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ABSTRACT OF THE DISCLOSURE 

A metal casting apparatus having a downwardly ex 
tending nozzle formed with an axial flow passage there 
through which communicates at the upper end thereof 
with a container so that molten metal in the container 
may ?ow out of the same through the axial flow passage 
of the nozzle, and in which electromagnetic means co 
operate with an electric current which is passed through 
the stream of metal ?owing through the nozzle and/or 
electrically conductive passages formed therein to control 
the How of metal passing through the ?ow passage in 
dependence on the direction and magnitude of the electric 
current and the magnetic ?eld produced by the electro 
magnetic means. 

Background of the invention 

The present invention relates to a metal casting ap 
paratus including a downwardly extending nozzle through 
which molten metal ?ows in a stream during the casting 
operation. More speci?cally, the present invention relates 
to such a nozzle in which a stream of molten metal flow 
ing therethrough can be regulated. 

Various arrangements for regulating the stream of 
molten metal through a nozzle are known in the art, and 
the known arrangement usually comprises movable valve 
members located in the path of the stream of molten 
metal so that by movement of the valve members the 
flow of metal through the nozzle may be regulated. 

It is an object of the present invention to provide for 
a nozzle arrangement which does not include any mov 
able member for regulating the flow of molten metal 
therethrough. ‘ , 

It is an additional object of the ‘present invention to 
provide for a nozzle arrangement in which control of 
flow of molten metal therethrough is produced by electro 
magnetic forces. 
More speci?cally it is an object of the present inven 

tion to provide for a nozzle arrangement enabling to ob 
tain a ?ne adjustment of the rate of flow of molten metal. 

Summary of the invention 

With these objects in view, the metal casting apparatus 
according to the present invention mainly comprises a 
container adapted to contain a supply of molten metal, a 
downwardly extending nozzle of electrically non-conduc 
tive material formed with an axial flow passage there 
through and communicating with the bottom portion of 
the container for discharging a stream of molten metal 
therefrom. The nozzle is further formed with at least one 
pair of elongated cavities respectively arranged to opposite 
sides of the axis of the flow passage and communicating 
at least at opposite ends with the latter, the cavities to 
opposite sides of the axis being axially displaced with 
respect to each other in such a manner so that a portion 
of each cavity which communicates with the ?ow passage 
is arranged in a common plane substantially normal to 
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the aforementioned axis with a corresponding portion of 
the other cavity, and the cavities are ?lled with electri 
cally conductive material at least during ?ow of molten 
metal through the ?ow passage. The apparatus includes 
further current supply means connected to the molten 
metal for causing flow of electric current through the 
stream of molten metal and the electrically conductive 
material in the cavities so that the current will ?ow in the 
region of the aforementioned common plane along a path 
inclined at an angle to the axis of the flow passage, and 
electromagnetic means are arranged about the nozzle in 
the region of the aforementioned common plane for pro 
ducing a magnetic ?eld transverse to the axis of the ?ow 
passage and to the path of current in the region of the 
plane to produce thereby a force component retarding or 
accelerating the ?ow of metal through the ?ow passage 
depending on the direction and magnitude of the ?ow of 
the current and of the magnetic ?eld. 
The apparatus may also have the following character 

estics in combination with those set forth above: 
(a) The aforementioned cavities may be constituted 

by lateral channels; 
(b) The lateral channels according to paragraph (a) 

may be ?lled with electrically conductive and refractory 
material; 

(c) The electrically conductive and refractory ma 
terial may be constituted by cermet, a product composed 
of ceramic material and a metal; 

(d) The ?ow passage through the nozzle and the afore 
mentioned cavities may have a cylindrical form; and 

(e) The flow passage through the nozzle and the afore 
mentioned cavities may have, in a plane normal to the 
axis of the nozzle, a rectangular cross section. 

Basically, the invention comprises a metal casting ap 
paratus in which a magnetic ?eld created by an electro 
magnet acts on an electric current which passes through 
a stream of molten metal which flows out through a 
nozzle from a container of molten metal and in which 
the flow lines :of the electric current do not coincide with 
the direction of ?ow of the metal. For this purpose, the 
passage through the nozzle through which current may 
?ow is provided with a variation in its cross section 
formed by a pair of axially shifted cavities respectively 
loacted to opposite sides of the axis of the nozzle and 
arranged in such a manner so that a portion of each 
cavity which communicates with the ilow passage is ar 
ranged in a common plane substantially normal to the 
axis of the nozzle with a corresponding portion of the 
other cavity to form with the actual ?ow passage a maxi 
mum cross section. This maximum cross section is sub— 
jected to a magnetic ?eld produced by the electromagnet, 
which magnetic ?eld is transverse to the axis of the 
nozzle. 

It will be understood that in such an arrangement the 
lines of the electric current in passing through the afore 
mentioned maximum cross section will be inclined to the 
axis of the nozzle and include with the flow of molten 
metal passing along the axis of the nozzle an angle 
differing from zero. Since, on the other hand, the mag 
netic ?eld produced by the electromagnet will act on the 
portion of the flow passage in which the lines of electric 
current are inclined to the axis of the nozzle, the mag 
netic ?eld will produce a force in direction normal to 
the lines of current according to the Law of Laplace, 
or according to Fleming’s Rules. This force will have 
a component coinciding With the axis of the nozzle, which 
force component will be added or substracted to the 
ferrostatic pressure and all other pressures acting on the 
stream of molten metal, depending on the direction of 
current ?ow through the metal and the direction of the 
magnetic ?eld. The force thus produced permits there 
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fore to regulate the outflow of the molten metal through 
the nozzle in a most precise manner by varying, respec 
tively reversing the flow of electric current passing through 
the metal and/ or the magnetic ?eld produced by the elec 
tromagnet. 
The invention aims to simplify the electromagnetic 

arrangement using the action of a magnetic ?eld on an 
electric current by arranging the contacts for the electric 
current with the stream of metal away from the narrow 
passage of the nozzle so as to avoid the dif?culties which 
would result from arranging the contact electrodes in the 
narrow cross section of the nozzle. 
The novel features which are considered as character 

istic 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 speci?c 
embodiments when read in connection with the accom 
panying drawing. 

Brief description of the drawing 

FIG. 1 is a simpli?ed schematic view of the apparatus 
according to the present invention; 
FIG. 2 is a longitudinal cross section through a ?rst 

embodiment of a nozzle according to the present inven 
tion; 

FIG. 3 is a transverse cross-section taken along the line 
a-b of FIG. 2; 

FIG. 4 is a longitudinal cross section through a second 
embodiment of a nozzle according to the present inven 
tion; 
FIG. 5 is a transverse cross section taken along the 

line c—d of FIG. 4; 
FIG. 6 is a longitudinal cross section through a third 

embodiment of a nozzle according to the present inven 
tion; 

FIG. 7 is a transverse cross section through the nozzle 
of FIG. ‘6 taken along the line e-f; 
FIG. 8 is a longitudinal cross section through a fourth 

embodiment of a nozzle according to the present inven 
tion; and 
FIG. 9 is a transverse cross section taken along the 

line g-h of FIG. 8. 
Description of the preferred embodiments 

Referring now to the drawings, and more speci?cally 
to FIG. 1 of the same in which the overall arrangement 
of the casting apparatus according to the present inven 
tion is schematically illustrated, it will be seen that the 
apparatus according to the present invention mainly com 
prises a container 1 adapted to contain a supply of molten 
metal, for instance molten steel, and provided in the 
bottom wall thereof with a downwardly extending noz 
zle 2, only schematically shown in FIG. 1, through which 
a stream of molten metal may ?ow out from the con 
tainer 1 into an ingot mold 5 of cast iron located beneath 
the nozzle 2. It is mentioned that the nozzle 2 is shown 
in FIG. 1 only schematically and various modi?cations 
of the nozzle according to the present invention are shown 
more clearly in FIGS. 2-9. A portion of the nozzle 2 is 
subjected to the magnetic ?eld produced by an electro 
magnet, the poles 3 and 4 of which are schematically 
shown in FIG. 1. Electrical current is supplied to the 
electromagnet 3, 4 in a manner not shown in FIG. 1 
and preferably in such a manner that the polarity of 
the poles 3 and 4 may be reversed, and the magnitude of 
the magnetic ?eld produced by the electromagnet may be 
varied. An electrode 7 held by means not shown in FIG. 1 
is arranged to dip into the molten metal in the container 
1 and the electrode 7 is connected to a source of current 
6 and this source of current is likewise connected to 
the conductive wall of the ingot mold 5 so that electric 
current will flow through the stream of molten metal pass 
ing from the container 1 through the nozzle 2 into the 
ingot mold 5. 
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In the arrangement illustrated, the current ?owing 

through the stream of metal is a direct current which may 
have a magnitude from several thousand amperes and in 
this case the current ?owing through the electromagnet 
is likewise a direct current. However, the current ?ow 
ing through the stream of metal may also be an alternat 
ing current, in which case the electromagnet has also to 
be supplied with alternating current of the same frequency 
and in such a manner that the electromagnetic ?eld pro 
duced by the electromagnet is in phase with the vertical 
component of the current which creates a force permitting 
regulation of the out?ow of the metal. 

It is to be understood that the container may con 
tain not only molten steel, but also other metals, such as 
for instance lead, copper, mercury, etc. Instead of the in 
got mold another receptacle or a channel lined with re 
fractory material may be used and in this case the source 
6 of electric current is connected to another electrode dip 
ping in the metal contained in the receptacle or the chan 
nel, or the second electrode may be arranged downstream 
of the outlet end of the nozzle to be in direct contact with 
the stream of metal emanating therefrom. In any case, a 
current is preferably supplied to the stream of metal in 
such a manner that the direction of the current ?ow may 
be reversed and that the magnitude of the current may be 
varied in a well-known manner, not shown in the draw 
mg. 

FIGS. 2 and 3 illustrate a ?rst embodiment of the noz 
zle according to the present invention. In this embodiment, 
the nozzle, which is formed in all embodiments disclosed 
from electrically non-conductive material, is substantially 
cylindrical and formed with a central cylindrical ?ow pas 
sage Sf therethrough, and with two likewise substantially 
cylindtical cavities 9 and 10, respectively located to op 
posite sides of the axis 11 of the nozzle and in such a 
manner that the cavities 9 and 10 communicate over the 
whole length thereof with the ?ow passage 8. The cavities 
9 and 10 are respectively axially displaced with respect to 
each other in such a manner that a lower portion of the 
cavity 9 is at the same elevation as an upper portion of the 
cavity 10 so that at these portions the flow passage has its 
maximum transverse cross section. Two poles 3 and 4 
of an electromagnet, formed from laminated soft iron, eX 
tend into corresponding holes in the nozzle into close 
proximity of the ?ow passage 8 in the region of the afore 
mentioned maximum cross section. The poles are arranged 
in such a manner that the magnetic ?eld indicated by the 
arrow B is located in a plane normal to the axis 11 of the 
nozzle. The direction of the ?ow of metal through the noz 
zle is indicated by the arrows A and the lines of the cur 
rent ?owing through the metal are indicated in FIG. 2 
by the dotted lines C. 
As clearly shown in FIG. 2, the lines of current flow 

include in the region of the electromagnet an acute angle 
with the axis 11 of the nozzle and the electromagnetic ?eld 
will therefore produce a force normal to the lines of cur 
rent which will have a force component in direction of the 
axis of the nozzle and which will, depending on the direc 
tion of the current flow and the direction of the magnetic 
?eld, act in the same direction or in the opposite direction 
as the ferrostatic pressure so as to decrease or increase the 
speed at which the metal ?ows out through the nozzle. 
FIGS. 4 and 5 illustrate a second embodiment of the 

nozzle according to the present invention. In the modi?ca 
tion shown in FIGS. 4 and 5 the nozzle has in a plane 
normal to the axis 11 thereof a rectangular cross section 
and the central ?ow passage 12 as well as the lateral cavi 
ties 13 and 14 have likewise a rectangular cross section. 
The advantage of this embodiment is to obtain due to the 
narrowness of the ?ow passage a correction pressure pro 
duced by the magnetic ?eld which is greater than that oh 
tainable with the nozzle shown in FIGS. 2 and 3 at other 
wise identical electrical conditions. 

In the modi?cation shown in FIGS. 6 and 7, the 
cavities are constituted by lateral channels 15 and 16 
which are separated from the central flow passage 17 by the 



3,463,365 
5 

walls 18 and 19 so that the channels communicate only at 
the upper and lower ends thereof with the flow passage. 
As shown in FIG. 6, the lower end of the lateral channel 
15 communicates with the central ?ow passage substantial 
ly in a common plane with the upper portion of the chan 
nel 16 which likewise communicates with the central ?ow 
passage. In this modi?cation, the lines of current indicat~ 
ing by the dash lines C extend between the poles 3i and 4 
of the electromagnet therefore in a direction normal to the 
?ow of metal through the central flow passage, as indi 
cated by the arrows A, and also normal to the magnetic 
?eld B so that under the same electrical condition the 
correction pressure due to the force produced by the mag 
netic ?eld will reach its maximum, which is a special ad 
vantage of the modi?cation illustrated in FIGS. 6 and 7. 
The lateral channels 15 and 16 may also be ?lled with 
liquid metal in the same way as in the preceding embodi 
ments, but the lateral channels may also be ?lled, as is i1 
lustrated in FIG. 6, with an electrically conductive refrac 
tory material such as “Cermet,” a product composed of a 
ceramic material and a metal, for instance Cr2O'3, Cr; 
A1203, Cr; or A1203, Mo. These cermets have a resistance 
of the same magnitude as or a lower resistance than the 
liquid steel and are therefore especially suitable for noz 
zles serving for the out?ow of ferrous materials, and for 
non-ferrous metal other electrically conductive and re 
fractory materials, for instance graphite, may be used. 

Finally, FIGS. 8 and 9 illustrate a fourth embodiment 
of a nozzle according to the present invention in which 
three lateral cavities 20, 21 and 22 are provided, arranged 
with respect to each other as clearly shown in FIG. 8 in 
such a manner that the upper and lower ends of the cavity 
21 arranged to one side of the axis 11 of the nozzle respec 
tively overlap in axial direction the lower end of the cavity 
20 and the upper end of the cavity 22 arranged at the other 
side of the axis so as to form with the central ?ow passage 
maximum cross sections at the regions of the afore 
mentioned overlaps and in which the portions of maximum 
cross section are subjected to the in?uence of a pair of 
electromagnets the poles of which are respectively des 
ignated with 23, 24 and 25, 26‘. The advantage of this 
modi?cation is that the e?iciency of the nozzle is multi 
plied by two since the lines of current C present, as in 
dicated by the dotted lines in FIG. 6, two curves of S 
shaped con?guration which at their point of in?ection in 
clude a considerable angle with the metal ?ow direction 
indicated by the arrows A, while being substantially nor 
mal to the vector B of the magnetic ?eld. 
The arrangement according to the present invention may 

be used with continuous casting or discontinued casting of 
metal; it is particularly advantageous for the continuous 
casting of metal since it permits an extremely precise and 
?ne regulation of the metal out?ow from the nominal 
out?ow caused by the ferrostatic pressure. 

It will be understood that each of the elements described 
above, or two or more together, may also ?nd a useful 
application in other types of metal casting apparatus dif 
fering from the types described above. 

While the invention has been illustrated and described 
as embodied in a metal casting apparatus with an elec 
tromagnetically controlled nozzle, it is not intended to be 
limited to the details shown, since various modi?cations 
and structural changes may be made without departing 
in any way from the spirit of the present invention. 

Without further analysis, the forgeoing will so fully 
reveal the gist of the present invention that others can 
by applying current knowledge readily adapt it for various 
applications without omitting features that, from the 
standpoint of prior art, fairly constitute essential character 
istics of the generic or speci?c 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. 
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What is claimed as new and desired to be protected by 

Letters Patent is set forth in the appended claims. 
I claim: 
1. A metal casting apparatus comprising, in combina 

tion, a container adapted to contain a supply of molten 
metal; a downwardly extending nozzle of electrically non 
conductive material formed with an axial flow passage 
therethrough communicating with a bottom portion of 
the container for discharging a stream of metal therefrom; 
at least one pair of elongated cavities formed in said nozzle 
and respectively arranged on opposite sides of the axis of 
said ?ow passage and communicating at least at opposite 
ends with said ?ow passage, said cavities to opposite sides 
of said axis being axially displaced with respect to each 
other in such a manner so that a portion of each cavity 
which communicates with said flow passage is arranged in 
a common plane substantially normal to said axis with 
a corresponding portion of the other cavity, said cavity 
being ?lled with electrically conductive material at least 
during ?ow of molten metal through said flow passage; 
current supply means connected to said molten metal for 
causing ?ow of electric current through said stream of 
molten metal and the electrically conductive material in 
said cavities, so that said current will flow in the region 
of said common plane along a path inclined at an angle 
to the axis of said ?ow passage; and electromagnetic means 
arranged about said nozzle in the region of said common 
plane for producing a magnetic ?eld transverse to said 
axis of said ?ow passage and to said path of current in 
the region of said plane to produce thereby a force com 
ponent retarding or accelerating the ?ow of metal through 
the ?ow passage depending on the direction and magni 
tude of the flow of the current and of the magnetic ?eld. 

2. A metal casting apparatus as de?ned in claim 1, 
wherein said cavities are open at the sides thereof facing 
said axis so as to communicate over the whole length there 
of with said ?ow passage. 

3. A metal casting apparatus as de?ned in claim 1, 
wherein said cavities and said flow passage have in a 
plane normal to said axis a substantially circular cross 
section. 

‘4. A metal casting apparatus as de?ned in claim 1, 
wherein said cavities and flow passage have in a plane nor 
mal to said axis a rectangular cross-section. 

5. A metal casting apparatus as de?ned in claim 1, 
wherein said cavities are in the form of lateral channels 
communicating only at the upper and lower ends with 
said ?ow passage. 

6. A metal casting apparatus as de?ned in claim 5, 
wherein said lateral channels respectively have in said 
common plane channel portions communicating with said 
flow passage and which are substantially normal to said 
axis of said flow passage. 

7. A metal casting apparatus as de?ned in claim 5, 
wherein said lateral channels are ?lled with an electrically 
conductive refractory material. 

8. A metal casting apparatus as de?ned in claim 7, 
wherein said electrically conductive and refractory mate 
rial is constituted by a cermet. 
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