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13.  Apparatus for confinuously producing steel Intermediate products, comprising:
25 continuous casting apparatus amanged to, in uss, continuously produce plural bloom
strands; and , '
one or more In-line rolling mills each atranged to be selectively engagsable to
receive and hot roll, In use, one of the continuously cast bloom strands to produce rolled
billets, | -
30 wherein the roliing mills comprise two or more cantliever rolllag mil stands In which
' bearing supporls for the rollers of each stand support the rollers at only one end, and ‘
‘wherein the angle of the axes of the rollers of the first cantilever rolling milt stand for a
given bloom Is set at 45 degrees to the top surface of the bleom and wharein the angle of
the axes of the subsequent rolling mill atands 3 set at 90 degrees to each other:
35
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wherein confinuous casting apparatua comprises a tundish arranged to collact
liquid steel and provida said liquid stesl to plural moulds sirenged side by side to

armanged abave the tundish for draining quid stesl into the tundish.

12

18 4Q: 723217 |




6. Sep. 2018 14:33 HGF LONDON No. 0963 P 11

METHOD AND APPARATUS FOR PRODUCING STEEL INTERMEDIATE PRODUCTS
FIELD OF THE TECHNOLOGY

[0001] The present invention relates generally to methods and apparatuses for
producing steel intermediate products. In particular, the present invention relates to
mathads and apparatuses for in-line rolling of biflets from continuously cast blooms.

BACKGROUND

[0062]Rolling mills aré installed for producing finished steel products, for example, for
local markets in developing world countries and near markets for finished steel
products, such as mild steel bar for use in civil construction. In countries where there is
no significant production of semi-finished (cast) steel products, these rolling mills will
typically refy on importing steel billets from other countries that have a larger
stealmaking capacity, to finish for their local markets. This is prevalent in many
developing world countries because evenl local production of steel intermediate
products from.racycied steel is not possible due 1o the scarcily of steel scrap generated
' locally, and the difficultias with providing & reliable and cost-effective supply of electrical
power to operate an electric arc fumace. Therefore, imported billets are re-rolled’ to
produce the finished steel products. These ‘re-rolling mills’ typically take a starting billet
size of up to 150mm by 150mm square (225 squars centimetres) and are typically much
smaller and have fewer production capabiliies in terms of variety of input and output
products, and production rate, compared to larger, dedicated rolling mills.
[0003])In the 1960s, production of billets was achieve by rolling cast ingots, each
welghing 10 tons or more and such Ingots were rolled info bllleis in a separate blilet
rolling mill. This antiquated method had no problem with rolling the ingots Into the
150mm needed for the rewoling mills described above. However, such a biliet
production method resulted in high end losses and has additional rolling costs, and so ft
was not particularly effective or efficient. |
[0004] Since the 1670s, the "Continuous Casting” process has comp!étely repiaced the
old ingots casting practice for producing intermediate stsel products, and so now square
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or roung blllets are typically direclly casted from liquld steel using a "Continuous Casting
Maching®, rather than belng rolled from cast ingots.

[0005]With today's verylérge capacity steel mills, producing, say, over 2 million tons of
steel products annually, the continuously casted billets are of much larger cross section
than is capable of being roiled by a ‘re-rolling’ mill. For example, continuous c¢asting
machines producing “bloom” strands having a cross section of greater than 150mm by
150mm square, and up to 400mm by 400mm square {typically 240mm by 240mm
square or in the case of a tube continuous casting machine, 250mm round) are now
commonplace at the larger stesl producing fagilities. These blooms are larger than the
typical maximum size billet of 150mm by 150mm square that can be rolled by the re-
roiling mills described above. US 2002/189075 A1 provides cerfain disclosures in the
field of producing steel products.

[0006] 1t Is in this context that the present invention is devised.

SUMMARY OF THE INVENTION

& =18
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{6008][00071In accordance wﬂh the presant inventiendisclosure, excess stes! bloom
production by a large capaélty continuous steel casting machine can be directly
converted to billets by an indine hot rolfing process, without the need for additional
heating ot reheating of the blooms before rofling. In this way, there Is no need for a
separate billet rolling mill to produce re-rollable billets from: the coﬁtinuously cast
blooms, and as a result, thls additional investment, double handling, exira manning,
heating and rolling losses that would result from rolling reheated bloom lengths and
which would make such billet production uneconamilcal, Is avolded. In this way, large
capacity multkstrand continuous casting machines ars enabled to efficiently directly
produce re-rollabie blilets by an in-line rolling process at the same time as producing

latger blooms. By enabling, preferably selectabla, production of readily-exportable

12

billets directly from continuously cast bloom strands, large capacity stee! Intermediata

proguction facilities can export surplus production for use In re-rolling mills in countries
that rely on importing steel billets. :
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{80093[6008] In embodiments, the cast bloom strands fed in-line to the rolling milis are
still hot from the continuous casting, and wherein no additional reheating of the blooms
is performad hetween the casting and hot rolling.

J00401[0009] Preferably, the bloom strands have a cross seclional area above 230
square centimetres, and preferably the rolfed billefs have a cross sectional area below
230 square centimetres. Blooms fypically are dimensioned above 150mm sguare (and
up to 400mm square), the rolled billets typically are dimensioned below 150mm square.
{60441[0010] In embodiments the method further comprises: feeding the bloom strands
through respective straightening rollers; operating each rolling mill at a speed based on
a reference speed of the stralghtening rollers of the particular bloom strand fed to that
rolling mill. Using the speed of the individual straightening rollers for each continuously
cast strand as a reference speed for the rolling speed of the rolling mill for that strand in
this way snables the billets to be reliably hot rolled and the material fiow balance tq be
malntained on a strand-by-strand basis. ’

{804:2[0011] The use of cantileverad rofling mill stands allows the rolling of each bloom
strand to not Interfere with the adjacent strand of the multl-strand bloom casting
machine, and it allows the length of the rolling mifl acrass all stands to be kept low and
to be positioned as close as possible fo the exit of the strands from the continuous
casting machine, enabling the blooms fo be rolled while still hot from the casting
process, and befare they have cooled. Conventional rolling mills, In which the rollers
are "simply supported” with bearing supporfs at both ends of the rolling axis, would be
too large to fit between the adjacent strands on exit from the continuous casting
machine, and so would only be usable to roll the cast biooms if the strands were spaced
further apart on exit from the continuous casting machine or moved further apart
somshow by rollers. This is simply not practical.

1004311001 21 In embodiments the drive mechanism and motor for each cantlfever rolling
mill stand is arranged outside the outermost strands produced by the continuous
casting. In this way the bulky drive mechanism and motor components will not oceupy -
space immediately above or below the bleom strands, such that the cast blooms are not
interfered with.
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{60443{0013]In embodiments the drive mechanism andior motor for the or each
cantilever rofling mill stand is connected to the respective cantilever rolling mill stand by
réspecﬁve long shafls aranged so as to distance the drive mechanism andf/or motor
from the hot blooms. This enebles the drive equipment and motors to be operated
away from the high temperature environment immediately surrounding the cast blooms,
improving thelr lifetime end reliabllity, and allowing conventional motoré and
mechanisms to be used that are not required to be designed to withstand extreme
environments and temperatures.

fa045){0014] In embodiments each of the rolls for a given cantilever roliing mill stand is
driven by an individual motor.

{0016}[0015] In embodiments the angle of the axes of the subsequent rolling mill stands
is set at 90 degrees to each other. Arranging the cantilevered rolling mill stands in this
way allows the rollers to access the bloom strands from away fo the sldes of the bloom,
reducing the extent to which the rollers and the rolling mill housing interfere with the
space immediately surrounding the cast blooms. Further, by alternating the axes of the
rollers in this way, the rolling mill housings and stands can be offset from sach other
and/or posilioned alternately above and below the cast blooms aliowing the roflers to be
positioned close to each other axially along the strand, allowing the rolling mill to cccupy
a short length along the strand such that the cast strand can be rofled &t a uniform
temperature without significant coofing between the rolling mill stands, In embodiments
each rolling mill comprises at least two, or preferably at ieast four, in-line cantilaver
rolling mill stands arranged to roll increasingly small billet sizes. in embodiments, each
rolling mill stand will work on two faces of the bloom {far example, If the bloom is a
240mm by 240mm square cross section bloom) and the next rolling mill stand will work
on the opposite two faces, rolling the cast blooms into smaller size billets.
{0647][0016] In embodiments, It may not be desirable to further roll the bloom strands.
Therefore the cantilever stands may be moved out of the line of the bloom casting
without interrupting tha casting process. The rolis of cantilever stands are separated
from each another to at least a distance wide enough for the rolling mill stands to clear
the bloom and be moved out of the bloom casting line.
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{0048J[0017] in embodiments the housing for the bearing supports for each cantilever
rofling mill stand s configured as a replaceable cassette, for example, that Interfaces
with the motor and drive mechanism. This will facilitate a quick changing of the rolls, for
example when the rolls become wom, reducing downtime.

[09483/0018] In embodiments, the rolling mill and each rolling mill sfand is selectably
operable or engageable with the cast blooms, allowing the bloom sirands to be
selectably hot rolled Into biflets optionally of varying sizes, This allows the output of the
continuous casting machine to bs selectably varlable in size, alflowing production to
adapt readily to demand, for example, fluctuations in demand in domestic and/or export
markets for cast blooms and (rolled) blllets.

fo0:20][0019] In embodiments protective cooling or insulating jackets are provided
around the housing for the bearing supports and/or the motor and/or drive mechanism
for each cantilever rolling mill stand.

f00243[0020] in embodiments only one or both of the outermost strands of the plurality
of continugusly cast bloom strands Is hot rolled into a billet. By rolling only the
outermost strand(s), the degree to which the rolling mill inferferes with the space around
fhe cast bloom strands, and the degres to which the steel mill needs to be re-
angineered to accommeodate the rolling mill is minimized. In addition the requirements -
for the rolling mill stands are less stringent as the apace requirements for rolling only the
outermost strand(s) (due fo the space avaiiabl!tty' to the sides of the strands) are less
than those required for the innermost strands. In addition, excess produclfon of
continuously cast blooms, for example, for the domestic market, can, by operating on
the outermost bioom strands, easily be hot rolled in-line into blllets in the confinuous
casting process for direct export, for example, to developing world countdes for re-

rolling in a billet re-rolling mill.

0021] Mewad-from-anathor-aspast-{The present invention provides apparatus

as claimed in claim_1-43,
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{00241[0022] In embodiments, the confinuous casting apparatus is configured io
operate In the methods I -accordance-withthe-embadiments-described above.

BRIEF DESCRIPTION OF THE DRAWINGS i

{66253]0023] The invention, may best be understood by reference to the following
description of cerlain exemplary embodiments together with the accompanying drawing
in which:

{00263100241 FIG. 1 llustrates an apparatus and method of operation thereof for in-line
rolling of bilists from continuously cast blooms-ln-accerdanee-with-an-embediment-of

aepeeis-of-the-presentinvention.
- DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

| j60273[0025] The detailed déscription set forth below in connection with the appended
drawings Is intended-as a description of presently preferred embodiments of the
invention, and is not intended to reprasent the only forms in which the present invention
may be practised. It Is to be understood that the same or equivalent functions may be
accomplished by differant embodiments that are intended to ba encompassed within the
splrit and scope of the invention. Furthermore, terms "comprises,” "comprising,” or any
other variation thereof, are Intended to cover a non-exclusive Inclusion, such that
apparatuses and msthod steps that comprises a list of slements or steps‘does not
Include only those elements but may include other elements or steps not expressly
listed or inherent. An element or step proceeded by "comprises ...a" does not, without
more constraints, preciude the existence of additional identical elements or steps that
comprises the element or step, o '
[0028}0026] Referring now to Figure 1, which shows an apparatus 100 for in-line rolling
of billets from continuously cast blooms in accordance with an embodiment of the
present invention, a confinuous casting machine 110 comprises a ladle 112, tundish
114, multiple permanent moulds 116 for forming strands 118 and straightening rollers
120 for straightening the strands.




6. 5ep. 2018 14:34 HGF LONDON No, 0963 P 17

[0028]]0027] Molten steel is fappad into the ladle 112 from one of more furnaces (not
shown). The ladle 112 has at ifs bottorn a pipe openlﬁg which Is aranged above and
- drains liquid steel into a helding-bath-er-tundish 114. The tundish 114 acts as a buffer
reservolr and has shrouds or pipe openings into the parmanent moulds 116. The liquid
steel drains from the tundish 114 Into the permanent moulds 116 which are shaped and
liquid cooled to form a solidified exterior casing for the strands 118 that are formed by
the hardenad steel dropping due to gravity from the open boftom of the permanent
moulds 116. In this case, five permanent moulds 116 are prdvided, but the number of
permanent moulds could be greater or fewer than this, but is preferably at least two, and
“even more preferably greater than two or an even higher number in order to give a high
production capacity. Each of the continuously cast strands 118 is then passed through
sequences of pairs of individual straightening rollers that gulde the strands to extend in
a horizontal direction and stralghten the strands as they move along between the roflers
and cool and further solidify.
{8036][0028] The continuous castlng' rachine 110, and the permanent moulds 116 in
particular are mﬂgured such that the strands 118 are formed as blooms having a cross
sectional area above 230 squara centimetres, in this case 240mm by 240mm square.
[0034§[0020] The confinuous casting machine 110 has a high production capacity of,
say 2 milflon tonnas a year, with a production speed of at least 4 metres per minute, and
can operale continuously for & number of years of production between serviging. When
this production capacity of continuously cast blooms exceeds demand, for example In
the domestic market, which would lead to an increase In inventory of cast blooms, In
accordance with the present invention, the apperatus 100 operates to hot roll one or
more of the bioom strands 118 into billets 140 by operation of the in-line rolling mills
150, which can for exampie be exported to developing world markets for direct use in
re-rolling mills. The rolled billets are formed to have & cross sectional area below 230
square centimetres, In this case 150mm by 150mm square. -
J8032][0030] The apparatus 100 Is arranged such that the cast bloom sfrands 118 fed
in—iine to the rolling mills 140 in use are still hot from the continuous casting. No
apparatus is provided arranged to perform additional reheating of the blooms belween
the casting and hot rolling.
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{0923][0031] The in-line rolling milis 150 comprise & plurality of cantilever roliing mili
stands 152 in which the bearing supports for the rollers 154 of each stand support the
rollers at only one end. The drive mechanism and motor 156 for each cantilever rolling
mill stand 152 is arranged outside the outermost strands 118 produced by the
confinous casting. In embodiments different 1o that shown in Figure 1, the drve
mechanism and/or motor 156 for the cantilever rolling mill stands 152 can be connected
to the respective cantilever roliing mill stand 152 by respective long shafts amranged so
as to distance the drive mechanism and/or motor 156 from the hot blooms 118. To
further reduce heating effects, in other embodiments protective caoling or insulating
jackets can be provided around the housing 158 for the bearing supports and/or the
motor and/or drive mechanism 156 for each cantilever rolling mill stand 152. Motors
-may be arranged’ to individually drive each of the rollers 154 for a given cantilever rolling
mill stand 152. :
{00343[0032] For clarity's sake, in Figure 1, the second cantilevered rolling mill stand
182 of each rolling mill is drawn with the drive mechanism and motor 156 and the
‘housing 158 below the strands 118 at floor level. However, in other embodiments, to
‘avold mill scale bulld up on the machinery, the rofling milis 150 can be arranged such
that the drive mechanism and motor 156 and the housing 158 of the cantllevered rolling
mill stands 152 are never posiiioned undemeath the strands 118 by, for example,
‘ positioning certain companents above fioor level,
'§00358J[0033] The housing 158 for the bearing supports for each cantilever rofling mill
“stand 152 s configured as a replaceable cassette, for facilitating a quick changing of the
rolls, e.g. when wom, reducing down time.
j0036][0034] Each rolling mill 150 (for each strand) comprises two in-line cantilever
rolling mill stands 152. In othar embodiments, more than two or preferably at least four,
cantilever rolling mitl stands are provided, atranged to rall increasingly small billet slzesf
The angle of the axes of the rollers of the first cantifever rolling mill stand for a given
‘ bloom is set at 45 degrees {o the top surface of the bloom. The angle of the axes of the
subsequent rolling mill stands is set at 90 degrees to each other. ‘
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f00373[0035] Each rolling mill 150 is configured to operate at a speed based on a
reference speed of the straightenihg rollers of the particular bloom strand 118 fed to that
rofling mill. This ensures a balance to the flow of material through the rolling millls 150.
[0038)]0036] As shown in Figure 1, both of the outermost strands of the plurality of
cohtinuously cast bloom strands 118 is hot rolled into a billef. The in-ine rolfling mills
160 are in position and operate confinuously such that rolled billets are always
produced. The rolling mills 150 can be selactively engaged such that billat production
can be responsive to variation in demand for cast bloomed and rolled billets for re-
rolling. Therefore the cantiiever stands may be moved out of the line of the bloom
‘ castlm;j without Interrupting the casting process. The rollers 154 of the cantilever stands
are separated from each enother to at least a distance wide enough for the roliing mifl
stands 150 to clear the bloom and be moved out of the bloom casting line.
{0039][0037] The invention is applicable not just to square blooms, but also to round
blooms for which appropriate psrmanent moulds and straightening rollers need to be
provided. The roll pass section then needs to be adjusted aceordingly te praduce billets
of the desired square (or other) cross section,
[90403[0038] In a further embodimant of the present invention, the strands are castin a.
process of sequanca continuous césting. This process enables different temperatures
of liquid steel to be continuous-continuously casted, i.e. without Interruptien.  This
process increases productivity by eliminating the need to prepare for starding a new
individuat casting process each time. Through the use of adjustable cantilevered rolling
milf stands the present invention allows for the blooms width to be adjusted and liquid
steel of different temperatures to be cast continuously. Steel of different temperatures
may be utlilsed by replacing the tundish comprising the steel of a different temperature.
J8044110039) The description of the preferred embodiments of the prasent invention has
been presented for purposes of Hustration and description, but is not intended to be
exhaustive or to limit the invention to the forms disclosed. [t will be appreciated by
those skiled in the art that changes could be made to the embodiments described
above without departing from the broad inventive concept thereof. It is understood,
therefora, that this invention is not limited to the particular embodiment disclosed, but
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covers modifications within the scope of the present invention as defined by the
appended claims.
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