROLLED STRIP

Cross Reference to Related Applications

[0001] The present application claims the benefit of U.S. Provisional Patent
Application Ser. No. 61/776,241 filed March 11, 2013, which is hereby incorporated by

reference in its entirety.

Technical Field
[0002] The present disclosure relates to systems and methods for improving the

flatness of a metal strip.

Background

[0003] Hot and cold rolling are metal forming processes in which stock sheets or
strips are passed through a pair of rolls to reduce the thickness of the stock sheet or strip. In
some cases, the rolled strips are processed or otherwise treated after rolling. For example,
rolled strips may pass through a coating line to apply a coating of polymeric materials or
other suitable coating to the rolled strips. After the coating is applied, the coated strip may be
cured in an oven. In many cases, rolled strips emerge from the oven with center waves or
other distortion along the strip that reduce the overall flatness of the strip. It is thus desirable

to improve the flatness of the metal strip.

Summary

[0004] The term embodiment and like terms are intended to refer broadly to all of the
subject matter of this disclosure and the claims below. Statements containing these terms
should be understood not to limit the subject matter described herein or to limit the meaning

or scope of the claims below. Embodiments of the present disclosure covered herein are
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defined by the claims below, not this summary. This summary is a high-level overview of
various aspects of the disclosure and introduces some of the concepts that are further
described in the Detailed Description section below. This summary is not intended to
identify key or essential features of the claimed subject matter, nor is it intended to be used in
isolation to determine the scope of the claimed subject matter. The subject matter should be
understood by reference to appropriate portions of the entire specification of this disclosure,
any or all drawings and each claim.

[0005] The present disclosure recites methods and systems for improving the flatness
of a metal strip, including applying differential cooling across the width of a hot strip to
improve the flatness of the strip. In some embodiments, a feedback control loop can be
implemented including a flatness measurement device and a control system that controls the
differential cooling. If used, the control system can make automatic, dynamic adjustments

based on the flatness measurement of the differentially cooled strip.

Brief Description of the Drawings

[0006] The specification makes reference to the following appended figures, in which
use of like reference numerals in different figures is intended to illustrate like or analogous
components.

[0007] FIG. 1 is a schematic representation of a system for improving the flatness of

rolled strips.

[0008] FIG. 2 is a schematic representation of a portion of a cooling unit.
[0009] FIG. 3 is a schematic representation of a nozzle having a continuous slot.
[0010] FIG. 4 is an isometric view of a sleeve.

[0011] FIG. 5 is an isometric view of a continuous slot nozzle having a sleeve.
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[0012] FIG. 6 is a flow chart of a portion of a metalworking process including a

feedback control loop for calculating and applying differential cooling.

Detailed Description

[0013] Disclosed herein are systems and processes for improving the flatness of a
piece of rolled metal, hercinafter referred to as a “rolled strip” or a “strip.” In some
embodiments, a flatness measurement device is used to measure the flatness of a rolled strip.
A control system can receive the flatness measurements and control a cooling unit that
differentially cools the metal strip to create a desired non-homogenous temperature gradient
across the width of the metal strip. The temperature gradient generates differential tensions
in the strip, which are imparted while the metal strip is sufficiently hot and can improve the
flatness of the metal strip.

[0014] FIG. 1 is a schematic representation of a system 100 for improving the flatness
of rolled strips according to one embodiment. Metal can be rolled into a strip 102. The strip
102 can optionally be coated. As shown in FIG. 1, the strip 102, moving in a direction 104,
passes through an oven 106. After passing through the oven 106, the strip 102 will be hot.
The strip 102 then passes through a cooling unit 108. In the embodiment illustrated in FIG.
1, cooling unit 108 includes a plurality of nozzles 110 that distribute any suitable cooling
agent 112 (also referred to as a cooling medium) onto the strip 102. After passing through
the cooling unit 108, the strip 102 passes through a flatness measuring device 114. The
flatness measuring device 114 determines the flatness of the strip 102 and provides a flatness
signal 116 to a control system 118. The control system 118 then determines the desired
cooling profile and provides a cooling signal 120 to the cooling unit 108. Based on the
cooling signal 120, the cooling unit 108 can control, and adjust if needed, the application of

cooling agent 112, as described in further detail below.
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[0015] FIG. 2 is a schematic representation of a portion of a cooling unit 108. The
cooling unit 108 is configured to provide differential cooling across the width 202 of the strip
102 to reduce center waves or other distortion of the strip 102. The cooling unit 108 can be
part of the cooling section of a continuous process line, although the differential cooling may
be applied at any other suitable point during the metalworking process for rolled metals. In
some embodiments, the cooling unit 108 is positioned at a point in the process line so that
differential cooling is applied as the strip 102 exits the oven 106 of the coating line, although
the cooling unit 108 can be otherwise positioned so differential cooling is applied to the strip
102 at other points in the process line.

[0016] As mentioned above, cooling unit 108 can distribute a cooling agent 112 to the
strip 102. The cooling agent 112 can be distributed from above, below, or to the sides of the
strip 102, or any combination thereof. In some embodiments, the cooling agent 112 is air,
gas, water, oil, or any other cooling agent capable of sufficiently removing heat from the strip
102 to generate the desired differential cooling. The amount and application of cooling to
particular locations along the width of the strip 102 can be adjusted based on the desired
flatness.

[0017] Differential cooling can be achieved by cooling selected portions 204 of strip
102 along the width 202 of strip 102. In some embodiments, the selected portions 204 are
portions where the strip tension is highest. Strip tension can be highest at the edges 208 of
the strip 102. The more localized the stress, the less differential cooling may be required to
achieve the desired improved flatness. In some cases, a relatively small amount of cooling
(for example, but not limited to, cooling at or around 250° Celsius) can be applied to the
edges 208 of the strip 102, which can remove or reduce significant center buckles and/or
distortion from the strip 102. Portions along the width 202 of the strip 102 that receive less

cooling than the selected portions 204 are referred to as unselected portions 206. Unselected
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portions 206 can be portions where the strip tension is lower. Differential cooling includes
any difference in temperature applied across the width 202 of the strip 102. In some
embodiments, a selected portion 204 (e.g., an edge 208) along the width 202 of the strip 102
can be subjected to cooling while an unselected portion 206 (e.g., the middle of the strip 102)
along the width 202 of the strip 102 is not subjected to any cooling. In other embodiments, a
selected portion 204 (e.g., an edge 208) along the width 202 of the strip 102 can be subjected
to greater cooling than the cooling provided to the unselected portion 206 (e.g., the middle of
the strip 102) along the width 202 of the strip 102.

[0018] Application of differential (also referred to as non-uniform, preferential, or
selective) cooling to selected portion 204 of the width 202 of a strip 102 can cause the
selected portions 204 to thermally contract, increasing the tension along the selected portions
204. Differential cooling can cause a temporary temperature gradient along the strip 102
where the selected portions 204 of the width 202 of the strip 102 (e.g., the edges 208) are
cooler than the unselected portion(s) 206 (e.g., the middle).

[0019] In an embodiment where cooling is applied to the edges 208 of the strip 102 to
generate the temperature gradient, the tension at the edges 208 of the strip 102 can be
temporarily increased, compared to the warmer, unselected portion 206 (e.g., middle) of the
strip 102. Because the temperature along the width 202 of the strip 102 is not uniform,
differential tension exists along the width 202 of the strip 102. If this imposed tension
distribution is not equalized soon after being applied (e.g., by intervening support rolls, or
otherwise), and the strip 102 is sufficiently hot to yield slightly under the differential tension,
the differential temperature imparted by the differential cooling can cause the strip 102 to
lengthen slightly along the colder portion of the width 202 (e.g., the selected portions 204) of
the strip 102. Yield, as used herein, can be considered a permanent strain or elongation of the

strip 102, which partially relieves the applied stress (e.g., from the imposed tension
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distribution). The stress required to cause permanent strain decrcases as the strip 102
temperature increases. As used herein with reference to strip 102, yield includes permanent
strain at conventionally accepted yield stress levels, as well as at stress levels below the
conventionally accepted yield stress levels, such as the permanent strain that can occur from
rapid creep. Therefore, for a strip 102 to yield, as the term is used herein, it is not necessary
to induce differential tension that provides stress levels at or above the conventionally
accepted yield stress of the strip 102.

[0020] Regardless of whether or not the actual temperature gradient imposed on the
strip 102 is known, the temperature gradient is based on the differential cooling, which can be
based on various factors, such as models, flatness measurements, or other, as disclosed
herein.

[0021] Differential cooling of the edges 208 of a strip 102 causes a local
concentration of tensile stress sufficient to put the strip 102 into yield and stretch the edges
208, correcting any center waves or distortion present in the strip 102. In this way, the
flatness of the strip 102 can be adjusted and/or improved using differential cooling. When
active differential cooling of the strip 102 is discontinued, the temperature profile of the strip
102 across its width 202 will eventually equalize, but any changes due to yield will remain,
and therefore the improved flatness will be maintained.

[0022] Cooling agent 112 can be delivered by cooling unit 108 in any suitable way.
In one embodiment, as shown in FIGS. 1-2, cooling agent 112 is delivered through nozzles
110 of cooling unit 108. In one embodiment, such nozzles 110 are arranged in an array 212
of discrete nozzles 110. Referring to FIG. 2, cooling agent 112 can be delivered, through
supply lines 214, to the nozzles 110. A valve 210 associated with each nozzle 110 moves
between a closed position, in which cooling agent 112 is blocked, and an open position, in

which cooling agent 112 is allowed to pass. In such embodiments, valves 210 can be
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controlled to determine which nozzles 110 distribute cooling agent 112 and which nozzles
110 do not. Additionally, partial closing of some valves 210 can enable some nozzles 110 to
distribute less cooling agent 112 than other nearby nozzles 110 with fully opened valves 210.
Valves 210 can be manually adjustable or automatically adjustable. In some embodiments,
valves 210 are dynamically controlled by a control system 118.

[0023] FIG. 3 is a schematic representation of a nozzle 110 that is a continuous slot
nozzle 302 having a continuous slot 304. Instead of arrays 212 of discrete nozzles 110 as
shown in FIGS. 1-2, continuous slot nozzle 302 of FIG. 3 includes at least one continuous
slot 304. In other embodiments, other suitable structure for distributing cooling agent 112 is
utilized instead of at least one continuous slot 304. As shown in FIG. 3, continuous slot
nozzle 302 includes a sleeve 306 that partially blocks cooling agent 112 from being applied
to the strip 102. In this way, cooling agent 112 can be directed to selected portions 204 (e.g.,
the edges 208) of the strip 102 to cool the strip 102 at the selected portion 204 (e.g., those
edges 208). As also described above, application of cooling agent 112 can be controlled
across the width 202 of the strip 102 so that the cooling is uneven transversely across the
width 202 of the strip 102. Application of cooling agent 112 can be entirely or partially
suppressed across unselected portions 206 of the strip.

[0024] FIG. 4 is an isometric view of a sleeve 306 (sometimes referred to as a cover)
according to one embodiment. Sleeve 306 includes one or more openings 402 through which
cooling agent 112 can be allowed to flow. The openings 402 can be of various shapes and
sizes. The portion of sleeve 306 between the openings 402 is an occlusion portion 404,
which blocks cooling agent 112 from being applied to the strip 102.

[0025] FIG. 5 is an isometric view of a continuous slot nozzle 302 with a sleeve 306
according to another embodiment. Sleeve 306 includes at least one occlusion portion 404.

As described above, continuous slot 304 is configured to apply cooling agent 112 to strip
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102. The sleeve 306 depicted in FIG. 5 includes one occlusion portion 404, which occludes
at least some of the width of the continuous slot 304, thereby blocking cooling agent 112
from being applied to the strip 102 where the sleeve 306 occludes the continuous slot 304.
The occlusion portion 404 of the sleeve approximately corresponds to the unselected portion
206 of the strip 102. In some embodiments, the occlusion portion(s) 404 can be designed to
partially limit, as opposed to completely block, the amount of cooling agent 112 delivered to
the unselected portion 206 of the strip 102. The occlusion portion(s) 404 can be designed to
at least partially limit delivery of cooling agent 112 in various ways, including, for example,
having holes or being made of a mesh material.

[0026] In some embodiments, the sleeve 306 can be movable and/or adjustable to
adjust the size and/or position of the occlusion portion 404 with respect to the continuous slot
304. The sleeve 306 can incorporate two overlapping sleeves 306 that slidably move with
respect to one another, wherein each of their occlusion portions 404 can overlap to varying
extents in order to adjust the size of the actual occlusion portion 404 with respect to the
continuous slot 304. The sleeve 306 can be manually adjustable or automatically adjustable.
In some embodiments, the sleeve 306 may be dynamically adjusted by a control system 118.
The sleeve 306 can be adjusted depending on the desired distribution path of the cooling
agent 112 and the desired flatness of the strip 102. In some embodiments, each sleeve 306
may be adjusted differently along the strip 102 (e.g., over each edge 208 of the strip 102) to
provide independent control so that the strip 102 can be asymmetrically cooled relative to a
midpoint of the width 202 of the strip 102.

[0027] In some embodiments, the differential cooling described above can be applied
and adjusted using information obtained from a feedback control loop. FIG. 6 is a flow chart
of a portion of a metalworking process 600 including an exemplary feedback control loop for

calculating and applying differential cooling. With reference to FIG. 6, a metal strip 102 is
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rolled at block 602. The strip 102 is optionally coated at block 604. The strip 102 is
optionally heated at block 606. Differential cooling is applied to the strip 102 by a cooling
unit 108 at block 608, according to cooling parameters at block 610. Cooling parameters can
be stored in the control system 118. After the strip 102 is differentially cooled at block 608,
the strip 102 is allowed to yield at block 612. At block 612, the strip 102 can be kept away
from portions of the metalworking process (e.g., intervening support rolls, or otherwise) that
can equalize the temperature gradient across the width 202 of the strip 102 or mechanically
equalize the imposed tension distribution across the width 202 of the strip 102 (e.g., by the
strip 102 wrapping around an intervening roller) before the strip 102 has been allowed to
yield. The flatness of the strip 102 is measured at block 614. Results from the flatness
measurement of block 614 are used to calculate the differential cooling necessary for the
desired flatness at block 616. The cooling parameters are adjusted at block 610 based on the
calculated differential cooling from block 616. In some embodiments, updated cooling
parameters are sent to the cooling unit 108 to make adjustments to the distribution of cooling
agent 112. In alternate embodiments, cooling parameters are stored in a storage device and
updated as needed. In these embodiments, the cooling unit 108 accesses (e.g., routinely
accesses or otherwise is prompted to access) the storage device to determine how to distribute
the cooling agent 112.

[0028] As described above, the system 100 shown in FIG. 1 may optionally include a
closed feedback loop control system 118 that enables automatic control and/or adjustment of
the differential cooling based on measurements of the strip’s 102 flatness. In some
embodiments, feedback loop control system 118 proceeds as illustrated in FIG. 6.
Measurement of the strip’s 102 flatness can be taken upstream or downstream of the cooling

unit 108. The order of blocks in FIG. 6 can be adjusted accordingly.
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[0029] The flatness measuring device 114 of FIG. 1 may be a segmented stress roll
(e.g., a stressometer roll produced by ABB Ltd), an optical device (e.g., a VIP optical flatness
measurement device produced by Volmer America, Inc. or a non-contact laser system such as
produced by Shapeline in Link&ping, Sweden), or a different suitable measuring technique
capable of measuring the flatness of the sheet in order to provide a flatness signal 116 to the
control system 118.

[0030] In some embodiments, the flatness measuring device 114 is positioned so it is
higher than the strip 102. In other embodiments, the flatness measuring device 114 is
positioned at any suitable height and in any suitable location. In some embodiments, the
actual flatness of the strip 102 is measured downstream of the cooling unit 108 or at another
location where the strip 102 temperature is approximately uniform (e.g., the temperature
profile of the strip has substantially equalized so the temperature gradient is substantially no
longer present) to obtain an accurate reading of flatness.

[0031] The control system 118 can use the flatness signal 116 to determine any
necessary adjustments that are to be made to the cooling unit 108 in order to achieve the
desired flatness. The control system 118 can compare the measured flatness from the flatness
measuring device 114 with a desired flatness that has been previously selected and/or stored
in the memory of the control system 118. The control system 118 can then send a cooling
signal 120 to the cooling unit 108. The cooling signal 120 can direct the cooling unit 108 to
adjust the dispersion of cooling agent 112 as described herein. Adjustments can be made to
the volume and/or temperature of the cooling agent 112 and/or the locations to which the
cooling agent 112 will be applied relative to the strip 102 (e.g., the size and position of the
selected portions 204).

[0032] In one embodiment, delivery of the cooling agent 112 is adjusted by adjusting

the one or more moveable sleeves 306, as described herein. In other embodiments, the
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delivery of cooling agent 112 is adjusted by adjusting valves 210 in the supply lines 214 to
discrete cooling nozzles 110. In this way, the flatness measurement of a strip 102 can be
used to automatically and dynamically adjust and control the differential cooling to improve
the flatness of the strip 102. The feedback control system enables the differential cooling of
the strip 102 to serve as an adjustable actuator to adjust and correct any buckling and/or
curvature of the strip 102, so its flatness reaches a desired level. The flatness then can be
optimized by automatic feed-forward or feedback control, depending on the actual flatness
measurement.

[0033] In some embodiments, the control system 118 can use information from a
model-based approach (e.g., a coil stress model) instead of flatness measurements to
determine the necessary differential cooling to be applied to the strip 102. A flatness
measuring device 114 can be omitted in some embodiments. In some embodiments, using a
model-based approach eliminates or reduces the need for actual measurements of the flatness
of the strip 102, such that the determination of what differential cooling is to be applied could
be made based on the model.

[0034] It can be desirable to differentially cool strips 102, as described herein, after
rolling, at least because distortions can appear in the strip 102 after rolling, although the
differential cooling described herein is not so limited. It can be desirable to differentially
cool strips 102, as described herein, after the strip 102 has been coated and passed through an
oven 106, at least because the coating and heating stages can induce distortions in the strip
102. However, differential cooling is not limited to use in cooling sections after the strip 102
passes through a coating line. Instead, differential cooling can be applied in any other
suitable process line or at any other stage in the process. For example, differential cooling
can be applied at the cooling section of a continuous annealing line, or at any other suitable

line or stage of the process. In addition, the differential cooling described above can also be
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used to control the camber (sometimes referred to as the lateral bow) of the strip by applying
differential cooling resulting in an asymmetric temperature gradient. Various embodiments
can apply differential cooling, as described above, in various desired fashions along any
suitable thermal line, including cold rolling mills.

[0035] It can be desirable to differentially cool strips 102, as described herein, rather
than use other flattening devices in an effort to improve the flatness of the strip 102, at least
because other flattening devices can add in some degree of unflatness, harm coatings and/or
finishes of the strip 102, and/or can have negative effects (e.g., reduced formability of the
strip 102 due to leveling) on certain mechanical properties of the strip 102. It can be
desirable to differentially cool strips 102, as described herein, rather than use other methods,
at least because the differential cooling described herein can produce strips 102 with
increased uniformity across the width 202 of the strip 102. It can be desirable to
differentially cool strips 102, as described herein, over other methods, as it can reduce the
amount of leveling that may be necessary downstream.

[0036] All patents, publications and abstracts cited above are incorporated herein by
reference in their entirety. Various embodiments have been described. It should be
recognized that these embodiments are merely illustrative of the principles of the present
disclosure. Numerous modifications and adaptations thereof will be readily apparent to those
skilled in the art without departing from the spirit and scope of the present disclosure as

defined in the following claims.
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Claims
What is claimed is:
L. A system for improving flatness of rolled metal, comprising:

a cooling unit comprising at least one nozzle for distributing cooling agent to a strip,
wherein:
the cooling unit is operable to cool a selected portion of a width of the strip more than

an unselected portion of the width of the strip.

2. The system of claim 1, wherein the selected portion is an edge of the strip and the

unselected portion is a middle of the strip.

3. The system of claim 1, wherein the at least one nozzle comprises a continuous slot for
distributing the cooling agent and a sleeve comprising an occlusion portion positioned to

block distribution of the cooling agent onto the unselected portion of the strip.

4. The system of claim 1, wherein:

the at least one nozzle comprises a plurality of nozzles for applying the cooling agent
to the strip;

one or more valves fluidly connecting respective ones of the plurality of nozzles to a
supply of the cooling agent, each of the one or more valves being actuatable to restrict flow
of the cooling agent from the respective ones of the nozzles; and

the cooling unit is operable to actuate the one or more valves of the plurality of
nozzles to block distribution of the cooling agent on the unselected portion of the width of the

strip.
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5. The system of claim 4, wherein:

the cooling unit is further operable to cool a first portion of the cooling agent
distributable through a first set of the plurality of nozzles to a temperature below a second
portion of the cooling agent distributable through a second set of the plurality of nozzles;

the first set of the plurality of nozzles is positioned to distribute the first portion of the
cooling agent to the selected portion of the width of the strip; and

the second set of the plurality of nozzles is positioned to distribute the second portion

of the cooling agent to the unselected portion of the width of the strip.

6. The system of claim 1, wherein the cooling agent is air blown through the at least one
nozzle.
7. The system of claim 1, additionally comprising a flatness measuring device, wherein:

the flatness measuring device outputs a flatness signal indicative of the flatness of the
strip along the width of the strip; and
the cooling unit is operable to cool the selected portion of the width of the strip more

than the unselected portion of the width of the strip based on the flatness signal.

8. The system of claim 7, additionally comprising a control system, wherein:
the control system is operable to compare the flatness signal to the desired flatness
and output a cooling signal to the cooling unit; and
the cooling unit is coupled to the control system to cool the selected portion of the
width of the strip more than the unselected portion of the width of the strip based on the

cooling signal.
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9. The system of claim 1, wherein the strip is coated.

10. A method of improving flatness in rolled metal, including:

heating a strip;

selectively cooling the strip to induce a temperature gradient in the strip across a
width of the strip; and

maintaining the temperature gradient in the strip for a desired amount of time.

11. The method of claim 10, wherein the selectively cooling results in each edge of the
width of the strip having a first temperature colder than a second temperature of a middle of

the strip.

12. The method of claim 10, wherein the selectively cooling includes:

applying a cooling agent to selected portions of the width of the strip.

13. The method of claim 12, wherein the applying the cooling agent includes:
actuating at least one valve of an array of valves on an array of nozzles to selectively
block distribution of the cooling agent from each of the array of nozzles positioned adjacent

an unselected portion of the width of the strip.

14. The method of claim 12, wherein the applying the cooling agent includes:

applying the cooling agent from a continuous slot of a nozzle; and
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positioning an occlusion portion of a sleeve over the continuous slot to block

distribution of the cooling agent from the continuous slot to an unselected portion of the

width of the strip.

15. The method of claim 10, additionally comprising:
measuring a flatness of the strip, wherein the temperature gradient is based on a

flatness measurement of the strip.

16. The method of claim 15, additionally comprising:
comparing the flatness measurement of the strip to a desired flatness to generate a

cooling signal, wherein the temperature gradient is based on the cooling signal.

17. The method of claim 15, wherein:

the temperature gradient is induced so a first portion of the width of the strip is cooled
to a temperature below a second portion of the width of the strip; and

the first portion of the width of the strip has a first magnitude of tensile stress greater

than a second magnitude of tensile stress of the second portion of the width of the strip.

18. The method of claim 10, additionally comprising applying a coating to the strip prior

to selectively cooling the strip.
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19. A system for improving flatness in rolled metal, including:

a cooling unit for accepting a coated and heated strip;

a plurality of nozzles fluidly connected to a supply of cooling agent and positioned in
the cooling unit;

a control system coupled to the cooling unit to control the plurality of nozzles to
distribute cooling agent to selected portions of the coated and heated strip to induce a
temperature gradient along a width of the coated and heated strip; and

a flatness measuring device positioned to measure a flatness of the coated and heated
strip and coupled to the control system to transmit a flatness signal to the control system;

wherein the temperature gradient is based on a comparison of the flatness signal and a

desired flatness of the coated and heated strip.

20.  The system of claim 19, wherein:

the cooling agent is air;

the selected portions of the coated and heated strip are edges of the coated and heated
strip;

the temperature gradient includes a middle of the coated and heated strip having a first
temperature at or above a yield temperature of the coated and heated strip; and

the temperature gradient includes the selected portions of the coated and heated strip

each having a second temperature below the first temperature.



WO 2014/164115 PCT/US2014/020633

iR
el
-

[ =]

fochey

e

{ONTROL
SYSTEM

- L <3
s e i, e guocooc
RS T e e e B e fooaac
g -
e e

o
oven e . ]
~
o e = T S
i ~IIz=E preecd
EI - — T
— e
il S,
e’ e,
e T o S
e WE T I L s
LI -
. P e




WO 2014/164115 PCT/US2014/020633

Eooed
:
DD
Efe=] M o
) & S
g [
=3
oo
— @:%] e
=
/”/'-‘//
%]{—-‘:‘ -
\:l‘: 1 d/
e
e T
e e —
EDIITT T et
\___\ ~— e
;T
= = /
£ood e
- ok
— oo
b &
&4
o
=3



WO 2014/164115

Lol o
oo o
s

PCT/US2014/020633




WO 2014/164115 PCT/US2014/020633




PCT/US2014/020633

WO 2014/164115




WO 2014/164115 PCT/US2014/020633
/6
|02
ROLL STRIP rf?@
““““““““““““““““ sy
“““““““““““““““““ sy
608
DIFFERENTIALLY COOL STRIP . {DOLING PARAMETERS
8
\\\ 610
CALCULATE DIFFERENTIAL
SIRIF ALLOWED TO YIEID {QOLING NECESSARY FOR
\\\ DESIRED FLATRESS
§17 ;
\\ 616

MEASURE FLATNESS OF STRIP




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2014/020633

A. CLASSIFICATION OF SUBJECT MATTER

INV. B21B37/44 B21B38/02
ADD.

B21B45/02

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

B21B

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 2009/024644 Al (OUTOKUMPU 0Y [FI]; 1-20
SOEDERLUND STEPHAN [SE])
26 February 2009 (2009-02-26)
page 4, paragraph 2 - page 7, paragraph 1;
claims 1-11; figure 1
X EP 1 634 657 Al (JFE STEEL CORP [JP]) 1,10
15 March 2006 (2006-03-15)
claims 1-22; figure 8
X JP S60 166117 A (KAWASAKI STEEL CO) 1,10,19
29 August 1985 (1985-08-29)
abstract; figures 3-4
X JP H11 57839 A (MITSUBISHI HEAVY IND LTD) 1,10
2 March 1999 (1999-03-02)
abstract; figures 2,4

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

4 July 2014

Date of mailing of the international search report

20/08/2014

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Forciniti, Marco

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2014/020633
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2009024644 Al 26-02-2009 CN 101778679 A 14-07-2010
EP 2178658 Al 28-04-2010
FI 20070622 A 15-04-2009
JP 2010537046 A 02-12-2010
KR 20100046012 A 04-05-2010
TW 200920506 A 16-05-2009
US 2011208345 Al 25-08-2011
WO 2009024644 Al 26-02-2009

EP 1634657 Al 15-03-2006  CN 1805803 A 19-07-2006
EP 1634657 Al 15-03-2006
JP 5218435 B2 26-06-2013
JP 2010110823 A 20-05-2010
KR 20060018254 A 28-02-2006
TW 1286089 B 01-09-2007
WO 2004110662 Al 23-12-2004

JP S60166117 A 29-08-1985  NONE

JP H1157839 A 02-03-1999 JP 3276318 B2 22-04-2002
JP H1157839 A 02-03-1999

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - wo-search-report
	Page 26 - wo-search-report

