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The invention relates to continuous casting, and relates 
more particularly to methods of and machines for deflect 
ing towards the horizontal a continuously cast descending 
billet. 

It is well known to use in continuous casting smooth 
molds and to deflect the billet that emerges downwardly 
from the mold by sideward deformation, and to bend the 
billet straight after the deflection into the horizontal, 
throughout the arcuate path, has been completed. 

It is furthermore known to utilize curved molds, for 
the continuous casting of steel and metals, to shift the 
descending billet to the horizontal plane at a lower re 
quired plant height. 

It has furthermore been proposed to straighten the 
billets after they have run through a curved path that is 
formed along the periphery of a circle along one-fourth 
of the entire periphery. 

Reference is had to the application Speith et al., Ser. 
No. 319,004, filed Oct. 25, 1963, now abandoned, in which 
the instant two applicants were joined by a third. 

In practice, for the sake of the quality of the billets, 
the aforesaid methods require, or at least favor, to deform, 
namely to bend and thereafter to straighten the billet only 
after the core of the billet is no longer liquid and the billet 
thus throughout its thickness has completely been 
solidified. 

In dimensioning a continuous casting plant of this type, 
the height and the curvature of the deflecting path is a 
function of the time required for solidification of the 
billet and of the casting speed for the desired casting 
cross section. 
The transport rolls, the cutters and the straightening 

devices usually are disposed at a point that is beyond the 
reach of any liquid portion of the core at any possible 
casting speed for that machine. Similarly, at arcuate cast 
ing machines where the billet passes through a circular 
arc, which is characterized by the selection of such a 
Small radius of curvature that the liquid core projects 
past the one-fourth of the entire periphery of the circular 
arc into the horizontal, the transport rolls and cutters are 
also arranged only at a point where the billet is through 
out its thickness completely solidified. The straightening 
devices, however, exert their deformation forces at a 
point of the billet where the billet is only partially solidi 
fied on the interior. This has the disadvantage that the 
solidification of the billet is constantly being disturbed, 
and as this deformation surpasses a tolerable limit of the 
partially solidified billet, there sometimes result damages 
to the billet, for instance in the form of breaks. This 
disadvantageous tendency is aggravated by the fact that 
in changing from a curved section into a straight hori 
zontal section, the billet is subjected throughout a very 
short zone to the deformation forces of the straightening 
device; in other words, the necessary straightening of the 
billet will suddenly in full force be applied practically in 
a single cross-sectional plane. 

Furthermore, there are continuous casting machines 
known in which the metal is cast in straight smooth molds, 
and the billet thereafter is bent sidewardly away from 
the mold, and transport rolls are arranged near the lead 
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ing point of the Sump of the billet. This method of the 
prior art proposes to maintain small the degree of deform 
ing during bending by making the radius of curvature 
large enough so as to be at least thirty times the width 
of the billet. This method, of course, requires large radii 
of curvature, and accordingly leads to great heights of 
plants. Furthermore, this method is not usable for all 
steel qualities. 

It is accordingly among the objects of the invention to 
avoid the drawbacks of the prior art and to provide im 
proved methods and means for the controlled curving 
and straightening of continuously cast billets. 

It is a further object of the invention to provide for 
casting of billets free from breaks. 

It is another object of the invention to provide for 
continuous casting of metal billets at low height of plant. 

It is still another object of the invention to provide 
for continuous casting of metal billets dispensing with 
the need for costly straightening devices. 
With the above and other objects of the invention in 

view, the invention consists in the novel methods, con 
struction, arrangement and combination of various de 
vices, elements and parts, as set forth in the claims here 
of, certain embodiments of the same being illustrated in 
the accompanying drawings and described in the specifi 
cation. 
The instant invention provides for the continuous 

casting of a metal billet which is discharged from a mold 
downwardly in partially solidified form and the billet later 
on will be solidified completely at a distance from the 
mold; the deformation in accordance with the invention 
takes place already within the orbit of that part of the 
billet in which the core is still liquid, so that the billet is 
only partially solidified; for arcuate deflecting throughout 
an arc of 90 the instant invention provides for commenc 
ing the deformation already in the arc in such a manner 
that the rolls of the deflector mechanism, such as the de 
flector cage are not disposed along a single circular arc 
of steady radius but along a more complex curve. The rolls 
define a continuous curved path which is composed of 
continuous arcuate portions or arcuate segments that are 
formed each along a circular arc that is described each by 
a different radius; and the different radii stepwise increase 
or decrease proportionally, somewhat in the nature of an 
elliptic or parabolic segment. The radii thus change pro 
portionally with increasing distance of the path from the 
mold, but such proportional change need not be linearly 
proportional, but may be proportional in accordance with 
a different and more complex mathematical relationship, 
and includes direct proportionality as well an inverse pro 
portionality. Putting it differently, the path proceeds along 
a continuous curve, but the successive portions thereof 
are circular arcs formed by different describing radii, 
and the radii change "proportionally' successively as one 
proceeds along the curved path. 

In an arcuate casting device the selection of the succes 
sive radii depends, of course, from the radius of curvature 
of the curved mold. 
The deforming, namely stressing or swaging must, how 

ever, not surpass a harmless degree. By providing a fairly 
large amount of small deformation steps, the instant inven 
tion accomplishes a total deformation of the billet deflect 
ing it into the horizontal within a wide range, and yet all 
damage to the core is avoided although the deformation 
takes place at points of the billet which are not com 
pletely solidified. The degree of deformation for each step 
preferably should be the same, but may vary among the 
steps. 
The deformation of a billet upon bending for curving 

and, respectively, upon straightening involves stressing 
and, respectively, Swaging of the most-deformed fiber as 
compared to the neutral fiber of constant length. This de 
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formation may be expressed in percent of the change in 
length. Even though in the ensuing description it will be 
assumed that the neutral fiber even in billets which are 
only partially solidified, coincides with the longitudinal 
axis of the billet, and the most-deformed fiber is the outer 
most fiber, all the following explanations will be valid for 
the actual position of the neutral and the critically de 
formed fiber of the billet. The term “billet' as used here 
in includes strands of circular, square and rectangular 
cross section. 
A billet that is formed in a straight vertical mold, and 

continues thence on a straight vertical path of solidification 
is, of course, not subjected to any deformation. The same 
can be said about a billet that is formed in an arcuate mold 
and continues thence in a circular peripheral path of solid 
ification, which path is described by the same radius as 
that of the arcuate mold. Deformation occurs only during 
bending upon transition from a straight path into an 
arcuate path and, vice versa, during rectification or 
straightening of the same billet, and also during transition 
of the billet from an arcuate path with one radius into 
other arcuate paths with different radii. 
Where there is a good cradling of the billet by means of 

a deflector mechanism, such as a deflector cage with de 
flector rolls with the rolls arranged closely together, the 
deformations of the billet will be restricted to a short de 
formation zone which is related to the mutual distance 
of the pairs of deformation rolls. The restrictions to short 
deformation zones are rendered possible by the relatively 
slow billet speed upon high recrystallization speed. 

In such a situation it would be possible, even for use 
with thick billets which are cast in an arcuate mold, to 
provide a small circular arc which would lead directly 
into a straight horizontal path without any intermediate 
step; this, however, would lead to a deformation that 
Would be strongly damaging to the material. These 
damages may, on the other hand, be avoided by the pro 
vision of a stepwise continuous transition from the cir 
cular arc of smallest radius into arcs with increasing radii 
and hence of small deformation between the steps. In this 
manner it is possible, in accordance with the invention, to 
deflect even thick billets from a vertical or arcuate or in 
clined mold into the horizontal or oblique position within 
a curved path of a hitherto unattainable smallness and a 
considerable saving of space and height of plant. 
The foregoing and other objects of the invention will be 

best understood from the following description of exempli 
fications thereof, reference being had to the accompanying 
drawings, wherein: 

FIG. 1 is a schematic elevational view, partly in sec 
tion; and 

FIG. 2 is a schematic elevational view showing a series 
of interrelated diagrams. 

In carrying the invention into effect in the embodiments 
which have been selected for illustration in the accompany 
ing drawings and for description in this specification, and 
referring now particularly to FIG. 1, there is provided 
a Schematically indicated arcuate mold with an arcuate 
path a-e for the billet of ellipsoid paraboloid shape. FIG. 
1 shows the construction of this path which is formed for 
example by rolls 11, and is composed of a series of succes 
sive continuous arcuate portions a-b, b-c, c-d and d-e, and 
each arcuate portion is formed along a circular arc that 
is described by a radius. The radii of the Succeeding ar 
cuate portions differ from each other. Thus, the path com 
mences at the mold with a circular arc of small radius 
a-, b-1, which may, as shown in FIG. 1, coincide with 
that of the mold. The circular arc runs from a to b periph 
erally about the same center 1, so that the billet will pro 
ceed from a to b without deformation. 
At b, the path proceeds from b to c as a circular arc 

with a radius b-2, c-2 about the center 2; the transition 
at the point b is continuous, with the tangents of the two 
radii b-1 and b-2 coinciding at b. The radius b-2 is 
larger than the radius b-1. 
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In a similar manner the path continues through the 

arcuate portion c-d with the increased radius C-3, con 
tinuously from b-c to c—d, and again in a similar manner 
through the arcuate portion d-e with the greatly increased 
radius d-4, continuously through the point d. The center i 
is disposed on the radius b-2, the center 2 on the radius 
c-3, and the center 3 on the radius d-4, so that there is 
smooth continuation owing to the coinciding of tangents 
not only as previously described at the point b, but also 
at the points c, d and e. The curvatures for the individual 
arcuate portions flatten out in the direction from a to e. 
The prolongation of the path from e to f is straight, sub 
stantially horizontal, and again at e there is a continuous 
transition. 
The billet proceeding from the mold to its horizontal 

section at e-f, thus starts with a small radius curvature 
and ends in a straight substantially horizontal path. 

If the path had been continued throughout one-fourth 
of a full circle with the radius a-1 about the center 1 
leading thereafter directly into the horizontal direction, 
the deformation for straightening would have been four 
times larger than the four individual deformations at the 
points b, c, d and e. 

In the examples set out below there are shown the cor 
relation between the thickness of billet, radius of curva 
ture, deformation of the billet and height of the plant. 
Reference is had to Table 1 below and item I of FIG, 2. 

EXAMPLE I 

Item I demonstrates the path of a billet O-a-b-c-d-e-f, 
from right to left with a radius RN of 3.00 m. as set out 
in the radius scale shown leftmost in FIG. 2, calibrated 
in meters. The increasing radii of the arcs a-b, b-c, c-d 
and d-e in accordance with Table 1 are 3.75, 5.00, 7.50, 
and 15.00 m., respectively. As the difference y in length 
of the Outer fiber of the billet at the inner side of the 
arc relative to the neutral fiber which is assumed to coin 
cide with the axis of the billet in the segment O-a amounts 
to 5%, at a-b to 4%, at b-c to 3%, at c-d to 2%, at de 
to 1%, and at the subsequent straight line e-famounts 
to 0%, there occur where the billet proceeds through the 
path I from O-f at each of the points a, b, c, d and e 
only Small individual partial deformations of the magni 
tude. Ay=1%. 

It will be noted that, depending on the circumstances, 
higher partial deformations up to about 4% may be se 
lected. The angles x of the circular arcs may be gleaned 
from Table 1. The sum of all the angles x amounts to 
90, when the billet has been deflected from the vertical 
head O to the horizontal foot e. 

If the length of the arcuate portions between a and e 
are selected at a length of only 4 m., which in this ex 
ample is twice the normal distance of about 200 mm. 
between pairs of deflector rolls in the cage, and if the 
initial arc O-a in accordance with its angle x of 74.7° 
Would have a length of about 3.9 m., then the length of 
the path for the billet between O and e amounts to merely 
5.5 m. and the difference in height between the top of 
the mold and the horizontal section of the path, as de 
fined by the transport rolls is approximately only 3.00 m. 

EXAMPLE II 

Another example is shown in item II of FIG. 2, ref. 
erence being had to Table 2. It illustrates the modification 
where a straight mold (instead of an arcuate mold) is 
being used. In this modification the same method may 
be used for bending the billet through small increments 
or partial deformations in each of a series of steps, though 
at first the Series is reversed in order to bring the billet 
stepwise onto a curvature of only 3.00 m.; thereafter, 
with the use of a continuous curved path of the aforesaid 
type the deflection to the horizontal is completed. 
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In order to avoid damage of the initially thin outer 
skin of the billet in the mold by upwardly directed re 
action forces when the billet proceeds in the curved 
stretch e'-a', the example item II provides, for the sake 
of Safety, for a straight stretch O'-e' of about 2.00 m. 
in which there occurs no deforming. 

It is, of course, possible to put instead the deformation 
stretch e'-a' immediately below the mold. 

In this example the distance between the upper edge 
of the mold and the horizontal section e-f of the path 
amounts to about 6.00 m.; and the partially solidified 
billet at each step is again deformed only for the small 
increment of 1%. This distance is still for about 2.00 m. 
smaller than a conventional peripheral path that extends 
throughout one-fourth of the periphery of an entire cir 
cle, shown in item III of FIG. 2 which illustrates a prior 
art device. The length of arc of that prior art path has 
been chosen in accordance with the greatest length of 
sump and where at the point a' there occurs the deflec 
tion from the peripherally curved portion of the path into 
the straight portion of the path at a deformation of 1.9% 
with the billet entirely solidified. 
At certain widths of billet, which may be entirely soli 

dified within the Zone of straightening, the prior art has 
taught that straightening may also be carried out in a 
single step. This prior art device is shown in item IV of 
FIG. 2. The difference in height between that prior art 
device, where the bending as well as the straightening oc 
curs with the billet completely in solidified state at a de 
formation of about 2.5% at the points a', and the cast 
ing machines items I and II of FIG. 2 is strikingly large. 
The height of machine plants in accordance with the in 
vention amounts to from about one-sixth to about one 
third of comparable installations of the prior art. 
The invention furthermore proposes to deform with 

rolls for bending or straightening, which rolls are not 
driven, so that the billet essentially will be drawn through 
the deflector mechanism, such as an adjustable deflector 
cage or the like; the main pull will be executed by the 
transport rolls although the deforming rolls may also 
be energized for aiding in an auxiliary manner the driv 
ing pull of the transport rolls. 

It is, however, possible to transfer, instead, the entire 
driving pull from the transport rolls to the deforming 
rolls. 

TABLE 1.-(FIG. 2, ITEM I) 

y, percent Ay, percent RN, m. X, deg. B, m. 

5 3.00 74.70 3.9 

4 3.75 6, 12 0.4 

3. 5.00 4.59 0.4 

2 7,50 3,06 0.4 

1. 15.00 1.53 0.4 

0 1. 0.00 

Sum------------------------------------------ 90, 00 5.5 

NUMERICALEXAMPLE FOR WIDTH OF DIAMETER OF 300 MM. 
y-Deviation of length of the deformation fiber from the neutral fiber 

of the billet in percent. 
Al-Deformation of the billet at the transition points between the 

arcuate portions, in percent. 
RN-Radius (neutral fiber) of the individual arcuate portions 

circular segments, illneters, - 
c-Angle of the individual arcuate portions in degrees. 
B-Rectified length of the individual arcuate portions in meters. 
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TABLE 2.-(FIG. 2, ITEM II) 

y, percent Ay, percent RN, m. a, deg. B, 

O 0.00 2.0 

1. 5.00 1.53 0.4 

2 7.50 3.06 0.4 
3. 5.00 4.59 0.4 

4. 1. 3.75 6.2 0.4 

5 3.00 59,40 3. 

4 I 3.75 6.2 0.4 

3 5.00 4.59 0.4 

2 7.50 3.06 0.4 

15.00 53 0.4 

O 1. 0.00 

Sum------------------------------------------ 90.00 8.3 

NUMERICALEXAMPLE FOR WIDTH OF DIAMETER OF 300 MIM. 
g-Deviation of length of the deformation fiber from the neutral fiber 

of the billet in percent. 
Ay-Deformation of the billet at the transition points between the 

arcuate portions, in percent. 
RN-Radius (neutral fiber) of the individual arcuate portions 

circular segments, in meters. 
ac-Angle of the individual arcuate portions in degrees. 
B-Rectified length of the individual arcuate portions in meters. 

We wish it to be understood that we do not desire 
to be limited to the exact details of construction shown 
and described, for obvious modifications will occur to a 
person skilled in the art. 

Having thus described the invention, what we claim as 
new and desire to be secured by Letters Patent, is as 
follows: 

1. A method of continuously casting metal bars in an 
open-ended, relatively highly curved mold, the bar leaving 
the mold being shifted into the horizontal along a curved 
path, said method comprising deforming the bar in a series 
of continuous steps commencing with the relatively high 
curvature of the mold, the amount of curvature being de 
creased in the following steps and the degree of straighten 
ing of any step being below any amount that may be 
damaging to the bar. 

2. In a method, as claimed in claim 1, the degree of 
deformation varying among the steps. 

3. In a continuous casting machine, the combination of 
a continuous open-ended relatively highly curved casting 
mold operable for discharging downwardly and sideward 
ly a partially solidified continuous metal billet, said billet 
solidifying completely at a distance from said mold, and 
means connected with relation to said mold and operable 
for deforming the descending billet in a series of continu 
ous steps deflecting it in said sideward direction towards 
the horizontal and defining a continuous path for said 
billet, said path commencing with the curvature of the 
mold and including a series of successive arcuate portions 
interconnected in continuous transition, each arcuate por 
tion being formed along a circular arc described by a 
radius, the radii of the succeeding arcuate portions differ 
ing from each other increasing proportionally successive 
ly with increasing distance of the path from the mold, 
whereby the amount of curvature is decreased in the suc 
cessive steps after the billet leaves the mold and the billet 
is being straightened gradually, said radii being so dimen 
sioned that the degree of straightening of any step being 
below any amount that may be damaging to the billet. 

(References on following page) 
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