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@ Process and apparatus for making thin steel slabs.

@ A process and apparatus for the continuous casting of
thin steel slabs in which a chilled surface {5) submerged
below the surface of a pool of molten metal is exposed to
molten metal to cause an embryo cast strand (6) to be
formed thereon and in which the embryo strand is with-
drawn upwardly continuously over a continuation (7) of said
chilled surface. The strand may be moved directly from
withdrawal rolls {9) to reshaping rollers (14, 15} while still
retaining sufficient residual heat to permit reshaping without
reheating. '
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PROCESS ANDVAPPARATUS FOR MAKING THIS STEEL SLABS

Background of the Invention

Heretofore, processes and machines for the
continuous casting of metal strands have fallen, for the
most part, into two different groups. The first, and
historically the earliest group,'may be referred to as
the vertical group in which the molten metal to be cast
is poured continuously into the open upper end of a
substantially vertically disposed mold passage of a
chilled mold in which a continuous strand consisting of
a solidified shell surrounding a molten core is formed
as heat is withdrawn through the chilled walls of the
mold passage. The embryo casg,strand so formed is
withdrawn downwardly continuously from the open lower
end of the mold passage where it enters a secondary
cooling zone in which it is subjected to further cooling
and solidification by direct application of cooling
fluid to the solidified surface. The US patents Nos.
2,125,183 and 2,135,184 of Junghans are representative of
the earliest commefcially successful continuous casting
processes of this grohp.

- In this group, in order to reduce the overall
height of the machines, it has been common practice to
cause the downwardly moving strand to be curved, either
by the use of a curved mold passage, or otherwise, so
that the cast strand moves along a curved path through
the secondary cooliﬁg,zone. It is then straightened to
cause it to move on in a substantially horizontal path
in which it may be cut into manageable lengths. Within
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the secondary cooling zone it has been customary to

e support the strand by a structure sometimes referred to

PR as a roller apron in which the surfaces of the strand

l",;~are engaged by a series of pairs of rollers between

"5

which the cooling water is applied to the strand. Such

roller aprons are cumbersome and expensive to build and

maintain.
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Virtually all commercial installations of
continuous casting machines are of the vertical type
above described.

The second group may be referred to as the
horizontal group because the mold passage through the
chilled mold is substantially horizontally disposed.
rHowever, the theoretical advantages of the horizontally
disposed'mold passage have been outweighed by practical
‘difficulties which have beea encountered in their use,
rpartiCularly in feeding the molten metal into the mold
passage. Machines and processes of this group have
found very little commercial use.

It is an object of the present invention to
provide a different approach to the problem of casting
metals continuously by departing from the conventional
methods in which molten metal is introduced into a mold
passagé that extends either vertically or horizontally
through a chilled mold and an embryo cast strand is
withdrawn from the mold passage either downwardly or
horizontally therefrom. '

I propose to depart from these known methods by
forming an embryo cast strand on a chilled surface
submerged within a pool of molten steel, and withdrawing
the strand upwardly along a continuation of said chilled
surface extendihg above the surface of the pool to

continue and complete the solidification process.
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It is a further object of the invention to
reform the strand as it moves off the chilled surface
while it retains sufficient residual heat to be
reformable, thereby eliminating any need to reheat the
strand.

- Summary of the Invention

The invention is especially adapted to the
manufacture of relatively thin steel slabs of 12 to 25 mm
(one-half to one inch) in thickness, and will be described
more particularly hereinafter as applied thereto.

According to the present invention, I propose
to expose molten steel within a pool thereof to a
tfansversely flat chilled surface having a first portion
submerged below the surface of the pool to form an
embryo cast strand thereon, and to withdraw the embryo
cast strand upwardly along a second portion of said
chilled surface forming a continuation of said submerged
surface and located above the surface of the pool, at a
rate to permit withdrawal of sufficient heat through
said flat submerged surface to form on said surface a
partially solidified strand of the desired thickness and
weight thereon. '

I alsoc propose to provide means resistant to
heat transfer extending at least along the side edges of
the submerged portion of the cHilled surface and forming
vertical walls projecting above said surface to restrict
heat transfer from the strand except through said
chilled surface.

I also propose that the first portion of said
chilled surface, i.e., the submerged portion thereof, be
curved convexly, longitudinally to form a short arc of a
circle, and thatrthe'lower end of the arc be located
substantially perpendicularly to the horizontal surface
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of the molten metal pool so that the embryo cast strand

‘will move along the submerged portion of the chilled

surface in a substantially vertical direction while it
is accumulating metal from the pool and until it emerges
from the pool.

I also propose that the second portion of said
chilled surface be curved convexly to form an arc of a
circle of the same radius as that of the submergd arc so
that as the .embryo strand moves from the submerged
pbrtion ontd and along the second portion it is not
subjected to bending or other stresses as it proceeds
along said surfaces and during the time when the crystal
structure of the strand is being formed and solidified
by withdrawal of heat through said chilled surfaces.

1 also propose to cause the solidified strand
to move directly from the chilied surface to pass

between forming rollers while it retains sufficient

"residual heat to be easily deformable without need to

reheat the strand, thus making possible considerable
saving in the cost of the product.

Preferably, the curved chilled mold surfaces

‘may extend through a total circular arc of between 45°

and 75° so that the strand may leave the second portion
of the chilled surface moving toward withdrawal rolls
and a work station such as a rolling mill, for example.

The quantity of heat withdrawn f£rom the strand is

controlled to permit the strand to retain sufficient

residual heat to be reshaped by rolling without
reheating,

Description of the Drawings

A preferred embodiment of the invention
selected for purposes of illustration is shown in the
accompanying drawings, in which:
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FPig. 1 is a semi—diagramatic vertical
cross-section showing the process and apparatus in
normal operating position;

'~ Fig. 2 is a similar view of a portion of the

apparatus showing the process in startlng position;

Fig. 3 is a view of the upper portion of the
starter apparatus; '

Fig. 4 is a cross section on the line 4-4 of

Fig. 1 showihg guide strips to restrain lateral heat
transfer from the chilled mold surfaces.

Description of the Preferred Embodiment
Referring to Fig. 1 of the drawings; the pool
of molten metal to be cast may be stored in a suitable

tundish or reservoir 1 of refractory material to which

molten metal may be SUpplied in any suitable manner as

‘through a spout 2. The flow of metal to the reservoir

may be controlled in any suitable manner; i.e., either
manually or automatically by known means responsive to
the level of molten metal in the reservoir;ri e., to

‘increase the flow of metal into the reservoir when the

level tends to fall below a predetermlned level, or to
decrease the flow of metal when the level rises above
the predetermined level. ‘
At one side of the reservoir is a water cooled
mold 3 having a tranSVersely flat thermally conductive
wall 4, preferably of copper, forming a flat chilled
mold surface having a lower portion 5 that extends to
the bottom of said reservoir and submerged in the molten
metal therein. Thus the molten metal mold is expoéed to
the chilled surface 5 so that heat may ba withdrawn
through said surface‘torcausé an embryp'cast Stradd 6 to
begin to be formed thereon. ' -
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The side edges of the chilled mold wall 4, at
least along the submerged portions thereof, abut the

vertical walls 25 of guide strips 26 which extend along

‘'said edges and project above said chilled surface and

restrain and smooth the side edges of the cast strand.
However, it is important that heat be withdrawn only
downwardly through the chilled surface of mold wall 4
and that it not be withdrawn laterally from the strand
through the strips 26. Therefore, they are preferably
made of materials which are resistant to heat transfer,
such as refractory materials, for example. Since the

surfaces of the submerged portions of the strips 26 are

exposed to the molten metal in the pool and will be

heated thereby, there will be little or no tendency for
heat transfer through them from the strand, but if
desired, electrical heating elements may be embedded in
the strips, particularly those located above the surface
of the pool. '

Alternatively, however, said strips may be made
of metal, such as steel, for example, in which case the
strips, even though submerged, may have heating elements
embedded therein to maintain the strips at a temperature

sufficient to prevent heat transfer laterally from the

- strand.

In this connéction it is to be noted that the
embryo casts strand will be completely formed when it
reaches the level of the metal in the pool. That is, no
metal will be added to the strand above the pool 1evel}
althohgh previously adhered metal in liquid or partially
solidified state will be solidified subsequently by
additional heat transfer as it moves along the second
portion of the chilled surface above the pool level.
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The strips 26 may be extended along the side
edges of the mold wall as far as desired, although,
since complete solidification of the strand may occur
within a reasonably short distance beyond the pool
level, £he strips may not be needed along the entire
length of the mold wall.

The mold wall 4, although flat transversely, is
curved longitudinally to form a circular arc of from 45°
to 75°. The lower portion of the chilled surface
designated by 5 forms only a short portion of the entire
chilled surface of the mold and the lower end of the arc
is located substantially perpendicularly to the bottom
of the reservoir and to the surface of the molten metal
pool. It extends only through an arc of 10° to 20° so
that the embryo strand will move along the submerged
chilled surface in substantialiy vertical direction
while it is accumulating metal from the pool. Since the
two convexly curved surfaces Srand 7 are formed on the
same radius, the embryo cast strand retains its contour

as it moves along both portions and is not subjected to

- bending or other stresses as its crystal structure is

being formed and solidified. Bending of the strand ' is
required only as it reaches the withdrawal rolls 9, by
which time solidification of the strand will have been
completed. )

If necessary, the surfaces of the mold wall 4
may be lubricated by methods known in the art.

The mold 3 may be supportedrin any suitable
manner. The portion of the strand 8 between the surface
7 and the withdrawal rolls 9 may be supported by one or
more rollers such as roller 10.

At the beginning of the operation, as shown in
Figs. 2 and 3, a plurality of chains 11 may be arranged
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to extend down along the chilled surfaces 7 and 5 to the
bottom of the reservoir 1 to be imbedded in the first of

" the solidified metal which forms on the surface 5. The

other ends of the chains 1l may be extended upwardly
over the surface 7 to the withdrawal rolls 9. In the
beginning of the operétion the level of the molten metal
in the reservoir 1 is relatively low indicated in Fig.
2. When sufficient solidified metal has accumulated on
the lpwer end of the chains to form a starter bar 12
extending transversely across the surface 5, the
withdrawal rolls 9 may be activated to begin the
withdrawal of the starter bar. At the same time the
level of molten metal mold is allowed to rise as
indicated in Fig. 1 and the embryo cast strand 6
cqhtinues to be formed by withdrawal of heat through the
surface 5. ' | _

7 As thefoperation proceeds, the thickness of the
cast strand may be determined by adjustment of either or
both of two factors: (1) the depth of the molten metal
in the pool and (2) the rate of withdrawal of the cast
strand. The slower the rate of withdrawal, the greater

the thickness of the cast strand. Likewise, the greater

' the depth of the molten metal in the pool, the greater

the thickness of the cast strand. It will be understood
that the molten metal will begin to solidify against the
chilled surface 5 near the bottom thereof to form the
embryo strand 6. The strand will be very thin at first
but will thicken gradually as it is withdrawn upwardly
along the chilled surface 5 until it reaches its maximum
thickness as it emerges‘from the pool. Thereafter, the
strand is cooled additionally as it moves along the
continuation 7 of the chilled surfaée 5. If desired, it

- may be cooled still further by sprays from nozzles.
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However, I propose to control the total
quantity of heat withdrawn from the strand 8 through the
surfaces 5 and 7 and by the sprays from nozzles 13
before it reaches the withdrawal rolls 9 so that as it
leaves the withdrawal rolls 9 it will still contain
sufficient residual heat to permit it to be reduced in
thickness or otherwise reshaped without reheating. Thus
as the strand 8 leaves the withdrawal rolls, it may be
moved directly between pairs of rolls 14 and 15 which
reduce the thickness of the strand. For example, if the
apparatus shown in the drawings is used to form a strand
such as a steel slab having a thickness of 25 to 38 mm
(one inch to one and one-half inches) as it leaves the
pool, the thickness of the strand could be reduced by
rolls 14 and 15 to provide hot rolled sheet steel having

a thickness of 6,4 mm (one quarter inch) or less. For this

purpose, -the forming rolls 14, 15 and the withdrawal rolls
9 may be mounted together as a wit in a supporting

structure (not shown) forming part of the supporting
structure for the mold. '
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1. A process for the continuous casting of
steel slabs of uniform transverse thickness which
comprises exposing a pool of molten metal to a chilled
surface which is flat transversely and curved
longitudinally to form a circular convex arc and which
has a first portion submerged below the surface of the
pOOI through which heat is withdrawn to form an embryo

flat cast slab thereon, and withdrawing the cast slab

- continuously along a second portion of said chilled

surface which extends above and beyond the surface of
the pool and is similarly curved to form a continuation
of said first portion, at a rate to permit withdrawal of
heat through said first portion sufficient to cause a

flat slab of the desired thickness to be formed thereon.

2. The process claimed in claim 1 which

. includes restricting withdrawal of heat laterally from

said embryo cast slab along the side edges thereof.

3. The process claimed in claim 1 or 2 in
which the submerged portion of said chilled surface
extends substantially perpendicularly to the horizontal
surface of the pool and the cast strand moves

substantially vertically as it is withdrawn.

4. The process claimed in any preceding claim
in which the thickness of the strand is determined by

controlling the rate of withdrawal of the strand.

5. The process claimed in any preceding claim
in which the thickness of the strand is determined by

controlling the depth of molten metal in the pool.
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6. The process claimed in any preceding claim
in which the total quantity of heat withdrawn from the
strand is controlled to cause the strand to retain
sufficient heat to permit it to be reshaped without
reheating after it leaves said surfaces.

7. Apparatus for the continuous casting of
steel slabs of uniform transverse thickness comprising a
reservoir containing a pool of molten steel, a mold
having a mold wall having a first portion forming a
transversely flat chilled surface which is curved
longitudinally to form a circulaf convex arc extending
into said reservoir to a level below the surface of the
pool and submerged therein, through which heat is
withdrawn to form an embryo cast slab thereon and having
a second portion similarly curved and forming a
continuation of said submerged portion extending above
and beyond the surface of the pool, and means for
withdrawing the embryo cast slab upwardly continuously
along said chilled surfaces.

8. Apparatus as claimed in claim 7 including
means resistant to heat transfer extending along the
side edges of said submerged portion of said chilled
surface and projecting above said surface to restrict
heat transfer except through said flat chilled surface.

9. Apparatus as claimed in claim 7 or 8 in
which the lower end of the submerged portion of said
chilled surface extends substantially perpendicularly to

the horizontal surface of the pool.
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- 10. Apparatus as claimed in any of claims 7-9
wherein said withdrawing means includes a set of

withdrawing rollers in generally horizontal alignment

with the upper end of said chilled surface and further
including and a set of reshaping rollers in generally
horizontal alighment with said set of withdrawing
rollers for reshaping said cast strand by passing said
sﬁrand through said reshaping rollers after said strand

- leaves said withdrawing rollers and while said strand

still retains sufficient residual heat to permit
reshaping without reheating. '

11. Apparatus as claimed in any of claims 7-10

- and further inclﬁding starter bar apparatus for

insertion into said reservoir along said chilled mold

surface for withdrawing an embryo bar formed on said

chilled surface from molten metal in the pool upwardly

from said pool along said chilled mold surface and

transferring said embryo bar to said set of withdrawing
rollers.
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