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[57] ABSTRACT 
Steel blanks or billets are cast by the continuous roe 
tary casting method by effecting in the moulten core 
of the blank or billet an axial circulation of the liquid 
inetal. This circulation is created by electromagnetic 
?elds induced by inductors which surround the blank 

1 or billet. The circulation is downwards near the axis of 
the blank or billet and upwards along the walls or skin 
of the blank or billet. 

5 Claims, 5 Drawing Figures 
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CONTINUOUS ROTARY METHOD OF CASTING 
METAL UTILIZING A MAGNETIC FIELD 

This invention relates to an improved method for 
continuously casting of steel or other metals having 
similar properties, and relates also to apparatus for car 
rying out this method and to products obtained by the 
method.‘ . 

The invention will be described hereafter with refer 
ence to the continuous casting of steel, but it is under 
stood that the invention relates to the continuous cast 
ing of metals and alloys having similar properties to 
steel with particular reference to melting points, which 
are, for example, between 1,100 and l,800-"C.' 
The method according to the invention has proved 

particularly advantageous in the case of high grade stell 
and special steels, such for example, nickel-chromium 
or nickel-chromium molybdenum alloys. 

It is known that the continuous casting of steel con— 
sists of introducing steel in liquid form into an ingot 
mould cooled, for example, by ?owing water, so as to 
obtain progressive solidi?cation of a bar which is ex 
tracted vertically in a downwards direction by means of 
extraction rollers. . 

Sowcalled “static continuous” casting methods are 
known, in which the ingot moulds do not undergo any 
rotational movement relative to a vertical axis, the 
products obtained being solely subjected to an axial 
downwards displacement. This method makes it possi~ 
ble to obtain, under very satisfactory conditions, steel 
ingots which have a prismatic shape, generally square 
or rectangular. . 

The applicants have already conceived a so-called 
“rotary method" for the continuous casting of steel, in 
which the ingot mould which ensures the beginning of 
solidification, the blank being formed and the ,devices 
employed for extracting and cutting the formed blank 
are driven in a continuous rotary movement about a 
vertical axis, the ingot mould also possibly being capa 
ble of‘being subjected to oscillatory movements of low 
amplitude about a vertical axis. This method makes it 
possible to obtain blanks or bars of circular section, the 
particularly high quality of which makes it possible to 
obtain, directly by rolling, tubes of high quality steel. 
The method which is the object of the present inven 

tion is applicable to this latter type of continuous “ro 
tary” casting. . 
An aspect of the present inventionis an improved 

method for the continuous rotary casting of steel or 
similar metals, comprising the steps of introducing the 
liquid metal into an ingot mould, or other mould, rotat 
able about a verticalaxis, effecting vigorous cooling by 
the downwards extraction of the blank during solidi? 
cation and by spraying water onto the part of the blank 
extending below the mould to cool same, and effecting 
an axial circulation of liquid metal contained inside the 
blank by the action of electro-magnetic ?elds induced 
inside the blank, at at least one region of the cooling 
blank located below the mould. 
According to a preferred embodiment of the inven 

tion the induced electro-magnetic ?elds are obtained 
by groups of inductors provided side-'by-side around 
the solidifying blank, these inductors being supplied 
with polyphase current so as to .creat pulsating electro 
magnetic ?elds along the axis of the blank. 

It is possible, for example, to create an electro 
magnetic ?eld, according to the invention,'by means of 
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2 
three inductors supplied with three-phase electric cur-_ 
rent. When it is desired to create ?elds over a much 
greater length of the blank it is possible to use a series 
of several groups of three inductors supplied with 
three-phase current. 
The electro-magnetic ?elds used according to the in 

vention are solely intended for ensuring a circulating of 
liquid metal inside the blank during its solidi?cation, 
this circulation taking place in the axial direction of the 
blank, i.e. vertically. This result is obtained by means 
of the inductors which have been described above due 
to the fact that these inductors create electro-magnetic 
?elds throughout the section of the blank which is so 
lidifying, these ?elds nevertheless having a greater 
value at the periphery of the liquid metal than in its 
centre. ’ 

The result is that in the region'subjected to the elec 
tro-magnetic ?elds produced by the inductors, the liq 
uid metal contained in the solidifying blank is displaced 
in an axial current. This current is directed in a given 
direction at the centre of the blank, for example, from 
the bottom to the top, the liquid metal arriving at the 
upper part of the region subject to theelectro-magnetic 
?elds than directed towards the peripheral regions of 
the liquid metal contained inside the blank, then in the 
opposite direction in order to return to its starting point ' 
(for example from top to bottomof the blank). 

It will be understood . that under these conditions. 
there is obtained in the regions which are subject to the 
above-de?ned electro-magnetic' ?elds, a circulation of 
metal according to which the liquid metal is caused to 
pass successively along the surface of the blank which 
has already solidi?ed, then into the central region lo 
cated in the vicinity of the axis of the solidifying blank. 

Metallurgically, such a circulation of the liquid metal 
has very great advantages. 

Firstly, this. circulation of metal which is solidifying 
provides the advantage of spreading over a greater vol 

. ume at the centre of the blank the inclusions which re 

contained in the solidifying metal, which avoids to a 
large extent the formation of inclusions located at the 
axis of the blank. . ' 

This advantage is especially important in thecase of 
continuous rotary casting, since there is produced in 

- this case a combination of effects due to the circulation 

65 

of the liquid metal and‘ to the centrifugation resulting 
from the rotation. In fact, in continuous rotary casting, 
the inclusion particles, as well as the liquid metal, are 
subjected to ‘a centrifugal force which tends to collect 
at the axis of the blank the inclusions which have a les 
ser density than that of the metal. According to the in 
vention, due to the" circulation currents which are cre 
ated in the liquid metal, this collection of the inclusions 
towards the centre is effectively opposed, the inclu 
sions thus being dispersed over a region of much 
greater volume and not causing the disadvantages 
which they produce when they are gathered along the 
axis of the product obtained. 
The method according to the invention also has the 

advantage of allowing a more rapid and more homoge 
neous solidi?cation of the central part of the blank.. 

In fact, in hitherto known methods, the solidi?cation 
of the metal in the central part‘ of the blank being 
formed takes place almost entirely by conduction, the 
heat from the liquid metal having to pass ‘through the 
increasing thickness of the already solidi?ed metal, the 
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outer surface of which is effectively cooled by water 
sprayed thereon. 

Since, moreover, the liquid metal introduced into the 
mould has, by necessity to be at a slightly greater tem 
perature than its solidi?cation temperature so as to be 
supplied .under satisfactory conditions, the result is that 
the solidifying metal must ?rstly give off the calories 
which correspond to its latent heat between its actual 
temperature and its solidification temperature. 

‘ Due to the circulation of the liquid metal which com 
bines with the rotation according to the invention, the 
liquid metal contained in the solidifying section of the 
blank is brought into contact with the wall which has 
already solidi?ed. The result is that the liquid metal 
which was initially located at the centre of the blank 
and was thus at a higher temperature than its solidi? 
cation temperature, causes a re-melting of the already 
solidi?ed surface of the blank, thus losing a part of its 
heat, which causes a decrease in its temperature. Under 
these conditions, it is thus understood that, due to the 
circulation of the liquid metal inside the blank, on the 
one hand, the thickness of the already solidi?ed wall is 
limited (which favours a good ulterior liberation of cal 
ories) and the temperature of the liquid metal which 
has to solidify is homogenized, with a lowering of the 
temperature of the liquid metal to the solidi?cation 
temperature of possibly even below, the metal thus 
being in a state of unstable equilibrium, i.e. in the state 
of surfusion. ' 

It will be understood that in these conditions since 
the whole mass of the liquid metal has been brought to 
its solidification temperature, or into a state where it is 
in surfusion, it will be possible to bring about its solidi? 
cation in a much quicker manner than previously, the 
solidification taking place with a removal of a small 
amount of heat, and taking place quickly throughout 
the whole liquid mass. 
Moreover, the method according to the invention 

makes it possible to eliminate effectively the solidifying 
bridges which occur during the ?nal stage of solidi? 
cation of the liquid metal, the bridges in question‘ fa-i 
vouring the formation of pipes in the axis of the blank. 
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is close to a sudden solidi?cation with a congealing “en 
masse”. 
Moreover, it will also be noted that the fact of retain 

ing, at a lower value, the thickness of the solidi?ed wall 
at an instant when it is desired to remove calories from 
the liquid metal contained inside the ‘blank (which 
combines with the rotation is advantageous from the 
thermic point of view, due to the obstacle to thermic 
exchanges constituted by the solidi?ed part of the 
blank. 7 ' 

According to a preferred embodiment of the inven 
tion there is produced a ?rst region of circulation of the 
liquid metal below the ?rst cooling region by spraying 
which is located immediately after the mould or ingot 
mould.‘ _ . 

According to the invention, it is also an advantage to 
provide two regions for the circulation of the liquid 
metal which are located between regions of intense 
cooling, the object of the ?rst upper region for the cir 
culation of liquid metal being to limit, and possibly 
even to reduce the already solidi?ed thickness by pro 
viding the liquid metal with conditions which will per 
mit its rapid and homogeneous solidi?cation, the sec 
ond, lower region for the circulation of the liquid metal 
being preferably located in the vicinity of the region 

, which corresponds to the end of the solidi?cation of 
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Indeed it will be manifest that the circulation of liquid ' 
metal in the centre of the blank with the phenomena of 
re-melting of the already solidified metal, which have 
been described above make it possible to maintain a 
continuous liquid state over all the region where the 
end of solidification takes place, thus considerably re 
ducing the risk of having isolated pockets of liquid 
metal which cause pipes. . 

The method according to the invention also makes it 
possible to obtain a modi?cation of the crystalline 
structure of the sectionof the product obtained. 

It is known, in fact, that in blanks obtained’ by contin 
uous, rotary casting, there is obtained on the periphery 
a basaltic structure which results from the formation of 
solidi?cation dendrites, whereas at the centre a crystal 
lisation is obtained which is essentially equiaxed. By 
means of the invention it is possible to greatly reduce 
the importance of the basaltic structure in favour of the 
equiaxed structure, this phenomenon being probably 
due to the fact that the thickness of the solidi?ed metal 
is reduced by bringing in a homogeneous manner, the 
solidifying metal to a temperature which is essentially 
the same at all its points and which is near to and even 
lower than its solidi?cation temperature, which makes 
it possible to obtain a solidi?cation of the metal which 
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the central part of the blank, the circulation of the liq 
uid metal making it possible, at this location effectively 
to oppose the formation of solid bridges which cause 
the formation of pockets of liquid metal, which give 
rise to the creation of unwanted pipes. 
Since the sole object of the electro~magnetic ?elds, 

which are provided according to the invention, is to en 
sure a circulation of the liquid metal, these magnetic 
?elds preferably have ,a low frequency,‘ for example, 
less than 100 cycles per second. In practice, it is an ad 
vantage to be able to use industrial 5O cycle current, 
but there is nothing against using, on the other hand, 
currents of lower frequency, for example, in the order 
of 5 to 20 cycles per second. _ 

In order to obtain the desired effect, the currents 
passing through the inductors which are used must 
have very substantial intensities, for example of 2,000 
to 10,000 amperes. It is due to such high intensities that 
it is possible to use voltages of the order of several volts 
which are applied to the terminals of the inductors. 
Due to the existance of such low voltages, there is 

practically no risk of creating arcs between the induc 
tors and the parts around them, and it is even possible 
to continue the cooling of the blank by spraying with 
water in the region of the inductors. - 
According to a preferred embodiment of the inven 

tion, the apparatus which makes it possible to create 
electro-magnetic ?elds which ensure the circulation of 
the liquid metal is constituted by series of inductors 
constituted by copper plates of cylindrical shape, which 
re stacked one on the other, with the interposition of 
an electrically insulating substance and having a good 
resistance to heat. 
There may be used, for instance, as the insulating ~ 

substance, the product sold under the trade name SIN 
DANYO. 

the inductors thus comprise a single turn, each turn 
being spearated from the adjacent one by an insulating 
plate. In this way, each turn may be in the form of a cyl 
inder, which facilitates the mechanical mounting of the 
inductors. 
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According to a preferred embodiment the cylindrical 
inductors may also have apertures of small diameter 7 
which allow the passage of nozzles ensuring the spray 
ing of water for cooling, inside the inductor, against the 
surface of the blank, which has the effect of contribut 
ing further to the cooling of the blank which is solidify 
ing, thus to the cooling of the inductors. 
The direction of circulation of the liquid metal in the 

central part of the blank may be either from top to bot 
tom or from the bottom to the top. Nevertheless, in the 
apparatus which ensures the circulation of the liquid 
metal in the vicinity of the part of the blank which is at 
the end of the solidi?cation, it is preferably according 
to the invention, that the circulation of the liquid metal 
is such that the metal descends towards the bottom in 
its central region, in order to re-ascend on the periph 
ery of the well of liquid metal in the vicinity of the so 
lidified wall of the blank. 
The invention is also the novel industrial product 

constituted by a bar of steel or similar metal obtained 
by the afore-described method, this bar having good 
metallurgical properties even along its axis, namely an 
absence of pipes and a good distribution of inclusions 
in a considerable volume of its central part, the periph 
eral region of solidi?cation with the basaltic structure 
being reduced in favour of the central region of solidi 
fication with an equiaxed structure. 
An embodiment of the present invention will now be 

described, by way of example,,with reference to the ac 
companying drawings, in which: 
FIG. 1 is a diagrammatic view of apparatus for carry 

ing out the invention; ' 
FIG. 2 is a sectional view on a larger scale, of the ap 

paratus according to the invention for ensuring the cir 
culation of the liquid metal inside the blank; - 

FIG. 3 is a section on the line II—II of FIG. 1; and, 

FIGS. 4 and 5 show diagrammatically two circuits for 
the electrical arrangements of the inductors according 
to the_invention. There is'shown diagrammatically in 
FIG. 1 a device for continuous, rotary casting. There 
can be seen in particular in the upper part a nozzle 1 
which provides the stream 2 of liquid metal which 
serves for producing the blank. The beginning of solidi 
fication is ensured, by means of a mould or ingot mould 
3, which, in the known manner, is cooled by circulation 
of water entering according to the arrows F1 and leav 
ing according to the arrows F2. There is thus obtained 
the formation of an outer solidi?ed skin 4 which retains 
the liquid metal 5 as it solidi?es. 

In known manner, the blank constituted by the skin 
4 andthe liquid metal 5 are guided by roller devices 
which ensure its retention in the axis of rotation and 
which permit its vertical downwards extraction. 
With the aim of simplifying the drawings, these guid 

ing and extraction rollers have not been shown. 
Below the mould 3, the blank is subjected to intense 

cooling by means of water sprayed by jets 6 according 
to a known arrangement. 
There is thus obtained a thickening of the skin of so 

lidi?ed metal with a corresponding decrease of the 
inner liquid metal. Simultaneously, there is a contrac 
tion of the outer diameter of the blank due to its cool 
mg. 
Below the cooling zone constituted by the spraying 

nozzles 6, there is provided, according to the invention, 
a device 7 which allows the creation of circulation cur 
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6 
rents in the liquid metal, as will be explained. Neverthe 
less, in FIG. 1 it will be noted that the presence of these 
circulation currents has the effect of keeping at a sub 
stantially constant value, the thickness of the wall, 
whereas a homogenisation and an overall decrease of 
the temperature of the liquid metal are obtained. 
Below the inductor device 7 there is located a further 

cooling Zone produced by means of spraying nozzles 8 
which assure the spraying of water onto the outer sur 
face of the blank. A more rapid solidi?cation of the liq 
uid metal 5 is‘ obtained in this zone due to the 
homogenisation of the temperatures which were ob 
tained in the vicinity of the inductor device 7, and due 
to the lowering of the average temperature of .the liq 
uid. ' 

Below the cooling zone created by the spraying noz 
zles 8 there is provided, according to this embodiment 
of the invention, a second inductor device 9 which pro 
vides a second zone of axial circulation of the liquid 
metal. As has been diagrammatically shown in FIG. I, 
this second region is located near the end of the solidi? 
cation of the liquid metal. According to a preferred em 
bodiment of the invention, the currents induced inside 
the liquid metal are such that the circulation of the 
metal takes place in a downwards direction, along the 
axis of the blank, and upwards along the surface of the 
solidi?ed metal. - 

Finally, other spraying nozzles are provided below 
the inductor device 9 so as to be able to continue the 
cooling of the blank. 
There is shown on a much larger scale on FIGS. 2 and 

3, the current inductor device 7 of FIG.'1. 
As can be seen in FIGS‘. 2 and 3, the inductor device 

7 is ‘constituted by three inductors'l l, 12 and 13 which 
are separated from each other and which are retained 
by plates 14, l5, l6 and 17 of electrically insulating 
material and which are resistant to heat. 
For ease of mounting, these insulating plates l4, l5, 

l6 and 17 have a square shape as can be seen in FIG. 
3. 
These insulators may, for example, be made of mate 

rial sold under the trade name of SINDANYO. 
As can be seen in FIGS. 2 and 3, the inductors 11, 12, 

13 are identical. They are constituted by a ?at bar of 
copper which is deformed so as to produce a single turn 

_ the ends 11a and 11b of which are separated by an insu~ 
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lator and connected to the source of current. 
In the embodiment which is shown- in FIGS. 2 and 3, 

the electrodes 11, 12, 13 are pierced by apertures in 
which are located spraying nozzles 19 which make it 
possible to spray the cooling water on the outer surface 
of the blank which passes inside the inductor device 7. 
This cooling water also makes it possible to keep the 
inductor as well as the insulating plates which separate 
them, at a relatively low temperature. 
The inductor device which has been described may 

either by rotated at the same speed as the blank or may 
even be kept stationary, depending on the ease of 
mounting it on the device. 
There is also shown in FIGS. 2 and 3 the skin 4 of so 

lidi?ed metal which contains the liquid metal 5 which 
is subjected to a stirring by circulation according to the 
invention. 
There is also shown by arrows in FIG. 2, one direc 

tion of circulation of the liquid metal 5 according to 
which the metal flows downwards in the vicinity of the 
axis of the blank, while it reascends on the periphery 
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along the inner surface of the skin of solidi?ed metal 4. 
Naturally, it is the layout of the electrical connections 
of the inductors l l, 12 and 13 which determines the di 
rection of circulation of the liquid metal. 
There is shown in FIG; 4, the electrical diagram of 

the device which supplies the inductors 11, 12 and 13. 

For this purpose, there is used a three-phase trans 
former connected to the three-phase R.S.T. system. 
There are schematically illustrated in FIG. 4 the three 
primary windings 20, 21 and 22 of the three-phase 
transformer, the secondary windings of which are, in 
the present case, constituted by the single turns 23, 24 
and 25. 

It would naturally be possible to use transformers 
whose secondary windings comprise a slightly greater 
number of turns. But it is an advantage to reduce to a 
minimum the number of turns of the secondary wind 
ings of the transformer, since one is trying to obtain a 
maximum voltage at the terminals of the inductors l1, 
l2 and 13. 
As can be seen from FIG. 4, each turn of the secon 

dary winding is connected to an inductor so as to create 
‘an electro-magnetic ?eld which displaces vertically 
along the axis of the blank. 

Naturally, this field is a pulsatory ?eld which has the 
frequency of the three-phase system. 
vDue to this arrangement, there can be obtained by 

means of a three-phase system of 3,100 volts between 
phases an intensity passing through each of the induc 
tors which is about 5 to 6,000 amperes at a voltage of 
about 1 volt. 

Naturally, it would not be beyond the scope of the in 
vention to replace the single turn inductors l1, l2 and 
13 which have been described by inductors of conven 

_ tional type which comprise a limited number of turns, 
for example, up to ?ve turns. 
There is shown in FIG. 5, the electrical supply dia 

gram from a three-phase transformer for six inductors 
provided‘in two groups of three, the inductors being 
placed two by two in series in the circuit which con 
nects them to the secondary winding of the trans 
former. 
Under these conditions, it will be understood that 

there is obtained the same circulation effect of the liq 
uid metal over a greater area of the blank. . 

It is also possible, without diverging from the scope 
of the claimed invention, to use inductors supplied with 
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polyphase currents other than three-phase ‘currents, for , 
example, six-phase currents. 

It can thus be seen that the invention makes it possi 
ble, in a very simple manner, to produce inside the so 
lidifying liquid metal, circulation currents which de 
velop vertically along the axis of the blank in order to 
combine with the rotation. 

It is understood that the embodiments which have 
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8 
been described above have only been given as an exam 
ple and that they may receive any desirable modi?ca 
tions without diverging from the framework of the in 
vention. 

In particular, it is clear that the number of inductor 
devices placed along a continuous casting line can vary, 
each inductor device can itself have different numbers 
of inductors, on condition that they induce an electro 
magnetic ?eld which ensures a displacement of the liq 
uid metal. Similarly, the electric features which were 
given in the preceding description were only for illus 
trating certain possible embodiments, and it is clear ' 
that these electrical features have to be adapted, in 
each particular case, depending in particular on the di 
mensions of the blank. Nevertheless, the characteristics 
of the electric currents applied to the inductors should 
be chosen so as to limit to the maximum the heating ef 
fects. For this, it is appropriate to choose low frequency 
currents. 

Similarly, since the electrical effects are obtained 
substantially by.the circulation of a high intensity of 
current in the inductors, it is preferable to supply the 
inductors in question with currents of very low voltage, 
which considerably simpli?es the problems set by the 
insulation of the inductors and which ‘makes it possible 
to have water-cooling at the level of the inductors with 
out any danger. v ' 

What is claimed is: 
1. In the method of continuously casting metal by 

pouring molten metal into the upper end of a vertical 
mold while cooling said mold and rotating it about its 
vertical axis to form a casting from said metal, the im 
provement which comprises the step of utilizing a mag 
netic ?eld to establish an axial circulation of the molten 
metal, beneath said mold, only in a localized portion of 
the molten metal near the bottom of the molten metal 
pool in said casting, the direction of said axial circula 
tion being towards the bottom in the central region of 
the pool and towards the top of the periphery of said 
pool. 

2. A method according to claim 1 in which the circu 
lation of the liquid metal is effected by the electro 
magnetic ?eld induced by a group of several inductors 
located at the periphery of the blank and each supplied 
by a‘phase of polyphase current. 

3. A method according to claim‘ 2,,in which currents 
having an intensity of between 2,000 and 10,000 amps 
are passed through the inductors. 

4. A method according to claim 2, in which the in 
ductors are supplied with a low voltage, for example, 
equal to several fractions of a volt or several volts. 

5. A method according to claim 2 in which the poly 
phase current has a low frequency for-example, less 
than 100 and preferably between 5 and 60 cycles per 
second. 

* * .* * * 
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