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A BSTRACT

The 1nvention relates to a method and an installation for
hot rolling steel strip (S), wherein the installation has
a hot rolling line (2) which comprises a plurality of
rolling stands (F1-F7) that are passed through
successively 1n the conveying direction (F) of the steel
strip (S) to be hot rolled, and has a cooling section (5)
for intensively cooling the hot rolled steel strip (S)
exiting the final rolling stand (F7) of the rolling line
(2) . By way of the invention, it 1s possible, on the
pasls of such a conventional hot rolling installation, to

produce hot strips with a final thickness of more than

1> mm in an operatiocnally reliable manner, said hot

strips also complying with most stringent requirements in
terms of thelr toughness. This is achieved according to
the 1nvention in that the start of the cooling section
(o) 1s shifted to before the end of the hot rolling line
(2) as seen 1n the conveying direction (F) of the steel
strip (S) to be hot rolled, and in that the cooling
section (5) starts after the final rolling stand (F5)
that 1s passed through before entry into the cooling
section (5), hol rolling of the respective steel strip
(S) to be hot rolled taking place in said rolling stand
(F'5) .

Figure 1 is intended for the Abstract.

11724F10WO
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Installation and method for hot rolling steel strip

Technical Field

The disclosure relates to an installation and a method for hot

rolling steel strip.

Background

A hot rolling installation of the type in question here usually

comprises a hot rolling line having a plurality of rolling

stands that are passed through successively 1n the conveylng

direction of the steel strip to be hot rolled, and a cooling

section for intensively cooling the hot rolled steel strip

exliting the final rolling stand of the rolling line.

—

Installations and methods of the type described further herein

are used to roll what is referred to as “heavy plate”, the

thickness of which is at least 15 mm. In the conventional
production of such thick steel strips, the respective steel
strip is rolled thermomechanically in a reversing manner 1n a

four-high stand. However, this rolling operation lasts very

much longer than hot rolling in a hot strip mill. It 1s

therefore desirable to also hot roll thick steel strips in a

conventional hot rolling installation.

The rolling of flat steel material, which 1s intended for
the production of thick-walled pipelines which have the
most stringent requirements placed on thelr toughness and
insensitivity to crack formation, represents a partlicular
challenge. These properties are usually assessed using the

results of what is referred to as the “drop weight tear

test”, “DWTT” for short. The DWTT is described 1in provision API
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5L3 of the American Petroleum Institute, 3rd Edition, 02/1996,

in ASTM E436, in DIN EN 10274 of 1999 and in the Stahl-Eilsen-

Priifblatt (steel-iron test sheet) SEP 1326. In this test, a test
body of defined weight is dropped from a likewise defined height
onto a strip-shaped sheet specimen which 1s provided with a
defined groove-like notch on its side facing away from the
impacting test body, in the region of the anticipated break, and
is placed with its end portions on a respectilive support. Here,
it is generally demanded that, at a particular predetermined
temperature, for example -35°C, the ductile break proportion at
the thus produced break in the respective specimen 1s 85% On

average.

Attempts have been made to optimize the toughness of thick steel

strips, which are required for the production of o1l or gas

pipelines, by determined hot rolling and cooling strategiles.

Various examples of these methods are summarized for example 1n

FP 1 038 978 B1. The method first described in EP 1 038 978 Bl

itself allows cost—-effective production of high-strength hot
strip with excellent toughness. To this end, a precursor
material, such as slabs, thin slabs or cast strip, 1s produced
from unalloyed or low alloy steel with additions of micro-
alloying elements and subsequently runs through a finishing line
formed from a plurality of rolling stands. The precursor
material i1is in this case introduced into the first rolling stand

of the finishing line at a temperature which is at least 30°C

above the recrystallization stop temperature of the particular

steel. Continuous hot rolling of the precursor strip to form a

hot strip is then carried out in one or more passes. The hot
rolling is in this case carried out in a temperature range which

includes the recrystallization range of austenite. Between two
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rolling stands, cooling of the hot strip to a temperature which

is at least 20°C below the recrystallization stop temperature

then takes place by means of a cooling device, whereln the
cooling rate of the cooling is at least 10°C/s. Then, Lhe

rolling 1s continued below the recrystallization stop

temperature at a degree of overall deformation of at least 303
in the temperature range below the recrystallization stop

temperature, until the finished hcot strip exits the hot rolling

line.

As likewise explained in EP 1 038 978 Bl, steels for the

production of thick-walled pipes typically consist of an alloy
in which, in addition to iron and unavoidable impurities, (1n %
by weight) C: £ 0.18%, Si: < 1.5%, Mn: £ 2.5%, P: 0.005-0.1%, S:
< 0.03%, N:

I\

0.02%, Cr: £ 0.5%, Cu: < 0.5%, Ni: £ 0.5%, Mo: =
0.5%, Al < 2%, and up to a total of 0.3% of one or more of the
celements B, Nb, Ti, V, Zr and Ca are present. These steels also

include the steel grades known under the designations “"X70” and

\\XBOII X

Practical experience has shown that, in spite of the measures,
in each case of comparable complexity, which are required for
the temperature control required in each case in the prior art,
although thick hot strips with increased strength can be
produced with the methods known from practice, these hot strips

do not meet the requirements set in terms of toughncss 1n the

field of pipeline construction with the necessary reliability.

Against this background, the object of embodiments of the
invention was to create, on the basis of a conventional hot

rolling installation, an installation and a method for hot



rolling, with which i1t 1s possible to produce operaticnally

reliable hot strips with a final thickness of more than 15 mm,
which also comply with the most stringent requirements 1in terms

of toughness.

Summary

Certalin exemplary embodiments provide an installation for hot

rolling a steel strip, having a hot rolling relay which

comprises a plurality of rolling stands that are passed through

successively 1n a conveying direction of the steel strip to be

hot rolled, and having a cooling section for intensively cooling

the hot rolled steel strip exiting a final rolling stand of the

—

hot rolling relay, in which the start of the cooling section

occurs before the end of the hot rolling relay as seen 1n the

conveying direction of the steel strip to be hot rolled, wherein

the cooling section starts after a final rolling stand that 1s

passed through before entry into the cooling section, hot

rolling of the respective steel strip to be hot rolled taking

place in said final rolling stand and wherein the cooling

section comprises a plurality of cooling units, and wherein a
respective cooling unit is arranged downstream, in the conveying
direction, of a last rolling stand that the strip passes through

before entry into the cooling section and of each further

rolling stand that the steel strip passes through thereafter.

Further exemplary embodiments provide a method for hot rolling a

ﬁ

steel strip for the production of thick-walled pipelines, said

method carried out on an installation configured as described
above, wherein during hot rolling, a working gap at a last or

penultimate rolling stand as seen i1in the conveyling direction 18

opened to such an extent that, starting from this rolling stand

1n the hot rolling relay, no mcre deformation of the steel strip

CA 2914540 2017-11-01
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occurs, and wherein after exiting a rolling stand that the strip

is passed through before a respectively first opened rolling
stand, the steel strip is cooled in an accelerated manner at a

cooling rate of at least 80 K/s by being subjected to a cooling
fluid.

Advantageous configurations are explained in detail in the

following text in relation the general concept of selected

embodiments.

Accordingly, the installation according to embodiments for hot

rolling steel strip comprises, in compliance with the prior art

specified at the beginning, a hot rolling line which comprises a

plurality of rolling stands that are passed through successively

in the conveying direction of the steel strip to be hot rolled.

Typically, such a hot rolling line comprises five to seven

rolling stands which are arranged successively 1n a row 1n the
conveying direction and are passed through successively by the
steel strip to be hot rolled in each case. Likewlse, 1n the
installation according to the invention, as is usual 1in

conventional hot rolling installations, a cooling section 18

provided for intensively cooling the hot rolled steel strip

P
p—

exiting the final rolling stand of the rolling line.

According to certain embodiments, the cooling section does

not now begin only downstream of the last rolling stand 1in

the hot rolling line, as seen in the conveying direction of the
steel strip to be hot rolled, but already before the end or the
hot rolling line. Here, the start of the cooling section 1s

set up such that the cooling section starts immediately after the

final rolling stand that is actively passed through before entry
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into the cooling section. “Actively” means here that hot rolling

still takes place in this rolling stand. By contrast, the

rolling stands in which the rolling gap has been opened to such

an extent by corresponding adjustment of the working rollers that

the hot strip no longer undergoes any deformation on passing

through the rolling stand in question are “inactive”. Thus,

according to certain embodiments, on leaving the final hot

rolling stand, in which hot rolling still takes place, upstream

of the start of the cooling section in the conveying direction,
the hot strip is struck directly by the cooling fluid output 1in

the cooling section and is cooled in an accelerated manner.

Therefore, in a hot rolling installation according to certailn
embodiments, the cooling section and the hot rolling line
overlap such that the rolling line can be shortened by at least
one rolling stand and the cooling section is extended into the
rolling line at least to such an extent that, in the case of

inactivation of one or more of the rolling stands passed through

last in the conveying direction of the steel strip to be hot
rolled, the cooling can take place directly downstream of the

last rolling stand in which deformation still takes place.

The method according to certain embodiments for producing rolled
steel strip accordingly provides for it to be carried out on an

installation configured according to certain embodiments and for

the rolling gap to be opened to such an extent during hot

rolling with inactive rolling stands that no more deformation of

the steel strip takes place at this rolling stand in the hot

rolling line, wherein the steel strip is cooled 1n an

accelerated manner after exiting the last active rolling stand

by being subjected to a cooling fluid.
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The disclosure 1s thus based on the proposal of operating a

conventional multistand rolling mill such that the thickness of

the steel strip is not reduced in each of the hot rolling stands

passed through thereby. Instead, the steel strip 1s deformed

only in the active rolling stands of the rolling line. In the

inactive rolling stands, the rolling gap 1s opened to such an

extent that its working rollers no longer come into contact with

the rolling stock, i.e. no more deformation can take place

therein. At the same time, the start of the cooling section has

been shifted into the hot rolling line, and so, for example 1n

the case of a hot rolling line with seven hot rolling stands,

the accelerated cocoling can already take place immediately after

the fifth rolling stand and no more hot rolling takes place over

the penultimate, i1.e. sixth, and last, 1.e. seventh, rolling

stand.

This procedure is based on the finding that, when high-strength
tube sheet grades having a thickness of more than 1> mm, the
most stringent requirements being placed on the toughness

thereof, are intended to be hot rolled in a hot rolling line 1n

which they pass successively through the rolling stands 1n a
continuous sequence, only a limited number o©f hot deformations
should be carried out 1n order on the one hand to effect, by

means of the activated rolling stands, deformation per rolling

pass that is sufficient for good dimensional accuracy ol the
strip. On the other hand, as a result of the limited number of
rolling passes with cooling that starts directly after the final
deformation, the toughness transition temperature can be shifted
to lower temperatures. In this way, on the basis otf

conventional hot rolling installations redesigned in the manner

according to the invention, it is possible to produce steel
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sheets for pipes which are not only stronger, for example thc
steel grades “X70” or “X80"”, but also have a low transition

temperature of -10°C or less and high toughness requirements up

to thicknesses of 25.4 mm.

In the production of a hot strip with a thickness of more than
18 mm, use can preferably be made of bainitic steels 1n order to
reliably achieve the requirements to be met according to the
DWTT. On account of the improvement 1n the transition

temperatures as a result of the cooling starting according to

the 1nvention as soon as possible after the last active
deformation pass, the range of application of ferritic/pearlitic

steels can be expanded to greater thicknesses.

Compared with conventional cooling after the final stand in a

finishing line, as a result of the early onset cooling, which

extends according to the invention into the rolling line, when
rolling at thicknesses of >15 mm, unimpeded ingress of oxygen and
assoclated heavy subsequent scaling of the strip surfaces is

inhibited.

During operation of a hot rolling installation, the rolling
speeds as a result of the early end of active deformation and
the low degrees of overall deformation that are achieved during

hot rolling are low. Typically, they are 1n the range of less

than 3 m/s.
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As a result of the extension of the cooling section into the

finishing line, thec possibility furthermore arises of
representing cooling curves with holding times. To this end,

the 1nstallation configuration merely has to be designed such

that, for example when rolling 1n a rolling line with seven

rolling stands, of which, however, only the first five are

activated, spraylng starts directly after the fifth stand,
wherein the amount of cooling fluid output respectively upstream
and downstream of the unused rolling stands 1s optimally
settable. In conjunction with further spraying downstream of
the seventh stand or/and a suitable cooling section downstream

of the measuring house provided as standard in hot rolling

installations of the type 1n question here, different holding

times can be reallzed at desired coolling curves.

For this purpose, 1n a hot rolling i1nstallation according to the

invention, the coollng section can comprise a
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plurality of cooling units and moreover a respective
cooling unit can be arranged downstream, in the conveying
direction, of the last rolling stand that 1s passed
through before entry into the cooling section and of every

further rolling stand that is passed through thereafter.

The cooling that takes place after the final active
rolling stand is not performed by means of conventional
laminar cooling, which is known from conventional hot
rolling installations, but rather cooling that starts
particularly quickly and has a higher cooling rate of at
least 80 K/s is used. Cooling rates of at least 130 K/s
have proven particularly successful here, wherein the
cooling rate is typically up to 160 K/s 1in practice. As a
result of the rapid cecooling provided according to the
invention, grain growth in the respectively hot rolled
steel strip is limited and the low-temperature toughness
of the material 1i1s increased, such that the latter
reliably achieves maximum toughness values at low
temperatures and accordingly has the highest mechanical

properties.

In order to bring about the intensive cooling according to
the invention, use can be made for example of intensive
cooling systems or compact cooling units. These should be
designed such that the cooling sectlon 1s capable of
providing a cooling fluid output of at least 1000 m?®*/h, in
particular up to 1500 m®*/h. In this case, cooling takes
place preferably both from the top side and from the
underside of the strip to be cooled, 1n order to ensure
rapid cooling that is as uniform as possible over the

strip cross section. After the respective intensive

11724P10WO
10.11.2015
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cooling, the water remaining on the hot strip can Dbe
removed by transverse high-pressure spraying, before the

hot strip runs through the next inactive rolling stand and

subsequently further cooling starts. Thilis prevents water
from remaining on the hot strip after each cocling stage
and ensures that accordingly controlled stepwlise cooling

of the hot strip is achieved.

In particular compact cooling units which each output a
cooling fluid jet, concentrated on a particular portion,
onto the respective hot strip are suiltable for the
accelerated cooling that 1s advanced according to the
invention into the rolling line. By contrast, outside the
rolling line, the cooling units of the cooling section can
be configured for example as conventional 1ntensive

cooling units.

With regard to the deliberately controlled manner 1in which
the cooling is carried out according to the invention, 1t
has been found to be optimal in this connection for the
length, measured in the conveying direction of the steel
strip to be hot rolled, along which the cooling unit
arranged in each case downstream of one of the rolling
stands within the rolling line in the conveying direction
subjects the steel strip in each case to cooling fluid, to
be at most 25% of Lhe spacing at which the rolling stands
of the rolling line, which are arranged 1n each case
alongside one another, are positioned one after another in
the conveying direction. In particular when the length

portion, along which the output of cooling fluid takes

place 1n each case, 1s limited to 8-15% of the spacing

1.724P1CWO
10.11.2015
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apart of the cooling units, the best working results are

achieved 1n practice.

In this way, the cooiing between the rolling stands can be
carried out such that, on account of the strength of the
cooling, in each case no more regulated deformation can
take place 1n the austenitic range of the respectively
processed steel. It 1s 1n this way that the cooling units
that are provided according to the invention and are
configured 1n particular as compact cooling units differ
from those cooling devices which are used in conventional
hot rolling mills to cool the strip to be hot rolled in
each case between two rolling stands. The cooling units
that are used according to the invention starting from the
final active rolling stand effect such intensive strip
cooling, according to the invention, that no more
regulated deformation can take place in the austenitic

range.

Typically, when the hot rolling method according to the

invention 1s carried out, the initial hot rolling
temperature of the steel strip is above 800°C and below
1050°C. By contrast, the exit temperature at which the
steel strip enters the cooling section on leaving the
final rolling stand, via which it is hot formed, 1is

typically between 740°C and 900°C.

In order to develop the desired toughness properties of
the steel strip hot rolled according to the invention, it
may be expedient to interrupt the cooling of the steel
strip at a cooling stop temperature when the steel strip

has reached a cooling stop temperature of between 500°C

11724P10OWC
10.11.2015
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and 700°C. In this case, it has likewise proven advantageous,
1n the light of the development of the desired mechanical
properties, for the steel strip tec be alir-cooled without active
cooling for 2-12 seconds once this cooling stop temperature has

been reached.

After the cooling carried out in the manner explained above, the

steel strip can be coiled at a coiling temperature of between

450°C and 650°C.

Sultable precursor products for the hot rolling according to the

1nvention are in particular thin slabs or precursor strip with a

pr——

thickness of 50-100 mm. By contrast, the final thickness of the

steel strip hot rolled according to the invention is typically
more than 15 mm. Tests have shown here that, using the method
according to the invention, heavy plates, which are up to

25.4 mm thick and meet even the most stringent requirements in
terms of thelr toughness 1in the DWTT, can be hot rolled in a
continuous sequence of work steps on hot rolling installations

equipped 1n the manner according to the invention.

The method according to the invention may be suiltable for
relatively high-strength, micro-alloyed steels, and steels
according to DIN EN 10149. The method according to the invention
may be particularly suiltable for processing steel strips of the
balnlitic grades X60, Xo65, X70, X80 and other comparable steels
which are usually used for producing heavy plates. The steels that

are particularly suitable can pbe summarized under the general alloy

\

specification (in % by weight) C: = 0.18%, Si: £ 1.5%, Mn: £ 2.5%,
P: 0.005-0.1%, S: < 0.03%, N: < 0.02%, Cr: < 0.5%, Cu: £ 0.5%, Ni: £

Q

5, and up to a total of 0.3% of one or more

VAN

0.5%, Mo: £ 0.5%, Al
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of the elements B, Nb, 11, V, 4r and Ca, the remainder 1ron and

unavolidable 1mpurities.

The disclosure provides an 1nstallation and a method which make 1t

possible 1n a versatile manner to use a conventional hot rolling
installation to produce very thick hot rolled steel strip which not
only has high strength values but also has optimal toughness. The
steel strips produced in this way are sultable, on account of their
property profile, 1n particular for pipeline construction. Here, a

hot rolling installation designed according to the invention can be

readily used for other hot rolling tasks, too. To this end, all
that 1s necessary 1s for the cooling units in the region of overlap

between the coollng section and hot rolling line to be deactivated

or operated such that they meet the requirements placed on cooling

in conventional hot rolling.

The invention 1s explained 1in more detail in the following text

by way of exemplary embodiments. In the drawings:

Fig. 1 schematically shows an installation 1 for hot rolling

steel strip S with a final thickness D of more than 15 mm

with cooling from above and below;

Fig. 2 schematically shows a side view of two rolling stands

provided in the 1nstallation 1;

Fig. 3 schematically shows a top view of the two rolling stands

according to fig. 2;
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Fig. 4 schematically shows a diagram in which, for
different variants of steel strip cooling carried
out in the installation 1, the temperature profile

over time 1s 1llustrated.

The installation 1 comprises a hot rolling line 2 which 1s
formed in a conventional manner by seven rolling stands
Fl, F2, F3, F4, F5, Fo6, F7 that are positioned one after
another in the conveving direction F of the steel strip S
to be hot rolled in the installation 1, a roller bed 3

which follows the hot rolling line 2 1n the conveying

direction F, a coiling device 4 which is positioned at the
end of the roller bed 3 as seen in the conveying direction
F, a measuring house M which 1s arranged next to the end

of the hot rolling line 2 in the region of the roller Dbed

3, and a cooling section J5.

The cooling section 5 is formed by a plurality of cooling
units K1, K2, K3 arranged in succession 1n a row 1n the
conveying direction F and configured as compact cooling
appliances, and cooling units K4, K5, Ko, ..., Kn
configured as conventional, optionally as laminar cooling
units, which are fed via a cooling fluid store (not shown
here) and the cooling fluid output of which can Dbe

individually set in each case. The cooling fluid 1is 1in

this case output in each case from below and from above
onto the respectively associated underside and top side of
the steel strip S by the respective cooling units Kl1-Kn.
In order to ensure the required cooling fluid output, the
cooling fluid flowing to the cooling units K1-K3 can for
example be pressurized 1f necessary by means of pumps

(likewlse not shown here).

11724P10WO
10.11.2015
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The first cooling unit K1, in the conveying direction F,
of the cooling section 5 is arranged between the fifth

rolling stand F5 and the sixth rolling stand F6 and the

second cooling unit K2 of the cooling section 5 1s

arranged between the sixth rolling stand Fo6 and the

seventh rolling stand F7 of the rolling line 2, such that

the cooling section 5 extends into the rolling line 2 and

accordingly the end portion 6 of the rolling line 2 and
the starting portion 7 of the cooling section 5 overlap
one another. The length portion a, along which the cooling
units K1, K2 and K3 arranged in each case in the rolling
line output cooling fluid onto the steel strip S, 1s
limited in each case to about 10% of the spacing A at
which, as illustrated in figures 2 and 3 by way of the
rolling stands F5 and F6 arranged in succession 1in the
conveying direction F, the mutually adjacent rolling

stands F1-F7 are arranged 1n each case.

Provided between the respective cooling unit K1 and K2
arranged in the rolling line 2 and the rolling stand Feo,
F7 positioned next in each case 1n the conveying direction
F, and downstream of the coocling unit K3 provided after

the rolling stand F7 is in each case a spraying device Ql,

02, 03, which directs a high-pressure jet O oriented
transversely to the conveying direction F and in the
direction of the respective cooling unit K1, KZ, K3 at
least onto the top side of the steel strip S5, in order to

drive cooling fluid remaining there off the surface 1in

question.

In principle, it 1s possible, of the rolling stands F1-F7/,

even to deactivate rolling stands F1-F7 that are arranged

11724P10WO
10.11.2015
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farther forward in the hot rolling line 2. However,
practice shows that in each case at least five of the
rolling stands F1-F7 have to be active, wherein according
to the invention the intensive compact cooling starts 1n
any case after the in each case final active rolling stand
in the conveying direction F, but at the latest after the

final rolling stand F7 in the hot rolling line 2.

The cooling unit K1 arranged between the fifth rolling
stand F5 and the sixth rolling stand F6 of the hot rolling
line 2 1s set up such that, as long as the cooling unit K1
is switched on, the perpendicularly downwardly directed
cooling fluid jets output thereby reach as far as the exit
from the rolling stand F5. In the same way, the cooling
unit K2 arranged between the sixth rolling stand Fo and
the seventh rolling stand F7 of the hot rolling line 2 1s
set up such that the cooling [luid jets output thereby
reach, as long as the cooling unit KZ 1s switched on, as
far as the exit from the rolling stand Fb. Likewlise, the

cooling unit K3 arranged downstream of the seventh rolling

stand F7 in the conveying direction F is set up such that,
as long as the cooling unit K3 1is switched on, the cooling

fluid jets output thereby reach as far as the rolling
stand F7/.

In the exemplary embodiments described here, 1in each case
at least one of the cocling units K1-K3 1s 1n operation. In

the region of the in each case 1lnactive cooling unit, air-
cooling can take place. By means of the conventional
cooling units K4-Kn located downstream of the hot rolling
line 2 in the conveying direction F, the hot strip 1is

cooled to the coililing temperature HT required 1n each case.

11724P10WO
10.11.2015



CA 02914540 2015-12-04

_..17_

The thickness of the steel slabs processed 1n the rolling
line 2 1is 1in practice typically 1in the range from 180-
270 mm. Specifically, in the exemplary embodlments

described here, 255-mm-thick slabs were produced from the

steels E1, EZ2, E3 listed in table 1, said slabs running

into the hot rolling line 2 at an 1initial hot rolling

temperature WAT typically in the range from 800-1050 °C
and being hot rolled there to form a respective steel
strip S 1in a continuous sequence in the first five rolling

stands F1, F2, F3, F4, F5. The thickness D of the steel

strips S hot rolled from the steels El, E2Z2, E3 was 1in each

case 23 mm or 18 mm, here. The initial hot rolling
temperatures WAT specifically set 1in each case 1n the
exemplary embodiments explained here are listed 1in table

3. Furthermore, the temperature TAF5 at the outlet of the

fifth rolling stand F5, the temperature WET at the outlet
of the finishing mill and the coi1ling temperature HT are

likewise listed there for the respectively processed hot

2, E3.

7]

strip produced from the respective steel EI,

The steel strips S exiting the fifth rolling stand FO
likewise ran through the two final rolling stands Fo and

F7 of the hot rolling line 2. However, at these rolling

stands F6, F7, the working rollers had been moved so far

apart that the height of the rolling gap delimited thereby

was greater than the thickness D of the steel strip S
exiting the fifth rolling stand F5. As a result, no more
deformation of the steel strip S took place 1n the
exemplary embodiments explailined here via the two last
rolling stands F6 and F7, as seen 1n the conveying

direction F, of the rolling line 2.

11724P10WO
10.11.2015
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Since the rolling stands F6 and F/ had been rendered

inactive and thus the rolling stand F5 was the final one,

in the conveying direction F, of the rolling stands F1-F7
in which hot forming of the steel strip S took place, the
cooling units K1 and K2 and all of the following cooling
units K3-Kn of the cooling section 5 were actilvated.
Accordingly, after exiting the working gap AL, the steel
strip S exiting the final active rolling stand F5 1in the
conveyling direction F was struck by the cooling fluid jet
of the cooling unit K1 and intensively cooled on 1ts way

to the next rolling stand F6, until 1t reached the entry

E6 of the rolling stand F6. As soon as the steel strip S
had passed through the working gap A6 of the 1nactive

rolling stand F6, 1t was directly struck 1n the same way

by the cooling fluid jet of the cooling unit KZ and

likewise intensively cooled further, until 1t reached the

entry E7 of the 1nactive rolling stand F7. Likewlse, as
soon as 1t had passed through the working gap A7 of the
rolling stand F7, the steel strip S was struck by the
cooling fluid jet of the cooling unit K3 and ran out onto
the roller bed 3 on which it continued to be cooled 1in an
accelerated and controlled manner by the further cooling

units K4-Kn arranged there, until a cooling stop

temperature of 500-700°C had been reached.

When the cooling stop temperature had been reached, the

active cooling was stopped and the steel strip S ran out

on the roller bed 3 until 1t had been coiled 1nto a coil

in the coiling device 4 at a colling temperature of 450-

650°C.

11724P10WO
10.11.2015
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At a cooling fluid pressure of more than 3 bar,

specifically 3.2 bar, and a cooling fluid temperature of

less than 40°C, specifically 25°C, across the cooling
section 5, the cooling units Kl-Kn at the cooling section
5 achieved an overall output of cooling f£luid of up to

1500 m>/h, specifically 1400 m?3/h.

In the exemplary embodiments described here, water was
used as the cooling fluid. Of course, other cooling fluids

can also be used in order to achieve the required cooling

rate.

Fi1g. 4 1llustrates, as a solid line T1, the temperature

profile, which i1s achieved 1n the above-described mode of
operation according to the invention of the i1nstallation

1, 1n each case for a 23-mm-thick hot strip specimen

produced from the steel E1l over time t.

By comparison, the temperature profile which 1s achieved

in the production of a 2Z23-mm-thick hot strip specimen

produced from the steel El when the cooling already starts
1n the i1nventive manner 1n the rolling line 2, but the
cooling rate is lower than 80 K/s, 1is reproduced in fig. 4

by way of the dashed line TZ.

By contrast, the temperature profile i1llustrated by way of

the dot-dashed line T3 1in fig. 4 1s achieved 1n a

conventional hot rolling i1nstallation which 1s equipped

wlth seven rolling stands and in which the 23-mm-thick hot

strip consisting of the steel El 1s alir-cooled after
leaving the final active rolllng stand as far as after the
measuring house M and 1s then cooled by means of compact

cooling that starts only after the measuring house M.

11724P10WO
10.11.2015
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Finally, the dotted line T4 likewise plotted in fig. 4
illustrates the temperature profile which 1s achicved 1in a
conventional hot rolling installation which 1s equipped
with seven rolling stands and in which the hot strip 1s
air-cooled after leaving the final active rolling stand F5
as far as the measuring house M and 1s cooled by means ot

conventional laminar cooling after the measuring house M.

Additionally, in the diagram 1n fig. 4, for each
temperature profile T1-T4, the respective temperature TAFDS
which the hot strip has at the outlet of the final actaive
rolling stand F5 1s symbolized by solid triangles, the
respective temperature TAF6 which the hot strip has at the
outlet of the first inactive rolling stand F6 1s
symbolized by hollow triangles, the respective temperature

WET which the respective steel strip S had at the end of

the rolling line 2 1s symbolized by a square and the

respective coiling temperature 1s symbolilzed by a circle.

Tt can be seen that it 1s only in the mode of operation
according to the invention that a cooling temperature
profile (line T1l) at which the bainitic structure requilred

for the desired toughness 1s reliably achieved 1s set.

Fach of the steel strips S produced 1n this way from the

steels E1, E2 and E3 achieved the desired wvalues

predetermined for the respective steel with respect to

strength (steel El: Rm at least 570 MPa, Rt0.5 at least

485 MPa,; steel EZ2: Rm at least 570 MPa, Rt0O.5 at least

=

485 MPa; steel E3: Rm at least 625 MPa, Rt0.5 at least

200 MPa) .

11724P10W0O
L0.11.2015



CA 02914540 2015-12-04

_21_

The average transition temperatures Tue at which there was
a matt break proportion of on average more than 85%, these

temperatures being determined in the DWTT for the steel

strips S produced from the steels El1, EZ, E3 1in the above-

described manner according to the i1nvention, and the

tensile strengths Rm and yield strengths RpO.5
specifically measured in each case are listed 1in table Z.
Thus, each of the steel strips S produced according to the

invention also met the requirements placed on thelr

toughness.

11724P10WO
10.11.2015
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REFERENCE SIGNS

~] N D > (W NN —

K1 - K3

K4 - Kn

Ql,02,0Q3

Installation for hot rolling steel strip S
Hot rolling 1line

Roller bed

Colling device

Cooling section

End portion of the rolling line 2

Starting portion of the cooling section 5

Spacing between two adjacently arranged rolling
stands F1 - F/ |

Length portion along which the cooling units Kl-
K3 each output cooling fluid onto steel strip S
Working gap of the rolling stand FOS

Working gap of the rolling stand Fo

Working gap of the rolling stand F7

Thickness of the steel strip S

Entry of the rolling stand Fo

Entry of the rolling stand F/

Conveying direction of steel strip S

Rolling stands of the hot rolling line 72
Cooling units in the region of the hot rolling
line 2

Cooling units downstream of measuring house M 1n
conveyling direction F

Measuring house

Fluid jet cutput in each case by the spraying
devices Q1,QZ

Spraylng devices

Steel strip

11724P10WO
10.11.2015
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T1-T4 Temperature profiles 1n the mode of operation
according to the 1nvention
T Temperature in °C

t Time 1n S

11724P10WO
10.11.2015
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CLAIMS

An installation for hot rolling a steel strip, having a hot

rolling relay which comprises a plurality of rolling stands

that are passed through successively in a conveyilng

direction of the steel strip to be hot rolled, and having a

cooling section for intensively ccooling the hot rolled

steel strip exiting a final rolling stand of the hot

re—

rolling relay, in which the start of the cooling section

occurs before the end of the hot rolling relay as seen 1n

the conveying direction of the steel strip to be hot
rolled, wherein the cooling section starts after a final

rolling stand that is passed through before entry into the

cooling section, hot rolling of the respective steel strip
to be hot rolled taking place in said final rolling stand
and wherein the cooling section comprises a plurality of
cooling units, and wherein a respective cooling unit 1s
arranged downstream, in the conveying direction, of a last

rolling stand that the strip passes through before entry

into the cooling section and of each further rolling stand

that the steel strip passes through thereafter.

The installation as claimed in claim 1, wherein at least

the cooling units arranged within the rolling relay are

configured as compact cooling units.

The installation as claimed in claim 2, wherein the length,
measured in the conveying direction of the steel strip to
be hot rolled, along which the cooling unit arranged 1in

cach case downstream of one of the rolling stands 1n the
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conveying direction in each case subjects the steel strip

to cooling fluid, is at most 25% of the respective spacing

a2t which the rolling stands of the rolling relay, which are
arranged in each case alongside one another, are positioned

one after another in the conveying direction.

The installation as claimed in claim 3, wherein a spraylng

device is arranged downstream, in the conveying direction,

F

of at least one of the cooling units that are arranged 1n

each case between two rolling stands that are arranged
alongside cne another or downstream, 1n the conveying
direction, of the cooling unit arranged after the last

rolling stand, said spraying device directing a liquid jet

onto the steel strip in order drive cooling fluid present

FF

on the steel strip off the steel strip before entry 1into

the next rolling stand that 1s passed through.

The installation as claimed in any one of claims 1 to 4,

wherein the cooling units arranged outside the rolling

relay are configured as intensive cooling units.

The installation as claimed in any one of claims 2 to o5,
wherein the cooling units of the cooling section are able

to be regulated separately from one another.

The installation as claimed in any one of claims 1 to 6,
wherein the cooling section has a total coolling fluid

output of at least 1000 m?3/h.
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A method for hot rolling a steel strip for the production

of thick-walled pipelines, said method carried out on an

installation configured as claimed in any one of claims 1

to 7, wherein during hot rolling, a working gap at a last

or penultimate rolling stand as seen 1in the conveying

direction is opened to such an extent that, starting from

this rolling stand in the hot rolling relay, noc more

deformation of the steel strip occurs, and wherein after

exiting a rolling stand that the strip is passed through

before a respectively first opened rolling stand, the steel

strip 1s cooled in an accelerated manner at a cooling rate

of at least 80 K/s by being subjected to a cooling fluid.

The method as claimed in claim 8, wherein the final

thickness of the steel strip on exiting the hot rolling

rclay is at least 1o mm.

The method as claimed in claim 8 or 9, wherein the final

hot rolling speed is less than 3 m/s.

The method as claimed in any one of claims 8 to 10, wherein

the initial hot rolling temperature of the stcel strip 1s

more than 800°C and less than 1050°C.

The method as claimed in any one of claims 8 to 11, wherein
the exit temperature at which the steel strip enters the
cooling section on leaving the final rolling stand, via

kich it is hot formed, is between 740°C and 900°C.
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The method as claimed in any one of claims 8 to 12, wherein
the cooling of the steel strip 1s stopped at a cooling-stop

temperature of between 500°C and 700°C.

The method as claimed in claim 13, wherein upon reachilng
the cooling-stop temperature, the steel strip 1s kept at

the particular temperature for 2-12 seconds.

y—

The method as claimed in any one of claims 8 to 14, whereiln

the steel strip 1s coiled at a coiling temperature of

between 450°C and 650°C.

The method as claimed in any one of claims 8 to 15, wherein
the thickness of the steel strip upon entering the hot

rolling relay 1s 50-100 mm and upon leaving the hot rolling

relay 1s >15-25.5 mm.

The method as claimed 1n any one of claims 8 to 16, whereln
the steel strip 1s produced from a steel which, 1n addition

Q

to 1ron and unavoidable impurities, consists of (1n % by

welght) C: £ 0.18%, Si: £ 1.5%, Mn: & 2.5%, P: 0.005-0.1%, S:
< 0.03%, N: £ 0.02%, Cr: £ 0.5%, Cu: £ 0.5%, Ni: £ 0.5%, Mo: <
0.5%, Al = 2%, and up to a total of 0.3% of one or more of the

clements B, Nb, Ti, V, Zr, Ca.
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