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Claim
1. A method for +the direct casting of metallic

material to produce elongated bodies having a cross-
section which corresponds relatively closely to the
cross-section of an intended product comprising the
steps of causing a melt cf said metallic material to run
from an outlet gate in a container of molten metal,

parsing a metallic cooling body, having substantially
the same melting point as the molten metallic material,
and héving a shape éimilag to but smaller than the
cros#—sectional shape of the outlet gate, through the
gate within the molten metal to -ause progressive
cooling and stabilizing of the mclten metal by said
metallic body, whereby the cooling effect of the
metallic cooling body at a boundary layer beitween said
cooling body and said molten metal surrounding the

cooling body causes the formation of a network of
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solidified metal surrounding the cooling body thereby
causing a boundary layer laminar flow phenomena to occﬁr
in the cast elongated body during formation of the
boundary layer, an outer layer of the cast body which
contacts and passes the outlet gate remaining molten

until it has passed the outlet gate.
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(54) Title: A METHOD AND APPARATUS FOR THE DIRECT CASTING OF METALS TO FORM ELONGATED

BODIES

(57) Abstract

A method for the direct casting of metallic material, such
as steel, to produce elongated bodies (2) which form primarily
blanks having a cross-section which corresponds relatively
closely to the cross-section of the intended products, in which
method a metal melt (1') is caused io run from an outlet gate (3)
in a molten-metal container (1) and is collected subsequent to
solidification. The method is particularly characterized in that a
melt (1) of the metal is caused to exit from the gate together
with a metallic body (5) which has substantially the same melt-
ing point as the molten metal, this metallic body being passed
through the gate (3) inserted into and moving with the molten
metal and is caused herewith to cool the molten metal (1) pro-
gressively and herewith entrain the molten metal to substantial-
ly the same speed as the body (5) in a so-:alled boundary layer.
The cross-section of the inserted body (5) is adapted to the
cross-section of the molten metal determined by the outlet gate,
so that the cooling and entraining effect of the inserted body as-
sists in forming the desired boundary layer and in the formation
of a network of solidified metal. The invention also relates to an
arrangement for carrying out the method.
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A method and apparatus for the direct casting of metals to

form elongated bodies.

The present invention relates to a method for the direct
casting of metals to form elongated bodies, primarily
blanks having a cross-section which corresponds relatively
closely to the cross-section of the intended products, in
which method molten metal is caused to run from an outlet
or gate in a metal bath container and collected subseguent
to solidifying.

The invention also relates to apparatus for carrying out
the method.

The ability to cast steel and other metals to a dimension
which corresponds closely to the cross-section of the
intended product directly from a molten metal bath has
obvious advantages. This would enable considerable savings
to be made in respect to personnel costs and also to costs
relating to, inter alia, energy, working materials and
investments.

Considerable difficulties are encountered in the perfor-
mance of such direct casting processes, however. A high
teeming or pouring rate is required, since the cross-sec-
tion is small while, at the same time, the demand for qua-
lity surfaces increases, since the casting lies relatively

close to the final dimension.

The development from the casting of ingots to continuous
casting techniques can be said to constitute a step in the
direction towards direct casting processes. Continuous
casting processes are also known for casting shapes of
small dimensions. These known processes have not been used

in production to any great extent, due to a slow produc-
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tion rate and the poor quality of the surface of the
castings produced. BARmong other things, the slow rate of
productivity experienced with continuous casting
processes is due to the fact that a thin, solid layer or
coating must have time to form and contain the molten
metal.

It is conceivable that a high production rate can
be achieved in the case of processes with which it is
not necessary for a thin, solid layer to form prior to
the material, such as steel, leaving the pouring gate
from which casting shall take place. Such a process
would also enable acceptable surfaces to be obtained.
Molten material, however, has a tendency +to form
droplets through inhomogeneous flow and can even break-
up entirely into droplets. Consequently, there is a
need to stabilize the exiting material with regard to
its shape and also to cool the melt. The present
invention relates to a method and to an apparatus which
offer a solution +to the problem of providing an
industrially applicable direct casting process for the
casting of elongated bodies which are relatively small
in cross-section.

Accordingly, the present invention provides a
method for the direct casting of metallic material to
produce elongated bodies having a cross-section which
corresponds relatively closely to the cross-section of
an intended product comprising the steps of causing a
melt of said metallic material to run from an outlet

gate in a container of molten metal, passing a metallic
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cooling body, having substantially the same melting
point as the molten metallic material, and having a
shape similar to but smaller than the cross-sectional
shape of the outlet gate, through the gate within the
molten metal to cause progressive cooling and
stabilizing of the molten metal by said metallic body,
whereby the cooling effect of the metallic cooling body
at a boundary layer between said cooling body and said
molten metal surrounding the cooling body causes the
formation of a network of solidified metal surrounding
the cooling body thereby causing a boundary layer
laminar flow phenomena to occur in the cast elongated
body during formation of the boundary layer, an outer
layer of the cast body which contacts and passes the
outlet gate remaining molten until it has passed the
outlet gate.

The present invention also provides an arrangement
for the direct casting of metallic material to produce
elongated bodies having a cross-section which
corresponds relatively closely to the cross-section of
an intended product comprising a molten metal container
provided with an outlet gate having an outlet orifice
through which molten metal is intended to run, an
uncoiling arrangement which carries and supplies an
elongate metal cooling body formed from metal having
substantially the same melting point as the molten
metal, into and through said container and said outlet
gate, said metal cooling body causing a boundary layer

between said cooling body and the surrounding molten

tbspe.002 ekerot
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metal which forms a boundary layer network of solidified
metal resulting in a boundary layer 1laminar flow
phenomena occurring in the body being cast, an outer
layer of the cast body remaining molten as it passes
through +the outlet gate, a coiling arrangement for
receiving and coiling up the direct cast body after
solidification, the form and size of the cross-sectional
shape of the outlet orifice of the outlet gate being
substantially similar to that of the desired cross-
section- shape of the cast body, and the cross-sectional
shape of the cooling body being similar to but smaller
than the cross-sectional shape of the gate orifice.

The invention will now be described in more detail
with reference to exemplifying embodiments thereof and

also with reference to the accompanying drawing, in

which

tbspe.002 ekerot
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Figure 1 illustrates schematically a first embodiment of
an arrangement for direct casting in accordance with the
invention; and

Figure 2 illustrates schematically the castingof a body of substan-
tially rectangular cross-section as seen in the direction
of body thickness.

The arrangement illustrated in Figure 1 includes a contai-
ner 1 which contains a bath 1' of molten metal material,
such as steel, which is intended for the direct casting of
elongated bodies or castings 2 which form primarily blanks
whose cross-sections relatively closely correspond to the cross-sec-
tions of the intended products. The container 1 incorpo-
rates an outlet gate 2 which is preferably located in the
bottom of the container and through which the molten
metal is intended to run, in the manner illustrated in
Figure 1. The outlet gate 3 has an outlet orifice 3' which
defines the actual cross-sectional shape of the gate and
consequently all reference here to the cross-secticnal
shape of the gate in fact applies to the cross-sectional
shape of the gate orifice 3', which constitutes essen-
tially the smallest cross-section.

The reference 4 identifies an uncoiling arranegement which
is drawn to a scale different to the container 1etc. and whch
carries an elongated cooling body 5 which is intended to
run from the uncoiling arrangement and, preferably via
feed rollers 6 or the like, to extend down through the
bath and pass out through the gate for co-action with the
molten metal exiting through said gate, said body: 5, which
is preferably metallic, being inserted into and moving

with the molten metal, therewith cooling ancd stabilizing
the same.

According to a preferred embodiment, the cooling body 5 is

intended to be passed down irto themelt througha nozzle 7 which inclu-
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des a slot or channel ¢ and the bottom orifice 9 of which
is held at a distance of about 10-30 cm from the interior
orifice 3" of the gate 3. In this respect the height of
the bath in the container will be preferably greater than said distance.

According to one embodiment, the gate 3 has a substan-
tially rectangular cross-section 3' for casting a body of
substantially rectangular cross-section. The shape produ-
ced has a thickness of about 1-10 mm and a width of about
5-1000 mm. In the case of this embodiment, the cooling
body 5 has substantially a rectangular cross-sectional
shape and the cross-section of the body 5 will preferabiy
correspond to about 9-30% of the total cross-section of
the cast body or shape 2.

According to another embodiment, the gate 3 has a sub-
stantially elliptical, substantially circular or like
cross-sectional shape, for casting a body of corresponding
cross—sectional‘shape, said shape, in this case having a
ma jor axis which is 3-50 mm, and a minor axis which is
2-10 mm. As with the above described rectangular
cross-section, the cooling body 5 will preferably corres-
pond to about 9-30% of the total cross-section of the cast
bodyv.

The exemplifying embodiment illustrated in Figure 1 also
includes a coiling arrangement 10 intended for coiling up
the cast body 2. The coiling arrangement 10 is preceded by
a cooling bed 11 or the like onto which the cast body is
intended to run and, preferably, be brought into,contact
with a cooling medium 13 by means of cooling devices 12.
The cooling devices and the cooling medium of the Figure 1
embodiment comprise spray nozzles 12 for spraving, e.g.,
water or steam onto the casting. The coiling arrangement
and cooling bed are shown in a different scale to thc

scale in which the container 1 etc. are shown. £ buffer
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loop 14 is formed in order to accommodate accumulations

resulting from variations in speed.

Figure 2 illustrates the casting of a body of rectangular
cross-section, a substantially strip-like body, said body
2 being shown in the direction of its thickness. In this
case, the outlet gate 3 includes a substantially slot-like
outlet orifice, and the nozzle 7, in the present case,
also includes a relatively thin slot through which a body

5 can pass.

It is preferred, in certain cases, to provide means (not
shown) for heating the gate 3 to a temperature of up to
about 200°C above the bath temperature at which solidifi-
cation begins, the so-called liquidus temperature, and for
maintaining the temperature. Of course, heating can be

effected in a number of known ways.

In other cases,rit is preferred to provide means (not
shown) for cooling the gate to a temperature of up to
about 350°C beneath the liguidus temperature and for main-
taining the temperature in question. This cooling process

can be effected in a number of known ways.

The inventive method and the manner of operation of the
inventive arrangement will be evident in all essentials

from the aforegoing.

The cross-section of the cooling body is adapted in rela-
tion to the exiting molten metal, so that the coceling
effect exerted by the cooling body 2 assists in creating a
network of so-called dentriters of solidified material in
the molten metal, such that the viscosity of the dentrite-
containing melt will ensure that the shape imparted tc the
molten metal through the action of the gate will remain

essentially subsequent to the molten metal leaving the
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gate. More explicitly, the cooling body is caused to cool
the molten metal 1' progressively and, at the same time,
entrain the molten metal so that said metal will move at
substantially the same speed as the body 5 in a so-called
boundary layer, the cross-section of the cooling body 5
being adapted to the cross-section and geometry of the
molten metal defined by the gate, so that the entraining
and cooling effect of the cooling body inserted into the
gate assists in forming the desired boundary layer and in
the formation of a network of solidified metal. Laminar

flow phenomena occur during the formation of the boundary
layer.,

The metal is still to a large extent in a liquid state
when it leaves the gate, and particularly the outer part
of the liquid, which enables the casting process to be
carried out at a high casting rate.

As & result of ghe formation of the boundary layer and the
commencement of solidification, the exiting melt will
retain the shape imparted thereto in the gate after exit-
ing therefrom, until a thin external shell or skin of
solidified metal has been formed by cooling rcsulting from
radiation and convection.

The actual casting process may be carried out by introdu-
cing the cooling body into the molten bath located in a
foundry box having a bath height of some decimeters. The
cooling body is passed out through the gate surrounded by
molten metal. The rate at which the casting is pnoduced is

determined to a large extent by the speed of the cooling
body.

Three examples of manufacture in accordance with the
invention are given below.
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Example 1

Stainless steel SIS 2333 was cast with a cooling body of
essentially the same material as in the original cases.
The dimensions of the gate outlet were about 3 mm in the
thickness direction and ahbout 32 mm wide, and the dimen-
sion of the cooling body was, correspondingly, about 1.2
mm and about 30.4 mm. The casting temperature was about
1480°C and the casting rate about 0.8 m/s. The bath height
was about 15-20 cm.

Example 2

Low carbon steel having a carbon content of 0.10% was cast
with a cooling body of substantially the sazme material.
The dimensions of the gate outlet were 3.5 mm in the
thickness direction and about 20 mm in width, and the coo-
ling body was about 1.6 mm thick and about 18.2 mm wide.
The casting temperature was about 1540°C, and the casting
rate was about 1.5 m per second. The bath height was about
15-20 cm.

-

Example 3

Stainless steel, SIS 2343, was cast with a cooling body of
carbon steel having a carbon content of about 0.08 %. The
dimensions of the gate outlet were about 3 mm in the
thickness direction and about 90 mm in the width direc-
tion, and the cooling body was about 1.1 mm thick and
about 88.7 mm wide. The casting temperature was about
1465°C and the casting rate about 0.5-2 meters per second.
The bath height varied from 15 cm to 5 cm.

!
It will be evident from the aforegoing that the method and
the arrangement according to the invention enable a well-
controlled direct casting prbcess to be carried out in
which the shape of the cast body can be carefully control-
led despite the presence of melt. The desire for a high

casting rate is satisfied, because molten metal is in con-

ieme
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tact with the gate instead of a stationary shell, as in
the case of continuous casting processes. The resultant
problem of maintaining the shape of the exiting metal un-
til a shell has been formed has been solved in the afore-

described manner.

The invention has been described in the aforegoing with
reference to a number of exemplify‘ng embodiments thereof.
It will understood, however, that other embodiments are
possible and that minor modifications can be made without

departing from the inventive concept.

For example, the shapes produced may differ from the
aforesaid purely rectangular, elliptical and circular

cross-sectional shapes.

Furthermore, many different combinations of metallic

materials are conceivable in respect of the combination

molten metal baph and cooling body.

With regard to controlling the temperature with respect to
the outlet gate, this can be effected with the aid of
microwaves, by means of induction, by means of radiation
or by resistance heating. Combinations of these heating

methods are also conceivable.

In general, wide variations are conceivable with regard to

casting conditions.

For example, higher casting rates and widths can /be used

than those given in the three examples above.

A plurality of material combinations are also conceivable,
For example, the cooling body may consist essentially of
the same material as the molten bath, or of a2 material
different to said bath material.
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Consequently, the invention shall not be considered to be
limited to the aforedescribed embodiments, since varia-

tions and modifications can be made within the scope of
the following claims.
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1. A method for t+he direct casting of metallic
material to produce elongated bodies having a cross-
section which corresponds relatively closely to the
cross-section of an intended product comprising the
steps of causing a melt of said metallic material to run
from an outlet gate in a container of molten metal,
passing a metallic cooling body, having substantially
the same melting point as the molten metallic material,
and having a shape similar to but smaller than the
cross~-sectional shape of the outlet gate, through the
gate within +the molten metal +to cause progressive
cooling and stabilizing of the molten metal by said
metallic body, whereby the cooling effect of the
metallic cooling body at a boundary layer between said
cooling body and <said molten metal surrounding the
cooling body causes the formation of a network of
solidified metal surrounding the cooling body thereby
causing a boundary layer laminar flow phenomena to occur
in the cast elongated body during formation of the
boundary layer, an outer layer of the cast body which
contacts and passes the outlet gate remaining molten
until it has passed the outlet gate.

2. A method according to claim 1, including the steps
of cooling the outlet gate to a temperature of up to
about 350°C beneath the temperature at which
solidification of the molten metal commences, and
maintaining the outlet gate at said temperature.

3. A method according to claim 1 including the steps

thcpe.002 ekerot
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of heating the outlet gate to a temperature of up to
about 200°C above the liquidus temperature of the molten
metal and maintaining said outlet gate at said
temperature.

4. A method according to claim 1, 2 or 3 including the
steps of introducing the metallic cooling body down into
the molten metal through a nozzle having a bottom
orifice located at a desired first distance dimension
from the outlet gate in the container, and controlling

the depth of the molten metal in the container at a

" distance di.iension greater than said first distance

dimension.

5. A method as defined in claim 4, wherein said
desired first distance dimension falls substantially
within the range oi from 10 to 30 cm and said second
distance falls substantially within a range of from 15
to 45 cm but greater than said selected first distance.
6. A method as defined in any one of claims 1 to 5,
wherein the geometric shape of said cross-section is
selected from substantially rectangular, substantially
elliptical and substantially circular.

7. A method according to any one of claims 1 to 5,
including the use of an outlet gate of substantially
rectangular cross-section to cast a body of similar
substantially rectangular cross-section and using a
cooling metallic body having a similar substantially
rectangular cross-section whereby the cast body will
have a thickness and width substantially falling within

the range of 1 to 10 mm and 5 to 1000 mm respectively.

tbspe.002 ekerot
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8. A method as defined in claim 6, characterized by
using a cooling body with a cross-section shape similar
to the selected cross-sectional shape and having a
cross-sectional area which substantially falls within
the range of from 9 to 30% of the total cross-sectional
area of the cast body.

9. A method according to any one of claims 1 to 5,
characterized by casting a body of a desired geometric
cross-sectional shape by using an outlet gate of the
desired geometric cross-section shape, wusing a said
cooling metallic body of a similar but smaller cross-
sectional shape than said desired geometric cross-
sectional shape and the cast body cross-sectional shape
having a major axis which substantially falls within the
range of from 3 to 50 mm and a minor axis which
substantially falls within the range of from 2 to 10 mm
10. A method according to claim 9 characterized by
using a metallic cooling body having a cross-sectional
area of which is approximately within the range of 9 to
30% of the total cross-sectional area of the cast body.
11. A method as defined in any one of claims 1 to 10
including the use of steel as the molten metal and using
steel for the material from which the metallic body is
made.

12. An arrangement for the direct casting of metallic
material to produce elongated bodies having a cross-
section which corresponds relatively closely to the
cross-section of an intended product comprising a molten

metal container provided with an outlet gate having an

tbspe.002 ekerot
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outlet orifice through which molten metal is intended to
run, an uncoiling arrangement which carries and supplies
an elongate metal cooling body formed from metal having
substantially the same melting point as the molten
metal, into and through said container and said outlet
gate, said metal cooling body causing a boundary layer
between said cooling body and the surrounding molten
metal which forms a boundary layer network of solidified
metal resulting in a boundary 1layer laminar flow
phenomena occurring in the body being cast, an outer
layer of the cast body remaining molten as it passes
through the outlet gate, a coiling arrangement for
receiving and coiling up the direct cast body after
solidification, the form and size of the cross-sectional
shape of the outlet orifice of the outlet gate being
substantially similar to that of the desired cross-
section shape of the cast body, and the cross-sectional
shape of the cooling body being similar to but smaller
than the cross-sectional shape of the gate orifice.

13. An arrangement according to claim 12, wherein the
cross-sectional area of the cooling body substantially
falls within the range of 9 to 30% of the total cross-
sectional area of the cast body.

14. An arrangement according to claim 12 or 13,
including cooling means for cooling the outlet gate to
a desired temperature of up to about 350°C below the
liquidus temperature of the molten metal and for
maintaining said desired temperature.

15. An arrangement according to claim 12 or 13

tbspe.002 ekerot
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including heating means for heating the ocutlet gate to

"a desired temperature of up to about 200°C above the

liquidus temperature of ‘the molten metal and for
maintaining said desired temperature.

16. BAn arrangement according to any one of claims 12 to
15 including a nozzle in said container, through which
the cooling body is passed, said nozzle having a bottom
orifice disposed at a distance having a dimension
substantially falling in the range 10 to 30 cm from the
gate orifice within the container, the height dimension
of the molten metal in the container being greater than
said distance dimension.

17. BAn arrangement according to any one of claims 12 to
16, wherein the outlet orifice of said outlet gate has
a substantially rectangular cross-section for casting a
body of corresponding cross-sectional shape, said shape
having a thickness substantially falling within the
range of 1 to 10 mm and a width substantially falling
within the range of 5-1000 mm.

18. An arrangement according to any one of claims 12 to
16, wherein the outlet orifice of the outlet gate has a
desired geometric cross-sectional shape for casting a
body having said desired geometric cross-sectional
shape, said geometric shape having a major axis which
substantially falls within the range of 3 to 50 mm, and
a minor axis which substantially falls within the range
cf 2 to 10 mm.

19. An arrangement according to any one of claims 12 to

18, wherein the arrangement includes a cooling bed

tbspe.002 ekerol
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including cooling devices with cooling medium, on which
bed the direct cast elongated body is intended to run
and be brought into contact with said cooling medium
with the aid of said cooling devices.

5 20. An arrangement as defined in any one of claims 12
to 17, wherein the outlet orifice of said outlet gate
has a desired geometric cross-section shape selected
from substantially rectangular, substantially elliptical
and substantially circular.

10 21. The method of any one of claims 1 +to 11,
substantially as hereinbefore described with reference
to any one of the examples.

22. Metal when cast by the method of any one of claims

1 to 11.
15 23. A direct casting arrangement substantially as
hereinbefore described with reference to the

accompanying drawings.

DATED this 2nd September 1992
CARTER SMITH & BEADLE
20 Fellows Institute of Patent Attorneys of Australia
Patent Attorneys for the Applicant:

SVEN TORBJORN EKEROT
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