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57 ABS TRACT 
A high speed continuous casting apparatus and 
method wherein the method includes partially solidify 
ing a molten metal in a mold defined between the pe 
ripheral groove of a rotating casting wheel and a flexi 
ble band until the metal shrinks and draws away from 
the casting wheel, thereupon removing the band from 
the casting wheel and subsequently cooling the metal 
to complete its solidification. The apparatus includes 
the combination of a casting wheel having a peripheral 
groove with a portion of its length closed by an end 
less band to form a casting mold and an auxiliary cool 
ing means for cooling the metal to complete its solidi 
fication. This allows the casting wheel to be rotated at 
that rotational speed which causes the metal to pass 
from the casting wheel as, or shortly before or after, 
the metal shrinks away from the casting wheel, and as 
a result provides casting rates not achieved with prior 
art casting wheels. 

2 Claims, 7 Drawing Figures 
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HIGH SPEED CONTINUOUS 
CASTING 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This is a division of copending application Ser. No. 
821,299, filed May 2, 1969 now U.S. Pat. No. 
3,623,535. 

BACKGROUND OF THE INVENTION 
The continuous casting of molten metal in a periph 

eral groove around a rotating casting wheel is well 
known in the metal foundry art. In the casting of mol 
ten metal in a rotating casting wheel, it has been found 
that as the metal is cooled, it solidified in three distinct 
phases. The first phase begins when the metal is fed 
into the peripheral groove of the casting wheel and in 
cludes that portion of the casting process during which 
the metal is being cooled but is completely liquid within 
the casting wheel so as to be in complete contact with 
the casting wheel. The second phase is that portion of 
the casting process during which the continued cooling 
of the metal causes an outer crust of solidified metal to 
form adjacent the casting wheel but during which the 
metal is still in substantially complete contact with the 
casting wheel. The third phase is that portion of the 
casting process beginning generally at or near that 
point in the solidification of the molten metal at which 
the continued cooling of the metal and thickening of 
the outer crust of solidified metal cause the metal to 
shrink away from the casting wheel and is that portion 
during which an air gap forms between the metal and 
the casting wheel. 
The third solidification phase is the most trouble 

some in the casting of molten metal in a prior art rotat 
ing casting wheel since the air gap between the metal 
and the casting wheel greatly reduces the rate of heat 
transfer to the casting wheel from the metal during the 
final solidification of the metal. This is because the heat 
must be transferred from the cast metal to the casting 
wheel in the third solidification phase principally by ra 
diation through the air in the gap as well as by some di 
rect metal-to-metal conduction, rather than only by di 
rect metal-to-metal conduction as was the case in the 
first and second solidification phases. Of course, less 
heat can be transferred in a unit of time by radiation 
than by conduction at the same relative temperatures. 
In turn, the low rate of heat transfer during the third 

solidification phase in a casting wheel of the prior art 
limits the rotational speed of the casting wheel and the 
casting rate which can be achieved. The rotational 
speed of a prior casting wheel must be sufficiently slow 
to provide a sufficient dwell time of the metal in the 
third solidification phase for the metal to completely 
solidify in the casting wheel. 

SUMMARY OF THE INVENTION 
The invention disclosed herein overcomes these and 

other problems and disadvantages of prior art casting 
wheels by providing a casting method and a casting ap 
paratus wherein the metal is kept between the periph 
eral groove of a casting wheel and the flexible band 
covering the groove only during the first and second so 
lidification phases, and wherein the flexible band is re 
moved from the casting wheel to expose the metal for 
direct cooling during some or all of the third solidifi 
cation phase. This allows the rotational speed and 
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2 
therefore the casting rate of the casting wheel to be 
greatly increased since the effect of the air gap between 
the metal and casting wheel is eliminated and the metal 
is exposed for direct cooling. The method of the inven 
tion allows the rotational speed of the casting wheel to 
be such that the metal passes from the casting wheel at 
the beginning of or early in the third solidification 
phase and that an efficient rate of heat transfer be 
achieved during some or all of the third solidification 
phase. 
The apparatus of the invention includes a casting 

wheel having a peripheral groove with a portion of its 
length closed by a flexible band. In addition, the ap 
paratus includes a cooling device which receives the 
par-tially solidified metal from the casting wheel for 
cooling during some or all of the third solidification 
phase and which serves to finish solidifying the metal 
either in-ternally or externally of the casting wheel at 
a relatively high rate of heat transfer while at the same 
time supporting the metal in a manner that prevents 
breaks during the cooling process. This casting appara 
tus provides a casting rate which has not been achieved 
with prior art casting wheels. 
These and other features and advantages of the in 

vention will be more clearly understood upon consider 
ation of the following specification and accompanying 
drawing. 

BRIEF DESCRIPTION OF THE DRAWING 
FIG. 1 is a side elevational view of one embodiment 

of the invention; 
FIG. 2 is a cross-sectional view taken along line 2-2 

in FIG. 1; 
FIG. 3 is a schematic representation of a prior art 

casting wheel illustrating the three solidification phases 
during the continuous casting of a molten metal; 
FIG. 4 is a schematic representation of that embodi 

ment of the invention shown in FIG. 1 showing the 
three solidification phases therein: 
FIG. 5 is a side elevational view, similar to FIG. 1, but 

showing an alternate form of the invention; 
FIG. 6 is a schematic representation of that embodi 

ment of the invention shown in FIG.5; and, 
FIG. 7 is a graph illustrating the relationship between 

the heat transfer characteristics of a prior art casting 
wheel and of that embodiment of the invention shown 
in FIGS. 1 and 5. 
These figures and the following detailed description 

disclose specific embodiments of the invention; how 
ever, it is to be understood that the invention may be 
embodied in other forms. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now in more detail to the drawing, in which 
like numerals of reference illustrate like parts through 
out the several views, FIG. 1, shows casting wheel 10 
having an endless flexible band or belt 11 positioned 
against a portion of its periphery by three band support 
wheels 12, 14, and 15. The band support wheel 12 is 
positioned at that point on the casting wheel 10 
wherein molten metal is discharged by a pouring pot 16 
into a mold M formed by the band 11 and a peripheral 
groove G around the casting wheel 10. The band sup 
port wheel 15 is positioned tangentially outwardly from 
that point on the casting wheel 10 at which partially so 
lidified metal is discharged from the casting wheel 10. 
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Positioned outwardly of the band support wheel 15 
is an extended cooling section 18 which serves as a 
cooling means for receiving partially solidified metal 
from the casting wheel 10 and controls the cooling of 
the metal for the complete solidification thereof. The 
cooling section 18 includes a plurality of support rolls 
19 supported by frame 20 of the cooling section 18 and 
a plurality of manifolds 21 and 21", the manifolds 21 
being positioned above and below the path P of the 
metal through the cooling section 18 and the manifolds 
21' being positioned at the sides of the path P of the 
metal through the cooling section 18. 
Support rolls 19 may either be driven or non-driven 

since the incline of rolls 19 from the bottom of the cast 
ing wheel is gradual and in most situations, the longitu 
dinal compressive strength of the metal emerging from 
the casting wheel is sufficient to drive the metal up the 
incline without substantial hazard of the metal collaps 
ing. However, when it is desired to assist the movement 
of the metal up the incline of path P, rolls 19 can be 
positively driven. Axles 22 carrying the support rolls 19 
can each have a sprocket 23 mounted thereon for driv 
ing engagement with a chain and sprocket arrangement 
24 driven by a motor 25 as seen in FIG. 2. As seen in 
FIG. 1, the rolls 19 are rotated counterclockwise so 
that metal C resting thereon will be carried away from 
the casting wheel 10. A plurality of upper rolls 26 are 
mounted above the path of metal C through the cooling 
section 18 and are positionable to retain the metal in 
path P. Side guide walls 27 are positioned on opposite 
sides of path P and also serve to retain the metal in its 
path. 
Upper rolls 26 are rotatably mounted in a frame 28 

pivoted as at 29 so that they can be selectively raised 
from above the path of the metal or lowered into a posi 
tion above the path through an extension 30 connected 
to the extending end of a piston rod 31 slidably posi 
tioned by a fluid cylinder 32 carried by the frame 20. 
The cylinder 32 has a suitable control circuit T to selec 
tively extend and retract the rolls 26 as seen in FIG. 2. 
If it is desired to more positively drive the metal up the 
incline of path P with support rolls 19, cylinder 32 can 
be adjusted to move upper rolls 26 into engagement 
with the upper surface of the metal to urge the metal 
into more positive contact with support rolls 19. 
The manifolds 21 and 21' are so positioned that all 

sides of metal C are cooled and each manifold 21 21 
can be independently controlled through valves V1, 
V2, V3 and V4 to selectively control the cooling rate 
of each side of metal C. The cooling fluid is discharged 
on metal C through a plurality of conventional nozzles 
35. 
As metal C exits the cooling section 18, it passes to 

a rolling mill (not shown) or other subsequent process 
ing equipment. If desired, the metal can be received be 
tween a pair of pinch rolls 36 of conventional design to 
assist its movement. 
As is best shown in FIGS. 5 and 6, an alternate em 

bodiment of the invention is provided which includes 
casting wheel 40, flexible band 41, and band support 
wheels 42, 44, and 45. Pouring pot 46 is arranged to 
pour molten metal into the peripheral groove of casting 
wheel 40. The arrangement of casting wheel 40, band 
support wheels 42-45 and pouring pot 46 is similar to 
the arrangement of FIG. 1; however, the extended 
cooling section 18 of FIG. 1 is replaced by water spray 
manifold 48, and the cast bar C is allowed to remain in 
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4 
the casting wheel until it is extracted therefrom at the 
conventional position. Water spray manifold 48 is arcu 
ate and extends around the casting wheel from the posi 
tion where band 41 is removed from the peripheral 
groove of the casting wheel by support wheel 45, to the 
point of extraction of the cast bar C. Water spray mani 
fold 48 functions to spray water or some other coolant 
directly onto the surface of cast bar C as the cast bar 
approaches the point of extraction from casting wheel 
40. The cast bar is guided between pinch rolls 49 after 
it has been extracted from casting wheel 40, and is sub 
sequently guided to a rolling mill, or the like for further 
processing. Thus, the band arrangement shown in FIG. 
5 is similar to the arrangement of FIG. 1, but the par 
tially solidified cast bar emerging from band 41 is al 
lowed to remain in the casting wheel as it is further di 
rectly cooled by the water spray. 

OPERATION 

In operation it will be seen that casting is started in 
both embodiments of the invention by starting the rota 
tion of the casting wheel, the band support wheels and 
the flexible band in the known manner. The molten 
metal is then introduced into the casting mold M from 
the pouring pot whereupon the metal is cooled in the 
mold M by spraying the outside of the mold M from 
conventional spray assemblies S as seen in FIGS. 1 and 
5. As the molten metal moves with the mold M, it is 
cooled sufficiently during its first solidification phase to 
start partial solidification of the metal. This forms a 
crust of the metal adjacent the sides of the mold M 
while the metal in the center of the mold M is still unso 
lidified. This is best seen by reference to FIGS. 4 and 
6 wherein the mold M and the solidifying metal are 
shown schematically. 
This crust continues to thicken during the second so 

lidification phase and the rotational speed of the cast 
ing wheel is such that by the time the metal has reached 
the end of phase 2, the crust enclosing the molten cen 
ter is sufficiently thick to support the molten center 
without collapsing. 
As illustrated in the embodiment of FIGS. 1, 2, and 

4, the metal is discharged from the casting wheel 10 at 
or near the beginning of its third solidification phase, 
and is supported by the band 11 until it reaches support 
rolls 19 in cooling section 18. Upon entering the cool 
ing section 18, metal C is transported over support rolls 
19 to the pinch rolls 36. The manifolds 21 and 21" 
spray a conventional coolant between the support rolls 
and upper rolls and through the opening in guide walls 
27 onto the outside of metal C to finish the solidifi 
cation thereof while metal C is within the cooling sec 
tion 18. 
When the first portion of metal C is discharged from 

the casting wheel 10 during start-up of the casting oper 
ation, upper rolls 26 are lowered to a position above 
the upper surface of metal C by the cylinder 32 to in 
sure that support rolls 19 guide metal Cupwardly along 
the cooling section 18 until it passes through the pinch 
rolls 36. The casting process continues until the flow of 
molten metal into the casting mold M from the pouring 
pot 16 is stopped. 

Referring to FIG. 3 of the drawings, it will be seen 
that in a conventional casting wheel 10', the molten 
metal is poured into the mold M' in the casting wheel 
10'. Immediately after entering the mold M', the metal 
is cooled during its first phase of solidification by the 
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transfer of heat from the metal to the mold M'. Subse 
quently, the metal cools in its second phase of solidifi 
cation with a thin crust but with the metal still in sub 
stantially complete direct contact with the mold M'. 
When the crust of solidified metal becomes suffi 

ciently thick, metal draws away from the mold M' and 
the solidification of the metal enters its third phase. 
However, in the mold M" during the third phase, the 
gap G' formed between the mold M' and the metal C" 
greatly reduces the rate at which heat is transferred 
from the metal C" to the mold M'. This is shown by the 
graph of FIG. 5 wherein the rate of heat transfer to the 
mold M" during the solidification of the metal on the 
mold M' of a prior art casting wheel 10' is indicated by 
a dashed line. The greatly reduced cooling rate during 
the third phase of solidification characteristic of the 
mold M'limits the maximum speed of the casting wheel 
10' to that speed which insures that complete solidifi 
cation of metal C" takes place while metal C" is posi 
tioned within the mold M' of the casting wheel 10'. 

Referring to FIG. 4, the solidification phases of a 
metal being cast by the invention are illustrated sche 
matically showing that the metal is removed from the 
casting wheel 10 when the forming of the outer crust 
has reached that point at which the metal was shrunk 
and drawn away from the mold M. This point is or near 
the start of the third solidification phase and metal C 
still has a liquid core as indicated in FIG. 4 when it is 
discharged from the casting wheel 10. However, it will 
be seen that any conventional coolant may be passed 
over metal C to complete the solidification thereof at 
a much faster rate of heat transfer than any rate possi 
ble in the third phase in the conventional casting wheel 
10' illustrated in FIG. 3. 
The rate of heat transfer or cooling in the third phase 

of solidification by the invention relative cooling in the 
mold M' can be best seen by referring to FIG. 7 
wherein the solid line indicates that the rate of heat 
transfer by the invention in the third phase is much 
higher than that of a conventional casting wheel 10' as 
shown by the dashed line. Thus, it will now be under 
stood that the invention requires the operation of the 
casting machine C at a rotational speed which will re 
sult in the metal passing to the cooling section 18 at the 
beginning of or early in the third solidification phase. 
It will also be understood that this requirement pro 
vides greater casting rates than were possible with prior 
art casting wheels. It will be further understood that al 
though the cooling section 18 sprays a coolant onto 
metal C, other types of cooling may be utilized such as 
passing metal C through a tank filled with a coolant to 
cool the metal C. 
As illustrated in the embodiment of FIGS. 5 and 6, 

the partially solidified bar can remain in the casting 
wheel during the third phase of solidification. When 
flexible band 41 is removed from the periphery of the 
casting wheel, the partially solidified cast bar is ex 
posed, and coolant is sprayed from manifold 48 directly 
onto the outer surface of the cast bar. This direct cool 
ing is generally similar to the direct cooling which re 
sults in the embodiment of the invention shown in 
FIGS. 1, 2, and 4, except that the cast bar is completely 
solidified before it is extracted from the casting wheel. 
While the general concept of the invention includes 

directly cooling a partially solidified cast bar, the first 
embodiment of the invention shown in FIGS. 1, 2, and 
4 provides extracting the partially solidified bar from 
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6 
the casting wheel and completing the solidification of 
the bar as the bar moves away from the casting wheel, 
while the second embodiment of the invention shown 
in FIGS. 5 and 6 allows the partially solidified cast bar 
to remain in the casting wheel until it has been com 
pletely solidified. 
The first embodiment of the invention allows phase 

three of the cooling phases to be stretched out over an 
extended length, so that a coolant sprayed onto the sur 
face of the partially solidified cast bar can be sprayed 
onto all surfaces of the bar and adequate bar length is 
available for positive solidification. Furthermore, pha 
ses one and two of the cooling phases are not limited 
in their lengths by requiring that phase three be present 
in the casting wheel. The disadvantage of the first em 
bodiment of the invention might be that the partially 
solidified bar, which has a tubular shell, must be 
straightened as it passes from phase two into phase 
three. However, the bar cast in this manner so far has 
not been damaged. It is believed that the tubular shell 
remains relatively hot because of the presence of the 
inner core of molten metal as the bar is straightened, 
and the hot tubular shell remains relatively plastic and 
is able to straighten without fracture. This belief is sup 
ported by the fact that the bar virtually extracts itself 
from the casting wheel under its own weight and tends 
to “lay' onto the support rollers of cooling section 18. 
Thus, the weight of the bar is all the force required to 
extract the bar from the casting wheel. 
The second embodiment of the invention shown in 

FIGS. 5 and 6 does not bend the partially solidified cast 
bar, but waits until the bar is completely solid before it 
is straightened and extracted from the casting wheel. 
With this arrangement, the bar is not bent away or 
straightened from the casting wheel during a portion of 
its formation when its strength characteristics may be 
considered critical, or when only the tubular crust in 
phase 3 cooling has been formed. The full cross section 
of the bar will have been formed and the bar will have 
attained higher strength characteristics, even though it 
remains relatively hot at its point of extraction from the 
casting wheel and is flexible enough to straighten. A 
disadvantage of the arrangement of the second embodi 
ment of the invention which is not present in the first 
embodiment of the invention might be that phase three 
of the cooling phases is located entirely within the pe 
ripheral groove of the casting wheel, which might limit 
the speed of rotation of the casting wheel. Of course, 
even with this possible limitation the speed of rotation 
of the casting wheel of the second embodiment of the 
invention is much faster than that of the conventional 
casting wheel, as illustrated in FIG. 3. 

In the first embodiment of the invention, the molten - - - 
metal is poured into the arcuate mold at a high level 
and the metal is completely solidified before the molten 
core reaches a high level along the inclined path of sup 
port rollers 19. Thus, the molten core is always main 
tained under a high hydrostatic pressure, which is ef 
fective to reduce the frequency of voids or cavities ap 

65 

pearing in the cast bar. - 
Although specific embodiments of the invention have 

been disclosed herein in illustrating the invention, it is 
understood that the inventive concept is not limited 
thereto since it may be embodied in other forms with 
out departing from the scope thereofas set forth by the 
appended claims. 
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We claim: 
1. Apparatus for the continuous casting of molten 

metal comprising a rotatable casting wheel having ape 
ripheral casting groove formed therein, an endless flex 
ible band closing a portion of said groove to define a 
mold therewith, means for tangentially removing said 
band from said wheel at a given point after the molten 
metal has partially solidified to expose the outer sur 
face of the metal, means for maintaining the partially 
solidified metal in said groove for a predetermined arc 
of travel about said wheel from the point of band re 
moval to an extraction point, means disposed adjacent 
said wheel between said points of band removal and ex 
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8 
traction for applying fluid coolant directly on the ex 
posed outer surface of the metal in said groove for 
completing the solidification thereof, and wherein said 
means for applying fluid coolent includes an arcuate 
spray manifold adapted to emit a plurality of substan 
tially radially directed fluid jets against the outer sur 
face of the metal in said groove. 

2. Apparatus as defined in claim 1 wherein said 
means for tangentially removing said band from said 
wheel includes a band support wheel. 

k K. : x 


