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[57] ABSTRACT

A mold for continuous casting of metallic elements
has an upright passage of constant cross-section inter-

" mediate an inlet and outlet thereof. Feed means feeds

into the inlet a stream of molten metal so that the
latter solidifies in the passage and advances
therethrough as a metallic element of constant cross-
section with circumferential clearance. Cooling means
introduces into this clearance jets of water in such a
manner as to-indirectly cool the metallic element in an
upstream portion of the clearance and to directly cool
the element in a downstream portion of the clearance,

- and for producing in this clearance an underpressure

sufficient to aspirate auxiliary fluids thereinto.

1 Clalm, 2 Drawing Figureé
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CONTINUOUS CASTING OF METALLIC
ELEMENTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

A related application was filed on Nov. 7, 1969 in my
name and under the title “METHOD AND MOLD
FOR CONTINUOQUSLY CASTING METALLIC ELE-

MENTS”; it is copending under Ser. No. 874,794, now 0

U.S. Pat. No. 3,623,536.
BACKGROUND OF-THE INVENTION

The present invention relates to the continuous cast-
ing' of metallic materials, and more speciﬁcally to a
method of such casting and a mold for carrying out the
method.

Continuous casting is carried out according to one
aspect of the prior art by introducing molten metal into
the upper open end of a mold passage which is verti-
cally oriented. The molten metal undergoes cooling as
it advances under the influence of gravity through the
passage towards and outwardly beyond a lower open
end of the passage. As it cools it solidifies and emerges
as a metal element whose cross-sectional configuration
corresponds to that of the mold passage.

"The cooling is of course important and the prior art
already provides for two types of cooling in one and the
same mold, whereby the entering molten metal is
cooled indirectly in the region of the upstream end of
the passage and subsequently is cooled directly as it
turns into a solified metal element, such direct cooling
being effected downstream of the indirect cooling
closer to the outlet end of the passage.

For various reasons it has been found that this prior-
art approach is not satisfactory because it brings with it
certain difficulties, including the possibility that the
cooling water which directly contacts the outer surface

of the solidified metal element might “back up” and

rise into the region of the mold passage where only in-
direct cooling is desired.

For this reason my above-identified copending appli-
cation provides for a mold for continuous casting of
metallic elements, wherein the casting passage for the
metal to be cast has a cross-section which first diverges
and then converges in the direction from the upper
open end to the lower open end of the passage. The
cooling water conduits communicate with the passage
in the convergent portion and are so ‘arranged that in
_ this portion they cool only the mold and thereby in-
directly the solidified metal element. The water runs
along the inner circumferential wall of the passage to
the throat or narrowest part of the convergent-diver-
gent cross-section and there contacis and consequently
directly cools the advancing metallic element. The in-
jection of water through the conduit into the conver-
gent portion of the passage produces a venturi action
and the resulting underpressure in the passage is util-
ized to draw air, a desired gas and/or lubricating fluid
into the passage.

My approach as set forth in the above- 1dent|ﬁed
copending application constitutes a real improvement
over what is known from the art. However, it has been
found in practical application that even in that way a*
backing up” of the cooling water cannot be reliably
prevented under all circumstances. This is true particu-
larly if it is desired to obtain high casting speeds, for in-
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stance casting speeds in excess of 1 m/min. There is,
therefore, still a need for further improvements and it is
the general aim of the present invention to provide '
them.

SUMMARY OF THE INVENTION

It is, accordingly, an object of the present invention
to provide such improvements.

More particularly it is an object of the present inven-
tion to provide an improved mold for the continuous
casting of metallic elements which is not possessed of
the disadvantages set forth above.

A concomitant object of the invention is to provide
such a mold which is uncomplicated in its construction.

In pursuance of the above objects, and others which
will become apparent hereafter, one feature of the in-
vention resides in a mold for continuous casting of
metallic elements which, briefly stated, comprises wall
means defining an upright passage having an inlet, an
outlet and a constant cross-section intermediate said
inlet and said outlet. Feed means is provided for feed-
ing into the inlet a stream of molten metal for solidifica-
tion and advancement as a metallic element of constant
cross-section through this passage with circumferential
clearance. Cooling means is provided for introducing
into the clearance jets of water in such a manner as to
indirectly cool the metallic element in an upstream por-
tion of the clearance and to directly cool the element in
a downstream portion of the clearance, and for produc-
ing in the clearance -an underpressure sufficient to
aspirate auxiliary fluids thereinto.

My present invention is based upon the surprising
realization that I am able to obtain the desired venturi
effect with the consequent aspiration of auxiliary fluids
into the passage even if the passage is of constant cross-
section, with the clearance between the inner surface
of the passage and the outer surface of the cast element
consequently also being of constant cross-section,
while at the same time I obtain a substantial reduction
of the danger that the cooling water might “back up”
even if the casting speed exceeds 1 m/min.

This problem can be further mitigated in that the
ejecting portion of the passagés through which the
cooling water is introduced into the clearance, that is
the inner end portions of these passages, extend in
parallelism with the elongation of the element which is
being cast. When such a construction is utilized, then it
is particularly advantageous to use the underpressure

Y produced in the clearance not to aspirate air as one of

the auxiliary fluids, but instead water or else a water-air
mixture. This makes it possible to completely fill the
entire clearance with cooling medium and to obtain an
exceptionally good cooling of the outer surface of the
advancing cast element,

It must be emphasized that quite surprisingly it was
found that by resorting to the present invention the ten-
dency of the cast element to form cracks or fissures,
particularly at high speeds, is substantially reduced.

The novel features which are considered as charac-
teristic for the invention are set forth in particular in
the appended claims. The invention itself, however,
both as to its construction and its method of operation,
together with additional objects and advantages
thereof, will be best understood from the following
description of specific embodiments when read in con-
nection with the accompanying drawing.
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BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a perspective fragmentary sectional view
through a mold according to the present invention, the
casting direction being indicated by the arrow; and

FIG. 2 is a fragmentary vertical section, taken in the
casting direction through the mold shown in FIG. 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Discussing now the drawing in detail, that is FIGS. 1
and 2 thereof, it is pointed out that reference numeral 1
identifies a chamber accommodating molten metal
which is to be cast in form of continuous metallic ele-
ments. Thus, chamber 1 may be considered as a feed
means which serves to feed molten metal into the up-
stream open end of the casting passage of the mold, and
it will be appreciated that suitable means (not illus-
trated because they do not form a part of the invention)
serve to maintain the level of molten metal in the
chamber 1 constant by supplying additional molten
metal when needed.

As the drawing shows, the mold is.of generally annu-
lar configuration and provided with a gap 2 in a cover
plate 3 which separates the casting passage 4 of the
mold from the chamber 1. The plate 3 consists of a
heat-insulating material and the casting passage 4 is
surrounded and defined by the water-cooled surface 5.

Reference numeral 6 identifies water chambers into
which cooling water is introduced under pressure in
suitable manner, for instance by pumps or the like
which in themselves are not illustrated because they do
not form a part of the present invention. The water
leaves the chambers 6 through round-cross-section
channels 7 and during its passage cools the surfaces 5
to thereupon issue from the openings 8 for direct cool-
ing contact with the outer surfaces of the metal element
9.

As the molten metal enters through the gap 2 into the
inlet portion 1 of passage 4, it will immediately solidify
in the region of its outer surface due to the cooling ef-
fect of the surfaces 5. The metal in form of a now par-
tially solidified metallic element 9 then continues to
move out of the inlet portion 1 where it is indirectly
cooled, into an intermediate portion 10 in which it is
further cooled, but now directly by contact and the
cooling medium, and then issues from outlet 0.

The drawing, particularly FIG. 2, clearly shows thata
clearance 12 exists between the surface of the element
9 and the boundary surface 11 of the portion 10. This
gap or clearance 12 surrounds the entire element 9 and
is of constant cross-section over its entire longitudinal
extension.

The cooling water issues under considerable pressure
from the comparatively narrow openings 8 into the gap
or clearance 12 of larger cross-sectional area, whereby
[ obtain the desired venturi effect producing an un-
derpressure in the clearance 12. According to the illus-
trated embodiment, the clearance 12 is subdivided by a
plurality of ribs 13 extending in the direction of move-
ment of the element 9. However, these ribs need not be
present and the invention will still remain operative.
What is essential for the present invention is that the
clearance 12 be of constant cross-section throughout
its entire length whereby the surprising effect is
produced that the backing-up of cooling water entering
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through the channel 7 is substantially reduced over
what is known from the prior art, and in fact what is
known from my previously identified copending appli-
cation.

It will be seen particularly in FIG. 2 that in the em-
bodiment illustrated the outlet portion 14 of the chan-
nels 7, that is the portion where the cooling water exits,
is oriented in each case such as to be parallel with the
direction of movement of the element 9, which serves
to further reduce if not entirely eliminate the possibility
that the cooling water can back up in the passage to the
area where only indirect cooling is to be provided. It
will be appreciated that if such backing up were to oc-
cur, that is if the cooling water would rise into the re-
gion of the mold passage where only indirect cooling is
desired, the formation of steam within the mold would
be inevitable with a final complete prevention of
proper casting in that portion of the mold passage
where only indirect cooling can be utilized.

Channels 17 are provided which communicate with
the clearance 12 and which with their outer ends com-
municate with chambers 18. The chambers 18 may be
connected — for instance by means of suitable non-il-
lustrated valves — with the ambient atmosphere and/or
with a source of water. Thus, it would be possible to
supply the chambers 18 with air alone, with water
alone, or with a mixture of both. Depending upon with
what source of supply the chambers 18 are connected,
air alone, water alone, or a water-air mixture can be
aspirated through the channels 17 into the clearance
12, it being kept in mind that underpressure develops in
the clearance 12 which causes such aspiration. These
aspirated fluids are of course the “auxiliary fluids”
mentioned earlier. By regulating the valves provided in
conjunction with the chambers 18—and it is
emphasized that these valves can be entirely conven-
tional—the particular type or mixture of cooling medi-
um as well as the pressure thereof as it exits into the
clearance 12 from the channel 17, can be determined
at the will of an operator, or it is also possible to auto-
matize this function.

Particularly if water is admitted into the clearance 12
through the channels 17, the cooling effect upon the
element 9 is vastly increased, and it comes as a con-
siderable surprise that despite this increase the ten-
dency of the cast element 9, particularly at high casting
speeds, to form cracks or fissures is significantly
reduced, thus increasing the quality of the element sub-
stantially.

Because the molten metal entering into the passage 4
does not fill the corner between the cover plate 3 and
the surfaces §, but instead forms a meniscus due to its
surface tension, a hollow space 19 is formed. The sur-
face of the element 9 does not usually provide for an
air-tight closure with the surfaces 5, so that the un-
derpressure in gap 12 can also prevail in the space 19
and accordingly can be utilized for aspirating into this
space via oil channels 20 and inserts 21 of porous fire-
resistant material, a lubricating medium such as oil or
the like.

Naturally, it is also possible to utilize the underpres-
sure to aspirate other types of auxiliary fluids from thos
discussed above. For instance, a neutral or inert gas can
be aspirated in this manner if so desired, or a gas having
good heat-conducting properties. The use of an inert
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gas may for instance serve to reduce or avoid the for-
. mation of oxides on the surface of the metallic element
9, while the use of a gas with good heat-conductive pro-
perties may be desirable in the event it is found neces-
sary to make the indirect cooling of the cast solidified
elements more effective.
Lubricating fluid supplied in the manner outlined
above may be in liquid form or in vapor form. Because
of the existing underpressure the lubricating fluid en-

ters as a finely divided stream of particles which of 10

course facilitates lubrication of the element 9. Natu-
rally, the entry of the lubricating fluid can be regulated
manually or automatically, just as the entry of fluids
from the chambers 18. )

The present invention is applicable to molds wherein
the passage is vertically oriented, as well as to those
wherein the passage is substantially horizontally
oriented, both such types of molds being known to
those skilled in the art. The invention thus resides not
in the particular orientation of the casting passage with
reference to the horizontal, but in those features which
have been described above and are set forth in the ap-
pended claims, including of course the central concept
of making the cross-section of the clearance constant.

The present invention is applicable not only to the
casting of relatively thin elongated metallic elements,
such as ribbons, rods, bars, wires or the like, but also to
ingots or similar elements of larger cross-section.

It will be understood that each of the elements
described above, or two or more together, may also
find a useful application in other types of constructions
differing from the types described above.
. While the invention has been illustrated and

described as embodied in a mold for continuous casting
of metallic elements, it is not intended to be limited to
the details shown, since various modifications and
structural changes may be made without departing in
any way from the spirit of the present invention.
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Without further analysis, the foregoing will so fully
reveal the gist of the present invention that others can
by applying current knowledge readily adapt it for vari-
ous applications without omitting features that, from
the standpoint of prior art, fairly constitute essential
characteristics of the generic or specific aspects of this
invention and, therefore, such adaptations should and
are intended to be comprehended within the meaning
and range of equivalence of the following claims.

What is claimed as new and desired to be protected
by Letters Patent is set forth in the appended claims:

1. A mold for the continuous casting of metallic ele-
ments, comprising

wall means defining a passage having an inlet por-

tion, an outlet, and an intermediate portion of con-
stant cross-section which is bounded at least at its
lower side by tranversely spaced parallel ribs ex-
tending between said inlet portion and said outlet
and which define between themselves gaps of con-
stant cross-section which are open to said inter-
mediate portion;

feed means for feeding into said inlet portion a

stream of molten metal for solidification and ad-
vancement as a metallic element of constant cross-
section through said intermediate portion in con-

tact with said ribs; . .
cooling means, including cooling passages having

first discharge openings communicating with said
gaps in the region of said inlet portion and being
oriented for introducing into said gaps jets of water
which are directed towards said outlet; and

air channels having second discharge openings com-
municating with said gaps downstream of and in a
different plane from said first discharge opening,
so that the jets of water passing over said second
discharge opening creates suction in said air chan-
nels. :
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