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INTERMEDIATE THICKNESS AND MULTIPLE FURNACE
PROCESS LINE WITH SLAB STORAGE AND SLAB SEQUENCING

FIELD OF THE INVENTION .
This invention relates to the continuous casting

and rolling of slabs and, more -particularly, to an
integrated intermediate thickness caster and a hot
reversing mill with flexibility in slab sourcing,
sequencing and storage with the ability to roll thin gauge
products.

BACKGROUND OF THE INVENTION

Since the advent of the continuous casting of
slabs in the steel industry, companies have been trying to
combine the hot strip mill with the continuous caster
through an inline arrangement so as to maximize production
capability and minimize the equipment and capital
investment required. The initial efforts in this regard
consisted of integrating continuous casters producing slabs
on the order of 6 to 10 inches (152.4 to 254 millimeters)
with existing continuous or semicontinuous hot strip mills.
These existing hot strip mills included a reheat £furnace,
a roughing train (or a reversing rougher) and a six or
seven stand finishing mill with a capacity of 1.5 to 5
million tons (1.4 to 4.5 million metric tons) per year.
This arrangement is the present day design of large steel
company hot_mills,.and it is unlikely that new hot strip.
mills of this design would ever be built due to the high
capital cost. The quest for low cost integrated caster hot
strip mills is not solved by current designs. Further,
such prior art integrated mills were extremely inflexible
as to product mix and thus current market requirements.

. These difficulties gave rise to the development
of the so-called thin slab continuous hot strip mill which
typically produces 1,000,000 tons (907,185 metric tons) of
steel per year as standard products. These mills have been
integrated with thin . slab casters on the order of two
inches (50.8 mm) or less. Such integrated thin slab
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casfers ‘are enjoying increased popularity but are not %@ | ous
drawbacks of their own. Si gni fi cant dr awbacks |nc REBLA qua ity
and quantity limtations associated with the thin slab casters.
Specifically, the 5 trunpet-type nold necessary to pro ﬁ Bmﬁimj f or
t he thin slab can-cause high frictional forces and ong
the surface of the thin wall slab which | eads to poor surface quality
in the finished groduct Further, the two- inch (50.8 nw% strip casters
are linted to §28FRYFe are enjoying increased popularlty ut are not
without serious drawbacks of their own. Significant

drawbacks include the quality and quantity limitations

associated with the thin slab casters. Specifically, the

5 trumpet-type mold necessary to provide the metal for the

thin slab can cause high frictional forces and stresses

along the surface of the thin wall slab which leads to poor

surface quality in the finished product. Further, the two-

inch (50.8 mm) strip casters are. limited to a single

10 tundish life of approximately seven heats because of the
limited metal capacity of the mold.

Most importanti&, the thin casters, by necessity,
have to cast at high speeds to prevent the metal from
freezing in the current ladle arrangements. This, in turn,

15 requires the tumnel furnace which is just downstream of the
slab caster to be extremely long, often on the order of 500
feet (152.4 meters), in order to accommodate the speed of
the slab and still be able to provide the heat input to a
thin slab (two inches) (50.8 mm) which loses heat at a very '

20 high rate. Since the slab also leaves the furnace at a
high speed, one needs the multistand continuous hot strip
mill to accommodate the rapidly moving strip and roll it to
sheet and strip thicknesses. However, such a system is
still unbalanced at normal widths since the caster has a

25 capacity of about 800,000 tons (about 725,750 metric-tons)_
per year and the continuous mill has a capacity as great as
5 million tons (4.54 million metric tons) per year. The
capital cost of such a system then approaches that of the
earlier prior art systems which the system was intended to

30 replace. |

In addition, the scale loss as a percentage of
'slab thickness is substantial for the two inch (50.8 mm)
thin cast slab. Because of the extremely long furnace, one
must provide a long roller hearth which becomes very
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10 fundikh life of approxi mately seven heats because of the limt

netal capacity of the nold. Mobst |rrportantly'”'“ﬁrﬁl}"‘%ﬁt SBEEN
casters, by necessity, have to cast at hi gh speeds to prevgﬁ nmet al .
from freezing in the current |adle arrangenents. This,

requires the tunnel furnace which is just downstream of t- Qﬁmﬂmﬂ'mmu er
to be extrenely | ong, often on the order of 500 . feet (152.4 meters), in
order to acconnDdat% t.he slab a £ i1l _be ab e tq: rDV|de
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a very rollers. _
' It has been suggested that light gauge hot band
on the order of 0.040 inch (1.016 mm) be rolled from these
5 two inch (50.8 mm) slabs. However, in the case of low
carbon steels, the thermal decay is too great on a
multistand continuous mill making it impossible to achieve
the necessary finishing temperatures; and in the case of
low alloy high-strength steels, it has been reported that
10 the two inch thick slab does not produce the reduction
required for high-strength low alloy steel which then
causes a coarse microstructure which must then be refined
through special temperature treatments which are greater
than for the cold charging of the same microalloyed steel
15 grade, “Optimisation of hot rolling schedule for direct
charging of thin slabs of Nb-V microallbyed steel”, N.
Zentara and R. Kaspar, Materials Science and Technolo
May 1994. '
The typical multistand hot strip mill, likewise,
20 requires a substantive amount of work in a short time which
must be provided for by larger horsepower rolling stands
which, in some cases, can exceed the energy capabilities of
a given area, particularly in the case of emerging
countries. Thin slab casters, likewise, are limited as to
25 product width because of the difficulty in using vertical
edgers on a two inch (50.8 mm) slab. Further problems
associated with the thin strip casters include the problems
associated with keeping the various inclusions formed
during steel-making away from the surface of the thin slab
30 where such inclusions can lead to surface defects if
exposed. Furthermore, existing systems .are limited in
scale removal because thin slabs lose heat rapidly and are
thus adversely affected by the high-pressure water normally
used to break up the scale. |
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20 ’hlgh*rate Since the slab also | eaves the furnace at a hi gh

speed, one needs the multistand continuous hot strip ”"hm§%HEETHASBEEN
accomodate the rapidly noving strip and roll it to sheet ange
t hi cknesses. However, such.a systemis still unbal anced _at

wi dt hs since the caster has a 25;capacity of about 800, 000 ﬂgﬁguﬁéﬁgﬁaﬂlﬂﬂ
725,750 netric tons) per year and the continuous mll h
A SR AL U EE N R P SUCRE LT i S
art systens whi opelflatesystemanagonttinndad tmanner, which means that a
breakdown anywhere in the process stops the entire line,
often causing scrapping of the entire product then being
5 processed.

The integration of a slab caster with any hot
rolling mill requires a synchronizing of the casting and
rolling of slabs. Without the ability to decouple the
casting and rolling of slabs in such an integrated system,

10 a breakdown anywhere in the process stops the entire line,
possibly resulting in the scrapping of the entire product
then being processed. The casting and rolling of slabs can
be effectively decoupled by providing the ability to
transfer a cast slab to a slab storage area. However, this

15 solution is inefficient. The slab is transferred to an
external slab storage area such that when the mill is
brought back on-line, a substantial amount of energy is
required to bring the slabs back to an appropriate rolling
temperature. Several other approaches have. been attempted

20 to address this particular problem. These include
retaining or storing hot slabs in a heating furnace or in
a thermal insulating chamber. However, these solutions
have also had certain drawbacks, including the space
required and the capital expense involved.

25 It is an object of our invention to integrate an
intermediate thickness slab caster with a hot reversing
mill. It is a further object to adopt a system which
balances the rate of the caster to the rate of the rolling
mill and provides for decoupling of the caster from the

30 mill, as needed. It is also an object of our invention to
adopt . a system using less thermal and electrical energy.
It is still a further object to adopt an automated system
with small capital investment, reasonable £floor space
requirements, reasonably powered rolling equipment and low

35 operating costs. It is a further object to provide
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30 Fepl ate. ~ _In addition, the scale loss as a perﬁent ngEEN
sl ab thickness is substantial for the two inch (50.8 mm TH 7?
sl ab. Because of the extrenely |ong furnace, one must provi

rol l'er hearth which becomes very | Hﬁ HI “mm‘m

flexibility in slab sourcing, sequencing and storage, and
to economically accommodate increased demand for light
gauge wide strip.

SUMMARY OF THE INVENTION

5 Our invention provides for a versatile,

integrated caster and minimill capable of producing at

least 650,000 and preferably in excess of 1 million

finished tons (at least 589,670 and preferably in excess of

987,185 finished metric tons) a year with a divergent

10 product mix. Such a facility can produce product 24 to 120

inches (610 to 3,048 mm) wide and can routinely produce a

product of 800 PIW with 1,200 PIW being possible. This is
accomplished using a casting facility having a fixed and .

adjustable width mold with a straight, rectangular cross

15 section without the trumpet-type mold. The caster has a

mold which contains enough 1liquid volume to provide

sufficient time to make flying tundish changes, thereby not

limiting the caster run to a single tundish 1life. Our

invention provides a slab approximately two to three times

20 as thick as the thin cast slab, thereby losing much less

heat and requiring a lesser input of BTU’s of energy. Our

invention provides a slab having a lesser scale loss due to

reduced surface area per volume and permits the use of one

or two reheat or equalizing furnaces with minimal

25 maintenance required. Further, our invention provides a

caster which can operate at conventional caster speeds and

conventional descaling techniques. Our invention provides

for the selection of the optimum thickness cast slab to be

used in conjunction with a twin stand, tandem hot reversing

30  mill providing a balanced production capability. Our

invention has the ability to separate the casting from the

rolling if there is a delay in either end. Our invention

provides for hot slab storage if the delay is in the

rolling. Our invention provides for the easy removal of
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transitional &labs formed when molten metal chemistry
changes or width changes are made in the caster.
Furthermore, our invention provides for easily bringing
cold slabs into the processing line. Such slabs may be
outsourced (i.e., slabs not formed by the caster) and may
be thicker than those which may be cast by the caster.
This versatility will allow the processing line to be
oéerated at the respective capacity of the individual
components and allows for various portions of the line to
be independently operated. This oﬁtsourcing of slabs also
permits the product mix to include steel grades beyond the
capability of the steel-making facility which forms a part
of any given integrated process.

All of the above advantages are realized while
maintaining the advantages of a thin caster which include
low ferrostatic head, low weight of slab, straight molds,
shorter length molds, smaller required mold radii, low
cooling requirements, low burning costs or shear capacity
and simplified machine constructions.

Our invention provides an intermediate thickness
slab caster integrated with a hot strip and plate line
which includes at least one reheat or equalizing furnace
capabie of receiving slabs directly from the caster, from
a slab collection and storage area positioned adjacent a
slab conveyor table exiting the continuous caster or from
another area. One embodiment of the present invention
includes a slab container capable of receiving slabs from
the caster. A feed and run back table is positioned at the
exit end of one of the reheat furnaces and inline with a
twin stand hot reversing mill having a coiler furnace
positioned on either side thereof. - In one embodiment of
the present invention the feed and run back table is in
alignment with the coiler such that the reheat furnace may
be selectively bypassed. The mill can reduce a cast slab .
to a thickness of about one inch (25.4 mm) or less in a
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rolfers.* It has been suggested that |ight gaug n
on the order of 0.040 inch (1.016 mm) be rolled fromthese gHE E? BEEN

(50.8 mm) sl abs. However, in the case of |ow. carbon steels, the

thermal decay is too great on a mul ti stand conti nuous muﬁmﬁﬁm mium
| npossi bl e to achi eve. t he necessary finishing tenperatur

case of | ow al |l oy high-strength steels, it has been reported that 10
the two inch thick slab does. not produce the reduction required for
hi gh- strengt h | Bkpampgy ber \@f chlakepasses, about three or four flat

passes. The combination coil, coiled plate, sheet in coil
form or discrete plate finishing line extends inline and
downstream of the hot reversing mill and the coiler
5 furnaces. The finishing facilities may include a cooling
station, a downcoiler, a plate table, a shear, a cooling
bed crossover, a plate side and end shear and a piler.

To achieve the necessary balance between the hot
reversing mill and the caster, it is preferable to cast

'10 slabs having a thickness of about 3 to about 6 inches
(about 76 to about 152 mm) and preferably between about 3.5
to about 5.5 inches (about 88.9 to about 139.7 mm). As
used herein, the term intermediate thickness is generally
.intended to define such slabs, although in certain

15 specialty steels such as stainless steel intermediate
thickness slabs may extend up to about 8 inches (about
203 mm). The cast slabs are reduced to a thickness capable
of being coiled and normally about one inch (about 25.4 mm)
or less in four flat passes on the hot reversing mill

20 Dbefore starting the coiling of the intermediate product
between the coiler furnaces as it is furthér reduced to the
desired finished product thickness. 1In order to provide
the capability of making coiled plate, discrete plate and
sheet in coil form up to 1,000 PIW and higher, slab width

25 may vary from 24 to 120 inches (610 to 3,048 mm).

One processing line of the present invention
includes an intermediate thickness continuous strip caster
with an inline shear downstream of the caster for cutting
a cast strand into an intermediate thickness slab of the

30 desired length. A slab conveyor table is provided inline
with the shear and a slab loading and unloading mechanism
positioned adjacent the conveyor for supplying slabs
thereto. A slab collection and storage area is adjacent
the slab loading and unloading mechanism for receiving and

35 supplying slabs thereto. At least one reheat furnace is
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May 1994.
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table for receiving slabs therefrom and supplying reheated
slabs to a feed and run back table positioned at the exit
end of the reheat furnace. A hot reversing mill is
provided inline with the feed and run back table for
reducing a slab on the feed and run back table to an
intermediate product having a thickness sufficient for
coiling in a number of flat passes. Two spaced coiler
furnaces are positioned inline with the feed and run back
table, with one located upstream of the hot reversing mill
and the other located downstream thereof. The coiler
furnaces are capable of receiving and paying out the
intermediate product as it is passed between the coiler
furnaces and through the hot reversing mill so as to be
reduced to an end product. A finishing line is provided
downstream and inline with the coiler furnaces and the hot
reversing mill.

In the above-described apparatus, the hot
reversing mill includes a pair of four-high rolling mill
stands .adapted to be operated in tandem with an adjustable
vertical edger positioned between the pair of rolling mill
stands. Additionally, the slab loading and unloading means
includes a first slab transfer device adjacent the slab
conveyor table and operable transverse to the slab conveyor
table, wherein the feed and run back table is positioned
adjacent an end of the first slab transfer device. A
second slab transfer device is adjacent the feed and run
back table, wherein the slab collection and storage area is
adapted to receive slabs from and supply slabs to the
second slab transfer. .device. Additionally, this embodiment
of the present invention may include a second reheat
furnace having an ehtry end inline with a feed and run back
table and an exit end inline with the slab conveyor table.

. The method of operation of processing coil plate,
sheet in coil form or discrete plate according to the

“\\iiff\\\\\\\\\\\\\\\%\\
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area, particularly in the case of energing countries. g

casters, likewise, are limted as to 25 product w dth because of t
difficulty in using vertical edgers on a two inch (50. 8‘! l@gﬁﬁﬁmﬁn
Furt her problens associated with the thin strip cast er si g

pr obl ens associ ated with keeping the various inclusions formed
during steel - nakln y .from.t.he surf of the t.hi.n slab 30, where such
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exi sting systenthicknésa1¢ent1nuous caster and inline shear for casting an

intermediate thickness strand and shearing the strand into

a slab of predetermined length. Additionally, a slab

5 loading and unlbading device adjacent the slab collection

and storage area for moving slabs between a position inline

with the intermediate thickness caster and the slab
collection and storage area is provided.

As discussed above, one embodlment of the present

10 invention may include a slab container which includes a

vertically movable carriage adapted to engage a lowermost

slab and a stack of the slabs, wherein the slabs in the

stack are directly contacting each other. Insulation may

be provided to surround at least the sides and top of the

15 stack. In one embodiment of the invention, the carriage

may be mounted on a track within an iﬂsulated slab holding

pit with a cover adapted to enclose the slab holding pit.

In a second embodiment, the carriage may include one or two

pairs of slab engaging arms adapted to engage and support

20 a lowermost slab in the stack of slabs. The slab engaging

arms are preferably movable to accommodate varying slab

widths and include insulating side and top members attached

to each slab engaging arm. The top members of the

insulation on respective slab engaging arms are configured

25 to overlap each other, allowing for movement of the slab

engaging arms to accommodate the varying widths of the

slabs.

A slab originating from either the intermediate

thickness castexr, the slab container (if provided) or the

30 slab collection and storage area is fed to an inline

heating furnace. The slab to be reduced is extracted from

the inline heating furnace onto a continuous processing

line which includes a hot reversing mill having a coiler

furnace on each of the upstream and downstream sides

35 thereof. The slab to be worked is passed back and forth
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through the reversing mill to form an intermediate product
of a thickness capable of being coiled.  The intermediate
product 1is coiled in one of the coiler furnaces. The
coiled intermediate product 1is passed back and forth
5 through the mill to reduce the coiled intermediate product
to an end product of desired thickness, the intermediate
product béing collected in and fed out of each of the
coiler furnaces on each pass through the hot reversing
mill. The end product may be finished into one of either
10 coiled plate, discrete plate or sheet in coil form.
| The method according to the present invention
also provides that some of the coil slabs may bypass the
heating furnace if the temperature of the slab is
sufficient €for rolling; additionally, some of the slabs
15 supplied to the heating furnace may be outsourced (i.e.,
slabs which were not cast in the intermediate thickness
caster). These outsourced slabs may have a thickness
greater than slabs cast by the intermediate ‘thickness
caster and/or a chemistry different from that which can be
20 produced on the melting/refining furnace (s) associated with
the caster. The hot reversing mills of the present
invention include a pair of rolling mill stands adapted for
operation in  tandem further including an adjustable
vertical edger positioned between the pair of rolling mill
25 stands. The method of the present invention may include a
second heating furnace adjacent the inline heating furnace
to provide for a wide versatility in slab sourcing,
sequencing and processing, as will be described in detail
herein.

30 BRIEF DESCRIPTION OF THE DRAWINGS
_ Figs. 1A and 1B are schematics illustrating an
intermediate thickness strip caster and inline hot
reversing mill and coiler furnace arrangement according to
a first embodiment of the present invention;

- 10 -
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-4- ' In addition, this thin strip process can o] BEEN
operate in a continuous nmanner, which neans that a br eakd E ¥HA

in the process stops the entire line, “ﬁﬁ“\“‘“\“‘ml“‘

Fig. 2 is a schematic illustrating an
intermediate thickness strip caster and inline hot
reversing mill and coiler furnace arrangement with multiple
reheat and equalizing furnaces according to a second

5 embodiment of the present invention;

Figs. 3A and 3B are schematic illustrations of a
third -embodiment for the intermediate thickness strip
caster and inline hot reversing mill and coiler furnace
arrangement according to the present invention;

10 Fig. 4 is a sectional view of one embodiment of
a slab storage container shown schematically in Figs. 3A
and 3B;

Fig. 5 is a side view of another embodiment of a
slab storage container shown schematically in Figs. 3A and

15 3B; and _

‘Fig. 6 is a front view of the slab storage
container shown in Fig. 5.

DESCRIPTION OF THE PREFERRED EMBODIMENT
The intermediate thickness slab caster and inline
20 hot strip and plate line of a first embodiment of the
present invention is illustrated in Fig. 1A. This
embodiment is well suited for slab sequencing as will be
discussed hereinafter. One or more electric melting
furnaces 26 provide the molten metal at the entry end of
25 our combination caster and strip and plate line 25. The
molten metal is fed into a ladle furnace 28 prior to being
fed into the caster 30. The caster 30 feeds into a mold
(curved or straight) 32 of rectangular cross section.
A torch cutoff (or shear) 34 is positioned at the
30 exit end of the mold 32 to cut the strand of now solidified
metal into an intermediate thickness slab, about 3.0 to 6
inches (about 76 to about 152 mm) thick, of the desired
length which also has a width of 24 to 120 inches (610 to
3048 mm).

- 11 - This Sheet Has Been Re laced
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of tén calisi ng scrapping of the entire product then being 5
The integration of a slab caster with any hot rolling m ﬁgﬁ %B%EN
u

synchroni zing of the casting and rolling of slabs. Wt ho
ability to decouple the casting and rolling of slabs i nu mﬁﬂ“mi““L
I ntegrated system 10 a breakdown anywhere in the process s [

l'ine, possibly resulting in the scrapping of the entire product

t hen bei ng processed. The.gast,l nd of sl.abs ¢ be
effectively decoupl ed by 3ﬁ8vﬁ%$ﬁg€?%% ?ﬁ#ﬁt éed arid run bick table

52 to a slab takeoff area where 1t may be removed from the
feed and run back table 52 by a movable slab transfer table

35 operating transverse to the feed and run back table 52.

5 The slabs are moved by the slab transfer table 35 to a
table conveyor 36 to be charged into a furnace 42 or
removed from the inline processing and stored in a slab
collection and storage area 40 which normally will house
slab conditioning facilities of one type or another. The

10 provision of the easily accessible slab collection and
storage area allows for a decoupling of the caster and the
downstream processing. For example, if the mill goes off-
line during a casting, the remaining casts may be forwarded

to the slab collection and storage area. Additionally, if

15 the caster were off-line, then the downstream processing
can be continued with outsourced slabs. The slab
collection and storage area 40 allows individual slabs to

be collected for individual surface processing to address
defects in individual slabs. The preferred furnace is of

20 the walking beam type although a walking hearth furnace
could also be utilized in certain'applications. Full-size
slabs 44 and discrete length slabs 46 for certain plate
products are shown within walking beam furnace 42. Slabs

38, which are located in the slab collection and storage

25 area 40, may also be fed into the furnace 42 by means of
slab pushers 48 or charging arm devices located for
indirect charging of walking beam furnace 42 with slabs 38.

It is also possible to charge slabs from other slab yards

or storage areas. Where slabs are introduced from the slab

30 collection and storage area 40 or from the off-line
locations, the furnace 42 must have the capacity to add

Btu’s to bring the slabs up to rolling temperatures.

- Because the intermediate thickness slabs retain

heat to a much greater extent than the thin slabs,

35 temperature equalization is all that is required in many
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transfer’a cast slab to a slab storage area. However, thlsﬂﬂ§ HES HAS BBEN S
inefficient. The slab is- transferred to an ~ext er nal ﬁu§1mcage ar ea

such that when the mll is brought back on-line, a substantl
of energy is required to bring the slabs back to an a ﬂ‘ﬂﬁ!ﬂl ng
tenperature. Several other approaches have been attenpted

this particular problem These I ncl ude _retaining or storlng hot
slabs in a heating furpace or { her mal dglatln chanber .

However, these YGPGE| 8 operaﬁégg a@g 1ﬁéﬂna¥%¥t <ast ®3akfng

the space the internal temperature throughout the slab as it is
received on the feed and run back table 52 may be
sufficient for rolling directly. 1In this situation, the
5 s8lab may be fed directly to downstream processing,
bypassing the furnace 42. It is also anticipated that a
second furnace may be positioned upstream of the first
furnace 42 to increase the flexibility and the control of
the current system.
10 The various slabs are fed through the furnace 42
' in a conventional manner and are removed by slab extractors
50 and placed on the feed and run back table 52. Descaler
53 and/or a vertical edger 54 can be utilized on the
intermediate thickness slabs. A vertical edger normally
15 could not be used with a slab of only 2 inches (50.8 mm) or
less.
Downstream of feed and run back table 52 and
vertical edger 54 is a single stand hot reversing mill 56
having an upstream and a downstream coiler furnace 58 and
20 60, respectively. Run out table 61 and cooling station 62
are downstream of coiler furnace 60. Downstream of cooling
station 62 is a coiler 66 operated in conjunction with a
coil car 67 followed by a plate table 64 operated in
conjunction with a shear 68. The final product is either
25 coiled on coiler 66 and removed by coil car 67 as sheet in
strip or coil plate form or is sheared into plate form for
further processing inline. A plate product is transferred
by transfer table 70 which includes a cooling bed onto a
final processing line 71. The final processing line 71
30 includes a plate side shear 72, plate end shear 74 and
plate piler 76. Of course, the plate product facility is
omitted where only coil or coil and sheet product are
desired. '
The advantages of the subject invention come
35 about as the result of the operating parameters employed

-
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design. The cast strand should have an intermediate
thickness, generally between about 3.0 inches to about 6
inches (about 76 to about 152 mm) , preferably between 3.5

‘inches to 5.5 inches (about 88.9 to about 139.7 mm). The

width can generally vary between 24 inches and 100 inches
(610 mm and 2,540 mm) to produce a product up to 1,000 PIW
and higher.

The slab is flat passed back and forth through
hot reversing mill 56 in a minimum number of flat passes
achieving a slab thickness of about 1 inch (25.4 mm) or
less. The intermediate product is then coiled in the
appropriate coiler furnace, which in the case of three flat
passes would be downstream coiler furnace 60. Thereafter,
the intermediate product is passed back and forth through
hot reversing mill 56 and between the coiler furnaces to
achieve the desired thickness for the sheet in coil form,
the coil plate or the plate product. The number of passes
to achieve the final product thickness may vary but
normally may be done in nine passes which include the
initial flat passes. On the final pass, which normally
originates from upstream coiler furnace 58, the strip of
the desired thickness is rolled in the hot reversing mill
and continues through the cooling station 62 where it is
appropriately cooled for coiling on a coiler 66 or for
entry onto a plate table 64. If the product is to be sheet
or plate in coil form, it is coiled on coiler 66 and
removed by coil car 67. If it is to go directly into plate
form, it enters plate table 64 where it is sheared by-shear
68 to the appropriate length. The plate thereafter enters
a transfer table 70 which acts as a cooling bed so that the
plate may be finished on final processing line 71 which
includes descaler 73, side shear 72, end shear 74 and piler
76.

~ 14 -
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requirements, reasonably powered rolling eqU|pnent and | ow 35 operating.
costs. It is a further object to provide THIS SHEET HAS BEEN

REPLACED

| D

The intermediate thickness continuous caster and
hot strip and plate line provide many of the advantages of
the thin strip caster without the disadvantages. The basic
design of the facility can be predicated on rolling 150

5 tons (136 metric tons) per hour on the rolling mill. The
market demand will obviously dictate the product mix, but
for purposes of calculating the required caster speeds to
achieve 150 tons (136 metric tons) per hour of rolling, one
can assume the bulk of the product mix will be between 36

10 inches (214 mm) and 72 inches (1829 mm). A 72 inch
(1829 mm) slab rolled at 150 tons (136 metric tons) per
hour would require a casting speed of 61 inches (1549 mm)
prer minute. At 60 inches (1524 mm) of width, the casting
speed increases to 73.2 inches (1859 mm) per minute; at 48

15 inches (1219 mm), the casting speed increases to 91.5
inches (2324 mm) per minute; and at 36 inches (914 mm) of
width, the casting speed increases to 122 inches (3099 mm)
per minute. All of these speeds are within acdeptable
casting speeds.

20 The annual design tonnage can be based on 50
weeks of operation per year at 8 hours a turn and 15 turns
per week for 6,000 hours per year of available operating
time assuming that 75% of the available operating time is
utilized and assuming a 96% yield through the operating

25 facility, the annual design tonnage will be approximately
650,000 finished tons (589,670 metric tons).

The intermediate thickness slab caster and inline
hot strip and plate line according to a modified version of
the first embodiment of the present invention is

30 illustrated in Fig. 1B. The combination caster and strip -
and plate line 25 is identical to the line 25 described in
connection with Fig. 1A except that a twin stand hot
reversing mill 56’ replaces the single stand hot reversing
mill. The provision of the twin stand increases the

35 rolling capacity of the mill. Additionally, the twin stand

- 15 - This Sheet Has Been Replaced




-5-° ' flexibility in slab sourcing, sequencing and storage, and

to.econonical |y accommodate increased demand for light  galiteSHERICHAS BEEN
strip. - ' REPLACED

LR 00 0

mill 56’ allows for processing of outsourced slabs which

are thicker than the intermediate thickness slabs which
could be produced by the caster 30. With the twin stand

- mill 56’, four flat reducing passes on the feed and run

5 back table 52 (with two passes occurring with each passagé
of the slab along the feed and run back table 52) are
normally required to arrive at a thickness capable of being

coiled.

An intermediate thickness slab caster and inline '

10 hot strip and plate line including multiple furnaces and/or
a multiple stand hot reversing mill according to a second
embodiment of the present invention is illustrated in
Fig. 2. The process line in Fig. 2 is similar in many
respects to the line illuétrated in the embodiment shown in

15 Fig. 1. One or more electrical melting furnaces 126 will
provide the molten metal at the entry end of the
combination intermediate thickness caster and strip and
plate processing line. The molten metal is fed into a
ladle furnace 128 prior to being fed into the intermediate

20 thickness caster 130. The caster 130 feeds into a curved
or straight mold 132 of rectangular cross section. A torch
cutoff or shedr 134 is positioned at the exit end of the
mold 132 to cut the strand of solidified metal into an
intermediate thickness slab of desired length which may

25 also have a width of 24 to 120 inches (610 to 3,048 mm).
The intermediate thickness slab then feeds onto a slab
conveyor table 136. A hot scarfer 137 may be positioned
above the slab conveyor table 136 for processing the
surface of the slabs. The slab may be removed from the

30 inline processing and stored in a slab collection and
storage area 140 or it may be directly charged from the
slab conveyor table 136 into an entry side of an equalizing

or reheat furnace 142. The preferred furnace 142 is of a
walking beam type, although a roller hearth furnace could

35 Dbe utilized in certain applications. The various slabs are

- 16 -
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SUMVARY ‘OF THE I NVENTION 5 Qur invention provides for a
integrated caster and mininmill capabl e of prodii®PHEEBHAS BEEN

versatil e,

| east 650, 000
| east 589, 670
a year with a
product 24 to

produce a

10

15

20

25

30

35

and preferably in excess of 1 million  fini shedREPASER at

and preferably in excess of 987,185 finis )
divergent 10 product mx. Such a facility c ﬂ Ilmmclmliﬂm

120 - |nches (610 to 3,048 mm w de and can routi nel

0 00.PIWwith 1,200 P
p%e t roug the furnace 142 andmégﬁbngdpggs%bg%n;gytLJEZI

manner and placed on a feed and run back table 152
positioned at the exit of the furnace 142. The feed and
run back table 152 is inline with the caster 130 in the
processing sense but is not physically aligned with the
caster as in the first embodiment.

When slabs are transferred to the slab collection
and storage area 140, they can be removed from slab

. conveyor table 136 by a slab transfer table 138 operating

transverse to the processing line. The slab transfer table
138 will transfer a slab from the slab conveyor table 136
to the feed and run back table 152. A second slab transfer
table 144 is positioned adjacent the feed and run back
table 152 to transfer slabs from the feed and run back
table 152 to the slab collection and storage area 140. An
alternative arrangement would combine the first and second
slab transfer tables 138 and 144 into a single transfer
table extending from the slab conveyor table to the slab
collection and storage area 140 with the feed and run back
table 152 extending from and receiving slabs from an
intermediate portion of the combined slab transfer table.

A furnace 146 is positioned between the slab
conveyor table 136 and the feed and run back table 152 and
positioned adjacent the furnace 142. The furnace 146 may
have an entrance side on the feed and run back table 152
and an exit end on the slab conveyor table 136. The slab
storage area additionally includes a slab conditioning
section 148 wherein further surface processing on the slabs
can be performed, as needed.

The disclosed dual furnace and slab loading and
unloading arrangement provides for great versatility in
slab sourcing and processing.” As discussed above, a slab
cast from the intermediate thickness caster 130 can be fed
directly through furnace 142 onto the feed and run back
table 152 and into the processing line. Because the

- 17 -
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acconpllshed usi ng a casting facility having a fixed and - adj ustabl e
width nold with a straight, rectangular cross 15 section w tHH®EHEENEAS BEEN
trunpet-type nold. The caster has a mol d whi ch contai ns en&fFRACERQuUI d

vol une to provide -sufficient time to make flying tundlsr

t her eby not limiting the caster run to a single tundish lﬂmmm E”w

i nvention provides-a slab approximately two to three times 20 as thic

{he thin cast SR biarabY LOsLAg N b1 e Sror et Bha R L it B, .

| esser scal e | oextént than the thin slabs, the temperature equalization is
generally all that will be required in many modes of
operation.

5 ' The present arrangement additionally provides for
transferring a slab from a position inline on the slab
conveyor table 136 to the slab collection and storage area
140 through slab transfer tables 138 and 144. Such storage
may be required to allow continuous casting to continue

10 when a breakdown downstream in the processing line has
occurred or, alternatively, allows for removing individual
slabs for further processing in the slab conditioning
section 148 such as due to any undesirable surface defects.
The present arrangement provides for great versatility in

15 Dbringing slabs from the slab collection and storage area
140 back in the processing line.

In short delays, the slab may be passed dlrectly
onto the feed and run back table 152 by the slab transfer
table 144 for subsequent processing. A second alternative

20 would be to transfer a slab onto the slab conveyor table
136 through both slab transfer tables 138 and 144. The
slab can then continue down through furnace 142 and to the
feed and run back table 152 for processing. Where cold
slabs are being re-introduced into the processing line, the

25 present arrangement allows for the slab to be transferred
to the slab conveyor table 136 through the reheat furnace
146 which will have a capacity to add BTU’s to bring the
slab up to the appropriate temperature for subsequent
processing. The present arrangement additionally provides

30 for introducing outsourced slabs into the processing line.
Outsourced slabs refer to slabs which were not cast on the
intermediate thickness caster 130. Such outsourced slabs
may have any thickness, including a thickness greater than
that cast on the intermediate thickness caster 130 and/or

35 a chemistry different than what can be produced or achieved

- 18 -
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redGCed Surface area per volume and permts the use of one or two
reheat or equalizing furnaces with mninmal 25 naintenance THI§SHEETHAS BEEN

Further, our invention provides a caster which can operat e REPLACED.
conventional caster speeds and conventi onal descaling

I nvention provides for the selection of the optinumt h?@?ﬁ@ﬂﬂﬁmﬂgmab
to be used in conjunction with a twin stand, tandem hot reversin

The abi |1ty to SEEIREHIE BRLEITG FronAeRs 226 (i) Agdle dreace :22""
del ay in either Téved. addiitionaht abhlity of incorporating outsourced slabs
into the processing line provides additional options for a
more complete matching of the speed of the intermediate
5 thickness caster 130 and the supply of outsourced slabs to
the downstream processing. '

An alternative embodiment of the present
invention is contemplated wherein furnace 146 has an
entrance side on the slab conveyor table 136 and an exit

10 side on the feed and run back table 152. In such an

| arrangement, the slabs from the slab collection and storage
area 140 would generally be supplied to the slab conveyor
table 136 and then through an appropriate one of the
furnaces 142 or 146. In this alternative arrangement, both

15 furnaces would generally be operated in the same manner.
In the embodiment disclosed in Fig. 2, furnace 146 can be
utilized and operated as a reheat furnace whereas furnace
142 can. be generally operated as an equalizing-type
furnace.

20 The present arrangement additionally provides for
directly transferring an appropriate slab from the slab
conveyor table 136 to the feed and run back table 152 for
subsequent processing without going through either of the
furnaces 142 or 146 as in the first embodiment. Such

25 procedure would only be possible if the cast slab already
contains an appropriate rolling temperature throughout.
This alternative further illustrates the inherent
flexibility of the present design.

The slabs positioned on the feed and run back

30 table 152 fof subsequent working are passed through a

conventional descaler 153. As discussed above, such a
descaler process could be detrimental to 2 inch thin cast
slabs. '

Downstreamiéf feed and run back table 152 and
35 aligned therewith is a hot reversing mill which includes a

- 1 9 -
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provi des for hot slab storage if the delay is in the r oflis BGEETHAS BEEN
I nvention provides for the easy renoval of REPLACED

| 0 0

pair of four-high rolling mill stands 156 configured to
operate in tandem. Positioned between the pair of rolling
mill stands 156 is an adjustable vertical edger 154.
Vertical edger 154 is intended to be used conventionally or
5 to taper the leading and trailing ends, respectively, of
the slab on the first paés through the mill so as to
compensate for the flaring out of the extreme ends which
occurs during subsequent rolling. Such tapering can be
controlled by the AGC, and the vertical edger can be
10 passively driven by the twin stands of the mill. The .
effectiveness of the tapered ends can be monitored by a
width gauge at the exit end of the downstream hot reversing
stand wherein a fingerprint of the width is taken and
adjustments are made through a feedback 1loop to the
15 wvertical edger, where necessary.

Upstream and downstream coiler furnaces 158 and
160, respectively, are positioned on either side of the
pair of rolling mill stands 156 of the hot reversing mill.
A run out table 161 extends downstream from the coiler
20 furnace 160. A cooling station 162, such as laminar flow
cooling, is downstream of the downstream coiler furnace 160
and extends along the run out table 161. Downstream of the
cooling station 162 is an upcoiler 166 which can be
operated in conjunction with a coil car 167. A subsequent
25 finishing line may be provided substantially the same as
described above in Fig. 1 which includes shear 68, transfer
table 70, final processing line 71, plate side shear 72,

plate end shear 74 and plate piler 76.
The provision of tandem operated twin reversing
30 stands.- 156 in the hot reversing mill of the present
invention includes increased processing tonnages as well as
the ability to achieve lighter gauges such as 0.040 inch,
which are of increasing importance in many industries such
as the building industry where light gauge hot mill product
35 is formed into studs and the like to replace lumber. The

—_—
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-6-° ’ transitional slabs forned when nolten netal chen1s&%¥
changes or width changes are made in the caster. Furt her it HﬁﬁﬂHASBEEN
i nvention provides for easily bringing cold slabs into the pB ¥ﬁ§§

e S STy b | F T

additional expeﬁse of incorporating a twin stand reversing
mill rather than a single stand reversing mill is justified
by the increased productivity and wversatility and the
incorporation of outsourced slabs from the slab collection

5 and storage area 140, as discussed above. As noted, such
outsourced slabs may have a thickness greater than those
cast in the caster 130 and can provide for an even greater
variety of product mix. The folléwing Examples illustrate
such a product mix.

This Sheet Has Been Re[ilaced
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5 oUtsourced (i.e., slabs not formed by the caster) and may be thicker
t han t hose whi-ch may be cast by the caster. Thi s ver satTHiS $HEEW HAS BEEN W
the processing line to be. operated at the respective capaciﬁEj?Lb(FEQhe_

i ndi vi dual conponents and allows for various portions 01‘.“.“1 10
be i ndependently operated. This outsourcing of slabs also: E Hﬁﬂmm
product m'x to include steel grades beyond the capabi |IP

steel-making facility which forns a par f.any given i ntegrated
process. Al'l of the above%ﬁ&a&es are realized while

A 48.99 inch (1244 mm) wide x 0.040 inch (1.016
mm) thick sheet in coil form is produced from a 5 1/2 inch
(139.7 mm) cast slab in accordance with the following

5 '~ rolling schedule:

is Sheet Has Been Reﬂlaced
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-7-° ' nini num number of flat passes, about three or four flat
passes. The conbination coil, coiled plate, sheet in coil THSEBEETQASBEEN
di screte plate finishing I|ne extends inline and downst r earREFLACED hot

helude R Conling 0T e T T o

Example I illustrates one of a wide variety of

product types which can be rolled with the present system.

As illustrated in this Example, the present mill can

economically hot roll down to 0.040 inch (1.0 mm) thick.

5 The provision of the twin stands allows for accurately

rolling down to these light gauges for which there is an
increased market demand.
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stafionf"a downcoiler, a plate table, a shear, a cooling

crossover, a plate side and end shear and a piler. nﬂggH hﬁ

t he necessary bal ance between the hot reversing mll and the C J%A EPEEN
is preferable to cast 10 slabs having a thickness of about 3 to about

i nches (about 76 to about 152 nm) and preferably between atlmmﬂm "lﬂ”"’
to about 5.5 inches (about 88.9 to about 139.7 mm). As

the terminternmedi ate thickness is generally i ntended to define such
sl abs, although in certain 15 specialty steels such as stainless steel
i ntermedi ate EXAMPLE ITI

A 55 inch (1397 mm) wide x 0.060 inch (1.52 mm)
thick sheet in coiled form is produced from a 5 1/2 inch
(139.7 mm) cast slab in accordance with the following

5 rolling schedule:
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| east one reheat furnace

downst r eam of

i nvention I ncl-udes an
with an inline shear
thereto. A sy
the slab | oading and unl oa
supplying slabs thereto. At

A sl ab conveyor table is provi REBLAGED ne

with the shear and a sl ab | oadi ng and unl oadi ng nmechani sm

adj acent the conveyor for supplying slabs

and storage area i s adjacent

for
S

a cast strand into an internedi atrais $HEENHASSBEEN

| ine of the present

cutting

i

processi ng
t hi ckness conti nuous strip caster
receiving and 35

slab of the 30 desired |ength.
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prOV|ded having an entry end inline with the slab conveyor Tmsggggﬁhggggeu
recei ving slabs therefrom and supplying reheated sl abs to arRgpesc

run back table positioned at the exit end of the reheat furna

hot reversing mll is 5 provided inline with the feed an i“mlm
for reducing a slab on the feed and run back table to a

Example II, like Example I, illustrates the

versatility of the present system in hot rolling thin

gauges. These hot rolled narrow gauge products, such as

about 0.040 inch (1.0 mm) and about 0.060 inch (1.5 mm)

5 thick, are able to be utilized as final end products in

situations in which the final end product is generally not

exposed and does not require any surface finishing. Metal

construction studs, for example 0.040 inch (1.0 mm)

galvanized studs, represent one final end product that can

10 be hot rolled by the present invention. This is a distinct

advantage over the known prior art which would generally

hot roll somewhere above 0.080 inch (2.0 mm) thick then

pickle and finish the product on a cold mill with a
subsequent anneal and temper rolling.

—//.
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i nt er medi at e product having a thickness sufficient for coiling in a

nunber of flat passes.. Two spaced coil er furnaces are positioned
ilnline with the feed and run back 10 table, with one | ocated upstream of
the hot reversing nill and the other |ocated downstreamthereof. The
coiler furnaces are capabl e of receiving and paying out the

internedi ate-product as it is passed between the coiler furnaces and
through the hot reversing mll so as t3¥§§ﬂi§%§ﬁ§ﬁuced to an end product.
A finishing line is provided downst line with the coiler
furnaces and the hot . A 62 inch (1574.8 mm) wide x 0.090 inch (2.3 mm)

thick sheet in coil form is produced from a 10 inch (254
mm) outsourced slab in accordance to the following
schedule: '

- 32 -
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second slab transfer device is adjacent the feed and run

wherein the slab collection and storage area is

<

back t abl e,

adapted to receive
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collection and storage area is provided. gwg% &%ghggéﬁ,

one enbodi nent of the present 10 invention may include a
whi ch includes a vertically novable carriage adapted to engage

lowernost ~ slab and a stack of the slabs, wherein the SI‘%J‘ m‘ |
stack are directly contacting each other. Insulatlon_nay ki to
surround at |least the sides and top of the 15 stack. In one enbodi nent of

surround at | east the s
nul ot od siab holding  ExpmPle: BE% CHBRCARI (s ofbRELBLE FRC0E She

hol di ng pit. present system which can receive outsourced slabs for

further processing. Such outsourced slabs may be, as here,

slabs which are too thick to be cast in the intermediate
5 thickness caster or slabs which have a specialized

composition limiting where they may be produced or simply

additional slabs to supplement the caster product. The

rolling of outsourced slabs and the ability to store cast

glabs allows the casting and rolling to be decoupled and
10 operated independently of each other.

///
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In a second embodi ment, the carriage may include one or two pairs of
sl ab engagi ng arns adapted to engage and support 20 a |°“erﬁ$§%§ék?ﬁA§%EEN
¥ NceDt O

the stack of slabs. The slab engaging =~ arns are preferably

accomodat e varying sl ab wi dt hs and include insulating side and top
menbers attached to each slab engaging arm The top gm\wumlﬂl
i nsul ation on respective slab engaging arns are configured 2 I
each other, allow ng for novenment of t A v engagi ng arns to

accomodat e the varying wi dths of the » .
A 48 inch (1219.2mm) wide x 0.125 inch (3.175mm)

" thick sheet of high carbon steel (0.51-0.95 carboq) in coil
form is produced from a 5 % inch (139.7mm) thick cast slab

5 in accordance to the following rolling schedule:

-
eet Has Been Reiaced .
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t he

A

t hi ckness caster,
f ur nace
The slab to be wo

slab collection and storage area is
The slab to be reduced .i s TRIsISHEETEAS BEEN

the inline heating furnace onto a continuous processing
t her eof .

having a coiler

&m sides 35
o,

(if provided) or the 30
heati ng furnace.
reversing mll

inline

A slab originating fromeither the internediate
sl ab cont ai ner

fed to an

from

whi ch

i ncl udes a hot

1

t he upstream and downstre

passed back and forth
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mll. The end product may be finished into one of either 10

di screte plate or sheet

the present invention

bypass t he

in coil

form

The nethod according to

coi

| ed pl ate,

al so provides that some of the coil slab

sufficient for rolling; additionally, some of the slabs 15

heating furnace may be outsourced (i.e.,
i nt ernedi at e t hi ckness

t he
t hi ckness

EXAMPLE IV (TANDEM REVERSING MILL) --continued

caster).
greater than slabs cast by the internedi ate thickness

0.0000
1.9084
2.0179
1.4483
1.3623
1.2726
0.7175
0.4166
0.2886
0.2162
0.1329

sl abs whi ch wer
These out sourced sl

0.0000
1.9002
2.0163
1.5344
1.4203
1.1489
0.6794
0.4875
0.3094
0.2054
0.1392

.0000
1.4076

1.4884
1.0683
1.0048

.9387
.5292
.30736
.2129
.1595
.0980

0.0000
1.4016
1.4872
1.1318
1.0476

.8474
.5011
.3596
.2282
.1515

139.700

99.949
64.008
41.910
25.019
14.224

8.890
6.223
4.648
3.734

5.5000
3.9350
2.5200
1.6500

. 9850
.5600
.3500
.2450
.1830
.1470
.1250
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caster and/or a chem stry different fromthat which can be 20 produced on

the nelting/refining furnace(s) associated with
reversing mlls of the present

stands adapted for

vertical edger positioned between the pair of

nmet hod of the present

adj acent the inline heating furnace

in slab sourcing,
det ai |

EXAMPLE IV (TANDEM REVERSING MILL) --continued

sequenci ng and processing,

t he caster.
i nvention include a pair of rolling mll

The hot’

operation in tandem further including an adj ustabl e

I nvention may include a

7780.
7218.
4596.
3321.

16257.
14666.

12970.
20435.

0.0000
20180. .

12222.

0.0000
12171.
9104.
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14675.
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and coil er furnace
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reversing mll
a first enbodinent of the presenf..Qavept HRE BEEN

hot
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30
1A and 1B are schematics illustrating an
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1S SHEET HAS BE!
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A

EXAMPLE V
_ A 60 inch (1524mm) wide x 0.100 inch (2.54mm)
thick sheet in coil form is produced from a 5 inch (127mm)
cast slab of low carbon steel according to the following

5 rolling schedule:
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fed into the caster 30. The caster 30 feeds into a nold (curved or
straight) 32 of rectangular cross section. AI%BHEEUHQﬁPEE%r
shear) 34 is positioned at the 30 exit end of the nold 32 to REPLARED

strand of now solidified . netal into an intermediate thickat aum
about 3.0 to 6 I nches (about 76 to about 152 mm) thi ck,,,q&@ﬁa N& d
| engt h which al so has a wdth of 24 to 120 inches (610 to
. Examples IV and V show the range of grades
producible on the present invention providing the broad
product mix needed for a competitive mill.
The intermediate thickness slab caster and inline
5 hot strip and plate line of a third embodiment of the
present invention is illustrated in Figs. 3A and 3B. The
third embodiment is similar to the first two embodiments
including electric melting furnaces 226 provided at the
entry end of the strip and plate line 225, ladle furnace

10 228, caster 230, mold 232 and cutoff 234 positioned at the
exit end of the mold 232 to cut the strand of now
solidified metal into a 3.5 to 6 inch thick slab
(intermediate thickness) of the desired length which ‘also
has a width of 24 to 120 inches.

15 The slab then feeds on a table conveyor 236 to a
slab takeoff area where it is directly charged into a
furnace 242 or is stored in slab storage container 280 or
alternatively is removed from the inline processing and
stored in a slab collection area 240. If the cast slab is

20 needed to be stored prior to rolling, such as due to
maintenance on the rolling mill, it is preferred that the
slabs be stored in the slab storage container 280. The
slab collection area 240 will generally be utilized where
additional processing of a slab is required, such as

25 surfacing of the slab by hand scarfing. Full-size slabs 244

~  and discrete length slabs 246 for certain plate products
are shown within walking beam furnace 242. Slabs 238 which
are located in the slab collection area 240 may also be fed
into the furnace 242 by means of slab pushers 248 or

30 charging arm devices located for indirect charging of
walking beam furnace 242 with slabs 238. It is also
possible to charge slabs into furnace 242 from the slab
storage container 280 which feed onto the table conveyor
236. As discussed above, where slabs are introduced from

35 off-line locations, the furnace must have the capacity to

-

heet Has Been Reraced
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add Btu’s to bring the slabs up to rolling temperatures.

The slab storage container 280 will minimize the need for
such off-line slab loading. _

The various slabs are fed through the following
furnace 242. The third embodiment operates substantially
identical to the two embodiments discussed above. The
third embodiment includes slab extractors 250, feed and run
back table 252, descaler 253, vertical edger 254, and hot
reversing mill 256 downstream of feed and run back table
252, upstream and downstream coiler furnace 258 and 260,
cooling station 262, coiler 266 downstream of cooling
station 262, coil car 267, a plate table 264, a shear 268,
a transfer table 270, and a final processing line 271 which
includes a plate side shear 272, plate end shear 274 and
plate piler 276.

Fig. 3B illustrates a modified version of the
embodiment of the caster and inline mill illustrated in
Fig. 3A. Fig. 3B is identical to Fig. 3A except that a
plurality of slab storage containers 280 and 280’ is
provided adjacent the table conveyor 236. A second slab
storage container 280’ obviously provides additional

- capacity for storing cast slabs in the event of a delay

downstream. However, the addition of a second or more slab
storage container 280’ also provides slab sequencing
possibilities. This allows for a certain prioritization
and changing of the order of slabs by directing them to
appropriate slab storage containers 280, 280’ from which
the slabs can be selectively withdrawn.

Fig. 4 illustrates a first embodiment of the slab
storage container 280. The slab storage container 280

_includes a carriage 282 mounted by rollers 284 onto a track

286 located within a slab holding pit 288. The walls 290
of the slab holding pit 288 are appropriately insulated as
is the top surface 292 of the carriage 282 which engages
and supports the lowermost slab of a stack of slabs. An

—_—
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The slab then feeds on a feed and run back table 52 to a.{@% QféEEN
area where it nmay be renoved fromthe feed and run back I
novabl e sl ab transfer table 35 operating transverse to the fee

back table 52. 5 The slabs are noved by the slab transfer m%ﬁ agmﬁxm
tabl e conveyor 36 to be charged into a furnace 42 or r enfa
I nline processing and stored in a slab coll ection and storage area 40

whi ch normal 'y 1nsuf§£e53movab1e cover 294 is provided for covering the

slab holding pit 288 and the stack of slabs, as shown in
phantom in Fig. 4. Slab pushers 296 are provided for
moving slabs into and out of the stack in the slab storage
5 container 280. The slab storage containér 280 operates as
follows. The lowermost slab of the stack of slabs is
pushed onto the top surface 292 of the carriage 282 by slab
pushers 296. Carriage 282 is then indexed down a distance
substantially equal to the thickness of the slab whereby a

10 second slab can be pushed by slab pusher 296 directly on
top of the initial slab. When the stack of slabs has been-
placéd into the slab storage container 280, the cover 294
can be positioned on top of the slab holding pit 288 to
maintain the heat within the slabs.

15 The configuration of the slab storage container
280 provides a simple and effective means for storing a
stack of slabs which also minimizes the space required.
Furthermore, stacking the slabs directly on top of each
other and maintaining the stacked slabs in contact with

20 each other gives the thermal advantages of a thicker slab.
The temperature loss of the individual slabs is minimized
with this stacked arrangement.

Fig. 5 is a side view of another embodiment of a
slab storage container 280’ according to the present

25 invention. The slab storage container 280’ includes a
carriage 282’ supported on a frame 298. The carriage 282’
is vertically movable on the frame 298. The carriage 282’
includes a front and back pair of slab engaging arms 300.
As shown in Fig. 6, engaging points 302 of each engaging

30 arm 300 engage the sides of a lowermost slab in a stack of
slabs to engage and support' the stack of slabs.
Preferably, the slab engaging arms 300 are hydraulically
‘operated to move into and out of engégement with the slabs.
In addition to moving in and out of engagement with the

35 slabs, the slab engaging arms 300 are preferably movable to
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slab conditioning facilities of one type or another. The 10 1945 BEEN
thé easily accessible slab collection and storage area aI iim

decoupling of the caster and the downst r eam processi ng. For
if the mll goes off- line during a casting, the renai m%ﬁ&ﬁ ﬁ ﬂm

f-orwar ded to the slab collection and storage area. Addit
the caster were off-line, then the downstream processing can
continued wth _outso

area 40 all ows i%&ﬁ%W' écgglgﬁgl?Bs w1§€€ C8# gg?eﬁl?gﬁ %Fagdggguiﬁgﬁﬁ e

processing to acglkadss 304 and top insulating plate 306 are attached to each
slab engaging arm 300. As illustrated in Fig. 6, the top
insulating plates 306 of opposed slab engaging arms 300
5 will overlap with each other to allow for the movement of
the slab engaging arms 300 which provide for the
accommodation of varying widths of the slabs.

The . slab storage container 280’ operates in a

‘manner similar to the slab storage container 280 described

10 above and provides similar advantages. In operation, the

carriage 282’ is lowered to a position over a slab and the

slab engaging arms 300 are activated to securely clamp the

slab therebetween and the carriage 282’ is again raised

holding the slab therein. To add a second slab to the slab

15 stack, the carriage 282’ is lowered, positioning the slab

on top of the second slab to be positioned in the stack.

'~ Slab engaging arms 300 are digengaged from the first slab

carriage moved down to align the engaging points 302 with

the new lowermost slab in the stack and the slab engaging

20 arms 300 engage to contact the new lowermost slab in the

stack of slabs. This process is repeated until all of the

slabs are positioned within the stack and the process is
reversed for removing the slabs from the stack.

As discussed above, the slab storage container

25 280’ provides the advantages of minimal space and
efficient, effective thermal conserﬁation of the slabs as
with the slab storage container 280 described above. In
addition, the slab storage container 280’ provides a system
that can be mounted directly over top of the slab conveyor

30 table, further minimizing the floor space required for the
overall system.

Although the present invention has been described
in considerable detail with reference to certain preferred
versions thereof, other versions are possible. Therefore,

35 the spirit and scope of the appended claims should not be
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defects in individual slabs. The preferred furnace is of 20 .n_ﬁ% wal Ki ng
beam type al t hough a wal ki ng hearth furnace . coul d al so be ;T%%g REN
certain applications. Full-size sl abs 44 and discrete length™s 46
for certain plate ‘products are shown within wal ki ng beamwﬂmmﬁﬂm‘a
Sl abs 38, which are located in the slab collection and a
40, may al so be fed into the furnace 42 by neans of" sl ab pushers 48

or charging armdevices |oqcate for .. _indir . C i_ngQ._of ks
beam f ur nace 4 W:ﬁ\eél i %@‘e gesFF:LPglgPso‘)%ogsqlEeol g%{ege%ﬁ'ae(rage)og#ggggf rom

ot her slab yardsontained herein.
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or storage areas. Were sl abs ared ed fromthe slab 30 collection
and storage area 40 or from lhe off-line  Tocati ﬂmg sHEE® HABBEENe
SR

42 nust have the capacity to add uﬂmlmm&fmﬂ!ﬂﬂg thﬁ Sk EP_ACED ol | i ng
te thickness

t enper at ur es. - Becau

ain
heat to a nmuch greater extent than the thid sffabs, 35 tetﬁb *\%{ﬂ‘\ m

equalization is all that is required in many
WHAT IS CIAIMED . .IS:

1. An intermediate thickness slab caster and
inline hot strip and plate line comprising:
_ a) a continuous strip caster means for forming
an intermediate thickness strand;

5 b) an inline cutoff downstream of said caster
means for cutting said strand to a slab of a desired
length; _ '

c) a slab storage and sequencing means for

selectively storing and sequencing selected slabs;
10 - d) at least one reheat furnace positioned
~ downstream of said slab storage and sequencing means;
e) a feed and run back table positioned at an
exit end of said at least one reheat furnace;
£) a hot reversing mill means inline with said
15 feed and run back table for reducing said slab exiting the
reheat furnace to an intermediate product of a thickness
sufficient for coiling; aﬁd _
g) a pair of coiler furnaces, one located
upstream of said hot reversing mill means and the other
20 located downstream, said coiler furnaces capable of
receiving and paying out said intermediate product as it is
passed between the coiler furnaces and through said hot
reversing mill means so as to be reduced to an end product
~ thickness.

2. The apparatus of claim 1 further including
a slab conveyor table inline with said cutoff, wherein said
slab sequencing and storing means includes:
a slab transfer means adjacent said slab conveyor
5 table operable transverse of said slab conveyor table and
in communication with said feed and run back table; and

- 54 - is Sheet Has Been Replaced
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a slab collection and storage area adjacent said
slab transfer means adapted to selectively receive slabs
therefrom.

3. The apparatus of claim 2 further including
a pair of said reheat furnaces,

a first said reheat furnace positioned between
said feed and run back table and said slab conveyor table,
and '

a second said reheat furnace downstream of and
adjacent said first reheat furnace and having an entry end
inline with said slab conveyor table and an exit inline
with said feed and run back table.

4. The apparatus as claimed in claim 1 wherein
said feed and run back table is positioned inline with said
cutoff and adapted to receive slabs directly therefrom, and
wherein said slab sequencing and storing means includes:

a slab transfer table adjacent said feed and run
back table operable transverse of said feed and run back
table to selectively remove slabs from said feed and run
back table; |

a slab conveyor table adjacent said slab transfer
table and adapted to receive slabs from said slab transfer
table; and

a slab collection and storage area adjacent said
slab conveyor table adapted to receive slabs from said slab
conveyor table. '

5. The apparatus of claim 1 further including
a slab conveyor table inline with said cutoff wherein said
" slab storage and sequencing means includes at least one
vertically stackable slab .storage container positioned
adjacent said slab conveyor table, wherein' said slab

S
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nodes of operation. Additionally, fo cer ast slabs, THIStSHEETH ?EEN
tenperature throughout the slab as on the feB§P

cituation the & siab may be fed R\\\\\m mswé'ﬁn prtﬁgé\gﬁml\lﬂiﬂﬂl

bypassing the furnace 42. It is also ﬁnt|C|pated that a “second furnace
may be positioned upstream of the first furnace 42 to increase the

flexibility and Eheéggnéé%talner lngfuggrrent r%%%%qiy movable carriage

for supportlng a stack of said slabs.

6. A method of processing metal slabs
comprising the steps of: _
' a) continuously casting an intermediate
thickness strand; _ :
5 ' b) cutting said strand into a plurality of
slabs of predetermined lengths;
c) selectively feeding each said slab to either
i) a continuous processing line including
a hot reversing mill having a coiler furnace on each of an
10 upstream and downstream side thereof, or
ii) an inline heating furnace from which
said slab exits to said continuous processing line, or
iii) a slab storing area and subsequently
transferring said slab to said inline heating furnace;

15 ' d) flat passing said slab to be worked back and
forth through said hot reversing mill to form an
intermediate product of a thickness sufficient for coiling;

e) coiling said intermediate product in one of
said coiler furnaces; and

20 . £) passing said coiled intermediate product
back and forth through said hot reversing mill to reduce
said coiled intermediate product to an end product of
desired .thickness, said intermediate product being
collected in and fed out of each of said coiler furnaces on

25 each pass through said hot reversing mill.

7. The method of claim 6 further including
supplying at least one slab to be worked to said inline
heating furnace and said continuous processing line from
said slab storing area which was not cast in said
intermediate thickness caster.

This Sheet Has Been Re
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10 S The vari ous sl abs ar ed thro t he furnac

conventional manner and are rem)\lﬁ mwﬂ"m"ﬂgl ﬂut ors emés g%%” on

the feed and run back table 52 d/ or a vertlca e

can be utilized on the i nt ernedi ate th| ckness sl abs. '@ gﬂm e‘mer

normal [y 15 could not be used with a slab of only 2 mche@

| ess. Downstream of feed and run back table 52 and

vertical edger 54 is a si gle and t rs mII havi, ng

upst ream and a dovvnstrea ¢oi l ﬁ"ef LW?] Gf\ rﬁﬂ’% wherein "84189 dfan
storing area includes at least: one vertically stacking slab
container. '

[x]

9. The method of claim 6 wherein said slab
storing area includes a slab collection and storage area,
and wherein a second heating furnace is positioned adjacent
said inline heating furnace.

10. A eslab container positioned between a
continuous caster and a hot reversing mill adapted to
selectively receive slabs from said caster, said container
including a vertically movable carriage adapted to engage

5 a lowermost slab in a stack of said slabs within said
container, wherein said slabs in said stack are directly
cohtacting each other.

This Sheet Has Been RTllaced
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20 60, respectlvely Run out table 61 and cooling station:§2sHeeT AAS BEEN
downstream of coiler furnace 60. Downstream of cooling StedpLGED2 is a
coiler 66 operated in conjunction with a coil car 67 foIIo
pl ate table 64 operated in ‘conjunction with a shear 6&% m‘a&gn
product is either 25 coiled on coiler 66 and renoved by G@ﬂ
sheet in strip or coil plate formor is sheared into plate formfor

further processing inli R égﬁﬁgég %Eﬁ?#%%ﬁg transfer
e s mde 71

table 70 which incl
The final processing
_ STRACT OF THE DIS SURE
A method and apparatus of making coiled plate,

5 sheet in coiled form or discrete plate. The apparatus
includes a continuous strip caster forming a strand of
intermediate thickness; a shear for cutting the strand into
a plurality of slabs of desired 1engths} a slab sequencing
and storing device; one or two reheat furnaces for

10 selectively reheating the slabs; a feed and run back table

" at the exit of one reheat furnace; a single or twin stand
hot reversing mill for réducing the slab to a coiling
thickness in a number of flat passes; and a pair of coiler
furnaces located on opposite sides of the hot reversing

15 mill. |

—_—
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30 includes a plate side shear G,

76. O course,
and sheet product .are
subj ect invention conme 35 abou
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and the sequencing flexibility available V\Mhe &»%nt desi gn. The
ne

cast strand should have an internediate t , generally between
about 3.0 inches to about 6 i nches (about [6 toyapout 152 mm)
preferably between 3.5 5inches to 5.5 inc t 8.9 to about 139.7
mm) . The wi dth can generally vary betwe hches and 100 inches
(610 mMmm and 2,540 mm) to produce a product up tq 1] 000 PI W and hi gher.
The slab is flat passed back and forth through 1O |hot reversing m Il 56 in
a mni mrum nunber of flat passes :‘J
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achieving a slab thickness of about 1 inch (25.4 nn) O‘E;:) |l e The
_ appr o eher furnace,

I nt ermedi at e product.

which in the case of three flat

furnace 60. Thereafter,
forth through hot
achi eve the desired thickness for the sheet
pl ate or the plate product.

15 the internedi ate product

reversing mill 56 and between theugm

product thickness may vary but 20

whi ch include the

ve Old

N

is then coiled in the

passes woul d be st“ean1.oiIBD

I n coi

The nunber of passes

packi dnd
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initial flat passes. On the final pass, which nornall

upstream coiler furnace 58, the strip of t he desi C

5

ori

c;;gtes from
CERAES _

rolled in the hot reversing mll and continues t ugh{t he doolf\hg
station 62 where it is 25 appropriately cool ed for coi pNDpX on C er 66
or for entry onto a plate table 64. If the product I\t 2 she
or plate in coil form it is coiled on coiler 66 and CDreerv d by coi
car 67. If it is to go directly into plate form it gnyders Jpl ate table
64 where it, is sheared by shear 30 68 to the appropria[g Bmot'h.  The
pl ate thereafter enters ' @)
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a transfer table 70 which acts as a cooli bed—gp t pl at e may
be finished on final processing line 71 whigh I ng}] udes descal er 73,
si de shear 72, end shear 74 and piler op
> -
o i 1\\) N
O
(o2 I \N
A
Y
N
Y
\\
N
N
n NN
@ \
) N
N | X
N IN | N
Lo, 0 N
O N N\
M Y RN AN _:—
O O - |
N
\ | ]
]
N
\|
N
B Il
® XY |1 i
Q N
N N \:
09)
N\ NI
O O ||
N N AR Sy hY h3hY :::___
: o =
N O
N
& o ©
- »

|| . This Sheet Has Been 'Reﬁaced

A




- 15 - The internediate thi ckness conti nuous caster and
hot strip and plate Iine provide nmany of the advantages of the thin
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di cated on g 15@ 5 tflns (136 nmetric

tons) per hour on the rollih The meENkeRdengind=ut Kl obvi ously
di ctate the product nx; for purposes o ul eﬁ—ng t he required
caster speeds to achi eve 150¢gons (136 mnetr jjcfRo our of
rolling, one - can assunme the @il k of the progufft g be between 36
10 inches (914 mm) and 72 mc@s (1 : A (1829 mMmM)
slab rolled at 150 tons (39 os pel hou require a
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INTERMEDIATE THICKNESS AND MULTIPLE FURNACE
PROCESS LINE WITH SLAB STORAGE AND SLAB SEQUENCING
~ FIELD OF THE INVENTION
This invention relates to the continuous casting
and rollilng of slébs and, more particularly, to an
integrated intermediate thickness caster and a hot
reversing mill with flexibility in slab sourcing,
sequencing and storage with the ability to roll thin gauge

. products.

BACKGROUND OF THE INVENTION
Since the advent of the continuous casting of

slabs in the steel industry, companies have been trying to'
combine the hot strip mill with the continuous caster

through an inline arrangement so as to maximize production
capability and minimize the equipment and capital
invéstment required. The initial efforts in this regard

'cons:.sted of integrating continuous casters producing slabs

on the order of 6 to 10 inches (152.4 to 254 millimeters)
with existing continuous.or semicontinucus hot strip mills.
These existing hot strip mills included a reheat furnace,

- a roughing train (or a reversing rougher) and a six or

seven stand finishing mill with a capacity of 1.5 to 5
million tons (1.4 to 4.5 million metric tons) per year.

. This arrangement is 'th'e_present day design of large steel

company hot inii'ls_,- and it is unlikely that new hot strip
mills of this design would ever be built due to the high
capital cost. The qUest for low cost integrated caster hot

strip mills is not solved by current des1gns. , Further,

such prior art 1ntegrated mills were extremely inflexible
as to product mix and thus current market requlrements
These difficulties gave rise to the development

of the so-called thin slab continuous hot strip mill which

tYpically produces 1,000,000 tons (907,185 metric tons) of

steel per year 'as' standard products. These mills have been '

integrated with thin slab casters on the order of two
inches (50.8 mm) or 1less. . Such integrated thin slab

BER-ACEMENTSSHEES | i 8¢
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A+t * The provision of the twin stand increases the 35 rolling capacity
of the mlIl. Additionally, the twin stand

- R - THIS SHEET HAS BEEN
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. casters are énjoying . increased popularity but are not
without serious drawbacks of their own. Significant
drawbacks include the quality and quantity limitations
associated with the thin slab casters. Specifically, the
5 trumpet—type mold necessary to provide the metal for the
thin slab can éause_high frictional forces and stresses
along the surface of the thin wall slab which leads to poor
surface quality in the finished product. Further, the two-
.inch (50.8 mm) strip casters are limited to a single
10 tundish.life of approximately seven heats because of the
limited metal capacity of the mold.
| Most importantly, the thin casters, by necessity,
have to cast at_high speeds to prevent the metal from
freezing in the current ladle arrangements. This, in turn,
. 15 requires the tunnel furﬁace which is just downstream of the
slab caster to be eﬁtremely long, often on the order of 500
feet (152.4 meters), in order to accommodate the speed of
the slab and still be able to provide the heat input to a
thin slab (two inches) (50.8 mm) which loses heat at a very
20 high rate. Since the slab also leaves the furnace at a
high speed, one needs'the-multistand continuous hot strip
mill to aécpmmbdate the rapidly moving strip and roll it to
sheet and.Strip thicknesses. However, such a system is &
. still unbalanced at normal widths since the caster has a
25 capacity of abéut'SO0,000 tons (about 725,750 metric tons)
per yeér and the continuOus mill has a capacity as great as
5 million tons (4 54 million metric tons) pexr year. The
cap1ta1 cost of such a system then approaches that of the
. earlier prior art systems which the system was 1ntended to
30 replace. :
In addition, the scale loss as a percentage of
slab thibkness:is substantiai for the two inch (50.8 mm)
thin cast slab. Because of the extremely long furnace, ome
must provide a long roller hearth which becomes very
’ : _,,_—~__——~—~——-”"“
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- NB - mll 56' allows for processing of outsourced slabs which

are thicker than the internedi ate thickness slabs which coul d be
produced by the caster 30. Wth the twin stand m || ©éS,SHEETHASIBEEN
reduci ng passes on the feed and run - S REPLACED

il

" | e I

5 ‘maintenance intensive because of the exposed rotating
' rollers.

It has been suggested that light gauge hot band

on the order of 0.040 inch (1.016 mm) be rolled from these

5 two inch (50.8 mm) slabs. However, in the case of low

carbon steels, the thermal decay is too great on a

multistand continuous mill making it impossible to achieve

the necessary finishing temperatures; and in the case of

low alloy high-strength steels, it has been reported that

10 the two inch thick slab does not produce the reduction
required for high-strength low alloy steel which then
causes a coarse microstructure which must then be refined
through speéial temperéture treatments which aré'greater _
than for the cold charging of the same microalloyed steel

15 grade, “Optimisation of hot rolling schedule for direct
charging of thin slabs of Nb-V microalloyed steel”, N.

Zentara and R. Kaspar, Materials Science and Technology,
May 1994. : '

The typical multistand hot strip mill, likewise,

20 requires a substantive amount of work in a short time which
must be provided for by larger horsepower rolling stands
which, in some cases, can exceed the energy capabilities of
a given area, particularly in the case of emerging &
coﬁntries. Thin slab éasters, likewise, are limited as to

25 product width because of the difficulty in using vertical
edgers on a two inch (50.8 mm) slab. Further problems:
associated with the thin strip casters include the problems
associated withl_keeping the wvarious inclusions formed
during'steel-making away from the surface of the thin slab

30 where such inclusions can lead to surface. defects if
exposed. .Furthermbre, existing systems are limited in
scale removal because thin slabs lose heat rapidly and are
thus adversely affected by the high-pressure water normally
used to break up the scale. |

_
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5 back*tabl e 52 (wth two passes occurring with each passage of the

sl ab along the feed and run back table 52) are normally required to
arrive at a thickness capabl e of being coi | ed. An
i ntermedi ate thickness slab caster and inline 10 hot glf"rsi_ EERHASI BREN | i ne
I ncluding multiple furnaces and/ or - sa_mltiple stand ho ER ing mll
according to a second enbodi nent of the present ignﬁm" ]
illustrated in Fig. 2. The process line in Fig. ,ﬁﬂ”‘mmm{ many
respects to the line illustrated in the enbodi ment shown in

¥ In addition, this thin strip process can only

operate in a continuous manner, which means that a

breakdown anywhere in the process stops the entire line,

often causing scrapping of the entire product then being
5 processed. _

The integration of a slab caster with any hot
rblling_mill requires a synchronizing of the casting and
rolling of slabs. Without the ability to decouple the
casting and rolling of slabs in such an integrated system,

10 a breakdown anywhere in the process stops the entire line,
possibly resulting'in the scrapping of the entire produét
then being processed. The casting and rolling of slabs can
be effectively decoupled by providing the ability to
transfer a cast slab to a slab storage area. However, this

15 solution is inefficient. ‘The slab is transferred to an
external slab storage area such that when the mill is
brought back'on~line; a substantial amount of energy is
required to bring the slabs back to an appropriate rolling
temperature. Seﬁerai other approaches have been attempted

20 to address this particular problem. These include
retaining or storing hot slabs in a heating furnace or in
a thermal insulating chamber. However, these solutions
have also had certain drawbacks, including the space &
required and the capital expense involved.

25 It is an object of our invention to integrate an
intermediate thickness slab. caster with a hot reversing
mill. It is a further object to adopt a system which
balances the iate_df the caster to the rate of the rolling
mill and provides for decoupling of the castbr from the

30 mill, as needed. It is also an objéct of our .invention to
adopt a system using'less thermal and electrical energy.
It is still a further-object'to adopt an automated system
with small capital  investment, reasonable floor space
requirements, reasonably powered rolling equipment and low

35 operating costs. It is a further object to provide

This Sheet Has Been

- W i



15 Fib. 1. One or nore electrical nelting furnaces 126 wil | provi de
the nolten netal at the entry end of the conbi nation internmedi ate

t hi ckness caster and strip and pl ate processing |ﬂﬂ§5HEEhﬁA§§bEﬁn
netal is fed into a | adl e furnace 128 prior to bei ng HerACEDO the

intermediate 20 thickness caster 13Q. 4 The caster g curved
or straight nold 132 of rectangul ar cross section. Anid mmﬂiglﬂff or
shear 134 is positioned at the exit end of the e “ t he
strand of solidified netal into an i nternedi ate thi ckness sl ab of

desired |l ength which may
g flexibility in slab sourcing, sequencing and storage, and

to economically accommodate increased demand for light

gauge wide strip..

SUMMARY OF THE INVENTION
5 Our invention provides for a versatile,
integrated caster and minimill capable of producing at
least 650,000 and preferably in excess of 1 million
finished tons (at least 589,670 and preferably in excess of
‘987,185 finished 'z'netric t'o.hs) a year with a divergent
10 product mix. Such a facility can'produce product 24 to 120
inches (610 to 3,048 mm) wide and can roﬁtinely produce a.
product of 800 PIW with 1,200 PIW being possible. This is
accomplished using a césting facility having a fixed and
adjustable width mold with a straight, rectangular cross
15 section without the-trumpet-type mold. The caster has a
mold which éontains enough 1liquid volume to provide
sufficient time to make flying tundish changes, thereby not
limiting the caster run to a single tundish life. Our
invention provides a slab approximately two to three times
20 as thick as the thin cast slab, thereby losing much less
heat and requiring a lesser input of BTU‘s of energy. Our
invention provides a slab having a lesser scale loss due to &
reduced surfaqe'area per volume and pexrmits the use'of one
or two reheat or equalizing furnaces with minimal
25 maintenance reqﬁired. Further, our invention provides a
caster which can cperate at conventional caster speeds and
conventional descaling techniques. Our invention provides
for the selection of the optimum thickness cast’ slab to be
used in conjunction with a .twin stand, tandem hot reversing
30 mill providing a balanced production capability. Our
invention has the ability to separate the casting from the
rolling if there is a delay in either end. Our invention
provides for hot slab storage if the delay is in the
rolling. Our inverntion provides for the easy removal of
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25 4l'so have a width of 24 to 120 inches (610 to 3,048 mMm). The

i.ntermedi ate thickness slab then feeds onto a slab conveyor table 136.
A hot scarfer 137 may be positioned above the sl 55‘3&515;5 BE®N e 136
for processing the surface of the slabs. The slab rr§§ enoved from
the 30 inline processing and stored. n a slab coll en! rlm“ﬂmm“lstorage
area 140 or it may be directly chargec? fromthe Egm abl e
136 into an entry side of an equalizing or reheat furnace 142. The
preferred furnace 142 is of a wal ki ng beam type, although a roller
hearth furnace coul d

¥ transitional slabs formed when molten metal chemistry

changes or width changes are made in the caster.
Furthermore, our invention provides for easily bringing
cold slabs into the processing line. Such slabs may be
5 outsourced (i.e., slabs not formed by the caster) and may
be thicker than those which may be cast by the caster.
This versatility will allow the processing line to be
operated at the respective capacity of the individual
components and allows for various portions of the line to

10 be independently operated. This outsourcing of slabs also
permits the product mix to include steel grades beyond the

‘ capablllty of the steel- mak1ng facility which forms a part
of any given 1ntegrated process. .
All of the above advantages are realized while

15  maintaining the advantages bf a thin caster which include
low ferrostatic head, low weight of slab, straight molds,
shorter length molds,.smaller required mold radii, low
cooling requirements, low burning costs or shear capacity
and simplified machine constructions.

20 Our invention provides an intermediate thickness
slab caster integrated with a hot strip and plate line
which includes at least one reheat or equalizing furnace
capable of receiving slabs directly from the caster, from &
a slab collection and storage area positioned adjacent a

25 slab conveyor table exiting the continuous_caster'or from
another area. One embodiment of the present inVention
includes a slab container éapable of receiving slabs from
the caster. A feed and run back table is positioned at the
exit end of one of the reheat furnaces and iffline with a

30 twin stand hot reversing mill having a coiler furnace
positioned on either side thereof. 1In one embodiment of
the present invention the feed and run back table is in
alignment with the coiler such that the reheat furnace may
be selectively bypassed. The mill can reduce a cast slab

35 to a thickness of about one inch (25.4 mm) or less in &
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35 be utilized in certain applications. The various slabs are
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minimum number of flat passes, about three or four flat

L
L

passes. The combination coil, coiled plate, sheet in coil
form or discrete plate finishing line extends inline and
downstream of the hot reversing mill and the coiler

5 furnaces. The finishing facilities may'include_a cooling
station, a downcoiler, a plate table, a'shear, a cooling
bed crossover, a pléte side and end shear and a piler.

To achieve the necessary balance between the hot
reversing mill and the caster, it is preferable to cast

10 slabs having a thickness of about 3 to about 6 inches
(about 76 to about 152 wm) and preferably between about 3.5
to about 5.5 inches (about 88.9 to about 139.7 mm). As
used herein, the term intermediate thickness 1s generally
intended to deflne such slabs, although in certa;n

15 specialty steels such as stainless steel intermediate
thickness slabs may extend up to about 8 inches (about
203 mm). The cast slabs are reduced to a thickness capable
of being coiled and normally about one inch (about 25.4 mm)
or less in four flat passes on the hot reversing mill

20 before starting the coiling of the intérmediate product
between the coiler furnaces as it is further reduced to the
desired finished product thickness. 1In order to provide
the capability of making coiled plate, discrete rlate and
sheet in ceil form up to 1,000 PIW and higher, slab width

25 may vary from 24 to 120 inches (610 to 3,048 mm).

One processing line of the pfesent invention
includes an intermediate thickness continuous strip caster
with an inline shéar downstream of the caster for cutting
a cast strand into an intermediate thickness glab of the

30 desired length. A slab: conveyor table is provided inline
with the shear and a slab 'loading and unloading mechanism
positioned adjacent the conveyor for .supplying slabs
thereto. A slab collection and storage area is adjacent
the slab loading and unloading mechanism for receiving and

35 supplying slabs thereto. At least ofie reheat furnace is
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- 17" fed through the furnace 142 and renoved in a conventi onal

‘manner and placed on a feed and run back table 152 positioned at the
exit of the furnace 142. The feed and run back t aelSSHEEY HAS BEEN ne with
‘the caster 130 in the 5 processing sense but is not phyﬁEeaM:@Dal i gned
with the ' 8- ey |

Ay

1‘5:-:

e

provided having an entry end inline with the slab conveyor,
table for receiving slabs therefrom and supplying reheated
slabs to a feed and run back table positioned at the exit
end of the reheat furnace. A hot reversing mill is
5 provided inline with the feed and run back table for
reducing a slab on the feed and run back table to an
intermediate product having a thickness sufficient for
coiling in a number of flat passes. Two spaced coiler
furnaces are positioned inline with the feed and run back
10 table, with one located upstream of the hot reversing mill
and the other located downstream thereof. The coiler
furnaces are capable of receiving and paying out the
intermediate product as it is passed' between the coiler
furnaces and through the hot reversing mill so as to be
15 reduced to an end product. A finishing line is provided
downstream and inline with the coiler furnaces and the hot
reveréing mill.
' In the above-described ‘apparatus, the hot
reversing mill includes a pair of four-high rolling mill
20 stands -adapted to be -operated in tandem with an adjustable_
vertical edger positioned between the pair of rolling mill
standé. Additionally, the slab loading and unloading means
includes a first slab transfer device adjacent the slab &
conveyor table and Qperé.ble transverse to the slab conveyor
25 .table, wherein the feed and run back table is positioned
adjacent an end of the first slab transfer device. A
second slab transfer device 1s adjacent the feed and run
back table, wherein the slab colléction and storage area is
adapted to réceive ‘slabs from and supply slabs to the
30 second slab transfer device. Additionally, this embodiment
of the present invention may include a second reheat
furnace having an entry end inline with a feed and run back
table and an exit 'end inline with the slab conveyor table.
The method of operation of processing coil plate,

'35 sheet in coil férm or discrete plate according to the
[ —
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“iwcaster as in the first enbodi nent. When sl abs are transferred
to the slab collection .and storage area 140, they can be renoved from
sl ab conveyor table 136 by a slab transfer table IgEgENLO
transverse to the processing line. The slab transferﬂﬁggkﬁﬁigﬁgﬁgg\mII
transfer a slab fromthe slab conveyog table 136 to the fe d run
back table 152. A second slab transfer tabl e 144" lia glﬂﬁ

adj acent the feed and run back table 152 to transféﬁlc t he
feed and run back 15 table 152 to the slab collection and storage area 140.
An '

4 present invention includes providing an intermediate
thickness continuous caster and inline shear for casting an
intermediate thickness strand and shearing the strand into
a slab of prédetérmined length. Additionally, a slab

5 ioading and unloading device adjacent the slab collection
and storage area for moving slabs between a position inline
with the intermediate thickness .caster and the slab
collection and storage area is provided.

As discussed above, one embodiment of the present

10 invention may include a slab container which includes a
vertically movable carriage adapted to engage a lowermost
slab and a stack of the slabs, wherein the slabs in the
stack are directly contacting each other. Insulation may
be provided to surround at least the sides and top of the

15 stack. In one embodiment of the invention, the carriage
may be mounted on a track within an insulated slab holding
pit with a cover adapted to enclose the slab holding pit.

In a second embodiment, the carriage may include one or two-
pairs of slab engaging arms adapted to engage and support

20 a lowermost slab in the stack of slabs. The slab engaging
arms are preferably movable to accommodate varying slab
widths and include insulating side and top members attached
to each slab engaging arm. The top wmembers of the &
insulation on respective slab engaging arms are configured

25 ‘to overlap each'othgr, allowing for movement of the slab
engaging arms to accommodate the varying widths of the
slabs.

A slab orlglnatlng from either the 1ntermed1ate
thickness caster, the slab container (if prov1ded) or the

30 slab collection and storage area is fed te an inline
heating furnace. The slab to be reduced is extracted from
the inline heating  furnace onto a continﬁous processing
line which includes a hot reversing mill having a coiler
furnace on each of the upstream and downstream sides

38 thereof. The slab to be worked is passed back and forth
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“ altérnative arrangenment woul d conbine the first and second sl ab
transfer tables 138 and 144 into a single transfer tabl e extending from
the sl ab conveyor table to the slab col | ecti onTHISEHEES EENea 140
with the feed and run back 20 table 152 extending f r onfERA ei ving sl abs

Jroman I nternmedi ate portion of_%hg conbi ned gﬁﬁﬁuuﬂ bl e.
A furnace 146 is positioned betweeri’he sl ab B Ewm EH E36 and t he

feed and run back table 152 and positioned adjacent the furnace 142.
The furnace 146 may 25 have an entrance side on the feed and run back
tabl e 152

i through the reversing mill to form an intermediate product
of a thickness capable of being coiled. The intermediate
product is coiled in one of the coiler furnaces. The
coiled intermediate product is passed back and forth

S through the mill to reduce the coiled intermediate product
to an end product of desired thickness, the intermediate
product being collected in and fed out of each of the
coiler furnaces on each pass through the hot reversing
mill. The end product may be finished into one of either

10 coiled plate, discrete plate or sheet in coil form.

The method accordihg.to the present invention
also provides that some of the coil slabs may bypass the
heating furnace if the temperature of the slab is
sufficient for rolling; additionally, some of the slabs

15 supplied to the heatihg furnace may be outsourced (i.e.,
slabs which were not cast in the intermediate thickness
caster). Thesé outsourced slabs may have a thickness
greater than slabs cast by the intermediate thickness
caster and/or a chemistry different from that which can be

20 produced on the melting/refining furnace(é) associated with
the caster. The hot reversing mwmills of the present
invention include a pair of rolling mill stands adapted for
operation in tandem further including an adjustable &
vertical edger positioned between the pair of rolling mill

25 stands. The method of the present invention may include a
second heating furnace adjacent the inline heating furnace
to provide for a wide versatility in slab sourcing,
sequencing and processing, as will be described in.detail

. ¢
herein. :

30 BRIEF DESCRIPTION OF .THE DRAWINGS
Figs. 1A and 1B are schematics illustrating an
intermediate thickness strip caster and inline hot
reversing mill and coilexr furnace arrangement accoxrding to

a first embodiment of the present invention;
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“'and‘an exit end on the slab conveyor table 136. The sl ab
additionally includes a slab conditioning
surface processing on the sl abs can be performed, aBERMHSY. 30

provides for great versatility in _ ;; slab sourcing

storage area
sect | FRISISHEETMHASHBEEN ur t her

The discl osed dual furnace and slab |oading and %‘ mwﬂ mngngemant
L I'C

di scussed above, a sl ab cast fromthe internedi

can be fed directly through furnace 142 onto the feed and run back 35

tabl e 152 and into the processing |ine. Because t he

i

10

15

20

25

30

Fig. 2 is a schematic illustrating an
intermediate thickness strip caster and inline hot
reversing mill and coiler furnace arrangement with multiple
reheat and equalizing furnaces according to a second
embodiment of the present invention;

Figs. 3A and 3B are schematic illustrations of a
third embodiment for the intermediate thickness strip
caster and inline hot reversing mill and coiler furnace
arrangement according to the present invention;

Fig. 4 is a sectional view of - one embodiment of
a- slab storage container shown schematically in Figs. 3A
and 3B;

Fig. 5 is a side view of another embodiment of a
slab storage container shown échematically in Figs. 3A and
3B; and

Fig. 6 is a front view of the slab storage

container shown in Fig. 5.

DESCRIPTION OF THE PREFERRED EMBODIMENT

The intermediate thickness slab caster and inline
hot strip and plate line of a first embodiment of the
present invention is ‘illustrated in Fig. 1A. This
embodiment is well suited for slab sequencing as will be
discussed hereinafter. One or more electric melting
furnaces 26 provide the molten metal at the entry end of
our combination caster and strip and plate line 25. The
molten metal is fed'inté-a ladle furnace 28 prior to being
fed into the caster 30. - Thé'caster 30 feeds into a mold
(curved or stralght) 32 of rectangular cross séction.

A torch cutoff (or shear) 34 is positioned. at the
exit end of the mold 32 to cut the strand of now solidified
metal into an intermediate thickness slab, about 3.0 to 6
inches (about 76 to about 152 mm) thick, of the desired
length which also has a width of 24 to 120 inches (610 to
3048 mm). '

kness caster 130
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The slab then feeds on a feed and run back table
52 to a slab takeoff area where it may be removed from the
feed and run back table 52 by a movable slab transfer table
35 operating transverse to the feed and run back table 52.
The slabs are moved by the slab transfer table 35 to a
table convéyor 36 to be charged into a furnace 42 or
removed from the inline processing and stored in a slab
collection and storage area 40 which normally will house
slab conditioning facilities of one type or another. The
provision of the easily accessible slab collection and
storage area allows for a decoupling of the caster and the
downstream processing. For example, if the mill goes off-
line during a casting, the remaining casts may be forwarded
to the slab collection and storage area. Additionally, if
the caster were off-line, then the downstream processing
can . be -continued with outsourced slabs. The slab
collection and storage area 40 allows individual slabs to
be collected for individual surface processing to address
defects in individual slabs. The preferred furnace is of
the walking beam type although a walking hearth furnace
could also be utilized in certain applications. Full-size
slabs 44 and discrete lehgth slabs 46 for certain plate
products are shown within walking beam furnace 42. Slabs
38, which are located in the slab collection and storage
area 40, may also be fed into the furnace'42 by means of
slab pushers 48 or charging arm devices located for
indirect charging of walking beam furnace 42 with slabs 38.
It is also possible to charge slabs from other slab yards
or storage areas. Where slabs are introduced ffom the slab
collection and storage area 40 or from the off-line
locations, the furnace 42 must have the capacity to add
Btu’s to bring the slabs up to rolling températures.

Because the intermediate thickness slabs retain
heat to a much greater extent than the thin slabs,
temperature equalization is all that is required in many
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" iniérmediate thickness slabs retain heat to a nuch greater extent than

the thin slabs, the tenperature equalization is generally all that wll
‘be required in many nodes of operation. 5 THIS SHESYEHAS BESt
arrangenent additionally provides for transferrlng a é§0n1a

position inline on the slab convgyor table 136 to

. ect
and storage area g T

3

modes of operation. Additionally, for certain cast slabs,
the internal temperature throughout the slab as it is
received on the feed and run back table 52 may be
sufficient for rolling directly. In this. situation, the
5 slab may be fed directly to downstream processing,
bypassing the furnace 42. It is also anticipated that a
second furnace may be positioned upstream of the first
furnace 42 to increase the flexibility and the control of
the current system.
10 The various slabs are fed through the furnace 42
in a conventional manner and are removed by slab extractors
50 and placed on the feed and run back table 52. Descaler
53 and/or a vertical edger 54 can be utilized on the
intermediate thickness slabs. A vertical edger normally
15 could not be used with a slab of only 2 inches (50.8 mm) or
less. _ _
Downstream of feed and run back table 52 and
vertical edger 54 is a single stand hot reﬁersing mill 56
having an upstream and a downstream coiler furnace 58 and
20 60, respectiﬁely. Run out table 61 and cooling station 62
are downstream of coiler furnace 60. Downstream of cooling
station 62 is a coiler 66 operated in conjunction with a
coil car 67 followed by a plate table 64 operated in
conjunction with a shear 68. The final product is either
25 coiled on coiler 66 and removed by coil car 67 as sheet in
strip or coil plate form or is sheared into plate form for
further processing inline. A plate product is transferred
by transfer table 70 which includes a cooling bed onto a
final processing line 71. The final processing line 71
30 includes a plate side shear 72, plate end shear 74 and
plate piler 76. Of coﬁrse, the plate product facility is
omitted where only coil or coil and sheet product are
desired. _
The advantages of the subject invention come:

35 about as the result of the opérating parameters eﬁployed
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‘-140‘through slab transfer tables 138 and 144. Such storage may be

required to allow continuous casting to conti nue iﬁ 0 down
downstreamin the processing |line has occurre 'grs\ﬁ}%htﬁs ely,

all ows for renoving individual slabs for further processing in the slab
.condi ti oni ng section 148 such as due to any mnwﬂﬁﬁﬂuﬂmﬂil ace

def ect s. The present arrangenentbrovides for g ity in 15
bringing slabs fromthe slab collection and storage area 140 back in
the processing |ine. In short delays, the slab nay be passed
directly

and the sequencing flexibility available with the current
design. The éast strand should have an intermediate
thickness, generally between about 3.0 inches to about 6
inches (about 76 to about 152 mm) , preferably between 3.5
5 inches to 5.5 inches (about 88.9 to about 139.7 mm). The
width can generally vary between 24 inches and 100 inches
(610 mm and 2,540 mm) to produce a product'up to 1,000 PIW
and higher.
The slab is flat passed back and forth through
10 hot_reveréing mill 56 in a minimum number of flat passes
achieving a slab thickness of about 1 inch (25.4 mm) or
less. The intermediate product is then coiled in the
appropriate coiler furnace, which in the case of three flat
passes would be downstream coiler furnace 60. Thereafter,
15 the intermediate product is passed back and forth through
hot reversing mill 56 and between the coiler furnaces to
achieve the desired-thicknesé for the sheet in coil form,
the coil plate or the plate product. The number of passes
to achieve the final product thickness may vary but
20 normally may be done in nine'passes which include the
initial flat passes. On the final pass, which normally
ofiginates from upstream coiler furnace 58, the strip of:
the desired thicknesé is rolled in the hot reversing mill &
and continues through the cooling station 62 where it is
25 appropriately cooied for coiling on a coiler 66 or for
entry onto a plate table 64. If the product is to be sheet
or plate in coil form, it is coiled on coiler 66 and
removed by coil car 67. - If it is to go directly into plate
form, it enters plate table 64 where it is sheafed by shear
30 68 to the appropriate length. The plate thereafter enters
a transfer table 70 which acts as a cooling bed so that the
plate may be finished on final processing line 71 which
includes descaler 73, side shear 72, end sheaxr 74 and piler
76 .
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“onto the feed and run back table 152 by the slab transfer table 144 for
subsequent processing. A second alternative 20 would be to transfer a slab

onto the slab conveyor table 136 through both sl ghstdipisiifls es 138
and 144. The slab can then continue down througﬁlsf Rgp@(&?{ﬂ%%wand to
{ he feed and run back table 152 for processing. Were co

are being re-introduced into the prodéssing line, thH m“u ﬁﬂ%ﬂl
arrangenment allows for the slab to be transferred onveyor
table 136 through the reheat furnace 146 which will have a capacity to

add BTU s to bring the
& The intermediate thickness continuous caster and

hot strip and plate line provide many of the advantages of
the thin strip caster without the disadvantages. The basic
design of the facility can be prediéated on rolling 150
5 tomns (136 metric tons) per hour on the rolling mill. The
market demand will obviously dictate the product mix, but
for purposes of éalculating the required caster speeds to
achieve 150 tons (136 metric tons) per hour of rolling, one
~can assume the bulk of the product mix will be between 36

10 inches (914 mm) and 72 inches (1829 mm). A 72 inch
(1829 mm) slab rolled at 150 tons (136 metric tons) per
hour would require a casting speed of 61 inches (1549 mm)
per minute. At 60 inches (1524'mm) of width, the casting
speed increases to 73.2 inches (1859 mm) per minute; at 48

15 inches (1219 mm), the casting speed increases to 91.5
inches (2324 mm) per wminute; and at 36 inches (914 mm) of
width, the casting speed increases to 122 inches (3099 mm)
per minute. All of these speeds are within acceptable
casting speeds.

20 The annual design tonnage can be based on 50
weeks of operation per year at 8 hours a turn and 15 turns
per week for 6,000 hours per year of_available operating
time assuming that 75% of the available operating time is &
utilized and assuming a 96% yield through the operating

25 facility, the annual design tonnage will be approximately
650,000 finished tons (589,670 metric tons).

The intermediate thickness slab caster and inline
hot strip and plate line accdrding to a modified version of
the first embodiment of the present invention is

30 illustrated in Fig. 1B. The combination caster and strip
and plate line 25 is identical to the line 25 described in
connection with Fig. 1A except that a twin stand hot
reversing mill 56° replaces the single stand hot reversing
mill. The provision of the twin stand increases the

35 rolling capacity of the mill. Additionally, the twin stand
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" slab up to the appropriate tenperature for subsequent processi ng. The
present arrangenent additionally provides 30 for introducing outsourced

slabs into the processing line. Qut sour ced sl abs r§ %st whi ch
were not cast on the i ntermedi at e thickness cag'f'@r ﬁj out sour ced
sl abs may have any thickness, incJuding a thlckness r eat

that cast on the internedi ate th| ckntss caster 130 E%m \“g| i‘HI“hem stry
di fferent than what can be produced or achi eved

Y

mill 56’ allows for processing of outsourced slabs which
are thicker than the intermediate thickness slabs which
could be produced by the caster 30. With the twin stand
mill 56‘, four flat reducing passes on the feed and run
5 Dback table 52 (with two passes occurring with each passage
of the slab along the feed and run back table 52) are
normally required to arrive at a thickness capable of being
coiled.
An intermediate thickness slab caster and inline
10 hot strip and plate line including multiple furnaces and/or
a multiple stand hot reversing mill according to a second
embodiment of the present invention is illustrated in
Fig. 2. The process line in Fig. 2 is similar in many
respects to the line illustrated in the embodiment shown in
15 Fig. 1. One or more electrical melting furnaces 126 will
provide the molten metal at the entry end of the
combination intermediate thickness caster and strip and
plate processing line. The molten metal is fed into a
ladle furnace 128 prior to being fed into the inﬁermediate
20 thickness caster 130. The caster 130 feeds into a curved
or straight mold 132 of rectangular cross section. A torch
cutoff or shear 134 is positioned at the exit end of the
mold 132 to cut the strand of solidified metal into an &
intermediate thickness slab of desired length which may |
<25 also have a width of 24 to 120 inches (610 to 3,048 mm).
The intermediate thickness slab then feeds onto a slab
conveyor table 136. A hot scarfer 137 may be,positioned
above .the slab conveyor table 136 for processing the
surface of the slabs. The slab may be rémo%éa?from the
30 inline processing and stored in a slab collection and
storage area 140 or it may be directly charged from the
slab conveyor table 136 into an entry side of an equalizing
or reheat furnace 142. The preferred furnace 142 is of a
walking beam type, although a roller hearth furnace could

35 Dbe utilized in certain applications. The various slabs are
I —

Sheet Has Been Reﬁaced

R



10

15

20

25

30

35

THIS SHEET HAS BEEN

REPLACED

- | ORI

fed through the fufnace 142 and removed in a conventional
manner and placed on a feed and run back table 152
positioned at the exit of the furnace 142. The feed and
run back table 152 is inline with the caster 130 in the
processing sense but is not physically aligned with the
caster as in the first embodiment.

When slabs are transferred to the slab collection
and storage area 140, they can be removed from slab
conveyor table 136 by a slab transfer table 138'operating
transverse to the processing line. The slab transfer table
138 will transfer a slab frbm the slab conveyor table 136
to the feed and run back table 152. A second slab transfer
table 144 is positioned adjacent the feed and run back
table 152 to transfer slabs from the feed and run back
table 152 to the slab collection énd_storage area 140. An
alternative arrangement would combine the first and second
slab transfer tables 138 and 144 into a single transfer
table extending from thé slab conveyor table to the slab
collection and storage area 140 with the feed and run back
table 152 extending from and receiving slabs from an
intermediate portion of the combined slab transfer table.

A furnace 146 is positioned between the slab
conveyor table 136 and the feed and run back table 152 and
positioned. adjacent the furnace 142. The furnace 146 may
have an entrance side on the feed and run back table 152
and an exit end on the slab conveyor table 136. The slab
storage area additionally includes a slab conditioning
section 148 wherein further surface proce551ng on the slabs
can be performed, as needed. ¢ .

The disclosed dual furnace and slab loading and
unloading arrangement prov1des for great versatlllty in
slab sourcing and processing. As discussed above, a slab
cast from the intermediate thickness caster 130 can be fed
directly through furnace 142 onto the feed and run back
table 152 and into the processing line. Because the

This Sheet Has Been Replaced

||II|II Ty




in electric melting furnaces 126 and | adl e furnace 128. The additi onal
_ability of incorporating outsourced slabs i nt o +g sPEEtRASIBEENI | ne
provi des additional options for a nore conpl ete nmatREMAGEDF t he speed

of the internmediate 5 thickness caster 130 and the s our ced
.Slabs to t he downstream processi ng. %ﬂiﬁ%ﬁ“&m&ﬂ“ﬁl ve
enbodi nrent of the present I h fion is conﬂ erein

furnace 146 has an entrance side on the slab conveyor table 136 and

an exit

i§ intermediate thickness slabs retain heat to a much greater
extent than the thin slabs, the temperature equalization is
generally all that will be required in many modes of
operation.

5 The present arrangement additionally provides for
transferring a slab from a position inline on the slab
conveyor table 136 to the slab collection and storage area
140 through slab transfer tables 138 and 144. Such storage
may be required to allow continuous casting to continue

10 when a breakdown downstream in the processing line has
occurred or, alternatively, allows for removing individual
slabs for further processing in the slab conditioning
section 148 such as due to any undesirable surface defects.
The present arrangement provides for great versatility in

15 bringing slabs from the slab collection. and storage area
140 back in the processing line.

In short delays, the slab may be passed directly
onto the feed_and run back table 152 by the slab transfer
table 144 for subsequent processing. A second alternative

20 would be to transfer a slab onto the slab conveyor table
136 through both slab transfer tables 138 and 144. The
slab can then continue down through furnace 142 and to the
feed and run back table 152 for processing. Where cold &
slabs are being re-introduced into the processing line, the

25 present arrangement allows for the slab to be transferred
to the slab conveyor table 136 through the reheat furnace
146 which will have a cépacity to add BTU’s to bring the
slab up to the';apprdpriate temperature for subsequent
processing. The present arrangement additionaliy provides

30 for introducing outsourced slabs into the processing line.
Outsourced slabs refer to slabs which were not cast on the
intermediate thickness caster 130. Such outsourced slabs
may have any thickness, including a thickness gréater than
that cast on the intermediate thickness caster 130 and/or

35 a chemistry different than what can be produced or achieved
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"10 ‘side on the feed and run back table 152. In such an arrangehent

the slabs fromthe slab collection and storage are rally
be supplied to the slab conveyor tabl e 136 and the‘r?llHl’[y‘;’l‘)ﬂE\gﬂ?WA@ﬂféﬂfJ
appropriate one of the furnaces 142 or 146. In this alternatlve
arrangenent, both 15 furnaces woul d, general ly be oper!d%lmu uﬂHHte
manner . In the enbodi ment discloséd in Fig. 2, furld

utilized and operated as a reheat furnace whereas furnace 142 can
generally operated as an equalizing-type furnace.

in electric melting furnaces 126 and.ladle furnace 128.

The additional ability of incorporating outsourced slabs

into the processing line provides additional options for a

more complete matching of the speed of the intermediate

5 thickness caster 130 and the supply of outsourced slabs to
the downstream processing. '

An alternative embodiment of the present

'\.

¢

te

invention is contemplated wherein furnace 146 has an
entrance side on the slab conveyor table 136 and an éxit

10 side on the feed and run back table 152. In such an
arrangement, the slabs from the slab coliection and storage
area 140 would generally be supplied to the slab conveyor
table 136 and then through an appropriate one of the
furnaces 142 or 146. 1In this altefnative arrangement, both

15 furnaces would generally be operated in the same manner.

In the embodiment disclosed in Fig. 2, furnace 146 can be
utilized and operated as a reheat furnace whereas furnace
142 can be generally .operated as an equalizing-type
furnace. ' _ '

20 The present arrangement additionally provides for
directly transferring an appropriate slab from the slab
conveyor table 136 to the feed and run back table 152 for
subsequent processing without going through either of the o
furnaces 142 or 146 as in the first embodiment. Such

25 procedure would only be possible if the cast slab already
contains an appropriate rolling temperature throughoﬁt.

This alternative further illustrates the inherent
flex1b111ty of the present design. :
The slabs positioned on the feed ardd run back

30 table 152 for subsequent working are passed through a
conventional descaler 153. As discussed above, such a
descaler process could be detrimental to 2 inch thin cast
slabs. .

Downstream of feed and run back table 152 and

35 aligned therewith is a hot reversing mill which includes a
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20 The present arrangenent additionally provides for

directly transferring an appropriate slab fromthe slab conveyor table
136 to the feed and run back table 152 for SubsEHBEHEED HASSRRENNg
wi t hout goi ng through either of the furnaces 142 orRﬁale‘\Qf@ in the first
.enbodi nent . Such 25 procedure woyld_only be posmi‘l t sl ab
al ready contains an appropriate rolling terrperaH ﬂl‘“
This alternative further illustrates t he erX|b|I|ty
of the present design. The sl abs positioned on the feed and
run back

I pair of four-high rolling mill stands 156 configured to

operaté in tandem. Positioned between the pair of rolling
mill stands 156 is an adjustable vertical edger 154.
Vertical edger 154 is intended to be used conventionally or
5 to taper the leading and trailing.ends, respectively, of
the slab on the first pass through the mill so as to
compensate for the flaring out of the extreme ends which
occurs during subsequent rolling. Such tapering can be
controlled by the AGC, and the vertical edger can be
10 passively driven by the twin stands of the mill. The
effectiveness of the tapered ends can be monitored by a
width gauge at the exit end of the downstream hot reversing
stand wherein a fingerprint of the width is taken and
_ adjustments are made through a feedback loop to the
15 +wvertical edger, where necessary.
Upstream and downstream coiler furnaces 158 and
160, respectively, are positioned on either side of the
pair of rolling mill stands 156 of the hot reversing mill.
A run out table 161 extends downstream from the coiler
20 furnace 160. - A cooling station 162, such as laminar flow
cooling, is downstream of the downstream coiler furnace 160
and extends along the run out table 161. Downstream of the
cooling station 162 is an upcoiler 166 which can be &
operated in conjunction with a coil car 167. A subsequent
25 finishing line may be'provided substantially the same as
described above in.Fig. 1 which includes shear 68, transfer
table 70, final processing line 71, plate_side shear 72,
plate end shear 74 and plate piler 76. ' '
The provision of tandem operated twih re&ersing
30 stands 156 in the hot reversing mill of .the present
invention includes increased processing tonnages as well as
the ability to achieve lighter gaﬁges such as 0.040 inch,
which are of increasing importance in many industries such
as the building industry where light gauge hot mill product
35 1is formed into studs and the like to replace lumber. The
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30 ‘table 152 for Subsequent working are passed through a conventi onal
descal er 153. As di scussed above, such a descal ®HisBHEEEHasBERNdD be
detrimental to 2 inch thin cast sl abs. keEmaCEPam of feed

-midchui'nnlg?ﬁléetsagl e 152 and 35 ali ?nzeld _t herewith is a”ﬁﬁﬁ" [Imﬁ“ﬂimllm Il

additional expense of incorporating a twin stand reversing

(A

mill rather than a single stand reversing mill is justified
by the increased productivity  and versatility and the
incorporation of outsourced slabs from the slab collection
5 and storage area 140, as discussed above. As noted, such
outsourced slabs may have a thickness greater than those
cast in the caster 130 and can provide for an even greater
variety of product mix. The following Examples illustrate

such a product mix.
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EXAMPLE I
A 48.99 inch (1244 mm) wide x 0.040 inch (1.016
mm) thick sheet in coil form is produced from a 5 1/2 inch
(139.7 wmm) cast slab in accordance with the following

rolling schedule:

-
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.invention includes increased processi ng tonnages as well as the ability

to achieve lighter gauges such as 0.040 inch, whi chyasieesl HASIBEEM s ng
i mportance in many industries such as the buil di ng i ncRE?ﬂ-N}E%ere | i ght

gauge hot mill product 35 is formed into studs and the o) lace
lumber. The - 26 - l‘é “ “mﬂ“‘ﬂ

Example I illustrates one of a wide wvariety of

L=

product types which can be rolled with the present system.
As illustrated in this Example, the present mill can
economically hot roll down to 0.040 inch (1.0 mm) thick.

5 The provision of the twin stands allows for accurately
rolling down to these light gauges for which there is an
increased market demand.
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addi ti onal expense of incorporating a twin stand reversing

THIS SHEET HAS BEEN
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a1 - - A

EXAMPLE I1
A 55 inch (1397 mm) wide x 0.060 inch (1.52 mm)
thick sheet in coiled form is produced from a 5 1/2 inch
(139.7 mm) cast slab in accordance with the following
rolling schedule:
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A 48.99 inch (1244 nm) wide x 0.040 inch (1.016 m

in coil

t-hi ck sheet

-EXAMPLE |

ineh (132 ofiefPhag3RknS! 2b

formis produced froma 5 1/2
in accordance with the followi ng rolling schedul e:
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Example 1II, 1like Example I, illustrates the
versatility of the present system in hbt rolling thin
gauges. These hot rolled narrow gauge products, such as
about 0.040 inch (1.0 mm) and about 0.060 inch (1.5 mm)
thick, are able to be utilized as final end products in
situations in which the final end product is generally not
exposed and does not require any surface finishing. Metal
construction studs, for example 0.040 inch (1.0 wmm)
galvanized studs, represent one final end product that can
be hot rolled by the present invention. This is a distinct
advantage over the known prior art which would generally
hot roll somewhere above 0.080 inch (2.0 mm) thick then
pickle and finish the product on a cold mill with a
subsequent anneal and temper rolling.

G000

i This Sheet Has Been Reﬂlaced

HIIIIII M




ferr]-

THIS SHEET HAS BEEN
A
ialal 1

- 32 - R
il

g EXAMPLE III
A 62 inch (1574.8 mm) wide x 0.090 inch (2.3 mm)
thick sheet in coil form is produced from a 10 inch (254
mm) outsourced slab in accordance to the following
schedule:
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product types which can be rolled with the present Sy SHESHEET HAS BEEN
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Example III illustrates the flexibility of the
present system which can receive outsourced slabs for
further processing. Such outsourced slabs may be, as here,
slabs which are too thick to be cast in the intermediate

S thickness caster or slabs which have a specialized
composition limiting where they may be produced or simply
additional slabs to supplement the caster product. The
rolling of outsourced slabs and the ability to store cast
slabs allows the casting and rolling to be decoupled and

10 operated independently of each other.
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q EXAMPLE IV
A 48 inch (1219.2mm) wide x 0.125 inch (3.175mm)
thick sheet of high carbon steel (0.51-0.95 carbon) in coil
form is produced from a 5 % inch (139.7mm) thick cast slab
5 in accordance to the following rolling schedule:
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EXAMPLE V
A 60 inch (1524mm) wide x 0.100 inch (2.54mm)

thick sheet in coil form is produced from a 5 inch (127mm)

Y

cast slab of low carbon steel according to the following
S rolling schedule:

™,
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hot roll somewhere above 0.080 inch (2.
finish the product on a cold mlIl wth
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Examples IV and V show the range of grades
producible on the present invention providing the broad
product mix needed for a competitive mill.

The intermediate thickness slab caster and inline
hot strip and plate line of a third embodiment of the
present invention is illustrated in Figs. 3A and 3B. The
third embodiment is similar to the first two embodiments
including electric melting furnaces 226 provided at the
entry end of the strip and'plate line 225, ladle furnace
228, caster 230, mold 232 and cutoff 234 positioned at the
exit end of the mold 232 to cut the strand of now
solidified metal into a 3.5 to 6 inch thick slab
(intermediate thickness) of the desired length which also
has a width of 24 to 120 inches.

‘The slab then feeds on a table conveyor 236 to a
slab takeoff area where it is directly charged into a
furnace 242 or is stored in slab storage container 280 or
alternatively is removed from the inline processing and
stored in a slab collection area 240. If the cast slab is
needed to be stored prior to rolling, such as due to
maintenance on the rolling mill, it is preferred that the
slabs be stored in the slab storage container 280. The
slab collection area 240 will generally be utilized where
additional processing of a slab is required, such as
surfacing of the slab by hand scérfing. Full-size slabs 244
and discrete length slabs 246 for certain plate products
are shown within walking beam furnace 242. Slabs 238 which
are located in the slab collection area 240 may also be fed
into the furnace 242 by means of slab fpushérs 248 or
charging arm devices 1located for ‘indirect charging of
walking beam furnace 242 with slabs 238. It is also
possible to charge slabs into furnace 242 from the slab

storage container 280 which feed onto the table conveyor

236. As discussed above, where slabs are introduced from

off-line locations, the furnace must have the capacity to

0 mm) thick thens sHEEPHAKIBEERNT
a subsequent arERRAICEBNd t enper
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g add Btu’'s to bring the slabs up to rolling temperatures.
The slab storage container 280 will minimize the need for
such off—;iné slab loading.

The various slabs are fed through the following

5 furnace 242. The third embodiment operates substantially
identical to the two embodiments discussed above. The
third embbdiment includes slab extractors 250, feed and run
back table 252, deScaIer 253, vertical edger 254, and hot
reversing mill 256 downstream of feed and run back table

10 252, upstream and'downétream coiler furnace 258 and 260,
cooling station -262,. coiler 266 déwnstream- of cooling
station 262, coil car 267, a plate table 264, a shear 268,
a transfer table 270, .and a final processing . line 271 which
includeé a plate ‘side shear.272, plate end shear 274 and

15 plate piler 276.

Fig. 3B- 111ustrates a modified wversion of the
embodlment of the ‘caster and inline mill illustrated in
Fig. 3A. Fig. 3B is 1dent1cal to Fig. 3A except that a
plurality of slab storage containers 280 and 280’ is

20 provided adjacent the table conveyor 236. A second slab '
storage container 280’ obviously provides additional

~capacity for storing cast slabs in thé_eVent of a delay
doWnstream. Howéver, the addition of a second or more slab &
storage contaiher 280’ also provides slab sequencing

25 possibilities. This allows for a certailn prioritization

' and éhanging of the order of slabs by directing them to
appropriate slab stqrage'containers 280, 280’ from which
the slabs can be selectively withdrawn. : _ '

Fig. 4 illustrates a first embodiment 'of the slab

30 storage container 286. The slab storage container 280

includes a carriage-282 mounted'by rollers 284 onto a track

286 located within a .slab holding pit 288. The walls 290

of the slab holding pit 288 are appropriately insulated as

is the top surface 292 of the carriage 282 which engages

35 and supports the loWérmost slab of a stack of slabs. 2an
. . _
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insulated movable cover 294 is provided for covering the
slab holding pit 288 and the stack of slabs, as shown in
phantom in Fig. 4. Slab pushers 296 are provided for
moving slabs into and out of the stack in the slab storage
container 280. The slab storage container 280 operates as
follows. The lowermost slab of the stack of slabs is
pushed onto the top éurface 292 of the carriage 282 by slab
pushers 296. Carriage 282 is then indexed down a distance
substantially equal to the thickness of the slab whereby a
second slab can be pushed by slab pusher 296 directly on
top of the initial slab. When the stack of slabs has been
placed into the slab storage container 280, the cover 294
can be positioned on top of the slab holding pit 288 to
maintain the heat within the slabs. '

The configuration of the slab storage container
280 provides a simple and effective means for storing a
stack of slabs which also minimizes the space required.
Furthermore, stacking the slabs directly on top of each
other and maintaining the stacked 31abs in contact with
each other gives the thermal advantages of a thicker slab.
The temperature loss of the individual slabs is minimized
with this stacked arrangement.

Fig. 5 is a side view of another embodiment of a
slab ‘storage container 280’ according to the present
invention: The slab storage container 280’ includes a
carriage 282' supported on a frame 298. The carriage 282°
is vertically movable on the frame 298. The carriage 282’
includes a front and back pair of slab engaglng arms 300.
As shown in Fig. 6, engaging points 302 of each engaging
arm 300 engage the sides of a lowermost slab in a stack of
slabs to engage and support the stack of slabs.
Preferably, the slab engaging arms 300 are hydraulically
operated to move into and out of engagement with the slabs.
In addition to moving in and out of engagement with the
slabs, the slab éngaging arms 300 are preférably movable to

g D
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accommodate various widths of the slabs. Side insulating
plate 304 and top insulating plate 306 are attached to each
slab engaging arm 300. As illustrated in Fig. 6, the top
insulating plates 306 of opposed slab engaging arms 300
will ovérlap with each other to allow for the movement of
the slab engaging arms 300 which provide for the
accommodation of varying widths of the slabs.

The slab storage container 280° operates in a
manner similar to the slab storage container 280 described
above and provides similar advantages. In operation, the
carriage 282’ is lowered to a position over a slab and the
slab engaging arms 300 are activated to securely clamp the
slab-therebetween.and;the carriage 282°' is again raised
holding the slab therein. To add a second slab to the slab
stack, the carriage 282‘' is lowered, poSitioning the slab
on top of the second slab to be positioned in the stack.
Slab engaging arms 300 are disengaged from the first slab
carriage moved down to align the engaging points 302 with
the new lowermost slab in the stack and the slab engaging

arms 300 engage to contact the new lowermost slab in the

stack of slabs. This process is repeated until all of the
slabs are positioned within the stack and the process is
reversed for removing the slébs from the stack.

As discussed above, the slab storage container
280*‘ provides the advantages of minimal space' and
efficient,-effective_thermal'conservatioh of the slabs as
with the slab storage container 280 described above. In
addition, the slab storage container 280‘ provides a system
that can be mounted directly oVer top of the sl%b conveyor
table, further minimizing the floor space required for the
overall system. | '

Although the present invention has been described
in considerable detail with reference to certain preferred
versions thereof, other versions are possible. Therefore,
the spirit and scope of the appended claims should not bé
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WHAT IS CLAIMED IS:

1. An intermediate thickness slab caster and
inline hot strip and plate line comprising:

a) a continuous strip caster means for forming
an intermediate thickness strand;

5 b} an inline cutoff downstream of said caster
means for cutting said strand to a slab of a desired
length; '

c) a slab storage and sequencing means for
selectivély storing and sequencing selected slabs;
10 a) at least one reheat furnace positioned
downstream of said .slab storage and sequencing means;
e) ‘a feed and run back table positioned at an
exit end of said at least one reheat furnace;
£) a hot reversing mill means inline with said
15 feed and run back table for reducing said slab exiting the
reheat furnace to an intermediate product of a thickness
sufficient for 00111ng, and
g) a pair of coiler furnaces, one located
upstream of said hot reversing mill means and the other
20 located downstream, said coiler furnaces capable of
receiving and paying out said intermediate product as it is &
passed between the'coiler furnaces and through said hot
reversing mill means so as to be reduceq to an end product

thickness.

2. The apparatus of claim 1 further 1nclud1ng

‘a slab conveyor table inline with said cutoff, whereln said
slab sequencing and storing means includes:.

a slab transfer means adjacent said slab conveyor

5 table operable transverse of said slab conveyor table and

in communication with said feed and run back table; and

. This Sheet Has Been RTlaced
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a slab collection and storage area adjacent said
slab transfer means adapted to seléctively receive slabs

therefrom.

3. The apparatus of claim 2 further including
a pair of said reheat furnaces,

a first said reheat furnace positioned between
sald feed and run back table and said slab conveyor table,
and _
a second said reheat furnace downstream of and
adjacent said first reheat furnace and having an entry end
inline with said slab conveyor table and an exit inline
with said feed and run back table.

4. The apparatus as claimed in claim 1 wherein
said feed and run back table is positioned inline with said
cutoff and'adapted to receive slabs directly therefrom, and
wherein said slab sequencing and storing means includes:

a slab transfer table adjacent said feed and run
back table operable transverse of said feed and run back
table to selectively remove slabs from said feed and run
back table; '

| a slab conveyor table adjacent said slab transfer
table and adapted to receive slabs from said slab transfer
table; and

a slab cbllection and storage area adjacent said
slab conveyor table adapted to receive slabs from said slab
conveyor table.

'

5. The apparatus of claim 1 further including
a slab conveyor table inline with said cutoff wherein said
slab storage and sequencing means includes at least one
vertically stackable slab storage container positioned

adjacent said slab conveyor table, wherein said slab
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storage container includes a vertically movable carriage
for supporting a stack of said slabs.

6. A method of processing metal slabs
comprising the steps of:
a) continuously casting an intermediate

thickness strand; _
b) cutting said strand into a plurality of

.slabs of predetermined lengths;

c) selectively feeding each said slab to either
i) a continuous processing line including
a hot reversing mill having a coiler furnace on each of an
upstream and downstream side thereof, or |
ii) an inline heating furnace from which
said slab exits to said continuous processing line, or
) iii) a slab storing area and subsequently
transferring said slab to said inline heating furnace;

d) flat passing said slab to be worked back and
forth through said hot reversing mill to form an
intermediate product of a thickness sufficient for coiling;

e) coiling said intermediate product in one of
said coiler furnaces; and

£) passing said coiled intermediate product
back and forth through said hot reversing mill to reduce
said coiled intermediate ?rdduct to an end préduct of
desired thickness, said intermediate product being
collected in and fed out of each of said cqiler furnaces on
each pass through said hot reversing mill.

7. The method of c¢laim 6 further including
supplying at least one slab to be worked to said inline
heating furnace and said continuous proceséing line from
said slab storing area which was not cast in said
intermediate thickness caster.
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8. The method of claim 6 wherein said slab
storing area includes at least one vertically stacking slab

container.

9. The method of claim 6 wherein said slab
storing area includes a slab collection and storage area, -
and wherein a second heating furnace is positioned adjacent
said inline heating furnace.

10. A slab container positioned between a
continuous caster and a hot reversing mill adapted to
selectively receive slabs from said caster, said container
including a vertically movable carriage adapted to engage
a lowermost slab in a stack of said slabs within said
container, wherein said slabs in said étaﬁck are directly

contacting each other.
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INTERMEDIATE THICKNESS AND MULTIPLE FURNACE
PROCESS LINE WITH SLAB STORAGE AND SLAB SEQUENCING

15

ABSTRACT OF THE DISCLOSURE
A method and apparatus of making coiled plate,
5 sheet in coiled form or discrete plate. The apparatus
includes a continuous strip caster forming a strand of
intermediate thickness; a shear for cutting the strand into
a plurality of slabs of desired lengths; a slab sequencing
and storing' device; one or two rehéat furnaces for
10 selectively reheating the slabs; a feed and run back table
at the exit of one reheat furnace; a single or twin stand
hot reversing mill for reducing the slab to a coiling
thickness in a number of flat passes; and a pair of coiler
‘furnaces located on opposite sides of the hot reversing

15 mill. |
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addi tional slabs to supplenent the caster product. The rolling of
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INTERMEDIATE THICKNESS AND MULTIPLE FURNACE
PROCESS LINE WITH SLAB STORAGE AND SLAB SEQUENCING
FIELD OF THE INVENTION

This invention relates to the continuous casting
and rolling of slabs and, more particularly, to an
integrated intermediate thickness caster and a hot
reversing mill with flexibility in slab sourcing,
sequencing and storagé with the ability to roll thin gauge
products.

BACKGROUND OF THE INVENTION
Since the advent of the continuous casting of

slabs in the steel industry, companies have been trying to
combine the hot strip mill with the continuous caster
through an inline arrangement so as to maximize production
capability and ~minimize the equipment and capital
investment required. The initial efforts in this regard
éonsisted of integrating continuous casters producing slabs
on the order of 6 to 10 inches (152.4 to 254 millimeters)
with existing continuous or semicontinuous hot strip mills.
These existing hot strip mills included a reheat furnace,
a roughing train (or a reversing rougher) and a six or
seven stand finishing mill with a capacity of 1.5 to 5
million tons (1.4 to 4.5 million metric tons) per year.
This arrangement is the present day design of large steel
company hot mills, and it is unlikely that new hot strip
mills of this design would ever be built due to the high
cépital cost. The quest for low cost integrated caster hot

'strlp mills is not solved by current designs. Further,

such prior art integrated mllls were extremely inflexible
as to product mix and thus current market requirements.
These dlfflcultles gave rlse to the development
of the so-called thln slab continuous hot strlp mill which
typically produces 1, 000,000 tons (907,185 metric tons) of
steel per year as standard products. These mills have been
integrated with thln slab casters on the order of two

inches (50.8 mm) or less. Such integrated thin slab

This is the replacement sheet 't
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casters are enjoying increased popularity but are not
without serious drawbacks of their own. Significant
drawbacks include the quality and quantity 1limitations
associated with the thin slab casters. Specifically, the
5 trumpet-type mold necessary to provide the metal for the
thin slab can cause high frictional forces and stresses
along the surface of the thin wall slab which leads to poor
surface quality in the finished product. Further, the two-
inch (50.8 mm) strip casters are limited to a single
10 tundish life of approximately seven heats because of the
limited metal capacity of the mold.

Most importantly, the thin casters, by necessity,
have to cast at high speeds to prevent the metal from
freezing in the currént ladle arrangements. This, in turn,

15 requires the tunnel furnace~which is just downstream of the
slab caster to be extremely long, often on the order of 500
feet (152.4 meters), in order to accommodate the speed of
the slab and still be able to provide the heat input to a
thin slab (two inches) (50.8 mm) which loses heat at a very

20 high rate. Since.the slab also leaves the furnace at a
high speed, one needs the multistand continuous hot strip
mill to accommodate the rapidly moving strip and roll it to
sheet and strip'thicknesses. However, such a system is &
still unbalanced at normal widths since the caster has a

25 capacity of about 800,000 tons (about 725,750 metric tons)
per year and the continudus mill has a capacity as great as
5 million tons (4.54 million metric tons) per year. The
capital cost of such a system then approaches that of the
earlier prior art systems which.the system was intended to

30 replace. ' _

In addition, the scale loss as a percentage of
slab thickness is substantial for the two inch (50.8 mm)
thin cast slab. Because of the extremely long furnace, one
must provide a long roller héarth which becomes very

This is the feplacement spepy
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maintenance intensive because of the exposed rotating
rollers. |

It has been suggested that light gauge hot band
on the order of 0.040 inch (1.016 mm) be rolled from these
two inch (50.8 mm) slabs. However, 1in the case of low
carbon steels, the thermal decay is too great on a
multistand continuous mill making it impossible to achieve
the necessary finishing temperatures; and in the case of
low alloy high-strength steels, it has been reported that
the two inch thick slab does not produce the reduction
required for high-strength low alloy steel which then
causes a coarse microstructure which must then be refined
through special temperature treatments which are greater
than for the cold charging of the same microalloyed steel
grade, “Optimisation of hot rolling schedule for direct
charging of thin slabs of Nb-V microalloyed steel”, N.
Zentara and R. Kaspar, Materials Science and Technology,
May 1994. _

The typical multistand hot strip mill, likewise,
requires a substantive amount of work in a short time which
must be provided for by larger horsepower rolling stands
which, in some cases, can exceed the energy capabilities of
a given area, particularly in the case of emerging
countries. Thin slab casters, likewise, are limited as to
product width because of the difficulty in using vertical
edgers on a two inch (50.8 mm) slab. Further problems
associated with the thin strip casters include the problems
associated with keeping the various inciuéions formed
during stéel-making away from the surface of the thin slab
where such inclusions can lead to surface defects if
exposed. Furthermore, existing systems are limited in
scale removal because thin slabs lose heat rapidly and are
thus adversely affected'by the high-pressure water normally
used to break up the scale.

This is the replacement sheet
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In addition, this thin strip process can only
operate in a continuous manner, which wmeans that a
breakdown anywhere in the prdcess stops the entire line,
often causing scrapping of the entire product then being

5 processed. _

The integration of a slab caster with any hot
rolling mill requires a synchronizing of the casting and
rolling of slabs. Without the ability to decouple the
casting and rolling of slabs in such an integrated system,

10 a breakdown anywhere in the process stops the entire line,
possibly resulting in the scrapping of the entire product
then being processed. The casting and rolling of slabs can
"be effectively decoupled by providing the ability to
transfer a cast slab to a slab storage area. However, this

15 solution is inefficient. The slab is transferred to an
external slab storage area such that when the mill is
brought back on-line, a substantial amount of energy is
required to bring the slabs back to an appropriate rolling
temperature. Several other approaches have been attempted

20 to address this particular problem. These include
retaining or storing hot slabs in a heating furnace or in
a thermal insulating chamber. However, these solutions
have also had certain drawbacks, including the space o
required and the capital expense involved.

25 It is an object of our invention to integrate an
intermediate thickness slab caster with a hot reversing
mill. It is a further object to adopt a system which
balances the rate of the caster to the rate of the rolling
mill and provides for decoupling of the caster from the

30 mill, as needed. It is also an object of our invention to
adopt a system using less thermal and electrical energy.
It is still a further object to adopt an automated system
with small capital investment, reasonable floor space
requirements, reasonably powered rollihg equipment and low

35 operating cbsts. It is a further object to provide
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flexibility in slab sourcing, sequencing and storage, and
to economically accommodate increased demand for 1light
gauge wide strip.

SUMMARY OF THE INVENTION

Our invention provides for a versatile,
integrated caster and minimill capable of producing at
least 650,000 and preferably in excess of 1 million
finished tons (at least 589,670 and preferably in excess of
987,185 finished metric tons) a year with a divergent
product mix. Such a facility can produce product 24 to 120
inches (610 to 3,048 mm) wide and can routinely produce a
product of 800 PIW with 1,200 PIW being possible. This is
accomplished using a dasting facility having a fixed and
adjustable width melXd with a straight, rectangular cross
section without the trumpet-type mold. The caster has -a
mocld which contains enough 1liquid volume to proviae
sufficient time to make flying tundish changes, thereby not
limiting the caster run to a single tundish life. Our

invention provides a slab approximately two to three times -

as thick as the thin cast slab, thereby losing much less
heat and requiring a lesser input of BTU'’s of energy. Our
invention provides a slab having a lesser scale loss due to
reduced surface area per volume and permits the use of one

. or two reheat or equalizing furnaces with minimal

maintenance required. Further, our invention provides a
caster which can operate at conventional caster speeds and
conventional descaiing techniques. Our invention provides
for the selection of the optimum thickness cast slab to be
used in conjunction'with'a twin stand, tandem hot reversing
mill providing a balanced. production capability. Our
invention has the ability to séparate the casting from the
rolling if there is a delay in either end. Our invention
provides for hot slab storage if the delay is in the
rolling. Our invertion provides for the easy removal of
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transitional slabs formed when molten metal chemistry
changes or width changes are made in the caster.
Furthermore, our invention provides for easily bringing
cold slabs into the processing line. Such slabs may be
outsourced (i.e., slabs not formed by the caster) and may
be thicker than those which may be cast by the caster.
This versatility will allow the processing line to be
operated at the respective capacity of the individual
components and allows for various portidns of the line to
be independently operated. This outsourcing of slabs also
permits the product mix to include steel grades beyond the
capability of the steel-making facility which forms a part
of any given integrated process. '

All of the above advantages are realized while
maintaining the advantages of a thin caster which imclude
low ferrostatic head, low weight of slab, straight molds,
shorter length molds, smaller required mold radii, low
cooling requirements, low burning costs or shear capacity

and simplified machine constructions.

Our invention provides an intermediate thickness
slab caster integrated with a hot strip and plate 1line
which includes at least one reheat or equalizing furnace
capable of receiving slabs directiy froﬁ'the caster, from
a slab collection and storage area positioned adjacent a
slab conveyor table exiting the continuous caster or from
another area. One embodiment of the present invention
includes a slab container capable of receiving slabs from
the caster. A feed and run back table is poéitioned at the
exit end of one of the reheat furnaces and inline with a
twin stand hot reversing mill having a 'coiler furnace
positioned on either side thereof. In one embodiment of
the present invention the feed and fun back table is in
alignment with the coiler such that the reheat furnace may

" be selectively bypaséed. The mill can reduce a cast slab

to a thickness df about one inch (25.4 ) br less in a

1.us is the replacement sheet
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minimum number of flat passes, about three or four flat
passes. The combination coil, coiled plate, sheet in coil
form or discrete plate finishing line extends inline and
downstream of the hot reversing mill and the coiler
5 furnaces. The finishing facilities may include a cooling
station,. a downcoiler, a plate table, a shear, a cooling

bed crossover, a plate side and end shear and a piler.
To achieve the necessary balance between the hot
reversing mill and the caster) it is preferable to cast
10 slabs having a thickness of about 3 to about 6 inches

(about 76 to about 152 mm) and preferably between about 3.5
to about 5.5 inches (about 88.9 to about 139.7 mm). As
used herein, the term intermediate thickness is generally
intended to define such slabs, although in certain

15 specialty steels such as stdifiless steel intermediate
thickness slabs may extend up to about 8 inches (about
203 mm). The cast slabs are reduced to a thickness capable
of being coiled and normally about one inch (about 25.4 mm)
or less in four flat passes on the hot reversing wmill

20 before starting the coiling of the intermediate product
between the coiler furnéces as it is further reduced to the’
desired finished product thickness. 1In order to provide
the capability of making coiled plate, discrete plate and
sheet in ceil form up to 1,000 PIW and higher, slab width

25 may vary from 24 to 120 inches (610 to 3,048 mm)-.

' One processing line of the present invention
includes an intermediate thickness continuous strip caster
with an inline shear downstream of the caster for cutting
a cast strand into an intermediate thickness slab of the

30 desired length. A slab conveyor table is provided inline
with the shear and a slab loading and unloading mechanism
positioned adjacent the conveyor for supplying slabs
thereto. A slab collection and storage area is adjacent
the slab loading and unloading mechanism for receiving and

35 supplying slabs thereto. At least one reheat furnace is

This is the replacement sheet
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provided having an entry end inline with the slab conveyor
table for receiving slabs therefrom and supplying reheated
slabs to a feed and run back table positioned at the exit
end of the reheat furnace. A hot reversing mill is
provided inline with the feed and run back table for
reducihg a slab on the feed and run back table to an
intermediate product having a thickness sufficient for
coiling in a number of flat passes. Two spaced coiler
furnaces are positioned inline with the feed and run back
table, with one located upstream of the hot reversing mill

and the other located downstream thereof. The coiler
furnaces are capable of receiving and paying out the

intermediate product as it is passed between the coiler
furnaces and through the hot reversing mill so as to be
reduced to an end product. A finishing line is providea
downstream and inline with the coiler furnaces and the hot
reversing mill.

In the above-described apparatus, the hot
reversing mill includes a pair of four-high rolling mill
stands adapted to be operated in tandem with an adjustable
vertical edger poéitioned between the pair of rolling mill
stands. Additionally, the slab loading and unloading means
includes a first slab transfer device adjacent the slab
conveyor table and operable transverse to the slab conveyor
table, wherein the feed and run back table is positioned
adjacent an end of the first slab transfer device. A
second slab transfer device is adjacent the feed and run
back table, wherein the slab collection and storage area is
adapted to receive slabs from and supply slabs to the
second slab transfer device. Additionally, this embodiment
of the present invention may include a. second reheat
furnace having an entry end inline with a feed and run back
table and an exit end inline with the slab conveyor table.

The method of operation of processing coil piate,
sheet .in coil form or discrete plate according to the

This s the replac¥imeiit shedh
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present invention ‘includes providing an intermediate
thickness continuous caster and inline shear for casting an
intermediate thickness strand and shearing the strand into
a slab of predetermined length. Additionally, a slab
loading and uhloading device adjacent the slab collection
and storage area for moving slabs between a position inline
with the intermediate thickness caster and the slab
collection and storage area is provided.

As discussed above, one embodiment of the present
invention may include a slab container which includes a
vertically movable carriage adapted to engage a lowermost
slab and a stack of the slabs, wherein the slabs in the
stack are directly contacting each other. Insulation may
be provided to surround at least the sides and top of the
stack. In one embodimént of the invention, the carriage
may be mounted on a track within an insulated slab holding
pit with a cover adapted to enclose the slab holding pit.
In a second embodiment, the carriage may include one or two
pairs of slab engaging arms adapted to engage and support
a lowermost slab in the stack of slabs. The slab engaging
arms are preferably movable to accommodate varying slab
widths and include insulating side and top members attached
to each slab engaging arm. The top members of the
insulation on respective slab engaging arms are configured
to overlap each other, allowing for movement of the slab
engaging arms to accommodate the varying widths of the.
slabs.

A slab originating from either the intermediate
thickness caster, the slab container (if prévided) or the
slab collection and storage area is fed to an inline
heating furnace. The slab.to be reduced is extracted from
the inline heating furnace onto a continuous processing
line which includes a hot reversing.mill having a coiler
furnace on each of the upstreém ‘and downstream sides
thereof. The slab to be worked is passed back and forth

w3 IS the replacement sheet
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through the reversing mill to form an intermediate product
of a thickness capable of being coiled. The intermediate
product is coiled in one of the coiler furnaces. The
coiled intermediate product is passed back and forth
through the mill to reduce the coiled intermediate product
to an end product of desired thickness, the intermediate
product being collected in and fed out of each of the
coiler furnaces on each pass through the hot reversing
mill. The end product may be finished into one of either
coiled plate, discrete plate or sheet in coil form.

The method according to the present invention
also provides that some of the coil slabs may bypass the

heating furnace if the temperature of the slab is

sufficient for rolling; additionally, some of the slabs
supplied to the heating furnace may be outsourced (i.e.,
slabs which were not cast in the intermediate thickﬁess
caster). These outsourced slabs may have a thickness
greater than slabs cast by the intermediate thickness
caster and/or a chemistry different from that which can be
produced on the melting/refining furnace(s) associated with
the caster. The hot reversing mills of the present
invention include a pair of rolling mill stands adapted for
operation in tandem further including an adjustable
vertical edger positioned between the pair of rolling mill
stands. The method of the present invention may include a
second heating furnace adjacent the inline heating furnace
to provide for a wide versatility in slab sourcing,
sequencing and processing, as will be described in detail
herein. |

BRIEF DESCRIPTION OF THE DRAWINGS
Figs. 1A and 1B are schematics illustrating an
intermediate thickness strip caster and ‘inline hot
reversing mill and coiler furmace arfangement according to
a first embodiment of the present invention;
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Fig. 2 is a schematic illustrating an
intermediate thickness strip caster and inline hot
reversing mill and coiler furnace arrangement with multiple
reheat and equalizing furnaces according to a second
embodiment of the present invention;

' Figs. 3A and 3B are schematic illustrations of a
third embodiment for the intermediate thickness strip
caster and inline hot reversing will and coiler furnace
arrangement according to the present invention;

Fig. 4 is a sectional view of one embodiment of
a slab storage container shown schematically in Figs. 3A
and 3B; _ _

Fig. 5 is a side view of another embodiment of a
slab storage container shown schematically in Figs. 3A and
3B; and :

Fig. 6 is a front view of the slab storage

container shown in Fig. 5.

DESCRIPTION OF THE PREFERRED EMBODIMENT

The intermediate thickness slab caster and inline
hot strip and plate line of a first embodiment of the
present invention is illustrated in Fig. 1A. This
embodiment is well suited for slab sequencing as will be
discussed hereinafter. One or wore electric melting
furnaces 26 provide the molten metal at the entry end of
our combination caster and strip and plate line 25. The
molten metal is fed into a_iadle furnace 28 prior to being

'fed into the caster 30. The caster 30 feeds into a mold

{curved or straight) 32 of rectangular cross section.

A torch cutoff (or shear) 34 is positioned at the
exit end of the mold 32 to cut the strand of now solidified
metal into an intermediate thickness slab, about 3.0 to 6
inches (about 76 to about 152 mm) thick, of the desired
length which also has a width of 24 to 120 inches (610 to
3048 mm) . ' '

This is the replacement sheet
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The slab then feeds on a feed and run back table
52 to a slab takeoff area where it may be removed from the
feed and run back table 52 by a movable slab transfer table
35 operating transverse to the feed and run back table 52.
The slabs are moved by the slab transfer table 35 to a
table convéyor 36 to be charged into a furnace 42 or
removed from the inline processing and stored in a slab
collection and storage area 40 which normally will house
slab conditioning facilities of one type or another. The
provision of the easily accessible slab collection and
storage area allows for a decoupling of the caster and the
downstream processing. For example, if the mill goes off-
line during a casting, the remaining casts may be forwarded
to the slab collection and storage area. Additionally, if
the caster were off-line, then the downstream processing
can be continued with outsourced slabs. The slab
collection and storage area 40 allows individual slabs to
be collected for individual surface processing to address
defects in individual slabs. The preferred furnace is of
the walking beam type although a walking hearth furnace
could also be utilized in certain applications. Full-size
slabs 44 and discrete length slabs 46 for certain plate
products are shown within walking beam furnace 42. Slabs
38, which are located in the slab collection and storage
area 40, may also be fed into the furnace 42 by means of
slab pushers 48 or chafging arm devices located for
indirect charging of walking beam furnace 42 with slabs 38.
It is also possible to charge slabs from other slab yards
or storage areas. Where slabs are introduced from the slab
collection and storage area 40 or from the off-line
locations, the furnace 42 must have the capacity to add
Btu’'s to bring the slabs up to rolling températures.

Because the intermediate thickness slabs retain
heat to a much gfeater extent than the thin slabs,
temperature equalization is alllthat is required in wany

This is the replacement sheet
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modes of operation. Additionally, for certain cast slabs,
the internal temperature throughout the slab as it is
received on the feed and run back table 52 may be
sufficient for rolling directly. 1In this situation, the
5 slab may be fed directly to downstream processing,
bypassing the furnace 42. It is also anticipated that a
second furnace may be positioned upstream of the first
furnace 42 to increase the flexibility and the control of
the current system.
10 The various slabs are fed through the furnace 42
in a conventional manner and are removed by slab extractors
50 and placed on the feed and run back table 52. Descaler
53 and/or a vertical edger 54 can be utilized on the
intermediate thickness slabs. A vertical edger normally
15 could not be used with a slab of only 2 inches (50.8 mm) orxr
less. | .
Downstream of feed and run back table 52 and
vertical'edger 54 is a single stand hot reversing mill 56
having an upstream and a downstream coiler furnace 58 and
20 60, respectively. Run out table 61 and cooling station 62
are downstream of coiler furnace 60. Downstream of cooling
station 62 is a coiler 66 operated in conjunction with a
coil car 67 followed by a platé table 64 operated in
conjunction with a shear 68. The final product is either
25 coiled on coiler 66 and removed by coil car 67 as sheet in
strip or coil plate form or is sheared into plate form for
further processing inline. A plate product is transferred
by transfer table 70 which includes a cooling bed onto a
final processing line 71. The final processing line 71
30 includes a plate side shear 72, plate end shear 74 and
plate piler 76. Of course, the plate product facility is
omitted where only coil or coil and sheet product are
desired.
The advantages of the subject invention come
35 about as the result of the operating parameters employed

This is the replacement sheet
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and the sequencing flexibility available with the current
design. The cast strand should have an intermediate
thickness, generally between about 3.0 inches to about 6

inches (about 76 to about 152 mm) , preferably between 3.5

inches to 5.5 inches (about 88.9 to about 139.7 mm). The
width can generally vary between 24 inches and 100 inches
(610 mm and 2,540 mm) to produce a product up to 1,000 PIW
and higher.

The slab is flat passed back and forth through
hot reversing mill 56 in a minimum number of flat passes
achieving a élab thickness of about 1 inch (25.4 mm) or
less. The intermediate product is then coiled in the
appropriate coiler furmace, which in the case of three flat
passes would be downstream coiler furnace 60. Thereafter,

the intermediate product is passed back and forth through

hot reversing mill 56 and between the coiler furnaces to
achieve the desired thickness for the sheet in coil form,
the coil plate or the plate product. The number of'passes
to achieve the final product thickness may vary but
normally may be done in nine passes which include the
initial flat passes. On the final pass, which normally
originates from upstream coiler furnace 58, the strip of
the desired thickness is rolled in the hot reversing mill
and continues through the cooling station 62 where it is
appropriately cooled for coiling on a coiler 66 or for
entry onto a plate table 64. If the product is to be sheet
or plate in coil form, it is coiled on coiler 66 and
removed by coil car 67. If it is to go directly into plate
form, it enters plate table 64 where it is sheared by shear
68 to the appropriate length. The plate thereafter enters
a transfer table 70 which acts as a cooling bed so that the

plate may be finished on final processing line 71 which

includes descaler 73, gide shear 72, end shear 74 and piler
76.

This is the replacement sheet
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The intermediate thickness continuous caster and
hot strip and plate line provide many of the advantages of
the thin strip caster without the disadvantages. The basic
design of the facility can be predicated on rolling 150
tons (136 metric tomns) per hour on the rolling mill. The
market demand will obviously dictate the product mix, but
for purposes of calculating the required caster speeds to
achieve 150 tons (136 metric tons) per hour of rolling, one
can assume the bulk of the product mix will be between 36
inches (914 wmwm) and 72 inches (1829 wmm). A 72 inch
(1829 mm) slab rolled at 150 tons (136 metric tons) per
hour would require a casting speed of 61 inches (1549 mm)
per minute. At 60 inches (1524 mm) of width, the casting
speed increases to 73.2 inches (1859 mm) per minute; at 48
inches (1219 mm), the casting . speed increases to 91.5
inches (2324 mm) per minute; and at 36 inches (914 mm) of
width, the casting speed increases to 122 inches (3099 mm)
per minute. All of these speeds are within acceptable
casting speeds. |

The annual design tonnage can be based on 50
weeks of operation per year at 8 hours a turn and 15 turns
pexr week for 6,000 hours per year of availablé operating
time assuming that 75% of the available operating time is
utilized and assuming a 96% yield through the operating
facility, the annual design tonnage will be approximately
650,000 finished tons (589,670 metric toms).

The intermediate thickness slab caster and inline

hot strip and plate line according to a modified version of

‘the first embodiment of the present invention is

illustrated in Fig. 1B. The combination caster and strip
and plate line 25 is identical to the line 25 described in
connection with Fig. 1A except that a twin stand hot
reversing mill S6°‘ replaces the single stand hot reversing
mill. The provision of the twin stand increases the
rolling capacity of the mill. Additionally, the twin stand

This is the replacement sheet
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mill 56/ allows for processing of outsourced slabs which
are thicker than the intermediate thickness slabs which
could be produced by the caster 30. With the twin stand
mill 56‘, four flat reducing passes on the feed and run
back table 52 (with two passes occurring with each passage
of the slab along the feed and run back table 52) are
normally required to arrive at a thickness capable of being
coiled. )

An intermediate thickness slab caster and inline
hot strip and plate line including multiple furnaces and/or
a multiple stand hot reversing mill according to a second

embodiment of the present invention is illustrated in.

Fig. 2. The process line in Fig. 2 is similar in many
respects to the line illustrated in the embodiment shown in

Fig. 1. One or more electrical melting furnaces 126 will

provide the molten metal at the entry end of the
combination intermediate thickness caster and strip and
plate processing line. The molten metal is fed into a
ladle furnace 128 prior to being fed into the intermediate
thickness caster 130. The caster 130 feeds into a curved
or straight mold 132 of rectangular cross section. A torch
cutoff or shear 134 is positioned at the exit end of the
mold 132 to cut the strand of solidified metal into an
intermediate thickness slab of desired length which may
also have a width of 24 to 120 inches (610 to 3,048 mm).
The intermediate thickness slab then feeds onto a slab
conveyor table 136. A hot scarfer 137 may be positioned
above the slab conveyor table 136 for processing the
surface of the slabs. The slab may be removed from the
inline processing and stored in a slab collection and
storage area 140 or it may be directly charged from the
slab conveyor table 136 into an entry side of an equalizing
or reheat furnace 142. The preferred furnace 142 is of a

‘walking beam type, although a roller hearth furnace could

be utilized in certain applications. The various slabs are

This is the replacement sheet
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fed through the furnace 142 and removed in a conventional
manner and placed on a feed and run back table 152
positioned at the exit of the furnace 142. The feed and
run back table 152 is inline with the caster 130 in the

5 processing sense but is not physically aligned with the
caster as in the first embodiment.

When slabs are transferred to the slab collection
and storage area 140, they can be removed from slab
conveyor table 136 by a slab transfer table 138 operating

10 transverse to the processing line. The slab transfer table
138 will transfer a slab from the slab conveyor table 136
to the feed and run back table 152. A second slab transfer
table 144 is positioned adjacent the feed and run back
table 152 to transfer slabs from the feed and run back

15 table 152 to the slab collection and storage area 140. An
alternative arrangement would combine the first and second
slab transfer tables 138 and 144 into a single transfer
table extending from the slab conveyor table to the slab
collection and storage area 140 with the feed and run back

20 table 152 extending from and receiving slabs from an
intermediate portion of the combined slab transfer table.

A furnace 146 is positioned between the slab
conveyor table 136 and the feed and run back table 152 and &
positioned adjacent the furnace 142. The furnace 146 may

25 have an entrance side on the feed and run back table 152
and an exit end on the slab conveyor table 136. The slab
storage area additionally includes a slab conditioning
section 148 wherein further surface processing on the slabs
can be performed, as needed.

30 The disclosed dual furnace and slab loading and
unloading arrangement provides for great versatility in
slab sourcing and pfbcessing. As discussed above, a slab
cast from the intermediate thickness caster 130 can be fed
directly through furnace 142 onto the feed and run back

35 table 152 and into the processing line.  Because the

This is the replacement sheet
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intermediate thickness slabs retain heat to a much greater
extent than the thin slabs, the temperature equalization is
generally all that will be required in many modes of
operation. _

5 The present arrangement additionally provides for
transferring a slab from a position inline on the slab
conveyor table 136 to the slab collection and storage area
140 through slab transfer tables 138 and 144. Such storage
may be required to -allow continuous casting to continue

10 when a breakdown downstream in the processing line has
occurred or, alternatively, allows for removing individual
slabs for further processing in the slab conditioning
section 148 such as due to any undesirable surface defects.

The present arrangement provideé for great versatility in

15_ _bringing slabs from the slab collection and storage area

140 back in the processing line. .

In short delays, the slab may be passed directly
onto the feed and run back table 152 by the slab transfer
table 144 for subsequent processing. A second alternative

20 would be to transfer a slab onto the slab conveyor table
136 through both slab transfer tables 138 and 144. The
slab can then continue down through furnace 142 and to the
feed and run back table 152 for processing. Where cold &
slabs are being re-introduced into the processing line, the

25 present arrangement allows for the slab to be transferred
to the slab'conveyor table 136 through the reheat furnace
146 which will have a capacity to add BTU’s to bring the
slab up to the appropriate temperature for subsequent
processing. The present arrangement additionally provides

30 for introducing outsourced slabs into the processing line.
Outsourced slabs refer to slabs which were not cast on the
intermediate thickness caster 130. Such outsburced slabs
may have any thickness, including a thickness greater than
that cast on the intermediate thickness caster 130 and/or

35 a chemistrxy different than what can be produced or achieved

This is the replacement sheet
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in electric melting furnaces 126 and ladle furnace 128.
The additional ability of incorporating outsourced slabs
into the processing line provides additional options for a
more complete matching of the speed of the intermediate

5 thickness caster 130 and the supply of outsourced slabs to
the downstream processing.

An alternative embodiment of the present
invention is contemplated wherein furnace 146 has an
entrance side on the slab conveyor table 136 and an exit

10 side on the feed and run back table 152. In such an
arrangement, the slabs from the slab collection and storage
area 140 would generally be supplied to the slab conveyor
table 136 and then through an appropriate one of the
furnaces 142 or 146. 1In this alternative arrangement, both

15 furnaces would generally be operated in the same manner.
In the embodiment disclbsed in Fig. 2, furnace 146 can be
utilized and operated as a reheat furnace whereas furnace
142 can be generaily operated as an equalizing-type
furnace. N _

20 The present arrangement additionally provides for
directly transferring an appropriate slab from the slab
conveyor table 136 to the'feed and run back table 152 for
subsequent processing without going through either of the o
furnaces 142 or 146. as in the first embodiment. Such

25 procedure would ohly be possible if the cast slab already
contains an appropriate rolling temperature throughout.
This alternative further illustraﬁes the inherent
flexibility of the present design. _

The slabs positioned on the feed and run back

30 table 152 for subsequent working are passed through a

' conventional descaler 153. As discussed above, such a
descaler process could be detrimental to 2 inch thin cast
slabs. _ X ,; _

Downstream of feed and run back table 152 and

35 aligned therewith is a hot reversing mill which includes a

is the reifﬁa"“;‘m
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pair of four-high rolling mill stands 156 configured to
opefate in tandem. Positioned between the pair of rolling
mill stands 156 is an adjustable vertical edger 154.
Vertical édger 154 is intended to be used conventionally or
to taper the leading and trailing ends, respectively, of
the slab on the first pass through the mill so as to
compensate for the flaring out of the extreme ends which
occurs during subsequent rolling. Such tapering can be
controlled by the AGC, and the vertical edger can be
passively driven by the twin stands of'the mill. The
effectiveness of the tapered ends can be monitored by a
width gauge at the exit end of the downstream hot reversing
stand wherein a fingerprint of the width is taken and
adjustments are made through a feedbaék loop to the
vertical edger, where necessary.

Upstream and downstream coiler furnaces 158 and
160, respectively, are positioned on either side of the
pair of rolling mill stands 156 of the hot reversing mill;
A run out table 161 extends downstream from the coiler
furnace 160. A cooling station 162, such as laminar flow
cooling, is downstream of the downstream coiler furnace 160
and extends along the run out table 161. Downstream of the
cooling station 162 is an upcoiler 166 which cén be
operated.in conjunction with a coil car 167. A subsequent
finishing line may be provided substantially the same as
described above in Fig. 1 which includes shear 68, transfer
table 70, final procéssing line 71, plate side shear 72,
plate end shear 74 and prlate piler 76.

The provision of tandem operated twin reversing
stands. 156 in the hot reversing mill of the present
invention includes increased processing'tonnages as well as
the ability to achieve lighter,gauges such as 0.040 inch,
which are of increasing importance'in many industries such
as the building industry where 1ight.gauge hot mill product
is formed into studs and the like to replace lumber. The

his is the’ rep!acemel_\t sheet
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additional expense of incorporating a twin stand reversing
mill rather than a single stand reversing mill is justified
by the increased productivity and versatility and the
incorporation of outsourced slabs from the slab collection
and storage area 140, as discussed above. As noted, such
outsourced slabs may have a thickness greater than those
cast in the caster 130 and can provide for an even greater
variety of product mix. The following Examples illustrate

such a product mix.

This is the replacement sheet
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EXAMPLE 1
A 48.99 inch (1244 wm) wide x 0.040 inch (1.016
mm) thick sheet in coil form is produced from a 5§ 1/2 inch
(139.7 mm) cast slab in accordance with the following
rolling schedule:
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Example I illustrates one of a wide variety of
product types which can be rolled with the present system.
As illustrated in this Example, the present mill can
economically hot roll down to 0.040 inch (1.0 mm) thick.
The provision of the twin stands allows for accurately

rolling down to these light gauges for which there is an
increased market demand.

Tris is ihe replacement stkioot
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Examples |V and V show the range of grades produci bl e on the present.

;invention provi di ng the broad product m x needed for a conpetitive
‘mill. : The intermedi ate thickness slab caster and inline 5
hot strip and plate line of a third enbodi nent of the present invention

is illustrated in Figs. 3A and 3B. Thg _

EXAMPLE TI
A 55 inch (1397 mm) wide x 0.060 inch (1.52 mm)
thick sheet in coiled form is produced from a 5 1/2 inch
(139.7 mm) cast slab in accordance with the following

5 1rolling schedule:

&
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s renmoved fromthe inline processing and
area 240.

¥

furface 242 or
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| ocat ed

into the furnace 242 by
i ndi rect

is al so

st orage
t he furnace

are

It

236. As di scussed

off-line | ocations,
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chargi ng arm devi ces | ocated for

i nt roduced from 35

wal ki ng beam furnace 242 wth slabs 238.

280 which feed onto the table conveyor

where sl abs are

possible to charge slabs into furnacg) 242 fromthe slab
nmust have the_capacity tao

cont ai ner

above,

.in the slab collection area 240 may al so be fed
char gi ng of

* nmeans of slab pushers 248 or 30

-

-‘areé shown wi t hin wal ki ng beam furnace 242. Sl abs 238 which

*

#Tdls I iTaqunN Ssed e urbeg sesseg wapue]

+TdLs ¥ ixoqunN ssed 3e sutrbeg ButTTOd

HAL 02°'99Z :UOTIONPOII HEed TTTW Wopuel Bursieasy

— — —

1¢€°S ¢88T" V96T ‘pe90C G8L0°0 | 6LSO” 09¢€¥v°6 yIZ1°C | 0090° $24L 0T
SE°6T T09¢" "6SLE *TP0S 69LT Q| S0CT” TI6SE €T | S200°¢ 90L0" *TdL 6
Te"89 6208° *Z8E8 "TPCTT €ESEE Q0] €LPT” 8Z8L ST | €8¥%S°€ 960" TAL 8
(A 0669° "L6TL *g8L6 T6SV°0 | 98¢EL” 090€°ST | TI¥%P°€ 08%T" 24l L
60"LTT | €ETEP"T | "CP6¥%T | '8£002 996L°0 | 9L8S" €86V €T | L9200 ¢ oL%Z’ 4L S
68706 08eC'T | "8296 AN SL86°0 | v82ZL" 9€02°9T | 6C%9°¢ QsLY” TAL g
0v°"20T | T996°T | "SO0P6T | "€209C CTSS'T | 6%PT"T | 99G8°LT | €¥T0"¥ | 0058~ 1AL 4
Z0°60T | PEGE6 T | "LVEOT | "9LBET 08G9°T | Z26%T1°"T | CT669°ST | 96TS € 0009°1T ERACAY €
8S TV L66T T | "LPSLT | "TeSET SPGL T | C¥6C°T | TTHP8 PT | 89E€"¢€ 00LS" 2 $Z4L (4
SvY"0v | 669T°Z | "T62TT | 'T¥IST LOEL T | 99LZ 1T | ZS0OL €T | 2T180°¢ 08%6° € TAL T
00" 0000" "0 ‘0 0000°0§ 0000°0 ] 0000°0 0000°'0 000S9°S fE0d 0

. B 1 1 90T 9%%0T
'Dds MY . 9xx0T | 90T X - XN X g1 HINYN

" HWIL OILWY YEMOd | dEMOd X 0l L4-97 Jo¥0d H0d04d ‘NI | ANYLS "ON

SWY avol dS¥0H | HBYOH H00¥OL | EN0¥OL TI0Yd TIOY Fonvo TIIN | S8Vd
S ——

(Wwwgs- T) 0090°0 /(Www. ' 6ET) 00S°S - (WWLEET) 00°SS - WSH HINAIHOS ONITION

MId

0001

(SNOL DIYLIAW 6°¥Z) SNOL S°LT

pPenNuUTIUOD - - (TTIW ONISYIAHAN WHANVL) II FTdNVXI

4

0e

ST

0T



50 -

10

- 31 -

Example II, 1like Example I, illustrates the
versatility of the present system in hot rolling thin
gauges. These hot rolled narrow gauge products, such as
about 0.040 inch (1.0 mm) and about 0.060 inch (1.5 mm)
thick, are able to be utilized as final end products in
situations in which the final end product is geherally not
exposed and does not require any surface finishing. Metal
construction studs, for example 0.040 inch (1.0 mm)
galvanized studs, represent one final end product that can
be hot rolled by the present invention. This is a distinct
advantage over the known prior art which would generally
hot roll somewhere above 0.080 inch (2.0 mm) thick then
pickle and finish the product on a cold mill with a

_subsequent anneal and temper rolling.



add- Btu's to bring the slabs up to rolling tenperatures. The sl ab
 storage container 280 will mnimze the need for such off-line slab

*| oadi ng. The various slabs are fed through the following 5
furnace 242. The third enbodi nent operates substantially identical to
the two enbodi nents di scussed above. 3, The third enbodi nent includes
slab extractors 250, feed and run back tabl e 252, descal er 253,
vertical edger 254, and hot

EXAMPLE 111
A 62 inch (1574.8 mm) wide x 0.090 inch (2.3 mm)
thick sheet in coil form is produced from a 10 inch (254
mm) outsourced slab in accordance to the following
schedule:



256 downstream of feed and run back table 10 252,

reversing mili

upstream
coiler

cooling station 262,

line 271

a plate table 264,
pl ate end shear 274 and 15 pl ate

267,
processi ng

station 262, coil car
and a final

tabl e 270,
Fig. 3Billustrates a nodified version of the

a transfer
includes a plate side shear 3372,

268,

and downstream coil er furnace 258 and 260,
276.

‘266 downstream of cooling

a shear

whi ch

piler
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Is 20 provided adjacent

“plurality of slab storage containers 280 and 280

obvi ously

st orage contai ner
capacity for storing cast slabs in the event of a

280'

236. A second sl ab

the tabl e conveyor
provi des additi onal

.
4

nore sl ab

and changi ng of the order of
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t he sl abs can be selectively w thdrawn.

from whi ch

280’

eet

'Thi; is the replacement gp
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storage contai ner
I ncl udes a carriage 282 nounted
286 | ocated within a slab holding pit 288.
of the slab holding pit 288 are appropriately insul ated
Is the top surface 292 of the3garriage 282 whi ch engages 35 and
An

280

4 illustrates a first enbodi nent of the slab 30
The sl ab storage contai ner

d.
. 280.

]
.

by rollers 284 onto a track
supports the | owernost slab of a stack of sl abs.

The walls 290

Fi
as

:-This is the replacemen; sheet

Date

pPenuT3uod
€L60°0 8TLO" ovES "8 z986°T | 982°C 0060° t2dL T
965T°0 LLTT" 8TL8 0T Z¥¥y 2| 069°2 650T" P TdL €1
SEE€Z"0 zeLT” L9L6"TT 926972 | €£9€°€ YTET" . P TdL ZT
gsve 0| Lyvsee 6€8T €T 0¥96°2 | €8%'% SOLT" r2dl TT |
0TZS 0 £v8E” T9ES' ¥T 089z°€| €0%'9 1252° t2dL 0T
8LT6°0 0LLY" 688L°LT €666°€| o0ss'6 | sLsc" P TAL 6
€222 1 9706 ° %2081 €950°% [ %9L°9T | 0099" 1AL | 8
£909° 1T €€8T T | LVED 8T SYYT ¥ | 8¥b 82 | 002T'T rzdl | L
LO9L"T L862°T | 0296'91T VEI8 €| 86%°LY | o0L8'T ' ZdlL 9
T8LL'T| STTE'T| €229°ST TTIS €| 2TV 'wL | oogs'e P TdL S
PSLL'T g60€ T | T¥8S'¥T| -88LZ €| 089'90T| 000Z'% P TdL v
TLLL'T 80TE'T| 886S°%¥T| Tesz €| 0TS €PT | 00S9°S :ZdlL €
6T9L T | 9662°T| seLy ¥T 0¥SZ €| 0%E 08T | 000T'L 1AL z
9€9L°T | 800€°T| TL8Y %I 0LSZ €| OLT'LTIZ| 0055°8 ' 14l T
0000°0 0000° 0000°0 0000°0 | 000°%SZ | 0000°0T| :®Dd 0
9+»0T | 9,01
9x#0T | 9,,0T X xN| -oxEl e _ NN “
X p Ld-97 ADUO 1EO¥O WKW "NI| GN¥lS| -ON
HAO¥OL |  ENONOL TION | . TIoN EOAYD 20NV | TIIW | SSvd

MId

—

(mug-z) 0060°0 /(WWPSZ) 00°0T - (WW8 HLST) 00°29 - WSH HINQIHOS ONITIOW
'000T

(SNOL DIYIAW 8Z) SNOL T€

pPanuUTIUOCD -~ (TIIW ONISYIATI WHANVL) III FIdWYXH

25 hPR 198

.
-

0¢

ST

0T



- 36

{"o°8/WAN Z°9L)

(>.00°LZ0T) 4,09°088T

*o98/Wdd 00°0ST

(D.68°868) J4,00°059T
(Wwg°TLET) °*UT 00°'¥%S
(W,°0T) "33 00°S¢€
(WZ*QT) "33 00°S€E

18l 3e sanjexadws], Apodg Teutyg
1938y UOTIBISTIDOI/UOTIRISTIOOY
:aanjexadws] 20euIngd ButTToD

i X939weTq doruand BurTTod
1Z# 904D pUR TITW uUSSM3eg SD0URIST(Q
TTTH pue T 904D usamisd souelstd

MId °o000T

PONUTIUOD - - (TIIW ONISUIATY WHANVL) III HIJWVXH

(mwee Z) 0060°0 /(wwypsez) 00°

* TdL # T I9quNN Ssed je utbog sessed wapuel
* TAL + 8 :xoquny ssed 3e sutbedg HurTTIOD
HAL TL €OV TUOTIMPOad dead TTTW wopuel Bursasasy
L9°9 ST6T’ 13402 ‘I80¥% 98C°¢ . 0060° vC4L . T
LT ET 650%" 8ECZV ‘€899 - 069°¢ 6S0T" STAL ) €T
yi-€c - 0669° - LBZL ‘98L6 £€9€° ¢ yZetT” 3 TAL A
88 TV SQLL” L608 "8S801 €879 S9LT LRALAR 1T
29709 LT60"T LEETT "¥82ST £€0¥%°9 [ ATAN PCAL 0T
ov-¢s8 £0SZ°1 €S0€ET "¥0SLT 0686 8L8¢t" CCTdL 6
99°LTT | ¢Z6%0°C } E6E1C ‘68982 ¥9L° 9T 0099~ - TdL 8
0L'0CT $TT0°C r 99991 *68TCT 8v¥ 8¢ 00211 P TAL L
0T 9% 8e1g ¢ TTTEC ‘g660¢€ 86¥% LY 00L8'T . ‘2adL | 9.
CL VY AT AREA 968%T "9L66T 2Ty vl 00€6°2 - FTdAL .9
¥8°0¢ 89¢2¢° ¢ v61CT "E9L6T 089°90T 000C'¥ SYTAL | ¥
68°02 T822°¢C STS9T WA AR LA 0TS EPT 00S9° 4 1244 €
8T"ST 06022 TCIOLT "0€9¢ET 0%E°08T 000T"°L 1244 Z
TZ°ST 0Tt12°¢ 9%9%T 'TV961 QLT LTC 00S5°8 T4l T
00" 0000° 0 : ‘0 ‘ 000° %52 0000° 0T tHDd 0
*2ds MY ”.__ HNYN
dNIL OILy qamod qEMod "IN . "NI | ANYLS ‘ON
SN Qo1 dSUOH HSYOH HOOVO dDNVYD TIIN | SS¥d

T —————

s ——

0T - (WW8 HLST) 00°29 - Emm EINATHDS ONITION
: : (SNOL DI¥LIIW 8%) SNOL I€

0t

5z

0z

ST

0T

This is the replacement siaet

25 APR 1996

L 4

-

ety WO



tnsul at ed novabl e cover 294 is provided for covering the sl ab hol di ng
,pit 288 and the stack of slabs, as shown in phantomin Fig. 4. Sl ab
‘pushers 296 are provided for novi ng sl abs into and out of the stack in
the slab storage 5 container 280. The slab storage container 280 operates
as follows. The | owernost slab-aff the stack of slabs is pushed
onto the top surface 292 of the carriage 282 by slab pushers 296.
Carriage 282 is then i ndexed down a di stance substantially equal to the
t hi ckness of the slab whereby a 10 second slab can be pushed by sl ab
pusher 296 directly on -

Example IIT illustrates the flexibility of the
present systeni which can receive outsourced slabs for
further proéessing. Such outsourced slabs may be, as here,
slabs which are too thick to be cast in the intermediate.

S thickness caster or slabs which have a ‘specialized
composition limiting where they may be produced or simply
additional slabs to supplement the caster product. The
rolling of outsourced slabs and the ability to store cast
slabs allows the casting and rolling to be decoupled and

10 operated indepehdently of each other. '

This is the feplacement sheet
Daw- 25 spp 1536



top 'of- the initial slab. Wen the stack of slabs has been pl aced into

} he sl.ab storage contai ner 280, the cover 294 can be positioned on top
of the slab holding pit 288 to mai ntain the heat within the slabs. 15
The configuration of the slab storage container 280 provides a sinple
and effective nmeans for storing a _ 3gtack of slabs which also mnimzes

t he space required. Furthernore, stacking the slabs directly on top of
each ot her and mai ntaining the stacked slabs in contact with 20 each
other gives the thermal advantages of a thicker slab.

EXAMPLE TV
A 48 inch (1219.2mm) wide x 0.125 inch (3.175mm)
thick sheet of high carbon steel (0.51-0.95 carbon) in coil
form is produced from a 5 % inch (139.7mm) thick cast slab
5 in accordance to the following rolling schedule:

- This is the raplacement sheet

2.3 APR 1995



with this
carriage 282

according to the present 25
Is vertically novabl e on

i ncl udes a

IS mnimzed
engagi ng points 302 of each

sl abs
282"
I'ncl udes a front and back pair of slab

Fig. 5is a side view of another
89

sl ab storage container 280
As shown in Fig. 6,

The sl ab storage container 280
engagi ng 30, arm 300 zengage the sides of a lowernost slab in a stack of

supported on a frame 298. The carriag

The ‘tenperature | oss of the individual
the frame 298. The carriage 282

enbodi nent of a
engagi ng arns 300.

St acked arrangenent.
i nventi on.

®

[0}

% ]

. €

[

£

[

[&]

8

Q.

e

[}

£

@

0

mumd.ﬂ..nu uoo =

09°0€Z | 0°8TL 8°GS€Z| 2r1°'Z | 950 220" | 0'ST] SLi ¢ 0s2T" t2dlL 0T
09°0€Z | 9°019 T°€00Z| 2ZL'Z | 16°0 | 9€0° L°6T | peL € 0L¥PT" PTAL 6
TS LST | s 06¥% T°609T | LS'€ | 4S°T z90" €'sz| 8%9°¥ 0€8T" (TAL| 8
8L "EST | €'99¢ 6°TOCT | #9°% | L9°2 SO0T" 0°0€| €22°9 0s¥%2° | :zdl L
0%°16 | v'9s2 €°1%8 LS9 | €€°9 ote” S'LE| 068'8 - | oosg” 1ZdAL 9
GE"L8 | €091 8'52s G€'6 | 08°0T | szv- T°€¥| ¥22°'%T | 0095" PTAL S
€E0'PY | T'16 0°662 OL'TT | 68°9T | 599" €°0% | 6T0°SZ | 0586° PTAL 4
zZS6€ | ¥ ¥s S 8LT 6E"ET | 0T 2z | 0L8" S°¥E| O0T6°T¥ | 0089°T| :zdl| ¢
86'%¥T | 9°S€ 6°9TT OT"LT | ¥6°SE€ | STP'T| 0°9€| 800°%9 | 0025°Z | :zdl z
9L"8 8'e2Z 8°¥L 66°LT | SL°6€ | S98°T| s°8Z| 6¥6°66 | 0sc6°¢| :TdL| T

00° €°9T S €S 00" 00°0 000" 0° 00L°6€T | 000S°S| :@d4| 0

*0Fs arie _ D R o | EWeN |
HWIL ‘W _ L | ETIONY | . CWW . CNI- | aEd | 117 "NI | ANYIS
dESAVIH | HIONET ( HIONZT| & HIIE | IIVNQ|L4WA | 4|  =@o0WD [ =9AWD [ TIIW

(MugLT €) 0STT"
"000T

/(WUL6ET) 0005°S - (WWZ'6TZT) 00°8% - WSH FINQHHDS ONITIONW

(TIIN ONISUZATY WHANYL) AI HTIANVXE

(SNOL DIMLIN ZLL'TZ) SNOIL 000°%Z

Date: 28 APR 9%

~




the sl ab

Preferably,
operated to nove into and out of

In addition to noving in and out of

the sl ab engaging arns 300 are preferably
- 40 -

sl abs:- to engage and support the stack of sl abs.
sl abs,

.engaging arns 300 are hydraulically
*engagenent with the sl abs.

engagenent with the 35

novable to
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Si de insul ating

accomodat e various w dths of the sl abs.
,plate 304 and top insulating plate 306 are attached to each

52 =
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I nsul ati ng

overlap with each

t he sl ab engagi ng arnms 300 which

the top
accomodati on of varying w dths of the sl abs.

pl ates 306 of opposed slab engaging arms 300 S wll

other to allow for the novenment of

sl ab engaging arm 300. As illustrated in Fig. 6,
provi de for the

operakes-in a
280 described 10 above and provides simlar

The sl ab storage container 280
I n operation,

sl ab storage container

advant ages.

simlar to the

is lowered to a position

manner

carriage 282

t he
sl ab engaging arns 300 are activated to securely

a slab and the

over
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-sl ab therebetween and the carriage 282' is again raised hol di ng t he
,Slab therein. To add a second slab to the slab 15 stack, the carriage 282
‘is lowered, positioning the slab on top of the second slab to be
positioned in the stack. Sl ab engaging arns 300 are di sengaged fromthe
first slab carriage -noved down tg,align the engaging points 302 with
the new | onernost slab in the stack and the slab engaging 20 arns 300
engage to contact the new |l owernost slab in the stack of slabs. This
process is repeated until all of the sl abs are positioned within the
stack and the process is
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conservation of the
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As di scussed
advant ages
t hat can be
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Al t hough

further
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efficient,

and
with the slab storage container 280 descri bed above.

renoving the slabs fromthe stack.
the sl ab storage container 280
nmounted directly over top of the slab conveyor 30 tabl e,

i nventi on has been descri bed

EN

space
the fl oor space required for the

t he present

reversed for
.above, the slab storage container 25 280
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in Considerable detail with reference to certain preferred ver si ons
Jdhereof, other versions are possible. Therefore, 35 the spirit and scope
‘of the appended clainms should not be -

- 45 ~

EXAMPLE V
A 60 inch (1524mm) wide x 0.100 inch (2.54mm)
thick sheet in coil form is produced from a 5 inch (127mm)
cast slab of low carbon steel according to the following
5 rolling schedule:

This is the replacement sheet
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limted to the description of the preferred versions contained
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An

inline cutoff downstream of said

an
means for cutting said streend to a slab of a desired | ength;

means for form ng an
b)

inline hot strip and place |line conprising:
5

and
a continuous strip caster

t hi ckness strand;

caster

rcaster
a)

* T4L * ¥ :Toquny ssed je sutrbeg Buryrod
RAL 29°L9% *UOTIONPoOad Jeed TTTW wopuel Bursisasy
Tttt 82T’ "TTI8E | "0TTIS 0vs° ¢ 000T" $Z24L 0T
€V L £ETEE” ‘EESS | C02WL | L86°C 9LTIT" TAdL 6
9761 »I8S° " "C9L6 | "T60ET | 0T8°€E 00s8T" S TAL 8.
69° 91 1R AR "LSL8 | "VVLTIT | 96C°S §80¢° ZAL L
0s°0¢€ S888° "T6LYT | "SE86T | LTIV L ocec" ‘24l 9
88°0S CI60°T | T°0TBLT | "¥88€T | €€9°TT 08sv’ PTAL S
96° St VPLZ T | T°0CETZ | "T6S8C | SS6°02 0sZ8’ P TAL 14
TT°9L LT88 T | T°9SL0T | "€£€8LZ | SZ6° %E 0SLE"T | P24l €
e 9¢ 8889° T "€6CLT | "06TET | 096709 000¥%°¢C f2AL | Z
T6°'9T | €6Z¥%°T "Y6V6 | "TELEZT | 086°¢€6 0004 €’ S TAL T
00’ 0000° 00°0] "0 000°LeET 0000°8 $EDd 0
'ods Ml b - - BWUN
dWIL | - OILVY YaMOd | ¥EMOd - "W "NI aNV.LS "ON
SNy avoT dSYOH (- SYOH | - IoAve HOOND TIIN | §8¥d

(WWps-Z) 000T™ /(WWZZT) 0000°S - (WWHZST) 00°09 - WSH HINATHOS ONITIOY

MId

"000T

(NOL DI¥LAW 9TZ°LZ) SNOL 000°0€

PONUTIUOD-~ (TTIN ONISYIAAY WHANVL) A ITINVXH

ST

0T



c) "a 'slab storage and sequencing neans for sel ectively storing

and sequenci ng sel ected sl abs; d) at least one reheat
furnace positioned 10 downstream of said slab storage and sequenci ng
means, wherein said slab storage and sequenci ng nmeans can sel ectively
bypass said at | east one reheat- fa9r nace; e) a feed
and run back table positioned at an exit end of said at | east one
reheat furnace; 15 f.) a hot reversing mll means inline with
said feed . and run back table for reducing said slab exiting the
reheat '

Examples IV and V show the range of grades
producible on the present invention providing the broad
product mix needed for a competitive mill.

The intermediate thickness slab caster and inline

5 hot strip and plate line of a third embodiment of the
present invention is illustrated in 'Figs. 3A and 3B. The
third embodiment is similar to the first two embodiments
including electric melting furnaces 226 provided at the
entry end of the strip and plate line 225, ladle furnace

10 228, caster 230, mold 232 and cutoff 234 positioned at the
exit end of the mold 232 to cut the strand of now
solidified metal into a 3.5 to 6 inch thick slab
(intermediate thicknesg) of the desired length which also
has a width of 24 to 120 inches.

i5 - ~The slab then feeds on a table éonveyor 236 to a
slab takeoff area where it is directly charged into a
furnace 242 or is stored in slab storage container 280 or
alternatively is removed frdm the inline processing and
stored in a slab collection area 240. If the cast slab is

20 needed to be stored prior to rolling, such as due to
maintenance on the rolling mill, it is preferred that the
slabs be stored in the slab storage container 280. The
slab collection area 240 will generally be utilized where &
additional processing of a slab is required, such as
25 surfacing of the slab by hand scarfing. Full-size slabs 244
and discrete length slabs 246 for certain plate products
are shown within walking beam furnace 242. Slabs 238 which
are located in the slab collecticn area 240 may also be fed
into the furnace-."-242 by means of slab.' pushers 248 or
30 charging arm devices located for indirect charging of
walking beam furna_cé 24_2 with slabs 238. It is also
possible to charge slabs into furnace 242 from the slab
storage container 280 which feed onto the table conveyor
236. As discussed above, where _slabs are introduced from
35 off-line locations, the furnace must have the capacity to

This is thé replacement sheet
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fur nace

,coiling, said hot reversing mll|l neans adapted to receive sl abs whi ch

to an internedi ate product of a thickness sufficient

for

‘have bypassed said at |east one reheat furnace; and 20 g)
pair of coiler furnaces, one |ocated upstream of said hot reversing
m |l means and the other |ocated - sdownstream said coiler furnaces

capabl e of
passed bet
means 25

10

20

25

30

35

recei ving and

payi ng out said internmedi ate product. as it

a

ween the coiler furnaces and through said hot reversing m

so as to be reduced to an end product thickness.

add Btu‘s to bring the slabs up to roliing temperatures.
The slab storage container 280 will minimize the need for
such off-line slab loading.

The various slabs are fed through the following
furnace 242. The third embodiment operates substantially
identical to the two embodiments discussed above. The
third embodiment includes slab extractors 250, feed and run
back table 252, descaler 253, vertical edger 254, and hot
reversing mill 256 downstream of feed and run back table
252, upstream and downstream coiler furnace 258 and 260,
cooling station 262, coiler 266 downstream of cooling
station 262, coil car 267, a plate table 264, a shéar 268,
a transfer table 270, and a final processing line 271 which
includes a plate side shear 272, plate end shear 274 and
plate piler 276.

Fig. 3B illustrates a modified version of the
embodiment of the caster and inline mill illustrated in
Fig. 3A. Fig. 3B is identical to Fig. 3A except that a
plurality of slab storage containers 280 and 280’ is
provided adjacent the table conveyor 236. A second slab
storage container - 280‘ obviously provides additional
capacity for storing cast slabs in the event of a delay
downstream. However, the addition of a second or more slab
storage container 280’ also provides slab sequencing
possibilities. This allows for a certain prioritization
and changing of the order of slabs by difecting them to

appropriate slab storage containers 280, 280’ from which

the slabs can be selectively withdrawn.

Fig. 4 illustrates a first embodiment of the slab
storage container 280. The slab storage container 280
includes a carriage 282 mounted'by rollers 284 onto a track
286 located within a slab holding pit 288. The walls 290
of the slab.holding'pit 288 are appropriately insulated as
is the top surface 292 of the cérriage:282 which engédges
and supports the lowermost slab of a stack of slabs. An

Thig Is the replacement sheet
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2. *The apparatus of claim1 further including a sl ab conveyor table
sinline wwth said cutoff, wherein said slab sequenci ng and storing
‘means i ncl udes: a slab transfer neans adjacent said slab
conveyor 5 tabl e operabl e transverse of said slab conveyor table and in
communi cation with said feed and run f1aek table; and

2,

insulated movable cover 294 is provided for covering the
slab holding pit 288 and the stack of slabs, as shown in
phantom in Fig. 4. Slab pushers 296 are provided for
moving slabs into and out of the stack in the slab storage
5 container 280. The slab storage container 280 operates as
follows. The lowermost slab of the stack of slabs is
pushed onto the top surface 292 of the carriage 282 by slab
pushers 296. Carriage 282 is then indexed down a distance
substantially equal to the thickness of the slab Whereby a

10 second slab can be pushed by slab pusher 296 directly on
top of the initial slab. When the stack of slabs has been
placed into the slab storage container 280, the cover 294
can be positioned on top of the slab holding pit 288 to
maintain the heat within the slabs.

15 The configuration of the slab storage container
280 provides a .simple and effective means for storing a
stack of slabs which also minimizes the space required.
Furthermore, stacking the slabsldirectly on'top of each
other and maintaining the stacked slabs 'in contact with

20 each other gives the thermal advantages of a thicker slab.
The temperature loss of the individual slabs is minimized
with this stacked arrangement.

- Fig. 5 is a side view of another embodiment of a &
slab storage container 280’ according to the present

25 invention. The slab storage container 280’ includes a
carriage 282’ supported on a frame 298. The carriage 282°
is vertically movable on the frame 298{ The carriage 282°
includes a front and back pair of slab_engaging arms 300.
As shown in Fig. 6, engaging points 302 of each engaging

30 arm 300 engage the sides of a lowermost slab in a stack of
slabs to engage and suppert the stack of slabs.
Preferably, the slab engaging'arms 300 are hydraulically
operated to move into and out of engagement with the slabs.
In addition to moving.in and out of engagement with the

35 slabs, the slab engaging arms 300 are preferably movable to

. N ) ] ad" -
'Tﬁﬁsaina;eﬁmsem@ntsh
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~ 5 - a slab collection and st orage area adj acent
.said sl ab transfer neans adapted to selectively receive sl abs

- 52 -

accommodate various widths of the slabs. Side insulating
plate 304 and top insulating plate 306 are attached to each
slab engaging arm 300. As illustrated in Fig. 6, the top
insulating plates 306 of opposed slab engaging arms 300
.5 will overlap with each other to allow for the movement of
the slab engaging arms 300 which provide for the
accommodation of varying widths of the slabs.
The slab storage container 280’ operates in a
manner similar to the slab storage container 280 described
10 .above and provides similar advantages."In operation, the
carriage 282’ is lowered to a position over a slab and the
slab engaging arms 300 are activated to secﬁrely clamp the
slab therebetween and the carriage 282’ is again raised
holding the slab therein. To add a second slab to the slab
15 staek, the carriage 282’ is lowered, positioning the slab
on top of the second slab to be positioned in the stack.
Slab engaging arms 300 are disengaged from the first slab
carriage moved down to align the engaging points 302 with
the new lowermost slab in the stack and the slab engaging
20 arms 300 engage to contact the new lowermost slab in the
stack of slabs. This process is repeated until all of the
slabs are positioned within the stack and the process is
reversed for removing'the slabs from the stack.
_ As discussed above, the slab storage container
25 280’ provides the advantages of winimal space and
efficient, effective thermal conservation of the slabs as
with the slab storage container 280 described above. 1In
addition, the slab storage contaiﬁef 280‘ provides a system
-that can be mountedrdirectly over top of the slab conveyor
30 table, further minimizing the floor space required for the
overall system. ' |
Although the present invention has been described
in considerable detail with reference to certain preferred
versions thereof, other versions are possible. Therefore,
35 the spirit and scope of the appended claims should not be

This is the replacement shest.
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“t her éf rom 3. The apparatus of claim2 further including
;o a pair of said reheat furnaces, a first said reheat

* furnace positioned between said feed and run back table and said slab
conveyor table, and 5 a second said reheat furnace downstream
of and adj acent said first rehesst -furnace and having an entry end
inline with said slab conveyor table and an exit inline with '

L

limited to the description of the preferred versions
contained herein.

T his is the rep\acematﬁ gy
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sai d feed and run back table. 4. The apparatus as clai nmed
gn clai mLMfeed and run back table |§_é_{i)05|t|oned i nline

With said dapted to receive slabs dir $§H$E1EH6$BEEM and
wher ei n sai mﬂlgmmg ‘mg and storing neans incl udes

sl ab trans jacent said feedsand run

transverse of said feed and run back table to sel Egimmilmﬁ sI abs
fromsaid feed and run back table;

a

WHAT IS CLAIMED IS:

1. An intermediate thickness slab caster and
inline hot strip and plate line comprising:

a) a continuous strip caster means for forming
an intermediate thickness strand;

5 b) an inline cutoff downstream of said caster
means for cutting said strand to a slab of a desired
length; |

c) a slab storage and sequencing means for
selectively storing and sequencing selected slabs;
10 . d) at least one reheat furnace positioned
downstream of said slab storage and sequencing means;
e) a feed and run back table positioned at an
exit end of said- at least one reheat furnace;
£) a hot reversing mill means inline with said
- 15 feed and run back table for reduc1ng said slab exiting the
reheat furnace to an 1ntermed1ate product of a thickness
sufficient for coiling; and .
g) a pair of coiler furnaces, one located
upstream of said hot reversing mill means and the other
20 located downstream, said coiler furnaces capable of
receiving and paying out said intermediate product as it is &
passed between the coiler furnaces and through said hot
reversing mill means so as to be reduced to an end product
thickness. '

2. The apparatus of claim 1 further including
a slab conveyor table_inline with said cﬁtoff, wherein said
slab sequencing and stcring means includes:
a slab transfer means adjacent said slab conveyor
5 table operable transverse of said slab conveyor table and
in communication with said féed and run back table; and

I
eet Has Been RTlaCed
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a“skalr conveyor table adjacent said slab transfer tabl e and adapted to

feceive slabs fromsaid slab transfer 10 table; and a slab
col l ection and storage area adjacent said sl ab commMiIBySHEETHASBEEM Pt ed
to receive slabs fromsaid slab conveyor table. REPLACED 5 An

' di hi ck | ab B5 il i h ' \egl NO:
i ntermedi ate thickness slab caster anb5inline otniﬁﬁwl“‘“m‘mm‘ ng

a slab collection and storage area adjacent said
slab transfer means adapted to selectively receive slabs

therefrom.

3. The apparatus of claim 2 further including
a pair of said reheat furnaces,

a first said reheat furnace positioned between
said feed and run back table and said slab conveyor table,

5 and '

a second said reheat furnace downstream of and
adjacent said first reheat furnace and having an entry end
inline with said slab conveyor table and an exit inline
with said feed and run back table.

4. The apparatus as claimed in claim 1 wherein
said feed and run back table is positioned inline with said
cutoff and adapted tb receive slabs directly therefrom, and
wherein said slab sequencing and storihg means includes:

5 a slab transfer table adjacent said feed and run
back table operable transverse of said feed and run back
table to selectivély remove slabs from said feed and run

back table;
a slab conveyor table adjacent said slab transfer &
10 table and adapted to receive slabs from said slab transfer
table; and

a slab collection and storage area adjacent said
slab conveyor table adapted to receive slabs from said slab

conveyor table.

5. The apparatus of claim 1 further including
a slab conveyor table inline with said cutoff wherein said
slab storage and sequencing means includes at least one
vertically stackable slab storage container positioned

5 adjacent said slab  conveyor table, wherein said slab

Sheet Has Been Re laced
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a)" ¢ a continuous strip caster means for form ng an I nternmedi ate

t-hi ckness strand; 5 b) an inline cutoff downstream of said
gaster neans for cutting said strand to a slab of a THSSHERT HASHBEEN
c) a slab conveyor table inline with said cutoff; _ REPIACED ~

o (RN

storage container includes a vertically movable carriage

for supporting a stack of said slabs.

6. A method of processing metal slabé
comprising the steps of:

a) - continuously casting an intermediate
thickness strand; |

5 b) cutting said strand into a plurality of
slabs of predetermined lengths;

c) selectively feeding each said slab to either

i) ‘a continuous processing line including

a hot reversing'mill having a coiler furnace on each of an

10 upstream and downstream side thereof, or _

ii) ‘an inline heating furnace from which
said slab exits to said continuous processing line, or
' iii)}) a slab storing area and subsequently
transferring said slab to said inline heating furnace;

15 d) flat_passing said slab to be worked back and
forth through said “hot reversing mill to form an
intermediate product of a thickness sufficient for coiling;

e) coiling said intermediate product in one of
said coiler furnades; and

20 _ f) passing said coiled intermediate product &
back and forth through said hot reversing mill to reduce
said coiled intermédiéte product to an end product of
desired thickness, said intermediate product being
collected in and fed out of each of Said cbiler furnaces on

25 each pass through said hot reversing mill.

7. The method. of claim 6 further including
supplying at least one slab to be wbrked to said inline
heating fﬁrnace'and said cbntinuous processing line from
said slab storing area:'whiqh was not cast in said
intermediate thickness caster. |

I —
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-56, - ' d) a slab storage and sequencing neans for
selectively storing and sequenci ng sel ected sl abs, said slab 10 st or age
nand sequenci ng meansA including at |east one vertlcalIyTWSSHEETHASBEEN

REPLACED ———
i i

8. The method of claim 6 wherein said slab
storing area includes at least one vertically stacking slab

container.

9. The method of claim 6 wherein said slab
storing area includes a slab collection and storage area,
and wherein a second heating furnace is positioned adjacent

said inline heatlng furnace.

10. A slab container positioned between a
continuous caster and a hot reversing mill adapted to
selectively receive slabs from said caster, said container
including a vertically movable carriage adapted to engage

5 a lowermost slab in a stack of said slabs within said
container, wherein said slabs in said stack are directly

contacting each other.

K
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Stackabl e sl ab storage container positioned adjacent to the sl ab

_ oOnveyor table, wherein said slab storage contai ner THIS BUER] EEN
vertically noveabl e carriage for supporting a stac rd ST abs

wherein said slabs are stacked directly on top 15 of..each: other;

e) at least one reheat furnaee58positioned _“'downstream of said
sl ab storage and sequenci hg neans; f)"-a feed and run back
tabl e positioned at an exit - end of said at |east one reheat furnace;
20 9) a hot reversing mll means inline with said

a

INTERMEDIATE THICKNESS AND MULTIPLE FURNACE
PROCESS LINE WITH SLAB STORAGE AND SLAB SEQUENCING

ABSTRACT OF THE DISCLOSURE

A method and apparatus of making coiled plate,
S sheet in coiled form or discrete plate. The apparatus
includes a continuous strip caster forming a strand of
intermediate thickness , a shear for cutting the strand into
a plurality of slabs of desired lengths; a slab sequencing
and storing device; one or two reheat furnaces for
10 selectively reheating the slabs; a feed and run back table
at the exit of one reheat furnace; a single or twin stand
hot reversing mill for reducing the slab to a coiling
thickness in a number of flat passes; and a pair of coiler
furnaces located on opposite sides of the hot. reversing

15  mill. | | |

g >y A
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feed and run back table for reducing said slab exiting the r eheat

faurnace to an internedi ate product of a thickness " sufficient for
coiling; and h) a pair of coiler furnaces, one |ocated
upstream 25 of said hot reversing mil] neans and the other I-ocated
downstream said coiler furnaces capabl® of receiming_and payi ng out
said internediate product as it is passed betweern - [ he coil er furnaces
and through said hot reversing mll neans 50 s repuce to an end
product thickness. (s0)
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6.
a)
b)

| engt hs;
a continuous processing line including a -

)

‘A net hod of processing netal
continuously casting an int
cutting said strand into a

C) sel

a coil'er furnace on each of an

sl abs conpri si ng
er nedi at e t hi ckness
plurality of slabs
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10 . upstream and downstream si de thereof, or i) an

inline heating furnace fromwhich said slab exits to said continuous
processing |line, or iii) a. slab storing area and
subseduent |y transferrlng sai d slab to said inline heating furnace;
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- 57 - 15 d) flat passing said slab t.c') be worked back and
forth through said hot reversing mll to forman internedi ate pr oduct
of a thickness sufficient for coiling;

-
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e) " coiling said internedi ate product in one of said coil er furnaces;

and 20 f) passing said coiled internedi ate product back
and forth through said hot reversing mll to reduce said coil ed
i ntermedi ate product to an end product of desired t hi ckness, said
i ntermedi ate product being collected iR and fed out of each of said
coi l er furnaces on each pass through said 25 hot reversing mll.
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7. + The nmethod of <claim 6 further including suppl ying at | east

one slab to be worked to said inline heating furnace and said
continuous processing line fromsaid slab storing area which was not
cast in said internedi ate thickness caster. 8. The
met hod of claim6 wherein said slab stéring area includes at |east one
vertically stacking slab container.

(Il
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9. The method of claim®6 wherein said slab storing area includes a

sl ab coll ection and storage area, and wherein a second heating furnace
i s positioned adjacent said inline heati ng furnace.

10. A slab container positioned betmeen a continuous caster and a hot
reversing nill adapted to selectivelY receive sl abs from said caster,

said container including a vertically

- 298

I”h '.:i':g I Il"lf O 'mh ]n
|

|

I rhy 282

2(8/0"?:-;::—-. 304 ;BU —']

This Is the replacerent shagt

© Data:

25 APR 1995



novabl e carriage adapted to engage a | owernost slab in a stack 5 of said
slabs within said container, wherein said slabs in said stack are
directly contacting each other. .
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INTERMEDIATE THICKNESS AND MULTIPLE FURNACE
PROCESS LINE WITH SLAB STORAGE AND SLaB SEQUENCING

ABSTRACT OF THE DISCLOSURE
A method and apparatus of making coiled plate,
sheet in coiled form or discrete plate. The apparatus

includes a continuous strip caster formlng a strand of

1ntermed1ate thickness; a shear for cutting the strand into
a plurality of slabs of desired lengthé‘; a slab sequencing
and storing device; one or two reheat furnaces for
selectively reheating the slabs; a feed_.and run back table
at the exit of one reheat furnace; a single or twin stand

hot reversiny mi_ll for reducing the slab to a coiling

"thickness in a number of flat passeé; and a pair of coiler

furnaces located on opposite sides' of the hot reversing
mill. '
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WHAT IS CLAIMED IS:
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Amended Claims - 31 July 1997

REPLACEMENT SHEETS SG
O Description : paged ..to paged ..
Claim(s) :paged .3%0 paged 57
0 Drawing(s) : paged ..~ to paged..=
O Abstract  : paged ..... to paged ..

1.  An intermediate thickness slab caster and
inline hot strip and place line comprising:

a) a continuous strip caster means for forming an
intermediate thickness strand; '

b) an inline cutoff downstream of said caster
means for cutting said strand to a slab of a desired length;

c) a slab storage and sequencing means for
selectively storing and sequencing selected slabs;

d) -~ at least one reheat furnace positioned
downstream of said slab storage and sequencing means, wherein

said slab storage and sequencing means can selectively bypass

said at least one reheat furnace;

e) a feed and run back table positioned at an exit
end of said at least one reheat furnace;

£) a hot reversing mill means inline with said feed
and run back table for reducing said slab exiting the reheat
furnace to an intermediate product of a thickness sufficient

for coilihgq\said hot reversing mill means adapted to receive

slabs which have bypassed said at least one reheat furnace; and

g) a pair of coiler furnaces, one located upstream
of said hot reversing mill means and the other located
downstream, said coiler furnaces capable of receiving and
paying out said intermediate product as it is passed between
the coiler furﬁaces and through said hot reversing mill means
S0 as to be reduced to an end product thickness.

2. The apparatus of claim 1 further including a
slab conveyor table inline with said cutoff, wherein said slab
sequencing and storing means includes:

a slab transfer means adjacent said slab conveyor

‘table operable transverse of said slab conveyor table and in

communication with said feed and run back table; and

This is the Teplacement shest
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a slab collection and storage area adjacent said
slab transfer means adapted to selectively receive slabs
therefrom.

3. The apparatus of claim 2 further including a
pair of said reheat furnaces,

a first said reheat furnace positioned between said
feed and run back fable and said slab conveyor table, and

a second said reheat furnace downstream of and
adjacent said first reheat furnace and having an entry end
inline with said slab conveyor table and an exit inline with
said feed and run back table.

4. The apparatus as claimed in claim 1 wherein
said feed and run back table is positioned inline with said
cutoff and adapted to receive slabs directly therefrom, and
wherein said slab sequencing and storing means includes:

a slab transfer table adjacent said feed and run
back table operable transverse of said feed and run back table
to selectively remove slabs from said feed and run back table;

a slab conveyor table adjacent said slab transfer
table and adapted to receive slabs from said slab transfer
table; and |

a slab collection and storage area adjacent said
slab conveyor table adapted to receive slabs from said slab
conveyor table.

5. Alulintermediate thickness slab caster and inline

hot strip comprising:

a) a continuous strip caster means for forming an

intermediate thickness strand;

b) an inline cutoff downstream of said caster means

for cutting said strand to a slab of a desired length;

C) a slab conveyor table inline with said cutoffj

This is the replacement sheet
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d) a_slab storage and sequencing means for

selectively storing and sequencing selé&ted slabs,Asaid slab

storage and sequencing1neanq~including'at least one vertically

stackable slab storage container positioned adjacent to the

slab conveyor table, wherein said slab storage container

includes a vertically moveable carriage for supporting a stack

of said slabs wherein said slabs are stacked directly on top

of each other;

a) at least one reheat furnace positioned

downstream of said slab storage and sequencing means;

) a feed and run back table positioned at an exit

end of said at least one reheat furnace;

g) a hot reversing mill means inline with said

feed and run back table for reducing said slab exiting the

reheat furnace to an intermediate product of a thickness

sufficient for coiling; and

h) a pair of coiler furnaces, one located upstream

of said hot reversing mill means and the other 1located

downstream, said coiler furnaces capable of receiving and

paying out said intermediate product as it is passed between

the coiler furnaces and through said hot reversing mill means

so as reduce to an end product thickness.

6. A method of processing metal slabs comprising
the steps of: .
a) continuously casting an intermediate thickness
strand;
b) cutting said strand into a plurality of slabs
of predetermined lengths:
c) selectively feeding each said slab to either
i) a continuous processing line including a
hot reversing mill having a coiler furnace on each of an
upstream and downstream side thereof, or
ii) an inline heating furnace from which said
slab exits to said continuous processing line, or
iii) a slab storing area and subsequently

transferring said slab to said inline heating furnace;
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d) flat passing said slab to be worked back and
forth through said hot reversing mill to form an intermediate
product of a thickness sufficient for coiling:;

e) coiling said intermediate product in one of
said coiler furnaces; and

£) passing said coiled intermediate product back
and forth through said hot reversing mill to reduce said
coiled intermediate product to an end product of desired
thickness, said intermediate product beihg'collected.in and fed
out of each of said coiler furnaces on each pass through said

hot reversing mill.

7. The method of c¢laim 6 further including
supplying at least one slab to be worked to said inline heating
furnace and said continuous processing line from said slab
storing area which was not cast in_said intermediate thickness

caster.

8. The method of claim 6 wherein said slab storing

area includes at least one vertically stacking slab container.

9. The method of claim 6 wherein said slab storing
area includes a slab collection and storage area, and wherein
a second heating furnace is positioned adjacent said inline

heating furnace.

10. A slab container positioned between a continuous
caster and a hot reversing mill adapted to selectively receive
slabs from said caster, said container including a vertically
movable carriage adapted to engage a lowermost slab in a stack
of said slabs within said container, wherein said slabs in said

stack are directly contacting each other.
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