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This invention relates to the production of thin sheets 
of steel and other work-hardening materials. 

Steel rolling mill equipment is presently employed for 
reducing billets to plates and thence to sheets. In the pro 
duction of so-called black plate for cans, the existing equip 
ment can produce strip steel up to 36 inches wide and 
down to 0.008 inch thick (so-called 70 i/BB) at low 
labor and overhead costs; such sheet steel is useful for 
making medium sized rigid can bodies and ends, and exist 
ing converting equipment can produce cans therefrom at 
high speed with high labor and conversion efficiencies, in 
cluding the preparatory coating with tin or other metal, 
and lithographing or other enameling operations. How 
ever, for small cans this thickness is not necessary for 
adequate strength: but the expense of producing gauges 
thinner than 0.008 inch is so great that the cost per unit 
Surface area is not reduced unless the can manufacturer 
is willing to accept sheets less than the customary 34 to 36 
inches maximum width. One reason is that, as the strip 
becomes thinner in the final cold rolling for producing a 
-strip of the desired thickness and hardness, existing tandem 
'4-high mills are operating near their capacity at the last 
stands of the mill equipment in rolling so-called MR 
sheets to 0.008 inch thickness, or the harder so-called 
MC-T6 steel to 0.012 inch. At such thicknesses and the 
associated hardnesses, the roll pressures become so high 3 
that elastic flattening of the contact surface of a roll oc 
curs, and there is so much elastic bending along the length 
of the roll that the sheet edges are reduced in thickness 
more than the center areas. Thus, to permit rolling, the 
strip width is reduced and therewith the total pressure, 
based on the same unit pressure for the lesser width, is 
kept within the capability of the roll stand. It has been 
proposed to avoid this trouble, by first hot-rolling to a 
lesser gage, e.g. to half the present hot-rolled specification 
thickness, but in practice this does not permit reducing 
the final sheet thickness by a like proportion; because there 
is substantially the same hardening effect by cold-rolling 
from 0.050 inch to 0.010 inch as there is in cold-rolling 
from 0.100 inch to 0.010 inch, noting that the increment 
of hardening is minor when the reduction is increased 
from 80 percent to 90 percent, and therewith the roll 
separating force at 0.010 inch gage is not materially af 
fected. Further, in practice the rolling forces are in 
Versely related to sheet gage, so that the rolling pressures 
rise rapidly at very thin gages. Even the addition of an 
other like roll stand does not overcome the problem of the 
extremely high roll-separating forces, and only a small 
further reduction can be obtained by adding further rolls 
in the train. 
Another proposal is to build heavier tandem 4-high 

mills, using heavier columns and back-up rolls of greater 
diameter; so that for example the effective roll preSSures, 
needed to overcome roll-separating forces, could be dou. 
bled over the pressures available with existing equipment. 
This would not reduce the elastic flattening of the work 
rolls, but will permit rolling down to 0.006 to 0.007 inch 
(55 to 60 lb. plate) in 34 inch widths. However, the 
amortization of Such heavier mills, and the limited gain 
in thinness, represent an increased overhead charge which 
must be added to the operation expense. Sendzimir mills 
have been built, but are of reversing type and hence do not 
show the economics needed for high tonnage production; 
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tandem mills require new bearing and lubrication systems 
for rotational speeds high enough for competition with 
existing 4-high tandern rolling mills. The use of smaller 
diameter rolls on the 4-high tandem mills, comparable to 
the rolls of Sendizimir mills, has not be adopted as prac 
tical; because while elastic roll flattening and roll friction 
may be reduced, noting that the metal surface speed at 
entrance is less than the peripheral speed of the roll, and 
the metal exit speed is greater than the roll speed, yet the 
thrust component which arises because the work roll is 
compressing metal at only one side of the vertical plane 
through the roll axis necessitates the use of two back-up 
rolls to support a small, long work roll: these back-up or 
Supporting rolls are in turn limited in diameter by the 
available space, so that secondary back-up rolls are re 
quired. This collection of small diameter rolls, rotating 
at high and different rotational speeds, to get the same sur 
face speeds, constitute grave problems in the driving, bear 
ing and lubrication of such a system. Other proposals 
have been made, such as increasing the number of working 
rolls in each stand, rolling first by the usual tandem stands 
and then by a Sendzimir or cluster mill wherewith the 
slower speed of the final mill limits the through-put for 
the earlier stands. 

Pack-rolling has been proposed, by which two strips are 
Superposed and passed through the rolling mill together: 
but in practice the entrapment of dirt and other particles 
between the sheets, e.g. entering with the coolant and 
lubricant employed in streams against the roll surfaces, 
have led to surface and thickness irregularities; and even 
to puncturing of thin strips. Further, it is difficult to feed 
two Separate strips accurately through the several stands, 
with their edges accurately matched; and point welding can 
occur, with consequent difficulty of separating the strips 
without damage to the surfaces, noting that quantity con 
version of the strips to useful products demands that there 
be no necessity of visual inspection and manual discarding 
of imperfect areas or products. 
According to the instant invention, steel strips of thick 

nesses of 0.006 inch and below can be prepared upon 
existing equipment for the widths of the equipment, with 
out requiring the addition of special edge-guiding devices, 
Special lubrication, or special working and backing rolls. 
An illustrative practice of the invention is shown on the drawings, in which: 
FIG. 1 is a perspective view of a billet having therein 

a core of anti-weld material; 
FIG. 2 is a perspective view of a section of hot-rolled 

strip prepared from the billet of FIG. 1; 
FIG. 3 is a perspective view on a larger scale of part 

f a cold-rolled laminate strip prepared from the strip of 
IG. 2; 
FIG. 4 is a perspective view showing two thin sheets 

made by trimming the strip of FIG. 3; 
FIG. 5 is a conventionalized diagram of the steps of 

cold-rolling the strip of FIG. 2, with surface coating before 
trimming, and with coiling of the thin strips produced; 

FIG. 6 is a corresponding diagram, in which the thin 
strips are separated, cleaned, and coated before coiling; 

FIG. 7 is a corresponding diagram, in which the thin 
strips are cleaned, annealed and given a final temper rolling pass; 

FIG. 8 is a like diagram showing operations of temper 
rolling and electroplating the strip; 

FIG. 9 is a fragmentary perspective view of the plates 
of FIGURE 11 after the same have been formed into a 
billet and hot roll-bonded together; 

FIG. 10 is a sectional view on a greatly enlarged scale 
of parts of the sheets prepared from the billet of FIG. 9; 
FIG. 11 is a perspective view of a plurality of plates 

aligned for forming the billet of FIG. 9 prior to the roll 
bonding thereof; 
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FIG. 12 is a view corresponding to FIG. 4, showing a 
strip with four laminations. . . . 
A billet 10, FIG. 1, can be prepared by casting the 

molten metal about a core 11 of anti-weld material, by 
casting an ingot with a channel therein or boring an ingot 
to provide a channel and filling such channel with the 
core 11 of anti-weld material, or by hot roll bonding 
plates at contact areas outside a core deposit 11 of anti 
weld material, as described for example in the Valyi 
Patent 2,375,334 of 1945. When the billet 10 is prepared 

4. 
The strip 19 may be subjected to other operations before 

splitting, as can the thin laminations 20, 21 formed there 
from. For example, in FIG. 6, the strips 20, 21 are sepa 
rated after leaving the splitting device 30 and led individ 
ually through a cleaning and pickling step conventional 
ized as baths 35 with guide rollers 35a for leading the 
strip therethrough and scrubbing brushes 35b to assure 

O 

by filling the core material into a channel, an open end 
may be sealed as by peening or by welding a closure piece 
12 to the billet. The billet 10 thus made has the upper and 
lower metal sides 13, 14 with the core 11 between them, - . 
these sides being joined by integral edges 15 so that the 
core 11 is enclosed and confined within the billet. 
The billet 10 is then hot rolled to produce a strip 16, 

FIG. 2, having essentially, the same width but being 
extended in length in proportion to the reduction of 
thickness. The core 11 is correspondingly reduced and 
extended, and provides a separating, weld-preventing 

removal of residual resist. Thereafter the strips are coat 
ed, e.g. by immersion in the conventionalized molten metal 
or electroplating baths 36, followed by treatment at bur 
nishing rolls 37 before passing to the take-up rolls 31, 32. 
Thus the strips may be coated with tin, zinc, lead or other 
metal, ready for employment and for protection of the 
coils before use. Annealing can be effected, in a heating chamber 70 
prior to slitting. In such cases, when a harder material 
is desired, e.g. for electro-plating, the cleaned and scrubbed 
strip from a bath 35 of FEG. 6 can be dried in an oven 
38c, and subjected (FIG. 8) to a temper-rolling in a 
stand 39, wherein a slight reduction of gage is effected, 
e.g. /2 to 2% in thickness or, as commonly expressed, 

layer as a discontinuity extending longitudinally in the 
strip and extending transversely from adjacent one longi 
tudinal edge to adjacent the other longitudinal edge. 

Also, the billet may be prepared from hot-rolled slabs 
or hot-rolled coils, by cleaning, applying a resist or anti 
weld material to the major part of the width of one 
piece, Superposing another cleaned piece, welding the . 
edges continuously closed as by torch, electric or hot 

of lamination thicknesses. . . . . . . . . 

Illustratively the billet 10 may have an over-all thick 
ness, between its upper and lower sides, of say 8% inches, 
with the core 11 providing % to /2 inch of this, so that 
the metal sides 13, 14 are each 4 inches or more thick. 

roll bonding, and then cold-rolling to the desired gageS 30 

an elongation of a unit length of 12 inches to 12.06 to 
12.24 inches. Therewith any matte surfaces are made. 
smooth and bright. Thereafter, a second cleaning is per 
formed in a bath 35d, followed by drying in an oven 38c, 
electroplating in a bath 38d with electrodes 38e, and 
reflow brightening in the conventionalized device, 38f, 
as with known electroplating processes, before being 
coiled at the stand 31. . . . . . . 

In FIG. 7, the strips 20, 21 are passed through enamel 
baths 38 and then through baking devices 38a. In such 
cases, when an annealing has been performed prior to 

Such a billet can be 34 inches wide and 8 feet long. After 
hot rolling to form the strip 16, FIG. 2, the total thickness 
can be 0.060 to 0.120 inch, with a core residue 110.001 
to 0.006 inch thick, and with the metal lamination layers to 
above and below the core residue having a thickness of 
0.028 to 0.056 inch: therewith the billet has been length 
ened to over 1000 feet of 0.060 inch strip stock or 500 
feet of 0.120 inch strip stock slightly over 34-inches wide. 
The integral edges 15 can originally have a width of 4 to 
2 or more inches from the edges of the core 11 to the 
outer edge surfaces: and this dimension is closely main 
tained during cold-rolling. - . . . . . . 
The strip stock of FIG. 2 can then be fed into a cold 

rolling mill, FIG. 5, with four or five tandem stands 40, 
of which two are shown, as now used for rolling 0.008 

slitting but work-hardened smooth strips are desired, tem 
per-rolling devices 39 may be employed, e.g. between the 
point where the laminations are separated, and the point 
where they receive coatings in the illustrative baths 38. 

It will be noted that the rolling operations can thus be 
immediately followed by coating operations, with prior 
cleaning if desired, so that the product as coiled is thereby 
protected against corrosion. 
The procedure also is useful in the production of very 

thin strip material having cladding on one or both sides. 
For example, in FIG.11, the plates for making a composite 
billet for producing strips having metal cladding at both 
sides are shown as comprising the upper cladding plate 
50 of stainless steel, an upper steel body plate 57, a 
second cladding plate 52 of stainless steel, a third cladding 

50 

inch and thicker stock, and cold-rolled therein to form a 
strip 19 with an overall thickness of 0.0085 inch, with ex 
tension of the original 8 foot length of billet to over 7000 
feet having a width of about 34% inches. As shown in 
FIG. 3, the metal lamination layers 20, 21 are then each 
about 0.004 inch thick, and are separated by the final 
residual layer 22 of core material about 0.0005 or less 
inch thick. The core material is still confined and 
enclosed: and the edges 15 have been flattened, but re 
main as integral connections and side-seals. . . . . . 
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plate 53 of stainless steel shown as formed with a cavity 
in its upper surface to receive the core material 11, a 
lower steel body plate 54 shown as recessed for fitting 
the cupped plate 53, and a bottom cladding plate 55 of 
stainless steel. The surfaces of the stainless steel, which 
are to be bonded, are previously provided with a thin 
nickel or like bonding metal layer, as by electroplating. 
The parts are brought together and held by local tack 
welds 58, FIG 9, and then hot rolled to effect bonding of 
the cladding plates 50, 52 to body plate 57, of the cladding 
plates 53, 55 to the body plate 54, and of the abutting 

60 

The strip 19 can now be cut along lines parallel to . 
its edges and passing through the residual-core layer 22 
close to its lateral edges, being spaced in the illustrative 
example about 0.300 inch from the strip edges as shown 
by the line 24 in FIG. 3. Such cutting may be done by 
rotary slitter knives 30, conventionally shown in FIG. 5. 
The lamination layers 20, 21 can then be peeled apart, 
FIG. 4, with the trimmed double-thick edge portions 25 
separated therefrom.. The residue 22 of the core material, 
shown by stippling in FIG. 4, is verythin, and for many 
purposes can be left in place. . . . . . 
The laminations 20, 21 are each 0.004 inch thick by 

about 34 inches wide and 7000 feet long; and can be coiled 
for use as shown by the take-up rolls 31, 32 in FIG.5. 

metal areas of the adjacent cladding plates 52, 53 whereby 
to enclose the resist or anti-weld core material 11. This 
bonded condition of the billet 60, FIG. 9, is denoted by 
the dotted lines. This billet 60 can then be rolled to a 
strip 61, the edges split away, and the lamination layers 

70 

separated as with the billet 10, to form two thin strips 62, 
63, FIG., 10. Illustratively, the cladding plates 50, 52, 
53, 55 can be 0.250 inch thick, the steel body plate 57 
can be 3% inches thick, and the body plate 544 inches 
thick formed with a /2 inch recess in its top to receive the 
4 inch cup depth formed in plate 53. The core material 
in the cup can be /2 inch thick. When these have been 
assembled and rolled to a final overall thickness of 0.0085 
inch, the strips 62, 63 of FIG. 10 will have a total thick 
ness of 0.004 inch each, the surfaces being provided by 
tightly bonded layers of stainless steel cladding, with each 
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cladding layer 0.00025 inch thick. Thus a very thin and 
economical cladding can be provided upon a body metal 
layer having a width of say 34 inches and hence economi 
cal for use in can making. 

Although the above illustrative practices are with two 
lamination layers, with a single intervening resist layer, 
the invention can be employed by the superposition of a 
greater number of pieces, separating them at the adjacent 
surfaces which are to be external in the cold-rolled and 
edge-trimmed strips, by layers of resist material. in FIG. 
12, such a cold-rolled material is shown with four metal 
layers 73 and three resist layers 7, one of the correspond 
ingly thick edging strips 72 being shown partly detached 
as in FIG. 4. When hard resist particles such as aluminum 
oxide are employed as a resist, the surfaces of the inner 
layers have a matte finish as does one surface of each 
outer layer: with softer-acting resists such as talc, graphite, 
salt or sugar, the latter three being employable when 
only cold-rolling is performed after assembly, the surface 
is smoother. If the customer's specification demands 
Smooth bright surfaces, these can be produced by the 
latter temper rolling described above. 
s In each form of practice, the billet has an internal 
discontinuity provided by the core of resist material which 
prevents welding of the laminate layers during rolling, 
with this material sealed against escape at the sides or 
ends of the billet and strip; and with this same sealing 
being effective to prevent penetration of solid or liquid 
impurities into the region between the laminate layers 
where such impurity may either directly adversely affect 
the regularity of the reduction, or by co-action with the 
resist prevent the extension of such resist uniformly dur 
ing the rolling. 
The process is useful with work-hardening metals, and 

and can be employed with carbon steels such as MR and 
MC grades, stainless steels such as 18:8, and other 
rollable iron alloys, to obtain wide strips having thick 
nesses of 0.002 to 0.003 inch without difficulty in normal 
present rolling mill stands. 

It will be understood that the illustrative embodiment 
are not restrictive, and that the invention can be em 
ployed in many ways within the scope of the appended 
claims. 
I claim: 
1. A method of producing thin wide strips of steel 

and like work-hardening materials comprising the steps 
of preparing a billet by superposing sheet steel pieces 
with interposed weld preventing material terminating 
laterally short of the longitudinal edges of the billet 
thereby forming two metal regions extending from end 
to end of the billet, welding the longitudinal edges to 
gether at spaced points along their lengths to provide 
sealing joinder of only the two metal regions, hot-roll 
bonding the longitudinal edges of the billet, cold-rolling 
the billet to elongate the metal and the Weld-preventing 
material concurrently to form a rolled strip and therewith 
reduce the material to form laminations having a thick 
ness of 0.002 to 0.007 inch separated by a layer of weld 
preventing material for the longitudinal regions where 
the metal overlies said material, annealing this strip after 
the cold-rolling operation, longitudinally slitting the strip 
through the layer of weld-preventing material along lines 
adjacent the lateral edges of said layer after the sheet 
has been annealed, separating the laminations from one 
another and from the connected edge portions, and there 
after, cold-temper rolling at least one of the individually 
annealed and separated laminations. 

2. A method of producing thin wide strips of steel 
and like work-hardening materials comprising the steps 
of preparing a billet by superposing sheet steel pieces with 
interposed weld preventing material terminating laterally 
short of the longitudinal edges of the billet thereby form 
ing two metal regions extending from end to end of the 
billet, welding the longitudinal edges together at spaced 
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6 
points along their length to provide sealing joinder of 
only the two metal regions, hot-roll bonding the longi 
tudinal edges of the billet, cold-rolling the billet to elon 
gate the metal and the weld-preventing material concur 
rently to form a rolled strip and therewith reduce the 
material to form laminations having a thickness of 0.002 
to 0.007 inch separated by a layer of weld-preventing 
material for the longitudinal regions where the metal 
overlies said material, annealing this strip after the cold 
rolling operation, longitudinally slitting the strip through 
the layer of weld-preventing material along lines adjacent 
the lateral edges of said layer after the sheet has been 
annealed, separating the laminations from one another 
and from the connected edge portions, cleaning the an 
nealed and separated aminations to remove the weld-pre 
venting material, and thereafter, cold-temper rolling at 
least one of the individually annealed and separated 
laminations. 

3. A method of producing thin wide strips of steel and 
like work-hardening materials comprising the steps of 
preparing a billet by superposing sheet steel pieces with 
interposed weld preventing material terminating laterally 
short of the longitudinal edges of the billet thereby form 
ing two metal regions extending from end to end of the 
billet, welding the longitudinal edges together at spaced 
points along their lengths to provide sealing joinder of 
only the two metal regions, hot-roll bonding the longi 
tudinal edges of the billet, cold-rolling the billet to elon 
gate the metal and the weld-preventing material concur 
rently to form a rolled strip and therewith reduce the 
material to form laminations having a thickness of 0.002 
to 0.007 inch separated by a layer of weld-preventing 
material for the longitudinal regions where the metal over 
lies said material, annealing this strip after the cold-roll 
ing operation, longitudinally slitting the strip through the 
layer of weld-preventing material along lines adjacent 
the lateral edges of said layer after the sheet has been 
annealed, separating the laminations from one another 
and from the connected edge portions, cleaning the an 
nealed and separated laminations to remove the weld 
preventing material, cold-temper rolling at least one of 
the individually annealed and separated laminations, again 
cleaning each lamination after the cold-temper rolling op 
eration and thereafter, coating the individual lamination 
by electrodeposition. 
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