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This invention relates to the production, direct 
ly from molten metal, of Warious metal shapes, 
and more particularly metal strip. The art has 
for many years sought ways and means for the 
manufacture of metal shapes, and particularly 
metal strip, directly from the molten metal, and 
I have personally contributed a number of proc 
esses that I have covered by patent. However, 
my present invention represents a considerable 
departure from earlier methods and apparatus. 
In my present invention, I depart from my 

earlier contributions to the art through the 
utilization of chilling Surfaces that are Slaaped 
relatively to one another in one particular zone 
So-as to contain a bath of molten metal, the chill 
ing surfaces moving into particular relationship 
beyond said bath of metal whereby to carry 
metal from the first zone and from the bath 
of metal into what I term a Second ZOne. As a 
particular feature of my invention, the bath of 
metalis formed through the shaping of a chilling 
surface that is preferably in the form of a band, 
and while this band is preferably continuous, it 
may be merely a long Strip. 
As a preferred form of the invention, I utilize 

spaced chilling surfaces in the form of upper 
and lower flexible bands, the bands containing 
in one zone of their travel the bath of metal, 
and moving preferably into substantially closer 
and parallel relationship in a Second Zone of 
travel. While moving to this Second Zone of their 
travel, the bands carry with them metail that is 
chiled and Solidified through contact With the 
bands, together with a quantity of molten metal 
moving between the chilled or Solidified parts of 
the metal, depending on the Spacing of the bands. 
In the second zone, means are provided for finally 
solidifying all of the metal and thereby producing 
the particular desired metallic shape, which in 
the preferred form of my invention is metal strip. 
In the carrying out of my invention, I utilize a 

number of important structural features that are 
part of the invention I have already described 
generally, and which are in themselves, quite 
important. Thus, as a particular feature of my 
invention, the travelling bands are maintained 
in a particular shape by the tensioning of the 
bands relatively to shaping means such as roll 
ers. It is in this manner that the bath of metal 
isformed, as will presently appear quite clearly. 

For a full understanding of this invention it 
is important to appreciate that a Spout which 
can continuously carry substantial amounts of 
molten metal. Such as steel, must be lined with 
refractory material and must be several inches 
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in height. Because the great tonnages of strip 
commercially used are A' thick or less, it is im 
possible therefore to use a spout to convey molten 
metal between cooling. Surfaces having a spacing 
even nearly approaching the thickness of the 
desired product. This is also true to a less: but 
nevertheless real extent in the fabrication of 
braSS, Copper and aluminum. 

It is also eSSential to have the incoming stream 
of metal from the spout enter a bath of metal 
rather than directly. Strike a cooling surface, in 
Order to contribute a quality: product. Without 
a bath of metal, the surface of the resulting 
product is spoiled by the irregular solidifying and 
Splattering of the metal, as will be appreciated by 
those skilled in the art. Furthermore, a high 
velocity stream that strikes directly a cooling sur 
face Will Scour and burn that surface and may 
even Weld thereto, whereas a bath of metal will 
accept and cushion the flow of metal and thereby 
help produce uniform and smoothly. Surfaced 
products while avoiding damage to the cooling 
Surfaces. As a feature of my invention, the 
cooling Surfaces formed by the bands. I prefer 
to use are Spaced and shaped to provide a bath 
of metal and room for the necessary spout. At 
the Same time, and as will be emphasized below, 
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the thickness of the metal bath at its side edges 
is never greater than the thickness of the edges 
of the final Strip turned out by my apparatus. 
In apparatus previously developed by me, large 

quantities of metal strip have been fabricated, 
but a most Serious limitation existed in the pro 
duction of alloy strip. This difficulty resulted 
because the considerable pressures required by 
prior art processes and machinery to make solid 
Strip caused excessive segregation of the alloy's 
constituents. Thus, it is well known that the 
constituents of alloys Solidify at different tem 
peratures. If no pressure is exerted on an alloy 
at the Solidifying temperature of the high melt 
ing point constituents, the lower melting point 
iconstituents will maintain the alloy in a “hot 
short' condition, and the strip will fall apart 
as it comes from the mill. On the other hand, 
if preSSure is exerted at the particular point, it 
will Squeeze out the unsolidified constituents, 
and these constituents will solidify in pockets to 
yield a non-uniform product. 
As a feature of my invention, I obviate these 

difficulties by producing a strictly caststrip with 
out external pressure. Thus, I provide a first 
Zone in which my cooling surfaces or bands move, 
and are shaped and guided to provide a space 
therebetween for a spout and a substantial bath, 

  

  



3 
and in which Zone the upper and lower Surfaces 
of the final metal strip are solidified. There 
is also provided a second Zone in which the cool 
ing surfaces or bands are brought into that 
Spaced relationship required by the finai product 
and before the metal of the central Section of the 
product has Solidified. I extend this Second ZOne 
for a predetermined distance to permit the final 
solidification of all the metal, including both the 
high and low melting point constituents present 
in the central portions of the strip, and before 
the strip emerges from the mill. This is all a,c- 
complished without pressure, thereby eliminating 
all segregation and producing, simultaneously a 
Solid strip. 
A bath of molten metal must be sealed at the 

edges thereof to contain the metal therein. 
Many efforts have been made to contain by side 
dams the edges of a metal bath while not cooling 
a greater thickness of metal at the Said edges 
than the thickness of the final product desired. 
However, so far as I am aware, none of these 
efforts have been successful. A greater thick 
ness of metal than desired is thus solidified in 
prior art mills because the sides of the bath of 
metal are of considerable area, and are in contact 
with dams of the same area that provide con 
siderably larger chilling surfaces than the edges 
of the strip being formed. Naturally, the excess 
of metal thus Solidified at the edges creates great 
difficulties. In this invention I have overcone 
these difficulties by the use of flexible cooling Sur 
faces that are shaped to contain the bath of 
metal, provide room for a spout, and yet limit the 
thickness of the metal at the side edges of the 3 
bath to a thickneSS not greater than the thick 
ness of the final product to be produced. 
As a further specific feature of this part of my 

invention, the flexibility of the cooling surfaces 
permits them to be pressed together or against 
Side dams that are nothicker than the final prod 
uct, the dams preventing the escape of molten 
metal or the entry of cooling fluids. Moreover, 
as will appear presently, the side dams taper in 
the proper direction. So as to allow free movement 
of the metal strip relatively to the machine. 
As a still further feature of the invention, uni 

que and novel means are utilized for cooling the 
bands, and for holding the bands in shape in the 
cooling Zone. A large volume of Water must be 
introduced against the bands at all points op 
posite the portions thereof in contact with not 
metal. I have provided magnetic means tending 
to hold the bands against a particular backing 
surface or surfaces, thereby setting up spaces : 
through which Water may flow while holding the 
bands in particular relation to one another and 
to the backing Surfaces. 
As a further feature of the invention, provide 

drying means that are moved automatically out 
of drying relation to the bands when the move 
ment of the bands is stopped, and which means 
move into drying relation to the bands when the 
bands move to form the metal Strip. 
As a still further feature of the invention, I 

provide means for tilting the guide rollers of 
the bands, when necessary, in order to adjust the 
lateral positions of the bands, this being accom 
plished automatically as will appear presently. 
As a further feature of the invention I use 

metal bands that are wider than the rollers over 
which they move and which therefore permits 
greater bowing of the bands without exceeding 
the elastic limits thereof, especially at the edges. 
As further features of the invention, I pro 
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vide a number of modified forms of side dams 
that I shall described in particular detail in the 
specification. 

Also, I provide, as a modification of my inven 
tion a substitute for the rollers for shaping the 
bands, using instead of rollers a stationary cast 
ing, and which I shall refer to later in the speci 
fication. 
I shall also show and described diagrammati 

cally a modification of my invention whereby 
there may be formed a solid ingot block through 
the continuous flow of molten metal. 

I have thus outlined rather broadly the more 
important features of my invention in order that 
the detailed description thereof that follows may 
be better understood, and in order that my con 
tribution to the art may be better appreciated. 
There are, of course, additional features of my 
invention that will be described hereinafter and 
which will form the Subject of the claims ap 
pended hereto. Those skilled in the art will 
appreciate that the conception on which my dis 
closure is based may readily be utilized as a basis 
for the designing of other structures for carrying 
out the Several purposes of my invention. It is 
inportant, therefore, that the claims to be 
granted me shall be of sufficient breadth to pre 
vent the appropriation of my invention by those 
skilled in the art. 

Referring now to the drawings, Fig. 1 is a ver 
tical Section through a machine in which my 
invention is embodied. Fig. 2 is a section taken 
along lines 2-2 of Fig. 1. Fig. 2d shows a sec 
tion of a modified form of one of the backing sur 
faces toward which the bands are pressed. Fig. 3 
is a section taken Substantially along lines 3-3 
of Fig. 1. Figs. 4 and 5 are sections taken re 
Spectively along lines 4-4 and 5-5 of Fig. 1. 
Fig. 6 is a perspective view showing the opera 
tion of a roller tilting means whereby the lateral 
position of one of the bands is determined. Figs. 
7 and 8 are modifications of the water jacketing 
neans ShoWn in Fig. 5. Fig. 9 is a modification 
showing ribbons of metal used as side dams. Fig. 
10 is a modification showing the ultilization of a 
form. Such as a casting instead of rollers for shap 
ing the metal bands. Fig. 11 shows a modified 
form of Side dan. Fig. 12 shows diagrammati 
cally mechanism used for the forming of ingots. 

Referring now more particularly to the draw 
ings, reference numeral ( indicates an upper 
Structural frame constituting part of my inven 
tion, while reference numeral if indicates a lower 
frame Supported by legs 2 and 3. The upper 
and lower frames , are connected at one end 
by a Suitable Standard 4 and at intermediate 
points by standards 5 and 6. It will be well to 
indicate here that the manner in which the 
means of my invention are fabricated is not par 
ticularly important, and per se is not the inven 
tion here to be claimed. 
The upper chilling band of my invention is 

designated by reference numeral 7, while the 
lower chilling band is indicated by reference nu 
neral 8. At the extreme left end of the ma-. 
chine of Fig. 1, the band a passes over a roller 
9 rotating On a shaft 9a carried by opposed 
bearing aims 20 Suitably secured for integral 
movement with a piston rod 2 movable in a hy 
draulic ran cylinder 22. Ram cylinder 22 is fixed 
to a strut 23 extending between the upper and 
lower structural members of the frame 0 so as 
to form an integral part thereof. Suitable means 
are provided for applying hydraulic pressure to 
the piston 24 at the end of piston rod 2 so as to 
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move the piston rod 2i and the shaft 9a and 
rolier 9 to the left in Fig. 1 for applying tension 
to the band , all for a, purpose that Will appear 
presently. At its right end in Fig. 1, the band if 
passes over a power roller 25 rotating on a shaft 
26 carried by fixed opposed brackets 2. Band it 
passes also over a shaping roller 28 mounted on 
a shaft, 29 Supported by bearings on the frame 

. 
The shape of roller 28 can best be seen in Fig. 

4, in which figure the relationship of the band 
to roller 28 is also Weil illustrated. By applying 
considerable tension to the band. through Op 
eration of hydraulic ran cylinder 22, the band 

Will be shaped to conform to the rollier 28 as 
has already been well indicated. Actually, the 
desired form of band 7 is yielded through coin 
tact of the band with the edges of the roller 23 
rather than the body thereof, so that a pair of 
spaced surfaces could easily be substituted for 
the roiler 28. 

Between the shaping roller 28 and the power 
roiler 25, the upper band 7 Will pass over de 
termining rolls 3 and 3. These rolls are each 
adapted for movement of adjustment in the axis 
of shafts 33, the shafts 32 being movable by the 
operation of suitable gear means. 33 actuated by 
a shaft 34 when rotated by a hand wheel 35. 
Preferably, the two rolls 3, 3 Will move together 
as is quite apparent from the drawings. As Will 
further presently appear, the band Will also 
move relatively to other means for the cooling 
and guiding thereof. 

the lower and 8 is controlled at its left end 
by a roller 36 functioning exactly as does the 
roller S and similarly controllied by a hydraulic 
ran 3. The band 8 also passes Over a Shaping 
roller 33 functioning exactly as does the 
roller 28. In addition, the lower band 8 passes 
over determining rolls 39 that need not be ad 
justable as are determining rolls 30, but which 
may be if desired. Band 8 also passes over a 
driving or power roll. A rotating in a fixed axis 
A in Substantially the Sane mainier aS power 
roll 25 rotates on the axis of shaft 26. 

Referring now to Fig. 4, the lower band 8 
is shown downwardly bowed because of its 
engagement with shaping roller 38, this roller 
38 functioning as does the shaping roller 28 rela 
tively to band T. It will be noted that because 
of the bowed shape of the roller 38 and the band 
8, it will be possible to create a bath for the 
molten metal designated by reference letter B in 
Fig. 1. Naturally, a considerable portion of the 
bath of metal Will be in contact only With lowei i 
band 3, whereas at the right end of the bath 
of metal the upper portion thereof Will be in 
contact with the upper band Y. Overlying the 
bath is the end 42 of a large Spout Sined with 
a refractory materiai 43 for the flow of a rather 
considerable amount of metal into the bath of 
metal B. It will be noted especially froin Fig. 1, 
that the metal fiowing from the Spout S Will flow 
into the bath of metal B rather than onto the 
surface of the lower band 8. This is an ex 
ceedingly important feature of the invention be 
cause it is greatly preferred that the molten 
metal flow into the bath of metal rather than 
contact first one of the chilling bands, as I have 
earlier emphasized. Through the particular 
spacing of the bands to form the bath of metal 
in what I term the first Zone of travel of the 
bands, it is possible to move into position the 
spout S, and to use a spout of that size that is 
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6 
required for the efficient functioning of their 
Wention. 
The bands f. and 8, moving as they do in 

the direction of the arrows.D in Fig. 1, will carry 
With then metal from the bath. B in the first 
ZOne and toward a second ZOne beyond the de 
termining rolls 36. Naturally, that metal which 
is directly in contact with the bands Will be 
chilled and Solidified, and Will move With the 
bands toward the determining, rolls. 39, 39; and 
between the said rolls into the Second. ZOne of 
travel of the bands. That metal which is some 
What spaced from the bands and interior of the 
metal Solidified at the bands, Will remain molten 
during this movement past the determining. ros 
whereby the determining rolls. Will determine the 
thickness of the metal Strip to be formed in the 
mill by holding back an excess. Of noltern metal. 
Naturally, the molten metal moving with the 
metal already Solidified by the bands. , t 8 will 
be completely solidified Within the Second ZOne 
as Will appear presently, to yield strip of that 
particular thickness desired. 

Referring now to. Fig. 5, it Will be noted that 
the upper band is maintained Spaced from the 
upper Surface member 6 of a cooling chann 
ber 45. The particular cooling chamber is that 
One used for the upper band in the first, ZOne 
of its travel, and overlies the band in the bath 
containing portion of the machine. Water is...in 
troduced into the chamber 45 and cools the band 
... Secured at each side edge of the Surface 
inenber 4 is a yielding, and stressed. Sealing 
member 46, pressing at. 4. On the band 7 and 
preventing the fow of Water from the chamber 
4.5 outwardly of the machine. Should any Water 
leak past, the seals at 47, the band 7 is made 
Wider thain is the lower band 8. So that any Sur 
plus water will flow downwardly beyond the band 
8 and Will not tend to foW into the machine. 
The lower band 8 is similarly cooled through 
Water flowing in a chamber 48 whose lower Sur 
face member is designated by reference numeral 
9. Sealing members 50 function as do the nexin 

bers 46, just described. 
As shown in Fig.: 1, one end of the surface 

member it has secured thereto One end Of a 
shroud or hood 54, the other end of this shroud 
being secured to a plate 53 forming the upper 
surface of a cooling chamber for the Second ZOne. 
It is the purpose of shroud 54 to cover the roller 
3 and to allow for the admission of COOling Water 
about the roller 3. A similar shroud 55 is sini 
larly positioned for determining roller 39. 
The side dans for the metal are best ill S 

trated in Figs. 2, 3 and 5, and preferably take the 
form of tubing 54. The edges of the upper band 
it may be pressed toward the upper Surface. Of 
the square tubing 5 at each side of a part of the 
bath of ghetal by the Sealing members. 6, if rec 
essary to contain the Yietal. Similarly, the edges 
of the lower band 8-ray be applied to the lower 
surfaces of the tubing 5. Where neceSSary to con 
tain the metal. As shown at 52 in Fig. 3, Water 
may be led into the tubes 5 so as to cool those 
tubes, the Water leaving at 53. It will be noted 
also that the tubes approach. One aaother more 
closely in the bath containing ZOne of the na 
chine than at the extreme right hand end of 
the machine. This contributes draft to the metal 
and facilitates its movement. Thus, by continu 
ously increasing the Spacing of the Side danS as 
the metal moves, less and less resistance to the 
movement of the metal strip is contributed by 
theside dams while those side dans nevertheless 
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perform their necessary function. It will be well 
to note in Fig. 3 that the lower band 8 seems 
to be narrower in the Zone of the bath of metal 
than at its right hand end where it passes over 
power roll 40. Actually, the band is not narrower, 
but appears narrower because it is bowed to form. 
the bath of metal which has already been de 
Scribed. 

It is important here to note that the edges of 
the bands against tubing 5 are spaced substan 
tially the Same distance at all points where the 
bands function to solidify and form the metal 
strip. Thus, no thicker edge is formed opposite 
the bath of metal B, than is formed in the final 
finished strip. Therefore, there is no excess of 
Solidified metal at the edges of the mill, and no 
problem created by the necessity for handling 
Such excess, all as has been discussed generally 
earlier in this specification. 
As the bands leave the first determining rolls 

30, 39, they move into cooling relation to upper 
and lower cooling assemblies that are identical in 
operation. Referring now to Fig. 2, the upper 
cooling assembly comprises a plate 56 that may 
be of some suitable readily magnetized material 
and to one end of which is secured shroud 5. 
Preferably, plate 56 forms the Soft core of an 
electromagnet similar to that used in magnetic 
chucks of the type found in grinding machines. 
Naturally, it is the function of the piate 56, when 
rendered magnetic by the proper flow of current, 
to pull the upper band 7 toward itself. To pre 
vent this movement of the band a toward the 
plate 56, copper or brass Spacers 58 are utilized, 
these Spacers allowing the formation therefor of 
chambers between the band 7 and the plate 56. 
In these open chambers cooling water is intro 
duced to chill the band 7. Even though this 
cooling water is introduced at considerable pres 
sure, and sufficient normally to distort the band 7, 
it will not do so because of the influence of the 
magnetic plate 55 holding the band 7 firmly 
against the rigid Spacers 58. In this Way, it is 
possible to cool the band While guiding it and 
holding it against distortion, and thereby main 
taining accurate gauge of the product. In Fig. 2d. 
I show a preferred form of Spacer in the shape of 
a, button 58d, making possible application of water 
against a greater area of cooling band 1. 
The plate 56 carries at its sides sealing mem.- : 

bers 59 functioning as do the sealing members 46 
already described, and particularly operating to 
maintain the band i against the tubing 5 ear 
lier described and Which functions as the Side 
dams of the metal moving in the Second ZOne of 
my machine. This metal is designated by ref 
erence letter M and is shown in Fig. i as leaving 
the second set of determining rolls 3, 39. AS has 
already been indicated, the cooling and con 
trolling of the lower band 8 in Fig. 2 is the 
same as the cooling and controlling of the band 
T. It will be noted, however, that the upper 
band 7 is Wider than the lower band 8 So that 
any water escaping from the upper cooling cham 
bers Will be defiected from movement against the 
metal that is being cooled and formed between 
the two bands. Both bands are Wider than the 
rolls on which they are guided in order to allow 
for the shaping of the bands without stretching 
the edges thereof beyond the elastic limit. 

For drying the upper band 7, I utilize a gas 
carrying pipe 66 containing a Series of nozzles 
6 and normally maintained by a spring 62 in 
the position of Fig. 1. Upon the starting of the 
operation of the power rolls 25, 40 incidental to 
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the operation of the machine, an electromagnet 
63 is energized and serves through a lever 64 to 
rotate the pipe 6G against the force of the spring 
62. At that time flames issuing from the series 
of nozzles 6 will be directed against the upper 
band 7 and will maintain that band dry and 
Warm. However, when the rotation of power rolls 
25, 40 is stopped, the electromagnet 63 will be de 
energized and a spring 62 will rotate the pipe 60 
So as to direct the flame issuing through nozzles 
6 away from the band f T. An exactly similar 
structure is utilized for lower band 8 and is well 
illustrated in Fig. 1. 

It will be remembered that the roller 9, best 
Seen in FigS. 1, 3 and 6, rotates on the axis of a 
shaft 9a carried by Spaced arms 20 that in turn 
are carried by the piston rod 2 of a hydraulic 
ran cylinder 22. I have found that by rotating 
the roller 9 bodily with its shaft 9a and arms 
20 in the axis of piston 2 ?, the band it is directed 
in one direction or another transversely to its 
direction of travel. Thus, if in Fig. 6, as an ex 
ample, the arms 20 are rotated in one direction in 
the axis of shaft 2 f, the band 7 will be moved 
in one lateral direction. On the other hand, 
bodily rotation of the roller 9 and its shaft 9a 
in the opposite direction will tend to move the 
band laterally in the opposed direction. 

For determining accurately the lateral position 
of the band 7, I utilize that mechanism shown 
diagrammatically in Fig. 6. Thus, in Fig. 6 there 
extends from one of the arms 20 a bracket 65 hay 
ing a ball and Socket connection 66 with a piston 
having rod portion 87 extending into a cylinder 
68, there being a piston head 69 fixed to the said 
rod 67. A Spring 78 tends to maintain the piston 
head downwardly in the cylinder 68 and there 
fore maintains the roller 9 in particular rela 
tion to the remainder of the machine. Hydraulic 
fluid may be introduced into the cylinder 68 
through means of a pipe Ti so as to move the 
piston head 69 and piston rod 67 against the pres 
Sure of Spring 70, thereby rotating the roller 9 
bodily in the axis of the piston rod 2. Fluid 
under pressure is thus introduced into the cylin 
der 68 under the control of a valve 72 actuated 
by an electromagnet coil 13 under the control of 
a SWitch at 74. Thus, whenever the band 7 
closes the Switch at point 4, electricity will flow 
through the coil 73 lifting the valve rod 72. Fluid 
under pressure then flows from a fluid source 
through pipe 75 into the chamber 76, chamber 
T, and pipe 7 into cylinder 68. Upon the break 

ing of the circuit at 74, the valve rod 72 will be 
dropped and fluid under pressure will no longer 
flow into the cylinder 68. In this way, the roller 
f) may be tilted in response to the lateral posi 
tion of the band 7 as will now appear clearly to 
those skilled in the art. By this arrangement, 
can maintain the bands in their proper posi 

tions regardless of certain inevitable variations 
in temperature that may cause the bands to move 
toward one end or the other of the rolls. 

In Fig. 7, I show a modification of my inven 
tion in which no side dams, as such, are utilized. 
Thus, the edges of bands 7, 8 are brought to 
gether by the sealing members 46, 50, thereby 
containing the metal moving between the bands. 
This is an entirely satisfactory arrangement 
where thin strip is to be formed. 
In Fig. 8I show a further modification in which 

to prevent friction between the cooling band 1 
and the upper Sealing member 46, there are pro 
vided moving ribbons 79, positioned as illustrated. 
These ribbons move in such relation to the cool 
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ing band 7 as to accept any wear through the 
pressure of the sealing members 46. Similar 
traveling ribbons 3G are used for protecting the 
lower cooling band 8. 
In Fig. 9, I show another modification of my 

invention whereby I do away with the necessity 
of providing stationary cooling daims, thereby 
also eliminating the necessary wear that occurs 
between the side dams and the cooling bands f. 
and 8. Thus, to form the side dams, I use a 
series of narrow ribbons 8 running over Suitable 
rollers 82, 83, and 84. These ribbons travel be 
tween the bands and 8 at the edges thereof 
and act to contain the metal so that it does not 
escape from between the bands , 8. Actually, 
molten metal Will not run into Such Snail crevices 
as may occur between these ribbons, and the rib 
bons are of such width that contact with the 
molten metal is not sufficiently great to require 
separate cooling means. Actually, where very 
thin metal is to be formed by the machine, a sin 
gle endless ribbon may be provided, but where 
the metal is of greater thickness, it may be nec 
essary to use a number of these metal ribbons 8 . 

In Fig. 11, I show diagrammatically a further 
modified form of side dam utilizing a Spirocket 
chain 85 running over a pair of Spirockets 86, the 
said sprockets 86 being driven in particular speed 
relation to the metal strip formed by the man 
chine, and preferably so that there will be no rel 
ative notion between the chain and the netal in 
that Zone where the chain moves parallel to the 
metal. Secured to chain links are copper blocks 
8 that lie end to end as particularly shown at 
8 in Fig. 11. In this way, through movement of 
the said copper blocks 8; between the upper and 
lower bands and 8, Side daims Will be formed 
by the blocks in a very effective fashion. 

in Fig. 12 I illustrate a section of an apparatus 
for casting continuous billets that here are of 
square cross section. The apparatus, comprises 
for iiioving bands 3 cooled at their outer Sur 
faces by the flow of Water as shown at W. Cup 
shaped sealing members 92 are provided for seal 
ing the noving edges of the bands 3 and for 
holding within the shape formed by the bands the 
metal that is poured continuously into the cham 
her 93 formed by the bands, all as will appear 
quite clearly. 
Those skilled in the art, Will now readily appre 

ciate, especially with regard to the modification 
of my invention illustrated in Fig. ... that, I have 
provided a very inexpensive and effective mill ca 
pable of great production. Thijs, utilize very 
readily replaceable chilling Surfaces that function 
to chill and form metal strip without any pressure 
whatsoever, thereby preventing the segregation of 
alloys in a most effective manner. Further, the 
power required by my invention is quite low 
because in the main, the bands merely serve to 
form a conveyor for the netal, the metal noving 
readily from the bath into the cooling and form 
ing zone. Moreover, the end product may be de 
livered in any desired width and in varying 
gauges for further operations, all With consider 
able Variety. In addition, I an able to form a 
bath of metal utilizing my chilling surfaces, 
While simultaneously maintaining the thickness 
of the metal at the edges of the bath of substan 
tially the Sane thickness as the final metal strip 
turned out by my mill. 
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I believe that with the particular description 
of the invention already presented, and the gen 
eral remarks found at the beginning of the speci 5. 

1O. 
fication, the complete utility of my invention and 
my contribution to this art will be appreciated. 
I now claim: 
1. In a process of continuously casting metal, 

the steps of introducing molten metal between 
longitudinally extending elements. Some at least 
of which travel longitudinally, cooling the Said 
elements so as to freeze a peripherally continu 
ous layer of the metal thereagainst, and there 
after progressively decreasing the thickness of 
the cross-sectional area of the metal between Said 
longitudinally traveling elements while simulta 
neously progressively increasing the width of the 
cross-sectional area of the metal between Said 
elements, and completing the shaping of the 
cast metal to the final desired CrOSS-Section prior 
to the complete freezing of the metal between 
said elements. 

2. A process of casting metal which comprises 
bringing a pair of longitudinally traveling ele 
ments into longitudinally opposed moving rela 
tion to One another With One at least of Said 
elements laterally distorted So that the edges of 
said elements are more closely approached to 
each other than central portions thereof, intro 
ducing molten metal into the space between said 
elements aS SO moving, cooling Said elements 
whereby progressively to freeze said molten metal 
thereagainst, and during the continued longitu 
dinal travel of both of Said elements with the 
metal therebetween, progressively removing the 
distortion of the distorted element prior to the 
complete freezing of the metal so as to diminish 
the spacing of central portions of said elements 
while maintaining the relative spacing of the 
Said edgeS. 

3. A process of continuously casting wide, flat, 
thin shapes from molten metal which comprises 
casting the metal continuously between moving, 
laterally bowed, cooled bands in a shape which 
increases in thickness from its edges to its mid 
Section, and, prior to the complete solidification 
of the cast metal, progressively flattening said 
bands while confining the metal therebetween 
whereby to diminish the mid-section thickness 
of the netal to be cast and produce a substantial 
ly fiat cast shape. 

4. In a machine of the character described, a 
pair of endless belts mounted on sheaves so as to 
have adjacent fights, means for driving said 
belts in the same direction and at the same speed 
in Said adjacent fights, means for in parting op 
posed transverse concave curvature to said belts 
in parts of Said fights, means to bring said belts 
into edgewise juxtaposition while so curved, 
nearns to introduce molten metal between said 
belts when in Said juxtaposition, means for cool 
ing Said belts, and means beyond the means to 
introduce molten metal in the direction of travel 
of Said fights for flattening said belts trans 
versely While maintaining said edgewise juxta 
position. 

5. In a machine of the class described, a pair 
of moving metal bands, means for guiding said 
hands for linear longitudinal travel in the same 
direction in one zone of their travel with their 
edges in juxtaposed metal retaining relation and 
including means for bowing at least one of said 
bands outwardly transversely relatively to the . 
other So that said bands form therebetween a 
chamber for a bath of metal, means for feeding 
molten metal into said chamber, means for pro 
gressively flattening said bowed band while guid 
ing both said bands for longitudinal movement 
beyond said chamber with said metal there 
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between to define between said bands the Section 
of metal to be cast therebetween, and means for 
cooling said bands as they move longitudinally. 

6. In a machine of the class described, a pair 
of moving metal bands, means for guiding said 
bands for linear longitudinal travel in the same 
direction including means for bowing at least 
one of said bands transversely outwardly away 
from the other band to form a chamber deeper at 
its transverse center than at its side edges and 
gradually decreasing in depth toward the edges 
thereof, means for feeding molten metal into Said 
chamber to form a bath of metal, additional guide 
means longitudinally beyond said metal feeding 
means for progressively flattening said bowed 
band relatively to its edges while guiding both 
Said bands for longitudinal movement beyond 
said chamber to define betwen them the flattened 
Section of metal to be cast therebetween, and 
means for cooling said bands as they move longi 
tudinally to progressively cool and freeze the 
metal therebetween. 

7. In a machine of the class described, a pair 
of moving continuous metal bands, means for 
guiding said bands for linear longitudinal travel 
in the same direction in One flight of their travel 
including means for bowing at least one of said 
bands transversely outwardly relatively to the 
other so that said bands form therebetween a 
concave chamber for a bath of metal, means for 
feeding molten metal into said chamber, means 
for progressively flattening said bowed band rel 
atively to the other band to flatten the cross 
Section of the metal between said bands while 
guiding both said bands for longitudinal move 
ment beyond said chamber to define between the 
bands the flattened section of the metal shape to 
be cast therebetween, and means for cooling said 
bands. 

8. In a machine of the class described, a pair 
of moving metal bands, longitudinally extending 
side dams between said bands for coaction with 
the edges thereof, means for guiding said bands 
for linear longitudinal travel in the same direc 
tion in one part of the path of their travel with 
each edge in contact With a side dam and in 
cluding means for bowing at least one of Said 
bands transversely outwardly relatively to the 
other so that said bands and side dams form 
therebetween a chamber for a bath of metal, 
means for feeding molten metal into said cham 
ber, means for progressively flattening said bowed 
band while guiding both said bands for longi 
tudina in ovement With their edges in contact 
With said side dams beyond said chamber to de 
fine between said bands the section of metal to 
be cast therebetween, and means for cooling said 
bands as they move longitudinally to progres 
sively cool the metal between said bands. 

9. In the combination of claim 8 the feature 
that said Side dams are a plurality of thin, nar 
row continuous moving metal belts. 

10. In a machine of the class described, a pair 
of moving metal bands, longitudinally extending 
side dams between said bands for coaction with 
the edges thereof, means for guiding said bands 
for linear longitudinal travel in the same direc 
tion in one Zone of their travel with each edge 
in contact with a side dam and including means 
for bowing at least one of Said bands outwardly 
relatively to the other so that said bands and 
side dams form therebetween a chamber for a 
bath of metal, means for feeding molten metal 
into said chamber, means for progressively flat 
tening said bowed band while guiding both said 
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bands for longitudinal movement with their edges s 

12 
in contact with said side dams beyond said cham 
ber to define between said bands the flattened 
Section of metal to be cast therebetween, said side 
dams diverging outwardly away from one an 
other longitudinally in the direction of move 
ment of said bands, and means for cooling said 
bands. 

11. In the combination of claim 10 the feature 
that said side dams are a plurality of tin, narrow 
continuous moving metal belts. 

12. In a machine of the class described, a pair 
of moving metal bands, means guiding said bands 
for linear longitudinal travel in the same direc 
tion in one Zone of their travel and including 
means for holding the edges of said bands in con 
tact with one another and for bowing at least 
One of Said bands outwardly relatively to the 
other So that said bands form therebetween a 
chamber for a bath of metal, means for feeding 
molten metal into said chamber, additional guide 
means longitudinally beyond said first guide 
means for progressively flattening said bowed 
band while holding the edges of said bands incon 
tact during continued longitudinal movement Of 
Said bands to define between said bands the 
flattened Section of metal to be cast therebe 
tween, and means for cooling said bands as they 
move longitudinally to progressively cool the 
filetal between said bands. 

13. In a machine of the class described, a pair 
of moving metal bands, longitudinally extending 
Side dams between said bands for coaction with 
the edges thereof, means for guiding Said bands 
for linear longitudinal travelin the same direction 
With the distance separating at least parts of 
Said bands gradually decreasing to define there. 
between first a cross-sectional area of relatively 
greater thickness and then progressively a cross 
Sectional area of substantially less thickness, 
means formed as part of said guide means for 
guiding the edges of said bands for longitudinal 
movement in contact with said side dams, means 
for feeding molten metal into the chamber formed 
between Said bands and said side dams, said 
metal feeding means feeding said metal to said 
chamber where the cross-sectional area of the 
metal is of Said relatively greater thickness, and 
Said side dams diverging outwardly away from 
One another longitudinally in the direction of 
movement of said bands whereby said bands de 
fine therebetween progressively a CIOSS-Sectional 
area of metal the width of which progressively 
increases as the thickness of the CIOSS-Sectional 
area, decreases. 

CLARENCE W. HAZELEET. 
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