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[57] ABSTRACT 

An apparatus for the continuous casting of metals and 
metal alloy materials under vacuum comprising a 
source of melted metal, an ingot mold, and a dynamic 
air lock which includes several suction chambers 
which are separated by diaphragm walls. The improve 
ment comprises an air lock arrangement where the 
melted product passes between rollers which support 
and center the existing metal inside the suction cham 
bers of the air lock. This improvement is particularly 
advantageous for applications where the product to be 
cast has a large cross section. 

10 Claims, 8 Drawing Figures 
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APPARATUS FOR THE CONTINUOUS CASTING 
OF METALS AND THE LIKE UNDER VACUUM 

CROSS REFERENCE TO RELATED APPLICATION 

This application is a continuation-in-part of applica 
tion Ser. No. 153,266, ?led June 15, l97l, now aban 
doned, and the bene?t of the ?ling date of said prior 
application is claimed for common subject matter. 

BACKGROUND OF THE INVENTION 

The present invention relates to devices for continu 
ous casting, and, in particular, to apparatus for the con 
tinuous casting of metals and metal alloy materials, 
such as steels (particularly refractory steels), copper 
and its alloys, zirconium and its alloys, aluminum, ura 
nium and the like, under vacuum, where the material 
to be cast requires good de-gassing and/or which reacts 
easily with the air when it is hot. This invention con 
cerns itself in particular with the apparatus used for the 
implementation of such a method. 

In general, the devices used for continuous casting 
under vacuum include an enclosure for providing a 
vacuum, or a controlled atmosphere, inside which is 
disposed a tundish containing melted metal with a tap 
hole for the flow control of the metal, or any other 
equivalent device, such as a melting-over technique, 
using electron bombardment or an arc oven, as heat en 
ergy sources, and which permits very accurate control 
of the metal ?ow through adjustment of the energy sup 
ply to the fusion source. Such devices further include 
an interchangable, cooled ingot mold, a measuring de 
vice for accurately determining the level of metal inside 
the ingot mold, a dynamic air lock, and lastly, one or 
several coolant spray stations arranged at the outside of 
the vacuum chamber. 
The dynamic air lock is composed of a succession of 

vacuum chambers (between one and ?ve chambers, for 
example), each of the chambers communicating with a 
vacuum pump, or with a group of vacuum pumps, 
whose type and size depend on the pressure desired in 
side the corresponding chamber and on the flow vol 
ume to be created. The vacuum chambers are sepa 
rated from one another by means of diaphragm walls, 
the apertures in these walls being of such dimensions 
that the space between the strand of cast metal and the 
diaphragm wall is small enough to create air ?ow resis 
tance such that the amount of air ?owing past the dia 
phragm wall is less than the flow volume of the pump. 
This condition is essential for the proper operation of 
the device, and it requires in turn that an accurate con 
trol be maintained on the level of liquid metal inside 
the ingot mold, in turn requiring a very accurate con 
trol of the position of the tap hole valve in the tundish 
or, as the case may be, of the energy supplied to the arc 
oven or to the gun of the electron beam oven. 
Such an air lock allows the continuous passage of a 

strand of metal from the vacuum to the atmosphere, or 
from an area of partial pressure to the atmosphere, the 
strand having a constant-cross section in the form of 
either a full bar, a hollow tube, a special pro?le, or a 
slab. The range of clearance to be maintained between 
the cross-section of the cast product and each of the di 
aphragm walls should normally be about 1 mm, espe 
cially in the case of slabs or pro?les having a large 
cross-section, in order to assure that the amount of air 
entering along the diaphragm apertures is less than the 
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2 
?ow volume of the pump which cooperates with the 
subsequent vacuum chamber. 

It should also be noted that the clearance between 
the cast product and the diaphragm aperture should be 
approximately the same over the entire contour of the 
cross-section. Indeed, if a malfunction should occur in 
the centering of the cast product, the piece would come 
to be located on one of its sides in immediate proximity 
to the diaphragm aperture, while on its opposite side, 
there would appear a clearance of as much as 2 mm, for 
example, which would mean a considerable reduction 
of the resistance offered to the air ?ow, thus greatly in 
creasing the amount of air flowing into the subsequent 
vacuum chamber and creating the possibility that the 
amount of air entering would exceed the maximum 
pumping capacity of the corresponding pump, with the 
result that some air could enter into the vacuum cham 
ber. 
The problems encountered in determining the cross 

section of the diaphragm aperture increase both with 
an increase in the cross-section of the cast product and 
when the speed of extraction becomes rather high. The 
cross-section of the product to be cast is determined by 
the ingot mold, provided no deformation or soiling of 
the strand occurs after exit from the ingot mold. In the 
majority of cases, however, the solidi?cation obtained 
inside the ingot mold produces only skin of compara 
tively little depth. It follows from this that the solidi?ed 
shell can become deformed as a result of static pressure 
in the metal, while its thickness increases. This phe 
nomenon becomes rather important when the cast 
product has a cross-section with large surface areas, as 
is the case in the casting of a rectangular slab whose 
cross-sectional length is more than twice its width. It is 
also the case, when the cross-section of the cast prod 
uct is very large, even when the various faces of the sec 
tion have approximately identical surfaces (square 
crosssection, for example), meaning that a large pro 
portion of the metal remains in the molten state, 
thereby exerting a considerable static pressure on the 
solidi?ed shell of the cast section. 
The inventors have found a solution to these difficul 

ties by arranging inside the dynamic air lock a train of 
guide roller assemblies which are designed to support 
and accurately guide the cast product in the air lock. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further characteristics and advantages of the inven 
tion will become apparent from the following descrip 
tion of two embodiments, given by way of example, 
when taken together with the accompanying drawings, 
wherein: 
FIG. 1 represents, schematically, an apparatus of the 

present invention for the continuous casting of metals 
under vacuum; 
FIG. 1A represents, schematically, in a vertical cros 

ssection, a slab passing through the dynamic air lock of 
the apparatus of FIG. 1; 
FIG. 2 represents an elevational side view, in partial 

cross-section, of the air lock of FIG. IA; 
FIG. 3 represents a horizontal cross-section of an air 

lock with a rigid support structure; 
FIG. 4 shows in an elevational side view an air lock 

for a square section of large dimensions; 
FIG. 5 represents a horizontal cross-section of the air 

lock shown in FIG. 4; 
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FIG. 6 represents, schematically, an apparatus of the 
present invention for horizontal casting; and 
FIG. 7 represents, schematically, an apparatus of the 

present invention for use where the ingot mold itself is 
curved. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

As shown in FIG. 1, a continuous casting apparatus 
of the present invention comprises a vacuum chamber 
100, having located therein a tundish 101 acting as a 
reservoir for the molten metal 103. In the lower portion 
of the tundish 101 is located a stopper rod 102 which 
controls the flow of molten metal from said tundish 
through a tap holevalve 104, operably connected to a 
tap hole 105, and is controlled very precisely by a me 
chanical device operated by a servo-mechanism 111. 
Beneath tundish 101 is a funnel 106 which receives 

the molten metal ?owing from the tundish 101 through 
the tap hole 105 and pours the same uniformly into an 
ingot mold 125 adapted to shape the molten metal 
?owing therein. Ingot mold 125 is interchangeable and 
of a known type; its internal portion is cylindrical and 
has a cross-section substantially equal to that of an 
ingot 107 to be cast, taking into account the shrinkage 
of the solidifying and cooling metal. The internal por 
tion of the ingot mold may also be slightly tapering 
downwards by an angle of 1°-2°, so as to partly com 
pensate shrinkage and thus prevent too rapid impair 
ment of the thermal contact between the ingot and the 
mold. The ingot mold 125 is provided within its walls 
with a cooling circuit supplied by ducts 108 and 109 at 
an adjustable flow rate. A vibrating device, not shown 
in this ?gure, but of a known type, is adapted to recip 
rocate the ingot mold along its axes. 
Level sensing means 110 is connected to the top cy 

lindrical portion of the mold 125 and is further con 
nected to a servo-mechanism 111 which controls the 
stopper rod 102. The level of molten metal in the ingot 
mold 125 is thus controlled by the servo-mechanism 
which raises and lowers the stopper rod to open and 
close, respectively, the tap hole valve 104 in order to 
allow the molten metal to pass from the tundish 101 
through the tap hole 105 into the funnel and, thus, ?ll 
ing the ingot mold. 
Beneath the ingot mold is a dynamic air lock 112 

comprising a plurality of interconnected vacuum cham< 
bers 114, in which the vaccum is maintained by means 
of vacuum pump 115. The vacuum chambers are sepa 
rated one from another by means of diaphragm walls 
117 having aligned apertures which permit passage of 
the cast metal from said ingot mold. Support rollers 
116 and 116', mounted on a shaft for rotation, are ar 
ranged in each vacuum chamber of the dynamic air 
lock 112 on opposing sides of the diaphragm wall aper 
ture for supporting and centering the cast metal ingot 
in its passage through said diaphragm wall apertures. 
At the exit of the dynamic air lock 112, the metal 

ingot 113 is driven through a water spray means 118, 
whereby it is cooled and hardened, and then it is 
gripped by roller sets 120, 120', 121, and 121' acting 
to guide it and to withdraw from the dynamic air lock. 
The liquid level detection means 110 is of a known 

type, and may include, for example, a Geiger counter 
probe which is connected electrically through a Geiger 

, counter circuit to servo-mechanism 1 11, as indicated in 

FIG. 1. 
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4 
The vibrating ingot mold also is of a known type, 

which may include a cam, driven by an electric motor, 
that imparts a reciprocating, axial moinm to the ingot 
mold by means of connecting rods attached to the ingot 
mold. 
As can be seen in FIG. 1A, an ingot 1 o. rectangular 

crosssection is shown passing through the dynamic air 
lock of this invention, having three vacuum chambers, 
the ingot being supported by means of three roller as 
semblies of at least two rollers each, the rollers 2 and 
2' being located inside the bottom chamber 5, the rol 
lers 3 and 3' being located inside the median chamber 
6, and the rollers 4 and 4' being located inside the top 
chamber 7. A diaphragm wall 8 separates the inside of 
the chamber 5 from the atmosphere. Between the 
chambers 5 and 6 is another diaphragm 9, and a similar 
diaphragm 10 is arranged between the chambers 6 and 
7. The chamber 7, in turn, is separated from the ingot 
mold by a diaphragm 11. 
The various roller assemblies directly contact the so 

lidi?ed shell of the ingot which is still at a high tempera 
ture. For this reason, it is absolutely necessary to pro 
vide effective cooling for these rollers. In the embodi 
ment shown, the cooling is obtained by providing inside 
the cylindrical roller a water intake through an axial 
channel 12 which leads inside the roller through a hol 
low shaft. This channel leads to a plurality of radial 
channels, followed by peripheral channels 13 which are 
arranged parallel to the roller axis and in close proxim 
ity to its periphery. The water is collected at the other 
extremity of the roller in an axial channel inside the 
hollow shaft, the intake and outlet channels being gen 
erally symmetric with respect to the shaft. The various 
diaphragm walls which are subjected to intense heat ra 
diation are likewise cooled via ?ow channels such as 
the channel 14, for example. 
FIG. 2 shows the air lock of FIG. 1A in a side view, 

portions thereof being shown in cross-section. In it is 
shown, at 16, a channel for the cooling of the air lock 
housing. A gasket 17 provides for sealing ’ ween the 
vacuum chambers 5 and 6. The ?gure also siiows a por 
tion of the roller 2 as well as the large face 15 of the 
ingot 1. 
FIG. 3 illustrates additional characteristic details of 

the air lock as required in the case when an ingot of 
large cross-section is cast. In such a case, a rather high 
static pressure is exerted inside the solid shell of the in 
got. These forces tend to deform the ingot and they 
must be opposed by correspondingly high pressures ex 
erted on the support rollers. This condition may neces 
sitate considerable reinforcements on the structure of 
the air lock. In the example of the embodiment shown, 
two support beams 18 and 18' have been arranged at 
the level of each stage and facing the two large surfaces 
of the slab. The support beams 18 and 18' are linked 
by means of cross pieces 19, the outside beams 20 giv 
ing the whole structure additional rigidity. 
The air lock housing 21 of FIG. 3 further includes a 

certain number of characteristic elements: vacuum out 
lets 22 and 22', a system of cooling channels for the rol 
lers including an axial water intake 12, cooling chan 
nels as described further above, and an axial water out» 
let at 12’. At 24 is further shown a rotary vacuum seal 
for the shaft of roller 2. The air lock housing is further 
cooled by means of a water cooling system 25. Simi 
larly, the vacuum outlet 22 is provided with a cooling 
circuit 26. 
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A further important characteristic of the device is 
represented by means for controlling the pressure be 
tween the rollers and the ingot, such means including 
pressure screws 27 and 28 which bear on the shaft of 
one of the rollers and are adjustable through rotation, 
to permit adjustment of the pressure on the support rol 
ler, while producing a slight displacement of the roller 
axes. With this displacement, it is possible to compress 
the solidi?ed shell of the ingot, in order to maintain its 
dimensions just slightly below the dimension of the dia 
phragm aperture which is situated immediately down 
stream of the roller device. These adjustments also per 
mit re-centering of the cast piece relative to the dia 
phragm apertures. 
When it is desired to cast sections of a very large 

cross-section, it becomes necessary to exert pressure 
on all sides of the ingot regardless of its cross-sectional 
form. The FIGS. 4 and 5 illustrate such a case for the 
casting of an ingot of square cross~section. 

In FIG. 4 is shown a dynamic air lock comprising two 
chambers in superposition. At the bottom of the ?gure 
is shown the square ingot 42 exiting from the air lock. 
At 35 and 36 are shown the axes of the shafts carrying 
the rollers 31 and 32 (FIG. 5). At 43 is schematically 
indicated a portion of the intake conduit for the water 
which is to cool the roller 31. This intake conduit 43 
loads, via an elbow piece (not shown), to an axial chan 
nel in the hollow shaft of roller 21. Similarly, 44 indi 
cates the axial channel for the water supply to roller 32. 
The cooling circuit for the lower diaphragm is shown 
at 14. 

In FIG. 5 is shown a horizontal cross~section through 
one of the vacuum chambers of the air lock illustrated 
in FIG. 4. It shows two oppositely arranged pairs of sup~ 
port rollers 30 and 31, and 32 and 33, respectively. For 
reasons of structural arrangement, the axes 34 and 35 
of the rollers 30 and 31 are arranged at a level which 
is slightly higher than that of the axes 36 and 37 for the 
corresponding rollers 32 and 33. Like the earlier de 
scribed embodiment, this vacuum chamber comprises 
two vacuum outlets 38 and 38', as well as the necessary 
water supply channels described above. The various 
vacuum chambers are bolted on top of one another by 
means of screws indicated at 39. They are also centered 
relative to one another at 40 and 40' by means of 
matching cylindrical depressions and lugs arranged al 
ternately on adjacent vacuum chamber housing and di 
aphragm walls. A gasket 41 provides the seal between 
adjacent faces of the air lock. 

It should be understood that the air lock as shown in 
FIGS. 4 and 5 may be reinforced by exterior structural 
elements in a manner similar to that shown in FIG. 3. 
Likewise, the adjustment of the pressure and the cen 
tering of the ingot may be provided on any one or on 
both rollers by means of adjustment screws such as are 
shown at 27 and 28 in FIG. 3. Other known means may 
replace these adjustment screws, for example, an ec 
centric in combination with a counter-spring allowing 
?ne adjustment of the roller axes. 
The structure representing the various vacuum 

chambers of the dynamic air lock as described herein 
above is composed of identical elements, their assem 
bly being facilitated through the provision of gaskets 
and centering lugs. It is obvious that a dynamic air lock 
composed of identical elements which can be disassem 
bled is more economical in use in order to enable 
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6 
mounting, adjusting and cleaning operations than a 
similar device completely welded together. 

It is possible, furthermore, to use the device for con 
tinuous casting under vacuum, or under controlled at 
mosphere conditions, in an application for horizontal 
casting, such as shown in FIG. 6. 
The apparatus for continuous casting of metals in a 

horizontal manner, as can be seen in FIG. 6, includes 
a vacuum chamber 100, which has a tundish 101 lo 
cated therein containing molten metal. Stopper rod 
102 controlled by means of servo-mechanism 11] al 
lows the molten metal to pass through tap hole 105 
from the tundish into a funnel-like container 126. The 
container 126 is ?lled to a level determined by a liquid 
level detection sensing means 110 and has an opening 
near its bottom and at the side thereof for passing mol 
ten metal into a horizontally disposed vibrating ingot 
mold 125. The ingot mold is cooled, as well as vibrat 
ing, in the same manner as that described in FIG. 1. 
The cast metal ingot 107 passes from the ingot mold in 
a horizontal direction out of the vaccum chamber into 
a dynamic air lock 112, such as described in FIG. 1. 
Also, the produced ingot may be curved after leaving 

the ingot mold, or the ingot mold itself may be curved. 
The former device is fully suitable for use in the latter 
application. In this case, it is merely necessary to give 
the air lock a shape that corresponds to the curved 
strand making sure that the diaphragm walls are per 
pendicular to the surface of the metal at the points of 
air restriction in the vacuum chambers. As can be seen 
in FIG. 7, the apparatus, similar to that of FIG. 1, in 
cludes a vacuum chamber 100, with a tundish 101, con 
taining molten metal, said molten metal passing 
through tap hole 105 upon the release of tap hole valve 
104 when stopper rod 102 is raised by the action of ser 
vo-mechanism 111 into funnel 106. The molten metal 
passes from the funnel into vibrating ingot mold 125 
which, as shown in FIG. 7, is curved. A curved ingot is 
produced and passes into a similarly curved dynamic 
air lock 140, which is of the type of the present inven 
tion, and then may be further curved by means of de 
?ecting and withdrawal rollers 145, 145’ and 146, 
146'. 
The dynamic air lock arrangement may be used with 

continuous casting equipment which includes a tundish 
for molten metal maintained under vacuum, or a con 
trolled atmosphere, having a vibrating, interchangeable 
ingot-mold equipped with a water cooling system and 
including a level detecting device and a device to main 
tain constant the static pressure in the metal which ex 
ists at the level of the air lock by adjusting the level of 
molten metal in the ingot mold in response to the out 
put from the level detector, so as to maintain within a 
predetermined tolerance the difference obtained be 
tween the cross-section of the cast product and the dia 
phragm aperture of the air lock arrangement. 
What we claim is: 
1. In a device for the continuous casting of metals or 

metal alloy materials under vacuum, or under a con 
trolled atmosphere, where degasing of the materials is 
required and/or the materials react easily with the sur 
rounding air when they are hot, including a tundish for 
molten metal which is maintained under a vacuum, or 
under a controlled atmosphere; and interchangeable 
ingot mold associated with said tundish and equipped 
with a water cooling system and a level detecting de 
vice for detecting the level of molten metal in said 
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mold; a dynamic air lock comprising a plurality of in 
terconnected vacuum chambers whose inside pressures 
are reduced by means of a large capacity vacuum 
pump, the vacuum chambers being separated from one 
another by means of diaphragm walls having aligned 
apertures to permit passage of material from said mold, 
and support rollers mounted for rotation on shafts ar 
ranged in each vacuum chamber of the dynamic air 
lock on opposing sides of said diaphragm wall aper 
tures, cooling means for cooling said support rollers 
and centering means for adjusting the position of said 
rollers to center said material with respect to said dia 
phragm wall apertures; a water spray means arranged 
at the outside of the dynamic air lock; and means for 
maintaining constant the static pressure in the metal 
which exists at the level of the dynamic air lock by ad 
justing the level of molten metal in the ingot mold in re 
sponse to the output from said level detector, so as to 
maintain within a predetermined tolerance the differ 
ence obtained between the cross-section of the cast 
product and the diaphragm wall apertures. 

2. The device of claim 1, wherein said cooling means 
for the support rollers includes a water circulation sys 
tem, having a water passage entering through a hollow 
shaft of the support rollers and extending radially to 
ward the roller periphery, and parallel to the axis of the 
rollers through a plurality of peripheral channels, and 
returning at the exit side to a single axial exit channel. 

3. The device of claim 1, wherein said centering 
means includes pressure screws adjustable through ro 
tation which exert pressure on the shaft of said rollers, 
thus affecting a displacement of small amplitude of the 
shaft in its support. 

4. The device of claim 3, wherein said dynamic air 
lock comprises an assembly of removable vacuum 
chambers, each chamber having sealing gaskets and 
centering means, the air lock further including at least 
one roller assembly. 

5. The device of claim 1, wherein the cast product is 
curved at the exit of the ingot mold, and wherein the 
diaphragm walls of the vacuum chambers in the dy 
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namic air lock are respectively perpendicular to the 
surface of the cast product at the point of the aperture 
in said diaphragm walls. 

6. A dynamic air lock for use in a device for the con 
tinuous casting of metals and metal alloy materials 
under a vacuum, or under a controlled atmosphere, 
where degasing of the materials is required and/or the 
materials react easily with the surrounding air when 
they are hot, comprising a plurality of interconnected 
vacuum chambers whose inside pressures are reduced 
by means of a large capacity vacuum pump, diaphragm 
walls having aligned apertures therein for separating 
said vacuum chambers from one another, roller means 
mounted for rotation on shafts in each vacuum cham 
ber on opposed sides of said diaphragm wall apertures 
for supporting and centering a cast metal product pass 
ing through the diaphragm wall apertures of said vac 
uum chambers, and cooling means for cooling said rol 
ler means, said cooling means including a water circu 
lation system, having a water passage entering through 
a hollow shaft supporting said roller means and extend 
ing radially toward the roller periphery, and parallel to 
the axis of the roller through a plurality of peripheral 
channels, and returning at an exit side to a single axial 
exit channel. 

7. The dynamic air lock of claim 6, wherein centering 
means are provided for centering the rollers about the 
aligned apertures on each diaphragm wall. 

8. The dynamic air lock of claim 7, wherein said cen 
tering means includes pressure screws adjustable to ro 
tation which exert pressure on the shaft of the roller 
means, thus affecting a displacement of small ampli~ 
tude of the shaft in its support. 

9. The dynamic air lock of claim 6, wherein the plu 
rality of vacuum chambers are removable from one an 
other, each chamber having sealing gaskets and center 
ing means, and including at least one roller means. 

10. The device of claim 1, wherein said ingot mold 
vibrates along its axis. 

* i ii! * it 


