2164280 VERTI CAL CASTI NG This invention relates to vertical casting. More
particularly and indeed exclusively the invention concerns a process for
‘régul ating the level of the line of contact of the free surface of the
metal wi-th the nmould in vertical casting. 5 When manuf act uri ng‘
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ot her shapes such as sheets and wires. In nost known and used industri al
casting processes honogeneity def MERTISAIQCASTMNGOr | esser nmagnitude arise
when the netal passes fromthe liquid to the solid state. This is due
essentially to the conditions of cooling of the cast products being
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15 casting the metal in an ingot mould having a vertical passage in which the

metal is successively cooled indirectly by way of the mould and then
directly by a sheet of water, it is found that the semif-in_ished products have
an external so-called "primary cortical layer". That layer, whose structure
and composition differ from those of the internal part of the semifinished
20 products, results from the indirect céoling of the metal in contact with the
mould, In addition, other forms of hetérogeneity, which are much less
pronounced but which are just as troublesome, may appear, such as the small
holes or little pits that are due in particular to formation of a layér of oxide
at the surface of the liquid metal when in contact with the atmosphere and
A 25 its dispersion in the metal mass. | _
| Many attempts to solve those problems have been made. Existing
solutions are satisfactory to a greater or lesser degree in eliminating or at
least reducing the seriousness of su'ch heterogenity phenomena.
Thus, in French Patent Specificati_oh No. 1 509 962, electromagnetic
30 casting is recommended. In this process, the fact that the metal is
confined by means of forces of electromagnetic origin means that it is
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Other simpler sc!utmns have also been proposed in order to reduce

~ the thickness of the cortical layer. For example, French Patent

Specxﬂcatxon No. 1 398 526 teaches the use of a strip of fxberfra()‘cgw‘!nuch is
stuck to the mould so as to reduce the height of the metal m.contact with
the mould to reduce the effects due to indirect cooling. However, that
reduction in height cannot be fixed once and for all as it depends in
particular on the casting'speed. Thus, when that parameter varies, it is
necessary either to change the mould or at least to modify the height of the
strip. That means that th_'ere' is a lack of flexibility in a solution which in

‘the ultimate analysis only provides for pertia] suppression of the

heterogeneity phenomena.

In French Patent Spec:fxcatzon No. 1 496 241, the disadvantages of
1nd1rect coohng are eliminated by using a mould of graphite, which is not
cooled, but that process then encounters difficulties in. regard to
maintenance and frequent changihg of the mould, due to the fragility of that
material.
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Another solution is to use nmoulds wi'th a striated or ribbed internal
surface; by means of which the thickness of the cortical layer is reduce

by -nore than 30% when casting for exanple al um nium 1050. However, @
besi des the nmachi ning of such noul ds, which considerably increases theirss
cost, that process again suffers fromthes di sadvantages that arise out of -
adapting the nould and, in this case, the ribs to each casting speed. Also
‘known is casting with a feeder head, referred to as the hot top_ process,
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zero,-t%e product’is of a refined grain and the surface of the product is free
of pitting.
It was observed that starting up casting is easier in direct proportion
o to a rise in the level of metal in the mould. In fact, with a low level, the
\~ 25 float that regulates the level and the feed of metal to the mould approaches
| the solidification front and, for semifinished products of small dimensions,
runs the risk of being blocked by untimely solidification of the metal so that
it can no longer perform its function. Likewise, the camber phenomenon,
which occurs with semifinished products of substantial width, also prevents
30 the casting operation from being started up with the metal at a low level.
On the other hand, in the steady state, it is preferable to cast with the

height of metal in the mould as low as possible, thereby limiting the height
of contact of the metal with the wall of the mould and thereby reducing the
thickness of the cortical zone. : A
.35 Therefore, taking as the starting point a conventional mould in which
a constant height of metal is retained, that height being fixed by the



position of the float but being suffitient not to interfere with proper
operation of the float, it was necessary to limt to the maxi num possible -
_degege the height of contact of the netal with the surface of the noul d.
glamounted to finding a way of regulating the level of the line of.
comg¥t 5 of the free surface of th& liquid netal with the wall of the
mould. I n accordance with the invention, there is provided a continuous
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apply the invention to any type' of conventional mould. No movement of
components is involved, and the risk of an explosioh due to liquid metal
leakage is less than with the electromagnetic casting process. _
In carrying out the present invention, surrounding the mould with a \...)
25 circular coil comprising an. electrical circuit formed by one or more
. windings and feeding it with an alternating current at a sufficient industrial
voltage made it possible to modify the profile of the meniscus of the metal
‘and in particular to vary the level of the line of contact of the metal with
the mould, more 'espécially as the variations in the feed voltage and, in a
30 correlated manner, the strength of the field generated increased.
Thus, by increasing the strength of the field, it was possible to lower
the level and consequently to reduce the height of the region of contact
-between the metal and the mould. 'In'contrast, by reducing the'strength of
the field, it was possible to raise the level and consequently to increase the
35 height of the contact region. o



5 The attraction of such a process i-s therefore that it makes it possible

to reduce the height of the nmetal -noul d contact and consequently the -
t Hi.ckness of the cortical "layer in a sinple fashion with a coil supplied _
with a current at an industrial frequency of 50 or 60 Hz, the only
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mould as measured from its base. : :

When carrying out a casting operation, such a process makes it
possible to provide for normal start-up under the best possible conditions,
that is to say, with a high level of metal in the mould. For that purpose,

\/ 25 the strength of the field is reduced or possibly shut off altogether so as to
~  eliminate any modification in the normal level of the metal. Subsequently,

to go into the steady-state operating phase, the strength of the field is

v increased until a minimum height is achieved, resulting in a minimum
thickness in the cortical layer. The maximum admissible field strength is

Py

30  easily detected by the occurrence of deformation of the surface of the cast
product when that maximum is exceeded. It is therefore only necessary to
determine that maximum in the course of starting up a test casting, and
then use it for all the casting operations of the same type.

That maximum generally corresponds to the time at which the level

35 reached by the line of contact corresponds to the level of the line of.
intersection between the solidification front due to indirect cooling and the



6 'solidification front due to direct cooling in a conventional casting.
operation. The contact height is then virtually reduced to a circular line -
and the cortical |ayer does not occur. Depending on the type of alloy being
cagn it is known that it will be 5 necessary to carry out the casting
op ion at different speeds. The progess according to the invention
makes it possible to nodify the strength of the field in order to adapt it
to the variatjions in speed and to determ ne, as before, the maxi num val ue
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and whi ch camvdmtioassim | ated to the point 11. The invention nay be '
il lustrated by rgf 6heNks f gl dsoud f t her.eqf..: 430
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- in order to generate the magnetic field whose direction is indicated at 9 and
20 to cause a drop in the level of the line of contact of the surface of the
metal with the mould from a point 10 in the prior casting operation to a
point 11 in accordance with the invention, which point is disposed at the
level of intersection 12 of solidification front 13, which results from
indirect cooling, and solidification front 14, which results from direct
25 = cooling. It will be seen therefore that the height of contact of the metal
- with the mould has been reduced from a value h1 to a value h2 which is
extremely small and which can be assimilated to the point 11.
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The invention may be illustrated by reference to the following
examples of use thereof: S -

30 - Taking an aluminium mould with a diameter of 320 mm and a height
of 100 mm, an aluminium alloy of type 2214, in accordance with the
Aluminium Association standards, was cast at a speed of 60 mm/min. The
float regulated the level of metal at a position halfway up the mould and the
cooling - fluid came into contact with the skin of the cast' billet at

35 approximately 10 mm below the base of the mould.



35 < "approximately 10 mm bel ow the base“of the noul d. " 7 In afirst test,
t he casting operation was carried out under the conditions of the prior art
and m crographi c exam nati‘on of different sections of the billet revealfe
that the average thickness of the cortical |layer was 18 nm 5 &
series of tests was then carried out, in %he course of which the nDuId was '’
surrounded by an annular coil that was 372 mm in inside dianeter 465 mMm
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t hi cknesses wer e neasured' as wel the size o e grains, using t

i nter-secti on [RErFH¥RASLE PR results are set out in the follow ng Table
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layer in propoftion to an increase in the electrical voltage at the
terminals of REated withaphaligpting surrept At SA2-t he t hi ckness of the
cortical 135 |ay61‘EaEﬁ|o|f 2hé Qeste wasadarfied Qut agith Qf ditfkdentobletridil volrageanme

time, the grain,s ecreases sotha arting froma neta hav grains
measuring 500 af‘g rtk'% °°"e%8 nrf'\?/ 8R4 %3%1 *W"ef%é p?fgcrgﬁﬁuéeéi ?ilirf%é
the inventi on the size ofrthe rssamha{smge%untﬁri@tlpemqthm aver age. 30

‘Moreover, no pitti qg,errgs‘jlgjm sef BEt iPiHeSoNbwirdg/4BleLN can be used in
casting sem finished nmetallurgical products, in particular-in alumnium
and its alloys,.for exanple lithiumalumniumalloys, in which there is a

w sh to -produce Voltage in

15 volts - 0 50 100 150 . 180
Cortical
thickness
in mm 13 16 ' 13 9 Q
Grain size

20 in ym 500 300 180

It will thus be seen that the application of the process according to
the invention provides a progressive reduction in the thickness of the
- cortical layer in proportion to an increase in the electrical voltage at the
w terminals of the coil in proportions such that the thickness of the cortical
' 25  layer falls to zero at a voltage of 180 volts. '
At the same time, the grain size decreases so that, startmg from a
metal having grains measuring 500 um, in conventional casting, the
procedure according to the invention gives grains that measure 130 um on
3 average, |
30 Moreover, no pitting is found.

The present Invention can be used in casting semifinished
metallurgical products, in particular in aluminium and its alloys, for
example lithium-aluminium alloys, in which there is a wish to produce
materials having a cortical region of virtually zero thickness, a fine grain

35 without the preliminary addition of refining agents such as AT5B, and no
pitting,
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W t hout imnary addition of refining agents such as '
LAT5B, and nﬂl m m‘l[‘mﬂ@ml M5 1. . A continuous. Vertical casting
of the line of contact of the free surface of
W|th the mould is regulated I8 applying to the liquid,” during the

its solidification, a periodic magnetic field of variable

~

strength whose direction is substantlallﬁ parallel to the axis of the nould

and adjusting the strength of the fi

dependence on the desired |evel.

2. An operatlon according to Caim1, in which the magnetic fiel d I s at
an i ndustri frequenc erat Il on._accordi:ng tp -Clajml , In
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the strength of the field is reduced at

the tine of %ﬂe&g‘é?‘i?g%ﬁ‘etwr ion and it is then progressively

i ncreased to-a nmaxi mum val ue above whi ch the surface of the cast product

begins to syffer p perat ' t ne of
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casting speé@lﬂdallstl’é%l frequency.An operation according to d ai m 1 carried out
i n apparatus substantially as here| nbefore described with reference to t
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Claim

the field exerts its maximum action is at a level of the mould that is
between half and a third of its height measured from its base.

4, An operation according to any one of Claims | to 3, in which the
strength of the field is increased to lower the level.

5. An operatiort according to any one of Claims 1 to 3; in which the
strength of the field is reduced to raise the level. |

6. An 'opera'tion accbrding to any one of Claims I to 3, in which the
strength of the field is reduced at the time of starting up the operation and
it is then progressively mcreased to a maximum value above which the
surface of the cast product begms to suffer deformauon.

7. An operation according to any one of Claims | to 3, in which the
strength of the field is modified when the casting speed varies.

8. An operation according to Claim 1 carried out in apparatus
substantially as hereinbefore described with reference to the single figure of
the accompanying drawings.

9. An operatton according to Claim 1 carried out substanna!ly with
reference to the foregoing Example.
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