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[57] ABSTRACT 
A system for continuously casting substantially rigid 
metallic sheet is disclosed wherein a continuous 
stream of molten metal is fed into a plenum chamber, 

ROTARY 

the metal directed into the nip between spaced casting 
members with at least one having recesses in the sur 
face to provide a pattern of spaced projections on at 
least one side of the sheet. The pressure of the molten 
metal is only sufficient to cause the metal to ?ll the 
major portion of the chamber and the casting mem 
bers are cooled sufficient to place the solidi?cation 
point of the molten metal at the projections to cause a 
progressive laying on of the metal and prevention of 
the rupture of the formed meniscus adjacent the noz 
zle ori?ce. The apex of each recess in the process at 
the point of laying on is momentarily at a maximum 
from about 17 to 200 percent greater than the nomi 
nal spacing at the nip of the members and the depth of 
the recess is at least about 5 percent of said nominal 
spacing but not greater than about 100 percent. Three 
dimensional (volume) shrinkage of approximately 12 
percent occurs in the metal from the point of liquidity 
to the point of solidi?cation, and consequently an 
equal ( 12 percent minimum) reduction in thickness or 
squeezing of the metal is selected to offset this phe 
nomenon and thereby produce sheet and projection 
structure free of cracks, especially in the longitudinal 
direction. The projections preferably cover between 
20 and 50 percent of the total sheet area and are frus 
to-conical in shape with sides slanted between 5° and 
30°. The projections are formed by progressive laying 
on and solidi?cation of liquid metal and are free of 
cross-bands and are between about 5 and 100 percent 
of the nominal thickness of the sheet. 

10 Claims, 9 Drawing Figures 
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METHOD OF PRODUCING CONTINUOUS (ZAST 
METALLIC SHEET WITH PATTERNEI) SURFACE 

The present invention relates to continuous casting, 
and more particularly, to a system for producing sub 
stantially rigid metallic sheet having a pattern of spaced 
projections that may be both decorative and functional. 

BACKGROUND OF THE INVENTION 

The art of continuous casting has developed over the 
past several years so that sheet materials of all widths 
and thicknesses as well as continuous bars can be made 
in a highly ef?cient manner by the process. As is well 
known in the art, a pair of moving casting members, 
such as casting rolls, receive a metal bead fed from a 
nozzle on one side of the nip and by quickly cooling the 
metal, solidi?cation takes place and a solid sheet or bar 
emerges on the other side of the nip. After further cool 
ing the product is immediately ready for cutting into 
lengths or rolling into a roll for storage. Continuous 
casting has substantially revolutionized the metal in 
dustry in terms of cutting the cost of producing metal 
and in making higher quality stock. 
One successful process and apparatus for continuous 

casting of sheet material is shown in the Harvey et al. 
U.S. Pat. No. 3,405,757, issued Oct. 15, 1968. This pa 
tent describes a highly ef?cient method of casting sheet 
in continuous form that is free of imperfections, such 
as defects caused by entrapped gases and cross-banding 
caused by pulsations in the molten metal entering the 
nip between the casting rolls. Thus, a sheet with per 
fectly smooth surfaces and exact cross sectional dimen 
sions is produced by the Harvey et al. system. It is from 
this system that the preferred embodiment of the pres 
ent invention departs and upon which improvements 
are made and the disclosure of this of this patent is in 
corporated in this application by speci?c reference. 
The improvements of the present invention ?ll a long 

felt need for economic production of patterned sheets 
of metal, especially of aluminum alloy, that was not sat 
isfactorily met by prior technology. That is, heretofore, 
where a pattern of any design was to be placed on the 
surface of a metal sheet, it had to be performed in a 
costly separate process step of rolling or embossing. 
The undue work hardening of the metal resulting from 
the extra heating that was necessary also tended to 
weaken the sheet and often resulted in premature fail 
are due to cracking especially when dynamic loads 
were present. In embossed sheet, the back is not 
smooth, thus hindering attachment to other surfaces 
and not affording the increased strength that solid pro~ 
jections afford. In the decorative field, there is a need 
for substantially rigid sheets with a patterned surface 
for self-supporting curtain walls, exterior textured walls 
and integral interior wall paneling. The same sheets 
have mechanically functional uses as tread plates, 
metal stairs and machine housing to name a few. 
The advance in the art of the present invention over 

continuous sheet casting procedures, including the 
Harvey et al patent, resides in the discovery that a sheet 
may be produced with a pattern of projections or nip 
ples (and adjacent recesses) on at least one surface of 
the sheet without the difficulties previously considered 
by the experts to exist. It has been found that a substan 
tially rigid metallic sheet (approximately one-sixteenth 
to one inch thick or higher) may be cast with projec 
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2 
tions by use of casting members that have recesses 
formed in the surface thereof, which recesses make the 
distances between the rolls much greater than previ 
ously found to be operable. It has been surprisingly dis 
covered that the sheet may be made a desired nominal 
thickness with a nozzle designed for this thickness and 
with the same nozzle the projections that are intermit 
tently presented at the nip between the casting mem 
bers can be successfully ?lled with the solidi?ed metal. 
This has been done without creating the problems of 
cross-banding, cracking and imperfections and loss of 
the integrity of the plenum chamber that has previously 
been held by the experts to foreclose the manufacture 
of sheets of varying cross section by a continuous cast 
ing process. To put it another way, producing a sheet 
of cross section that varies on a continuous casting ma 
chine has previously been rejected out of hand by those 
skilled in the art since the nozzle is normally closely 
and precisely related to the speci?c distance between 
the rolls just upstream of the nip of the casting rolls. In 
previous experience, if this distance between the rolls 
is interrupted so that suddenly a greater distance is pro 
vided, the molten metal immediately spilled and the 
gap between the nozzle and the rolls where the in 
creased distance is provided ?lls with metal and the 
continuous casting system had to be shut down. 

It has been speci?cally also discovered, much to the 
surprise of the experts, that where a pattern of projec 
tions is desired the parameters of molten metal temper 
ature and pressure, cooling and speed of the rolls can 
be controlled so that a meniscus is formed that, in turn, 
retains the integrity of the molten metal between the 
nozzle and the surfaces of the casting members or rolls. 
Also, a gap is preferred between the sides of the nozzle 
and the rolls since the highly sensitive surface of the 
rolls is not subject to wear and less power is required 
to drive the rolls due to the reduction in friction. Fur 
thermore, if molten metal is fed into the plenum cham 
ber at the nip of the rolls in order to fully ?ll the cham 
ber rather then relying on meniscus control of the bead, 
then the projections would be formed by rapid move 
ment of the metal into the recesses on the roll as soon 
as the recess is ?rst uncovered, which causes a disrup 
tion of the smooth distribution, resulting in deleterious 
trapping of gases and even extension of the metal be 
hind the face of the nozzle where harmful sticking is 
likely. 

In the field of thermoplastic continuous sheet form 
ing, there have been successful formations of webs on 
a patterned roll. This has been possible in such patents 
as the Fields et al. US. Pat. No. 3,515,778, issued June 
2, 1970 since the cohesiveness of the material is quite 
different from that of metal. In working with plastic, 
there is no problem of the material becoming molten or 
liquid so as to ?ll the recesses in an uncontrolled man 
ner. The thermoplastic resin will not ?ow out of the re 
cesses on the patterned roll and thus the problem is not 
encountered as in metal forming. The patent to 
Kindseth US. Pat. No. 3,085,292, issued Apr. 16, 1963 
shows how thermoplastic resin is self-supporting and 
thus can be fed onto a patterned roll without concern 
for free ?owing material breaking loose and thus inter 
rupting the continuous forming process. 

OBJECTIVES OF THE INVENTION 

Thus, it is one object of the present invention to pro 
vide a system; including a process and apparatus for 
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continuously casting metallic sheet with a pattern of 
spaced projections on at least one side without the dif? 
culties previously envisioned. 

It is still another object of the present invention to 
provide a system for continuous metallic sheet casting 
wherein the molten metal is cooled at a rate that allows 
casting with intermittent large clearances existing be 
tween the casting members adjacent the nozzle thereby 
allowing formation of a pattern of projections. 

It is still another object of the present invention to 
provide a continuous process wherein the metal in pro 
jections on a sheet is solidi?ed such that a progressive 
laying on of solidifying metal and the retention of a me- ‘ 
niscus at the nozzle outlet ori?ce is maintained. 

It is still another object of the present invention to 
provide a system wherein continuous metallic sheet 
with projections may be successfully produced with 
minimum cross-banding and other imperfections which 
even if they occur are not critical to the end product as 
they would be in rolled sheet since rolling would likely 
extend imperfections to cause fracture. 

BRIEF DESCRIPTION OF THE INVENTION 

With foregoing objectives in mind, it has been discov 
ered that substantially rigid metallic sheet having a pat» 
tern of spaced projections may be successfully made in 
a continuous casting process by providing cooling to 
the casting member or roll such that a progressive lay 
ing on of solidi?ed metal is obtained. This is true even 
in view of the clearance that exists in the plenum cham 
ber that is substantially larger than previously was an 
ticipated to be allowable under continuous casting con 
ditions, as set forth in the Harvey et al. U.S. Pat. No. 
3,405,757, mentioned above. Since the relatively large 
clearances occur only at spaced locations, the metal is‘ 
progressively solidi?ed in the proper manner without 
rupture of the meniscus that would result in adherence 
of the sheet to the casting member. 

In order to establish the proper solidi?cation point of 
the molten metal, the metal within the nozzle is pro 
vided with pressure only suf?cient to cause the metal 
to fill a major portion of the plenum chamber. It has 
been found that if more than this pressure is provided 
the metal does not properly solidify in the recesses that 
form the projections and the surface tension of the me 
niscus cannot be properly controlled. More speci? 
cally, it is found that the cooling is preferably con 
trolled and the apparatus set up so that the members at 
the apex of each recess at the point of solidi?cation is 
momentarily at a maximum of from about l7 to 200 
percent greater than the nominal spacing at the casting 
member nip. Also, the depth of each recess is prefera 
bly between about 5 — 100 percent of the nominal spac 
ing which in effect means that the projection is at least 
.05 to 1 times the nominal thickness of the sheet. Since 
approximately 12 percent shrinkage occurs in metal 
forming, the distance between opposite points on the 
casting members is at least 12 percent greater at the 
laying on point than the same points when they reach 
the nip. This assures that at the least the shrinkage is 
just compensated for by the squeezing of the solidifying 
metal. The system has been found to provide a metallic 
sheet that is highly desirable from a decorative stand 
point, as well as a functional standpoint, and since the 
pattern is provided without additional steps the process 
is highly ef?cient and economical. 
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4 
One key to the success of the forming of a sheet with 

a pattern on at least one side in a continuous casting 
process is the discovery that the heat transfer away 
from intermittent projections is suf?cient to rapidly 
cool the increased thickness of molten metal to solidi? 
cation for smooth, non-stick laying on to the casting 
roll. The heat is not only directed inward but also later 
ally toward the raised areas of the casting roll around 
the projection. The bottom of the recess forming the 
projection is closer to the interior cooling passage and 
this also assures the ef?ciency necessary for maintain 
ing the solidi?cation point at the desired position 
within the plenum chamber. In short, the heat transfer 
(and all other important parameters and conditions oc 
curring during the casting process) are controlled to 
position and maintain the solidi?cation point of the 
molten metal adjacent the apex of each recess as each 
comes into position such that a smooth laying process 
without adherence of metal to the roll is assured. 

In carrying out the process, the coverage of the reces 
ses is substantially between 20 and 50 percent of the 
total surface area of the roll. The projections are 
formed with side walls sloping at substantially between 
5° and 30° by recesses having like formed side walls to 
prevent abrupt corners and to thus assure against inad 
vertent rupture of the holding meniscus adjacent the 
outlet ori?ce of the nozzle. 
The metallic sheet formed by the continuous casting 

process of the present invention is characterized by the 
faithful reproduction of the roll contour to produce the 
projections, since a smooth laying on of solidified metal 
has occurred during casting. The projections are be 
tween 5 and I00 percent of the nominal thickness of 
the sheet and preferably the apex may be flattened to 
form frusto-conical projections. Other alternative 
forms may be pyramids, such as to simulate diamonds, 
or woodgrain surfaces. The metal is preferably an alu 
minum alloy and may include a major portion of scrap 
or recycled aluminum. 

Still other objects and advantages of the present in 
vention will become readily apparent to those skilled in 
this art from the following detailed description, 
wherein I have shown and described only the preferred 
embodiment of the invention, simply by way of illustra 
tion of the best mode contemplated by me of carrying 
out my invention. As will be realized, the invention is 
capable of other and different embodiments, and its 
several details are capable of modi?cation in various 
obvious respects, all without departing from the inven' 
tion. Accordingly, the drawings and description are to 
be regarded as illustrative in nature, and not as restric 
tive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. I is a perspective view showing the casting 
members as rolls and, in operation, forming a sheet of 
metal with a pattern of projections; 
FIG. 2 is a top plan or layout view of the operative 

surface of the patterned roll of FIG. 1; 
FIG. 2A is a cross sectional view taken along line 

2A—2A of FIG. 2 and showing a recess in cross sec 
tion; 

FIG. 3 is a cross sectional view taken through the ?n 
ished product at line 3-3 of FIG. 1 showing a ?nished 
sheet; 
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FIG. 4 is a greatly enlarged detail showing the casting 
rolls forming the continuously cast sheet in accordance 
with the principles of the present invention; 

FIG. 5 is an enlarged view like FIG. 4 but with the 
rolls in a slightly advanced position and the solidi? 
cation point extending to approximately the apex of the 
recess; 
FIG. 6 is a partial plan view of a ?nished sheet show 

ing an alternative form and pattern that may be 
adopted for the projections; ‘ 
FIG. 6A is another showing of flat sheet having a dif 

ferent shape and layout of projections; and 
FIG. 6B is still another showing of flat sheet having 

projections but in a typical random pattern. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

With reference now to the drawings and keeping in 
mind the included reference to the Harvey et al. U.S. 
Pat. No. 3,405,757, mentioned above, there is provided 
a continuous casting couple, generally designated by , 
the reference numeral 10. The couple 10 preferably 
comprises a bottom roll 11, having a smooth casting 
surface and an upper roll 12 having a dimpled casting 

‘ surface or a surface having a plurality of recesses 13 
formed therein in a desired pattern. The rolls 11, 12 are 

_ hollow and have cooling liquid L on the inside in a con 
ventional manner. It should be noted that in accor 
dance with the broadest aspects of the present inven 
tion other types of continuous casting members could 
be used and the couple 12 may be positioned at any de 
sired angle or orientation as long as the critical condi 
tions and parameters of the metal are present. 
As shown, the rolls ll, 12 are spaced apart to form 

a gap of desired width, substantially equaling the nomi 
nal thickness of sheet S that is produced on the down 
stream side of the rolls. A nozzle 15 is positioned on the 
upstream side directed toward the nip, as shown in FIG. 
1 and a source of molten metal I6 provides the metal 
through the passageway 17 and the nozzle outlet ori?ce 
17a (see FIG. 4). 
A preferred pattern and shape of the recesses 13 on 

the surface of the roll 12 is shown in layout form in 
FIG. 2. In the embodiment shown in these drawings, 
the recesses are in the form of a frusto cone and are dis 
tributed in straight rows and columns. As shown in FIG. 
2A, the outer diameter of the recess is or may be .61 1 
inches and the spacing between centers (FIG. 2) is typi 
cally 1.00 inches. This roughly gives a preferred distri 
bution of the recesses covering approximately 30 per 
cent of the total surface area of the roll. It has been 
found that this proportion, or more broadly 20 to 50 
percent, is highly effective in allowing the proper 
amount of heat transfer that is critical in maintaining 
the solidi?cation point of the metal in the recesses 13, 
as will be seen more in detail later. The bottom of the 
frusto-conical recess is formed ?at with a one-eighth 
inch radius and the depth of the recess is selected to be 
.1 10 inches. The angle of inclination of the sides of the 
recess is approximately 15 degrees, or broadly 5° to 
30°, also as shown in FIG. 2A. 
With the size and distribution of the recesses 13 as 

described with respect to FIGS. 2 and 2A, the forma 
tion of sheet material with projections on one surface 
is highly ef?cient. The spacing between the recesses al 
lows highly efficient heat transfer directly inwardly to 
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6 
ward the center of the roll 12 where the cooling liquid 
is located. 

It is also believed to be important that the heat trans 
fer is laterally outward away from the recesses 13 to the 
raised areas surrounding each recess 13 as shown by 
the flow arrows F in FIG. 2. The outward flow of heat 
into these areas that receive less direct heat because of 
the reduced thickness of the sheet S in these areas 
maintains the required heat transfer capacity from the 
thicker projections. This in turn assures that the point 
of solidi?cation is maintained substantially at or just 
upstream of the point of contact (see FIG. 5 and fol 
lowing operation discussion) so that the metal in mol 
ten form does not contact the surface of the roll 12. 
Thus, broadly in operation, when molten metal is 

provided to the nozzle 15 and the rolls I1, 12 are ro 
tated by appropriate rotary means 20, the sheet S of 
continuous length is produced having a pattern of pro 
jections 21 on one surface thereof. The cooling through 
the liquid L solidi?es the advancing metal in a speci?c 
manner presently to be described more in detail. The 
opposite surface is formed smooth through engagement 
with the conventional smooth surface of the roll 11. A 
cross sectional view of the sheet S and the raised pro 
jections 21 formed in accordance with the preferred 
embodiment of the present invention is shown in FIG. 
3 of the drawings. A support roller assembly 22 may be 
provided downstream in order to carry the sheet S for 
further processing of leveling or coiling, as desired. 
With reference now to FIG. 4 of the drawings, a more 

speci?c explanation of the exact manner in which the 
improved results of the present invention are obtained 
will be set forth. In this ?gure, an enlarged view of the 
gap between the rolls 1], 12 is shown with the nozzle 
15 in cross section showing the feeding of a bead of 
molten metal M into a plenum chamber, generally des 
ignated by the reference indicia 30. In accordance with 
the invention the pressure from the source. 16 of molten 
metal is adjusted in order to be only suf?cient to cause 
the metal to fill the major portion of the chamber 30. 
And, most importantly, the cooling liquid L flow from 
a suitable control means 33 is adjusted so that the mol 
ten metal bead solidifies at a point 31 in the plenum 
chamber 30 across the thickness so that only solidified 
metal engages the surface of the roll 12, as previously 
mentioned. Upstream of this point 31 is formed a me 
niscus 32 having surface tension strong enough to pre 
vent the spilling of the molten metal M back into ap 
proaching recess 13a, speci?cally designated in this ?g 
ure, and/or behind the faces of the nozzle 15 that are 
in juxtaposition with the surface of the‘rolls 11, 12. 
With the pressure of the molten metal M‘ entering 

through the nozzle 15 and the cooling properly con 
trolled and the rotation of the rolls ll, l2»controlled at 
the proper speed, as taught in the prior Harvey et al. 
patent, a sheet S is produced that is .free of imperfec 
tions. Speci?cally, cross-banding or layering of the 
metal and sticking to the roll that would occur should 
the molten metal M be allowed to spill over into the re 
cess 13a is prevented. 
The desired laying on of solidifying metal into the re 

cess 13a can be seen in detail in-FIG. 5. In this ?gure, 
it is noted that the distance X, X’ is substantially 
greater than the nominal thickness of the sheet S, 
which is in turn, substantially the spacing between the 
rolls ll, 12: This large clearance between the nozzle 15 
and the roll surfaces is what was previously assumed to 
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be an unsatisfactory condition prior to the discovery 
made in accordance with the present invention. As long 
as the parameters of molten metal pressure, and the 
cooling and speed of the rolls 11, 12 is maintained at 
levels that effectively prevents rupture of the meniscus 
32 and assures placement of the solidi?cation point 31 
so that metal is solidifying as it contacts the surface of 
the roll, the patterned sheet S with a minimum of im 
perfections and cross-banding is provided. The rolls 1 l, 
12 may be tilted on an axis A spaced from the vertical, 
substantially as shown in the Harvey et al patent, men 
tioned above. However, it is to be understood that 
other positionings of the roll are feasible and are within 
the purview of the present invention so long as the con 
ditions set forth above are met. 

It has been found that the distance X, X’ should pref 
erably be about .17 to 2 times greater than the nominal 
thickness of the sheet S, i.e., about 17 to 200 percent 
greater than the spacing between the casting rolls ll, 
12. Within this range, the meniscus 32 is maintained 
without breakage and the laying on of the solidi?ed 
metal can take place at the points X, X’. More particu 
larly, the range may be narrowed to 80—I2O percent, 
and speci?cally to 100 percent (see product of FIG. 5) 
for best results. The depth of the recesses 13 are prefer 
ably between 5 and I00 percent of the nominal thick 
ness of the sheet S in order to successfully produce a 
sheet with the most desirable proportions. The com 
pleted projections also cooperate with their mating re 
cess to minimize surging or drawing of the sheet as it 
narrows down to its nominal thickness in the nip. 

It can be seen with clarity in FIG. 5 how those skilled 
in the art were mislead prior to my discovery. The me 
niscus 32 may be stretched to a limit heretofore be 
lieved impossible, whereupon X, X’ is even up to as 
much as two times greater than the nominal thickness 
of the sheet S. The cooling of the increased thickness 
of metal X, X’ that is necessary is believed to be possi 
ble for one reason because of the limited extent of the 
projections 21 across the width of the sheet. Also, the 
relatively short duration during which the meniscus 32 
is extended its full amount (FIG. 5 showing) prevents 
its rupture; it being understood that the continued rota 
tion of the rolls from the position of FIG. 5 causes an 
immediate reduction of the gap until the bead of the 
molten metal M is again reduced to its nominal thick 
ness. 

From the showing in FIGS. 4 and 5, it can also clearly 
be seen how the injection of molten metal M without 
the control of the meniscus 32 to form a de?ned bead 
would allow premature entry of the metal into the next 
in-line recess 1311 each time. With uncontrolled molten 
metal spilled into the area above the upper surface of 
the nozzle, not only would there be created an imper 
fection and cross-banding in the projections 21 that ‘ 
would be unacceptable in a ?nished product, but also 
obviously, a costly shut down of the process and a re 
start would be required. 
The separation at the initial solidi?cation or liquidus 

solid transformation line across bead M, substantially 
at points X, X’ in FIG. 5, is at least 12 percent greater 
than the same points when they reach the nip. This is 

Al 

5 

ll) 

20 

25 

35 

45 

60 

8 
important since it means that the approximate l2 per 
cent shrinkage can be accommodated by the squeezing 
or rolling action of the couple 10 on the solidifying 
metal in the nip. In other words, the minimum reduc 
tion in the gap at any point is just suf?cient to accom 
modate the expected shrinkage. This assures that there 
are no cracks formed, particularly in the longitudinal 
direction of the sheet S due to holding of the edges by 
the solidifying projections 21 seated in the recesses 13. 

The ?nished product or sheet S can be used as deco 
rative metal plate or sheet directly from the casting op 
eration without the need for further conventional roll 
ing or embossing whereby the substantial reduced pro 
duction cost factor is gained. The product with the pat 
tern of frusto-conical projections 21 on the surface 
shown in FIG. 3 is decorative and can be used for this 
function in the form of wall panels or the like. 

Alternative sheet designs S1 and S2 are shown in 
FIGS. 6 and 6A. In FIG. 6, projections 21a are posi 
tioned on the surface of the sheet S, and are in the form 
of diamond shaped pyramids also with the side walls 
sloping at substantially between 5°—30°, as desired. In 
FIG. 6A, the pyramids may be made rectangular and 
thus projections 21b are provided. The top of the 
pyramid covers a major portion of the projections and 
with elongated recessed areas between the projections 
21!), a panel having a decorative surface resembling a 
brick structure is realized. A third possible alternative 
is a random or patterned design, that may resemble a 
stucco or plastered surface; the former being exempli 
?ed as surface S“ in FIG. 68. Other patterned or tex 
tured designs wherein there are alternate raised and re 
cessed portions are envisioned under the broadest as 
pects of the present invention, as previously mentioned 
and as will be readily understood. 
The projections 21, 21a, 21b or others while being 

highly decorative and thus useful for that function, may 
also be functional in a mechanical sense, such as for 
tread plate for walkways or stairs. As is well known, the 
tops of the projections 21, 21a, 21b can afford a limited 
area of engagement for the feet of a person walking on 
the tread, thus greatly increasing the unit force and 
thereby the effective frictional engagement. In addi 
tion, liquids that happen to be on the tread surface will 
remain free of the operative engagement areas, thus 
obviating a possible hazard. The solid, non-embossed 
structure of the cast sheet S makes the structure partic 
ularly strong and thus adapted for such use. 
The precise control of the cooling rate by the liquid 

L and the speed of the rolls 1], 12 by the rotary means 
20 can be generally controlled in accordance with the 
data set forth in the Harvey et al patent, mentioned 
above. Specific experimentation has been carried out 
with a machine of the type shown in the Harvey et al. 
patent wherein a continuous sheet approximately 52 
inches wide and with a nominal thickness of approxi 
mately one-quarter inch (see FIG. 3) has been pro 
duced. The resultant product was substantially free of 
cross-banding, longitudinal cracks and other imperfec 
tions, notably in the area of the projections 21. The alu— 
minum alloy had the following percentages of metals: 

Fc Cu Mn Mg Cr Ni 

98.0l 
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During the test run while producing the quarter inch 
thick continuous sheet the molten metal was supplied 
at approximately l280° Farenheit. The pressure head 
within the passageway 17 of the nozzle 15 was 7/16 
inch and the casting roll speed was 24 inches per min 
ute. 
From the foregoing, it can be seen that a cast metal 

sheet that is substantially rigid can be made with a tex 
tured or patterned surface in a highly efficient manner. 
Whereas before the sheet would have to be cast ?rst 
and then reheated and rolled or embossed, the ?nal 
product can now be more efficiently made in a single 
step process. The process is carried out and the appara 
tus is constructed so as to properly place the solidi? 
cation point of the molten metal for a laying on of the 
metal so that the molten or non-solidifying metal does 
not enter the recesses 13. Thus, spill over of molten 
metal that results in imperfections and sticking of the 
sheet S to the roll is effectively avoided. The apex of 
each recess 13 at the point of laying on of the solidi?ed 
metal adjacent the outlet ori?ce of the nozzle 15 is mo 
mentarily at a maximum from about l7 to 200 percent 
greater than the nominal spacing between the rolls ll, 
12 at the nip. At least a 12 percent reduction or 
squeeze is placed on the sheet S between the initial so 
lidi?cation point and the nip to offset metal shrinkage 
effect. The depth of the recess 13 is between about 5 
and 100 percent of the nominal thickness of the sheet 
S in order to provide a suitably decorative or functional 
patterned surface. 

in this disclosure, there is shown and described only 
the preferred embodiment of the invention, but, as 
aforemehtioned, it is to be understood that the inven 
tion is capable of use in various other combinations and 
environment and is capable of changes or modi?ca 
tions within the scope of the inventive concept as ex 
pressed herein. 

1 claim: 
1. The process of continuously casting substantially 

rigid metallic sheet having a pattern of spaced longitu 
dinally and laterally apart projections on at least one 
side, said casting being from a substantially closed 
plenum chamber formed between a nozzle and a pair 

' of endless casting members, comprising feeding a con 
tinuous stream of molten metal from the nozzle into the 
chamber, directing the metal into the nip of said spaced 
casting members at least one of which having a plural 
ity of spaced apart recesses in the surface according to 
said pattern, each of said recesses having a depth sub 
stantially between 5 to 100 percent of the normal spac 
ing at the nip of said casting members, moving said 
members in opposite directions away from the nozzle 
to form a continuous sheet, applying pressure to said 
molten metal in said nozzle only suf?cient to cause the 
metal to ?ll the major portion of the chamber between 
the members and to form a meniscus, controlling the 
rate of movement of said endless casting members and 
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the rate of cooling to insure that the molten metal is so 
lidifying by the time it contacts the casting member 
having said recesses and that the apex of each recess at 
the point of solidi?cation is momentarily at a maximum 
of from about 17 to 200 percent greater than the nor 
mal spacing at the nip of said casting members, and to 
insure the formation of said meniscus upstream of the 
point of solidi?cation and having a surface tension 
strong enough to prevent spilling the molten metal 
back into said recesses and between said nozzle and 
said casting members, and squeezing said sheet at least 
sufficiently to offset shrinkage, whereby there is pro 
vided a progressive laying on of the solidifying metal, 
and without adherence of said sheet to said member 
having recesses and said sheet is formed substantially 
free of cross-bands, longitudinal cracks and other im 
perfections. 

2. The process of claim 1 wherein the squeezing is a 
minimum 12 percent reduction from the initial solidi? 
cation line to the nip. 

3. The process of claim 2 wherein the spacing be 
tween the members at the laying on point is selected so 
that the apex of the recess is momentarily at a maxi 
mum from about 80 to 120 percent greater than the 
nominal spacing at the member nip. 

4. The process of claim 3 wherein the spacing be 
tween the members at the laying on point is selected so 
that the apex of the recess is momentarily at a maxi 
mum of about 100 percent greater than the nominal 
spacing at the member nip. 

5. The process of claim 1 wherein the depth of said 
' recesses are suf?cient to hold said sheet in position to 
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minimize surging. 
6. The process of claim 1 wherein the complete cool 

ing in the region of the chamber is performed by heat 
transfer through said one member, the total heat trans 
fer from the projection being inward with respect to 
said member and laterally toward the raised areas 
around said recess. 

7. The process of claim 1 wherein the coverage of 
said recesses on said one member is substantially be 
tween 20 and 50 percent of the total surface area. 
8.'The process of claim 1 wherein the projections are 

formed at least partially conical in shape with side walls 
sloping at substantially between 5° and 30° with respect 
to the surface of said one member whereby to prevent 
abrupt corners and thus assure against inadvertent rup 
ture of the meniscus and to provide ease of withdrawal 
of the ?nished sheet. 

9. The process of claim 8 wherein the apex of said 
projections is ?attened by forming in a frusto-conical 
recess. 

10. The process of claim 1 wherein the other of said 
casting members is substantially smooth to form a sheet 
with projections only on said one side. 

* * * * * 


