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ABSTRACT OF THE DISCLOSURE 
What is disclosed herein is a method of hot-forming 

continuously cast aluminum or a similar cast metal com 
prising feeding the cast metal from a continuous casting 
machine through a series of roll stands with the cast metal 
always subjected to a lengthwise compressive force : be 
tween adjacent roll stands in spite of variations in the 
volume per unit of time of the cast metal resulting from 
the operating characteristics of the continuous casting 
machine. In each roll stand the cast metal is compressed 
to a smaller cross-sectional area and the lengthwise com 
pressive force to which the cast metal is subjected between 
all rol stands is achieved by always feeding the cast metal 
toward a rol 1 stand at a greater volume per unit of time 
than is required to adequately fill the space defined by 
the rolls of the roll stand but at not so great a volume 
per unit of time as to cause fins or cobbles. 

BACKGROUND OF THE INVENTION 
Field of the invention 

This invention relates to hot-forming a cast metal and 
more particularly, to a method of hot-rolling a cast metal 
passed to a rolling mill from a continuous casting ma 
chine by using a plurality of roll stands and in which the 
cast metal is always subjected to a limited lengthwise 
compressive force between adjacent roll stands. 

Prior art 

In the manufacture of metal rod from molten metal, 
a cast metal from a continuous casting machine is char 
acteristically processed through a series of roll stands 
which progressively reduce the cross-sectional area of 
the cast metal until the desired rod configuration is ob 
tained. Each roll stand is constructed so that the concave 
peripheries of two or more rolls are disposed about the 
path of the cast metal as the cast metal is passed through 
the roll stand, and the area defined by the peripheries 
of the rolls is smaller than the cross-sectional area of the 
cast metal as it enters the roll stand. The rolls of each 
roll stand are driven by a driving means at a predeter 
mined speed, but because of the reduction in cross-sec 
tional area of the cast metal in the roll stand, the linear 
velocity of the cast metal is higher when the cast metal 
leaves the roll stand than when the cast metal enters the 
roll stand. Thus, the rolls of each successive roll stand are 
driven at a higher speed than the rolls of the preceding 
roll stand. 
As the cast metal from a continuous casting machine 

is processed through the roll stands of a rolling mill as 
generally described above, lengthwise tensive or compres 
sive forces may be applied to those portions of the cast 
metal extending between adjacent roll stands. When one 
roll stand feeds the cast metal toward a subsequent roll 
stand at a volume per unit of time which tends to be 
greater than the subsequent roll stand is able to accept, 
a lengthwise compressive force is applied to the cast 
metal. When this lengthwise compressive force exceeds 
acceptable imits, it causes the subsequent roll stand to be 
excessively overfilled with cast metal so that the cast 
metal in passing through the subsequent roll stand is urged 

0) 

20 

2 5 

30 

3 5 

40 

2 
into gaps between adjacent rolls of the roll stand to form 
undesirable ribs or fins on the cast metal. When this 
lengthwise compressive force is excessive, the subsequent 
roll stand does not accept all of the cast metal being urged 
into it and a cobble is formed in the cast metal. This re 
quires that the mill be shut down until the cobble is re 
moved. 
A lengthwise tensive force is applied to the cast metal 

extending between adjacent roll stands when one roll 
stand feeds the cast metal at a volume per unit of time 
insufficient to adequately fill the space defined by the rolls 
in a subsequent roll stand so that the subsequent roll stand 
tends to pull the cast metal toward it. A lengthwise tensive 
force applied to the cast metal extending between ad 
jacent roll stands may result in stretching the cast metal 
so that it breaks or in improperly reducing the cross 
sectional area of the cast metal. 

These problems resulting from lengthwise tensive and 
compressive forces are particularly significant where the 
cast metal is a non-ferrous metal such as aluminum that 
is passed directly from a continuous casting machine to a 
rolling mill since the cast metal is relatively easy to cobble 
with a lengthwise compressive force or break with a 
lengthwise tensive force and since a continuous casting 
machine characteristically feeds cast metal to a rolling 
mill at various volumes per unit of time which tend to 
cause overfilling or underfilling of the roll stands and 
resulting compressive and tensive forces. Moreover, re 
gardless of the particular cast metal, another result of 
inadequately filling the space defined by the rolls of a 
roll stand in addition to a tensive force is that the cast 
metal is processed with a fiat side; that is, the cast metal 
Will not be formed with a shape corresponding to that 
defined by the rolls of the roll stand. 

SUMMARY OF THE INVENTION 
The invention disclosed herein comprises a method of 

hot-forming a cast metal fed from a continuous casting 
machine through a series of roll stands in which the cast 
metal between adjacent roll stands is always subjected to 
a limited lengthwise compressive force, the compressive 
force being applied to the cast metal regardless of varia 
tions in the volume per unit of time of the cast metal. 
Specifically, the invention includes feeding a cast metal in 
a predetermined range of volumes per unit of time from 
one roll stand to a subsequent roll stand so that the space 
defined by the rolls of the subsequent roll stand is always 
Sufficiently filled to subject the cast metal to a lengthwise 
compressive force but never becomes so excessively filled 
as to cause ribs or fins on the cast metal or the cobbling 
of the cast metal. 
Accordingly, it is an object of this invention to pro 

vide a method of hot-forming cast aluminum, or a similar 
metal without creating flats, fins or cobbles. 
Another object of this invention is to provide a method 

of hot-forming a cast metal through a plurality of roll 
stands wherein the cast metal is not subjected to a tensive 
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force. 
Another object of this invention is to provide a method 

of hot-forming a cast metal wherein the spaces defined by 
the rolls of the roll stands of a rolling mill are set prior 
to operating the rolling mill so that when the rolling mill 
is subsequently operated, only lengthwise compressive 
forces within an acceptable range are applied to the cast 
metal between the roll stands. 
Another object of this invention is to provide a method 

of hot-forming a cast metal through a plurality of roll 
stands, wherein the cast metal is worked to an optimum 
extent by the rolls of each roll stand. 
Another object of this invention is to provide a method 

of hot-forming a cast metal to achieve the foregoing and 
other objects where the cast metal is cast in a continuous 
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casting machine and is fed directly to a rolling mill at a 
hot-forming temperature and at various volumes per unit 
of time within the range of volumes. 
Other objects, features and advantages of the present 

invention will become apparent upon reading the follow 
ing specification, when taken in conjunction with the ac 
companying drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a schematic illustration of a continuous cast 
ing apparatus with which the method disclosed herein 
may be used, showing a cast bar as it is passed from a 
continuous casting machine through a series of roll stands 
in a rolling mill; 

FIG. 2 is a cross-sectional view of a cast bar as it is 
being hot-formed by the rolls of a roll stand having three 
rolls; 

FIG. 3 is a cross-sectional view of a cast bar after 
it has passed from the roll stand of FIG. 2 and is being 
hot-formed by a subsequent roll stand; 

FIG. 4 is a cross-sectionai view of a cast bar as it is 
being hot-formed by the rolls of a roll stand having two 
rolls; 

FIG. 5 is a cross-sectional view of a cast bar after it 
has passed from the roll stand of FIG. 4 and is being 
hot-formed by a subsequent roll stand; 

FIG. 6 is a cross-sectional view of a cast bar as it is 
being hot-formed in a roll stand, the cast bar being of 
smaller volume than that required to adequately fill the 
space defined by the rolls of the roll stand; 

FIG. 7 is a cross-sectional view of a cast bar as it is 
being hot-formed in a roll stand, the cast bar being of 
a volume so large as to excessively overfill the space de 
fined by the rolls of the roll stand; 

FIG. 8 is a partial side elevational view of the rolls 
of a roll stand, showing the manner.in which the working 
diameter of a roll is determined. 

DESCRIPTION OF THE EMBODIMENTS 

Referring now more particularly to the drawing, in 
which like numerals indicate like parts throughout the 
several views, FIG. 1 shows a continuous casting machine 
10 and a rolling mill 11. The continuous casting ma 
chine 10 serves as a casting means for solidifying a molten 
metal 12, such as molten aluminum poured from a pour 
ing spout 13 into the mold formed between a casting 
"wheel 14 and an endless band 15 extending along the 
periphery of the casting wheel 14. As the casting wheel 
14 and endless band 15 move in the direction indicated 
by arrow 16 to carry the molten metal through the ?ower 
segment of casting "wheel 14, the molten metal 12 is 
cooled and solidified into a cast bar 18. The endless band 
15 is positioned against the lower segment of casting 
wheel 14 by a plurality of idler wheels 17. After solidifica 
tion in the annular groove in the periphery of casting 
wheel 14, the cast bar 18 is directed away from the pe 
riphery of casting wheel 14 and passed directly to the 
rolling mill 11 at a hot-forming temperature. 
The rolling mill 11 comprises a plurality of roll stands 

20 disposed in alignment with one another. Roll stands 
20 each include a plurality of rolls which engage the cast 
bar 18. As is shown in FIGS. 2-5, the rolls of each roll 
stand 20 may be two or more in number and arranged 
diametrically opposite from one another (FIGS. 4 and 5) 
or arranged at equally spaced positions about the axis 
of movement of the cast bar 18 through the rolling mill 
11. The rolls of each roll stand 20 of the rolling mill 
11 are rotated at a predetermined speed by a power 
means such as one or more electric motors (not shown) 
and the casting wheel 14 is rotated at a speed generally 
determined by its operating characteristics. The rolling 
mill 11 serves to hot-form the cast bar 18 into a rod 21 
of a cross-sectional area substantially less than that of 
the cast bar 18 as it enters the rolling mill 11. 
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4 
As is shown in FIGS. 2 and 3, and in FIGS. 4 and 5, 

the peripheral surfaces of the rolls of adjacent roll stands 
in the rolling mill 11 change in configuration; that is, 
the cast bar 18 is engaged by the rolls of successive roll 
stands 20 , with surfaces of varying configuration, and 
from different directions. This varying surface engagement 
of the cast bar 18 in the roll stands 20 functions to knead 
or shape the metal in the cast bar 18 in such a manner 
that it is worked at each roll stand and also to simul 
taneously reduce and change the cross-sectional area of 
the cast bar 18 into that of the rod 21. 
As each roll stand 20 engages the cast bar 18, it is 

desirable that the cast bar 18 be received with sufficient 
volume per unit of time at the roll stand 20 for the cast 
bar 18 to generally fill the space defined by the rolls of 
the roll stand so that the rolls will be effective to work 
the metal in the cast bar 18. However, it is also desirable 
that the space defined by the rolls of each roll stand 20 
not be overfilled so that the cast bar 18 will not be forced 
into the gaps between the rolls. Thus, it is desirable that 
the rod be fed toward each roll stand 20 at a volume 
per unit of time which is sufficient to fill, but not over 
fill, the space defined by the rolls of the roll stand 20. 
As the cast bar 18 is received from the continuous 

casting machine 10, it usually has one large flat surface 
corresponding to the surface of endless band 15 and in 
wardly tapered side surfaces corresponding with the shape 
of the groove (not shown) in casting wheel 14. As cast 
bar 18 is compressed by the rolls 22 such as those shown 
in FIG. 2, the cast bar 18 is deformed so that it generally 
takes the cross-sectional shape defined by the adjacent 
peripheries of the rolls as shown in FIG. 2. The cast bar 
18 will be kneaded or worked and its surfaces will con 
form to the surfaces 30 of V-shaped grooves 25. If the 
volume of the cast bar 18 fed to the roll stand is adequate 
generally to fill the space defined by the rolls 22, voids 
27 will be defined between the cast bar 18 and the cen 
tral recesses 26 of each roll 22, and voids 23 will be de 
fined between the cast bar 18 and the portions of the 
surfaces 30 adjacent the fiat peripheral surfaces 28 of the 
rolls. Generally, the voids 27 defined at the central re 
cesses 26 of the rolls 22 will be approximately equal in 
volume to the voids 23 defined adjacent the flat peripheral 
surfaces 28 between the surfaces 30 of the rolls and the 
cast bar 18. Thus, each surface 30 of each roll generally 
has an area of contact 31 with the cast bar 18 extending 
only over a central portion of each surface 30 when the 
space defined by the rolls has been adequately filled with 
the cast bar 18. 
As is shown in FIG. 3, the roll stand subsequent to the 

roll stand of FIG. 2 generally has rolls 32 disposed at 120 
degree intervals about the axis of movement 29 of the 
cast bar 18, but oriented 60 degrees around the axis 29 
from the rolls 22 of FIG. 2. Also, rolls 32 are formed 
With concave surfaces 35 which change the cross-section 
al shape of the cast bar 18 into the shape of a triangle 
with convex sides. While rolls 32 of FIG. 3 do not define 
a central recess such as central recess 26 of the rolls 22 
of FIG. 2, small voids 37 are defined between adjacent 
rolls 32, similar to the voids 23 defined by rolls 22 of 
FIG. 2. M 

If the rolling mill 11 utilizes only two rolls at each 
roli stand 20, as shown in FIGS. 4 and 5, the peripheral 
surfaces of the rolls are constructed usually with alter 
nately V-shaped and concave grooves. As is shown in 
FIG. 4, rolls 38 define V-shaped grooves 40, the legs of 
the V being angled at approximately 90 degrees. Each 
roll 38 defines a central recess 41 at the center of its V 
and fiat peripheral surfaces 42 on each side of its groove 
40. When a cast bar 18 of a volume adequate to fill the 
space defined by the rolls 38 is received by the roll stand, 
Small voids 43 and 43a are defined between the cast bar 
18 and those portions of the working surfaces 44 of the 
rolls 38 which are adjacent the central recesses 41 and 
the flat peripheral surfaces 42. Thus, the working sur 
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faces 44 of each V-shaped groove 40 provide areas of 
contact 45 with the cast bar 18 which are bounded by 
voids 43 and 43a. As is shown in FIG. 5, the roll stand 
which is usually subsequent to the roll stand shown in 
FIG. 4 works the cast bar 18 from sides opposite to 
the sides of the cast bar 18 engaged by the roll stand 
of FIG. 4 with rolls 39 disposed 90 degrees about the 
cast bar 18 from the rolls 38 of the previous roll stand. 
The concave surfaces 46 of the rolls 39 generally engage 
the cast bar 18 throughout their center areas, while voids 
47 are defined toward the sides of rolls 39. 
As is shown in FIG. 6, when the space defined by the 

rolls of a roll stand is not adequately filled with a cast 
bar: 18 the cast bar 18 is reshaped by compression only 
to conform with the limited portions of the rolls which 
engage the cast bar 18; that is, a portion of the cast bar 
18 received by a roll stand 20 will not be compressed 
and a flat 50 or other flaw will be created in the cast 
bar 18. Moreover, a roll stand 20 which is not adequately 
filled with a cast bar 18 is not effective to properly work 
the cast bar 18. Furthermore, the rolls of a roll stand 20 
are driven at a speed to hot-form a particular volume per 
unit of time and an inadequately filled roll stand such 
as that shown in FIG. 6 will tend to pull additional cast 
bar 18 into the roll stand, thus applying a tensive force 
to the cast bar 18 between the inadequately filled roll 
stand and the preceding roll stand. 
As is shown in FIG. 7, when the space defined by the 

rolls of a roll stand 20 is excessively overfilled with a 
cast bar 18, the cast bar 18 will entirely fill the space 
in the roll stand, including voids 23, 27, 37, 43 or 43a 
described above and fins or ribs 51 will be formed on the 
cast bar 18 in the voids. Of course, further overfilling the 
space defined by the rolls may result in an excessive com 
pressive force being applied to the cast bar 18 and in a 
cobble requiring the shut-down of the rolling mill 11. 

In order to avoid the situations shown in FIGS. 6 and 
7 with roll stands 20 Such as those shown in FIGS. 2-5, 
it is necessary to provide an acceptable range of volumes 
per unit of time of the cast bar 18 to each roll stand 
20 of a rolling mill 11. This acceptable range should 
serve to apply a lengthwise compressive force to the 
cast bar 18 as it passes between adjacent roll stands; 
however, the amount of compressive force should be 
limited so as never to be so great as to cause the cast bar 
18 to excessively overfill the space defined by the rolls of 
a roll stand 20 and create fins or cobbles. 

In providing an acceptable range of volumes per unit 
of time of the cast bar 18, it is desirable to control the 
volume per unit of time of the cast bar 18 passing be 
tween adjacent roll stands 20 in terms of the ratio of 
the bar volume of the cast bar 18 leaving a roll stand 
per unit of time to a stand volume that expresses the 
volume of the cast bar 18 which will pass through the 
roli stand per the same unit of time without a tensive 
or compressive force being applied to cast bar 18 between 
the roll stand and the preceding roll stand. This ratio 
multiplied by 100 from convenience of expression rela 
tive to 100 provides a mill constant by which bar vol 
ume and stand volume are related and with which an ac 
ceptable range of volumes per unit of time of the cast bar 
18 to be fed to each roll stand 20 of a rolling mill 11 
is conveniently defined. 
The stand volume indicative of the cast bar 18 which 

can be hot-formed by a roll stand while applying no ten 
sive or compression forces to the cast bar 18 as it is fed 
from the preceding roll stand can be computed by the 
following formula: 

SV= r.p.m. XWC XSA (1) 
where SV equals stand volume, r.p.m. equals revolutions 
per minute of the rolls of the roll stand, WC equals 
working circumference of the rolls of the roll stand, and 
SA is the stand area or the minimum cross-sectional area 
of the cast bar 18 required to adequately fill the space 
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6 
defined by the rolls of the roll stand as measured by the 
area of a circle 55 perpendicular to the axis 29 and in 
scribed within and engaging the rolls of the roll stand. 
The stand volume is conveniently computed in cubic feet 
per minute. The working circumference is the circum 
ference of a roll where the circle 55 touches the roll 
and is estimated for rolls in each roll stand 20 by the 
following formula, and as illustrated in FIG. 8: 

WVC = TTX ID-—2(b-c cos A) (2) 
where WC equals working circumference of a roll, D 
equals the outside diameter of the roll, b equals the 
distance from the center of the central recess 26 of the 
roll to the center of the circle 55 inscribed within the 
rolls of the roll stand, c equals the radius of the circle 
55 extending to the point of contact of the circle 55 with 
the roll, and A equals the angle in degrees inscribed 
between b and c. When rolls of the type shown in FIG. 2 
are utilized in a roll stand 23, each of the rolls has a 
V-shaped groove with 120 degrees inscribed between the 
sides of the groove and A equals 30 degrees. 
The bar volume of the cast bar 18 leaving a roll 

stand 20 per unit of time is computed by the following 
bar volume formula: 

BV=LFX BA (3) 

where BV equals bar volume, LF equals linear feet of 
the cast bar 18 per minute leaving the roll stand, and 
BA equals the cross-sectional area of the cast bar 18 
as it leaves the roll stand. 

It will be understood that the mill constant of a roll 
stand resulting from the ratio of the bar volume as de 
fined by Equation 3 to the stand volume as defined by 
Equation 1 indicates whether the space defined by the rolls 
of the roll stand is underfilled, overfilled, or excessively 
overfilled with the cast bar 18 relative to that filling of 
the roll stand corresponding to SA at which no tensive or 
compressive forces are applied to the cast bar 18 as it 
passes to the roll stand from the preceding roll stand. 
This is because a mill constant greater than 100 indi 
cates overfilling and a mill constant less than 100 indi 
cates underfilling relative to that filling of the space 
defined by the rolls of the roll stand corresponding to SA 
at which no tensive or compressive forces are applied to 
the cast bar 18 between the roll stand and the preceding 
roll stand. 
As previously explained, it is desirable to have a com 

pressive force applied to the cast bar 18 as it passes be 
tween adjacent roll stands 20. If the cast bar 18 is fed 
to a roll stand at a volume per unit of time in excess of 
the stand volume, the mill constant will be in excess of 
100 and, a compressive force will be applied to the cast 
bar 18 extending between that roll stand and the one 
preceding it. Thus, the situation of underfilling illus 
trated in FIG. 6, which creates a fiat or flattened area on 
the cast bar 18, or which applies a tensive force to the 
cast bar 18, is avoided. 

In providing a mill constant in excess of 100 at each 
roll stand in a rolling mill, the volume of the cast bar 18 
to be fed from the continuous casting machine 10 to 
the rolling mill 11 must be initially considered. This is 
because both the speed of the continuous casting ma 
chine 10 and the cross-sectional area of the cast bar 18 
as it passes from the continuous casting machine 10 vary 
within ranges characteristic of the particular casting ma 
chine 10 so that the volume of the cast bar 18 per unit 
of time entering the first roll stand of a rolling mill 11 
varies within a predetermined range of volumes. Thus, 
the stand area (SA) of the first roll stand must be se 
lected so that the stand volume SV of the first roll stand 
is less than the volume of the cast bar 18 per unit of 
time entering the roll stand throughout the range of 
volumes of the cast bar 18 provided by the operating 
characteristics of the casting machine 10. This results 
in the first roll stand always having a mill constant great 
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feeding a cast metal bar from a continuous casting ma 
chine to a series of roll stands, and 

compressing the cast metal bar at each successive roll 
stand to a smaller cross-sectional area while simul 
taneously feeding the cast metal bar into a successive 
roll stand with a preceding roll stand at a volume per 
unit of time which is other than that required to 
adequately fill a space defined by the rolls of said suc 
cessive roll stand. 

3. In a method of hot-forming a solid metal shape from 
a continuous casting machine, the step of applying a com 
pressive force to said solid metal shape by feeding the 
solid metal shape simultaneously from a first roll stand 
and into a succeeding roll stand at a volume per unit of 
time greater than the minimum capacity of said succeeding 
roll stand. 

4. In a method of hot-forming a solid metal shape from 
a continuous casting machine, the step of feeding the solid 
metal shape through a series of roll stands at a volume 
rate higher than each roll stand operates to normally 
accept, said solid metal shape being in at least two of 
said roll stands simultaneously. 

5. In a method of hot-forming a cast metal bar from 
a continuous casting machine, the step of passing the cast 
metal bar through a series of roll stands and maintaining 
the metal volume of the cast metal bar leaving each roll 
stand per unit of time above that predetermined minimum 
volume which will neither overfill nor underfill the next 
roll stand. 

6. The invention of claim 5 wherein the ratio of the 
metal volume to the minimum volume multiplied by 100 
is in a range between 100 and 125. 

7. The invention of claim 5 wherein the ratio of the 
metal volume to the minimum volume multiplied by 100 
is approximately 106. 

8. In a method of hot-forming a cast metal which is 
solidified in a casting means and which is subsequently 
passed to a hot-forming means at a hot-forming tempera 
ture and at a volume per unit of time that varies within 
a range of volumes, said hot-forming means including a 
plurality of roll stands each having a plurality of driven 
rolls defining a roll pass through which a particular volume 
per unit of time of said cast metal will pass without sub 
stantial tensive or compressive forces being applied to 
the said cast metal as said cast metal is fed to said roll pass, 
and said method including the step of feeding said cast 
metal from one roll stand to a subsequent roll stand at a 
volume per unit of time which is always greater than said 
particular volume per unit of time. 

10 
9. The method of claim 8 in which said particular 

volume per unit of time for each of said plurality of roll 
stands is defined by the formula: 

where SV is said particular volume per unit of time, r.p.m. 
is the revolutions per minute of said driven rolls, SA is the 
area of a circle inscribed within said driven rolls perpen 

10 

5 

20 

25 

30 

3 5 

40 

dicular to the axis of movement of said cast metal through 
said roll pass, and WC is the circumference of a driven 
roll where said circle contacts a surface of said driven roll. 

10. In a method of rolling a cast metal in a plurality 
of roll stands each having a roll pass defined by a plu 
rality of driven rolls and through which said cast metal 
passes along an axis of movement, the step of adjusting 
the area of each roll pass transverse to said axis so that 
the volume of cast metal per unit of time passing through 
said each roll pass as defined by the formula: 

is less than the volume of said cast metal leaving said roll 
pass as defined by the formula: 

where SV is said volume of cast metal per unit of time 
passing through said roll pass, r.p.m. is the revolutions per 
minute of said driven rolls, SA is the area of a circle 
inscribed within and touching said plurality of driven rolls 
perpendicular to said axis, WC is the circumference of a 
driven roll where said circle touches to a surface of said 
driven roll, BV is the volume of said cast metal leaving 
said roll pass, LF is the velocity in linear feet per minute 
of said cast metal leaving said roll pass, and BA is the 
cross-sectional area of said cast metal leaving said roll 
paSS. 
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